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CONSERV A TION AGREEMENT

The Colorado Division of Wildlife (CDOW) states its intent and commitment to assist
with and participate in the implementation of the Colorado Greater Sage-Grouse
Conservation Plan (CCP), prepared by the multi-agency CCP Steering Committee.
Specific commitments made hereby are as follows:

2.

3.

4.

5.

6.

To provide one staff person to coordinate the implementation of this plan and
represent the Division on the CCP Implementation Team, which will consist of
representatives from the signatory agencies.
To assume lead responsibility for inventory and monitoring of Greater Sage-
grouse (GrSG) in Colorado and to annually compile and report inventory and
monitoring information.
To assume lead responsibility for any translocations, augmentation, or
reintroduction of GrSG in Colorado for purposes described in the CCP .
To implement and enforce specific State statutes (Colorado Revised Statutes,
Title 33, Articles 2, 3, and 6).
To make recommendations to, and cooperate with, other state and federal
agencies, local governments, private landowners, local work groups, and other
entities, to avoid, minimize, or mitigate threats to GRSG habitat or populations in
Colorado.
To make recommendations to, and cooperate with other state and federal
agencies, local governments, private landowners, local work groups, and other
conservation organizations to conserve and enhance GrSG habitats in .Colorado.
To continue to support and conduct research on GrSG in Colorado to enhance
conservation knowledge and actions on behalf of the bird.
To continue CDOW participation and support of local work groups, as

appropriate.

7.

8.

Performance of the commitments described above is contingent on adequate funding
being made available and allocated to the CDOW. This agreement shall not prohibit the
CDOW from engaging in management actions regarding GrSG beyond those described in
this agreement and in the CCP. This agreement shall become effective on the date of
signing by the participating party and shall remain in effect until the signatory party
chooses to terminate the agreement. The agreement may be terminated by providing 90
days written notice to the Colorado Greater Sage-grouse Implementation Team.
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Conservation Agreement

The U.S.D.A. Forest Service, Rocky Mountain Region (Forest Service), hereby states
its intent and commitment to assist and participate in the implementation of the Greater
Sage-grouse Colorado Conservation Plan (the CCP ). All projects or management
actions implemented in accordance with the RCP will be subject to all laws, regulations,
policies and procedures in effect at the time the action is implemented. Authorities for
the Forest Service to manage Greater Sage-grouse habitat and to enter into this voluntary
Conservation Agreement derives from the Sikes Act of 1960, as amended; the Multiple-
Use Sustained- Yield Act of 1960; the Endangered Species Act (ESA) of 1973, as
amended; and the National Forest Management Act of 1976. Specific commitments
made hereby are as follows:

1

2.

3.

To manage, as outlined in the CCP, all Greater Sage-grouse habitats (as
mapped by the Colorado Division of Wildlife in the CCP (Figure 4), as a
desirable objective of land management activities, consistent with the overall
management direction contained within the Forest Plans on the affected
forests: Arapaho-Roosevelt NF, Routt NF, and White River NF .
To review and consider the information and recommendations provided by the
CCP prior to making any new decision to undertake actions in Greater Sage-
grouse habitat. The CCP and other appropriate local information will be used
in project design and implementation to reduce negative impacts and identify
opportunities for habitat improvement.
To exercise authority for maintenance of biological diversity, and the
conservation and management of the Regional Forester's identified Sensitive
Species, which includes the Greater Sage-grouse, as provided in the Forest
Service Manual 2630 and 2670. A "Biological Evaluation" will be prepared
for each proposed Forest Service program or activity to ensure that Forest
Service actions do not contribute to loss of viability of the Greater sage-grouse
or cause this species to move toward federal listing under the ESA.
To continue Forest Service participation and support of state-wide and local
working groups, as appropriate.

4.

Perfonnance of all activities described above is contingent on adequate funds being made
available and allocated to the Forest Service. This agreement is neither a fiscal nor a
funds obligating document. All other parties and their respective agencies or
organizations will handle their own activities and utilize their own resources in pursuing
these objectives. This agreement shall not prohibit the Forest Service or the other
cooperators in the plan from participating in similar activities with other public or private
agencies, organizations, or private citizens. This agreement shall not prohibit the Forest
Service from engaging in management actions regarding Greater Sage-grouse
conservation beyond those described in this conservation plan. Such management actions
should be coordinated with the Colorado Division of Wildlife.

This agreement shall become effective on the date of signature by the participating
parties and shall remain in effect until signatory chooses to terminate the agreement.



Exceptions or amendments to this agreement may be jointly agreed to by the signatories
on a case-by-case basis, where such deviations would better provide for the conservation
of the species or its habitat, conflicts must be resolved, or new scientific information
becomes available.
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Conservation Agreement

The USDA/Natural Resomce Conservation Service herby states its intent to assist with
and participate in the implementation of the Colorado Greater Sage Grouse Conservation
Plan, as prepared by the steering committee. Specific commitments are as follows.

1. To give high priority to sage grouse project applications for farm bill funds.
2. To cooperate with other government agencies and NGO's to conserve and enhance
Greater Sage Grouse habitats in Colorado.
3. To continue NRCS participation and support off the Greater Sage Grouse
Conservation plan steering committee and local work groups as appropriate.

Perfonnance of all activities described in the Plan pertaining to NRCS is contingent on
adequate funds and staff. This agreement shall become effective on the date of signature
by the participating parties, and shall remain in effect until the parties choose to terminate
the agreement, or the agreement is tenninated by consent with the Greater Sage Grouse
Conservation Plan steering committee.

~~5!'

Date

,4~
Allen Green
State Conservationist
NRCS, Colorado



Conservation Agreement

The u .S. Bureau of Land Management hereby states its intent and commitment to assist with and
participate in the implementation of the Colorado Greater Sage-grouse Conservation Plan
(CCP). This plan was prepared by an interagency steering committee and is designed to
conserve and enhance populations and habitats of Greater Sage-grouse (GRSG), a BLM
sensitive species. This plan is in no way meant to be construed as a Resource Management Plan
Decision. All projects or management actions implemented through these guidelines will be
subject to site specific environmental analysis required under the National Environmental Policy
Act. Specific commitments made hereby are as follows:

1 All proposed projects or actions funded, implemented or authorized by the BLM will be
analyzed with respect to impacts on Greater Sage-grouse and their habitats in accordance
with the guidelines set forth in this plan.

To implement the guidelines, conservation actions, and intent set forth in this plan within
the constraints of existing laws, policies, regulations and management plans, and while
considering the needs or implications to other species and multiple uses.

2.

3. To work with private landowners, companies, organizations and other state or federal
agencies to implement necessary conservation actions to maintain or enhance Greater
Sage-grouse habitat as outlined in this plan.

4, To exercise authorities for maintenance, conservation and management of Greater Sage-
grouse populations and suitable habitat pursuant to provisions in the BLM Sensitive
Species Policy Manual and the Federal Land Policy and Management Act (FLPMA).

Performance of all activities described above is contingent on adequate staff and funding being
allocated to the signatory agency. This agreement shall not prohibit the signatory agency from
engaging in management actions regarding Greater Sage-grouse conservation beyond those
described in the agreement and in the Conservation Plan. Such management actions should be
coordinated with the Statewide CCP Steering Committee and local GRSG workgroups.

This agreement shall become effective on the date of signature by the participating agency and
shall remain in effect until the signatory party chooses to terminate the agreement, or the
agreement is terminated by consent of the Greater Sage-grouse CCP Steering Committee. The
agreement may be terminated by providing 90 days written notice to the GRSG CCP Steering
Committee.

~~~
fofSally Wisely, Colorado State Director

Bureau of Land Management, USDI

3/ J 7/ 'Z-oO' 8""
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Colorado Greater Sage-grouse Conservation Plan Agreement

The U.S. Fish and Wildlife Service (Service) hereby states its intent to assist with and
participate in the implementation of the Colorado Greater Sage-grouse Conservation Plan (CCP)
as prepared by the interagency Steering Committee (SC), of which the Service is a member.
Authority for the Service to enter into this agreement and participate in implementation of the
CCP comes from the Endangered Species Act of 1973, as amended; the Fish and Wildlife Act of
1956, and the Fish and Wildlife Coordination Act, as amended. Signing of this agreement does
not constitute a review under the Policy for Evaluating Conservation Efforts When Making
Listing Decisions (PECE), nor an evaluation of the real or absolute extinction risk for the greater
sage-grouse. The Service's endorsement of the CCP is not an indication that it will determine,
under PECE, that the CP should be considered when the Services makes a listing determination
for the greater sage-grouse, nor does the existence of the CCP necessarily result in the ~ervice
determining that listing is not warranted. Specific commitments made by the Service hereby are
as follows:

2.

3

4.

5.

To use our authorities to review projects and recommend measures to avoid or minimize
impacts to the greater sage-grouse and its habitat.
To provide technical assistance for proposed conservation actions as needed and
requested, considering information and recommendations in the CCP for the actions.
To pursue funding opportunities through available grants or funding sources for
implementation of the CCP .
To continue Service participation and support on the SC and local workin~ groups as

appropriate.
To provide recommendations to address any issues of concern during future CCP
revIsIons.

Perfonnance of all activities described above is contingent on adequate funds and staff being
made available and allocated. All projects or management actions implemented in accordance
with the CCP will be subject to all laws, regulations, policies and procedures in effect at the time
the action is implemented. This agreement is neither a fiscal nor a funds obligating document.
This agreement shall not prohibit the Service from engaging in management actions regarding
greater sage-grouse conservation beyond those described in this agreement and in the CCP .
However, such management actions should be coordinated with the SC.

This agreement shall become effective on the last date of signature by participating parties, and
shall remain in effect until the agreement is terminated by consent of the sc. Exceptions or
amendments to this agreement may be jointly agreed to by the signatories on a case-by-case
basis, where such deviations would better provide for the conservation of the species or its
habitat, conflicts must be resolved, or new scientific information becomes available.
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I.  EXECUTIVE SUMMARY 
 
 
Background 
 
The purpose of the Colorado Greater Sage-grouse Conservation Plan (CCP) is to facilitate the 
conservation of greater sage-grouse (GrSG) and their habitats in Colorado.  This statewide plan 
is the result of a 2-year effort and is written partly in response to an apparent widespread decline 
in the numbers of GrSG across their range.  Within Colorado, because of declines in population 
and distribution, the species is on the state’s “Species of Concern” list.  The plan was written to 
support several goals that will, if achieved, facilitate the recovery of the species and result in its 
removal from the state’s Species of Concern list. 
 
The status of GrSG on a rangewide level is still undetermined.  The U.S. Fish and Wildlife 
Service (USFWS) received 4 petitions to list the species as either threatened or endangered under 
the Endangered Species Act, and undertook a 12-month status review to determine if the species 
was warranted for listing.  The USFWS found listing to be not warranted.  However, a recent 
(December, 2007) court decision has remanded the 12-month finding back to the USFWS for 
consideration. 
 
 
Process 
 
The CCP was developed by a steering committee with representatives from all of the signatory 
agencies.  A professional facilitator assisted staff from the Colorado Division of Wildlife 
(CDOW), the Bureau of Land Management, the Natural Resources Conservation Service, the 
U.S. Forest Service, and the USFWS, including the Refuge System.  The committee arrived at its 
decisions by consensus. 
 
It was essential to have broad-based support for this plan.  To assure that the public was involved  
throughout the planning process, several opportunities for public input were provided.  The 
facilitator conducted confidential interviews with 50 stakeholders to develop the issues.  A 
workshop was held in May of 2006 in Steamboat Springs to fully develop issues, to review a 
population viability model used to simulate responses of GrSG to different management 
scenarios, and to begin formulating conservation strategies for GrSG in Colorado.   
 
Local work groups, consisting of multiple stakeholders, exist for 5 of the 6 Colorado GrSG 
populations.  Following the May, 2006 workshop, 5 advisory members (1 from each local work 
group) joined the steering committee and participated in the completion of conservation 
strategies.  These strategies were presented to the public at a second summit held in Steamboat 
Springs in October, 2006. 
 
Once a full draft of the CCP was completed, 2 comment periods were provided.  In March 2007, 
staff from participating agencies were given the opportunity to review the draft document for 30 
days.  Comments received were incorporated by the steering committee into a second draft.  That 
draft was provided to the general public for a 77-day review period.  Advisory members assisted 
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the steering committee in reviewing and incorporating public comments, resulting in this final 
document. 
 
 
Plan Summary 
 
The CCP is designed to supplement, not replace local conservation plans created by the local 
work groups.  It is also designed to coordinate GrSG conservation efforts throughout the state.  It 
builds upon the foundation of 5 local plans.  The local work groups in Middle Park, North Park, 
and Northern Eagle - Southern Routt Counties are now implementing completed plans.  Two 
other groups, Northwest Colorado and Parachute – Piceance – Roan, are already active in 
conservation efforts and have draft plans that are expected to be completed in 2008. 
 
The CCP examines issues addressed by local work groups, as well as range-wide issues such as 
regional population dynamics, dispersal of birds, and genetic and habitat connectivity.  In 
developing this plan, the best available science was used to analyze the issues facing this species 
and to assess the tools available to reach conservation goals.  The CCP provides guidance for 
GrSG population and habitat management in locations where a local plan has yet to be 
completed.  Additionally, the statewide plan will provide overarching guidance to managers for 
conservation of the species in Colorado. 
 
A portion of the CCP is intended as background information and analysis from which the 
conservation strategies are derived.  The basic outline of the plan includes a “Conservation 
Assessment”, which is a review of what is known about GrSG biology, both generally, and 
specifically within Colorado.  The “Issues Potentially Affecting GrSG” section assesses the 
challenges facing GrSG conservation, and the “Analysis” uses multiple tools to further evaluate 
the issues and/or to explore possible management scenarios.  The “Conservation Strategy” 
section should be used by managers in conjunction with the “GrSG Structural Habitat 
Guidelines” (Appendix A) and the “GrSG Disturbance Guidelines” (Appendix B) to conserve 
GrSG in Colorado. 
 
The distribution of GrSG across Colorado mirrors the distribution of sagebrush communities, 
and the species depends on the various components of the sagebrush community for food and 
cover throughout the year.  GrSG occur in portions of 8 Colorado counties: Eagle, Garfield, 
Grand, Jackson, Moffat, Rio Blanco, Routt, and Summit (due to lack of information, GrSG 
habitat within Larimer County is minimally addressed in this plan).  The most abundant and 
widely-distributed population is centered in Moffat County. 
 
The North Park and Northwest Colorado populations of GrSG are the largest and most stable in 
Colorado, although portions of the Northwest population have declined from historic levels.  The 
Middle Park population is smaller, but stable, based on historic lek counts.  The Northern Eagle 
– Southern Routt Counties population illustrates a downward trend in the number of males 
attending leks since the late-1960s.  There are little to no long-term data regarding the Parachute 
– Piceance – Roan population, but local observations and comparison data collected during the 
spring of 1976 suggests that recent counts in 2005, 2006, and 2007 indicate that GrSG numbers 
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have declined from historic levels.  Lastly, the Meeker - White River population has been in 
decline since the 1950s and only 1 active lek is currently identified in this area. 
 
The CCP provides a review of the literature regarding the life history of GrSG (“Conservation 
Assessment”), with a focus on data from Colorado, including some CDOW data that have not yet 
been published.  Habitat needs of sage-grouse were differentiated according to the season of use.  
GrSG habitat in Colorado differs slightly from habitat in other portions of the species range in 
North America (Connelly et al. 2003c).  Specifically, in Colorado the shrub overstory has more 
coverage of non-big sagebrush shrubs, big sagebrush hybridization is more prevalent than 
elsewhere in the West, and due to older soils and geologic formations, the understory herbaceous 
vegetation is less prominent than in other portions of the species’ range. 
 
For Colorado, 3 primary seasons were identified: breeding (March through July), summer-fall 
(July through September), and winter (October through February).  Guidelines for appropriate 
structural characteristics for sage-grouse habitat have been developed in the past, but we used 
Colorado-specific data to develop “GrSG Habitat Structural Guidelines” for Colorado (Appendix 
A).  These guidelines are intended to be helpful to managers seeking to evaluate and improve 
habitat for GrSG in Colorado. 
 
Information regarding GrSG habitat use and movements, both from Colorado and other portions 
of the range of the species, is also summarized in the “Conservation Assessment” section of the 
CCP.  These data were then used to develop “GrSG Disturbance Guidelines” (Appendix B), 
which are referred to extensively within the “Conservation Strategy” section.  Development of 
these guidelines considered the relationship between the biology of the GrSG and the impacts of 
human activities.  These guidelines provide direction to those undertaking activities in GrSG 
habitat, to minimize or avoid impacts of those activities on GrSG. 
 
A list of issues that may impact GrSG was assembled.  Issue discussion was refined through 
public dialogue held at the population workshop (May, 2006).  The narrative discussion of each 
issue (“Issues Potentially Affecting GrSG”) includes a literature review about both positive and 
negative impacts to GrSG and their habitat.  Eighteen issues were identified and discussed, but of 
all these issues, oil and gas development, housing, and improper grazing are expected to have the 
greatest impacts on GrSG across their range in Colorado.  On a more local basis, surface mining 
of coal, predation, and the increasing demands for recreation are anticipated to have an impact on 
this species.  
 
The “Analysis” section provides a number of tools to assist managers in assessing and addressing 
various issues and their impacts on Colorado’s GrSG.  Population modeling and geographic 
information system (GIS) mapping were used extensively to evaluate GrSG population viability 
under a variety of development scenarios.  Although not perfect, these tools allow the use of the 
best available science to predict the impacts of various human activities on GrSG populations. 
 
A Colorado GrSG population viability analysis (PVA) provided a risk analysis tool that allowed 
predictions of the relative probability of extinction of a population under differing management 
scenarios.  This model used input from available population research and VORTEX software.  
Because of the variability of the natural world, the model cannot provide an absolute prediction 
of population persistence (e.g., if hypothetical management scenario A occurs, how likely is the 
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population to persist?), but rather a relative prediction of population persistence (e.g., population 
fares better under hypothetical management scenario A than B).  The PVA provides an 
examination of the potential impacts of future oil and gas development, housing, surface mining, 
and hunting on the persistence of local GrSG populations (i.e., what happens to GrSG 
populations when current conditions change). 
 
The PVA analyses that examined the impact of oil and gas development on GrSG population 
persistence generated the greatest amount of discussion.  The analyses were conducted for the 3 
populations (North Park, Northwest Colorado, and Parachute – Piceance – Roan) that are most 
likely to be affected by oil and gas exploration and development.  At the onset, a relatively 
simplistic model was developed.  The model used data generated in 2 Wyoming studies (the only 
data available at the time of CCP development), and the simulations showed population decline 
from the onset of development, with severe impacts to all 3 populations. 
 
With the understanding that this was a rather simplistic, but graphic model, a new model was 
developed that considered different oil and gas development and production scenarios.  A major 
assumption implicit in the new model is that reclamation and mitigation efforts can provide an 
effective and positive GrSG population response following oil and gas development.  In the 
model, the best-case scenario also assumes: the period of severe impacts is short; the GrSG 
population demographics return to their pre-development levels in a short period of time; and the 
maximum level of impact in Colorado is only 1/2 of that reported in Wyoming.  Simulations run 
with these parameters showed a downward trend in GrSG populations for the first 15 - 20 years, 
and then a population rebound in years 30 through 50.  In simulations run with demographic 
rates not returning to their pre-development levels in a short period of time, population recovery 
was very slow.  This analysis suggests 3 guidelines for mitigating the impacts of energy 
development on GrSG: minimize the period of greatest demographic impact, minimize the time 
for demographic recovery, and maximize demographic recovery to predevelopment levels.  The 
model does not evaluate whether these guidelines are achievable. 
 
With energy development identified as a significant issue that could jeopardize GrSG persistence 
in  Colorado, potential mitigation scenarios were considered and analyzed.  One option to 
address impacts to GrSG is simply to avoid impacts.  If impacts cannot be avoided, the next 
scenario would be to minimize the impacts.  If impacts cannot be avoided or minimized, 
mitigation would be required to maintain GrSG populations. 
 
The CDOW completed an analysis that explores these concepts by identifying potential “refuge 
areas” designed to protect GrSG and other sage-obligate species.  The “refuge” concept is 
structured around core areas that would have very strict protections, while non-core areas would 
experience development with more relaxed protections.  Future development within the core 
refuges would be dependent upon performance standards and GrSG recovery in the non-core 
areas.  A GIS analysis identified “core” GrSG areas using the intersection of 4-mile lek buffers, 
male sage-grouse density, and sagebrush patch size.  These areas were then refined to protect 
approximately 50% of the GrSG.  Protection of 10% of the total area of 7 northwest Colorado 
counties would protect 74% of the GrSG.  How this analysis might be used is beyond the scope 
of this plan, but should lead to further discussions among agencies and stakeholders. 
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With increasing demands to produce energy domestically, some efforts have been made to 
develop off-site mitigation.  Since there is not yet a clearly defined method to examine the 
balance of habitat lost and habitat gained, any off-site mitigation should be addressed using an 
adaptive management approach.  Success of results must be based on the effects of mitigation on 
the sagebrush community and on the demographic responses in GrSG populations.  The birth and 
death rates, the age distribution, the sex ratios, and the size of the population need to return to 
pre-project levels to consider mitigation actions successful. 
 
Colorado has a rapidly growing human population.  Although the PVA was used to explore the 
relative impacts (among populations) from housing on GrSG, the model is not spatially explicit; 
i.e., it cannot make predictions about where development may occur.  Therefore, additional 
analyses were conducted using GIS as a tool to determine where impacts on GrSG from future 
human population growth (and resulting housing increases) are likely to be greatest.  
  
First, federal census data that project human population growth were used, in conjunction with 
the amount of GrSG habitat on privately-held lands and knowledge of local planning efforts.  
This allowed some relative predictions about which sage-grouse populations are in the greatest 
danger from housing development.  GrSG populations in Middle Park, Northern Eagle - 
Southern Routt Counties and the Routt County portion of Northwest Colorado were found to be 
at high risk of impacts from housing development.  GrSG in the Meeker - White River 
population are also at risk, because although the projected human growth rate in that area is on 
the low end, most of the available GrSG habitat is on private land near the human population 
center of Meeker. 
 
Second, areas where housing growth may be expected to occur (within GrSG population areas) 
were examined.  A spatially explicit growth model provided a prediction of (on a relatively 
broad-scale) where housing growth may occur, and parcel size data (subdivision of parcels often 
occurs before new housing is developed) were examined for a finer-scale look at housing growth 
location.   
 
These results highlighted areas to prioritize for protection from housing development.  GrSG 
habitat in the Northern Eagle - Southern Routt Counties and Middle Park populations have the 
greatest need for protection, followed closely by habitat in western Routt County (part of the 
Northwest Colorado GrSG area).  These results do not indicate that habitat protection in other 
populations is unnecessary, but they emphasize that the greatest impacts to GrSG populations 
from housing are likely to occur in these 3 areas. 
 
Population management zones (i.e., targets) were developed for the numbers of strutting males 
on leks for each Colorado GrSG population.  These zones were based on the most reliable counts 
of strutting males for each population.  Sage-grouse populations are known to fluctuate, so the 
management zones developed for the CCP incorporated normally expected population 
fluctuations, and are defined as ranges (“population management zones”) in the number of 
males, rather than a single target number for each population. 
 
For each population, a “Population Management Zone” was developed whose center is the 
median of the best available years of high male lek counts, and whose lower and upper bounds 
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are the 25th and 75th quartiles of those counts, respectively.  Secure populations are characterized 
by long periods of time with male population numbers well above the recommended median.  If 
a population falls below the median, managers must evaluate the decline.  Consistent declines 
should trigger aggressive implementation of conservation strategies to prevent decline to or 
below the 25th quartile. 
 
This analysis also examined “Potential Population Opportunity Zones” where populations could 
be managed to expand into potential and vacant habitat.  We explored the relationship between 
the number of male GrSG on leks and the available habitat.  A “habitat model” was developed, 
which defines a linear relationship between these 2 variables.  Using information on potentially 
available, unoccupied GrSG habitat, and the number of males predicted (by the habitat model) to 
occur in that habitat, “Potential Population Opportunity Zones” were defined in 3 of the 6 
Colorado GrSG populations. 
 
Population management zones (i.e., targets) for GrSG populations in Colorado. 

Population Management Zone 
Population Lower Bound 

(25% quartile) 
Upper Bound 

(75% quartile) 

Population 
Opportunity 

Zone? 
Meeker - White River Inadequate information Unknown 
Middle Park 185 286 Yes 
Northern Eagle - Southern 

Routt Counties 90 102 Yes 

North Park 639 1214 No 
Northwest Colorado 2019 2254 Yes 
Parachute – Piceance – Roan 179 203 No 
 
 
Once the analyses were completed, the assistance of the 5 advisory members (from local work 
groups) was enlisted to draft conservation strategies.  These strategies do not replace, but rather 
enhance strategies previously developed by local work groups.  Detail was provided in the 
strategies to allow local work groups to address topics that were not addressed during their plan 
development and to allow managers in areas without work groups to implement conservation 
actions.  An important contribution of this plan is that many of the strategies consider cumulative 
landscape or statewide impacts.  Conservation strategies were grouped to directly address the 
issues identified earlier in the plan.  Some strategies addressed multiple issues, including those 
under the following headings: habitat enhancement; habitat linkages; habitat monitoring; 
information, communication and education; population monitoring; and research.  
 
For many potential issues, complete information regarding impacts to GrSG and/or the best 
management response or approach is lacking.  Nevertheless, because it is known that the issues 
are likely to impact GrSG, management actions must proceed in the face of uncertainty about the 
details of a given impact.  Thus, the strategies are written with a primarily passive adaptive 
management approach in mind: multiple strategies recommend (1) monitoring GrSG population 
and habitat response to management; (2) research to evaluate management and to improve the 
understanding of the causes of impacts and possible solutions (which will ultimately also 
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improve management); and (3) updating and improving management as necessary, based on 
feedback from (1) and (2). 
 
The strategies are not prioritized.  Prioritization of conservation strategies will be undertaken by 
the Implementation Team, which will be named by participating agencies within 6 months of the 
signing of this plan.  Prioritization will occur at both statewide and population levels, since not 
all the strategies in this plan are relevant to each population.  During prioritization, the 
Implementation Team will meet with local work groups to gather input on strategies that are 
most applicable and time-sensitive to GrSG conservation in the individual population areas.  The 
implementation plan will also establish a reporting timeline and process to gauge effectiveness of 
the CCP. 
 
 
Conclusion 
 
The challenges facing GrSG conservation in Colorado are significant.  This plan is designed to 
provide all public and private land and project managers with a useful document that can guide 
and assist management efforts to conserve GrSG.  The core of the plan is the strategy section, 
and it provides managers with a suite of options.  This section, when implemented in conjunction 
with the “Working Appendices”, and using the principles of adaptive management, offers the 
best opportunity for conservation of GrSG in Colorado.   
 
The strength of this plan comes not only from its exhaustive analysis of the issues and 
development of strategies for GrSG conservation, but also from the extensive inclusion of public 
stakeholders in plan development.  The integration of stakeholders throughout the process 
ensures that this final product meets the needs not only of government agencies, but also those of 
private land owners and others using and living in the sagebrush biome.  
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II.  INTRODUCTION 
 
 
A.  Purpose 
 
The purpose of the Colorado Greater Sage-grouse Conservation Plan (CCP) is to facilitate 
the conservation of greater sage-grouse (GrSG) and their habitats in Colorado.  The plan will 
identify effective conservation measures and strategies to achieve this purpose.  The CCP is 
guided by the philosophy that local work groups, composed of private landowners, public 
agency representatives, and other interested stakeholders, play a pivotal role in this 
conservation effort, which will cross jurisdictional and ownership boundaries.  
 
The impetus for this plan is three-fold.  First, there has been a widespread decline in GrSG 
distribution and abundance, both rangewide and in Colorado (Braun 1995, Connelly and 
Braun 1997, Braun 1998, Schroeder et al. 2004).  The degree of decline appears to vary and 
its impact on the persistence of the species is a subject of debate.  Nevertheless, GrSG are 
listed on the Colorado Division of Wildlife’s Species of Concern list. 
 
In addition, 4 petitions that would have affected GrSG in Colorado were submitted to the 
U.S. Fish and Wildlife Service (USFWS) to list the species (or a subspecies) as threatened or 
endangered under the Endangered Species Act (ESA).  Three of these petitions were to list 
all GrSG as either endangered or threatened, and for all, listing the species was found 
“unwarranted” (U.S. Fish and Wildlife Service 2005).  A court complaint was filed on July 
14, 2006, from Western Watersheds Project, alleging that the USFWS 12-month finding is 
incorrect, arbitrary, and unwarranted by the facts.  In December, 2007, the court granted the 
motion by the plaintiff and the USFWS will be required to review its earlier decision to not 
list the species.  The fourth petition requested to list the eastern subspecies (Centrocercus 
urophasianus urophasianus) as endangered.  The U.S. Fish and Wildlife Service found there 
was not substantial information that listing the subspecies was warranted, and specifically 
that there was insufficient evidence that the eastern sage-grouse is a valid subspecies or a 
“Distinct Population Segment” (U.S. Fish and Wildlife Service 2004).  Regardless of the 
current status of GrSG petitions under the ESA, or of debate about the details of the species’ 
status, sage-grouse conservation clearly deserves immediate attention by responsible 
conservation agencies. 
 
Second, local work groups have formed in Colorado to address and undertake the conservation 
of 5 GrSG populations: Middle Park (MP), North Park (NP), Northern Eagle – Southern Routt 
Counties (NESR), Northwest Colorado (NWCO), and Parachute – Piceance – Roan (PPR).  
Three local conservation plans have been developed (MP, NP, NESR), 2 more will be completed 
in 2008 (NWCO and PPR), and effective conservation work has begun.  Local conservation 
efforts may be sufficient to protect a single local population of GrSG, but collectively they may 
be insufficient to conserve the species statewide.  In addition, local conservation plans typically 
do not consider broader scale issues such as regional population dynamics, dispersal, or 
landscape structure (e.g., habitat connectivity between populations or configuration of important 
habitat).  A statewide perspective is needed to coordinate the local efforts throughout the state, 
and to address issues that are primarily statewide, and not local, in nature.  For the Meeker – 
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White River (MWR) GrSG population, a local planning process has not yet begun, so the CCP 
will serve as the primary planning document for that area until a local plan is developed. 
 
Third, the Colorado Division of Wildlife (CDOW) has signed a Memorandum of Agreement 
(MOU) with the Western Association of Fish and Wildlife Agencies (WAFWA) that, in part, 
obligates CDOW to complete a statewide GrSG conservation plan.  In addition, CDOW 
committed to completion of such a plan under the multi-state Shrub-Steppe Grant (State 
Wildlife Grant), awarded in 2001.   
 
It is intended that this plan will build upon the foundation established by the local conservation 
plans.  This plan will supplement, not replace, local plans and the locally driven process that 
created them.  The CCP will present the best available science for assessing target population 
goals and genetic diversity, as well as an assessment of possible tools to help reach these goals.  
This statewide plan will assist local work groups and other stakeholders by offering a statewide 
perspective in providing a listing of appropriate strategies and habitat improvements, refining 
techniques, and managing disturbances.   
 
The CCP is neither a National Environmental Policy Act (NEPA) decision document, nor a 
federal recovery plan.  Agency-specific use of this plan is outlined in each agency’s respective 
signature page.  
 
 
B.  Goals of the CCP 
 
The broad goals of this plan are general statements about what needs to be accomplished to 
achieve the plan’s purpose.  Some of these goals are accomplished primarily within the plan 
itself, but most will result from implementation of the plan’s recommendations.  The goals are 
presented in no particular order of priority: 

• maintain, enhance, and/or restore sage-grouse populations and their habitats 
• identify and discuss the primary issues potentially impacting sage-grouse populations 
• base management recommendations on Colorado-based research and data, whenever 

possible 
• manage for a healthy, sustainable sagebrush steppe ecosystem that will also benefit (and 

may prevent the decline of) other sagebrush obligate species 
• encourage and support conservation actions that benefit GrSG and that promote diverse 

economic communities, or that minimize impacts to those communities 
• provide coordinated sage-grouse conservation management across jurisdictional, 

ownership, and local work group boundaries 
• provide statewide guidance, perspective, and recommendations on GrSG conservation to 

local work groups 
• maintain an atmosphere of cooperation, participation, and commitment among wildlife 

managers, landowners, private and public land managers, other stakeholders, and 
interested public in the development and implementation of conservation actions 

• foster and maintain statewide support to ensure continued GrSG conservation in 
Colorado 
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• incorporate future GrSG research findings and successful management practices into 
conservation actions 

 
 
C.  Plan Duration 
 
The CCP is a long-term plan that will terminate when the GrSG is removed from the CDOW 
Species of Concern List.  This list includes, “Any species or subspecies of native wildlife which 
(1) has been removed from the State threatened or endangered list within the last five years, (2) 
is a Federal candidate or is Federally proposed for listing and is not already state listed, (3) the 
best available data indicate a 5-year or more downward trend in numbers or distribution and this 
decline may lead to a threatened or endangered status, or (4) is otherwise determined to be 
vulnerable in Colorado”  (Colorado Division of Wildlife 1999:3).  Once the CCP is terminated, a 
management plan would be developed, and would be based upon this plan. 
 
 
D.  Adaptive Management 
 
Background 
 
Adaptive management (AM) is an approach to natural resources management that originated in 
the 1970s (see review of AM history in Aldridge et al. 2004).  The concept of AM is in part a 
response to the need to manage natural systems in the face of uncertainty (Walters 1986, Walters 
and Holling 1990, Taylor et al. 1997, Lee 1999, Williams 2003, Stiver et al. 2006).  That is, it is 
necessary to manage species and habitats even when the ideal information needed for optimal 
management is unavailable.  This is unquestionably the situation for sage-grouse management.  
Many questions exist regarding even such basic information as how to estimate GrSG population 
trends (see “Abundance”, pg. 50), yet there is a pressing need to actively manage the species and 
its habitats.  AM is designed to embrace the uncertainty present in most natural resource 
management decisions/scenarios by “incorporating it directly into a decision-making process 
along with the necessary monitoring and feedback for its resolution” (Williams 2003:3). 
 
AM has been discussed a great deal within the conservation biology community (e.g., Walters 
1986, Walters and Holling 1990, Taylor et al. 1997,  Lee 1999, Johnson 1999, Moir and Block 
2001, Wilhere 2002, Williams 2003, Aldridge et al. 2004, Jacobson et al. 2006), but different 
entities may define it differently.  In its strictest sense, AM incorporates an experimental 
approach to management, with a feedback loop that uses management/research results to 
enhance management capability and/or effectiveness (Walters and Holling 1990, Lee 1999, 
Johnson 1999, Aldridge et al. 2004).  There are other management approaches that integrate 
some aspects of AM, and these have been described in various manners (Johnson 1999, Aldridge 
et al. 2004).  For instance, a simple “trial and error” approach incorporates a feedback loop 
(Walters and Holling 1990), as long as management actions and outcomes are recorded, 
evaluated, and modified to improve future outcomes.  Aldridge et al. (2004:94) describe “passive 
adaptive management” as incorporating “long-term monitoring and learning from a gradually 
evolving management strategy”.  Johnson (1999:[online]) refers to this method of management 
as the “monitor and modify approach”.  In the most rigorous form of AM, or “active adaptive 
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management” (Walters and Holling 1990), different management strategies are designed and 
implemented as experiments with “controls, replication, and randomization” (Wilhere 2002:22); 
results help identify the strategies that are most effective in achieving the desired outcome. 
 
In addition to incorporating an experimental approach to management and a feedback loop, some 
descriptions of AM include a strong stakeholder involvement component (Johnson 1999, 
Aldridge et al. 2004).  Typically, stakeholders contribute throughout the AM process, beginning 
with the initial stages when issues, goals, objectives, and management actions are examined 
(Johnson 1999, Aldridge et al. 2004).  Often this phase includes computer simulation and GIS 
modeling efforts to help synthesize and portray data, in order to better understand the issues and 
data needs to be addressed by management (Johnson 1999, Aldridge et al. 2004). 
 
 
Benefits of Adaptive Management 
 
All natural resources management benefits from any process in which results of actions are 
assessed, evaluated, and reapplied to the problem.  As simple as this seems, traditional 
management has often neglected aspects of this feedback loop, particularly the results 
monitoring phase, which can be very expensive (Wilhere 2002, Aldridge 2004).  AM, whether 
passive or active, offers a model which generally follows 5 steps: (1) the problem is assessed; (2) 
a plan (or a set of “experiments”/plans) is designed to address the problem in such a way that 
results will help resolve some of the uncertainty in the system; (3) the plan is implemented; (4) 
results are monitored and evaluated; and (5) the plan is adjusted according to the results, in order 
to best address the problem. 
 
An AM approach generates a better understanding of the system being managed, which leads to 
improved future decisions and management (Taylor et al. 1997, Wilhere 2002, Williams 2003, 
Aldridge et al. 2004).  It can “generate flexibility in institutions and stakeholders that allows 
managers to react when conditions change” (Johnson1999:[online]), whether those conditions 
are biological, social, or both.  Greater stakeholder involvement can improve local participation 
and encourage innovative solutions, thus, increasing plan effectiveness (Johnson 1999). 
 
 
Difficulties in Adaptive Management 
 
Two hallmarks of active AM are (1) an inherently high cost; and (2) a need for all those involved 
to be willing to accept risk in management scenarios (Taylor et al. 1997, Johnson 1999, Williams 
2003, Aldridge et al. 2004, Jacobson et al. 2006).  Including multiple stakeholders in all phases 
of the management requires a great deal of coordination and planning, as well as funds for 
holding workshops and other opportunities for ongoing communication and involvement 
(Johnson 1999).  Designing multiple management strategies that can serve as experiments to help 
elucidate the uncertainty in the system is also time-consuming and fiscally expensive (Taylor et 
al. 1997, Lee 1999, Aldridge et al. 2004).  Furthermore, being willing to accept a greater risk of 
unsuccessful management actions than under more traditional management approaches (in order 
to determine the most effective management actions), is difficult for many agencies, especially if 
the species or habitat of interest is considered “at risk” (Taylor et al. 1997, Aldridge et al. 2004).  

Introduction 
 

11



Colorado Greater Sage-grouse Conservation Plan 
 

Although the concept of active adaptive management has been embraced by much of the natural 
resources conservation community, it has been effectively implemented in few cases (Johnson 
1999, Lee 1999, Williams 2003, Aldridge et al. 2004), due in part to cost and risk issues. 
 
 
Adaptive Management and the CCP 
 
The inclusion of adaptive management for sage-grouse conservation activities is an essential 
element of conservation actions in the USFWS’s 2003 Policy for Evaluation of Conservation 
Efforts When Making Listing Decisions (PECE; U.S. Fish and Wildlife Service and National 
Oceanic and Atmospheric Administration 2003).  PECE defines adaptive management as “a 
method for examining alternative strategies for meeting measurable biological goals and 
objectives, and then, if necessary, adjusting future conservation management actions according 
to what is learned.”  This definition leans towards a “passive” AM scenario.  It appears 
appropriate for sage-grouse conservation efforts because it is flexible, improves management 
over time, and offers an important component to evaluate effectiveness of conservation actions.  
The adaptive management feedback loop is intentionally designed to (1) generate an evaluation 
of sage-grouse management and conservation actions and assumptions; (2) incorporate new 
information; and perhaps (3) lead to a modification of actions based on the newer information.   
 
Whether to use a more “passive” or “active” AM approach within this plan has been considered.  
Johnson (1999) recommends using the simplest adaptive approach that appears appropriate.  
Taylor et al. (1997) recognize that not all management situations lend themselves well to the 
powerful experimental designs of active AM.  Given the myriad of issues that may impact GrSG 
in Colorado (see “Issues Potentially Affecting GrSG”, pg. 99) and the level of uncertainty in 
many key parameters (e.g., population estimation [see “Abundance”, pg. 50], and minimum 
habitat patch size [see “How Habitat Issues are Addressed in the CCP”, pg. 151]), experimental 
management schemes designed with controls, randomization, and replicates seem unfeasible.   
 
This plan is currently designed with a passive AM approach, which is integrated within multiple 
strategy sections; there is no separate strategy section for AM.  For many of the issues that may 
impact GrSG, we have generated objectives and/or strategies that recognize the incomplete level 
of knowledge on a topic and propose that research should be conducted to gain more information 
(see “Conservation Strategy”, especially “Research” strategy, pg. 411).  Monitoring populations 
and habitats is emphasized, facilitating our ability to track the results of management actions (see 
“Habitat Monitoring” strategy, pg. 354 and “Population Monitoring and Targets” strategy, pg. 
399).  The incorporation of knowledge gained through research and monitoring into management 
action is also provided for within multiple conservation strategies (see “Conservation Strategy” 
section, pg. 306, multiple topics).  All these steps offer an informal, or passive, approach to 
adaptive management.  A more active adaptive management process may be possible in some 
individual situations, or in the future to deal with changing issues.  An active AM approach may 
need to be developed as the CCP is implemented.  Development of such a process would be 
completed in the future, cooperatively with both the signatory agencies of the CCP and the local 
work groups. 
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The USFWS, when evaluating species for potential listing under the ESA, requires a detailed 
review, under PECE, of current proposed and past management actions.  Essentially, the USFWS 
is suggesting that adaptive management be an integral part of species management activities by 
asking: (1) were the actions implemented, or are they likely to be?; (2) were the actions effective, 
or will they be, in meeting their goals for sage-grouse conservation?; (3) if actions were deemed 
ineffective, then how have efforts been modified?; and (4) are the modifications resulting in 
positive outcomes, or are they expected to?  The passive adaptive management process within 
this plan will provide an objective, quantitative evaluation of the effectiveness of (1) 
management actions used in attaining strategies outlined in the CCP; and (2) inventory, 
monitoring, and research results and interpretation.   
 
 
E.  Mechanics of the CCP 
 
Process 
 
A statewide steering committee (SC) (Table 1) developed the concept and process for plan 
development.  When “we” or “our” is used within the CCP, the reference is to the SC.  The SC 
had broad representation from state and federal agencies in Colorado (Table 1).  For 
development of conservation strategies in the plan, the SC was expanded to include an advisory 
member from each local work group (Table 2).  The role of the SC members was to guide the 
development of the CCP and to represent their respective agencies or interest groups.  After 
completion of the CCP, representatives from all agencies on the SC will continue to operate as a 
committee to address strategies (where specified) in the CCP “Conservation Strategy” (see pg. 
306).  The CDOW Director has the ultimate authority for the plan.  
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Table 1.  Colorado Greater Sage-grouse Conservation Plan Steering Committee members. 
Name Agency / Role 

Tony Apa Colorado Division of Wildlife 

John Gray Meeting Facilitator 

Julie Grode U.S. Forest Service 

Terry Ireland U.S. Fish and Wildlife Service 

Cathleen Neelan Facilitator, North American Mediation Associates, LLC 

Ed Neilson Natural Resources Conservation Service 

Brad Petch Colorado Division of Wildlife 

Pam Schnurr Colorado Division of Wildlife 

Robin Sell Bureau of Land Management 

Lyle Sidener Colorado Division of Wildlife 

Ann Timberman U.S. Fish and Wildlife Service Refuge System 

Barbara Ver Steeg Technical Writer / Editor 

Susan Werner Colorado Division of Wildlife 

 
 
Table 2.  Advisory Members from local work groups who were added to the Steering Committee 
for conservation strategy development.  The Meeker – White River GrSG area does not have a 
local work group. 
Name Local Work Group 

Carl Herold Northern Eagle – Southern Routt Counties 

John Kossler Middle Park 

Mike Lopez Parachute – Piceance – Roan 

John Rich North Park 

Jean Stetson Northwest Colorado 

 
 
The SC reviewed numerous examples of statewide, rangewide, and local conservation plans.  We 
relied heavily on the Gunnison Sage-grouse Rangewide Conservation Plan (Gunnison Sage-
grouse Rangewide Steering Committee 2005) and GrSG conservation plans prepared by local 
work groups (MPCP 2001, NPCP 2001, NESRCP 2004, NWCOCP 2006, PPRCP 2008) for both 
format and some background content. 
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Models for both the decision-making process and public participation method follow a similar 
and related continuum (Fig. 1).  As a decision becomes more of a consensus process, public 
participation increases.  Most of the local Colorado GrSG plans employed a consensus approach 
in making decisions, with public participation including “direct negotiations among key 
stakeholders” (Fig. 1).  The Gunnison Sage-grouse Rangewide Conservation Plan operated 
primarily in the middle of the continuum, with “repeated opportunity to provide input” on 
decisions, and a “series of public involvement steps” (Gunnison Sage-grouse Rangewide 
Steering Committee 2005).   
 
The CCP used decision and public involvement processes towards the center right of both 
models.  Decisions regarding the CCP were consensus decisions within the SC, and were based 
in part on stakeholder interests and concerns, with input from direct negotiations with key 
stakeholders (Fig. 1).  Because the responsibility for GrSG management rests with state agencies 
and their federal cooperators, the decision ultimately is limited to them.  Nevertheless, all 
agencies felt it was important to involve the public as much as possible in the CCP process, to 
garner support at the critical local level. 
 
 

Decision by 
Vested Power 
Alone 

Decision with 
Minimal Input 
for Informed 

Consent 

Decision with 
Repeated 

Opportunity to 
Provide Input 

Decision Based 
on 

Recommended 
Stakeholder 
Consensus 

Stakeholder 
Consensus 
Decision 
Making 

DECISION-MAKING PROCESS 
 

less public involvement-------------------------------------more public involvement  
 

PUBLIC PARTICIPATION METHODS 
No Public Input 
or Involvement 

Public Hearings 
for Comment 
on Proposed 
Action 

Series of Public 
Involvement 
Steps with 
Focus/work 
Groups 

Direct 
Negotiations 
among Key 
Stakeholders 

Stakeholder 
Negotiations 
Leading to 
Implementable 
Decision 

©CDR Associates 
Fig. 1.  Models for the decision making process and public participation methods. 
 
 
Plan Organization 
 
The writing style used for the plan generally follows that of the Journal of Wildlife Management, 
although we used English, rather than metric, measurements throughout.  A “Glossary” (pg. 428) 
of terms used in the plan and a “Literature Cited” section (pg. 447) follow the “Conservation 
Strategy”.  The “Literature Cited” contains references cited throughout the plan, including 
appendices, except for Appendix H (“Literature Review: Oil and Gas Development Impacts on 
Prairie Grouse”) and Appendix K (“Population Viability Analysis Report”), which have their 
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own Literature Cited sections.  Scientific names of organisms are not provided in the text if a 
common name exists; all scientific names are listed in Appendix M (arranged alphabetically by 
common name).  A list of acronyms is provided (Appendix N), along with identification of 
groups listed under “Responsible Parties” in the Conservation Strategies.  Lists of figures and 
tables immediately follow the “Table of Contents”. 
 
Conservation Assessment 
 
The “Conservation Assessment” is a description of (1) current knowledge regarding GrSG 
biology, distribution, abundance, and habitat; and (2) current status of the 6 Colorado GrSG 
populations. 
 
Issues Potentially Affecting GrSG 
 
In the section, “Issues Potentially Affecting GrSG”, we list and provide a review of scientific and 
management literature on the issues that may impact GrSG populations and/or habitat.  Some of 
the topics identified may include both positive and adverse impacts to GrSG. 
 
Analysis 
 
The “Analysis” section is a collection of “tools” that may be used to help address some of the 
issues in GrSG conservation.  Some of these are modeling or GIS exercises (e.g., “Population 
Viability Analysis”, identification of “Habitat Linkages”, “Avoiding Impacts: the Refuge 
Concept – Identifying Core Areas” regarding energy and mineral development), while others 
present a literature review and summary of the current knowledge of certain potential approaches 
to addressing issues (e.g., “Population Augmentation”, “Off-site Mitigation of Impacts” for 
energy and mineral development).  In this section we also develop a “Habitat Model” and 
“Colorado GrSG Population Management Zones”. 
 
Conservation Strategy 
 
This section provides strategies and approaches to address the issues in GrSG conservation.  It is 
intended that the strategies provided in this section provide enough detail for (1) topics that have 
not yet been addressed by existing local plans; and (2) GrSG population areas where no local 
plan yet exists.  Managers should consult and implement appropriate strategies within this plan, 
and then should also read and apply strategies within the applicable local plan(s).  In some cases, 
more detail will be offered by the local plans, and in other cases, this plan will be more specific.  
This approach will assure that both statewide issues and local conditions are recognized and 
addressed.  The strategies are to be used in conjunction with the “GrSG Disturbance Guidelines” 
(Appendix B), which are intended to give direction to those undertaking activities in GrSG 
habitat (see following explanation of Appendix B). 
 
Appendices 
 
Among the information contained in the appendices are several key items that will be useful in 
GrSG habitat management; these are identified as the “Working Appendices”. 
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Appendix A: “GrSG Habitat Structural Guidelines” – In Appendix A we compiled GrSG 
habitat-use information to identify ranges of values of vegetation parameters found in suitable 
GrSG habitat.  Specifically, there are 8 vegetation characteristics, including both understory and 
overstory parameters, identified for breeding and summer-fall habitat.  There are 2 vegetation 
attributes for winter habitat.  These guidelines should be used as “minimum standards” for 
assessing habitat suitability, and in all cases local site capability should be considered when 
assessing, enhancing, or restoring habitat.  The guidelines are just that: they should serve as 
guidance, and should not be interpreted as absolute rules.  The guidelines should be adjusted as 
new information is obtained. 
 
Appendix B: “GrSG Disturbance Guidelines” – This appendix is written from the perspective of 
GrSG biology.  That is, given what is known about adverse impacts of human activities on GrSG 
and their habitats, what steps can be taken to minimize or eliminate the impacts?  These 
guidelines are intended to provide direction to those undertaking activities in GrSG habitat.  
They should be used in conjunction with the strategies.  For instance, a strategy may state that a 
particular habitat should be avoided during a certain period, and then may refer the reader to the 
disturbance guidelines to clarify the season and area to be avoided.  The strategy may also state 
that the habitat should be avoided when technically feasible, but the guidelines may state 
specifically that habitat should be avoided.  This example highlights the crux of the problem 
when human activities must occur (from a societal perspective), and the activities can’t avoid 
impacting sage-grouse.  The guidelines indicate how to avoid impacts to GrSG, using the current 
best available science.  The strategies take into account technical reality; the ideal is to follow the 
guidelines, but the reality is in some cases that may not be possible.  When necessary, 
adjustments should be made in using the guidelines, keeping in mind what the ideal is, and using 
innovative approaches to minimize impacts to GrSG populations and their habitat.  In addition, 
the guidelines should be updated and modified as new information about GrSG, GrSG habitat, 
and human-caused impacts, becomes available. 
 
Appendix C: “Habitat Monitoring Protocol” – Appendix C was written by the Gunnison Sage-
grouse Rangewide Steering Committee.  It serves as a guide to measuring habitat conditions (i.e., 
how to collect the information to use with Appendix A), and provides minimum collection 
procedures for structural data.  Although the document refers to Gunnison sage-grouse habitat, it 
can/should also be used for GrSG. 
 
Appendix D: “Recommendations Regarding Plant Species for Use in GrSG Habitat Management 
and Restoration” – This appendix contains tables from Monsen (2005) that provide detailed 
information on characteristics of plants that can be used in GrSG habitat restoration, including a 
table that identifies the relative value of different plant species to GrSG. 
 
Appendix E: “Grazing Management Options for GrSG” – Appendix E is a list of potential 
options for managing herbivory in ways that benefit GrSG.  The list is not considered complete, 
but is an example of options. 
 
Appendix F: “Available Funding Opportunities for GrSG Habitat Conservation” – In this 
appendix we identify existing funding programs that may offer opportunities for assistance in 
GrSG habitat conservation. 
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Following the “Working Appendices” are 3 appendices directly related to energy and mining 
issues (“Energy and Mining Appendices”).  Two of these are intended primarily as background 
information (Appendix G, “Energy and Mining Leasing and Development Process”; and 
Appendix H, “Literature Review: Oil and Gas Development Impacts on Prairie Grouse”.  The 
third serves more as a working document: 
 
Appendix I: “Suggested Management Practices Applicable for Oil and Gas Development, within 
Lease Rights” – This appendix offers examples of management practices that will alleviate 
disturbance to GrSG habitat resulting from oil and gas development, much like the list of grazing 
management options in Appendix E. 
 
 
How to Use this Plan 
 
Much of the plan is intended as background and analysis from which the conservation strategies 
are derived.  For those who will be implementing this plan, the key sections are “Conservation 
Strategy” (pg. 306) and the accompanying “Working Appendices”: Appendix A (“GrSG Habitat 
Structural Guidelines”) , Appendix B (“GrSG Disturbance Guidelines”), Appendix C (“Sage-
grouse Habitat Monitoring Protocol”), Appendix D (“Recommendations Regarding Plant Species 
for Use in GrSG Habitat Management and Restoration”), Appendix E (“Grazing Management 
Options for GrSG”, and Appendix F (“Available Funding Opportunities for GrSG Habitat 
Conservation”).  The background material can serve as a reference to clarify questions raised in 
specific implementation situations. 
 
 
Implementation and Prioritization 
 
Due to the short time frame provided for completion of this plan, prioritization of conservation 
strategies has not yet been accomplished.  Within 6 months after the plan is signed, the signatory 
agencies will form an Implementation Team to embark on the development of an implementation 
plan.  The implementation plan will rank and prioritize the strategies developed in this plan, 
according to importance to GrSG conservation in Colorado, and within current budgetary and 
regulatory constraints.  Prioritization will occur at both statewide and population levels, since not 
all the strategies in this plan are relevant to each population.  The Implementation Team will 
meet with local work groups to gather input on strategies that are most applicable and time-
sensitive to GrSG conservation in their areas.  This input will be considered during prioritization 
of strategies.  The implementation plan will also establish a reporting timeline and process to 
gauge effectiveness of the CCP. 
 
 
Public Participation Process 
 
The existing GrSG local work groups were notified when the CCP planning process began.  In 
addition, an “issue assessment” was conducted by a neutral facilitator, in which 30 - 50 
stakeholders were contacted for one-on-one confidential interviews.  The stakeholders were 
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individuals who were involved in development of the local conservation plans, representatives of 
organizations or special interest groups, petitioners, or others with vested interests in GrSG 
conservation in Colorado.  The objective of these confidential interviews was to identify 
stakeholder interests and needs that might be addressed in the CCP.  Results were summarized 
and provided to the SC for use when conservation strategy development began. 
 
In May 2006, a 3-day conservation plan workshop was conducted and facilitated in Steamboat 
Springs by the Conservation Breeding Specialist Group.  During this 3-day workshop, realistic 
potential conservation objectives and strategies were developed for 5 issues (Energy and Mineral 
Development, Grazing, Housing Development, Hunting, and Predation), to serve as a basis for 
the Conservation Strategy portion of the plan.  Over 60 individuals participated in the workshop.  
Participants included at least 1 member of the local work group for each GrSG population area, 
as well as a diverse mix of interested and affected stakeholders.  The workshop group that began 
developing Energy and Mineral Development strategies reconvened for 2 days in August, 2006, 
to complete their work; the issues under this topic are broad and complicated and required a great 
deal of work.  The basic development of the conservation strategy section occurred following the 
workshop in May 2006.  A member from each local work group was invited to participate in the 
SC’s work on conservation strategies as an “Advisory Member” (Table 2, pg. 14). 
 
In October, 2006, the Colorado Greater Sage-grouse Summit was held in Steamboat Springs.  
Over 125 individuals participated, including stakeholders from all GrSG population areas, as 
well as representatives of interested agencies and industries.  This summit included a preview 
presentation and discussion of 10 issues in the conservation strategy section of the plan (Energy 
and Mineral Development, Fire and Fuel Management, Grazing, Housing Development, 
Hunting, Infrastructure, Lek Viewing, Predation, Recreational Activities, and Weeds), as well as 
an opportunity for the various work groups to share their successes and challenges in GrSG 
conservation efforts.  Comments provided by summit participants were reviewed and 
modifications to the CCP were made to address most concerns. 
 
The plan was released for a 30-day internal review by signatory agencies on March 15, 2007.  
During this review period, Advisory Members were also provided the opportunity for early 
comment.  Prior to the release of the next draft, comments were reviewed, discussed, and 
incorporated, where appropriate. 
 
The public was also given a 77-day opportunity to review and comment on a draft of the plan, 
which was released June 15, 2007.  Comments were compiled, addressed, and incorporated, 
when appropriate, into the final plan.  The final version of the plan was made available to all the 
local GrSG work groups. 
 
 
Information and Data Sources  
 
We primarily relied on peer-reviewed scientific literature and graduate theses/dissertations as 
supporting information in the CCP.  However, as is the case for many wildlife species, important 
and reliable information for GrSG can be found in agency reports, both those with peer-review 
and those without.  We used these agency sources when they were the only available 
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information, or when they contributed significantly to available information on a particular 
topic.  In particular, we relied on reports from the CDOW for the most recent Colorado GrSG 
research results.  Likewise, we used internet web sites for information when necessary, citing the 
dates the sites were accessed. 
 
 
Scientific Assessment and Review 
 
To address broad scale, complex issues, a group of scientists was used (Table 3).  Individuals 
were selected for this team because of their impartiality and/or technical expertise in a relevant 
scientific area.  The “subject experts” assisted in conducting an analysis of conservation needs 
for maintaining GrSG populations.  “Conservation need” was interpreted broadly and included 
desired genetic diversity, and necessary habitat quantity and condition.   
 
Table 3.  Scientists who assisted in conducting analyses of GrSG population conservation needs 
for the GrSG Statewide Conservation Plan. 

Discipline Science Team 

Sage-grouse 
Biology 

Dr. Tony Apa, Colorado Division of Wildlife 
Dr. Michael Phillips, Colorado Division of Wildlife 
Dr. Tom Remington, Colorado Division of Wildlife 

Genetics Dr. Sara Oyler-McCance, U.S. Geological Survey/Denver 
University 

Population Ecology 
(Modeling) Dr. Philip Miller, Conservation Breeding Specialist Group 

Ecology and 
Restoration of 
Sagebrush 
Rangelands 

Dr. Ann Hild, University of Wyoming 
Steve Monsen, U.S. Forest Service Shrub Sciences Lab, retired 
Dr. Alma Winward, U.S. Forest Service, retired 

Spatially Explicit 
Modeling of 
Housing 
Development 

Dr. David Theobald, Natural Resource Ecology Lab, Colorado 
State University 

Modeling Habitat 
Quantity and GrSG 
Population Size 

Dr. Michael Phillips, Colorado Division of Wildlife 

 
 
F.  Socio-economic Considerations 
 
State and federal agencies involved in implementation of the CCP coordinated with landowners, 
counties, and local governments to develop the best solutions for GrSG conservation, while 
maintaining social and economic values to the maximum extent possible.  The CCP was 
developed to address issues of statewide concern for the GrSG, but is not intended to replace 
local conservation plans.  Rather, it is intended to work within local conservation plan 
considerations of social and economic values.   
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In the event of federal listing of GrSG under the ESA, the USFWS would use the CCP and local 
conservation plans as the basis to develop a federal recovery plan (FRP).  The FRP would also 
seek to maintain social and economic considerations to the maximum extent possible while 
ensuring the survival and recovery of GrSG.  In fact, in the July 1, 1994, Federal Register (59 FR 
34272), the USFWS issued a policy stating that the USFWS will involve stakeholders in FRP 
preparation to minimize the social and economic impacts of implementing recovery actions.  
There are also funding and incentive programs to facilitate socio-economic considerations and 
conservation of the GrSG (e.g., Appendix F, “Available Funding Opportunities for GrSG Habitat 
Conservation”). 
 
Managing for sustainable local economies is a conservation approach that guides this plan 
because its authors and signatories believe that sustainable local economies are essential to 
successful conservation of the GrSG.  Ultimately, the hope is to achieve “civic 
environmentalism” (Shutkin 2000:14) within GrSG range in Colorado.  Shutkin (2000:22) 
asserts, “the best kind of American environmentalism fundamentally entails a holistic approach 
to environmental problems in that those problems and their solutions are seen as inextricably 
linked to social, political, and economic issues…”. 
 
 
G.  Management and Legal Authorities 
 
There are many state, federal, and county regulations that offer protection to GrSG.  Colorado 
has state laws and regulations to restrict possession of GrSG, and funding programs support 
population and habitat conservation actions.  Several of the Colorado counties with GrSG 
populations have provisions, usually pertaining to housing development, for wildlife and/or sage-
grouse conservation.  A variety of federal agencies have laws, regulations, policies, and funding 
programs that authorize and support conservation actions for wildlife habitat and population 
management. 
 
 
Colorado Division of Wildlife 
 
The CDOW, a Division of the Colorado Department of Natural Resources, has responsibility for 
the management and conservation of wildlife resources within state borders, including the 
conservation and management of threatened and endangered species, as defined and directed by 
state laws (i.e., Colorado Revised Statutes, Title 33 Article 1).  The CDOW has authority to 
regulate possession of the GrSG, set hunting seasons, and issue citations for poaching of GrSG. 
 
Title 33 Article 1-101, Legislative Declaration states: “It is the policy of the State of Colorado 
that the wildlife and their environment are to be protected, preserved, enhanced and managed for 
the use, benefit, and enjoyment of the people of this state and its visitors.  It is further declared to 
be the policy of this state that there shall be provided a comprehensive program designed to offer 
the greatest possible variety of wildlife-related recreational opportunity to the people of this state 
and its visitors and that, to carry out such program and policy, there shall be a continuous 
operation of planning, acquisition, and development of wildlife habitats and facilities for 
wildlife-related opportunities.” 
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In addition, the 5-year Strategic Plan for CDOW, adopted by the Colorado Wildlife Commission 
on January 11, 2002, emphasizes the importance of wildlife conservation.  The Strategic Plan 
lists 10 management principles, or “core beliefs” that guide the agency in fulfilling its mission; 
these beliefs underscore the importance of wildlife conservation and maintenance of healthy, 
diverse and abundant wildlife.  A specific section of this strategic plan addresses species 
conservation.  The vision statement of this section states: “Recognizing the pitfalls of single 
species management, the CDOW will emphasize the development of management approaches 
encompassing multi-species communities across the landscape.  The CDOW defines species 
conservation as conserving, protecting, and enhancing Colorado’s native wildlife, by taking the 
actions necessary to assure the continued existence of each species and thereby precluding or 
eliminating the need for state and/or federal listing.  The CDOW will form partnerships with 
landowners, land management agencies, and others to manage, protect, enhance, and restore 
wildlife and their habitat.  The CDOW will lead efforts to monitor wildlife communities and 
manage them as needed to prevent their decline.  The CDOW will work aggressively with others 
to recover threatened and endangered species.  The CDOW encourages partnerships to share in 
the vision to protect, enhance, and restore wildlife communities that need assistance to survive.”   
 
 
Colorado Oil and Gas Conservation Commission 
 
The Colorado Oil and Gas Conservation Commission (COGCC) is a state regulatory agency 
created by the Colorado General Assembly to promote development of the oil and gas resources 
throughout the state, consistent with the protection of public health, safety, and welfare.  The law 
that created the COGCC provides for the COGCC to promulgate rules to protect the health, 
safety, and welfare of the general public in the conduct of oil and gas operations.  Prior to 2007, 
the COGCC encouraged voluntary commitment to measures that prevent and mitigate impacts to 
wildlife.   
 
House Bills (HB) 1341 and 1298 passed the Colorado General Assembly during the 2007 session 
and were signed into law.  HB 1341 reconstitutes the membership of the COGCC and expands 
its policy focus to consider public health, environment, and wildlife impacts.  HB 1298 is a 
companion measure to HB 1341.  This bill revises section 34-60-102 of the Colorado Revised 
Statutes and requires the COGCC to use best management practices when permitting oil and gas 
facilities, and to consult with the CDOW to reduce impacts from oil and gas development.  The 
law mandates COGCC to promulgate rules by July 1, 2008, in consultation with the Wildlife 
Commission, that establish standards for minimizing adverse impacts to wildlife resources 
affected by oil and gas operations, and to ensure the proper reclamation of wildlife habitat during 
and following such operations.  Currently, the COGCC is in the process of developing draft rules 
to meet the requirements of HB 1298.  
 
 
Colorado State Land Board 
 
Colorado's 3 million acres of state trust lands were given to the state by the federal government 
in 1876 for specific purposes, such as the support of “common schools”, and to this day the lands 
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are leased for ranching, farming, mineral and energy production, and other uses.  Proceeds are 
used to support 8 trusts, the largest of which benefits kindergarten-12th grade education in the 
state.  All trust lands are managed by the Colorado State Board of Land Commissioners, a 
division of the Department of Natural Resources.  The agency is overseen by a 5-person citizen 
board. 
 
The Colorado State Land Board (SLB) is tasked with managing state trust lands.  The Colorado 
Constitution, Article IX, Section 10, states: 
 

“The people of the state of Colorado recognize (a) that the state school lands are an 
endowment of land assets held in a perpetual, inter-generational public trust for the support 
of public schools, which should not be significantly diminished, (b) that the disposition and 
use of such lands should therefore benefit public schools including local school districts, 
and (c) that the economic productivity of all lands held in public trust is dependent on 
sound stewardship, including protecting and enhancing the beauty, natural values, open 
space and wildlife habitat thereof, for this and future generations.” 

 
 
Counties 
 
Authority for regulating land use on non-federal lands was delegated to the 63 counties in 
Colorado in 1973.  All units of local governments, including counties, cities, and towns, were 
given authority to regulate land use within their jurisdictions under an enabling statute called the 
Land Government Land Use Control Enabling Act, 29-20-101 et seq., CRS 1973, commonly 
called House Bill (H.B.) 1043 (C.R.S. 29-20-101).  The intent this statute was to clarify and 
provide broad authority to all units of local governments to plan for and regulate the use of the 
land within their jurisdictions.  Two important provisions related to wildlife are those that 
authorize local governments to plan for and regulate the use of land by: 

• Protecting lands from activities which would cause immediate or foreseeable material 
danger to significant wildlife habitat and from activities which will endanger a wildlife 
species; and 

• otherwise planning for and regulating the use of the land so as to provide planned and 
orderly use of land and protection of the environment in a manner consistent with 
constitutional rights 

 
Another enabling piece of legislation passed in 1974, the Colorado Land Use Act, commonly 
called H.B. 1041 (C.R.S. 24-65.1-101, et seq., "Areas and Activities of State Interest.").  This 
Act authorizes and encourages local governments to identify, designate, and adopt guidelines and 
regulations for the administration of areas and activities that are “areas of state interest”.  These 
are areas which are of greater than local concern or which have statewide importance; significant 
wildlife habitats are included in the Act as areas that are an ‘activity’ eligible for consideration.  
The Act gives the authority to local governments, if they so chose, for regulating development as 
it affects those activities. 
 
Local governments have the authority to engage in comprehensive planning through H.B. 1043.  
Most of the counties that have GrSG populations address wildlife and wildlife habitat concerns 
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within broad planning documents, such as county master plans (Garfield County Building and 
Planning Department 2000, Moffat County Planning Department 2003, Rio Blanco County 
Development Department 2002, Routt County Citizens 2003, Summit County Planning 
Department 2003, Eagle County Community Development 2005, Grand County Department of 
Planning and Zoning 1998, Lower Blue Planning Commission 2006). 
  
Some counties have incorporated wildlife (and in some cases, specifically sage-grouse) concerns 
into more specific planning documents such as subdivision, development, or zoning regulations.  
The Eagle County Site Development Standards require a review by the CDOW for all planned 
developments, including sage-grouse production areas (Eagle County Planning Division 2006).  
Garfield County is in the process of revising its land use development regulations, and has 
developed a draft Garfield County Land Use Resolution, which is designed to implement the 
county’s comprehensive plan.  This resolution requires developers to consult with CDOW to 
avoid and/or mitigate adverse impacts to wildlife habitat (Garfield County Building and Planning 
Department 2005).  Both the subdivision and zoning regulations in Routt County contain 
language that addresses wildlife habitat (Routt County Planning Commission 2006a, b).  Rio 
Blanco County has a wildlife habitat overlay in its land use resolution and speaks to the need to 
protect wildlife habitat as part of maintaining quality of life in the county (Rio Blanco County 
Development Department 2002).  Summit County has a Wildlife Habitat Overlay District in its 
development code, an area in which the county “seeks to fully protect wildlife habitats…from 
the significant adverse affects [sic] of development” (Summit County Planning Department 
2006).  Grand County also has a new Rural Land Use Process, which encourages clustering of 
rural developments, in part to protect wildlife habitat (Grand County Department of Planning and 
Zoning 2005).  
 
In addition to regulations regarding subdivision, land use, and development, there are county 
regulations regarding weeds that have relevance to GrSG habitat management (for more detail, 
see “Weeds” issue section, pg. 198).  The Colorado Noxious Weed Act (Title 35 Article 5.5 101-
119 C.R.S. (2003)) outlines responsibilities for weed control in Colorado.  The state assigns 
responsibility for weed control on private and state unincorporated lands to county governments 
through the county commissioners.  Each county appoints a local advisory board that identifies 
noxious weeds in the county that will by rule be subject to integrated management.  Weed 
control on incorporated land is the responsibility of the municipality governing board.  The local 
governing bodies of all counties and municipalities are authorized to enter into cooperative 
agreements with federal agencies for the management of noxious weeds on federal lands.  
 
 
Bureau of Land Management 
 
The U.S. Department of Interior (USDI) Bureau of Land Management (BLM) has authority for 
conservation of GrSG through: (1) the Federal Land Management Policy Act (FLMPA) of 1976 
(43 U.S.C. 1701 et seq.; 90 stat. 2743; PL 94-579; (2) the Sikes Act, Title II (16 U.S.C. 670 et 
seq.), as amended; and (3) the BLM Manual 6840, Special Status Species Management.  
Specifically, the FLMPA guidance on sensitive species authorizes that “the public lands be 
managed in a manner that will protect the quality of scientific, scenic, historical, ecological, 
environmental, air, and atmospheric, water resource, and archeological values; that, where 
appropriate, will preserve and protect certain public lands in their natural condition; that will 

Introduction 
 

24



Colorado Greater Sage-grouse Conservation Plan 
 

provide food and habitat for fish and wildlife and domestic animals… (43 USC 1701 Sec. 102 
(a) (8)).” 
 
The greater sage-grouse is a BLM-designated sensitive species in Colorado.  As such, specific 
guidance is outlined in the 6840 Manual.  Section 12 of the 6840 Manual states, “Actions 
authorized by BLM shall further the conservation of federally listed and other special status 
species and shall not contribute to the need to list any special status species under provisions of 
the ESA, or designate additional sensitive species under provisions of this policy.”   The 
Department of Interior Fish and Wildlife Policy: State-Federal Relationships (43CFR Part 24.4 
(c)) states in part that “…the Secretary of Interior is charged with the responsibility to manage 
non-wilderness BLM lands for multiple uses, including fish and wildlife conservation.  In 
addition, the CCP is consistent with the BLM’s “National Sage-grouse Conservation Strategy” 
(Bureau of Land Management 2004b). 
 
 
National Park Service 
 
The USDI National Park Service (NPS) has authority for conservation of the GrSG through the 
1916 NPS Organic Act (16 USC 1) which charges the NPS with management of parks to “... 
conserve the scenery and the natural and historic objects and the wildlife therein and to provide 
for the enjoyment of the same in such manner and by such means as will leave them unimpaired 
for the enjoyment of future generations.”  Additional authorities that guide the NPS are found in 
the General Authorities Act of 1970 (16 USC 1c(a)) and the Redwood Act of 1978 (16 USC 1a-
1).  The only National Park Service unit within the Colorado range of GrSG is Dinosaur National 
Monument, located within the Northwest Colorado GrSG population area. 
 
NPS Management Policies and the NPS-77 Natural Resources Management Guideline state that 
the NPS will seek to perpetuate the native animal life as part of the natural ecosystem of parks.  
They further define Species of Concern as all native animal species within a park that face an 
immediate danger of losing their natural role in an ecosystem because of human-induced change.  
Regarding Species of Concern, NPS-77 states that the NPS should also look for opportunities to 
enter into cooperative and interagency agreements and memoranda of understanding with other 
federal and state agencies on research, monitoring, and management of the Species of Concern, 
and, where appropriate, promulgate regulations.  The NPS must strive to protect the natural 
conditions and processes and the ecosystem integrity to the greatest extent possible for Species 
of Concern. 
 
NPS-77 further states, “Management of Candidate species should, to the greatest extent possible, 
parallel the management of federally listed species.”  The NPS Management Policies identifies 
the management of threatened or endangered plants and animals as follows:  “The Service will 
survey for, protect, and strive to recover all species native to national park system units that are 
listed under the ESA.  The Service will fully meet its obligations under the NPS Organic Act and 
the ESA to both proactively conserve listed species and prevent detrimental effects on these 
species.” 

 

Introduction 
 

25



Colorado Greater Sage-grouse Conservation Plan 
 

 
Natural Resources Conservation Service 
 
The U.S. Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS) 
has authority for conservation of GrSG through: (1) the Soil Conservation and Domestic 
Allotment Act of 1936, as amended (PL 74-46), which gives authorities to the Soil Conservation 
Service (now called the NRCS) to conserve natural resources on agricultural lands; (2) the Food 
Security Act of 1985, Public Law 99-198, Title XII; (3) the Department of Agriculture 
Reorganization Act of  1994 (PL 103-354; 7 U.S.C. 6962); and (4) the Farm Security and Rural 
Investment Act (Farm Bill) of 2002 (PL 107-171), which authorizes programs to assist private 
land owners with conservation of wildlife, and promotes at-risk species habitat conservation. 
 
Farm Bill programs administered by NRCS that have the most potential to benefit GrSG are: (1) 
the Wildlife Habitat Incentives Program (WHIP) 7 CFR Part 636; (2) the Environmental Quality 
Incentives Program (EQIP) 7 CFR Part 1466; (3) the Grasslands Reserve Program (GRP) 16 
U.S.C. 3838n through 3838q; (4) the Conservation Security Program 7 CFR Part 1469; and (5) 
the Wetland Reserve Program (WRP) 16 U.S.C. 3837.  For most Farm Bill programs, projects 
are selected by applying a ranking process to all applications.  The ranking procedures give 
priority to projects that benefit declining species and species of concern over similar projects that 
do not have such benefits.  NRCS also has planning responsibility for conservation projects 
funded with the Conservation Reserve Program (CRP) 7 CFR Part 704, another Farm Bill 
program which is administered by USDA, Farm Service Agency.  CRP includes practices for 
wetland and riparian conservation that have potential to be beneficial for GrSG. 
 
 
United States Forest Service 
 
The USDA Forest Service (USFS) has authority for conservation of GrSG through: (1) the 
Multiple Use-Sustained Yield Act (MUSY) of 1960 (P.L. 86-517, 74 Stat. 215, 16 U.S.C 
528(note), 528-531); (2) the Sikes Act of 1960 (P.L. 86-797, 74 Stat. 1052, 16 U.S.C. 670 et 
seq., as amended); (3) the Forest and Rangeland Renewable Resources Planning Act (RPA) of 
1974 (P.L. 93-378, 88 Stat. 476, as amended; 16 U.S.C. 1600(note), 1600-1614); (4) the National 
Forest Management Act (NFMA) of 1976 (P.L. 94-588, 90 Stat. 2949, 16 U.S.C. 472 et seq.) and 
its implementing regulations (36 CFR 219); (5) Public Rangelands Improvement Act of 1978 
(P.L. 95-514, 92 Stat. 1806, 43 U.S.C. 1901-1908); and (6) USDA Regulation 9500-4 and the 
Forest Service Manual (FSM) Chapter 2600. 
 
Specifically, MUSY directs the USFS to administer the National Forests for outdoor recreation 
(including wilderness), range, timber, watershed, and wildlife and fish purposes, in cooperation 
with interested State and local governmental agencies and others.  “Multiple use” means the 
harmonious and coordinated management of the various surface renewable resources so that they 
are utilized in the combination that will best meet the needs of the American people.  The Sikes 
Act provides authority for cooperative planning, habitat improvement, and providing adequate 
protection for threatened or endangered species under the Endangered Species Act of 1973 or 
species considered to be threatened, rare, or endangered by the State agency.  The RPA and 
NFMA provide for comprehensive, integrated planning that will provide for the diversity of plant 
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and animal communities to meet overall multiple-use objectives.  USDA Regulation 9500-4 
directs the USFS to manage “habitats for all existing native and desired nonnative plants, fish 
and wildlife species in order to maintain at least viable populations of such species.”   In 
addition, USFS policy states: “To preclude trends toward endangerment that would result in the 
need for federal listing, units must develop conservation strategies for those sensitive species 
whose continued existence may be negatively affected by the forest plan or a proposed project.” 
(FSM 2621.2) 
 
 
United States Fish and Wildlife Service 
 
The USDI USFWS has authority for conservation of the GrSG through: (1) the ESA of 1973, as 
amended; (2) the Fish and Wildlife Act of 1956, as amended; and (3) the Fish and Wildlife 
Coordination Act, as amended.  Congress, in Section 2 of the ESA, declares that there is value in 
having incentives for conservation, and Section 5 of the Act, as amended in 1978, provides 
authority for agencies to engage in conservation activities for the protection of candidate species.  
Section 6 of the ESA directs that the “Secretary shall cooperate to the maximum extent with the 
states...” (16 U.S.C. 1535(a)).  The Secretary of Interior may also authorize states for monitoring 
the status of candidate species (16 U.S.C. 1535(c)).  The Fish and Wildlife Act of 1956, as 
amended, and the Fish and Wildlife Coordination Act, as amended, give authorities to the 
USFWS for enhancement of all fish and wildlife species and mitigation of impacts to fish and 
wildlife, particularly from federal water development projects.  In addition, The Federal Aid and 
Wildlife Restoration Act of 1937 (Pittman-Robertson Act), as amended, serves as the principal 
mechanism for providing federal assistance to states for the acquisition, restoration, and 
maintenance of wildlife habitat, for the management of wildlife areas and resources, and for 
research into problems of wildlife management (16 U.S.C. 669-669i).   
 
 
USFWS National Wildlife Refuge System 
 
The National Wildlife Refuge System (NWRS) has authority for conservation of GrSG through a 
myriad of legislation, starting with the National Wildlife Refuge Administration Act of 1966, as 
amended by the National Wildlife Refuge System Improvement Act of 1997, 16 USC 668dd-
668ee, which defines the NWRS and states that its mission is to administer a network of lands 
and waters for the conservation, management, and, where appropriate, restoration of fish, 
wildlife, and plant resources and their habitats within the United States, for the benefit of present 
and future generations of U.S. citizens.  The Refuge Improvement Act clearly defines a unifying 
wildlife conservation mission for the System and provides guidelines and directives for 
administration of the National Wildlife Refuge System.  Other legislation guiding the Refuge 
System includes (1) Executive Order 12996: “Management and General Public Use of the 
National Wildlife Refuge System” (1996), which defines the mission, purpose, and priority 
public uses of the NWRS; (2) the Endangered Species Act (1973); (3) the Refuge Recreation 
Act; and (4) the Fish and Wildlife Act of 1956. 
  
The collective guidance of this legislation is that the main goal of the NWRS is wildlife habitat 
conservation, and public uses may be provided when they do not (1) impede the original purpose 
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of the specific refuge; (2) harm the environmental health of the specific refuge; or (3) jeopardize 
endangered species and their habitats.  In Colorado there are 2 National Wildlife Refuges 
(NWRs) located within GrSG occupied range: (1) Arapaho NWR in Jackson County; and (2) 
Browns Park NWR in Moffat County.  These NWRs were established for migratory birds and 
other wildlife.  Since sage-grouse populations can be an indicator of the health of sagebrush 
ecosystems, and the NWRS is responsible for management of wildlife and wildlife habitat 
(including sagebrush) on refuge lands, the USFWS has an interest and role in conservation of 
GrSG, and specifically with development of the CCP.  
 
 
Memoranda of Understanding 
 
In addition to the authorities listed above there are 2 MOUs that promote conservation of the 
GrSG.  The first, between members of WAFWA, was signed in July 1999 to promote 
conservation and management of sage-grouse and the sagebrush habitat upon which they depend.  
The 1999 MOU was signed by members of 13 states and 2 Canadian provinces who are members 
of WAFWA, and included an action to develop conservation plans based on the local work group 
concept.  The second MOU is between BLM, USFS, USFWS, and WAFWA.  This MOU was 
signed in August 2000, and its purpose is to provide for cooperation among state, provincial, and 
federal agencies in development of a rangewide strategy for the conservation of sage-grouse and 
their sagebrush habitats.  In August 2006, this MOU was extended until July 2007. 
 
 
H.  PECE Standards 
 
The ESA requires the USFWS to assess conservation efforts to protect a species.  The USFWS’ 
PECE identifies criteria the USFWS will use in determining whether formalized conservation 
efforts that have yet to be implemented, or shown to be effective, contribute to making listing a 
species as threatened or endangered unnecessary (U.S. Fish and Wildlife Service and National 
Oceanic and Atmospheric Administration 2003).  This policy applies to conservation efforts 
identified in conservation agreements, conservation plans, management plans, or similar 
documents developed by federal agencies, state and local governments, tribal governments, 
businesses, organizations, and individuals, or a combination of the above.  It is important to 
clarify that the PECE process applies to actions that may emerge from implementation of a plan 
such as the CCP, but not to the plan itself.  The purpose of PECE is to ensure consistent and 
adequate evaluation of formalized conservation efforts and to guide development of conservation 
efforts that will sufficiently improve a species’ status.  Ultimately, successful PECE compliance 
for a given species would make listing the species unnecessary. 
 
The PECE contains 9 criteria the USFWS will use to determine the “certainty that the 
conservation effort will be implemented”, and 6 criteria the USFWS will use to determine the 
“certainty that the conservation effort will be effective” (U.S. Fish and Wildlife Service and 
National Oceanic and Atmospheric Administration 2003:15101).  These criteria should not be 
considered comprehensive evaluation criteria.  The certainty that a formalized conservation 
effort will be implemented and effective may also depend on species-, habitat-, location-, and 
effort-specific factors.  The USFWS will consider all appropriate factors in evaluating 
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formalized conservation efforts.  The specific circumstances will also determine the amount of 
information necessary to satisfy these criteria.  
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III.  CONSERVATION ASSESSMENT 
 
 
In this section we provide the most current background information on Colorado GrSG biology, 
distribution, abundance, and genetics.  We identify and describe pertinent mapping efforts, and 
for each local population, we estimate current population size, degree of genetic isolation, and 
amount and status of habitat.  We also catalogue recent conservation efforts for GrSG and their 
habitats in each population area.  
 
 
A.  Biology and Life History 
 
Species Description 
 
Sage-grouse, the largest grouse species in North America, were first described by Lewis and 
Clark in 1805 (Schroeder et al. 1999).  They are known for their strong association with 
sagebrush habitat, using sagebrush for both food and cover at all times of year.  The species was 
originally given the scientific name Tetrao urophasianus (Bonaparte 1827), but was later 
renamed Centrocerus urophasianus (Swainson and Richardson 1831).  Aldrich (1946) described 
eastern (C. u.urophasianus) and western (C. u. phaios) subspecies, but Benedict et al. (2003) 
found no genetic support for this distinction.  All sage-grouse were considered a single species 
until Gunnison sage-grouse (C. minimus) were recognized as a separate species (Young et al. 
2000), with all other sage-grouse now termed “greater sage-grouse”.  The 2 species are 
differentiated morphologically, by size (Hupp and Braun 1991, Young et al. 2000) and plumage 
(Young et al. 2000), genetically (Kahn et al. 1999, Oyler-McCance et al. 1999), and behaviorally 
by differences in strutting behavior (Barber 1991, Young 1994, Young et al. 2000).  The current 
ranges of the 2 species are not overlapping or adjacent (Schroeder et al. 2004).   
 
Greater sage-grouse are sexually dimorphic in size and plumage.  Adult males weigh 5.5 - 7.0 
pounds, adult females are 2.9 - 3.8 pounds, yearling males range from 4.9 - 6.2 pounds, and 
yearling females weigh 2.6 - 3.5 pounds (Schroeder et al. 1999).  All GrSG are brownish-grey, 
and have black bellies, dark brown primary feathers, long tails, and yellow-green eye combs, but 
other features vary.  Males sport a contrasting white upper breast and black bib at the throat, long 
black filoplumes at the base of the neck, and 2 yellowish air sacs on the chest, which are most 
conspicuous when inflated during courtship displays. 
 
The life history characteristics of GrSG and Gunnison’s sage-grouse (GuSG) are very similar.  In 
this section, if data are specific to GuSG, it is so noted.  Otherwise, all references are for GrSG. 
 
 
Food Habits 
 
Unlike many other game birds, sage-grouse do not possess a muscular gizzard (Patterson 1952) 
and therefore lack the ability to grind and digest seeds.  They only occasionally, by accident, 
consume grit (Rasmussen and Griner 1938, Leach and Hensley 1954).  With the exception of 
some insects in the summer, the year-round diet of adult sage-grouse consists of leafy vegetation. 
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Sagebrush leaves are the primary food source during the early spring (Patterson 1952, Rogers 
1964, Wallestad et al. 1975).  In the pre-egg-laying period, females may select forbs that are 
generally higher in calcium and crude protein than sagebrush (Barnett and Crawford 1994).  
During the first 3 weeks after hatching, GrSG chicks focus on insects (beetles, ants, 
grasshoppers) as their primary food (Patterson 1952, Trueblood 1954, Klebenow and Gray 1968, 
Savage 1968, Peterson 1970, Johnson and Boyce 1990, Johnson and Boyce 1991, Drut et al. 
1994b, Pyle and Crawford 1996, Fischer et al. 1996b).  Johnson and Boyce (1990) demonstrated 
in laboratory studies in Wyoming that GrSG chick growth and survival rates increase with the 
quantity of invertebrates in the diet.  They also found that invertebrate forage is required to 
sustain GrSG chicks until they are at least 21 days old. 
 
Diets of 4 to 8-week-old chicks were found to have more plant material (approximately 70% of 
the diet) than those of younger chicks, of which 15% was sagebrush (Peterson 1970).  Succulent 
forbs are predominant in the diet until chicks exceed 3 months of age, at which time sagebrush 
becomes a major dietary component (Gill 1965, Klebenow 1969, Savage 1969, Connelly and 
Markham 1983, Gates 1983, Connelly et al. 1988, Fischer et al. 1996b, Huwer 2004).  In Moffat 
and Grand Counties in Colorado, Huwer (2004) used human-imprinted GrSG chicks to 
experimentally test the hypothesis that chick growth rates increase with forb abundance.  She 
found that in known brood-rearing areas with <10% to >20% forb composition, chick growth 
rates increased with forb abundance. 
 
Although insects are consumed by adult grouse (Patterson 1952, Rogers 1964, Wallestad et al. 
1975), forbs and sagebrush leaves comprise a majority of the summer diet (Rasmussen and 
Griner 1938, Moos 1941, Knowlton and Thornely 1942, Patterson 1952, Leach and Hensley 
1954).  Highly used forbs include common dandelion, prickly lettuce, hawksbeard, salsify, 
milkvetch, sweet clover, balsamroot, lupine, Rocky Mountain bee plant, alfalfa, and 
globemallow (Girard 1937, Knowlton and Thornley 1942, Batterson and Morse 1948, Patterson 
1952, Trueblood 1954, Leach and Browning 1958, Wallestad et al. 1975, Barnett and Crawford 
1994).  The quantity and make-up of forbs in adult GrSG summer diets varies with location. 
 
From late-autumn through early spring the diet of GrSG is almost exclusively sagebrush (Girard 
1937, Rasmussen and Griner 1938, Bean 1941, Batterson and Morse 1948, Patterson 1952, 
Leach and Hensley 1954, Barber 1968, Wallestad et al. 1975).  Many species of sagebrush may 
be consumed, including big, low, silver, and fringed sagebrush (Remington and Braun 1985; 
Welch et al. 1988, 1991; Myers 1992; Connelly et al. 2000c).  GrSG have been shown to select 
differing subspecies of sagebrush for their higher protein levels and lower concentrations of 
monoterpenes (Remington and Braun 1985, Myers 1992).  Sage-grouse can gain weight over the 
winter (Beck and Braun 1978, Hupp 1987, Remington and Braun 1988, Hupp and Braun 1989a), 
but in exceptionally harsh winters, fat reserves can decrease (Hupp and Braun 1989a).  During 
particularly severe winters sage-grouse are dependent on tall sagebrush that remains exposed 
above the snow. 
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Life History and Movements  
 
Breeding 
 
Sage-grouse are charismatic birds known for their elaborate spring mating ritual, where males 
congregate and “dance” to attract mates on traditional “strutting grounds”, more generally 
referred to as "leks" (Patterson 1952, Gill 1965).  During the display, males step forward with 
their tail feathers and filoplumes held upright, inflate their air sacs, and produce distinctive 
“plop” sounds (Schroeder et al. 1999).  Lek sites are open areas that have good visibility 
(allowing sage-grouse a greater opportunity to avoid predation) and acoustical qualities so the 
sounds of display activity can be heard by other sage-grouse. 
 
The sage-grouse mating system is polygamous (a male mates with several females).  Adult males 
defend territories within the lek arena, sometimes exclusively (Dalke et al. 1963, Wiley 1973a, 
Gibson and Bradbury 1987, Hartzler and Jenni 1988), and sometimes with overlap among 
territories (Simon 1940, Scott 1942, Patterson 1952, Wiley 1973a, Gibson and Bradbury 1986, 
Gibson and Bradbury 1987).  Males may maintain the same territory in successive years (Dalke 
et al. 1963, Hartzler and Jenni 1988, Gibson 1992).  Defense of a territory may include chases 
and wing fights with other males (Simon 1940, Scott 1942, Wiley 1973a), and can result in 
injury (Patterson 1952).  Subadult males do not establish territories or mate, though they may 
attend the lek (Patterson 1952, Eng 1963, Wiley 1973a). 
 
In Colorado, strutting occurs from mid-March through late May, depending on elevation (Rogers 
1964).  Males establish territories on leks in early March, but the timing varies annually by 1 - 2 
weeks, depending on weather condition, snow melt, and day-length.  Males assemble on the leks 
approximately 1 hour before dawn, and display until approximately 1 hour after sunrise each day 
for about 6 weeks (Scott 1942, Eng 1963, Lumsden 1968, Wiley 1970, Hartzler 1972, Gibson 
and Bradbury 1985, Gibson et al. 1991).   
 
In Jackson County, Colorado, a seasonal peak of male attendance at leks occurred approximately 
30 days following the peak of female attendance (Emmons 1980, Emmons and Braun 1984).  
Adult male sage-grouse seemed to show more fidelity to lek sites within a season than did 
yearling males.  Emmons (1980) reported that yearling males visited 2 - 4 leks within a breeding 
season, while a majority of adult males visited only 1 lek.  Emmons and Braun (1984) reported 
that inter-lek movements were more common than previously reported (Dalke et al. 1960, 
Wallestad and Schladweiler 1974).  Emmons and Braun (1984) further reported that the adult 
and yearling seasonal lek attendance rates increased to 95 - 100% and then decreased later in the 
season. 
 
Walsh (2002) reported much lower lek attendance rates in Grand County, Colorado, although he 
reported daily attendance rates rather than seasonal rates, and the research was conducted in only 
1 breeding season.  Lek attendance rate for adult males was 42.0% and ranged from 7.1 - 85.7%.  
Yearling male attendance rates were even lower at 19.3%, ranging from 0 - 38.5%.  Yearling 
male attendance steadily increased through the season and there was a peak of male and female 
attendance in mid-April.  Walsh (2002) also did not observe any inter-lek movements.  
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Females generally arrive on leks each morning after the males do, and depart while the males are 
still displaying.  Both males and female juvenile GrSG in Colorado show some degree of natal 
lek site fidelity (Dunn and Braun 1985).  Most females visiting the lek are bred by a few males 
occupying the most advantageous sites near the center of the lek (Scott 1942, Lumsden 1968, 
Wiley 1973a, Hartzler and Jenni 1988). When a female is ready to mate she invites copulation by 
spreading her wings and crouching (Scott 1942, Hartzler 1972, Wiley 1978, Boyce 1990).  Males 
provide no parental care or resources and females generally leave the lek and begin their nesting 
effort immediately after mating.   
 
 
Nesting 
 
GrSG nests are not uniformly distributed within nesting habitat (Bradbury et al. 1989, Wakkinen 
et al. 1992).  Research in Idaho has shown movements that range from 2.1 - 3.0 miles (Wakkinen 
1990, Fischer 1994, Apa 1998).  Radio telemetry research on GrSG in Colorado from 1978 - 
2005 has illustrated that female movements are extensive, with 52% (n = 271/518) of the radio-
marked females nesting within 2 miles of the lek of capture, and 80% (n = 417/518) within 4 
miles of the lek of capture (Peterson 1980, Hausleitner 2003, A. D. Apa, CDOW, unpublished 
data, K. Giesen, retired CDOW, unpublished data).  In addition, female grouse have been 
documented moving as far as 15 - 20 miles from the lek where they were captured (assumed to 
be the lek upon which they bred; Connelly et al. 2000c).  More specifically, movements of 
females from the lek of capture to nest were a little less extensive in some populations within 
Colorado.  Sixty-five percent (n = 64/99) nested within 2 miles and 89% (n = 88/99) nested with 
4 miles from the lek of capture (Peterson 1980, K. Giesen, retired CDOW, unpublished data) in 
North Park.  In southern Routt County and northern Eagle County, 48% (n = 15/31) and 97% (n 
= 30/31) of females moved 2 and 4 miles from the lek of capture, respectively (L. Rossi, CDOW, 
unpublished data).  In northwest Colorado, 49% (n = 192/388) and 77% (n = 299/388) of females 
moved 2 and 4 miles from the lek of capture, respectively (Hausleitner 2003, A.D. Apa, CDOW, 
unpublished data). 
 
Nests are typically shallow bowls lined with leaves, feathers and small twigs placed on the 
ground at the base of a live sagebrush bush (Schroeder et al. 1999).  GrSG clutch size ranges 
from 6 - 10 eggs, with 7 - 9 being the most common (Griner 1939, Wallestad and Pyrah 1974, 
Connelly et al. 1993, Gregg et al. 1994, Schroeder 1997).  In Moffat County, Colorado, GrSG 
clutch size averaged 5.7 eggs for yearling females and 7.0 eggs for adult females (overall 
average was 6.7 eggs; Hausleitner 2003).  In addition, Peterson (1980) reported that the clutch of 
adult females was 7.0 eggs (range 6 - 9) and yearling clutches averaged 6.7 eggs (range 5 - 9).  
Incubation does not start until the last egg is laid and eggs are incubated 27 to 28 days (Patterson 
1952, Peterson 1980). 
 
GrSG have one of the lowest nest success rates of all the upland game bird species (Schroeder 
1997), ranging from 63% in Montana to 10% in Oregon (Drut 1994, Connelly et al. 2000c).  In 
Moffat County, nest success in 2001-2002 ranged from 45 - 60% (Hausleitner 2003).  GrSG nest 
abandonment is not uncommon if the hen is disturbed.  While re-nesting is infrequent, it does 
occur (Patterson 1952, Eng 1963, Hulet 1983, Connelly et al. 1991).  Peterson (1980) reported a 
33.3% re-nesting rate (females that lost their first nest and attempted to re-nest), while 
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Hausleitner (2003) reported lower re-nesting rates of 8 and 15% in 2001 and 2002, respectively.  
Clutch size of re-nesting attempts varies from 4 - 7 eggs (Schroeder 1997). 
 
Although clutch initiation dates (date of first egg laid) can vary among years and locations, 
Hausleitner (2003) reported the mean clutch initiation date in Moffat County, Colorado as 26 
April in 2001, and 21 April for 2002.  Hatching begins around mid-May and usually ends by 
July.  Most eggs hatch in June, with a peak between June 10 and June 20. 
 
 
Survival 
 
The survival rate of GrSG varies by year, sex, and age (Zablan 1993).  Adult GrSG survival rates 
have been estimated from banding or radio telemetry studies (Table 4).  There is evidence to 
suggest that adult female sage-grouse have higher survival rates than do adult males (Swenson 
1986).  This higher survival rate may be due to sexual dimorphism.  Females have cryptic 
plumage and a more secretive nature, versus the more elaborate plumage and display activities of 
males (Schroeder et al. 1999).  Seasonal female survival in Colorado was highest in winter 
(Hausleitner 2003).  Predation, both on eggs and birds, appears to be a primary cause of 
mortality (Schroeder et al. 1999); human predation through sport harvest is also a cause of 
mortality.  The availability of food and cover are key factors related to chick and juvenile 
survival.  In Wyoming, survival of juveniles from hatch to fall was estimated to be 38% (June 
1963). 
  
Table 4.  Annual survival rates of GrSG. 
GrSG Sample Survival Rate Location Study 
Adult females 55% Colorado Zablan 1993 
Females 75% Idaho Connelly et al. 1994 
Males 60% Idaho Connelly et al. 1994 
Females 67% Wyoming June 1963 
Males 59% Wyoming June 1963 
Adult Females (2001-2002) 65% Colorado Hausleitner 2003 
Yearling Females (2001-2002) 71% Colorado Hausleitner 2003 
Adult females (2002-2003) 48% Colorado Hausleitner 2003 
Yearling Females (2002-2003) 78% Colorado Hausleitner 2003 
 
 
Movements 
 
Sage-grouse move seasonally among habitat types (Connelly et al. 2000c; see “Habitat 
Requirements” in this section).  Depending on the dispersion of habitat across the landscape, this 
may result in the birds using broad landscapes throughout the year, moving great distances in 
some seasons, and exhibiting annual migratory patterns (Beck 1975, Wallestad 1975, 
Schoenberg 1982, Hulet 1983, Berry and Eng 1985, Connelly et al. 1988, Wakkinen 1990, 
Fischer 1994).  If seasonal habitats are contiguous, the population may not show movement that 
could be considered migratory (Schroeder et al. 1999).  The extent of movement in a given 
population varies with dispersion of cover types, topography, and severity of winter weather. 
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Connelly et al. (2000c) outline 4 different seasonal movement patterns, 3 that are migratory and 
1 that is nonmigratory.  Nonmigratory populations do not move greater than 6 miles between or 
among seasonal ranges.  Migratory populations may be “2-stage” if they migrate among distinct 
winter, breeding, and summer ranges, or “1-stage” if they migrate only between 2 different 
seasonal habitat ranges (Connelly et al. 2000c).   
 
Chicks are precocial and leave the nest with the hen shortly after hatching.  Females with chicks 
move to areas containing succulent forbs and insects, often in wet meadow habitat, where cover 
is sufficiently tall to conceal broods and provide shade.  Groups of unsuccessful females and 
flocks of males follow similar habitat use patterns during late spring and early summer, but are 
less dependent on wet meadow areas than are females with broods.  
 
As fall approaches, intermixing of broods and flocks of adults is common, and the birds move 
from riparian areas to sagebrush-dominated landscapes that continue to provide green forbs.  As 
late fall approaches, weather events trigger movements to winter areas.  The timing of this 
movement varies, influenced by yearly weather conditions.  Very little is known about dispersal 
of GrSG juveniles following brood breakup.  Dunn and Braun (1985) found that females moved 
farther than males between their natal area lek and the lek attended in the following spring.   
 
GrSG winter range in Colorado varies according to snowfall, wind conditions, and suitable 
habitat (Rogers 1964).  Sage-grouse may travel short distances or many miles between seasonal 
ranges.  Movements in fall and early winter (September-December) can be extensive, sometimes 
exceeding 20 miles.  In North Park, Colorado, Schoenberg (1982) documented female GrSG 
moving more than 18 miles from winter to nesting areas.  Hausleitner (2003) found that in 
Moffat County, Colorado, female GrSG moved an average of 6 miles from nesting areas to 
winter sites.  The range of movements was extensive, and ranged from < 0.5 - 19 miles. 
  
Flock size in winter is variable (15 - 100+), with GrSG flocks frequently comprised of a single 
sex (Beck 1977).  Many, but not all, flocks of GrSG males can over-winter in the vicinity of their 
leks, and by March they are usually within 2 - 3 miles of breeding areas used the previous year.  
These movements depend on whether the population is non-migratory or moves between 2 or 
more seasonal ranges (Connelly et al. 2000c). 
 
 
Habitat Requirements 
 
Sage-grouse habitat requirements may differ by season (Connelly et al. 2000c).  Connelly et al. 
(2000c) segregated habitat requirement into 4 seasons: (1) breeding habitat; (2) summer-late 
brood-rearing habitat; (3) fall habitat; and (4) winter habitat.  In some situations, fall and 
summer-late brood-rearing habitats are indistinguishable, but this depends on the movement 
patterns of the population and habitat availability.  The breeding habitat category includes 
lekking, pre-laying female, nesting, and early brood-rearing habitat.  Summer-late brood-rearing 
habitat includes habitat used during this period by males, non-brooding females, and females 
with broods.  Fall habitat consists of “transition” range from late summer to winter, and can 
include a variety of habitats used by males and females (with and without broods).  Winter 
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habitat is used by segregated flocks of males and females (Beck 1977).  Management of sage-
grouse habitats should include all habitat types necessary for fulfillment of life history needs. 
 
For the purpose of this plan, we have combined the summer-late brood-rearing and fall habitat 
into a single habitat category, “summer-fall”, resulting in 3 overall seasonal habitats, rather than 
4.  Summer-late brood-rearing habitat in Colorado is typically characterized by high elevation 
mesic areas, cropland, wet meadows, and riparian areas adjacent to sagebrush communities.  
Grouse continue to use these locales as fall approaches and there is a slow conversion of the diet 
from forbs to sagebrush.  As mentioned earlier, in many cases these 2 seasonal habitats are 
indistinguishable, but in the future, local information may provide additional insight as to when 
and where late-summer and fall habitats can be clearly separated. 
 
All the seasonal habitats described here include habitat used by brooding females, unsuccessful 
females, and male flocks. 
 
 
Breeding Habitat: Leks (March – mid-May) 
 
Lek sites can be very traditional, with grouse displaying in the very same location from year to 
year.  Some GrSG leks in Colorado are known to have been in use since the 1950s (Rogers 
1964).  Leks are usually located in small, open areas, adjacent to stands of sagebrush with 20% 
or greater canopy cover (Klott and Lindzey 1989).  Openings are usually natural, including alkali 
flats and meadows within sagebrush, but they may also be created by humans, including (but not 
limited to) small burns, irrigated pasture, and roads within sagebrush habitat (Connelly et al. 
1981, Gates 1985). 
 
Lek sites do not appear limiting (Schroeder et al. 1999), but they may vary in amount of escape 
cover and quality of sagebrush (Patterson 1952, Gill 1965, Connelly et al. 1988, Connelly et al. 
2000c).  The size of area needed for males to strut can vary greatly.  Lek sites are usually flat to 
gently sloping areas of <15% slope in broad valleys or on ridges (Hanna 1936, Patterson 1952, 
Hartzler 1972, Giezentanner and Clark 1974, Wallestad 1975, Dingman 1980, Autenrieth 1981, 
Klott and Lindzey 1989).  Lek sites have good visibility and low vegetation structure (Tate et al. 
1979, Connelly et al. 1981, Gates 1985), and acoustical qualities that allow sounds of breeding 
displays to carry (Patterson 1952, Hjorth 1970, Hartzler 1972, Wiley 1973b, 1974, Bergerud 
1988a, Phillips 1990).  The absence of tall shrubs, trees, or other obstructions appears to be 
critical for continued use of these sites by displaying males.   
 
Sites chosen for display are typically close to sagebrush that is > 6 inches tall and has a canopy 
cover > 20% (Wallestad and Schladweiler 1974).  Usually leks are located in the vicinity of 
nesting habitat (Wakkinen et al. 1992), and are in areas intersected by high female GrSG traffic 
(Bradbury and Gibson 1983, Bradbury et al. 1986, Gibson et al. 1990, Gibson 1992, 1996).  
These sagebrush areas are used for feeding, roosting, and escape from inclement weather and 
predators.  Males are usually found roosting in sagebrush stands with canopy cover of 20 - 30% 
(Wallestad and Schladweiler 1974). 
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Daytime movements of adult male GrSG during the breeding season do not vary greatly.  
Wallestad and Schladweiler (1974) found daily movements ranged between 0.2 and 0.8 miles 
from leks, with a maximum cruising radius of 0.9 - 1.2 miles.  Ellis et al. (1987) reported that 
dispersal flights of male GrSG (to day-use areas) ranged from 0.3 - 0.5 miles, with the longest 
flights ranging from 1.2 - 1.3 miles.  Carr (1967) recorded a cruising radius for male GrSG that 
ranged from 0.9 - 1.1 miles.  Rothenmaier (1979) found that 60 - 80% of male GrSG locations 
were within 0.6 - 0.7 miles of a lek.  Emmons (1980) reported that male dispersal distances to 
day-use areas of 0.1 miles were common and that 67% of all use areas were greater than 0.3 
miles from the lek.  In addition, Schoenberg (1982) found that male daily movements averaged 
0.6 miles, but ranged from 0.02 - 1.5 miles. 
 
 
Breeding Habitat: Pre-laying (late-March – April) 
 
Connelly et al. (2000c) recommend that breeding habitat should be defined to include pre-laying 
habitat, but little is known or understood about pre-laying habitat.  It has been suggested that pre-
laying sagebrush habitat should provide a diversity of understory vegetation to meet the 
nutritional needs of females during the egg development period.  For pre-laying females in 
Oregon, Barnett and Crawford (1994) suggested that the habitat should contain a diversity of 
forbs that are rich in calcium, phosphorous, and protein. 
 
 
Breeding Habitat: Nesting (April – June) 
 
GrSG prefer to nest under tall (11 - 31 inches) sagebrush (Connelly et al. 2000c).  Peterson 
(1980) found in North Park, Colorado that nest shrubs averaged approximately 20 inches.  In 
Moffat County, Colorado, this value is slightly higher and ranges from 30 - 32 inches 
(Hausleitner 2003).  Often, the actual nest bush is taller than the surrounding sagebrush plants 
(Keister and Willis 1986, Wakkinen 1990, Apa 1998).  In northwestern Colorado, the nest bush 
was nearly 10 inches taller than surrounding shrubs (Hausleitner 2003).  The canopy cover of 
sagebrush around the nest ranges from 15 - 38% (Patterson 1952, Gill 1965, Gray 1967, 
Wallestad and Pyrah 1974, Keister and Willis 1986, Wakkinen 1990, Connelly et al. 1991, Apa 
1998, Connelly et al. 2000c).  Sagebrush canopy cover around nests in northwestern Colorado 
had a similar range of values, and averaged 27% (Hausleitner 2003).   
 
Good quality nesting habitat consists of live sagebrush with sufficient canopy cover, and 
substantial grasses and forbs in the understory (Connelly et al. 2000c, Hausleitner et al. 2005).  
Few herbaceous plants are growing in April when nesting begins, so residual herbaceous cover 
from the previous growing season is critical for nest concealment in most areas, although the 
level of herbaceous cover depends largely on the potential of the sagebrush community 
(Connelly et al. 2000c).  
 
Nearly all nests are located beneath sagebrush plants (Patterson 1952, Gill 1965, Gray 1967, 
Wallestad and Pyrah 1974), and GrSG nesting under sagebrush plants have higher nest success 
than those that nest under plants other than sagebrush (Connelly et al. 1991).  Herbaceous 
vegetation is also important in sage-grouse nest sites (Connelly et al. 2000c).  Grass heights are 
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variable and, as measured across the West, range from 5 - 13 inches (Connelly et al. 2000c).  In 
addition, horizontal grass cover measurements are also variable and range from 4 - 51% cover.  
These measurements are similar to data from northwestern Colorado; Hausleitner (2003) 
reported that grass heights at nests ranged from 5 - 6 inches, grass cover averaged approximately 
4%, and forb cover averaged about 7% (Hausleitner 2003). 
 
Although not clearly understood, it is also believed that understory herbaceous cover (horizontal 
and vertical) is important for GrSG nesting habitat.  In multiple studies, nest sites had taller and 
more grass cover, and less bare ground, than did random sites (Klebenow 1969, Wakkinen 1990, 
Sveum et al. 1998b, Holloran 1999, Lyon 2000, Slater 2003).  In Oregon, both forb and tall grass 
cover appeared related to nest initiation, re-nesting, and nest success rates (Coggins 1998). 
 
 
Breeding Habitat: Early Brood-rearing (mid-May – July) 
 
Early brood-rearing habitat requirements are very similar to those for nesting habitat.  Early 
brood-rearing habitat is found relatively close to nest sites (Connelly et al. 2000c), but individual 
females with broods may move large distances (Connelly 1982, Gates 1983).  Early brood-
rearing habitat is typically characterized by sagebrush stands with canopy cover of 10 - 15% 
(Martin 1970, Wallestad 1971), and with understories that exceed 15% herbaceous cover (Sveum 
et al. 1998a, Lyon 2000).  In Moffat County, Colorado, sagebrush stands averaged 
approximately 11% canopy cover, and herbaceous understories averaged about 14% horizontal 
cover (Hausleitner 2003).  High plant species diversity (sometimes also referred to as species 
richness) is also typical in early brood-rearing habitat (Dunn and Braun 1986, Klott and Lindzey 
1990, Drut et al. 1994a, Apa 1998).  Sagebrush heights ranged from 6 - 18 inches in Washington 
and Wyoming (Sveum et al. 1998a, Lyon 2000), and averaged about 23 inches in Moffat County 
(Hausleitner 2003).  Adjacent shrub areas of 20 - 25% canopy cover have been reported as 
preferred for escape and day roosting (Wallestad 1971, Dunn and Braun 1986), but night 
roosting sites in Moffat County, Colorado had only 4% sagebrush canopy cover and sagebrush 
height was 20 inches (Hausleitner 2003). 
 
In early summer, the size of the area used by GrSG appears to depend on the interspersion of 
sagebrush types that provide an adequate amount of food and cover.  Females and broods may 
select riparian habitats in the sagebrush type that have abundant forbs and moisture (Gill 1965, 
Klebenow 1969, Savage 1969, Connelly and Markham 1983, Gates 1983, Connelly et al. 1988, 
Fischer et al. 1996a).  Females with broods remain in sagebrush uplands as long as the 
vegetation remains succulent, but may move to wet meadows as vegetation desiccates (Fischer et 
al. 1996b).  Depending on precipitation and topography, some broods may stay in 
sagebrush/grass communities all summer while others shift to lower areas (riparian areas, hay 
meadows or alfalfa fields) as upland plant communities desiccate (Wallestad 1975). 
 
 
Summer – Fall Habitat (July – September) 
 
As sagebrush communities continue to dry out and many forbs complete their life cycles, sage-
grouse typically respond by moving to a greater variety of habitats, and generally more mesic 
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habitats (Patterson 1952).  Sage-grouse begin movements in late June and into early July (Gill 
1965, Klebenow 1969, Savage 1969, Connelly and Markham 1983, Gates 1983, Connelly et al. 
1988, Fischer 1994).  By late summer and into the early fall, females with broods, non-brood 
females, and groups of males become more social, and flocks are more concentrated (Patterson 
1952).  This is the period of time when GrSG can be observed in atypical habitat such as 
farmland and irrigated habitats (Connelly and Markham 1983, Gates 1983, Connelly et al. 1988). 
 
From mid-September into October, GrSG prefer areas with more dense sagebrush (>15% canopy 
cover) and late green succulent forbs before moving to early transitional winter range where 
sexual segregation of flocks becomes notable (Wallestad 1975, Beck 1977, Connelly et al. 1988).  
During periods of heavy snow cover in late fall and early winter, use of mountain and Wyoming 
big sagebrush stands is extensive. 
 
 
Winter Habitat (October-February)  
 
GrSG winter habitat use depends upon snow depth and availability of sagebrush, which is used 
almost exclusively for both food and cover.  Used sites are typically characterized by canopy 
cover >25% and sagebrush >12 - 16 inches tall (Schoenberg 1982), and are associated with 
drainages, ridges, or southwest aspects with slopes < 15% (Gill 1965, Wallestad 1975, Beck 
1977, Robertson 1991).  In Colorado, <10% of sagebrush habitat is used by GrSG during deep 
snow conditions (Beck 1977) because most of the sagebrush is buried under the snow.  When 
snow deeper than 12 inches covers over 80% of the winter range, GrSG in Idaho have been 
shown to rely on sagebrush greater than 16 inches in height for foraging (Robertson 1991).  
Doherty et al. (2008) found that females preferred landscapes with extensive sagebrush habitat 
and gentle to flat terrain, and avoided areas with conifers, woody riparian zones, and rough 
terrain.  
 
Lower flat areas and shorter sagebrush along ridge tops provide roosting and feeding areas.  
During extreme winter conditions, GrSG will spend nights and portions of the day (when not 
foraging) burrowed into “snow roosts” (Back et al. 1987).  When snow has the proper texture, 
snow roosts are dug by wing movements or by scratching with the feet. 
 
Hupp and Braun (1989b) found that most GuSG feeding activity during the winter occurred in 
drainages and on slopes with south or west aspects in the Gunnison Basin.  In years with severe 
winters resulting in heavy accumulations of snow, the amount of sagebrush exposed above the 
snow can be severely limited.  Hupp and Braun (1989b) investigated GuSG feeding activity 
during a severe winter in the Gunnison Basin in 1984, where they estimated <10% of the 
sagebrush was exposed above the snow and available to sage-grouse.  In these conditions, the tall 
and vigorous sagebrush typical in drainages were an especially important food source for GuSG. 
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B.  Distribution and Abundance 
 
 
Distribution 
 
 
Historic Distribution 
 
The historic distribution of GrSG is closely tied to and largely reflects the distribution of 
sagebrush, particularly big sagebrush, and to some extent, silver sagebrush (Braun 1995, 
Schroeder et al. 2004).  Direct observations and specimens of GrSG prior to the 1900s are 
limited in number and may not be adequate for drawing a historical distribution map.  Instead, a 
map of historic sagebrush distribution can provide a reasonable and more thorough 
approximation of GrSG distribution. 
 
Schroeder et al. (2004) presented a “presettlement” map of sagebrush habitat, targeting a period 
before pioneers of European descent inhabited the area.  The map is based on a vegetation map 
by Kuchler (1985) and 7 GrSG “core” habitat types identified by Schroeder et al. (2004).  Some 
of these “core” habitats are considered grasslands (of various plant species), but only local 
portions of these habitats known to be dominated by sagebrush were included in the 
presettlement map (Schroeder et al. 2004).  In addition, 6 “secondary” habitat types, which may 
be of importance to GrSG under certain conditions, were included in the map if they were in 
currently or previously known occupied habitat, or if they were within 6 miles of core habitat 
(Schroeder et al. 2004).  The vegetation data layer used by Schroeder was adequate for depicting 
rough historic range, but many inaccuracies became apparent at a statewide level with more 
robust vegetation datasets available for comparison. 
 
In Colorado, sagebrush habitat was historically distributed in a discontinuous pattern, interrupted 
by topography and forested habitat (Braun 1995).  GrSG occupied some portion of 12 counties in 
Colorado (Braun 1995, Schroeder et al. 2004).  We adjusted the Colorado portion of the 
historical map by Schroeder et al. (2004), based on finer-scale knowledge of local topography 
and the current distribution of habitat.  Specifically, we used data from the Colorado Vegetation 
Classification Project (CVCP, Colorado Division of Wildlife 2004b), a GIS data set that uses 
recent satellite imagery and field verification to classify vegetation into specific categories.  
What appear to be minor differences in mapping at the rangewide scale have more significance 
at the statewide scale, so a more precise data set is valuable. 
 
We made several small additions to the Colorado portion of the historic distribution map in 
Schroeder et al. (2004), where sagebrush currently occurs in the CVCP (Colorado Division of 
Wildlife 2004b), and where no evidence exists that vegetation other than sagebrush was 
historically present (Fig. 2).  A few areas that are very small even at the state scale were added, 
but are not identified in the figure or table.  Some areas, known to have no historical sagebrush 
occurrence, were also deleted from the map.
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Thus, the historic Colorado GrSG distribution map (Fig. 2) is based on Schroeder et al. (2004), 
but has been modified in 3 ways: (1) areas were added; (2) areas were deleted; and (3) areas were 
identified as range of “uncertain” sage-grouse species. 
 
 
Areas Added to Historic Map 
 
Areas added to the historic map (Fig. 2) were locales in which sagebrush occurs within the 
CVCP, (Colorado Division of Wildlife 2004b), and no evidence exists to indicate sagebrush was 
not in those areas historically.  Areas were also added that have recently been identified as being 
potential habitat, based on the occurrence of sagebrush understory, that could be enhanced with 
restoration treatments.  The CVCP project mapped vegetation classes using finer resolution data 
than Schroeder et al. (2004) used when broadly depicting historic habitat throughout the former 
range of the species.  Hence, exclusions that seem minor at a rangewide scale have more 
significance at a statewide scale.  
 
(A1) Shavetail Park, south of White River near the Colorado/Utah state line: area is currently 
occupied by sage-grouse and contains sagebrush.  
 
(A2) Three areas around Strawberry Creek and Nine Mile Gap, north and northwest of Meeker, 
are mapped as potential habitat and contain sagebrush communities. 
 
(A3) South Shale Ridge, northwest of Colorado River, is mapped as potential habitat.  Large 
areas of sagebrush communities are in the area, as well as piñon-juniper with sagebrush 
understory, indicating piñon-juniper encroachment into a former sagebrush site. 
 
(A4) Area between the NESR and MP populations is known to have had sage-grouse 
historically, and currently contains sagebrush and piñon-juniper/sagebrush areas that are 
identified and mapped as potential habitat. 
 
(A5)  Area west of Lake Granby contains sagebrush communities and irrigated agriculture areas 
that were most likely formerly sagebrush.  Area is also identified as being potential habitat, and 
would be suitable habitat if some restoration is undertaken. 
 
(A6)  California Park, Routt County.  Area contains sagebrush and sagebrush/mountain shrub 
mix and is identified as being potential habitat. 
 
Other small areas that are difficult to see at the depicted scale were added to the historic map.  
The pre-settlement map was adjusted in these areas to include currently occupied or potential 
sage-grouse habitats. 
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Areas Deleted from Historic Map 
 
Areas were deleted from the historic map (Fig. 2) due to them having non-GrSG habitat 
(according to CVCP vegetation classes), elevation constraints, and topography that led to 
conclusions of no occupation of sagebrush communities either presently or historically.  For 
instance, some of the areas are in spruce-fir forests, in the alpine, or on steep, south-facing shale 
cliffs.  The scale differences between the Schroeder et al. (2004) historic range mapping effort 
and the CVCP explain these discrepancies. 
 
(D1) NWCO: these 2 areas are on Cold Springs Mountain and are the location of Middle 
Mountain and Diamond Peak, both of which are covered primarily with lodgepole pine, spruce-
fir, and some aspen.  
 
(D2)  NWCO population: this area identifies the Little Bears Ears, a higher elevation area 
dominated by piñon-juniper woodlands. 
 
(D3) NWCO population and Piceance portion of PPR:  this area includes Black Mountain and 
North Ridge, near the White River, where elevation and vegetation types, predominantly thick 
piñon-juniper, exclude present or historic sage-grouse use.  
 
(D4)  PPR: this area includes a portion of the Bookcliffs, north of the Grand Valley, which is a 
steeply rising mountain range made up of shale cliff faces on the south side and piñon-juniper, 
spruce-fir, and aspen on top. 
 
(D5) NESR population: King Mountain, which is dominated by lodgepole pine and spruce-fir 
mix. 
 
(D6) Castle Peak: 11,275 feet and dominated by lodgepole pine and spruce-fir. 
 
(D7) Williams Fork Mountains: dominated by lodgepole pine, spruce-fir, and aspen. 
 
(D8)  Keystone Area: dominated by Engelmann spruce, spruce-fir, and lodgepole pine. 
 
(D9)  South of Avon and Vail: slight boundary adjustment to take into account the higher 
elevations in this area within the White River National Forest, primarily dominated by lodgepole 
pine and spruce-fir forests. 
 
(D10) Leadville and Mosquito Range on Continental Divide: high alpine area more suited for 
ptarmigan than for sage-grouse.  Cover includes alpine, rock/talus slopes, and spruce-fir. 
 
(D11)  Along the Arkansas River in the Riverside to Berrian Park Area: ponderosa pine, Douglas 
fir, lodgepole pine, Engelmann spruce. 
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Uncertain Sage-grouse Species - Added 
 
Schroeder et al. (2004) identified the 2 polygons shown as “Uncertain Sage-grouse Species” 
(Fig. 2) as being pre-settlement habitat for Gunnison sage-grouse, based upon 12 museum 
specimens (Table 5).  The SC questioned the accuracy of the inclusion of these areas as GuSG 
pre-settlement habitat instead of GrSG habitat because the museum specimens were not actually 
reviewed by Schroeder et al. (2004).  The CDOW requested and received photographs of the 
museum specimens that were from Garfield County (Table 5), but the photos were not 
conclusive in identifying the specimens (A. D. Apa, CDOW, personal communication).  
Morphological measurements or ancient DNA (deoxyribonucleic acid) analysis of the specimens 
are needed to accurately determine species.  Until this is accomplished, the SC has agreed to 
refer to these areas as pre-settlement habitat for “Uncertain Sage-grouse Species”.  The SC does 
not intend for any historical GrSG habitat in these 2 areas to be managed as potential GrSG 
habitat until or unless it is proven that the museum specimens in question are GrSG. 
 
A small area in the Colorado River/Plateau Creek triangle was added to the Uncertain Sage-
grouse Species western-most polygon (Fig. 2) to account for existence of sagebrush communities 
and the area being mapped as potentially suitable habitat.   
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Table 5.  Museum specimens collected for area identified in Fig. 2 as “Uncertain Sage-grouse 
Species”. 

 
SEX AGE NUMBER DATE SPECIFIC 

LOCATION COLLECTION  COLLECTOR 

Female Adult DMNH-
27087 7/12/1905 

Between Colter and 
Spitzer's Neck near 
Grand River 

Denver Museum 
of Natural History A. H. Felger 

Female Adult DMNH-
27088 7/12/1905 

Between Colter and 
Spitzer's Neck near 
Grand River 

Denver Museum 
of Natural History A. H. Felger 

Male Unknown AM-
315107 3/7/1906 Garfield County 

Agassiz Museum, 
Harvard 
University 

J. E. Thayer 

Male Unknown AM-
315106 3/22/1906 Garfield County 

Agassiz Museum, 
Harvard 
University 

J. E. Thayer 

Female Unknown FMNH-
131312 10/27/1902 Newcastle, Garfield 

County 
Field Museum-
Chicago 

H. W. Marsden, 
L. B. Bishop 
(9295) 

Female Unknown FMNH-
131313 10/27/1902 Newcastle, Garfield 

County 
Field Museum-
Chicago 

H. W. Marsden, 
L. B. Bishop 
(9296) 

Male Unknown FMNH-
131315 9/14/1903 Newcastle, Garfield 

County 
Field Museum-
Chicago 

H. W. Marsden, 
L. B. Bishop 
(9792) 

Female Unknown FMNH-
131314 9/15/1903 Newcastle, Garfield 

County 
Field Museum-
Chicago 

H. W. Marsden, 
L. B. Bishop 
(9791) 

Female Unknown FMNH-
131316 9/15/1903 Newcastle, Garfield 

County 
Field Museum-
Chicago 

H. W. Marsden, 
L. B. Bishop 
(9793) 

Unknown Juvenile AM-
272666 7/7/1904 Newcastle, Garfield 

County 

Agassiz Museum, 
Harvard 
University 

From  Peabody 
Museum 

Male Unknown AMNH-
353699 9/15/1903 Newcastle, Garfield 

County 
American Museum 
of Natural History Unknown 

Female Unknown AMNH-
353700 9/15/1903 Newcastle, Garfield 

County 
American Museum 
of Natural History Unknown 
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Current Distribution 
 
Colorado is on the southeastern edge of the current GrSG rangewide distribution (Fig. 3).  It is, 
nevertheless, solidly within the range of the species, unlike some areas where populations were 
historically very limited in distribution and have since been extirpated (e.g., Nebraska; Fig. 3).  
Although GrSG distribution within Colorado has diminished (Braun 1995), the loss of range has 
been substantially less than in a number of other states, including Idaho, Oregon, and 
Washington.  Thus, maintaining habitat and populations in Colorado will be important to 
conservation of GrSG on a rangewide basis. 
 
A closer view of the Colorado, Utah, and Wyoming region (Fig. 4) appears to indicate that some 
Colorado GrSG populations cross state borders.  Radio telemetry research has confirmed that 
GrSG in NWCO are part of a tri-state population (A. D. Apa, CDOW, personal communication).   
Although this is not surprising, it does underscore the need for agencies to coordinate population 
and habitat management efforts among the 3 states.  The current tri-state distribution map (Fig. 
4) is based on Schroeder et al. (2004), except that current GrSG distribution in Colorado is based 
on a more detailed Colorado habitat mapping effort (see “GrSG Habitat Mapping Efforts”, pg. 
66).  Differences in map scale and data resolution between Schroeder et al. (2004) and the 
Colorado data are likely responsible for the apparent discontinuities in distribution that occur 
along state borders (Fig. 4). 
 
GrSG currently occur in 6 separate areas in the northwestern quarter of Colorado (Fig. 5).  We 
term these areas “populations”, without implying that the populations are genetically distinct, or 
that they are completely isolated from each other.  Rather, these “populations” are identified 
separately because they are, in most cases, physically separated to some degree, and individual 
local work groups have grown up around these separate GrSG areas to manage the “local” GrSG.  
Although many of the challenges facing GrSG are similar throughout the state, both biological 
and sociological issues may differ in importance among the different populations and local work 
groups.  There is a small group of birds that occur in the Larimer River Valley, but this area is 
minimally addressed in this plan. 
 
The identified GrSG populations occur in portions of 8 Colorado counties: Eagle, Garfield, 
Grand, Jackson, Moffat, Rio Blanco, Routt, and Summit.  The most abundant and widely 
distributed population is the NWCO population, centered in Moffat County (Fig. 5).  In some 
populations, we have identified “zones”, or smaller areas within the population that are described 
separately and may be managed differently.  In NWCO, the zones are based on GrSG 
management units used by the local work group.  In the NESR population area, 2 zones are 
described, based on the path of the Colorado River.  The “Routt” zone lies north of the Colorado 
River and the “Eagle” zone lies south of the Colorado River.  Note that this line of demarcation 
is close to, but not identical to the line between Eagle and Routt counties.  
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Fig. 3.  Current rangewide distribution of GrSG (based on Schroeder et al. 2004). 
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Abundance 
 
 
Lek Counts and Population Estimation 
 
Inventory and monitoring of wildlife populations is an obvious prerequisite to conserving them, 
and is especially important when quantitative goals for species conservation have been 
developed.  What is not obvious is how to accomplish inventory, and what level of resources is 
appropriate to commit to this task, since resources devoted to inventory and monitoring will not 
be available for other critical conservation tasks.  Having accurate and precise estimates of GrSG 
numbers does not in and of itself improve the species’ status. 
 
Population trends of sage-grouse have been monitored across the western U.S. using variations 
on a lek count methodology first described by Patterson (1952), who studied sage-grouse in 
Wyoming.  Patterson speculated that the maximum number of males counted over 3 or 4 counts 
spread throughout the display period might be a useful index to sage-grouse population trends.  
Wildlife managers have monitored populations of many species through the use of indices, 
where a count or measurement is made of some characteristic of a population that is both 
convenient to measure and is thought to be related to abundance.  With birds, indices are often 
based on vocalizations made during the breeding season, such as pheasant “crow” call counts, 
dove coo-count indices, and bobwhite whistling counts (Lancia et al. 1994).  Anderson (2001) 
noted the weaknesses of this type of sampling, which may be convenient for wildlife managers, 
but does not lead to defensible estimates of population size or status.  The index, whether it is 
pheasant crows or the number of male sage-grouse counted on a lek, has an unknown 
relationship to the larger population of interest.   
 
As a result of the publication of Patterson (1952), the lek count became the standard for sage-
grouse population monitoring.  Patterson (1952) based the census on the belief that all males 
regularly attend leks.  His suggested maximum of 3 or 4 counts made sense under this 
assumption, because given normal environmental variables associated with lek counts (e.g., cold 
temperatures, snow, predator harassment), it might take 3 or 4 trips to get a “good” count of all 
the males present.  
 
The lek count protocol proposed by Patterson (1952) has weaknesses.  Dalke et al. (1963:833) 
thought lek counts provided a reasonably accurate method of determining breeding population 
trends, but noted the high degree of variability in daily counts and suggested a “…need for more 
refined census methods as sage-grouse management becomes more intensive in the future.”  
Jenni and Hartzler (1978:51) used and supported the technique but speculated that high variance 
in counts was because “…some unestablished birds wandered about visiting different leks on 
different mornings.”   
 
Beck and Braun (1980) presented a critical review of the practice of using lek counts to assess 
population trends or size.  They pointed out that without information on the total number of leks 
in an area, attendance patterns of adult and yearling males, inter-lek movements, and the 
relationship between the maximum count and the population size, nothing could be concluded 
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about population size or trends from lek counts.  Despite these criticisms, the Western States 
Sage Grouse Committee essentially codified lek counts as a means to assess population trends 2 
years later when it published its “Sage Grouse Management Practices” (Autenrieth et al. 1982).  
The publication advises caution in the interpretation of counts because of the high level of 
variance in the data, but no additional aid in interpretation of lek count data is given.  The 
committee’s most recent guidelines (Connelly et al. 2000c) also suggest viewing lek data with 
caution, but state that lek counts (per Autenreith et al. 1982) provide the best index to breeding 
population levels.  In an extension of that assumption, Connelly et al. (2000c) reaffirm specific 
statements from Connelly and Braun (1997) that suggest there has been a 17 - 47% decline in 
breeding populations across their range.   
 
Applegate (2000) and Anderson (2001) pointed out that index data cannot be extrapolated to 
estimates of animal density or abundance unless the proportion of the total population that is 
counted in the index method is known.  For sage-grouse populations, this depends on (1) the 
proportion of leks that are known and counted; (2) the number and timing of counts conducted; 
(3) time of day in which counts are conducted; (4) lek attendance rates by yearling and adult 
males; and (5) the sex ratio of the population.  All of these parameters are likely to vary 
significantly, both spatially and over time, yet when population estimates are derived from lek 
count data these parameters are assumed to be fixed constants.   
 
Lek count data have been used to make inferences about sage-grouse population trends for at 
least 50 years, without any credible scientific investigation into the relationship between lek 
counts and population size.  Because of the interest in having population estimates for sage-
grouse (and because of the lack of other efficient methods for population estimation of sage-
grouse), it is now a common practice to use lek data to estimate the size of various populations of 
sage-grouse.  Multiple untested assumptions are often made in using lek count data to estimate 
sage-grouse population size (Table 6).  These usually include assumptions regarding population 
sex ratio, an estimate of the percentage of leks that are counted, and the percent of males in the 
population that are counted at leks.  The Washington State Recovery Plan for Greater Sage-
grouse (Stinson et al. 2004) also mentions that males could make inter-lek movements, but does 
not address this in its estimates (Stinson et al. 2004). 
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Table 6.  Untested assumptions made in using lek count data to estimate sage-grouse population 
size.  In some cases the population estimate made was used to bracket one end of range of 
estimated population sizes. 

Assumptions 

Region/Source 
 

Sex Ratio 
M:F 

Percentage of all 
leks that were 

located and 
counted 

% of males 
(associated with 
the lek) that are 
actually counted 

Middle Park, CO / local plan 
(MPCP 2001) 1:2 90 % 75% 

North Park, CO / local plan 
(NPCP 2001) 1:2 90 % 75% 

Northern Eagle – Southern 
Routt Counties, CO/ local 

conservation plan (NESRCP 
2004) 

1:2.2 Not described 53% 

Gunnison Basin, CO / local 
conservation plan (GBCP 

1997) 
1:2 80 % (50 - 100 %) 

used 75 % 

Nevada / statewide 
conservation plan (Neel 2001) 1:1.5 - 2.3 80 % 75 % 

Washington / statewide 
conservation plan (Stinson et 

al. 2004) 
1:1.6 100 % 100 % 

 
 
 
Assumptions Made in Sage-grouse Population Estimation from Lek Counts 
 
Here we examine 4 assumptions made in estimating population from lek counts. 

 
(1) Percent of Leks Counted.  We recognize that lek counts may be useful as a trend indicator.  
Under this assumption it is believed that a constant percentage of leks are detected.  It is not 
necessary to know what the percentage of leks detected is, but to estimate population size, either 
all leks must be counted, or the proportion of the total that is counted must be estimated (lek 
detection probability). 
 
Numerous studies have documented that lek densities can vary considerably over time.  
Bradbury et al. (1989) found a persistent excess of large and small lek sizes.  Within an area, lek 
numbers seem to increase roughly in proportion to population size (Cannon and Knopf 1981).  
Core or “traditional” leks increase in size, while satellite leks appear and disappear as 
populations increase and decrease.  Thus, it is probably not reasonable to assume that the 
proportion of leks detected is constant over time unless search effort increases proportionally as 
populations increase.  Managers and researchers are also far more likely to detect and count a 
higher proportion of leks at low population densities than at high densities.  It is probably also 
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not reasonable to assume unknown leks are of “average” size, because unknown leks are more 
likely to be satellite leks, and thus smaller.  Lastly, because detectability may be a function of 
number of males, larger leks may be more noticeable.  

 
(2) Inter-lek Movements.  Attendance by males at more than 1 lek is problematic, because birds 
may be counted multiple times at different leks, thus inflating population estimates, or they may 
not be counted at all if they are attending a different lek when counts occur.  The ability of lek 
counts to serve as an index to population trends will not be affected by inter-lek movements if 
the movements are relatively constant from year to year.  Unfortunately, inter-lek movements are 
both significant and variable.  Dalke et al. (1963) reported inter-lek movements by individual 
(banded) adult males varied by year from 22 - 47%.  Dunn and Braun (1985) recorded no marked 
birds moving between leks in 1982, but 14 of 91 (15%) were observed at 2 or more leks in 1983.  
Emmons and Braun (1984) reported all (11) juvenile males attended from 2 - 4 leks during the 
breeding season, while inter-lek movements of adults were infrequent (3 of 11; 27%). 

 
(3) Lek Attendance.  Population estimates from lek count data assume that a constant proportion 
of males, often 75%, are detected by the maximum of 3 - 4 counts (e.g., Table 6).  There is 
considerable evidence that lek attendance is highly variable due to age, social status, weather, 
body condition, and parasite load or disease.  Patterson (1952:152) suggested that all males 
regularly attended leks, although the only data he presented to support this assertion was: “All 
these marked birds were identified morning after morning occupying the same territory on the 
strutting ground.”  He was examining marked birds with respect to territoriality in this reference, 
and the marking referred to birds he captured on leks and dyed, or birds he identified by tail 
feather patterns.  Dalke et al. (1963:820) didn’t calculate attendance rate for banded birds, but 
indicated that “…banded males were ordinarily absent from the strutting grounds from 1 to 3 
days at a time…”, and “The less dominant males were irregular in their visitations.  The 
dominant males were present almost daily under all conditions.”  Dalke et al. (1963:822) also 
noted, “Banded males were often seen in the sagebrush adjacent to the strutting grounds,” 
although this was attributed to trapping disturbance.  Hartzler (1972) documented males with 
almost daily lek attendance and others that only sporadically attended leks in Montana.  Wiley 
(1973a) stated that there was an abundance of males that didn’t attend leks, and he further 
speculated (Wiley 1974) that attendance patterns of males were likely to be a function of density 
(lek size).  Dunn and Braun (1985) reported daily attendance rate of marked adult males was 
only 43%, ranging from 3 - 96% for individual males.  Daily attendance by yearling males was 
only 33% (Dunn and Braun 1985). 
 
One bias in assessing attendance based on observations of banded birds is that apparent low 
attendance may be caused by mortality of banded birds.  Emmons and Braun (1984:1023) 
studied male sage-grouse lek attendance with the objective “…to examine the daily attendance 
patterns on leks of male sage-grouse during the breeding season,” but lumped attendance across 
5-day, 15-day, or season-long averages.  Although their data indicated significant within-year 
and across-year variation even when lumped into 5-day intervals, they did not report what 
fraction of radio-marked males would be detected by normal counting protocols.  Since 93% of 
the birds on which attendance rates were based were trapped while night-roosting on leks, it is 
probable the birds caught were highly territorial, dominant males who regularly attend leks, and 
thus it is likely the estimate of lek attendance may be biased high.   
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The physical condition of sage-grouse can also affect their attendance at leks.  Hupp and Braun 
(1989a) found that sage-grouse had depleted lipid and protein reserves following a severe winter 
in Colorado.  This, and snow cover, caused the birds to largely delay initiating display activities 
until late April.  There was substantial variation in lipid reserves across 3 years, which could 
impact lek attendance and display rates.   The authors noted substantially higher variation in lek 
counts within a season for GuSG than for GrSG in North Park.  
 
Boyce (1990) reported that males with avian malaria were significantly less likely to attend leks 
than males without malaria, and that malaria varied spatially and temporally across 11 leks in 
southeast Wyoming.  Thus, disease prevalence has the potential to impact attendance rates and 
lek counts, and variability in disease prevalence may increase variability in attendance rates. 
 
Walsh et al. (2004) studied attendance rates of radio-marked and color-banded male and female 
sage-grouse captured during winter in Middle Park, Colorado during 1 mating season.  They 
found male daily attendance rates were highly variable (7 - 86% for adults, and 0 - 42% for 
yearlings), and influenced by age, date, and time of day.  They documented that counts 
conducted between half an hour after sunrise and 1.5 hours after sunrise (typical when managers 
count more than 1 lek in a morning) detected only 74% and 44% of the actual high count of 
adults and yearlings for that day, respectively.   

 
(4) Sex Ratio.  Most population estimates derived from lek counts assume 2 females/male in the 
breeding population (e.g., Table 6).  This assumption is based on long-term wing data obtained 
by determining sex and age of wings obtained at wing barrels or check stations (CDOW, 
unpublished report).  It is apparent both from wing data and from population modeling that sex 
ratios vary markedly from year to year.  This is because males encounter higher mortality rates 
as they mature and enter the breeding population (Zablan et al. 2003).  Therefore, the sex ratio 
will be a function of the age structure of the population; older age-structured populations will 
have high female-to-male sex ratios because this differential mortality will have had longer to 
operate.  Following years of above-average recruitment, populations will have female-to-male 
sex ratios closer to 1:1, since yearling and first-year adults will dominate the population and will 
have experienced little differential mortality. 
 
Sex ratios for all age classes (immature, yearling, and adult) of GrSG from wing data (CDOW, 
unpublished report) yielded varying sex ratios.  In Middle Park from 1976-1993, wing data 
yielded 1.5 ± 0.5 females/male.  In Northwest Colorado wing data yielded 1.6 ± 0.4 
females/male from 1976-1998.  In North Park, from 1974-1998 wing data yielded a sex ratio of 
1.7 ± 0.3 females/male.  More specifically, in northwestern Colorado, wing data from Cold 
Springs, Blue Mountain, and Central Moffat County yielded sex ratios of 1.8 ± 0.5, 1.4 ± 0.4, 
and 1.6 ± 0.3 females/male, respectively.  We assume that a constant sex ratio is not defensible 
since it masks annual variability in nature.  The long-term (1974-1998) average sex ratio for all 
GrSG age classes in Colorado was 1.6 ± 0.4 females/male, which is significantly lower than the 
2.0 females/male that is typically used in population estimation equations. 
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Alternative Methods of Population Estimation 
 
Given the unreliability of the assumptions used, how do estimates derived from them compare to 
other, more rigorous estimates?  Using mark-recapture statistical techniques, Walsh (2002) 
estimated the size of adult and yearling male and female GrSG populations in Middle Park 
during 1 breeding season.  He compared them to population estimates derived from lek counts 
using standard assumptions (90% of leks are known and counted, 75% of males are counted, and 
there are 2 females/male in the population).  He found that adjusted lek count estimates 
underestimated population size from mark-recapture estimates by 28%, because attendance rates 
were much lower than assumed and there were more females (2.3/male) than assumed. 
 
Stiver, using mark-recapture techniques, estimated there were 53 male and 115 female GuSG in 
San Miguel County in Colorado in the spring of 2003 (J. Stiver, University of Nebraska, personal 
communication).  Extrapolation from the maximum of 4 lek counts using standard assumptions 
listed above yielded estimates of 41 males and 82 females, underestimating the mark-resight 
estimates by 23 and 29 %, respectively.  The maximum of 4 counts of males represented only 
53% of the male population (as estimated by mark-resight), well below the assumed 75%.  Thus, 
estimates of population size extrapolated from lek count data using standard assumptions appear 
to significantly underestimate population sizes. 
 
Mark-recapture methods have shown promise in developing population estimates with 
confidence intervals, but the difficulty in capturing and marking the proportion of the population 
necessary (Walsh 2002) suggest it will be practical only for small populations.  Recent research 
(Wilson et al. 2003) has explored using individual DNA as a marker, eliminating the need to 
handle and mark individual birds.  The CDOW is exploring the utility of using DNA assayed 
from fecal droppings (collected on leks) as a mark-recapture technique.  CDOW will also 
explore the practicality of using other methods to estimate lek and/or population density such as 
line-transects (Burnham et al. 1980).  CDOW will continue to test the assumptions about male 
attendance and sex ratios implicit in estimating population size from traditional lek counts.    

 
 
Conclusions 

 
It is not defensible to generate breeding population estimates for sage-grouse from lek counts by 
assuming that (1) all (or some fraction of) leks are known; (2) unknown leks are of average size; 
(3) the maximum of 3 or 4 counts represents 75% of the males in the population; (4) there are 
exactly 2 (or any fixed ratio) females per male in the population; and (5) there is no variability in 
the assumptions across time, space, or population size.  Unfortunately, that does not diminish the 
need for population estimates.  It is difficult to evaluate past population trends, or to assess where 
we are relative to population targets or population viability without estimates of current 
population size.  Either new methods need to be developed, or assumptions used to extrapolate 
from lek counts need to be evaluated and refined. 
 
Estimating population size of GrSG by whatever means will be expensive and potentially 
disruptive to individual sage-grouse at varying levels.  In the long-term, annual estimates of 
population size are probably unnecessary and may be counter-productive from the standpoint of 
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diverting resources and impacting birds.  Currently annual lek counts represent the only method 
for monitoring trends in GrSG populations, and should be continued until better, more precise 
estimates can be obtained.  Therefore, even though we recognize the lack of statistical reliability, 
we estimate population sizes from lek counts.  However, for the purposes of this plan, to 
eliminate at least one parameter with unknown variability (sex ratio), we estimate breeding males 
only.  In our estimates we make the following assumptions: 

 
1) All leks are known and counted (the estimate is thus conservative, if some leks are 
unknown). 
2) The maximum of 3 - 4 counts represents 53% of males in each population (Stiver, 
University of Nebraska, unpublished data). 

 
The formula that incorporates these assumptions follows: 
 

C = maximum male count on lek 
 

Estimate of males in population = C
0 53.

     

 
 
Estimated Number of Males in Colorado GrSG Populations 
 
Using 2007 lek count data and the assumptions listed for this plan, we generated estimates of the 
current number of males in each GrSG population (Table 7).  

 
 
Table 7.  Colorado GrSG 2007 lek counts and population estimates. 

Population Male High Count
(Total for all leks)

Estimated Number 
of Males in 
Population 

% of Total 
Estimated 
Males in 
Colorado 

Middle Park 214 404 4.6 

Meeker – White River 8 15 0.2 
Northern Eagle – Southern Routt 
Counties 86 162 1.9 

North Park 912 1,721 19.8 

Northwest Colorado 3,218 6,072 69.7 

Parachute – Piceance – Roan 178 336 3.9 

TOTAL 4,616 8,710 100.0 
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Decline of Greater Sage-grouse 
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a 38% decrease in the number of males/lek in the latest 3-year 
nning average (Figs. 6 and 7). 
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In Colorado, GrSG historically occurred in at least 13 counties (Braun 1995).  GrSG have bee
extirpated in Lake and Chaffee counties, and for 2 other counties sage-grouse have also been 
lost, although whether they were GrSG or GuSG is not certain (see Fig. 2, pg. 41).  Braun (199
suggested that greater sage-grouse are currently found in 9 Colorado counties.  He considered 
populations with more than 500 breeding GrSG (totals of males and females in the spring) as 
persistent, and concluded that persistent populations were found in Jackson, Moffat, Rio Blanco,
and Routt counties.  Populations that Braun (1995:6) con
L
 
Although Braun (1995) considered the populations in 4 counties secure, he did not cite any 
original reference to clarify or justify the basis for “500 breeding individuals” constituting a 
secure population.  Following further review of the literature (in an attempt to support or refut
the validity of the 500 breeding male benchmark) this plan will assume that the 500 breeding 
individual estimate was derived from Franklin (1980) and Soulé (1980).  Those authors propos
that a population (or “effective” population) of 500 is sufficient for long-term maintenance of 
genetic variability in a population.  Lande (1988) suggests that this number was quickly adopted 
as the basis of management plans for captive and wild populations.  Additionally, Lande (1995a) 
suggested that in experiments with fruit flies, a population size of 5,000 is necessary rather than 
the Franklin-Soulé number of 500.  Lande (1995a) cautioned using the value of 5,000 because o
d
 
Later, Connelly and Braun (1997:230) suggested that grouse populations in Colorado were “at 
risk”, although earlier Braun (1995:6) concluded that the major populations in Colorado were 
“persistent.”  Connelly and Braun (1997:230) did not provide any definition of the term “at ris
Connelly and Braun (1997) also argued that breeding populations (males/lek) of sage-grouse 
decreased by 33% across GrSG ra
b
 
Braun (1998) further emphasized the population decline in Colorado and reported an 82% 
decline in lower Moffat County (all of Moffat County excluding the Cold Springs and Blue 
Mountain areas), in the 3-year average of the number of strutting males counted on leks be
1978-80 and 1996-98.  Braun (1998) concluded that there had been a 57% decrease in the 
number of active leks during the same time period.  More recent and updated calculations (Fig. 
6) suggest that the declines are not as severe as suggested by Braun (1998).  Counts of strutting
have been conducted in the same areas.  If the 1978-80 timeframe is used as the “benchmark,” 
the current lek counts illustrate a 25% decrease in the number of strutting males, a 20% increase 
in the number of active leks, and 
ru
 
Although there has been a decline in the number of males counted from the 1978-1980 period, 
the decline in Moffat County has not been as severe as Braun (1998) concluded.  These dramatic
shifts in numbers of strutting males may be a result of the hypothesized cyclic nature of greate
sage-grouse populations (Rich 1985, Braun 1998).  Braun (1998) suggested that the strutting 
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s and early 1970s, Colorado GrSG populations have been increasing in 

e last 17 years and there is no suggestion of a dramatic overall decline the last 39 years 
(Connelly et al. 2004). 
 

ig. 6.  Trends in the annual total high count of males, Lower Moffat County, Colorado, 1978-
005. 

 
 

intervals.  Essentially no research has been conducted on this subject. 
 
Simple calculations of the percent of change are instructive, but the lack of severity of the 
decline is also supported by Connelly et al. (2004).  Connelly et al. (2004) reported that Col
sage-grouse populations increased at an average rate of 4.3% from 1986-2003.  In addition, 
although the number of grouse counted on strutting grounds is lower (0.7 - 1.6 times) than
counted in the late 1960
th
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Strutting Ground Trends, Lower Moffat County, 
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Fig. 7.  Known active leks and males/active lek, Lower Moffat County, Colorado, 1978-2005.
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C.  Genetics 
 
 
The distribution of genetic variation among populations across the entire range of GrSG has been 
unknown, despite increasing pressure on managers to make difficult decisions about which 
populations may be, from a species conservation perspective, more “important” than others.  The 
identification of any genetically discrete groups of GrSG is paramount in the development of GrSG 
management plans.  If conservation plans include strategies to augment populations by translocating 
birds from outside populations, it is imperative to understand if and how the populations vary 
genetically.  In addition, because GrSG distribution continues to become more fragmented (resulting 
in smaller and more isolated populations), it is important to determine the relative amount of genetic 
diversity contained in each population.  Populations with relatively low levels of genetic diversity 
can suffer from inbreeding effects and can be more susceptible to parasitic agents and disease. 
  
Genetic data can provide information relevant to an understanding of gene flow, isolation, 
genetic diversity, and the evolutionary history of a species.  Further, it can facilitate a cohesive 
management strategy that takes genetic distinctiveness into account, based in part on a clear picture 
of the entire “genetic landscape” of a species.  This increases the efficiency of management decisions 
and adds to their scientific foundation.   
 
Previous population genetic studies of sage-grouse have focused on assessing taxonomic status 
(Kahn et al. 1999, Oyler-McCance et al. 1999, Benedict et al. 2003).  These studies provided 
useful taxonomic information and knowledge of the distribution of genetic variation locally, yet 
they lacked the range-wide perspective necessary to make management decisions regarding 
GrSG at the species level. 
 
Oyler-McCance et al. (2005) provided a comprehensive examination of the distribution of 
genetic variation across the entire range of GrSG, greatly extending the sampling range and 
density of previous studies.  They collected data from 46 populations in all 11 U.S. states with 
populations of GrSG, and 1 Canadian province (Alberta).  They collected approximately 20 
tissue samples per population, and used both mitochondrial DNA (mtDNA) sequence data and 
data from nuclear microsatellites. 
 
Overall, the distribution of genetic variation (in both mitochondrial and nuclear data sets) 
showed a gradual shift across GrSG geographic range (Oyler-McCance et al. 2005).  This pattern 
suggests localized gene flow with isolation by distance (i.e., movement among neighboring 
populations but not across the range; Oyler-McCance et al. 2005).  In the mitochondrial data, this 
can be seen upon examination of the most common mtDNA haplotypes (Fig. 8).  Haplotype A is 
the most widespread, occurring in all but North Dakota, South Dakota, and Washington.  
Haplotype X is found primarily in the western part of the range, while haplotypes B and C are 
found in the central and eastern part of the range.  Haplotype EJ is found only in the northeastern 
part of the range in Alberta, Montana, North and South Dakota, and Wyoming.   
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Fig. 8. Proportion of individuals in each state with common haplotypes (non represents 
haplotypes that are not common) reported by Oyler-McCance et al. (2005). The haplotypes ej, x, 
c, b, and a were the most common haplotypes found in the study.  Each bar represents the 
proportion of each of these common haplotypes for every state. 
 
 
Analysis of the nuclear microsatellite data showed a similar pattern.  There was a positive 
correlation between genetic distance and geographic distance (Mantel test), suggesting an 
isolation by distance phenomena.  Results of a STRUCTURE analysis (a software program that 
delineates how many genetically discrete "clusters" are best described by the data), showed that 
clusters were made up of geographically adjacent populations (Fig. 9), again suggesting localized 
gene flow and isolation by geographic distance.  The smaller, more fragmented populations on 
the periphery of the range (North Park, Middle Park, and Eagle in Colorado, Strawberry Valley 
and Wayne in Utah, Lyon/Mono in Nevada/California, and Douglass/Grant and Yakima in 
Washington) made up their own clusters, suggesting lower amounts of gene flow in these areas.  
In Colorado, samples from North Park, Middle Park, and Eagle are in one cluster, while samples 
from sites in northwestern Colorado are in another cluster (Fig. 9). 
 
These data are consistent with previous dispersal studies that suggest gene flow is most likely 
dependent on the movement of individuals between neighboring populations, and not on the 
long-distance movements of individuals across large portions of the range (Oyler-McCance et al. 
2005).  Oyler-McCance et al. (2005) suggest that this information is especially pertinent to 
conservation efforts that consider translocations and augmentation of existing populations using 
sage-grouse from outside populations.  Their data suggest there are linkages among neighboring 
populations, and genetic differences among distant populations.  This raises the possibility that 
individual populations may be genetically adapted to local conditions, and that translocations 
should involve neighboring populations rather than geographically distant populations (Oyler-
McCance et al. 2005).  
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Fig. 9. Map of sampling sites for the microsatellite analysis conducted by Oyler-McCance et al. 
(2005), color coded by the cluster each population has been assigned to using STRUCTURE 
analysis. 
 
Oyler-McCance et al. (2005) also found that levels of genetic variation differed among 
populations (Tables 8 and 9).  They found the highest level of genetic variation in Magic Valley, 
Idaho, in the mtDNA data set (13 haplotypes/population, Table 8), and in Alberta in the 
microsatellite data set (an average of 7.14 alleles, Table 9).  In both mtDNA and micrsosatellite 
data sets the least amount of genetic diversity was found in the 2 Washington populations, 
Yakima and Douglass/Grant (1 and 3 mtDNA haplotypes/population, respectively, Table 8; and 
an average of 3.29 and 3.14 microsatellite alleles per population, respectively, Table 9; Oyler-
McCance et al. 2005). 
 
Oyler-McCance et al. (2005) also point out that the 2 Washington populations did not show signs 
of a recent population bottleneck as was found in Strawberry Valley, Utah, which had been 
documented to have had a severe population decline due to predation problems within the last 10 
years.  Their test for population bottlenecks, however, only detects recent bottlenecks on the 
order of 0.2 - 4.0 generations (Luikart and Cornuet 1998).  Population declines in Washington 
have been estimated to be at least 77% between 1960 and 1999 (Schroeder et al. 2000) 
suggesting that declines have been ongoing and significant for 40 years.  Oyler-McCance et al. 
(2005) indicate that the lack of genetic diversity in the Washington populations is not surprising 
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given their small population size and isolation and the fact that they currently occupy only 8% of 
their historic range (Schroeder et al. 2000).  They suggest that any translocations or 
augmentations of the Washington populations should involve populations that are geographically 
close.  
 
Summary 
 
The study by Oyler-McCance et al. (2005) documented the distribution of genetic variation 
across the entire range of GrSG.  They found that isolation by distance has left an imprint on 
GrSG gene pools, and that local adaptation is a realistic possibility for the species that should be 
considered in decisions involving translocations.  They argue that this genetic data, used in 
conjunction with large scale demographic and habitat data, will provide an integrated approach 
to conservation efforts for GrSG.  For Colorado, there appears to be a genetic line of demarcation 
(north to south) between Colorado GrSG populations, suggesting that if translocations are 
undertaken, birds should be moved north-south, and not east-west. 
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Table 8. Haplotype frequencies for all populations included in the study by Oyler-McCance et al. 
(2005).  

Population N Proportion in clade I Proportion in clade II Number of haplotypes
Blue Mt., Colorado 21 0.36 0.64 11 
Cold Springs, Colorado 25 0.57 0.43 7 
Eagle, Colorado 26 0.40 0.60 5 
Middle Park, Colorado 21 0.33 0.67 6 
North Park, Colorado 23 0.38 0.63 8 
Box Elder, Utah 28 0.71 0.29 7 
Wayne, Utah 25 0.50 0.50 8 
Rich, Utah 26 0.64 0.36 9 
Diamond, Utah 26 0.56 0.44 9 
Blue Mt. Utah 18 0.60 0.40 5 
Strawberry Valley, Utah 23 0.25 0.75 4 
Kemmerer, Wyoming 18 0.43 0.57 7 
Farson, Wyoming 25 0.40 0.60 5 
Rawlins, Wyoming 20 0.40 0.60 5 
Bighorn, Wyoming 20 0.00 1.00 4 
Weston, Wyoming 20 0.10 0.90 10 
Converse, Wyoming 13 0.08 0.92 6 
Rosebud, Montana 23 0.00 1.00 4 
Beaverhead, Montana 22 0.29 0.71 7 
Valley, Montana 26 0.17 0.83 6 
Phillips, Montana 18 0.22 0.78 9 
Fergus, Montana 23 0.00 1.00 4 
Harding, South Dakota 21 0.17 0.83 6 
Slope, North Dakota 36 0.20 0.80 5 
Bowman, North Dakota 22 0.17 0.83 6 
Alberta 29 0.25 0.75 8 
Riddle, Idaho 44 0.36 0.64 11 
Curlew Valley, Idaho 19 0.50 0.50 8 
Medicine Lodge, Idaho 20 0.20 0.80 5 
Magic Valley, Idaho 49 0.54 0.46 13 
Whitehorse, Oregon 33 0.14 0.86 7 
Steens, Oregon 21 0.29 0.71 7 
Warner, Oregon 19 0.38 0.63 8 
Wagontire, Oregon 19 0.38 0.63 8 
Beattys Butte, Oregon 21 0.25 0.75 8 
Churchill, Nevada 18 0.17 0.83 6 
Washoe, Nevada 20 0.38 0.63 8 
Elko, Nevada 20 0.63 0.38 8 
Humboldt, Nevada 21 0.33 0.67 6 
Sheldon, Nevada 19 0.29 0.71 7 
Nye, Nevada 20 0.50 0.50 6 
Lassen, California 22 0.14 0.86 7 
Lyon/Mono, NV/CA 54 0.40 0.60 10 
Yakima, Washington 25 0.00 1.00 1 
Douglass, Washington 18 0.33 0.67 3 
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Table 9.  Sample population names, locations, sample size, mean number of alleles and assigned 
cluster (identified by STRUCTURE analysis) for each population included in the study by Oyler-
McCance et al. (2005). 

Population State/ Province N  Mean # of alleles Assigned cluster 
Blue Mountain-CO Colorado 25 5.71 3 
Cold Springs Colorado 30 6.14 3 
Eagle Colorado 26 5.71 5 
Middle Park Colorado 21 5.71 5 
North Park Colorado 22 6.43 5 
Box Elder Utah 31 6.86 8 
Wayne Utah 27 5 7 
Rich Utah 31 6.71 3 
Diamond Utah 27 6 3 
Blue Mountain-UT Utah 18 4.86 3 
Strawberry Valley Utah 23 3.86 7 
Kemmerer Wyoming 21 5.71 3 
Farson Wyoming 25 6 3 
Rawlins Wyoming 20 6.71 3 
Bighorn Wyoming 20 5.14 8 
Weston Wyoming 20 6.29 9 
Rosebud Montana 25 6.71 1 
Beaverhead Montana 19 6 4 
Valley Montana 29 6.86 1 
Phillips Montana 19 6.14 1 
Fergus Montana 30 6.29 1 
Harding South Dakota 26 5.57 9 
Slope North Dakota 36 4.86 9 
Bowman North Dakota 24 5.43 9 
Alberta Alberta 36 7.14 1 
Riddle Idaho 25 5.43 2 
Curlew Valley Idaho 19 6.29 8 
Medicine Lodge Idaho 36 8 4 
Magic Valley Idaho 31 7 8 
Whitehorse Oregon 18 6 8 
Steens Oregon 22 6 2 
Warner Oregon 22 5.29 2 
Wagontire Oregon 22 5.57 2 
Beattys Butte Oregon 24 5.71 2 
Owyhee  Oregon 25 6.43 8 
Churchill Nevada 19 5.57 8 
Washoe Nevada 22 5.71 2 
Elko Nevada 22 7 8 
Humboldt Nevada 24 6.43 8 
Sheldon Nevada 23 5.29 2 
Nye Nevada 23 6.29 8 
Lyon/Mono Nevada/ California 68 5.71 10 
Lassen California 55 6.43 2 
Yakima Washington 29 3.29 6 
Douglass/ Grant Washington 21 3.14 6 
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D.  GrSG Habitat Mapping Efforts 
 
 
CCP Habitat Mapping  
 
CDOW is using the Wildlife Resource Information System (WRIS) and GrSG habitat-use data to 
map GrSG habitat.  The following habitat definitions were used during the initial mapping 
portion of this project, and appear in maps in the CCP.  Future mapping should also focus on 
distinguishing between areas that are “Suitable and Vacant”, versus those that are “Suitable but 
Unknown” (see Habitat Monitoring strategy 9.1.1.1, pg. 355).  In addition, initial mapping of 
these habitats was done at a fairly coarse level and may not be suitable for project-level planning.  
More detailed mapping may need to occur for specific projects. 

 
Occupied Habitat:  Areas of suitable habitat known to be used by GrSG within the last 10 years 

from the date of mapping.  Areas of suitable habitat contiguous with areas of known use, 
which do not have effective barriers to sage-grouse movement from known use areas, are 
mapped as occupied habitat unless specific information exists that documents the lack of 
sage-grouse use.  This category can be delineated from any combination of telemetry 
locations, sightings of sage-grouse or sage-grouse sign, local biological expertise, GIS 
analysis, or other data sources.   

  
Vacant or Unknown Habitat:  Suitable habitat for sage-grouse that is separated (not contiguous) 

from occupied habitats that either (1) has not been adequately inventoried, or (2) has not had 
documentation of grouse presence in the past 10 years. 
 

Potentially Suitable Habitat:  Unoccupied habitats that could be suitable for occupation of sage-
grouse if practical restoration were applied.  Soils or other historic information (photos, 
maps, reports, etc.) indicate sagebrush communities occupied these areas.  As examples, 
these sites could include areas overtaken by piñon-juniper or converted to rangeland. 

 
 
BLM Habitat Mapping 
 
A mapping effort was also initiated by the Colorado BLM in 2002, through a contract with the 
Colorado Natural Heritage Program (CNHP), as part of a national agency mapping effort.  With 
the help of other agency biologists, the Colorado BLM completed a statewide habitat risk map.  
BLM and CDOW biologists (primarily) hand-edited spatial information about sagebrush and 
sage-grouse habitats on 1:100,000 topographic maps based on Basin-wide vegetation inventory 
data and local knowledge of the area.  They identified existing sage-grouse habitat in Colorado 
that appears to be in good condition, as well as habitat that is “at risk.”  For those habitats 
considered to be at risk, biologists identified the specific issue(s) potentially affecting the habitat 
(e.g., weeds, fire, lack of fire), and whether the “risk” threatened habitat quality or might result in 
habitat loss and/or fragmentation.  In identifying habitat quality (“good” or “at risk”), biologists 
also considered whether the habitat quality in a habitat polygon was likely to significantly 
degrade within 5 years if no management actions were taken.  CNHP organized, compiled, 
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facilitated and produced the results of this mapping effort.  These maps were not included in this 
plan due to their large size; currently, one can access the maps at local BLM field offices. 
 
Four habitat quality risk factors were identified: (1) weed invasion; (2) piñon-juniper 
encroachment; (3) old and even-aged sagebrush overstory; and (4) poor herbaceous understory 
condition.  Six factors causing habitat loss or fragmentation were noted: (1) weed domination; 
(2) piñon-juniper replacement; (3) oil and gas development; (4) powerline infrastructure 
development; (5) subdivisions (housing development); and (6) existing or proposed land-uses 
(ranging from land exchange to agricultural conversion). 
 
For each polygon, any occurrence of sage-grouse was noted, and site-specific comments (e.g., 
wildfire, gravel pit, weed infestation associated with oil field) were recorded.  The BLM habitat 
map will be updated every 5 years to reflect changes in habitat due to management, new 
information, or a consequence of nature (e.g., drought, fire, disease).  These maps are expected to 
help identify and prioritize BLM budget, conservation actions, and management for sage-grouse 
on public lands.  The maps will also be made available to other agencies and local work groups 
to use as a tool in sage-grouse management proposals and decisions. 
 
In addition, BLM has developed a national sage-grouse mapping effort designed to provide 
range-wide information about the location, status, and trend of GrSG habitats, and the influence 
of a variety of land-uses/disturbances on those habitats.  This modeling effort is not intended to 
portray quality of existing habitat, but rather to depict relative connectivity of existing sagebrush 
ecosystems across the West.  Colorado GrSG habitats fall within 2 regions covered by this 
project, the Wyoming Basins Region in the northwest portion of the state, and the Colorado 
Plateau Region.  This project was spearheaded by the National Science and Technology Center 
in Denver.  BLM, CDOW, and other biologists had an opportunity to review and validate some 
of the modeling assumptions that were used in this GIS mapping exercise.  These maps may be 
useful in prioritizing proposed GrSG projects in the state, and identifying those areas with habitat 
fragmentation issues.  These data sets may be updated in the future as new activities or habitat 
modifications occur across the landscape. 
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E.  Individual Populations: Status and Distribution 
 
 
Meeker – White River Population 
 
 
General Description 
 
The Meeker – White River population in Rio Blanco County extends south and east of the town 
of Meeker, with most of the population located south of the White River (Fig. 10).  The currently 
occupied habitat totals 41,160 acres.  Most of the land is privately owned (90%), with BLM 
managing 8%, USFS 1%, and CDOW 1% (see Appendix J, “GrSG GIS Data”). 
 
 
Population Information 
 
There is limited information on the MWR population.  There is 1 currently known active lek, and 
6 leks that have not shown activity in years (considered “historic” leks).  The population has 
probably been in decline since the 1950s.  The current lek was discovered in 2004, and strutting 
male counts have been 30 (2004), 25 (2005), 15 (2006), and 8 (2007).  Portions of the MWR area 
are difficult to access, due both to topography and the large amount of privately-owned habitat.  
It is possible there are other active leks that remain undiscovered, despite periodic flights by 
CDOW to search for leks. 
 
 
Historic Information 
 
Rogers (1964) considered the GrSG populations in the area to be light: “Areas around the town 
of Meeker, Josephine Basin to the west, Rio Blanco to the southwest, the Mesa to the south, and 
Beaver Creek to the east had a fair population of sage-grouse up till ten years ago.  No birds were 
reported in these areas or on three previously used strutting grounds until August 1960 when one 
sage hen was found killed by a car five miles north of Rio Blanco and in March of 1961 when 41 
sage-grouse were observed by Dwight Owens on the Mesa.”  
 
 
Local Conservation Plan 
 
No local conservation plan currently exists for the MWR population area and no local work 
group has been formed to date.  The CCP will serve as a conservation plan for this population 
until a local conservation plan is completed at some point in the future.  
 
 
Completed Conservation and Habitat Actions 
 
Although a local work group has not yet formed for this area, interest in GrSG conservation is 
good, and some actions specific to GrSG have already been undertaken.  From 2000-2002, the 
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CDOW and Yampa-White Habitat Partnership Program (HPP) Committee purchased a seed drill 
for landowners to use for GrSG and sharp-tailed grouse habitat enhancement work.  In addition, 
approximately 800 acres of CRP and other grasslands (dispersed in many small parcels and 
among several landowners) were reseeded with bunchgrasses and palatable forbs to enhance 
GrSG habitat.  In 2003, field collections were made of Moffat County native forbs, for 
description of germination and development of native seed stock. 
 
 
Easements 
 
In 2005, the Yampa Valley Land Trust secured 2 conservation easements in GrSG habitat.  Total 
acreage of conservation easements in the MWR area is 2,129 acres in occupied habitat and 1,596 
acres in potentially suitable habitat (Fig. 10 and Appendix J, “GrSG GIS Data”). 
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Fig. 10.  Habitat status, landownership, and conservation easements in the MWR GrSG population area. 
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Middle Park Population 
 
 
General Description 
 
The Middle Park GrSG population area is located primarily in Grand County, but also in portions 
of Eagle and Summit Counties, and is bounded on the west by the Gore Range (Fig. 11).  It 
surrounds the towns of Kremmling, Hot Sulphur Springs, and Granby (Fig. 11).  The total area of 
occupied habitat for MP is 259,019 acres.  Most of the area is in a high elevation intermountain 
basin that has varied terrain.  Annual precipitation at Kremmling, in the middle of the population 
area, is 11 inches. 
 
Sagebrush rangelands are the primary cover type in this area, although they are somewhat 
fragmented within Middle Park due to the geology and river corridors in the area.  
Landownership in the MP area is mostly private (57%), followed by BLM (29%), SLB (8%), 
CDOW (2%), NGOs (non-governmental organizations, 2%) and USFS (2%) (see Appendix J, 
“GrSG GIS Data”). 
 
The primary land-use in MP is a combination of cattle and hay production.  A good portion of 
the area is used for year-round recreational activities.  Other land-uses in MP include single and 
multi-family homes, commercial development, and industrial development such as gravel pits.     
 



 

Fig. 11.  Habitat status, landownership, and conservation easements in the MP and NESR GrSG population areas. 
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Population Information 
 
The Middle Park Conservation Plan (MPCP 2001) did not make an estimate of GrSG population 
size, noting the many difficulties and assumptions that occur in such estimates.  The MPCP 
(2001) does recommend, if estimating population size from lek counts, to follow 3 assumptions: 
(1) 90% of leks are counted; (2) 75% of all males are counted; and (3) the ratio of females to 
males is 2:1.  Note that, for the purposes of this plan, we estimate only the number of breeding 
GrSG males in each local population, not the total population size (see Table 7 [pg. 56] and 
summary of population estimation in “Conclusions” [pg. 55]). 
 
Lek counts have been conducted in Middle Park regularly, although not necessarily consistently, 
since 1959 (Fig. 12).  Over this period, some new leks have been discovered, and some existing 
leks have been abandoned, with no clear trend in number of active leks.  It is believed that there 
are still active leks that have not yet been located, due to difficult terrain and weather, and 
complicated by landownership patterns. 
 
According to the MPCP (2001), the highest concentration of GrSG is currently in sagebrush 
north of Kremmling in the Muddy and Troublesome drainages.  There is another concentration 
of birds south of the Colorado River near Parshall in the Williams Fork drainage, and fewer 
GrSG along the Blue River south of Kremmling.  The lowest density of GrSG is in sagebrush 
rangelands near Granby. 
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Fig. 12.  Lek count data for Middle Park GrSG population, 1959-2007. 
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Historic Information 
 
According to Rogers (1964), the explorer John Fremont reported sage-grouse along what is now 
the Colorado River in Middle Park in 1842.  In 1964, sage-grouse populations were present 
along the Colorado River from Parshall to Granby, and extending both north and south of 
Kremmling for 10 - 15 miles (Rogers 1964). 
 
 
Local Conservation Plan 
 
In 1999, a group of concerned citizens and agencies formed the Middle Park Sage-grouse 
Committee (MPSGC).  This group developed and completed the Middle Park Sage-grouse 
Conservation Plan (MPCP 2001) in January, 2001, and is now involved in undertaking actions to 
conserve sage-grouse in Middle Park.  Each year, representative members of the MPSGC 
formulate a Work Plan in the spring, and review completion of the Work Plan the following 
December.   
 
Area boundaries in the MPCP (2001) were designated using known historic range, sage-grouse 
observations, and elevation.  Population goals were: (1) “at an optimum level…to maintain a 
spring population of at least 1,100 birds”; (2) to maintain a minimum spring population of 550 
sage-grouse; (3) to maintain spring male breeding activity in at least 4 of 5 defined geographic 
areas; and (4) to reevaluate the preceding goals in 2004, and every 5 years thereafter (MPCP 
2001:10). 
 
Issues potentially affecting GrSG were identified and categorized into the following groups: (1) 
habitat-related management; (2) wildlife-related management; (3) human demographics and 
growth-related issues; and (4) planning and outreach issues.  Conservation actions were designed 
to address these issues (MPCP 2001). 
 
 
Completed Conservation and Habitat Actions 
 
Table 10.  GrSG habitat projects reported in Middle Park GrSG area (CDOW, unpublished 
reports). 

General 
Location or 
Ownership 

Project Description and 
Purpose 

Acres 
Treated 

(if 
applicable) 

Project 
Completed 

By 

Year 
Completed

Pinto Valley, 
near lek 

Fence modified to decrease 
raptor perching and GrSG 
collisions 

N/A Landowner 2000-2002 

Gravel Pit lek Two-track road closed N/A BLM 2000-2002 
BLM and 
CDOW 

Dixie harrow; sagebrush 
thinned and interseeded 135 BLM 2000-2002 
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Table 10.  GrSG habitat projects reported in Middle Park GrSG area (CDOW, unpublished 
reports). 

General 
Location or 
Ownership 

Project Description and 
Purpose 

Acres 
Treated 

(if 
applicable) 

Project 
Completed 

By 

Year 
Completed

Dunning 
Creek 

Dixie harrow, brush beat and 
Lawson aerator; treated 
sagebrush and broadcast 
seeding 

240 BLM 2003 

Inspiration 
Point 

Prescribed burn; reduce piñon-
juniper encroachment in 
historic GrSG habitat 

175 BLM 2003 and 
2004 

Blue Valley 
Ranch 

Prescribed burn to create 
habitat mosaic as breeding 
habitat enhancement project 

240 Private 2004 

BLM Fertilization; improve winter 
habitat 200 BLM 2004 

Hartman 
Divide 

Lawson aerator; reduce piñon 
juniper encroachment in 
historic GrSG habitat 

227 BLM 2004 

Hartman 
Divide 

Hot saw; reduce piñon juniper 
encroachment in historic GrSG 
habitat 

50 CDOW 2004 

Sulphur 
Gulch, Sudan 
Property, 
Skyline Drive 

Fertilization; improve winter 
habitat 

120 
(40 each) 

BLM and 
CDOW 2005 

Junction Butte,  
McQuery 
Gulch, Barger 
Gulch Moore 
Reservoir, 
Mitchell 
Reservoir 

Brush beat and Lawson aerator; 
early brood-habitat 
improvement 

1,200 BLM 2005 

Private Brush beat 35 Private 2005 

Private 
2,000 pounds of clover and 
ladak alfalfa interseeded around 
meadow edges 

500 – 
1,000 Private 2005 

Wolford 
Mountain 
Management 
Area 

Reclaimed (drilled/seeded) 
seven miles of closed routes  10 BLM 2006 
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Table 10.  GrSG habitat projects reported in Middle Park GrSG area (CDOW, unpublished 
reports). 

General 
Location or 
Ownership 

Project Description and 
Purpose 

Acres 
Treated 

(if 
applicable) 

Project 
Completed 

By 

Year 
Completed

Hartman 
Divide 

Thinning of encroaching piñon-
juniper in the GrSG historic 
range 

30 BLM 2006 

Sulphur Gulch 
and between 
Corral and 
Rock Creek 

Fertilization; improve winter 
habitat 500 BLM 2006 

South of Pinto 
Creek Brush beating 100 BLM 2006 

Antelope 
Creek Fencing of riparian area  40 BLM 2006 

Private Planting of alfalfa 120 NRCS 2006 

Private 

6,000 pounds of clover applied 
via aerial application to the 
periphery of irrigated fields and 
ditches adjacent to sagebrush 
habitat 

1,600 
NRCS 
/CDOW / 
USFS 

2007 

 

 
Easements 
 
Conservation easements that benefit GrSG total 8,883 acres of occupied habitat and 2,267 acres 
of vacant/unknown habitat in the MP population area (Fig. 11, Appendix J, “GrSG GIS Data”).
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North Park Population 
 
 
General Description 
 
The North Park GrSG population area encompasses most of Jackson County (Fig. 13).  The total 
area of occupied habitat is 413,915 acres.  North Park itself is a high elevation intermountain 
basin, surrounded on 3 sides by mountains.  It is bordered on the west by the Park Range (Sierra 
Madres), on the east by the Medicine Bow Mountains, and on the south by the Rabbit Ears 
Range.  The North Platte flows north from its headwaters in North Park into Wyoming.  The 
county seat, Walden, lies roughly in the center of North Park.  Elevation in this area ranges from 
7,900 to 9,500 feet.  Annual precipitation is 10 inches at Walden, and up to 25 inches in the 
higher elevations.  Half of this precipitation comes in the form of snow. 
 
The primary cover type in NP is sagebrush rangelands on rolling hills, arranged in a mosaic with 
irrigated meadows and pastureland along riparian areas.  Aspen and coniferous forests dominate 
the higher elevations in the surrounding mountains.  Landownership in NP is approximately 52% 
private and 48% public (primarily BLM, but also SLB, USFWS, USFS, and CDOW; see 
Appendix J, “GrSG GIS Data”).  The 23,240-acre Arapaho National Wildlife Refuge is located 
in the center of North Park.  The Refuge includes wetland, riparian, and upland habitats that 
support a multitude of avian species, including sage-grouse.  NP continues to be an agricultural 
area, with the vast majority of land being used for cattle grazing.  The human population has 
changed very little in the past 100 years, with approximately 1 person/mi2.  There has been little 
housing subdivision outside of the towns of Walden, Gould, and Rand.  Recently, subdivision 
into 35-acre parcels has begun in some areas in sage-grouse habitat, but most of the private land 
remains in large working ranches. 
 



 

Fig. 13.  Habitat status, landownership, and conservation easements in the NP GrSG population area. 
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Population Information 
 
The North Park Conservation Plan (NPCP 2001) estimated the population in 2001 was between 
4,254 and 6,315 birds.  Both estimates are based on a high count of 1,418 males in 2001 (note; 
lek count data have since been refined, see Fig. 14), and on the assumption that there are 2 
females per males in the spring population.  The higher estimate (6,315) has 2 additional 
assumptions: (1) 90% of leks are known and counted; and (2) 75% of males are counted on a 
given day.  Note that, for the purposes of this plan, we estimate only the number of breeding 
GrSG males in each local population, not the total population size (see Table 7 [pg. 56] and 
summary of population estimation in “Conclusions” [pg. 55]). 
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Fig. 14.  Lek count data for North Park GrSG population, 1973-2007. 
 
 
 
Historic Information 
 
Rogers (1964) reported sage-grouse throughout Jackson County, except at higher elevations.  
Historical writings indicate that sage-grouse were present when European people arrived in 
North Park.  Notes from George Bird Grinnell’s 1879 visit to North Park specifically mention 
“sage and dusky grouse.”  Efforts to identify population trends began in the 1950s when wildlife 
personnel were asked to identify areas of sage-grouse use and to report the general number of 
birds observed.  In the early 1970s CDOW developed organized lek counts and attempted to 
locate and map all active display grounds.  Annual reports have been compiled since the early 
census efforts began and comparisons of those results have shown the variations in population 
estimates over time. 
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Local Conservation Plan 
 
A group of citizens and agencies (including ranchers, county commissioners, county 
administrator, interested citizens, and state and federal biologists) formed the North Park Sage 
Grouse Working Group (NPSGWG) in 1998 to address concerns about the status of sage-grouse 
in the North Park area.  The North Park Greater Sage-grouse Conservation Plan (NPCP 2001) 
was completed and signed in December, 2001.  The work group remains active and holds 
quarterly meetings.  The group has been cooperating with the North Park Habitat Partnership 
Committee (NPHPP) and the Owl Mountain Partnership (OMP) to implement habitat 
improvement projects on both public and private lands.  
 
The boundaries of the NPCP (2001) were drawn based on known sage-grouse use sites, 
observations of sage-grouse, and potential sage-grouse habitat.  The population goal stated in the 
NPCP (2001) is for a spring count of 850 males (or more) on 25 leks (based on a 3-year running 
average), with a minimum goal of 500 males on 20 leks.  A list of conservation actions is given 
within the NPCP (2001) for each of 4 estimated population levels (0 - 499, 500 - 675, 676 - 850, 
and >850). 
 
 
Completed Conservation and Habitat Actions 
  
Most of the projects undertaken by the NPSGWG have been mechanical sagebrush treatments 
aimed at increasing sagebrush age-class diversity and the abundance of grasses and forbs.  All 
sagebrush treatment projects were followed by at least one year of livestock grazing deferment.  
Most projects reported have been funded by the NPHPP and the OMP (Table 11). 
 
Table 11.  GrSG habitat projects reported in North Park (CDOW, unpublished reports).   All 
projects were designed to increase sagebrush age-class diversity and the abundance and/or 
diversity of grasses and forbs, unless otherwise noted. 

General Location 
or Ownership Project Description 

Acres 
Treated 

(if 
applicable) 

Project 
Completed 

By 

Year 
Completed

BLM Land Brush beat 70 OMP 2000 
Owl Mountain 
State Wildlife Area 
(SWA) 

Dixie harrow 175 NPHPP 2000 

Delaney Butte 
SWA Dixie harrow 123 NPHPP 2000 

Colorado State 
Trust Land Dixie harrow 118 NPHPP 2000 

Arapahoe National 
Wildlife Refuge 
(NWR) 

Dixie harrow 114 NPHPP 2000 

Private land Dixie harrow 139 NPHPP 2000 
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Table 11.  GrSG habitat projects reported in North Park (CDOW, unpublished reports).   All 
projects were designed to increase sagebrush age-class diversity and the abundance and/or 
diversity of grasses and forbs, unless otherwise noted. 

General Location 
or Ownership Project Description 

Acres 
Treated 

(if 
applicable) 

Project 
Completed 

By 

Year 
Completed

Private land Dixie harrow & seeding 200 NPHPP 2000 

Private and BLM 
land 

Spike treatment (to improve 
livestock distribution in 
riparian bottoms) 

90 OMP 2001 

Private land Dixie harrow 82 NPHPP 2001 

Private Dixie harrow 120 NPHPP 2001 

Private Dixie harrow 33 NPHPP 2001 

Private Dixie harrow 60 NPHPP 2001 

Private Dixie harrow 309 NPHPP / 
NRCS 2001 

BLM Dixie harrow 232 NPHPP 2001 

BLM Brush beat 160 OMP 2002 

Private Dixie harrow 410 NPHPP 2002 

Private Dixie harrow 550 NPHPP 2002 

BLM Lawson aerator 230 NPHPP 2002 

Private 

Lawson aerator and seeding (to 
improve lek attendance by 
enhancing early brood-rearing 
habitat around some leks) 

150 

North Park 
Sage 
Grouse 
Work 
Group and 
NPHPP 

2002 

Private Dixie harrow (brood-rearing 
habitat) 260 NPHPP 2003 

BLM Brush beat  310 BLM and 
NPHPP 2005 

BLM Lawson Aerator 200 BLM and 
NPHPP 2005 

Conservation Assessment 
Individual Populations Status: North Park 

81



Colorado Greater Sage-grouse Conservation Plan 

Table 11.  GrSG habitat projects reported in North Park (CDOW, unpublished reports).   All 
projects were designed to increase sagebrush age-class diversity and the abundance and/or 
diversity of grasses and forbs, unless otherwise noted. 

General Location 
or Ownership Project Description 

Acres 
Treated 

(if 
applicable) 

Project 
Completed 

By 

Year 
Completed

BLM 

Seedbed preparation and 
seeding to restore degraded 
grazing allotment (in critical 
winter range); fence 
installation for grazing 
management 

300 

BLM, 
OMP, 
CDOW, 
Partners for 
Fish and 
Wildlife, 
Silver Spur 
Ranches 

2005 

Arapaho NWR 

Install cross fence to allow 
grazing deferment and 
implementation of habitat 
restoration 

1,600 
CDOW, 
Arapaho 
NWR 

2005 

BLM and Private 
Dixie harrow (20 acres); Cross 
fence constructed in riparian 
habitat (1,900 acres) 

1,920 

NRCS 
(WHIP), 
Partners for 
Fish and 
Wildlife, 
OMP 

2005 

Private Brush beat to enhance brood 
rearing habitat 100 

Partners for 
Fish and 
Wildlife, 
CDOW, 
OMP  

2006 

Private Brush beat to enhance brood 
rearing habitat 200 CDOW, 

OMP 2006 

BLM 

Herbicide treatment to remove 
broom snakeweed in order to 
improve grass and forb 
component 

100 BLM 2006 

BLM Brush beat 200 BLM 2006 
 
 
Easements 
 
In 2005, The Nature Conservancy (TNC) closed on a conservation easement that lists sage-
grouse and sagebrush as conservation values (1,169 acres in occupied habitat; See Fig. 13 and 
Appendix J, “GrSG GIS Data”). 
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Northern Eagle – Southern Routt Counties Population 
 
 
General Description 
 
The GrSG population area in northern Eagle and southern Routt Counties is located north of 
Interstate 70, west of the town of Edwards, and extends west to Garfield County and north to just 
past the town of Phippsburg (Fig. 11, pg. 72).  The habitat that is currently known to be occupied 
by GrSG within these boundaries (95,388 acres) exists in several large patches, mostly connected 
by potential GrSG habitat (Fig. 11, pg 72).  Landownership is approximately 71% private and 
29% public (primarily BLM, but also SLB, USFS, and CDOW; see Appendix J, “GrSG GIS 
Data”). 
 
The topography and habitat are different between the northern and southern zones of this 
population.  The “Routt” zone lies north of the Colorado River and the “Eagle” zone lies south of 
the Colorado River.  Note that this line of demarcation is close to, but not identical to the line 
between Eagle and Routt counties (Fig. 11, pg. 72).   
 
In the Eagle Zone, key topographic features are the valleys created by the Colorado and Eagle 
Rivers.  Elevation ranges from 6,160 feet at the confluence of the 2 rivers to 11,275 at Castle 
Peak.  The topography surrounding the Eagle and Colorado Rivers is mountainous, with canyons 
cut along the rivers and tributaries.  Precipitation varies primarily with altitude and ranges from 
12 - 30 inches per year, although most of the sagebrush receives only 12 - 20 inches annually 
(NESRCP 2004). 
 
The dominant cover types between the Eagle and Colorado Rivers in the Eagle Zone are (1) 
sagebrush-grassland mixed shrub rangeland (which includes sagebrush, serviceberry, mountain 
mahogany, chokecherry, and Gambel oak); and (2) piñon-juniper woodlands.  Mixtures of the 2 
types are common.  Hay meadows are found in the riparian areas along the Eagle River and some 
of its tributaries.  In the Colorado River valley, piñon-juniper dominates, although with a good 
representation of sagebrush grassland and other mixed-shrub rangelands.  Gambel oak, aspen, 
and coniferous forest cover types are found at higher elevations. 
 
Landownership in the Eagle Zone is approximately 67% BLM and 33% private (see Fig. 11, pg. 
72).  Historical land-use in both the Colorado and Eagle River valleys has been primarily 
livestock ranching.  However, in recent years, subdivision and “second home” development has 
expanded greatly in the Eagle River valley, following construction of Interstate 70 and nearby 
ski resort development. 
 
The Routt Zone of this population area includes the Upper Yampa River Valley just south of 
Phippsburg, as well as the Egeria Creek drainage, which flows into Rock Creek, and ultimately 
the Colorado River.  The terrain around both these valleys is less steep than in the Eagle Zone, 
with rolling hills and low mesas.  Elevation ranges from 7,424 feet at Phippsburg to 12,172 feet 
at Dome Peak.  Annual precipitation ranges from 12 - 16 inches in the lowest elevation to 50 
inches in the mountains in the western part of the area.  Most of the sagebrush receives slightly 
more precipitation that that in the Eagle Zone, ranging from 16 - 25 inches/year. 
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Sagebrush-grass rangeland is the primary cover type in the Routt Zone area, with aspen and 
coniferous forests at higher elevations.  There is much less piñon-juniper than in the Eagle Zone, 
but more irrigated grass and hay fields.   
 
In the Routt Zone only 17% of the land is managed by the BLM, 79% is private, and 4% is SLB.  
The primary land-use in the area is livestock ranching.  There is potential for future residential 
and second home development in and around the towns Phippsburg, Toponas, and Yampa, 
primarily because of the proximity to Steamboat Springs, a tourist destination, as well as to 
recreational interests in the Flat Top Mountains to the west. 
 
 
Population Information 
 
The Northern Eagle Southern Routt Counties Conservation Plan (NESRCP 2004) reported an 
estimated population in 2004 of 304 - 489 GrSG (note: the NESR work group is in the process of 
revising these estimates).  This is based on lek count data, using an index derived from Walsh et 
al. (2004).  The index makes 3 assumptions: (1) there are 2.2 females for every male; (2) all leks 
are counted; and (3) the number of males that are counted ranges from 53% to 100% (resulting in 
a range of population estimates).  Using the same index, lek counts in the 1960s (Fig. 15) would 
have yielded population estimates from 1,100 to 1,800 sage-grouse.  Note that, for the purposes 
of this plan, we estimate only the number of breeding GrSG males in each local population, not 
the total population size (see Table 7 [pg. 56] and summary of population estimation in 
“Conclusions” [pg. 55]). 
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Fig. 15.  Lek count data for NESR GrSG population area, 1959-2007. 
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Historic Information 
 
Rogers (1964) reported that in the early 1900s, settlers observed large numbers of sage-grouse in 
Moffat and Routt Counties.  He described a GrSG population ranging in an area from Toponas to 
Yampa.  In Eagle County he noted sage-grouse populations east and northwest of Burns, 
northeast of Gypsum, and north of Wolcott (Rogers 1964). 
 
 
Local Conservation Plan 
 
The local work group in this area was formed in 1998 by local landowners, public land 
management agencies (e.g., BLM, USFS, NRCS, CDOW), TNC, CSU Extension, and other 
stakeholders.  A draft plan that identified issues and a population goal was produced in 2000, but 
the group then discontinued work because participation declined.  The work group reformed in 
2003 and the conservation strategy portion of the plan was completed.  The NESRCP was 
finalized and signed on September 1, 2004 (NESRCP 2004). 
 
The boundaries of the GrSG population area in the NESRCP (2004) were defined by identifying 
areas with known historic use, sage-grouse observations, and potentially suitable sagebrush 
habitat.  The NESRCP (2004: 24) stated its population goal was to, “Maintain the current 
population and increase to a population of 500 birds during the breeding season.”  The habitat 
goal (NESRCP 2004:24) to be used to achieve this population goal was to “Maintain on suitable 
sites across the Northern Eagle/Southern Routt landscape relatively large, contiguous stands of 
sagebrush with a variety of vegetative conditions interspersed throughout, in the desired 
arrangement with good connectivity to provide the quantity and quality of sage-grouse habitat to 
support the desired population of 500 birds.” 
 
Conservation actions in the NESCRCP (2004) are organized to address particular issues, 
including utilities, habitat change, disease and pesticides, land-use changes and residential 
development, reservoir development and other water-related issues, recreation/travel 
management, predation, grazing, and hunting. 
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Completed Conservation and Habitat Actions 
 
Table 12.  GrSG habitat projects reported in Northern Eagle - Southern Routt County GrSG area 
(CDOW, unpublished reports). 

General Location 
or Ownership 

Project Description and 
Purpose 

Acres 
Treated 

(if applicable)

Project 
Completed By 

Year 
Completed

Private 

Mechanical treatments to 
rejuvenate sagebrush; 
stream restoration to 
improve wet meadow 
habitat 

50 
NRCS (WHIP), 
Partners for Fish 
and Wildlife  

2005 

Private 
Piñon juniper removal to 
enhance sage-grouse 
habitat near an active lek 

120 CDOW, Private 2006 

BLM 
Piñon juniper removal to 
enhance sage-grouse 
habitat 

160 CDOW, BLM 2006 

Private Cross fencing to improve 
grazing management 580 

NRCS (WHIP), 
CDOW, Partners 
for Fish and 
Wildlife 

2006 

 
 
Easements 
 
The Yampa Valley Land Trust holds 3 conservation easements on over 2,290 acres in sage-
grouse habitat in southern Routt County.  Total easement acreages for the entire NESR area are 
2,430 acres in occupied habitat, 2,161 acres in potentially suitable habitat, and 953 acres in 
vacant/unknown habitat (see Fig. 11, pg. 72; Appendix J, “GrSG GIS Data”). 
 
In 2006, CDOW closed on a conservation easement on 2,050 acres in important GrSG habitat.  
The conservation easement protects 2 active leks, as well as nesting and brood-rearing habitat.
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Northwest Colorado Population 
 
 
General Description 
 
The Northwest Colorado population of GrSG is located in the northwest corner of the state (Fig. 
16), primarily in Moffat County, but also in portions of western Routt County and northwestern 
Rio Blanco County.  It is the largest GrSG population in Colorado, and the area of occupied 
habitat is 2,563,033 acres.  Landownership is approximately 41% private and 59% public 
(primarily BLM, but also SLB, CDOW, USFWS, NPS, and USFS; see Appendix J: “GrSG GIS 
Data”). 
 
The western half of NWCO is considered arid to semi-arid, and the eastern half, which begins to 
climb into foothills and mountains, is semi-arid.  Annual precipitation ranges from 8 - 20 inches, 
occurring primarily as snow in winter and early spring. 
 
Vegetation in NWCO is variable, depending on soils, climate, aspect, elevation, and topography.  
Sagebrush communities are widespread and diverse, and there is some hybridization of 
sagebrush species in the area.  In some areas sagebrush dominance may reduce herbaceous 
understory.  There are some areas of juniper encroachment, and sagebrush merges into mountain 
shrub communities at higher elevations, and into greasewood shrub at lower elevations. 
 
Livestock grazing in NWCO probably began in the 1870s (Athearn 1982).  In recent years there 
has been a slow decline in sheep and cattle grazing.  However, grazing remains the dominant 
land-use in the area.  Energy development, including oil, gas, and coal, is increasing in NWCO.  
Housing development is also growing in some areas of NWCO, although it is not widespread. 
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Fig. 16.  Habitat status, landownership, and conservation easements in the NWCO GrSG population area. 
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Population Information 
 
Lek counts have been conducted in the NWCO population since at least 1953 (Fig. 17).  Efforts 
have been inconsistent through the years and have been hampered by many factors, including a 
number of years without lek counts.  A greater and more consistent effort has been made since 
1995 to more clearly document GrSG lek counts in the NWCO population, with the most 
consistent data collection occurring from 1998 to the present.  According to lek count data, the 
long-term trend appears to be stable, but substantial population fluctuations have occurred 
regularly.  Population peaks have occurred in 1968-70, 1978-80, and in the years since 2000.  
Lek counts from 2006 totaled nearly 3,500 males. 
 
The NWCO local work group has not attempted to derive a population estimate from lek counts 
due to the variety and uncertainty of methods, but instead tracks 3-year running averages of high-
male lek counts.  The number of active leks and number of males per lek are used as secondary 
measures of population trend.  The NWCO local working group is exploring the use of subsets of 
leks with the longest and most complete count records as more accurate indicators of trend for 
the years prior to 1998.  Note that, for the purposes of this plan, we estimate only the number of 
breeding GrSG males in each local population, not the total population size (see Table 7 [pg. 56] 
and summary of population estimation in “Conclusions” [pg. 55]). 
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Fig. 17.  Lek count data for the Northwest Colorado GrSG population, 1953-2007.  No data were 
recorded in 1955-1957 and 1973-1975.  Data for 1976, 1984, and 1985 are very low total counts 
and appear as nearly zero in the figure.  Effort made in counting leks was low in those years, and 
not comparable to other years.  Most consistent effort has been since 1998. 
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Historic Information 
 
Rogers (1964) stated that the Moffat County GrSG population had both the highest number of 
birds and the highest density in the state.  Rogers (1964:116) reported that in Rio Blanco County, 
“…a few birds range between Moffat and Rio Blanco counties in the area south of Artesia and 
Massadona and north of the White River.  A light population is also present along both sides of 
the White River near the Mobley Ranch east of the town of Rangely.  A little farther east and 
north of the White River, a few sage grouse are present in the Scenery Gulch-Coyote Basin 
area.” 
 
Historically, Moffat County likely had one of the highest sage-grouse populations, which was 
distributed more widely than it is currently (Rogers 1964).  Rogers (1964) stated that settlers 
from the early 1900s remembered large numbers (“thousands”) of sage-grouse in Moffat and 
Routt Counties.  Rogers (1964) estimated that in some areas of Moffat County, sage-grouse 
density ranged as high as 30 - 50 birds/mi2.   
 
 
Local Conservation Plan 
 
The Northwest Colorado Greater Sage-grouse Working Group formed in 1996, and its intent is 
to “enhance greater sage-grouse populations while taking into account the importance of local 
economies for the long-term maintenance of greater sage-grouse habitats and while maintaining 
all existing human uses of sage grouse habitats in Northwest Colorado” (NWCOCP 2006:i).  A 
final conservation plan will be completed in 2008. 
 
The boundary of the area, as defined in the Northwest Colorado Conservation Plan (NWCOCP 
2006), follows topographic and other natural features.  The area totals 4,277,771 acres of land, 
and 2,564,115 acres of occupied sage-grouse habitat.  This extensive area includes a wide range 
of elevations, precipitation levels and range sites with implications for the capability of sites to 
provide GrSG habitat.  To account for these differences in ecological sites and differences in 
issues affecting GrSG habitat, the NWCOCP (2006) divides the NWCO population into 10 
management zones to aid in setting objectives, implementing conservation strategies, and 
tracking progress.  Population targets are established for the entire population and for each 
management zone.  The target is to maintain the number of males counted on leks each year 
(reported as a 3-year running average) above the level determined by 25% below the mean of 
1998-2005 lek counts.  Nearly all management zones exceed this level by considerable margins 
at present. 
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Completed Conservation and Habitat Actions 
 
Table 13.  GrSG habitat projects reported in Northwest Colorado GrSG area (CDOW, unpublished 
reports). 

General Location 
or Ownership 

Project Description and 
Purpose 

Acres 
Treated 

(if 
applicable) 

Project 
Completed 

By 

Year 
Completed

BLM 
Mechanical treatments to 
rejuvenate sagebrush stands in a 
mosaic pattern 

3,000 BLM 2001-2002 

Browns Park 
SWA 

Brush beat for brood-rearing 
habitat 40 CDOW 2001-2002 

Little Snake SWA Brush beat to enhance brood 
habitat 130 CDOW 2001-2002 

Private land, NE 
of Craig 

CRP plantings to improve 
nutritive quality 1,000 CDOW 2001-2002 

Private 

Numerous prescribed burns in 
upland to restore riparian 
function and improve brood 
habitat 

<100 
acres Landowner 2001-2002 

Little Snake SWA Prescribed burn 170 CDOW 2003 

SE of Hayden 
Brush control and reseeding to 
enhance nutritive quality in 
historic/potential habitat 

500 Landowner 2003 

N of Maybell 

5 miles water pipeline 
distribution system completed to 
alter livestock distribution; 
ground tanks accessible to GrSG 

N/A NRCS, 
Landowner 2003 

BLM, around 
Douglas Mountain 

3 prescribed burns to maintain 
sagebrush parks and remove 
juniper encroachment 

1,200 BLM 2003 

Fan Rock lek site 
(NE of Craig) Encroaching brush cleared 5 Landowner 2003 

N/A 
Native forb seed collected to 
derive germination description 
and develop native seed stock 

N/A 

Upper 
Colorado 
Environmental 
Plant Center 
(UCEPC) 

2003 

BLM, Douglas 
Mountain Brush beat 500 BLM 2004 

BLM, Conway 
Draw 

Brush beat and reseeded 
drought-related sagebrush die-
off area 

 BLM 2004 
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Table 13.  GrSG habitat projects reported in Northwest Colorado GrSG area (CDOW, unpublished 
reports). 

General Location 
or Ownership 

Project Description and 
Purpose 

Acres 
Treated 

(if 
applicable) 

Project 
Completed 

By 

Year 
Completed

Little Snake SWA 
Red Wash burn reseeded with 
palatable forbs to restore 
degraded upland riparian area 

120 CDOW 2004 

Little Snake SWA 
Water distribution system 
developed with ground-
accessible tanks 

 N/A CDOW 2004 

Great Divide 

Water distribution system ad 5-
mile pipeline installed for 
livestock management and tanks 
for GrSG 

N/A NRCS, 
Landowner 2004? 

BLM, Sevenmile 
Ridge Removal of encroaching juniper 750 BLM 2005 

 
 
Easements 
 
In 2004 a conservation easement was obtained on 1,800 acres of Conservation Reserve Program 
(CRP) /sagebrush bottoms south of Hayden.  This easement includes management strategies for 
both sage-grouse and sharp-tailed grouse habitat.  TNC secured a 1,281-acre conservation 
easement NE of Hayden.  This easement refers to sage-grouse and Columbian sharp-tailed 
grouse as protected conservation values; about 80% of the area has upland habitat for both 
species.  Total easement acreages for the NWCO area are 18,683 acres in occupied habitat, 240 
acres in potentially suitable habitat, and 922 acres in vacant/unknown habitat (see Fig. 16 and 
Appendix J, “GrSG GIS Data”). 
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Parachute – Piceance – Roan Population 
 
 
General Description    
 
The Parachute – Piceance – Roan population) is located within the area bounded by the towns of 
Meeker, Rifle, Palisade, and Rangely (Fig. 18).  Currently occupied habitat within this area lies 
in 2 patches: (1) the larger western Roan Plateau and Cathedral Bluffs area; and (2) the smaller 
Magnolia area (Fig. 18).  Total occupied habitat in PPR is 304,588 acres. 
 
The Roan Plateau lies at the headwaters of the Douglas, Parachute, Piceance, and Roan Creeks, 
and forms a divide between the White and Colorado Rivers.  The physiography of the plateau 
area varies from south to north.   The top of the plateau appears to be a broad, rolling plain, but 
to the south in the Parachute and Roan Creek drainages, the plateau drops off abruptly into the 
deep canyons of these creeks and their tributaries.  The ridgetops between the canyons are broad 
(up to 2.5 miles wide) and relatively level.  Similarly, the west side of the area drops off 
extremely abruptly at the Cathedral Bluffs into East Douglas Creek.  In contrast, the terrain drops 
fairly gently into the tributaries of Piceance Creek Basin to the north and east; this area is 
dissected by numerous relatively shallow parallel canyons, with relatively narrow ridgetops in 
between. 
 
Current grouse habitat in this area is primarily between 7,000 and 8,700 feet in elevation.  The 
Magnolia portion of the PPR lies east and north of Piceance Creek, west of Colorado Highway 
13, and south of the Dry Fork of Piceance Creek.  The elevation in this area is somewhat lower, 
between 6,500 and 7,500 feet.  Precipitation within occupied habitat in the PPR ranges from 16 - 
25 inches per year, varying primarily with elevation.     
 
Vegetation cover also varies from south to north.  On the southern, lower ends of the ridges 
between Parachute and Roan Creeks and their tributaries, mountain shrub communities (a mix of 
serviceberry, Gambel oak, bitterbrush, and big sagebrush) dominate, interspersed with patches of 
big sagebrush and aspen, depending on topography.  Aspen pockets are found on north- to 
northeast-facing slopes, and sagebrush appears along gentle slopes in the bottoms of washes.  
Ridgetops to the north are dominated by big sagebrush, and aspen pockets are found on the 
northern slopes, occasionally on the ridges.  This situation holds along the highest ridges forming 
the White River-Colorado River divide, as well as along the Cathedral Bluffs to the north.  In the 
Piceance Creek drainage, mountain shrub is a lesser component, found on north-facing slopes 
only.  Big sagebrush dominates on ridgetops, but as one travels north or northeast down these 
ridgetops, piñon and juniper woodlands are more prevalent, and appear to be encroaching into 
the sagebrush as time has passed over the years.  The Magnolia area is similar in this regard.  In 
the PPR population area, sage-grouse are largely restricted to sagebrush-covered ridges and 
plateaus at higher elevations, whereas slopes with mountain shrubs and narrow valley bottoms 
(even those with some sagebrush) are not used.   
 
Mountain shrub communities, particularly serviceberry, are more common and extensive in PPR 
than elsewhere in GrSG range.  Serviceberry is well-established in the PPR, with dense areas of 
serviceberry occupying the lower and drier ridges within occupied habitat.  Big sagebrush is the 
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dominant shrub species in the highest elevations of occupied GrSG habitat, but is interspersed 
with serviceberry in many locations.  While PPR sage-grouse have been demonstrated to use the 
margins of serviceberry stands for nesting and brood-rearing habitat, higher lek counts occur 
where sagebrush is the dominant shrub. 
 
Landownership in PPR is approximately 65% private and 35% public (primarily BLM; see 
Appendix J, “GrSG GIS Data”), and varies within the area.  On the south side, in the Parachute 
and Roan drainages, approximately 90% is private, and a large portion of that is owned by large 
energy corporations.   To the north in the Piceance Basin, a slight majority is in public 
ownership, particularly at the lower elevations, with the exception of canyon bottoms along 
streams, which tend to be privately-held.  The traditional land-use in the area has been domestic 
livestock grazing.  However, the potential for large-scale energy resource development has 
loomed on the horizon since the discovery and patenting of oil shale claims in the 1920s.  The 
presence of oil shale and natural gas in the area accounts for the large proportion of ownership 
by energy companies.  Currently, natural gas development is rapidly expanding in the area as 
pipelines tied into national supply networks have been constructed and prices have risen.  
Residential development is not a factor in the area at this time, although there is the possibility 
that worker camps will be constructed within sage-grouse habitat as gas development increases, 
due to the remote locations of this activity from towns and the difficult nature of travel in this 
rugged country. 
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Fig. 18.  Habitat status, landownership, and conservation easements in the PPR GrSG population area. 
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Population Information 
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Leks in the PPR are concentrated at high elevations and remote locations, particularly in the 
Parachute – Roan portion of this population.  Many of these leks are inaccessible from the 
ground during optimal periods for lek counts due to snow and mud conditions.  This makes 
consistent lek counts difficult to accomplish, complicating comparison of data among years.  
Aerial lek counts have been the only possible method for counting sage-grouse on leks for some 
of the PPR.  These aerial counts have historically been conducted by fixed-wing aircraft, which 
results in reduced sightability of birds and less consistent counts from year to year.  CDOW has 
used helicopter surveys in 2005, 2006, and 2007 to count leks in this population.  These counts 
have resulted in substantially higher counts that appear more consistent among years. 
 
Extensive field work in 1976 and 1977 provided the first complete look at sage-grouse 
distribution and numbers in the PPR (high male count = 234; Kraeger 1977).  Lek counts 
conducted by CDOW in the spring of 2005 by CDOW, (the most exhaustive count completed 
since 1976), yielded a high male count of 180 birds (Fig. 19).  Because of the limited amount of 
consistent data available, we can’t describe any trend in this population.  Note that, for the 
purposes of this plan, we estimate only the number of breeding GrSG males in each local 
population, not the total population size (see Table 7 [pg. 56] and summary of population 
estimation in “Conclusions” [pg. 55]). 
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Fig. 19.  Lek count data for Parachute – Piceance – Roan GrSG population, 1995-2007.  The data 
point for 1976 was estimated from categorical data (4 categories: 1-2, 3-5, 6-15, 15+), and 
though the specific value is approximate, the data are considered reliable.  Data collected in the 
interim years are not reliable because of the difficulty in obtaining lek count data in the PPR 
area, and varied effort in conducting lek counts during those years. 
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Historic Information 
 
Rogers (1964) described a “light” population of sage-grouse on the Bookcliff (Roan) Plateau 
from Wagonwheel Ridge at the headwaters of Parachute Creek, west to Douglas Pass (this 
includes the headwaters of Douglas, Parachute, Piceance, and Roan Creeks.)  He also noted sage-
grouse in areas to the northwest, northeast, and south of the town of Rifle, as well as east and 
south of DeBeque in the Roan, Wallace, and Sunnyside drainages near the Mesa County line.  
Anecdotal information from local long-term residents of DeBeque, Colorado indicates that 
greater sage-grouse may have occupied lower areas of the Roan Creek valley during winter 
periods during the 1930s and 1940s.  Following a severe winter storm that brought deep snow 
and sub-freezing temperatures in February of 1989, a small group of GrSG were observed by the 
CDOW in an area dominated by big sagebrush in the Castle Rock area, about 3.5 miles 
southwest of DeBeque in Mesa County (J. Gumber, retired CDOW, personal communication).  
  
The Gunnison Sage-grouse Rangewide Steering Committee (2005) questioned whether sage-
grouse previously found south of the Colorado River in the DeBeque-New Castle area are GrSG 
or GuSG.  No published evidence exists to prove this one way or another, but a river as small as 
the Colorado would not present a barrier to travel by sage-grouse.  Sage-grouse are strong fliers 
and have the ability to cross a river the size of the Mississippi.  Regardless, sage-grouse have 
been extirpated south of the Colorado River in Garfield and northeastern Mesa counties, as well 
as north of the Colorado River and east of Parachute Creek in Eastern Garfield County. 
 
 
Local Conservation Plan 
 
Efforts to develop a local conservation plan began in the summer of 2005.   Informational 
meetings were held in Roan Creek, Piceance Creek, and Parachute in June 2005, and a work 
group was formed in July, 2005.  Work group meetings have been held monthly since then, and 
work on the plan is progressing steadily, with expected plan completion in early 2008 (Parachute 
– Piceance – Roan Conservation Plan; PPRCP 2008).  The primary issue the work group has 
addressed is energy and mineral development (and associated infrastructure).  Other issues 
include grazing, predation, habitat quality, recreation, piñon-juniper encroachment, and water 
development.  Strategies have been developed for all issues and final preparation of the plan is in 
progress. 
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Completed Conservation and Habitat Actions 
 
Table 14.  GrSG habitat projects reported in Parachute – Piceance – Roan GrSG area (CDOW, 
unpublished reports). 

General 
Location or 
Ownership 

Project Description and 
Purpose 

Acres Treated
(if applicable) 

Project 
Completed 

By 

Year 
Completed

Habitat 
surrounding 
Magnolia Lek 

Hydroaxe used to control 
encroaching tall shrubs 50 CDOW 2000-2002 

Piceance SWA 
Dixie harrow; sagebrush 
thinning to enhance nest cover 
and brood forage 

1,200 CDOW 2000-2002 

Near Magnolia 
Lek 

Brush beating for understory 
restoration 500 BLM 2000-2002 

Piceance SWA Understory enhancement: 
reseeding with palatable forbs 400 CDOW 2000-2002 

Barnes Ridge 
Large pipeline corridor 
reclaimed with sagebrush and 
palatable forb species 

87 (8 
miles of 

corridor) 
Industry 2000-2002 

N/A 

Field collection of native forbs 
for germination description 
and native seed stock 
development 

N/A UCEPC, 
NRCS 2003 

BLM, Wolf 
Ridge 

Prescribed burn in juniper 
encroachment area 280 BLM 2004 

Skinner Ridge / 
Colorado Nature 
Ranch (now  
Kessler Canyon 
Ranch) 

Sagebrush and serviceberry 
treatments (brush hog), to 
reduce shrub overstory for 
nesting and brood-rearing 
habitat 

N/A NRCS, ranch, 
CDOW 

2005 and 
ongoing 

 

 
 
Easements 
 
No easements specifically for sage-grouse or sage-grouse habitat exist in the area covered by the 
conservation plan effort.  A conservation easement, originally secured through the Rocky 
Mountain Elk Foundation, exists in the south portion of Brush Mountain (Roan Creek), within 
GrSG occupied range (Fig. 18).  There are at least 2 easements in former GrSG range in the 
Plateau Valley in Mesa County (south of the Colorado River), in areas at the margins of what 
may have been historic range for whichever species of grouse used the area.  Total easement 
acreages for the area are 1,355 acres in occupied habitat and 1,808 acres in potentially suitable 
habitat (see Fig. 18 and Appendix J, “GrSG GIS Data”). 
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IV. ISSUES POTENTIALLY AFFECTING GrSG 
 
In this section, we list and provide a review of scientific and management literature on the issues 
that may impact GrSG populations and/or habitat.  Some of the topics identified include both 
positive and adverse impacts to GrSG.  Issues are presented in alphabetical order. 
 
 
Agricultural Conversion 
 
In the past, thousands of acres of native sagebrush were converted to cropland and non-native 
pasture through plowing or mechanical and chemical removal of sagebrush plants.  Such 
conversion usually resulted in long-term loss of habitat and often occurred on the deepest and 
most productive soils, which supported favored wintering sites for sage-grouse.  Loss of winter 
sage-grouse range, which usually makes up a small portion of year-round range, has been shown 
to result in long-term losses of sage-grouse population (Swenson et. al. 1987). 
 
Native rangeland has been converted to cropland, hayland, and pasture throughout GrSG habitat 
in Colorado.  Large areas of native range that were present in the early 20th century were 
converted to irrigated pasture and hayland.  Initially, conversion was adjacent to streams and 
rivers where it was less difficult to divert water for irrigation.  As more complicated irrigation 
systems were developed, native rangelands beyond those adjacent to streams and rivers were 
converted to irrigated pastures.  Additionally, many areas of native GrSG habitat were converted 
to dry cropland during the 1960s and 1970s when small grain prices were high, especially in 
Moffat and Rio Blanco counties. 
 
Due to factors such as loss of access to water resulting from erosion in waterways, abandonment 
of homesteads, changes in agricultural techniques, government assistance programs, transfer of 
water rights, and changes in agricultural markets, the number of acres of cropland, non-native 
pastureland and hayland has varied throughout the last century.  Records are inconsistent, but as 
of 2002, the amount of land considered agricultural is less than in the 1950s and 1960s (Table 
15).  Initially some conversion may have benefited GrSG by providing brood areas on the fringes 
of fields where forbs and insects are plentiful.  However, as the size and quantity of native range 
patches plowed for agriculture purposes increased, impacts on sage-grouse were also amplified.   
 
Accurate historical data about specific types of cropland are not available, but it is likely the 
acreages peaked in the 1960s and 1970s and have since decreased in many counties due to 
conversion to non-agricultural uses such as commercial, residential, oil, and gas development 
(see “Energy and Mineral Development” [pg. 109] and “Housing Development” [pg. 154] issue 
sections).  
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Table 15. Acres of land in agricultural production, not including rangeland:  includes 
irrigated cropland, non-irrigated cropland, irrigated pasture and hayland, non-irrigated 
pasture and hayland (U.S. Department of Agriculture 2006b). 

County Agricultural Acres 
1910a 

Agricultural Acres 
1954 

Agricultural Acres 
2002 

Eagle 25,401 28,542 6,399 

Garfield 61,818 76,209 22,073 

Grand 30,097 55,094 19,706 

Jackson 74,737 103,527 44,248 

Mesa 73,508 112,420 49,417 

Moffat Part of Routtb 107,947 40,370c 

Rio Blanco 36,750 51,237 18,048d 

Routt 92,328 127,599 44,987 

Summit 6,503 8,689 2,299 
a The 1910 agricultural statistics do not provide total cropland acres, but has "improved land in farms". 
b In 1910 Routt County included the area currently known as Moffat County. 
c Non-disclosed total cropland acres.  The amount shown is the total irrigated acres, plus wheat, oat, and estimated 
fallow acres. 
d  Non-disclosed total cropland acres.  The amount shown includes the irrigated acres, plus the one non-disclosed, 
non-irrigated farm, sized 500-999 acres. 
 
 
The 1985 Farm Bill authorized the USDA Farm Service Agency (FSA) to administer the CRP 
(Conservation Reserve Program) for protecting highly erodable soils and reducing production of 
crops.  Under the CRP, over 2.3 million acres of cropland in Colorado were planted to permanent 
cover, usually perennial grasses, which in many instances have become important wildlife 
habitat.  Moffat, Routt, Rio Blanco and Garfield are the only counties with GrSG habitat and 
significant amounts of CRP.  Most CRP contracts last for 10 - 15 years and, until recently, 
grazing and harvesting of the permanent cover were not allowed except during extreme drought 
or other emergency conditions.  Beginning in 2003, limited (not during nesting season) haying 
and grazing have been allowed for stand maintenance.  Many of the current CRP contracts are 
due to expire in 2007 (Table 16). 
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Table 16.  CRP expiration status through 2008 (U.S. Department of Agriculture 2006a). 

County Acres of Cropland 
Enrolled in CRP, 2006 

Acres of CRP 
Expiring 09/30/2007 

Acres of CRP 
Expiring 09/30/2008

Eagle 0 0 0 

Garfield 3,641 3,020 142 

Grand 0 0 0 

Jackson 17 0 17 

Mesa 16 0 16 

Moffat 32,984 26,441 6,359 

Rio Blanco 2,762 1,799 560 

Routt 17,604 14,619 1,516 

Summit 0 0 0 
 
FSA has announced that it will offer certain CRP participants the opportunity to re-enroll in new 
CRP contracts, or to extend their current contracts.  The FSA has ranked each expiring contract 
according to the Environmental Benefits Index (EBI) factors at the time of the original offer, and 
whether the property fell within a national priority area.  None of the national priority areas were 
located in Colorado, and few of the participants with expiring contracts will be given the 
opportunity to re-enroll.  Of the 14,619 acres set to expire in Routt County, only 17 acres are 
eligible for re-enrollment (Table 16).  The owners of the remaining 14,600 acres will be given 
the opportunity to extend their contract for a period of 2 to 5 years, depending on their 
properties’ EBI score.  Many of these lands will only be allowed a 3-year extension.  The 
situation in Moffat County is similar, with few contracts eligible for re-enrollment and the vast 
majority of the 26,000 acres only eligible for an extension (Table 16). 
 
The future of CRP and how it affects GrSG is uncertain.  Some CRP lands have been out of crop 
production for over 15 years.  Sagebrush, native forbs, and native grasses are beginning to 
reestablish.  Because CRP establishes relatively permanent cover, it provides more year-round 
security to wildlife than does land under cultivation (Stinson et. al. 2004).  Use of CRP lands by 
GrSG in Colorado is not well-documented, but in some instances they do use it (A. D. Apa, 
CDOW, personal communication).  CRP is important sage-grouse habitat in the state of 
Washington, especially fields that have been planted with seed mixes that include sagebrush and 
native grasses (Schroeder et al. 2000).  In Colorado, perennial grasses are dominant in CRP 
fields, with a few shrubs present.  When such fields are located near other habitat with a 
significant sagebrush component, GrSG may use the field edges for food, and occasionally for 
nesting.  If CRP lands are re-enrolled and maintenance practices are limited, native vegetation 
could re-establish and become suitable habitat for GrSG.  CRP lands offer opportunity for 
restoration of suitable habitat.  If CRP lands are not re-enrolled, most will likely remain in 
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perennial grass, but management will become more intense (grazing and haying) and the 
establishment of native suitable GrSG habitat will be less likely.  If for some reason agriculture 
markets for wheat, barley, or some other unforeseen crop become profitable, expiring CRP lands 
may be plowed out, resulting in severe impacts to GrSG and other wildlife. 
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Disease and Parasites 
 
 
Nothing has been published about the types or pathology of diseases in GrSG; however, multiple 
bacterial and parasitic diseases have been documented in GrSG (Patterson 1952, Schroeder et al. 
1999).  Most infections reported produce no, or minor, ill effects in sage-grouse (Patterson 
1952).  Rangewide or statewide impacts of bacterial or parasitic diseases on sage-grouse have 
not been reported. 
 
 
Bacterial Diseases 
 
Diseases caused by bacteria are more common in wild birds than diseases caused by viruses 
(Friend and Franson 1999).  The frequency of bird deaths related to infectious bacterial diseases 
has increased in recent years (Friend and Franson 1999).   
 
Avian Cholera 
 
Avian cholera is a contagious disease that results from a bacterial (Pasteurella multocida) 
infection, although several species of bacteria have also been implicated.  Infections in free-
ranging grouse have not been documented (Connelly et al. 2004); the group of birds most 
commonly found with avian cholera is waterbirds (Friend and Franson 1999).  Avian cholera is 
not considered a significant issue for free-ranging grouse in Colorado. 
 
Avian Tuberculosis 
 
Avian tuberculosis is typically caused by a bacterium (Mycobacterium avium).  Captive-reared 
gallinaceous birds (e.g., pheasants and quail) are more commonly infected than waterfowl, but 
free-ranging wild birds that contract the disease are more commonly found in close association 
with domestic stock or are scavenging species (e.g., crows, ravens, and gulls; Friend and Franson 
1999).  Avian tuberculosis is not considered a significant issue for GrSG rangewide (Connelly et 
al. 2004), or in Colorado. 
 
Salmonellosis 
 
Avian salmonellosis is caused by a group of bacteria (Salmonella spp).  Different species of 
salmonella can cause pullorum disease (S. pullorum) or fowl typhoid (S. gallinarum), which are 
typically found in captive poultry operations.  Infections in wild birds can occur, but infection 
rates are low and are typically caused by variants of salmonellae.  Connelly et al. (2004) reported 
(from Post 1960) that only one case of a Salmonella spp. caused dysentery in Wyoming.  All 
sage-grouse (n=73) tested for S. pullorum and S. gallinarum in northwestern Colorado in 2001 
and 2002 were negative for the disease (Hausleitner 2003).  Avian salmonellosis is not 
considered an issue to free-ranging Colorado sage-grouse populations. 
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Chlamydiosis 
 
Chlamydiosis is an infection caused by bacteria (Chlamydia spp.), and the species Chlamydia 
psittaci is usually associated with birds (Friend and Franson 1999).  It occurs infrequently in wild 
gallinaceous birds (Friend and Franson 1999) and is therefore not considered an issue in 
Colorado. 
 
Mycoplasmosis 
 
Mycoplasmosis is caused by an infection from a relatively unique group of bacteria 
(Mycoplasma).  Although mycoplasmosis is generally considered to not be an important disease 
in wild birds (Friend and Franson 1999), M. gallisepticum is a known pathogen of upland 
gamebirds that are raised in captive situations.  Chickens and turkeys are primary hosts for M. 
gallisepticum, M. synoviae, and M. iowae.  Chickens and turkeys have been hosts for M. 
gallopavonis, M. cloacale, M. gallinarum, M. gallinaceum, M. pullorum, M. iners, M. 
lipofaciens, and M. glycophilum.  A 2001 serology analysis on sage-grouse from northwestern 
Colorado found a 55% occurrence of M. synovinae in females and a 92% occurrence rate in 
males (Hausleitner 2003).  In 2002, the occurrence of M. synoviae was 12% for females and 6% 
for males (Hausleitner 2003).  Although tests were conducted by independent laboratories, there 
is concern for false positive tests.  Hausleitner (2003) did not find any relationship with the 
presence of the disease and GrSG nest initiation rates, clutch initiation dates, clutch size, or nest 
success. 
 
Tularemia 
 
Tularemia is a disease typically associated with mammals, but natural infections by Francisella 
tularensis have caused die-offs in grouse (Friend and Franson 1999).  Friend and Franson (1999) 
list ruffed, sharp-tailed, blue, and sage-grouse as susceptible to infections, along with ptarmigan, 
bobwhite quail, and pheasants.  Parker et al. (1932) found that sage-grouse that died in an 
epizootic in Montana were infected with Francisella tularensis, although the grouse were also 
heavily infected with bird ticks (Haemaphysalis chordeilis).   
 
 
Fungal Diseases 
 
Aspergillosis 
 
Aspergillosis is a respiratory tract infection caused by a fungus (Asperillus fumigatus; Friend and 
Franson 1999).  This is the primary species that causes infections in wild birds.  This fungus 
lives in dead or decaying organic matter associated with human activities, and thus is not 
considered an issue for wild populations of GrSG in Colorado.  In Wyoming, the death of 1 sage-
grouse due to aspergillosis was documented (B. Walker, CDOW, personal communication). 
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Viral Diseases 
 
 
West Nile Virus 
 
West Nile virus (WNV) is a relatively new and potentially important disease for sage-grouse 
(Naugle et al. 2004).  The virus has rapidly spread through the country, occurring in all states by 
December 2004.  Transmission occurs when mosquitoes acquire the virus by biting an infected 
bird, and then transfer it by feeding on a new host (avian or mammalian).  WNV causes illness 
and death in birds that have no natural resistance to the infection.  Mortalities from the virus have 
been discovered in 234 bird species (Centers for Disease Control and Prevention 2004).  Most 
documented mortalities have occurred in the family Corvidae, which includes crows, ravens, and 
jays.  The data are based on specimens brought to local health departments by the public for 
testing (Centers for Disease Control and Prevention 2002) and on laboratory tests (Komar et al. 
2003).  Six North American gallinaceous species, including the GrSG, are known to be 
susceptible to the virus (U.S. Geological Survey 2003). 
 
Exposure to WNV is thought to be low in arid sagebrush habitats, but may increase with the 
addition of man-made water sources that support breeding populations of mosquitoes that vector 
the virus (especially Culex tarsalis; Naugle et al. 2004, Zou et al. 2006, Walker et al. 2007b).  
Sage-grouse typically die within 3 - 7 days of WNV infection (Clark et al. 2006), but a small 
proportion of birds (1.8 - 10.3%) appears to be resistant to the disease following infection 
(Walker et al. 2007b). 
 
Through 2006, WNV had been detected in 5 of 8 Colorado counties (excluding Larimer County) 
occupied by GrSG (U.S. Geological Survey 2007).  Although the virus was detected in wild bird, 
horse, and/or mosquito samples, it was not detected or was not widespread in sage-grouse 
through 2005.  There have been no positive reports of WNV in mosquitoes, horses, or birds in 
Rio Blanco, Jackson, or Summit counties. 
 
In early August 2004, WNV was confirmed in the remains of a radio-collared female GrSG in 
south Routt County, Colorado.  Eight other radio-collared GrSG in the area continued to show 
normal activity.  WNV surveillance was also conducted on sage-grouse in the 2005 season and 
no WNV mortalities were detected.  Female and juvenile sage-grouse have been monitored in 
Moffat County from 2001–2007 and WNV mortalities were detected in 2006 and 2007 (Table 
17).  
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Table 17.  Date and location of GrSG mortalities due to WNV in northwestern Colorado in 
2006 (CDOW, unpublished data). 
Study 
Areaa Date Found Dead Age at Deathb Locationc 

AB 8/2/06 A MC 
AB 8/19/06 A MC 
CSM 6/8/06 A MC 
AB 8/31/06 A MC 
CSM 5/30/06 Y SC 
AB 8/4/06 chick MC 
AB 8/23/07 A MC 

aAB = Axial Basin / Danforth Hills; CSM = Cold Springs Mountain 
bA = adult; Y = yearling 
cMC = Moffat County, Colorado; SC = Sweetwater County, Wyoming 
 
 
Avian Pox 
 
Avian pox is a mild-to-severe disease that is slow to develop and is caused by a virus that 
belongs to the avipoxvirus group and the poxviruses subgroup.  Avian pox is transmitted 
primarily by mosquitoes.  Avian pox is reported as having multiple occurrences in upland 
gamebirds (Friend and Franson 1999), and is suspected as a reason for the decline of northern 
bobwhite populations in the southeastern United States (Friend and Franson 1999).  DuBose 
(1965) documented 1 captive greater sage-grouse with avian pox.  Hansen (1999) suggests that 
the increase in the frequency of the disease and high visibility and involvement of new bird 
species suggests that avian pox might be emerging as an important viral disease. 
 
Newcastle Disease 
 
Newcastle disease is caused by an infection with an RNA (ribonucleic acid) virus within the 
avian paramyxovirus-1 group.  It is highly contagious but the severity is dependent upon the 
virus strain (Friend and Franson 1999).  The most virulent cases in chickens have shown 
mortality rates reaching 100%.  The Newcastle disease virus is capable of infecting many species 
of birds.  It has been detected in captive pheasants and grey partridge, but large-scale mortalities 
have not been found in wild birds with the exception of double-crested cormorants in the United 
States and Canada.  Newcastle disease has never been documented in GrSG (Connelly et al. 
2004) and is considered low for susceptibility to exposure. 
 
Avian Influenza 
 
Avian influenza is a viral infection in wild birds that is caused by a group of viruses called “type 
A” influenzas.  The normal route of transmission is fecal-oral.  Avian influenzas have been 
identified in several bird species, but they are typically associated with migratory waterfowl, 
specifically mallards (Friend and Franson 1999).  Wild quail and pheasants have also contracted 
influenza viruses.  Friend and Franson (1999) categorize the relative occurrence of avian 
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influenza in upland gamebirds as occasional.  Fifty-two greater sage-grouse were tested for avian 
influenza in 2001-2002 and all tests were negative (Hausleitner 2003). 
 
 
Parasitic Diseases 
 
Hemosporidiosis (Avian Malaria) 
 
Avian malaria is caused by a protozoan (Plasmodium pediocetti).  It is a parasitic protozoan 
found in the blood cells and tissues of avian hosts.  It is transmitted to uninfected birds by many 
different biting flies, mosquitoes, black and louse flies that serve as vectors.  Avian malaria has 
not been documented as causing widespread mortalities in wild bird populations but could have 
an adverse effect on populations.  The daily cycle of the disease causes infected birds to be less 
active in morning hours, thus affecting male sage-grouse courtship and reproductive success 
(Boyce 1990, Johnson and Boyce 1991). 
 
 
Intestinal Coccidiosis 
 
Coccidiosis is caused by a protozoan, Eimeria spp.  Coccidia are important to domestic animals, 
but are generally self-limiting in free-ranging bird species.  Infections can become problematic if 
habitat or weather conditions cause abnormal concentrations of birds (Friend and Franson 1999).  
Coccidiosis has been documented in the Axial Basin and Great Divide areas of Moffat County 
(Carhart 1943, Grover 1944) and elsewhere (Patterson 1952, Honess and Post 1968), but such 
outbreaks do not appear common.  Typically, outbreaks have occurred in summer when grouse 
may concentrate around water sources (Carhart 1943, Wallestad 1975).  Disease transmission 
occurs through ingestion of water contaminated by infected feces.  Birds that recover from the 
infection carry some level of immunity (Friend and Franson 1999).   
 
Tracheal Worms 
 
Tracheal worms can cause infections that result in respiratory distress because of their location in 
the trachea or bronchi, where they can obstruct air passage.  Land-dwelling birds are usually 
infected by nematodes or roundworms (Syngamus trachea).  Diseases caused by tracheal worms 
are not considered serious as they are not commonly reported for free-ranging ground dwelling 
birds (Friend and Franson 1999). 
 
Gizzard Worms 
 
Gizzard worms are represented in bird species by several species of parasitic nematodes and 
roundworms.  Gizzard worms typically are nematodes (e.g., Amidostomum spp. and 
Epomidiostomum spp.), but other species of gizzard worms are found in gamebird species 
(Friend and Franson 1999).   
 
 
 



Colorado Greater Sage-grouse Conservation Plan 
 

Issues 
Diseases and Parasites 

108

Cestodes 
 
Tapeworms are common in many wild bird species and have been documented in greater sage-
grouse in Colorado (Carhart 1943).  Little is known regarding their impact, but heavy loads of 
tapeworm have been found in many birds.  The species documented with sage-grouse is 
Raillietina centroceri (Honess 1982).   
 
 
Ectoparasites 
 
Ectoparasites can transmit disease and can contribute to the direct mortality from illness and 
death.  The fowl tick from the family Argasidae is most common in the poultry industry and 
therefore could be transferred to grouse.  Heavy infestations of lice, mites, fleas, flies and other 
biting insects have been documented to cause the death of wild birds (Friend and Franson 1999), 
but may also be a sign of other health problems.  More research needs to be conducted on 
ectoparasites because little is known. 

 
 
Conclusions 
 
WNV currently poses the greatest disease issue for wild GrSG, although the number of 
mortalities confirmed from WNV has been low in Colorado.  Despite the fact that the most 
common game farm birds do not undergo disease testing when imported to Colorado, disease 
transmission from introduced gallinaceous birds to GrSG remains a possibility.  As of December 
2005, only 6 private bird farms have been licensed within counties that are occupied by GrSG.  
Eagle and Grand/Summit counties each have 1 farm, while Garfield and Moffat counties each 
have 2 farms.  The potential impact of unpermitted releases of diseased pheasants and turkeys is 
unknown.  The 2 diseases that have been documented in sage-grouse are coccidiosis and 
tularemia, and they are uncommon.  The diseases tested for in imported grouse and turkeys 
(Salmonella and Mycoplasma) have not been studied or documented in wild sage-grouse.  The 
possibility for diseases of introduced or captive birds to spread to GrSG may increase if efforts to 
raise GrSG in captivity are initiated. 
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Energy and Mineral Development 
 
 
Introduction 
 
Rising energy prices and new extraction technologies have recently led to an increased emphasis 
on developing domestic energy resources, many of which are located beneath sage-grouse 
habitat in the western United States. 
 
One result is a dramatic increase in oil and gas development over the past 6 years on federal 
lands: “Nationwide, the total number of oil and gas drilling permits approved by BLM more than 
tripled, from 1,803 to 6,399 for fiscal years 1999 through 2004” (U.S. Government 
Accountability Office 2005:17).  The majority of the increased oil and gas activity has been 
concentrated in Colorado, Montana, New Mexico, Utah, and Wyoming (U.S. Government 
Accountability Office 2005), and much of the activity in Colorado overlaps with GrSG habitat 
(Fig. 20). 
  
The COGCC (Colorado Oil and Gas Conservation Commission 2006) reported that approved 
Applications for Permits-to-Drill (APDs) increased 50% from 2004 to 2005 (from 2,915 to 
4,373; Fig. 21), and permits in 2006 increased another 35% over 2005 (from 4,373 to 5,904; Fig. 
21; Colorado Oil and Gas Conservation Commission 2007a).  Early 2007 APD statistics suggest 
that the number approved in 2007 could reach 6,350 (Colorado Oil and Gas Conservation 
Commission 2007b).  This increase in permits dwarfs that seen in the energy boom of the early 
1980s (Fig. 21).  The majority of these permits are for new wells; in 2005, 99% of the permits 
were for new wells.  In Garfield County (one of the counties overlaying the PPR GrSG 
population), drilling permit totals more than tripled from 2003 (566 APDs) to 2006 (1,844 APDs; 
Colorado Oil and Gas Conservation Commission 2006, 2007a).  Many of these wells are likely 
to be developed within GrSG habitat. 
 
In May, 2007, 2 new energy development-related bills were passed through the Colorado State 
legislature.  Both are geared at finding a better balance between oil and gas development in the 
state and providing adequate protection for wildlife and natural resources.  The first bill, 
HR1341, reorganized the COGCC to include 7 appointed members, including 3 members with 
expertise in the oil and gas industry, 1 member with substantial expertise and/or experience in 
wildlife or the environment, and 1 member with soil conservation and/or reclamation expertise.  
The intent was to balance representation on the committee that governs decisions regarding oil 
and gas development in the state.  The second bill, HR 1298, The Colorado Habitat Stewardship 
Act of 2007, reaffirms the state's responsibility to plan and manage oil and gas operations in a 
manner that balances development with wildlife conservation.  This bill directs the state to 
minimize or avoid adverse impacts to wildlife resources whenever possible, and mitigate impacts 
when they are unavoidable. 
 
The 2005 Energy Act (Energy Policy Act of 2005, H.R.6, Section 369) included an emphasis on 
the development of domestic energy sources, and in particular, oil shale.  The largest US deposits 
of oil shale are in the Green River formation, which includes the Piceance Basin in Colorado 
(Fig. 22), and 72% are owned by federal entities (Bartis et al. 2005).  The new legislation 
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removed earlier provisions that restricted large-scale development of oil shale, and required that 
public lands be made available for research, development, and demonstration (RD&D) leases for 
oil shale within 6 months.  This legislation, along with higher oil prices and the advent of new oil 
shale in situ extraction techniques, has encouraged companies to pursue the development of oil 
shale resources.  Five proposals for RD&D leases, all within Colorado, have been approved by 
the BLM (which included environmental analyses under NEPA).  Commercial leasing could 
begin as early as July, 2008. 
 
The majority of the high potential areas for oil shale development in Colorado are within the 
BLM’s White River Resource Area (WRRA), in Rio Blanco County (Fig. 22).  In 1997 the BLM 
(WRRA) identified approximately 223,860 acres of land available for oil shale leasing and 
development (of which 39,140 acres will be available for open pit development; Bureau of Land 
Management 1997).  Although full-scale development of oil shale will be somewhat delayed by 
the need to develop the most economical extraction techniques, estimates are that full-scale 
production could occur within 20 - 30 years (Bartis et al. 2005). 
 
An important note, from the GrSG perspective, is the considerable overlap in potential resources 
for oil and gas drilling and oil shale extraction (Fig. 23).   
 
Coal is also increasing in demand and use as an energy source.  Coal production in the United 
States reached record levels in 2005 (Freme 2005).  The wide-ranging economic expansion 
experienced in China in 2004 drove world markets for many commodities into overdrive and 
helped to reestablish the United States into Asian coal markets (Energy Information 
Administration 2005).  Colorado ranked 6th in U.S. coal production, which has increased 
dramatically since 1958 and reached 40 million tons produced in 2004 (Colorado Geological 
Survey 2004).  Demand for coal is expected to remain high due to continued economic 
expansion and elevated natural gas prices (Freme 2005). 
 
Colorado’s coal is considered “clean coal” because it is low in mercury, arsenic, sulfur, and ash, 
making it in demand at power plants because it can be used without the added cost of washing 
(Colorado Geological Survey 2004).  The largest coal reserves in the state also significantly 
overlap GrSG habitat and include large portions of the NWCO and PPR populations (Fig. 24).  
Note that coal reserves also overlap with potential oil, gas, and oil shale resources (Figs. 23 and 
24). 
 
The following information summarizes the evidence for impacts to GrSG from energy 
development and mining, including cumulative landscape-level impacts.  We also identify the 
primary impact(s) for each type of energy development or mining (e.g., coal, uranium, gravel, 
sodium), and examine the potential for growth of each industry in specific GrSG population 
areas in Colorado.  Infrastructure associated with energy and mineral development (e.g., 
powerlines, pipelines) is mentioned where relevant, but specific impacts are covered in more 
detail in a separate section (see “Infrastructure” issue section, pg. 170), as are impacts of roads 
(see “Roads” issue section, pg. 193). 
 
For analysis and exploration of potential approaches to address the cumulative impacts of energy 
and mining development on GrSG, see the “Housing Development and Surface Mining” [pg. 
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217] and “Oil and Natural Gas Development” [pg. 223] sections of the Population Viability 
Analysis, “Energy and Mineral Development: Avoiding and/or Mitigating Impacts” [pg. 292], 
and “Energy and Mineral Development” strategy section [pg. 313].



 

Fig. 20.  Current and potential oil and gas development in Colorado GrSG population areas. 
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Fig. 21.  Annual Colorado oil and gas drilling permits, 1964 – 2006 (COGCC 2002, 2003, 2004, 2005, 2006, and 2007a).  Data are 
actual numbers of statewide permits except for 2002, which is an estimate. 
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Fig. 22.  Potential oil shale resources in Colorado and neighboring states (Bureau of Land Management 2006). 
 

114

C
olorado G

reater Sage-grouse C
onservation Plan 

Issues
Energy and M

ineral D
evelopm

ent



 

Fig. 23.  Overlap in (1) potential oil shale and (2) potential and current oil and gas development in Colorado GrSG population areas. 
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Fig. 24.  Current and potential coal and other mining development in Colorado GrSG population areas. 
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Evidence of Energy and Mineral Development Impacts to GrSG and GrSG Habitat 
 
Although the activities and structures covered in this section are not all related, their potential 
risks to GrSG are similar and can be grouped into 5 general categories: (1) direct disturbance, 
displacement, or mortality of grouse (this includes physiological stress to birds); (2) direct loss of 
habitat, or a decline in habitat suitability through fragmentation and reduced habitat patch size 
(see “Habitat: Fragmentation, Quality, and Quantity” issue section, pg. 151 and “Infrastructure” 
issue section, pg. 170); (3) increase in predation (see “Predation” issue section, pg. 183); (4) 
increase in invasive plant species and the potential for reduced habitat quality (see “Weeds: 
Noxious, Invasive, and Encroaching Plants” issue section, pg. 198); and (5) cumulative 
landscape-level impacts: the synergy of the first 4 listed factors may result in a greater impact to 
GrSG populations than the factors do individually.  (For an additional summary of the literature 
on this topic, see Appendix H, “Literature Review: Oil and Gas Development Impacts on Prairie 
Grouse”.) 
 
Because many of the potential factors that can affect sage-grouse populations are correlated, it is 
unclear how individual components of development might impact GrSG populations.  
There is currently no peer-reviewed published literature evaluating the effects of oil and gas 
development on GrSG specifically in Colorado.  Research in Wyoming and Montana, conducted 
in the same ecoregion (Wyoming Basin) as many of Colorado’s GrSG, represents the only 
published information available regarding how GrSG populations respond to gas development 
(Lyon and Anderson 2003, Holloran 2005, Kaiser 2006, Walker et al. 2007a, Doherty et al. 
2008).  Preliminary coal bed natural gas-related research from Montana and Wyoming offers the 
first landscape-level examination of cumulative impacts to GrSG from energy development 
(Walker et al. 2007a, b; Doherty et al. 2008).  We acknowledge some limitations of any 
information that infers a treatment effect that is derived from a descriptive, non-experimental 
research approach.  However, we also recognize that experimental research on oil and gas 
development impacts to GrSG is difficult to achieve.  Nevertheless, GrSG conservation planning 
and management efforts need to move forward (see “Adaptive Management”, pg. 10).  
Therefore, the SC supports the use of the only available information regarding energy 
development and GrSG, until better information is available.   
 
 
(1)  Direct Disturbance, Displacement, or Mortality of Grouse 
 
Braun et al. (2002) reviewed hypotheses and preliminary data suggesting adverse impacts to 
sage-grouse from energy development.  More recent studies have documented adverse impacts to 
sage-grouse by disruption of their behavior, resulting in displacement and demographic 
consequences (Lyon and Anderson 2003; Holloran 2005; Kaiser 2006; Walker et al. 2007a, b; 
Doherty et al. 2008).  Some of the factors that could affect GrSG behavior include human 
activity during exploration, activity at wells and mines, collisions with vehicles, collisions with 
powerlines, increased raptor predation near powerlines, and road traffic, both during construction 
and during production (Holloran 2005, Walker et al. 2007a, Doherty et al 2008).  There are often 
additional disturbances beyond an energy or mineral development site, including those at related 
access roads, surface facilities, rail spurs, temporary roads, and exploration drill holes.  Increased 
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human activity and noise associated with facilities (e.g., pumping, retorting, surface mining, 
compressor stations) may cause grouse to avoid an area or to be displaced, and may impact 
breeding activity (Braun et al. 2002, Lyon and Anderson 2003, Holloran 2005).  Such effects 
might be expected to extend beyond the immediate site of development, depending on the degree 
of activity and noise.   
 
Remington and Braun (1991) reported that GrSG lek attendance decreased on leks within 1.2 
miles of coal mining activity relative to “control” leks, although overall population trends in the 
area did not change during this time.  Whether or not disturbance will ultimately affect the larger 
GrSG population depends on the number and distribution of disturbed sites.  
 
Holloran (2005) investigated GrSG in an area of intensive gas development in Wyoming and 
found that the number of males using leks declined where there were more than 5 producing 
wells within 1.8 miles of the lek.  Noise, rather than the visual effects of drilling rigs appeared to 
impact lek attendance.  However, Holloran’s work suggested it was difficult to evaluate the 
impact of individual disturbance factors (such as noise) on GrSG; the cumulative effect of 
multiple factors associated with drilling appeared to be more important than any individual 
impact.  Lyon and Anderson (2003) found that GrSG females in disturbed areas nested further 
away from leks, and had decreased nest initiation rates.  Holloran (2005) showed increased 
mortality of GrSG females associated with wells. 
 
In addition, Holloran (2005) reported that adult female GrSG showed high nest site fidelity, 
regardless of gas development levels, but yearlings selected nest sites further from main haul 
roads than did adult females.  Brooding female survival was lower in areas with gas field 
development impacts than in control areas.  Modeling exercises and population calculations 
suggested that these impacts will lead/have led to population declines in the area (Holloran 
2005).  Holloran concluded, for his study area with its high level of development, that existing 
BLM stipulations were inadequate to protect GrSG during lekking, nesting, and brood-rearing 
periods.   
 
In Wyoming, Walker et al. (2007a) identified severe negative impacts of coal-bed natural gas 
development on sage-grouse breeding populations (as indexed by counts of displaying males), 
even after controlling for habitat loss and considering alternative explanations.  Doherty et al. 
(2008) documented avoidance of coal-bed natural gas fields by sage-grouse in winter and 
showed that females were 30% less likely to use otherwise suitable habitat if it had coal-bed 
natural gas development.  
 
Among sagebrush community species, sage-grouse might be particularly sensitive to disturbance, 
especially during the breeding season.  Because sage-grouse gather on leks and breeding displays 
have an acoustic component, multiple sage-grouse can be affected at a single disturbance site, 
and a display arena might be particularly vulnerable to noise disturbance.  Some disturbances 
may directly affect a small area, but if they impact leks they may have an exaggerated effect on 
the population because of the potentially large number of birds affected. 
 
In general, oil and gas operations may produce excess water that is: (1) held in containment pits; 
(2) re-injected back into an injection well; or (3) hauled away via truck to an approved disposal 
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facility.  The quality of produced water varies, but open water pits could conceivably become 
mosquito breeding habitat where water was not previously present (Zou et al. 2006, Walker et al. 
2007b).  Sand and gravel pits are often left as open water ponds after completion of mining, also 
potentially enhancing mosquito habitat.  Any increase in the distribution and numbers of 
mosquitoes could pose a risk to GrSG because these insects spread West Nile virus (see also 
“Disease and Parasites” issue section, pg. 103).  However, open water pits resulting from energy 
or mineral development are not considered to be an issue for GrSG in Colorado at this time 
because generally excess water is re-injected or hauled away (see Appendix G, “Energy and 
Mining Leasing and Development Process”). 
 
In addition, if containment pits hold water not suitable for consumption or surface discharge, 
these areas could be detrimental to GrSG if a bird becomes trapped or attempts to access the 
water.  These pits are protected from use by grouse and other birds through standard mitigation 
actions such as fencing, netting, or other methods to restrict their access. 
 
Direct mortality of grouse from collisions with overhead power and telephone lines has been 
documented (Borell 1939, Ligon 1951, Sika 2006, J. Stiver, University of Nebraska, personal 
communication), but examples have been isolated and anecdotal.  Although these incidents result 
in the death of individual grouse, there has been no evidence for population-level impacts.  
Grouse mortality could also be caused by collisions with wind turbines, communication towers 
(and associated guy wires), fences, and various structures in utility corridors.  The USFWS has 
proposed a set of guidelines to minimize the danger of collision with wind turbines (Manville 
2004).  Although mortality of GrSG from road traffic has been observed (Holloran 2005), it is 
not expected to have a significant impact on populations (see “Roads” issue section, pg. 193). 
 
 
(2) Direct Habitat Loss 
 
Construction of any structure, or any surface-disturbing activity in sagebrush habitat will 
inevitably result in vegetation disturbance and removal, equating to habitat loss for sage-grouse.  
Surface mining operations (e.g., coal, oil shale) may remove large areas of habitat, and after 
mining it may take 15 - 30 years or more to reclaim the habitat to a condition deemed to be 
usable by GrSG (Bureau of Land Management 1991a, Monsen 2005).  Furthermore, some 
reclamation efforts that are grass-dominated do not necessarily result in suitable sage-grouse 
habitat. 
 
In other types of energy development or mineral extraction, the total amount of direct habitat loss 
may be a small percentage of the overall landscape because many of these structures and the 
resulting habitat loss are relatively small points (such as an individual well pad), and/or narrow 
and linear (such as roads, pipelines, and powerlines).  Although the total amount of habitat lost 
may not be great, the impact these features have on habitat may extend beyond their immediate 
boundaries by fragmenting larger units of habitat, potentially making it less effective habitat for 
sage-grouse (constituting a “loss” of habitat; see “Habitat: Fragmentation, Quality, and Quantity” 
issue section, pg. 151).  In addition, large-scale development of multiple industries (e.g., oil and 
gas, oil shale, coal) in a single area could result in a collectively large loss of habitat. 
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Pipeline corridors and buried powerlines represent a temporary habitat loss, if they are 
revegetated to appropriate shrub and understory species.  However, frequent human use of, and 
activity in corridors may diminish the positive impact of revegetation efforts, resulting in 
effective habitat loss.  Primary corridors congregate multiple lines and their resulting impacts, 
minimizing habitat loss.  Overhead powerlines may have a long-term linear effect on native 
sage-grouse habitat by fragmenting habitat or through the creation of potential predator travel 
lanes.  
 
(3) Increase in Predation Pressure 
 
Elevated structures of various types may provide perch sites for raptors that prey on grouse, 
possibly resulting in increased predation (see also “Infrastructure” [pg. 170] and “Predation [pg. 
183] issue sections).  In addition, if grouse perceive a greater threat of harassment and/or 
predation, they might avoid areas with overhead structures, whether they are linear, such as 
powerlines, or not, such as drilling rigs or wind turbines.  It is unknown how far elevated 
structures must be from sage-grouse to have no effects on the birds (e.g., behavioral changes, 
increased predation). 
 
Research that clearly addresses this risk is limited.  Ellis (1987) attributed changes in sage-
grouse movements on a lek and a shift in lek location in northeastern Utah to construction of a 
345-KV transmission line within 660 feet of the lek.  Braun et al. (2002) suggested that increased 
avian predation associated with nearby powerlines may have contributed to lower growth rates in 
one Wyoming GrSG population.  Walker et al. (2007a) found that, after controlling for habitat 
loss, probability of lek persistence declined with proximity to powerlines and with increasing 
area affected by powerlines within 4 miles of a lek.  Negative effects of energy development 
(including powerlines) outweighed those of powerlines alone. 
 
Another possible influence on predation rates is reduction in sagebrush cover in any energy or 
mineral development area.  A substantial reduction in sagebrush canopy that serves as hiding 
cover for sage-grouse could increase the risk of predation.  In addition, the presence of roads, or 
paths cleared under powerlines or for pipelines, that fragment previously contiguous habitat may 
change the behavior of terrestrial predators by providing easy travel lanes into sagebrush habitat 
(Chesness et al. 1968, Haensly et al. 1987, Mankin and Warner 1992).  Habitat fragmentation 
could also force grouse to move across more open areas (less optimal habitat), potentially 
exposing them to predators more frequently than in contiguous sagebrush habitat.  As noted 
earlier, above-ground power lines and transmission lines can result in a long-term linear effect to 
native habitat (habitat fragmentation and creation of potential travel lanes for predators), 
depending on the type of power line right-of-way and vegetative cover. 
 
 
(4) Increase in Invasive Plant Species and Habitat Quality Decline 
 
Construction and use of any substantial structure or road in previously contiguous habitat can 
facilitate invasion by noxious weeds and other invasive plants (Bureau of Land Management 
1999; see also “Infrastructure” [pg. 170], “Roads” [pg. 193], and “Weeds: Noxious, Invasive and 
Encroaching Plants” [pg. 198] issue sections), and may increase deposition of dust on plants, 



Colorado Greater Sage-grouse Conservation Plan 
 

Issues 
Energy and Mineral Development 

121

potentially degrading GrSG habitat (Gelbard and Belnap 2003, Bergquist et al. 2007).  Effects 
may be particularly pronounced in areas with high traffic volume and long-distance travel by 
vehicles.  Reclamation efforts may also inadvertently introduce noxious or invasive weeds 
(Tyser and Worley 1992), thereby permanently and unpredictably altering the sagebrush 
community.  Soil erosion, disruption, contamination of water sources, and lowering of water 
tables may result from activities associated with oil and gas drilling (Wyoming Game and Fish 
2003, Bureau of Land Management 2004a); although these could affect sage-grouse habitat, it is 
likely that other impacts would affect GrSG populations earlier and more significantly. 
 
 
(5) Cumulative Landscape-level Impacts of Energy and Mining Development on GrSG 
 
The first 4 listed potential impacts may interact or combine in a way that creates overall greater 
consequences for GrSG populations.  In fact, if there is synergy among the individual specific 
impacts, that cumulative effect could be the most important overall issue within energy and 
mineral development. 
 
There has been less research on this topic than on the individual impacts listed earlier, (1) - (4), 
largely because of the difficulty in addressing such a broad issue.  However, recent research in 
Montana and Wyoming has examined landscape-level impacts of energy development, without 
teasing out the specific proximate factors that might affect GrSG (Holloran 2005, Walker et al. 
2007a, Doherty et al. 2008), such as direct disturbance, predation levels, or habitat 
fragmentation.  Walker et al. (2007a) controlled for habitat loss and still found negative impacts 
on lek persistence by coal-bed methane development.  Holloran (2005) found the total maximum 
number of males declined 51% on heavily impacted leks from the year prior to impact to 2004 
(control leks declined 3% during the same time period).  Further, the total maximum number of 
males on three heavily impacted leks situated centrally within the developing field declined 89%, 
and 2 of the 3 leks were essentially inactive in 2004.  Research in the Powder River Basin, where 
75% of the area is under federal mineral estates (Bureau of Land Management 2003, Bureau of 
Land Management and the State of Montana 2003) suggests that GrSG avoid otherwise suitable 
lek and winter habitat in areas where coal bed natural gas is being developed (Walker et al. 
2007a, Doherty et al. 2008).  This is even the case when lease stipulations and mitigation 
measures designed to protect GrSG and/or enhance habitat are in place (Walker et al. 2007a, 
Doherty et al. 2008). 
 
The forecast for dramatic increases in oil and gas, oil shale, and coal development in Colorado, 
particularly within the PPR and NWCO population areas (see Figs. 23 and 24, pp. 115-116), 
suggests that the cumulative effects of all these facilities could have an adverse impact on sage-
grouse. 
 
For analysis and exploration of potential approaches to address the cumulative impacts of energy 
and mining development on GrSG, see the “Housing Development and Surface Mining” [pg. 
217] and “Oil and Natural Gas Development” [pg. 223] sections of the Population Viability 
Analysis, and “Energy and Mineral Development: Avoiding and/or Mitigating Impacts”, pg. 292. 
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Oil, Natural Gas, and Coal Bed Methane Development 
 
The primary risks to GrSG from oil, gas, and coal bed methane (CBM) development are elevated 
mortality due to collisions and WNV, disturbance of birds that may force them into suboptimal 
habitats with elevated predation rates (resulting in a decline in habitat suitability), and direct 
habitat loss.  A detailed description of the oil and gas development process is provided in 
Appendix G, “Energy and Mining Leasing and Development Process”. 
 
The construction phase of well development (drilling and completion), which typically takes 1 - 
2 months for a single drill bore (but can extend up to 14 months or more for a multiple drill hole 
well pad), is a period of high intensity human activity, noise, road and equipment use, and site 
disturbance.  This period is considered one of high impact to sage-grouse, especially if it 
coincides with seasons when the birds might already be stressed (Bureau of Land Management 
1991a).  However, adverse impacts to GrSG may continue to occur following the construction 
phase, during normal operations (Holloran 2005 Walker et al. 2007a, Doherty et al. 2008).  
 
Typical natural gas drill pads require an average of between 2 acres for single wells and 5 acres 
where multiple wells are drilled from 1 surface location.  Drill pads with multiple wells may be 
as large as 10 acres, but may also house more than 20 wells at 1 site.  Areas for drill pads are 
cleared of all vegetation using a bulldozer or other earth-moving equipment.  Topsoil is typically 
removed and stored for use in reclaiming some of the site after construction is complete.  When 
initial drilling results in a “dry hole” or a well becomes depleted, the well is plugged and 
reclamation occurs.  Interim reclamation may occur on part of the well pad after well 
completion, and less area is required to maintain the well in production.  Access roads have a 
driving surface of 16 to 18 feet wide, and an assumed total disturbed width of 35 feet.  
Directional drilling may be employed to reduce the amount of surface disturbance necessary to 
drill wells or to reach bottom-hole locations that may not be accessible from the surface with a 
straight hole.  More than 1 well can be drilled from a single surface location using this 
technology.  The distribution, or density, of well pads and associated infrastructure has a great 
influence on the potential development impact to sage-grouse.  Holloran (2005) worked in an 
area with high density drilling (40 well pads/mi2), and found evidence of demographic impacts to 
GrSG.  
 
The BLM is responsible for managing oil, gas, and CBM development on federal lands and on 
lands where the federal government retained the minerals and patented the surface (termed a 
“split estate”).  A large proportion of oil and gas development on GrSG habitat in Colorado is 
administered by the BLM.  Typically, the BLM identifies lands available for leasing (and any 
stipulations designed to mitigate potential impacts from oil and gas development) through the 
Land Use Planning (LUP) process; CBM development follows the same process.  At the site-
specific level, the BLM is required to analyze potential impacts of a proposed exploration, 
development, or production activity through NEPA, and complete any necessary clearances or 
consultations, such as those required by the Antiquities Act or the Endangered Species Act. 
 
There are some inherent problems with this approach.  Current standard BLM stipulations to 
protect sage-grouse and sage-grouse habitat are limited to (1) permanent avoidance of surface 
disturbance within 0.25 miles of active sage-grouse leks to protect leks from disturbance (for 
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discussion of the 0.25-mile buffer, see pg. B-5, Appendix B, “GrSG Disturbance Guidelines”); 
and (2) temporary restriction of activities, generally during the period from March through June, 
to protect sage-grouse nesting habitat from disturbance during the nesting period (or in winter 
habitat during the appropriate period).   
 
Research in Wyoming and Montana (Holloran 2005; Walker et al. 2007a, Doherty et al. 2008) 
suggests that standard stipulations designed to avoid significant impacts to sage-grouse are not 
effective, at least in areas experiencing large-scale and intense energy development.  These 
studies find that the current stipulations are inadequate to achieve the desired effect.  The 3 
studies document instances where disruption of sage-grouse breeding, increased mortality of 
sage-grouse, and declines in sage-grouse populations occurred as a result of energy development 
in locations where standard BLM timing and habitat avoidance stipulations were in full force and 
effect.  Stipulations are placed on federal oil and gas leases at the time the lease is issued.  There 
are few mechanisms to strengthen stipulations or add additional stipulations on an oil or gas 
lease after the lease is issued, even when existing stipulations prove inadequate or ineffective.  In 
addition, industry may request waivers (permanent removal) or exceptions (case-by-case basis) 
of stipulations.  Although waivers are rarely approved, both are evaluated by BLM, and 
exceptions are often granted if analysis determines the stipulation is not necessary or would not 
provide significant benefit to sage-grouse.  If a waiver or exception is approved, the stipulation 
(and thus the intended protective measure) would not be applied to that location.  
 
The COGCC has broad statutory authority to regulate oil and gas development in Colorado, 
including (1) the drilling, producing, and plugging of wells and all other operations for the 
production of oil or gas; (2) the perforating and chemical treatment of wells; (3) the spacing of 
wells; and (4) oil and gas operations so as to prevent and mitigate significant adverse 
environmental impacts on any air, water, soil, or biological resource resulting from oil and gas 
operations to the extent necessary to protect public health, safety, and welfare, taking into 
consideration cost-effectiveness and technical feasibility. 
 
On non-federal lands with private mineral rights, COGCC is the only regulatory authority.  The 
COGCC adopted a policy in 1996 that stated, “Whereas it is the policy of the Colorado Oil and 
Gas Conservation Commission that, consistent with fostering, encouraging and promoting the 
development of oil and gas resources in Colorado, oil and gas operations should be conducted so 
as to prevent and mitigate significant adverse environmental impacts to wildlife…”  This 
resolution went on to describe a process of data collection efforts and analysis to assess wildlife 
impacts and encourage voluntary cooperation among oil and gas operators in preventing and 
mitigating impacts to wildlife.  Adoption of new legislation in 2007 strengthens the commitment 
to balancing development with wildlife conservation, directing the state to minimize or avoid 
adverse impacts to wildlife resources whenever possible, and mitigate impacts when they are 
unavoidable. 
 
Three of the basins in Colorado that have high oil and gas potential also encompass currently 
occupied habitat of GrSG populations (Fig. 20, pg. 112): (1) the Piceance Basin (PPR 
population); (2) the Sand Wash portion of the Greater Green River Basin (NWCO population); 
and (3) the North Park Basin (NP population).  Potential areas for CBM development may 
overlap with other oil and gas operations. 
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The level of future development activity varies significantly among the 3 basins.  When 
preparing a Resource Management Plan/Environmental Impact Statement (RMP/EIS), the BLM 
prepares a Reasonable Foreseeable Development (RFD) scenario of future oil and gas 
development (including CBM).  The RFD usually includes an anticipated number of additional 
wells and associated surface disturbance, for impact analysis purposes.  However, it should be 
noted that well numbers alone do not necessarily reflect the potential level of disturbance to 
wildlife in an area: 
 

“If oil and gas activities are scattered over a large area and outside of crucial habitat 
areas, the total disturbed acres in any given year would not, by itself, have a significant 
impact.  If oil and gas activities were concentrated in a small area over an extended 
period, detectable significant impacts would be anticipated.  Field development with a 
concentrated number of wells could cause significant direct and indirect impacts” 
(Bureau of Land Management 1991a:4-3). 

 
The level of future development in the Sand Wash portion of the Greater Green River Basin is 
currently being analyzed in the Little Snake Field Office RMP Revision.  An updated RFD has 
been prepared and an additional 3,031 wells (approximately 950 currently exist) are anticipated 
to be drilled during the next 15 - 20 years (Fred Conrath, Bureau of Land Management, personal 
communication).  As part of the RMP revision process, mitigation measures to protect GrSG and 
their habitat are being considered. 
 
Although the Piceance Basin is within the boundaries of 3 BLM field offices (White River, 
Glenwood Springs, and Grand Junction), occupied GrSG habitat predominately falls within the 
White River Field Office (WRFO) boundary.  The WRFO is currently initiating a RMP/EIS oil 
and gas amendment to address future oil and gas development within the Piceance Basin.  An 
updated RFD is currently being prepared.  The Piceance Basin is one of 5 areas identified as 
highest priority for development potential by national energy policy (Energy Policy and 
Conservation Act).  As such, the area overlapping the PPR GrSG occupied habitat expects to see 
more than a 3-fold increase in annual well drilling permits and continued production (current 
number of wells is approximately 4,000).  As part of the RMP revision process, mitigation 
measures to protect GrSG and their habitat will be prepared.   
 
The level of oil and gas development in the North Park Basin was analyzed in the Kremmling 
Field Office’s (KFO) 1991 Oil and Gas RMP amendment (Bureau of Land Management 1991b).   
The RFD projected 100 wells during the life of the plan, and these numbers are still valid 
(approximately 250 wells exist today).  As part of the 1991 RMP amendment, mitigation 
measures to protect GrSG and their habitat were prepared.  Both KFO and the Glenwood Springs 
Field Office (GSFO) have initiated RMP revisions (2007) which will include estimates of future 
oil and gas development within their respective boundaries.  If significant CBM resources are 
discovered in North Park, the number of anticipated wells may increase substantially.  These 
additional wells could be drilled at tight spacings, similar to the development situation in the 
Powder River Basin studies by Walker et al. (2007a) and Doherty et al. (2008), and could have 
commensurate effects on greater sage-grouse.  However, no geological information is currently 
available to determine how this area might be developed in the future. 
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We do not expect the NESR, MP, and MWR GrSG populations to be impacted by significant oil, 
gas, or CBM activity in the near future. 
 
 
Oil Shale 
 
The primary potential impacts to GrSG from oil shale extraction are loss of habitat, disturbance 
of grouse in areas adjacent to development, and introduction of invasive plant species.  This is 
the case regardless of the method of oil shale extraction, whether by surface mining or by an in-
situ retorting process. 
 
Oil shale refers to any sedimentary rock that contains kerogen, which can be released as 
petroleum-like liquids when heated.  Oil shale can be mined and processed (retorting process) to 
generate oil similar to conventional oil, but is more complex to recover.  The largest deposits in 
the world are found in the Green River formation, in portions of Colorado, Utah, and Wyoming 
(Fig. 22, pg. 114).  Not all oil shale resources are recoverable, but those that are of highest 
potential are located in the Piceance Basin in Rio Blanco County (Fig. 23, pg. 115), and interest 
in oil shale development is growing rapidly.  More than 70% of the total oil shale acreage in the 
Green River Formation, including the richest and thickest oil shale deposits, are federally owned 
and managed lands. 
 
Surface mining of oil shale has many of the same impacts of other surface mining operations (see 
following section), particularly large-scale disturbance of vegetation and topography.  Although 
the in situ extraction technique being tested by Shell Oil company (Bartis et al. 2005) creates a 
smaller “footprint” than for surface mining of oil shale, extensive drilling at each individual site  
and added infrastructure (including transmission lines) may result in considerable habitat loss 
and/or could fragment sagebrush habitat.  Large gas or coal-fired electrical power plants will be 
required to heat the underground shale to 700 degrees for 3 - 4 years, as well as to power the 
“freeze wall” around the perimeter of the extraction zone, which would prevent groundwater 
from entering the zone.  The surface disturbance at oil shale sites may last for at least a decade 
(Bartis et al. 2005).  One estimate for when oil shale development will be at initial commercial 
operations is 12 years, with full-scale (larger area) operations in place in 20-30 years (Bartis et 
al. 2005). 
 
Oil shale development in Colorado would primarily overlap GrSG habitats in the PPR GrSG 
population, and would occur in areas that are already experiencing high natural gas development 
(Fig. 23), pg. 115, which is also expected to dramatically increase for the next 10 -15 years.  The 
Washakie Basin (Fig. 22, pg.114) also contains oil shale which may someday be developed, and 
this overlaps with part of the NWCO GrSG area. 
 
 
Mining 
 
The primary risks to GrSG from surface mining are direct loss of habitat, disturbance to birds in 
the area surrounding mining activity, and introduction and spread of invasive plants.  If a surface 
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mine later becomes an underground mine, its potential impacts regarding habitat loss and 
disturbance to birds decline.  Transport activities and infrastructure may continue to disturb 
grouse and habitat in a more limited area.  Disturbance from underground mining is limited to 
surface facilities, access roads, rail spurs, small exploration pads, gas vent holes, and escape 
shaft(s).  Surface effects from subsidence are minor and generally limited to shallow cracks, 
which close within a few weeks. 
 
Surface mining includes primarily coal in northwestern Colorado, but potentially oil shale (see 
earlier discussion), sodium, and other minerals.  It removes sage-grouse habitat by creating a 
“moving” open pit where the topsoil is removed and segregated.  Overburden (the material 
overlying a useful mineral deposit) is removed to expose the deposit, and placed in a mined-out 
area.  After mining, the area is graded to approximate original contours, topsoil is replaced, and 
the site is re-vegetated while mining continues in adjacent areas. 
 
Coal mining and reclamation requirements in Colorado stem from the Colorado Surface Mining 
Reclamation Act (34-33-101 et seq. C.R.S.) of 1979 and subsequent regulations promulgated by 
the Colorado Division of Reclamation, Mining, and Safety.  The statutes and regulations describe 
reclamation requirements, bonding requirements, performance standards, and statistical 
techniques for demonstrating the effectiveness of reclamation and require monthly inspection of 
each mine site.  Reclamation requirements are developed individually for mine sites, but plant 
materials used must be compatible with other plant and animal species found in the area and 
generally include a woody plant component.  Where wildlife habitat is a post-mining land use, 
plant materials are selected that can support and enhance wildlife habitat in the future and have 
nutritional and cover value for wildlife.  The arrangement of reclamation is designed to optimize 
benefit for wildlife.  It is important to note that mine reclamation does not necessarily result in 
restoration of suitable sage-grouse habitat.  Previous reclamation for most mines in northwestern 
Colorado has not met state reclamation standards for woody vegetation.  Success in replanting 
shrub species is relatively poor on lower elevation shrub steppe sites, and natural sagebrush stand 
regeneration may take 15 to 30 years, or longer (Bureau of Land Management 1991a, Monsen 
2005).   
 
Current coal mining operations overlap the NWCO GrSG population (Fig. 24, pg. 116).  The 
Colowyo and Trapper mines near Craig have been operating for 20 years and will continue into 
the near future.  Colowyo is currently disturbing 70 - 90 acres/year and reclaiming 125 - 150 
acres/year, while Trapper is mining 50 - 100 acres/year and reclaiming 100 - 150 acres/year.  
Both mines will probably go underground in the next 10 years.  Both companies are participating 
in a sage-grouse and sharp-tailed grouse study with CDOW.  Telemetry data show that GrSG are 
not currently using the Colowyo and Trapper mine areas, but are using nearby suitable native 
habitats. 
 
The Peabody mine is located southeast of Hayden, adjacent to NWCO GrSG habitat.  It is 
ceasing operations in 2006, but has the potential for starting an underground operation.  There is 
also a potential surface mine site in the Iles Mountain area in Moffat County, but operations here 
are not expected in the next 10 years.  Some potential for a mine site in the Ninemile Gap area in 
Rio Blanco County has been identified, but should not impact existing GrSG habitat. 
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The NP population area is underlain by coal deposits, most of which are not considered 
mineable.  Mining has occurred near Coalmont and east of Walden.  Mining ceased in 1993 
when the rail line from Laramie, Wyoming, was abandoned and removed.  No potential for new 
mines has been identified.  Reclamation activities in these areas have been fairly successful. 
 
Underground coal mines currently occur in northwestern Colorado and have the potential to 
affect the NWCO and PPR GrSG populations.  The 20-Mile mine near Hayden currently 
includes 475 acres of disturbed ground and will continue operations for the foreseeable future.  
Another underground mine is likely nearby as the 20-Mile deposit nears depletion.  Empire mine 
(close to Trapper mine) has been idle since 1995 and has 422 acres of disturbed area.  This mine 
is adjacent to, but does not overlap currently occupied sage-grouse habitat in the area.  No other 
new mines are foreseen in the Green River Region.  The Deserado mine east of Rangely began 
production in 1981 and will continue to operate in the foreseeable future.  There is no potential 
for additional mines in the Rangely area. 
 
Two sodium mines exist near the PPR GrSG population, but do not affect currently occupied 
habitat.  Effects of sodium mines are similar to those of other surface mines.  Natural Soda 
currently has 70 acres of disturbed land.  Each well pad and access road impacts approximately 
2.1 acres and the life of each well is 3 to 8 years.  American Soda, currently idle, has disturbed 
76 acres, including 22 acres for the 34 wells and access roads (approximately 1.5 acres per well 
and access road).  American Soda’s 40-mile pipeline to Parachute disturbed 300 acres.  This area 
has been re-vegetated, but not necessarily to suitable GrSG habitat.  If American Soda resumes 
operation at the pre-shut-down production rate, they would need to add 8 - 10 new wells per 
year.  Neither of these operations is located within GrSG habitat and should not directly affect 
the species.  
 
Uranium leasing and mining have occurred in occupied GrSG habitat in Colorado.  Uranium 
mining can occur in both underground and surface mining configurations.  Uranium exploration 
and mining have been dormant in the MP and NWCO populations for a lengthy period, but there 
has been a recent increase in lease filings and exploration activities in both populations.  Impacts 
to GrSG from prospecting, claim location, and exploration for uranium may occur without BLM 
or other land managers’ knowledge or oversight in several basins and areas that have metal 
potential and are not withdrawn from entry to mining.  Only upon large-scale exploration or 
production mining will thresholds be triggered to allow for full NEPA analysis and for mitigation 
of impacts to occur. 
 
Sand, gravel and other mineral mining activities may occur adjacent to existing river and stream 
channels, or in upland habitat areas.  This type of mining may also be located close to towns or 
areas of impending development, potentially affecting GrSG seasonal habitats.  Similar to other 
surface mines, these operations would directly remove existing habitat where they overlap and 
must be in close proximity to a well developed haul road to facilitate material transport. 
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Wind Energy Development 
 
Wind energy is an alternative energy resource that has increased in development over the last 5 
years.  Typical wind farms include multiple wind turbines, ranging from 75 - 250 feet high, 
access roads, associated above-ground facilities and electrical stations, and access to sufficient 
transmission powerlines.  Although no significant high wind potential areas overlap existing 
GrSG habitat in Colorado, individual wind turbines could be constructed in GrSG habitat, most 
likely on non-federal land. 
 
The USFWS has proposed a set of guidelines to minimize the danger of collision with wind 
turbines (Manville 2004).  The Colorado Public Utilities Commission has promulgated a rule 
requiring siting requirements, including (1) consultation with CDOW and certification of site-
specific avian surveys conducted on proposed wind facility sites; and (2) verification that the 
surveys are used in design, placement and management of the facilities.  Considerations include 
state and federally listed species, local bird migration pathways, critical habitat, and areas where 
birds or other wildlife are highly concentrated or considered at risk. 4 CCR723-3 (b) (c). 
 
 
Conclusion 
 
As is typical in many natural resources management scenarios, there is some uncertainty 
regarding the potential impacts of energy and mining on GrSG.  Nevertheless, it is reasonable to 
assume that at some level of activity, energy and mineral resource development will adversely 
affect GrSG in surrounding habitat.  Identifying that level of activity is difficult, in particular 
because of the interplay among multiple disturbance factors.  Although there is a lack of 
conclusive replicated experimental research on this subject, the preponderance of evidence 
clearly quantifying and outlining impacts to GrSG from oil and gas development in several GrSG 
populations is surfacing.  Because of (1) the potential for serious GrSG population impacts; and 
(2) the likelihood for extensive and intensive oil, gas, and mineral development in Colorado, 
caution should be used in energy development activities in sagebrush habitat.  Using an adaptive 
management approach will allow managers to proceed in the face of uncertainty (see “Adaptive 
Management”, pg. 10). 
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Fire and Fuels Management  

 
Fire and Sage-grouse Habitat Components 
 
The use of fire to remove sagebrush has been a popular tool for increasing forage production for 
livestock (Fischer et al. 1996a).  Prescribed fire in sagebrush-grasslands is increasingly used for 
improving wildlife habitat, as well.  Removing sagebrush by using fire may allow grasses and 
forbs to increase in abundance and productivity (Nelle et al. 2000), which may enhance sage-
grouse nesting and brood-rearing habitats (Sime 1991).  However, fire in sage-grouse winter 
range can decrease the capacity of areas to support sage-grouse (Sime 1991).  Response of sage-
grouse habitat to fire is variable because of site differences (Fischer et al. 1996a). 
 
In the short-term (2 - 3 years), prescribed fire did not enhance brood-rearing habitat in xeric sites 
and resulted in a significant decrease in abundance of ants, an important food source for sage-
grouse chicks (Fischer et al. 1996a).  In more mesic sites, Martin (1990) found an increase in 
forbs following fire in eastern Idaho.  Pyle and Crawford (1996) found a short-term increase in 
sage-grouse food supply for chicks on burned sites, in the form of increased forb cover and 
diversity, but cautioned that enough shrub cover needs to remain and be interspersed for 
protection of broods.  The ideal size and pattern of burned sites for enhancement of foods for 
sage-grouse chicks remain unknown (Pyle and Crawford 1996).   
 
The long-term impact (> 10 years) of fire on sage-grouse habitats was studied in southeastern 
Idaho (Nelle et al. 2000), in a predominantly mountain big sagebrush community.  Fourteen 
years after burning, sagebrush had not returned to pre-burn conditions.  The study concluded that 
burning created a long-term adverse impact on nesting habitat because sagebrush required over 
20 years of post-fire growth for canopy cover to become sufficient for sage-grouse nesting 
requirements.  In Wyoming big sagebrush communities, recovery to pre-fire conditions may take 
even longer (Bunting et al. 1987, Monsen 2005). 
 
The short-term benefits of fire to sage-grouse in the form of increased forb cover may be offset 
by the delayed recovery of sagebrush canopy cover that meets nesting and wintering 
requirements.  The ultimate effect of fire on sage-grouse habitat depends on site potential and 
condition, average precipitation, sagebrush types, and size and pattern of the burn (Miller and 
Eddleman 2000).  The use of fire for sage-grouse habitat management should be cautiously 
approached (Connelly et al. 2000b, c; Baker 2006) and evaluated on a site-specific basis. 
 
 
Sagebrush Species: Response to Fire 
  
Prior to European settlement, the sagebrush landscape was a mosaic of different sagebrush 
species, in varying seral stages, occupying areas with different soil, topographic, and moisture 
conditions (Miller and Eddleman 2000).  Fires historically occurred in many sagebrush 
communities on a regular basis.  Estimates of fire frequency vary, depending on the sagebrush 
species and local factors (Young et al. 1979, Wright and Bailey 1982, Howard 1999, Miller and 
Eddleman 2000, Baker 2006).  Recent research has suggested that fire rotation (time required to 
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burn once through a given sagebrush landscape) ranges from 35 - 450 years, depending upon 
sagebrush species and local community conditions (Baker 2006).  Earlier estimates of fire 
frequency have ranged from 10 - 100 years (Young et al. 1979, Wright and Bailey 1982, Howard 
1999, Miller and Eddleman 2000).  Fires spread in a patchy manner, especially in Wyoming big 
sagebrush, responding to the landscape mosaic and the amount and distribution of fuel in the 
understory (Howard 1999, Miller and Eddleman 2000).  Natural fire regimes in sagebrush-
dominated communities probably occurred on a variety of scales, from small to large. 
 
How fire affects a sagebrush community depends on multiple local characteristics such as 
dominant sagebrush species, aridity, soils, topography, and disturbance (Bunting et al. 1987, 
Miller and Eddleman 2000).  The primary sagebrush species present in GrSG habitat are 
Wyoming big sagebrush, mountain big sagebrush, black sagebrush, and basin big sagebrush.  All 
4 species are killed by fire, but can eventually reestablish (McMurray 1986, Bunting et al. 1987, 
Howard 1999, Johnson 2000, Miller and Eddleman 2000).  Recovery time frames for return of 
sagebrush following fire vary, especially depending on environmental conditions (West 1979, 
Bunting et al. 1987, Maier 1999, Maier et al. 2001) and size and intensity of fire (Johnson and 
Payne 1968).   
 
 
Wyoming Big Sagebrush 
 
Wyoming big sagebrush reestablishes slowly from the seedbank, or from seed produced by 
plants surviving the fire or by plants adjacent to the fire (Bunting et al. 1987, Howard 1999), 
replacing themselves at infrequent intervals (West 1979, Maier 1999).  New sagebrush seedlings 
seem to appear only short distances from mature plants.  Consequently, Wyoming big sagebrush 
cannot rapidly re-enter large openings, indicating that surviving plants adjacent to large openings 
are of “no practical importance as a seed source for reinvasion” (Johnson and Payne 1968:212). 
 
Additionally, adequate moisture for sagebrush seed germination is not present in all years or 
seasons, especially in the areas where Wyoming big sagebrush grows (Maier et al. 2001, Monsen 
2005) because Wyoming big sagebrush occupies the most xeric sites of all big sagebrush 
subspecies (Winward 2004).  Furthermore, the open aspect of many burned sites allows wind to 
move snow around, reducing moisture entrapment and further drying out the soil (Monsen 2005).  
Moisture availability is a key factor in initial survival of new seedlings (Johnson and Payne 
1968).  Maier et al. (2001) found seedling establishment of Wyoming big sagebrush is greatest in 
years with above-average winter (December-January) precipitation and speculated that winter 
snow cover is important to this subspecies.  In some cases, Wyoming big sagebrush stands did 
not demonstrate cohort recruitment for as many as 15 consecutive years in central Wyoming 
(Maier 1999). 
 
 
Mountain Big Sagebrush 
 
Mountain big sagebrush can reseed from surviving plants or plants in adjacent habitat (Johnson 
2000).  Generally this species grows in sites with more reliable moisture (Winward 2004), aiding 
in seedling establishment, but individual populations vary in their fire tolerance (Monsen 2005).  
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Mountain big sagebrush stands in central Wyoming appear to recruit more regularly than 
Wyoming big sagebrush stands (Maier 1999) with shorter intervals between cohorts, although 
both species recruit in infrequent “pulse” events. 
 
 
Basin Big Sagebrush 
 
Basin big sagebrush, while not a predominant part of sage-grouse habitat, occurs on mesic sites 
with deep soils, where fuel loads are likely to accumulate.  In addition, because moisture in these 
deep soils is available later into the summer months, the potential of these sites for grass and forb 
production is high.  Much of the basin big sagebrush habitat has been lost to agricultural 
conversion, and it now occurs in Colorado only in scattered patches west of the Continental 
Divide (Winward 2004).  Where it occurs, diversity and productivity of grasses and forbs is 
much greater than in Wyoming big sagebrush communities, and vegetation continues active 
growth longer into the growing season.  Although this larger sagebrush (the tallest of the big 
sagebrush complex) is less palatable to sage-grouse than some other sagebrush species 
(Remington and Braun 1985), the understory productivity and large shrub canopies may provide 
some habitat for sage-grouse in critical periods.  However, in the deeper, moister soils of basin 
big sagebrush sites, encroachment of deep-rooted perennial weed species is more likely.  
Prescribed fire is seldom needed in these stands.  Consequently, should wildfire occur in basin 
big sagebrush stands, grass and forb production will be high only if exotic species are not 
allowed to dominate the system, and return of sagebrush to the site may be slow.  Reseeding of 
sagebrush in these sites can be successful. 
 
 
Black Sagebrush 
 
Black sagebrush is a widespread species in Colorado, on shallow or claypan soils (Winward 
2004).  Understory production on black sagebrush sites is best where the restrictive soil layer is 
at least 12 inches below the surface (Winward 2004).  These sites should be the most likely to 
support fire and to respond with greater herbaceous production following fire.  Black sagebrush 
reseeds from off-site plants (McMurray 1986) and from the seed bank (Monsen 2005).  Fire does 
not spread readily through black sagebrush because of its generally sparse vegetation (McMurray 
1986), but in some cases cheatgrass has increased the fuel load and allowed fire to eliminate 
black sagebrush stands (Monsen 2005).  Because black sagebrush is heavily browsed by wildlife, 
increased grass and forb production following fire may be short-lived if wildlife use is not 
monitored.  This is also true in any sagebrush community where other resprouting, palatable 
browse species such as antelope bitterbrush, mahogany, and snowberry occur (Whisenant 2004). 
 
 
Altered Fire Regimes in Sagebrush Habitat 
 
Many new disturbance factors have been introduced to the sagebrush landscape since European 
settlement, including livestock grazing, aggressive alien plant species, cultivation, and multiple 
factors associated with an increased modern human presence on the landscape (Young et al. 
1979, Miller and Eddleman 2000).  The resulting altered landscape has experienced significant 
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changes in fire frequency, distribution, and intensity.  Two new scenarios have emerged in 
sagebrush habitats in the West that alter sagebrush community response to burning. 
 
First, in sagebrush stands where aggressive alien weed species such as cheatgrass have become 
established, fire frequency may increase (Whisenant 1990, Billings 1994, Tirmenstein 1999, 
Miller and Eddleman 2000), eventually changing the shrubland community to an annual 
grassland (Young et al. 1979, Connelly et al. 2000c, Miller and Eddleman 2000).  In areas of 
Idaho and Nevada, where large wildfires have occurred and exotic species are present, natural 
fire regimes and native landscapes have already been permanently altered.  In most GrSG 
population areas in Colorado, cheatgrass is not currently a dominant component of the 
vegetation, even though it is often present, and it has not yet greatly affected fire regimes. 
 
Second, where historic fire suppression has occurred, sagebrush communities can transition to 
dominance by piñon-juniper communities (Burkhardt and Tisdale 1969, Young and Evans 1981, 
Miller and Rose 1995, Miller et al. 2000).  Fire suppression in some sagebrush areas in Colorado 
may have contributed to piñon-juniper encroachment (NESRCP 2004; see “Piñon-Juniper 
Encroachment” issue section, pg. 179).  Fire suppression may also have caused a decline in 
GrSG habitat quality in Colorado. 
 
 
Prescribed Fire 
 
Prescribed burning can be used to open up large stands of late-seral sagebrush (Klebenow 1972), 
or to reduce advancing piñon-juniper in sagebrush habitat (Burkhardt and Tisdale 1969, Bunting 
et al. 1987, Miller et al. 2000).  Baker (2006) recommends against using fire to “thin” sagebrush 
stands because the result is not thinning, but dead patches of sagebrush.  However, great care 
must be taken to avoid exacerbating existing problems and to ensure weed invasion does not 
occur (Connelly et al. 2000c, Nelle et al. 2000, Monsen 2005, Baker 2006).  Removal of shrubs 
by fire can result in exposure of nutrient-rich sites where shrubs once stood, favoring subsequent 
entry of exotic annuals (Hassan and West 1986, Halvorson et al. 1997).  In instances where 
sagebrush habitat has become fragmented and limited, there is potential for fire to eliminate the 
existing sagebrush seed source, reducing the likelihood of natural regeneration via seedling 
recruitment of shrubs.  In areas where fire has been suppressed and exotic weeds are absent, the 
goal should be to re-introduce fire in a way that most closely reflects natural fire at the landscape 
scale and that meets the needs of GrSG.  When woody species (including piñon-juniper and 
Douglas fir) are encroaching on sagebrush habitat, mechanical treatments may be more effective 
than prescribed fire in keeping treatment areas small. 
 
In addition to reducing the density of woody vegetation, prescribed fire can also improve native 
forb and grass understory growth, and nutritional quality (Bunting et al. 1987, Miller and 
Eddleman 2000, Wirth and Pyke 2003) if sufficient moisture is available for regrowth following 
fires.  Sage-grouse use of burned habitat has been the subject of debate, but it appears that sage-
grouse will use burned sites as long as the sites provide appropriate cover and food resources 
during the season of use (Slater 2003).  
 
Favorable response of vegetation to fire for improved herbaceous production is limited by our 
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inability to anticipate favorable moisture availability after the burn.  Because sagebrush 
ecosystems have a highly variable precipitation regime, it is especially difficult to obtain desired 
results using prescribed fire.  In sagebrush stands at higher elevations, greater moisture 
availability allows more effective use of fire and large sagebrush types usually provide sufficient 
fuel to carry fire (Whisenant 2004).  If small openings and reduced density of shrubs is the goal, 
alternate management tools, such as mowing or spraying, may be preferable to use of fire. 
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Genetics: Small Populations 
 
Small populations face 3 primary genetic risks: inbreeding depression, loss of genetic variation, 
and accumulation of new mutations.  In this section we discuss each of these threats to 
population viability, and their relevance to Colorado GrSG populations. 
 
There has been much concern about the genetic viability of GuSG populations (Oyler-McCance 
1999, Oyler-McCance et al. 1999), but not as much concern about GrSG, and there is less 
information available regarding GrSG.  The persistence of a population is typically influenced 
more by demographic processes than by environmental or genetic effects (Lande 1988, Caughley 
1994, Soulé and Mills 1998).  But when the number of individuals in a population declines to a 
low level, genetic factors combine with demographic and environmental factors (i.e., "extinction 
vortices") and become increasingly important (Gilpin and Soulé 1986, Lande 1988, Soulé and 
Mills 1998). 
 
 
Inbreeding Depression 
 
In geographically isolated populations, inbreeding is inevitable because individuals will become 
increasingly related.  The genetic consequence of inbreeding is increased homozygosity 
(Falconer 1981).  This increase in homozygosity can have individual and population 
consequences (Fig. 25), either by increasing the phenotypic expression of recessive, deleterious 
alleles (Charlesworth and Charlesworth 1987), or by a reducing in the overall fitness of 
individuals in the population, assuming there is increased fitness in being heterozygous (i.e., the 
heterozygote advantage; Wright 1977), or both (Kimura and Ohta 1971).   
 
INBREEDING   

→ 
GENETIC              
CONSEQUENCES→ 

INDIVIDUAL          
CONSEQUENCES→ 

POPULATION 
CONSEQUENCES 

 Increased 
homozygosity; 
increased potential for 
expression of recessive 
deleterious alleles, or 
loss of heterozygosity 

Increased 
susceptibility to 
disease; physical 
deformity; reduced 
reproduction, 
increased mortality 

Decreased 
recruitment; 
declining population 
growth rate; greater 
probability of 
extirpation or 
extinction   

 
Fig. 25.  Diagram of consequences of inbreeding. 
 
 
Available evidence suggests that inbreeding is virtually universal (however, see Ralls et al. 
1984), but inbreeding depression is rare and has highly variable effects (see Lynch and Walsh 
1998, Crnokrak and Roff 1999, and Hedrick and Kalinowski 2000, for reviews).  In a survey of 
36 mammalian species, Ralls et al. (1988) estimated that a degree of inbreeding equivalent to 
parent-offspring mating reduced viability in captivity by 33%.  Crnokrak and Roff (1999) 
reviewed 35 studies of inbreeding depression in the wild and found that 141 out of 157 
populations showed reduced fitness in inbred individuals.  In addition, Crnokrak and Roff (1999) 
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found that inbreeding depression in the wild was substantially stronger than in captivity.  This 
agrees with experimental work showing inbreeding depression to be stronger in more stressful 
environments (Miller 1994).  However, the effect of inbreeding on fitness differs widely among 
species (Price and Waser 1979, Ralls and Ballou 1983, Ralls et al. 1988, Laikre and Ryman 
1991).  
 
There is no demographic evidence of inbreeding or inbreeding depression in sage-grouse.  
However, studies of greater prairie chickens in Illinois showed that fertility and hatching success 
of greater prairie chickens were correlated with a reduction in genetic variation, due to a 
population bottleneck caused by habitat loss (Bouzat et al. 1998a, b; Westemeier et al. 1998).  
However, there was no evidence that inbreeding depression was the mechanism creating the loss 
of genetic variation or the loss in fitness. 
 
It is likely that the deleterious effects of inbreeding will occur faster in small populations than in 
large ones (Frankham 1995).  In a randomly mating, geographically closed population, with 
discrete generations and modest variation in reproductive success, the average inbreeding 
coefficient (Ft) increases according to  

(1)  
 
where t is the number of generations and Ne is the genetic effective population size (Hedrick 
2000).  Inbreeding occurs much faster in a population of 20 than a population of 500 individuals 
(Fig. 26).  More specifically, the initial rate of increase is 25 times faster in a population of 20 
than 500.  This illustrates that avoiding small population size, even for a few generations, is 
essential for avoiding inbreeding and reducing the potential for inbreeding depression. 
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Fig. 26.  The increase of average inbreeding coefficient as a function of genetic effective 
population size and the number of generations of breeding. 
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There is no consensus on how large a population must be to avoid biologically significant 
inbreeding depression, and there is little reason to believe that a single critical size or threshold 
exists.  When inbreeding depression was first recognized as a threat to managed populations, 
Franklin (1980) and Soulé (1980) suggested that 500 individuals should be sufficient to avoid 
biologically significant inbreeding depression.  This rule-of-thumb was based on anecdotal 
evidence that domesticated animals seemed to tolerate this level of inbreeding.  Subsequent 
experimental inbreeding (in house and fruit flies), however, has shown that populations with a 
genetic effective size of 500 individuals often have substantial extinction rates (Latter et al. 1995, 
Bryant et al. 1999, Read and Bryant 2000).  Although Franklin’s (1980) and Soulé’s (1980) 
guideline of 500 individuals has been shown to be too small, no larger size has emerged as a 
replacement guideline. 
 
Although inbreeding depression is considered a potential threat to small populations, we have no 
information to evaluate the relative threat of inbreeding to GrSG.  In addition, we do not have 
reliable information from smaller GrSG populations to test whether there are any impacts on 
demographic rates (e.g., nest success, hatchability, juvenile or adult survival), to determine 
whether inbreeding depression is of concern.  Inbreeding in small populations does not 
necessarily increase the likelihood of extinction (Caro and Laurenson 1994, Caughley 1994).  
Furthermore, it is possible that natural selection may purge deleterious alleles from the species 
thereby eliminating the threat of inbreeding depression (Templeton and Read 1983, Lacy and 
Ballou 1998). 
 
 
Loss of Genetic Variation 
 
The loss of genetic variation, both within individuals and among populations, has the potential to 
reduce individual fitness and disrupt locally adapted populations (“outbreeding depression”).  
Adaptation to changes in the environment over time is more likely to occur with greater genetic 
variation among individuals in a population.  In principle, populations with large amounts of 
genetic variation will have a greater chance of coping with climate change, exotic diseases, or 
other stresses.  For example, O’Brien and Evermann (1988) found low variation in the major 
histocompatibility complex (an antigen-producing gene complex that plays a key role in the 
production of antibodies) in cheetahs, and documented 50 - 60% mortality in cheetahs over a 3-
year period due to a corona virus.  They advocate that genetically depauperate populations face 
enhanced susceptibility to infectious disease or parasitic agents.   
 
There have been many proposed mechanisms that introduce genetic variation into a population, 
including mutation.  However, there is no evidence of how existing levels of genetic diversity 
arose in sage-grouse.  Natural and sexual selection work to eliminate deleterious alleles and 
retain favorable alleles.  Genetic drift changes allele frequencies randomly, which leads to a net 
loss of genetic variation.  For neutral loci, average heterozygosity (H) in a population declines 
according to 
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where t indicates the generation and Ne is the genetic effective size of the population.  Note the 
similarity to Equation (1). 
 
There is no consensus on how large populations must be in order to retain a level of genetic 
diversity that maximizes evolutionary potential.  This question has been interpreted as how large 
a population must be in order for the processes of mutation and genetic drift to be balanced.  
Presumably, such a population would maintain its potential to adapt to local changes in the 
environment.  Unfortunately, answering this question with confidence requires a more detailed 
understanding of mutation and heritability than is now available.  Estimates currently range from 
500 to 5000 individuals (Franklin 1980, Lande and Barrowclough 1987, Lande 1995a), and these 
guidelines should be considered approximate. 
 
GrSG have higher genetic diversity than GuSG (Oyler-McCance 1999, Oyler-McCance et al. 
1999), but the consequences of this, regarding threat of extinction, are not well understood.  
While genetic theory and empirical evidence suggest the loss of genetic diversity can have 
deleterious effects on reproductive fitness of individuals, the effect on the probability of 
extinction of a species can only be theoretically modeled.  It has never been demonstrated that a 
population, much less a species, has gone extinct solely because of the loss of genetic diversity 
but rather by the interplay of demographic and genetic factors (Caro and Laurenson 1994). 
 
 
Accumulation of New Mutations 
 
Both genetic drift and natural selection change allele frequencies.  The strength of natural 
selection is independent of population size, and the consequences of genetic drift are stronger in 
small populations than in large populations.  One consequence of this is if a population is small 
enough, slightly deleterious alleles behave as if they are neutral, and are almost as likely to 
increase as to decrease in frequency.  When this is the case, slightly deleterious alleles can 
become fixed in the population.  More specifically, alleles with selection coefficients less than 
1/2 Ne will respond to genetic drift in a manner similar to alleles that are selectively neutral 
(Kimura 1983). 
 
Consider a population or species with a large number of individuals that then becomes reduced 
in size.  Before population decline, deleterious alleles arise by mutation and are eliminated by 
selection.  However, if the population declines in size enough, some deleterious mutations will 
become fixed.  This accumulation of deleterious alleles may lead to extinction of the population, 
and this process is frequently called “mutational meltdown.”  The deleterious alleles responsible 
for mutational meltdown can be divided into 2 types: deleterious alleles existing at the time of 
population size reduction, and those that are new mutations.  The adverse impact of deleterious 
alleles existing at the time of population size reduction is essentially inbreeding depression.  The 
mutational meltdown scenario predicts that in small populations the consequences of inbreeding 
depression will become magnified. 
 
Mutational meltdown is probably the most controversial genetic threat to small populations.  
There is no doubt that genetic drift will cause mildly deleterious alleles to increase in frequency 
in small populations, but estimates for how large populations will have to be in order to prevent 
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mutational meltdown vary dramatically.  For example, Lande (1995b), Lynch et al. (1995), and 
Charlesworth et al. (1993) suggested that populations will need to have a genetic effective 
population size of 1000, 100, and 12 individuals, respectively, to avoid accumulating mutations.  
The wide discrepancy among these estimates is due to uncertainty regarding mutation rates. The 
process of mutation accumulation is slow when measured on a time scale relevant to most 
conservation applications.  Even if mutational meltdown is a threat to small populations, it is 
expected to take hundreds to thousands of generations to occur. 
 
 
Conclusions 
 
Although there is no consensus on how large populations must be to avoid genetic problems 
associated with small population size, Shaffer (1987) states that populations smaller than a few 
hundred individuals warrant careful scrutiny in this regard.  As noted earlier, it is strongly 
debated whether reduced genetic variation reduces the viability of a population.   
 
Small populations, regardless of the amount of genetic variation, are at risk of extinction because 
of demographic fluctuations (Gilpin and Soulé 1986, Caughley 1994).  Because of such factors, 
Lande (1988) and Caughley (1994) argued that, for conservation plans, demographic and 
behavioral concerns should be a higher priority than genetic concerns. 
 
Small GrSG populations face many threats to their persistence, and these risks may interact.  For 
example, climate change and exotic diseases may stress GrSG populations in the future, and 
populations with more genetic variation should be able to deal with these stresses better than 
populations with less genetic variation (e.g., Keller and Waller 2002 and references therein).  
The low levels of genetic diversity are not apparent in Colorado GrSG populations, and there is 
currently no evidence of inbreeding depression. 
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Grazing 
 
Introduction 
 
Potential impacts of herbivory on sage-grouse and their habitat include (1) long-term effects of 
historic overgrazing on sagebrush habitat; (2) sage-grouse habitat changes due to herbivory; (3) 
direct effects of herbivores on sage-grouse, such as trampling of nests and eggs; (4) altered sage-
grouse behavior due to presence of herbivores; and (5) impacts to sage-grouse and sage-grouse 
behavior from structures associated with grazing management.  This assessment relies heavily on 
information available for GrSG distributed over a large geographic range of sagebrush systems.  
When available, more local and specific data regarding habitat use by a given GrSG population 
should take precedence over generalities stated here. 
 
Herbivory is an integral part of sagebrush ecosystems in the West, although large ungulate use 
differs with each site.  As Wambolt et al. (2002) observe, “…most of the research on sage-grouse 
habitat needs took place, and continues to take place, on habitats that are grazed.  We can see 
from the range of data that grouse and grazing coexist in many, if not most, areas so we know 
with reasonable certainty that grouse and livestock are not mutually exclusive.” 
 
 
Terminology 
 
The grazing factor that has greatest impact on vegetation and wildlife is “stocking rate” (Guthery 
1996).  Stocking rate (the measure of number of animal units per land unit area) provides a 
measure of the use to be expected over an entire year or grazing season, and is useful in 
comparing different grazing management systems.  “Stocking density” (the number of animal 
units per unit land area at a given instant in time) can also be helpful in understanding potential 
direct impacts such as trampling, because it provides records of animal concentrations at the time 
of use, and it describes the animal-to-land relationship (Heady and Child 1994).  “Grazing 
pressure” suggests relationships of animals to weight of available forage, and may not indicate 
trampling potential and animal distributions in the same way as stocking density and stocking 
rate. 
 
 
Variation in Sagebrush Ecoregions in Colorado 
 
There is considerable variety in sagebrush ecosystems; while some sagebrush communities have 
well-developed mixes of herbaceous understory species, others are relatively lacking in native 
herbs by virtue of the soils and climate within which these plant communities occur.  Variability 
in annual precipitation, temperature, position in the landscape, elevation, and soils dictate a site’s 
potential to produce desirable GrSG habitat conditions.  Goodrich (2005) provides a clear 
delineation of the capabilities of many sagebrush communities to produce sage-grouse habitat, 
based on the habitat characteristics provided by Connelly et al. (2000c).  A site’s response to 
ungulate grazing may also be influenced by the site’s individual characteristics, as well as by the 
natural selection processes with which the plant community evolved. 
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Recently, a group of interagency and private enterprise representatives developed a statewide 
ecosystem classification system for Colorado, based in part on R.G. Bailey’s Descriptions of the 
Ecoregions of the United States (Bailey 1995).  In this classification system there are 3 “Level III 
Ecoregions” in GrSG range in Colorado: Colorado Plateau, Wyoming Basin, and Southern 
Rockies (Fig. 27, Chapman et al. 2006).  These ecoregions stratify the environment by its 
probable response to disturbance (Bryce et al. 1999).  Designation of these ecoregions is useful 
for consistent structure and implementation of ecosystem management strategies across agency 
and non-governmental organizations (Omernik et al. 2000). 
 
The 3 Colorado ecoregions differ, but due to terrain, many characteristics separating the 
ecoregions may overlap.  In general, the Colorado Plateau has drier sagebrush sites and higher 
temperatures, limiting potential for habitat conditions that favor GrSG (West 1983a, b; Winward 
2004; Goodrich 2005).  However, within this ecoregion there are extreme elevation changes, and 
some sagebrush sites have lower temperatures, more moisture, and higher potential for more 
favorable GrSG habitat conditions.  The Wyoming Basin ecoregion, found in the northwestern 
part of the state (Fig. 27) also varies considerably in temperature, moisture, and site potential.  
The majority of the portion of this region in Colorado is more mesic than the Colorado Plateau, 
with higher potential for favorable GrSG habitat.  The Southern Rockies ecoregion includes the 
high elevation NP and MP areas (Fig. 27), and is generally higher and moister than the other 2 
regions.  There is more variation in climate and habitat potential in this ecoregion than in the 
other ecoregions, because elevations range from 6,000 feet to over 14,000 feet (Chapman et al. 
2006). 
 
In addition to a site’s potential to support (produce) desirable GrSG habitat, another important 
factor determining a site’s response to grazing is the amount of evolutionary exposure to 
herbivory that the area has experienced.  Large herbivore abundance in the Colorado Plateau, and 
to some extent the Wyoming Basin, is thought to have been relatively low compared to other 
ecoregions to the north and east (Miller et al. 1994, Dorn 1986).  With less evolutionary 
exposure to large animal herbivory, it is expected these areas have less resistance to grazing.  A 
conclusion could be that drier GrSG habitat sites with less evolutionary exposure to grazing are 
impacted more by herbivory than other sites.  Due to larger and deeper root systems than the 
forbs and grasses, shrubs have an advantage in utilizing the limited moisture on these sites. 
 
It is thought that fire was the major disturbance on many of these sites.  After fire, forbs and 
grasses become dominant in the plant community.  As succession progresses, the shrubs re-
establish and, due to their competitive advantage for moisture, become dominant in the plant 
community.  The degree of shrub dominance depends on site potential, period since last 
significant disturbance, and management.  Often the community will develop into a steady-state 
community with shrubs being dominant for a relatively long period of time.  These steady-states 
are resistant to change except for extraordinary events such as fire, long term drought, wet 
periods, or human intervention.  Grazing that selects for forbs and grasses can hasten the 
transition to a steady-state shrub community, although with proper use, forbs and grasses can 
remain a significant part of the plant community over a long period of time.



 

Fig. 27.  Level III ecoregions and Colorado GrSG population areas (Chapman et al. 2006). 
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Challenges in Assessing the Impacts of Grazing on Sage-grouse 
 
The evidence for impacts of herbivory on sage-grouse is greatly debated.  The impacts of grazing 
by domestic stock on sagebrush ecosystems have been examined in many studies (Laycock 1967, 
Vale 1974, Laycock 1978, Owens and Norton 1992, Archer 1994, Miller et al. 1994, West 1999, 
Belsky and Gelbard 2000, Jones 2000, Anderson and Inouye 2001).  However, it is difficult to 
separate grazing impacts on sage-grouse from other compounding factors such as climatic 
events, site-specific vegetative and historic use, presence of exotic weeds, and wildlife use 
(Rowland 2004).  Few studies attempt to separate other factors from grazing impacts on sage-
grouse, and no experimentally replicated manipulative studies have been conducted to separate 
grazing from other confounding factors (Braun 1987, Guthrey 1996, Beck and Mitchell 2000, 
Connelly et al. 2000c, Rowland and Wisdom 2002, Wambolt et al. 2002, Rowland 2004).  
Additionally, because response of grouse populations is often slow and lags behind vegetative 
manipulations (Crawford et al. 2004), sage-grouse may show little response for several years, 
making the ties between vegetation manipulations (e.g., habitat grazing, sagebrush treatment 
projects) and sage-grouse populations less obvious.  Even with improvement in range 
management and grazing systems, the impacts of domestic herbivory are not easily uncoupled 
from annual climatic variation, and other wildlife use (e.g., Holloran 1999, Kuipers 2004).  
 
An example of the difficulties encountered in identifying grazing impacts on sage-grouse is the 
interplay between forbs and drought.  Sage-grouse appear to be sensitive to forb abundance, and 
forbs are especially responsive to precipitation.  Fluctuations in forbs and other herbaceous 
species may vary greatly among years, irrespective of grazing management, and some recent 
studies of herbivory impacts on habitat have been compromised because of drought years.  
Drought is a natural condition in western rangelands and should not be considered abnormal, 
even though drought may stress populations that are already at risk.  Such confounding factors 
make interpretation of sage-grouse response to grazing particularly difficult.  Obtaining a clear 
understanding of the impacts on sage-grouse requires attention to such detail. 
 
In addition, information that is available is derived from different ecosystems, usually from 
studies of short duration (Crawford et al. 2004).  As mentioned earlier, responses of sagebrush 
communities to herbivory will vary depending on the community and site characteristics; 
assuming the response might be uniform across sagebrush communities does a disservice to 
meaningful communication and effective management.  There are several reviews available that 
consider the impacts of domestic livestock grazing on sagebrush-steppe and bird communities 
(Entwistle et al. 2000, Wambolt et al. 2002, Knick et al. 2003, Connelly et al. 2004, Crawford et 
al. 2004, Rowland 2004).  However, since these authors attempt to discuss range-wide impacts to 
sage-grouse, they tend to blend critical differences in geographic variation in the sites studied, 
the level of wildlife populations in the area, and species and stocking rate differences.  For 
example, rotational grazing systems may be helpful in sagebrush ecosystems in northern areas 
that have sufficient moisture to respond favorably following use, but rotation may be less helpful 
in dry areas where historic topsoil losses and insufficient moisture limit vegetative recovery.  In 
addition, different stocking rates, timing (season and rotational patterns), and herbivore species 
(e.g., cattle, bison, sheep, elk) will affect vegetative response differently. 
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Ultimately, the goal of management to benefit wildlife species should be healthy, sustainable 
ecosystems that support a variety of species, rather than targeting individual wildlife species.  
Until more clear documentation of sage-grouse response to herbivory is available for a given 
site, the best assessment of impacts may derive from a focus on site-specific details of soils, 
vegetation, use history, and climate.  Current efforts (Pellant et al. 2005) to develop detailed 
descriptions of rangeland “ecological sites” are focused on potential for soil erosion and species 
composition on a site-specific basis, and serve as a tool to incorporate the level of detail that 
Goodrich (2005) recommends.  Application of ecological site condition could aid in sorting out 
the response of sage-grouse to management efforts by providing a standardized tool for 
comparing multiple scientific studies.  It is also useful in providing a standardized tool for 
communication about management.  Ecological site condition enhances communication among 
range managers who understand and can apply management to help achieve specific goals where 
habitat development for sage-grouse may be most effective and feasible. 
 
 
Historic Use by Domestic Livestock 
 
The vegetation in many sagebrush ecosystems has clearly been altered and topsoil erosion has 
increased as a result of historic overgrazing, introduction of exotic species, and early attempts at 
cropping (Young et al. 1976, Miller et al. 1994, National Research Council 1994).  However, the 
timing of historic overgrazing coincided with an era when sage-grouse numbers are presumed to 
have been high, making assessment of impacts of domestic livestock on sage-grouse populations 
unclear.  Because it is impossible to identify and quantify the relative impact of all independent 
factors affecting sage-grouse populations and habitat during the period of initial sage-grouse 
population declines, we are unable to attach causal relationships of historic grazing to sage-
grouse populations. 
 
In addition, changes in ecosystems due to historic impacts of over-use will not be reversed in a 
time frame that is meaningful to the more immediate sage-grouse population needs.  Reversal of 
historic damage would require broad-scale intervention to alter current ecosystems in a manner 
that is not feasible over extensive land areas.  So, although most land managers acknowledge that 
historic grazing and climatic events altered the systems within which sage-grouse now remain 
(Vale 1974, Owens and Norton 1992, Vavra et al. 1994, West 1999, Clifford 2002), a focus on 
current grazing management is the most fruitful approach to integrating grazing and effective 
sage-grouse management.  
 
Current livestock stocking rates are substantially lower than historic levels (Council for 
Agricultural Science and Technology 1974, Bureau of Land Management 1990), and for this 
reason it is important to distinguish impacts of historic overgrazing from impacts of herbivory 
(including by wild ungulates) under more recent, improved management and reduced stocking 
rates (Crawford et al 2004).  
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Indirect Effects of Grazing on Sage-grouse Via Habitat Alteration 
 
Sage-grouse response to domestic herbivory can range along a gradient from negative, to neutral, 
to positive, depending upon context (Guthery 1996, Beck and Mitchell 2000).  Although this 
section is intended to describe adverse impacts of grazing on sage-grouse habitat, it is important 
to include positive and neutral impacts of grazing on sage-grouse habitat because they often 
differ from adverse impacts only as matter of degree in level or timing of grazing.  Beck and 
Mitchell (2000) consider grazing impacts to be a function of grazing system, animal type and 
movement, timing, and stocking rates.  
 
Habitat Alteration: Adverse Impacts 
 
In general, habitat manipulations that reduce sagebrush cover, grass, and forb availability, or are 
tied to increased predator numbers are considered indirect impacts of herbivory on sage-grouse.  
Indirect impacts are surmised by assessing habitat alterations, nest success, and bird mortality via 
predation.  Rowland (2004:17-18) notes that “many studies imply negative effects of livestock 
grazing on sage-grouse by noting that grazing systems must be designed such that adequate 
herbaceous and shrub cover for nesting or brood rearing are maintained (e.g., Gregg et al. 1994, 
DeLong et al. 1995, Sveum et al. 1998[b])”.  The examples of indirect grazing influences upon 
vegetation are much more common than are instances of direct impacts.  However, as noted 
earlier, evidence of vegetative changes derived specifically from grazing is limited by 
confounding factors of climatic conditions, site differences, predation, and wildlife use. 
 
In Wyoming, nesting densities of sage-grouse were considerably lower in areas heavily grazed 
by domestic sheep (10 nests/247 acres), than in adjacent sites with moderate grazing (28 
nests/247 acres) (Patterson 1952).  Heavy grazing by sheep limits shrub cover more than does 
use by cattle (Heady and Child 1994). 
 
Heath et al. (1998) compared sage-grouse nesting and breeding success at 3 ranches with 
different grazing operations and levels of predator control in Wyoming.  They found that, despite 
heavier livestock use (removal of >50% of annual herbaceous production, and grazing by both 
sheep and cattle) and long-term predator control on 1 ranch, nesting and breeding success of 
sage-grouse did not differ substantially among the 3 sites.  Chick survival to 21 days was, 
however, greater on the ranch with lighter grazing pressure, suggesting that predator control did 
not fully compensate for the greater reductions in herbaceous production (Heath et al. 1998).  
Further, hens were documented leaving the more heavily grazed ranch to nest elsewhere, but 
returning to that ranch to rear broods (Heath et al. 1998). 
 
In a similar study, Holloran (1999) examined sage-grouse habitat use and productivity in relation 
to grazing management strategies at 4 ranches in southeastern Wyoming.  He found no 
differences in nest success, brood survival, or numbers of chicks fledged among the ranches.  
Some differences in habitat use by sage-grouse were found among the ranches; however, these 
could not be ascribed to differences in grazing pressure, but were ascribed to differences in soil 
types and precipitation patterns (Holloran 1999).  Above-average precipitation during the study, 
however, may have obscured any potential differences in habitat suitability for sage-grouse 
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among sites.  In follow-up work, Kuipers (2004) examined the same ranches during dry years 
and found only minor differences in grazing systems.  Favorable response of forb availability to 
summer rotation were attributed to reduced spring grazing and lower stocking rates rather than to 
the grazing system.  Kuipers (2004) suggests that grazing systems did not improve sage-grouse 
habitats over a rested area and that stocking rates and season of use are more important to sage-
grouse habitat.  Neither  Holloran’s (1999) nor Heath et al.’s (1998) studies of grazing influence 
on breeding success employed control sites or replication. 
 
Crawford et al. (2004) suggest that moderate to light livestock grazing in mid- to late-summer, 
fall, or winter, maintains perennial grasses and forbs in sagebrush habitat based on examination 
of several studies (Pechanec and Stewart 1949, Mueggler 1950, Laycock and Conrad 1967, 
Gibbens and Fisser 1975, Laycock and Conrad 1981, Miller et al. 1994, Bork et al. 1998).  Cool-
season (C-3) herbaceous species are vulnerable to defoliation during late spring and early 
summer.  However, heavy grazing pressure (approximately 60% or greater utilization by weight) 
during this time (1) decreases the vigor, yield, and cover of late-seral grasses and forbs; (2) may 
increase early-seral species, annual grasses and sagebrush density; and (3) may increase shrub 
cover (Craddock and Forsling 1938, Pechanec and Stewart 1949, Mueggler 1950, Laycock 1967, 
Bork et al. 1998).  The transition of sagebrush uplands to higher ecological status may be slowed 
(Mueggler 1950, Laycock 1967, Eckert and Spencer 1986).  
 
In nesting and brood-rearing habitats, Rowland (2004) suggests it is important to ensure that 
grazing does not reduce herbaceous understory cover below levels that (1) deter predation of 
eggs and chicks (Connelly et al. 2000c, Hockett 2002); and (2) support insects and forbs that are 
important in diets of pre-laying hens and chicks (Johnson and Boyce 1990, Barnett and Crawford 
1994, Drut et al. 1994b).  DeLong et al. (1995) found that predation rates on sage-grouse nests in 
Oregon were inversely related to cover of tall grass and medium-height shrubs.  Klebenow 
(1982) examined sage-grouse habitat use in relation to grazing at the Sheldon NWR in Nevada, 
where sheep and cattle had grazed for >130 years.  He found that meadows heavily grazed by 
livestock were avoided by sage-grouse, except when the grouse sought free water.  In Nevada, 
sage-grouse habitat in wet meadows was degraded through overgrazing by domestic livestock 
and altered system hydrology (Oakleaf 1971, Klebenow 1985; as reported by Beck and Mitchell 
2000). 
 
Habitat Alteration: Positive Impacts 
 
Because meadows and riparian areas have greater moisture availability than uplands, the 
potential for grouse to be limited by dense standing organic material is most likely in these sites.  
In sagebrush systems where grasses may become too dense and decadent, grazing may be used to 
remove grass and forb cover, or to increase shrub cover and enhance sage-grouse habitat.  
Rowland (2004:18) notes “When cattle were introduced into a meadow with residual grass, sage-
grouse initially preferred the grazed openings, which had an effective cover height (sensu Robel 
et al. 1970) of 5 to 15 cm, compared to 30 to 50 cm in the lightly grazed surrounding areas.  
Grouse avoided dense, ungrazed basin wildrye meadows but were observed in adjacent wildrye 
that was grazed”.  One 90-acre meadow that was lightly grazed by cattle was used throughout the 
summer by sage-grouse and had more sage-grouse (100) than any other meadow on the refuge 
(Rowland 2004). 
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In systems where there is potential for shrub cover to limit grass and forb production, grazing 
may either further reduce grasses and forbs and favor shrubs, or reduce shrub cover.  Examples 
are in sheep bedding grounds becoming leks (Hulet 1983), and improving herbaceous species 
abundance with grazing (Vale 1974).  When feeding and bedding of livestock occurs in dense 
sagebrush stands, the cover of shrubs can be greatly reduced.  Sheep bed grounds on ridges 
destroyed sagebrush stands used by sage-grouse in heavy snow, causing grouse to abandon this 
habitat (Rasmussen and Griner 1938).  Removal of brush essential for grouse nesting or 
wintering cover can adversely impact grouse reproduction and survival, but brush treatments in 
less critical or degraded grouse habitat may increase habitat capability (Giesen and Connelly 
1993, Giesen 1998, Connelly et al. 2000c).  These openings may be considered favorable during 
breeding because grouse seek open areas for leks.  Reduced cover of sagebrush overall can be 
derived from use by sheep or wildlife that target shrub species, but lek habitat is seldom 
considered limiting (Schroeder et al.1999).  Vegetation can also become too dense for use as 
cover and for chick movement in summer (Wambolt et al. 2002).  Light grazing in meadows can 
enhance habitat for sage-grouse (Neel 1980).  Evans (1986), as reported in Beck and Mitchell 
2000) also found that grazing by cattle stimulated production of forb species used by sage-grouse 
in upland meadows in Nevada.  In these systems, herbivory can improve quality of sage-grouse 
habitat. 
 
Habitat Alteration: Grazing Rotation, Intensity, and Timing Effects on Grazing Impact to GrSG 

Habitat  
 
Rowland (2004:19) noted research specifically investigating different grazing methods: 
“Research on upland meadows in Nevada showed that pastures under a rest-rotation system 
provided better production of those forb species eaten by sage-grouse than did pastures that were 
not rested, but sage-grouse also used a pasture not grazed by cattle for 10 yr (Neel 1980)”.  
Moderate use equates to a 4-inch residual stubble height for most grasses and sedges and 2-inch 
for Kentucky bluegrass (Mosley et al. 1997, Clary and Leininger 2000).  Shrub utilization should 
not exceed 50 - 60% during the growing season, and at least 50% protective ground cover (i.e., 
plant basal area + mulch + rocks + gravel) should remain after grazing (Mosley et al. 1997).  
While hydrophytic shrubs may not directly serve as sage-grouse habitat, they do impact the 
stability of riparian and meadow habitats important to sage-grouse (Winward 2000).  The length 
of time livestock have access to meadows may be more important than the level of utilization; it 
has been suggested that livestock access be limited to 3 weeks (Myers 1989, Mosley et al. 1997).  
 
Timing of grazing can greatly influence the subsequent vegetative response (Crawford et al. 
2004).  Meadows and riparian areas are particularly vulnerable in late summer (Crawford et al. 
2004) when excessive grazing and browsing may damage shrubs, reduce availability of herbs 
(Kovalchik and Elmore 1992), and cause deterioration of riparian function over time (Klebenow 
1985).  In spring, early summer, or winter, moderate grazing pressure is sustainable in non-
degraded mesic sagebrush habitat (Clary et al. 1996, Mosley et al. 1997).  On uplands, spring 
grazing by sheep can lead to increased sagebrush and decreased herbaceous cover (Bork et al. 
1998).  Degraded riparian and meadow habitat may require rest from grazing for recovery (Clary 
and Webster 1989).  Rest is often useful in brood-rearing habitat before the nesting season (Beck 
and Mitchell 2000, Hockett 2002).  Rowland (2004) suggests that stocking rates and season of 
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use are especially important to avoid habitat degradation on recently sprayed or burned sites. 
 
Management control over herbivory (timing, species, numbers, and movements) is much greater 
with domestic stock than with wildlife species (Heady and Child 1994).  Well-managed livestock 
can be used to manipulate vegetation where needed much more effectively than can wild 
herbivores whose movements are not controlled and whose populations are inherently variable.  
Consequently, managers of sage-grouse habitat must consider level and timing of herbivory for 
all animal species.  Rest or rotation systems for livestock use may be rendered ineffective if 
wildlife populations in the area are high. 
 
Habitat Alteration: Removal of Herbivores 
 
Commonly, managers interested in restoring damaged habitat suggest removal of herbivores to 
restore waning habitat quality, even in systems that evolved with herbivory.  Because we can 
more easily control movement and numbers of domestic stock, it is most tempting to remove 
domestic livestock.  This approach does not acknowledge the potential impacts of removing 
livestock on wildlife and vegetation.  Much of the sagebrush ecosystem has already been altered 
by the loss of topsoil and entry of exotic species with historic use.  Removal of domestic stock 
amounts to removing the herbivore over which we have the most control, and leaving herbivores 
over which we have least control.  Subsequent use by rapidly increasing wildlife populations can 
result in even higher levels of herbivory. 
 
Furthermore, removal of all domestic livestock may have no effect if competitive interactions 
between plant species have been altered such that desired grass and forb species cannot recover 
(Friedel 1991, Laycock 1994).  In shrublands where woody species attain dominance, recovery 
of herbaceous species is greatly limited (Archer 1994).  Once exotic weeds enter shrubland 
systems, they may increase in prevalence with reduced herbivory, and subsequent fire intervals 
may be greatly shortened.  As a result, little advantage is derived by native herbaceous species.  
In more productive sagebrush-grass communities, return of sagebrush seedlings, high levels of 
forb production, and germination of exotic annuals are highly variable and primarily result from 
climatic events rather than from domestic stock presence (Laycock 1994, Hild et al. 2001, Maier 
et al. 2001). 
 
Removal of domestic herbivory is also problematic when managers and the public anticipate that 
vegetation will return to “pristine” condition.  The inaccuracy of this assumption has been 
repeatedly demonstrated (Laycock 1994), especially in woody plant systems (Archer 1994).  
Because of (1) historic overuse; (2) loss of topsoil; (3) loss of native species; (4) loss of vigor of 
remaining natives; (5) altered fire regimes; (6) introduction of exotic weeds; and (7) shifts in 
competitive balance between woody and herbaceous native species, removal of livestock seldom 
accomplishes a return to original vegetation.  Rules of vegetative recovery have changed and 
removal of domestic stock may actually harm the system, allowing increased exotics, shortened 
fire intervals, slowed nutrient cycling, or increased public expectation that sage-grouse 
populations will increase.  
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Nest Trampling and Desertion  
 
Direct impacts of domestic stock on sage-grouse are demonstrated in a few examples in the 
literature as damage to nests and eggs, or nest abandonment.   Of 161 nests examined in Utah, 2 
were trampled by livestock (1 sheep, 1 cattle), and 5 were deserted due to disturbance by 
livestock (Rasmussen and Griner 1938).  In addition to trampling, nest desertion and reduced 
nesting have been documented in areas with heavy sheep grazing in Wyoming (Patterson 1952).  
Nest desertion caused by migrant bands of sheep also was documented (Patterson 1952).  Danvir 
(2002) reported 2 instances of nest abandonment in northern Utah over 7 years of observation, (1 
with presence of cattle and 1 with sheep).  Jensen et al. (1990) demonstrate the impact of 
increased stocking density and days of exposure on the cumulative percentage of nests trampled.  
Overall, direct impacts seem to derive from high stocking densities (Bryant et al. 1981) that 
concentrate many animals together in sage-grouse habitat at the time of sage-grouse use.  Many 
of these losses could be minimized by observance of critical periods of sage-grouse habitat use 
and avoidance of high stocking densities in these sites during these times. 
 
 
Altered Sage-grouse Behavior on Leks and in Winter Habitat  
 
Sage-grouse behavior on leks did not appear to be altered by the presence of cattle grazing 
(Danvir 2002), or with sheep grazing in Idaho (Hulet 1983).  Autenrieth (1981), however, 
cautioned that grazing sheep in sage-grouse winter habitat, as well as livestock drives in sage-
grouse habitat, could be detrimental to sage-grouse.  These cautions suggest avoiding high 
stocking densities.  Low stocking densities in the same habitat seem to be less problematic 
(Autenrieth 1981).  
 
 
Structures and Activities 
 
Structures and activities associated with grazing management can have multiple and variable 
effects on sage-grouse and sage-grouse habitat.  Fences, corrals, windmills, and other structures 
related to livestock grazing can cause mortality of grouse from collisions, and provide perches 
that raptors and ravens may use, which could increase avian predation on grouse or their nests 
(Call and Maser 1985).  Grazing structures, such as fences or stock tanks, also influence 
livestock distribution, which may have a positive or adverse effect on sage-grouse and their 
habitat, depending on the resulting livestock distribution.  Many activities beyond livestock 
management, such as small acreage residences, energy development, and road and highway 
construction have greatly augmented structural development in sagebrush habitat in Colorado 
(Maestas et al. 2002). 
 
Water developments may alter existing sage-grouse habitat by congregating livestock use in 
previously unused upland habitat, or by lowering water tables associated with riparian areas.  
However, water developments can also be used to improve overall riparian habitat condition by 
drawing livestock and wild ungulates away from previously degraded areas.  
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Wild Ungulate Effects on Sage-grouse  
 
The effect of wild ungulates on sage-grouse and their habitat has been raised as an issue that 
requires greater understanding.  Direct physical confrontation between sage-grouse and 
pronghorn antelope, elk, or mule deer is probably not a major concern, although an instance has 
been observed of an elk consuming sage-grouse eggs in Wyoming (Holloran and Anderson 
2003).  Indirect impacts to GrSG because of wild ungulate use of herbaceous species and browse 
use of sagebrush and other shrub species are more likely.  Note that herbivory by non-ungulate 
wildlife, such as prairie dogs also occurs, but there are no data regarding its potential impacts on, 
or benefits to, GrSG. 
 
Elk impact herbaceous species, especially grasses, in spring and fall when production may be 
limited (Wisdom and Thomas 1996).  Both elk and mule deer use sagebrush-steppe as 
transitional range in fall and spring.  Both mule deer and pronghorn prefer forbs when available 
(Yoakum et al. 1996), and because pronghorn populations are high, they may limit forb 
availability in the Wyoming Basin in the spring.  Hobbs et al. (1996) documented a decline in 
available dead perennial grasses and early spring live perennial grasses as elk densities increased.  
They further noted a small increase in quality of the forage as elk densities increased, due to the 
increased digestibility and nitrogen content of new forage.  They suggested that competition for 
forage between elk and domestic livestock will primarily only be a concern during heavy 
snowfall years, when wild ungulates are concentrated in large densities on lower elevation winter 
ranges (Hobbs et al. 1996).  These conditions could adversely impact nesting cover for sage-
grouse in extreme situations.  Forage made available to wildlife with rest and rotation systems 
may result in little habitat improvement if wildlife populations in the area are high.  Ultimately, 
impacts on nutritional quality of plants, forb production, and reduction of standing organic 
biomass can be accomplished by any herbivore (domestic or wild).  Controlled use levels are 
more feasible with domestic livestock than with wildlife populations.  Research should be 
conducted to fully understand the effects of wild ungulate grazing on sage-grouse.  
 
 
Conclusions  
 
It is apparent in the examples discussed that the nature of the sage-grouse habitat (nesting, brood-
rearing, wintering), the level of herbivory (light, moderate, or heavy stocking rates), and the 
ability of the vegetation to respond to herbivory (e.g., dry Colorado Plateau ecoregion versus 
more mesic Southern Rockies ecoregion), determine the degree to which grazing has adverse, 
neutral, or positive impacts on sage-grouse habitat.  For these reasons, site-specific management 
is needed. 
 
Grazing by domestic and wild ungulates plays an important role in shaping and maintaining 
vegetative communities in sage-grouse range.  Some sagebrush communities in the Colorado 
Plateau are incapable of producing ideal GrSG nesting cover, irrespective of grazing.  Even in 
more productive sagebrush-grass communities, return of sagebrush seedlings, herbaceous cover, 
and exotic annual germination are highly variable and primarily result from climatic events 
rather than domestic stock absence.  Reduction or removal of domestic grazing may not improve 
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sage-grouse habitat in most years.  Decreased use by domestic stock may be replaced by wildlife 
use, negating intentions to rest a particular area for improved sage-grouse habitat. 
 
Domestic stock in high stocking densities may cause direct damage to nests and cause 
abandonment of other habitat, but such events are probably rare.  High stocking rates and 
stocking densities may reduce herbaceous cover, potentially increasing predation on grouse.  
Low to moderate stocking densities, or effective timing of grazing can reduce direct damage via 
trampling and nest abandonment.  In settings where grass height and density restrict grouse 
movement and limit herbaceous production and nutritional quality, and where openings in dense 
sagebrush stands are needed, domestic livestock grazing can be used as a tool to maintain and 
improve seasonal habitats for sage-grouse. 
 
Wise consideration of timing and low to moderate stocking rates can be used to favorably alter 
vegetation and enhance sage-grouse habitat.  Enough is known about GrSG habitat requirements 
to make reasonable recommendations to maintain and improve habitat.  However, any effort to 
manage defoliation of vegetation must consider all herbivores, domestic and wild, grazers and 
browsers (and ideally, below-ground herbivores as well, such as small mammals).  Developing 
grazing systems and management plans that would achieve desired vegetation composition and 
structure, including shrubs, forbs, and grasses, should benefit both GrSG and domestic and wild 
ungulates.  
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Habitat: Fragmentation, Quality, and Quantity 
 
Background 
 
No single topic affects GrSG conservation more than habitat.   Sage-grouse are closely tied to 
and dependent upon various sagebrush habitats.  “Habitat” itself is a broad category 
encompassing or touching on many individual issues that might affect the survival of GrSG. 
 
The fields of landscape ecology and conservation biology recognize 3 primary aspects of habitat 
that affect a species: (1) habitat quality (how closely the habitat matches the needs of the 
species); (2) habitat quantity (the amount of habitat necessary to support a given number of 
individuals); and (3) habitat configuration (how the areas of habitat are arranged relative to one 
another).  These 3 aspects of habitat are inextricably linked and grade into each other, depending 
on one’s perspective (Forman and Godron 1986, Fahrig 1997, Ortega and Capen 1999, Caley et 
al. 2001, Franklin et al. 2002). 
 
For instance, one could consider habitat quantity and configuration to be components of habitat 
quality (Turner 1989, Fahrig 1997).  That is, if a habitat patch is not large enough, or is arranged 
in a particular way, it may not meet the needs of the species, and thus is not of adequate quality 
for the species.  In another twist, if habitat quality (in this case, perhaps referring to inappropriate 
vegetation characteristics) declines to the point where the habitat is unusable to a species, the 
result could be considered habitat loss.  Furthermore, when patches of habitat are destroyed, 
habitat is not only lost, but is also inevitably reconfigured, resulting in habitat “fragmentation” 
(Turner 1989, Fahrig 1997).  Both the loss and the reconfiguration, or “fragmentation”, can 
independently affect a species’ ability to survive. 
 
Sometimes these general and broad conservation biology terms regarding aspects of habitat are 
used to refer to specific issues potentially affecting a species.  For instance, it might be said that 
“habitat quality” is an issue for a population, meaning more specifically that the habitat quality in 
a given area is “poor”, often as a result of a more specific factor, such as piñon-juniper 
encroachment into sagebrush habitat.  In another case, a different broad term might be used to 
describe the same specific issue: habitat fragmentation might also be said to occur when there is 
piñon-juniper encroachment into sagebrush habitat blocks. 
 
If one tries to classify individual issues on the basis of which aspect of habitat they affect, 
additional confusion ensues.  For example, invasive weeds may cause a decline in habitat quality 
by reducing the vegetation upon which a species depends.  If weeds completely overtake a 
habitat and convert it to a different cover type, one might consider that there is habitat loss, 
which may in turn fragment other intact habitat blocks.  
 
 
How Habitat Issues are Addressed in the CCP 
 
Although it is generally believed that areas of high habitat quality are better for the persistence of 
a species than are areas of lower habitat quality, it is difficult to find for a species the appropriate 
response variable or population parameter that changes in response to changes in habitat quality.   
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Density of individuals in a habitat area does not necessarily reflect the habitat’s quality (Van 
Horn 1983).  Often, some measure of productivity is recommended as an index to habitat quality. 
 
Few studies have rigorously evaluated the relationship between habitat quality and GrSG 
populations.  Most research is correlative and observational in nature, although Huwer (2004) 
found a relationship between chick growth and quantity of forbs in the understory.  Our approach 
regarding habitat quality includes identifying research needed to more firmly establish the 
relationship between habitat quality and GrSG populations (see “Research” strategy, pg. 411).  In 
addition, the “Conservation Assessment” (pg. 30) provides a summary of current knowledge of 
GrSG habitat, in the form of a description of habitats used by GrSG during different life stages 
and seasons (see “Habitat Requirements”, pg. 35).  Appendix A (“GrSG Structural Habitat 
Guidelines” provides guidelines to habitat structure that would provide for productive sage-
grouse populations of GrSG in Colorado.  The guidelines offer specific ranges of measurements 
of vegetation that are appropriate for GrSG, serving as a guide (which is flexible and should be 
frequently updated with new research) to evaluating GrSG habitat quality.  The “Habitat 
Enhancement” strategy section (pg. 349) outlines appropriate steps to take when managers 
consider whether and how to improve habitat for GrSG. 
 
Although data exist on the composition and structure of habitat used by GrSG, information 
regarding the minimum habitat patch size required to sustain an individual GrSG, or a GrSG 
population, is lacking.  Nor is there research regarding how habitat configuration affects GrSG 
populations.  Despite the uncertainty about these issues and sage-grouse, there is still a need to 
address the possibility of their impacts on GrSG.  There is clearly a point at which habitat 
becomes too fragmented, or the amount of available habitat has declined so much, that a GrSG 
population will not survive.  If it is when we reach one of those thresholds that we finally 
understand the relationship between habitat fragmentation/quantity and GrSG populations, it is 
too late.  This is a classic situation for adaptive management, when managers must respond to 
potential issues for a species, without having complete information about how the issue might 
affect the species (see “Adaptive Management”, pg. 10). 
 
Thus, we have identified key research that will address the uncertainty regarding GrSG habitat 
quantity and configuration (see “Research” strategy, pg. 411).  In addition, we offer a GIS 
analysis that identifies potential linkages that may serve to link habitat within and between 
populations (see “GrSG Habitat Linkages in Colorado”, pg. 287), and strategies to pursue 
regarding this issue (“Habitat Linkages” strategy, pg. 352).   Regarding habitat quantity, our 
approach is to analyze 2 key causes of habitat loss and degradation: (1) energy and mineral 
development; and (2) housing development.  An analysis of future housing development 
identifies GrSG habitat areas that are at highest risk of future housing development, and 
prioritizes areas for protection measures (see “Predicted Future Housing Development and GrSG 
Habitat Protection”, pg. 268).  We also estimate the amount of GrSG habitat lost to roads in 
“Habitat Loss: Roads in Colorado”, pg. 284).  Another GIS analysis identifies “core areas” 
consisting of relatively large and important areas of existing GrSG habitat, that may be 
considered for exemption from energy and mining development for some period of time (see 
“Energy and Mineral Development: Avoiding and/or Mitigating Impacts”, pg. 292).  The 
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“Energy and Mineral Development” strategy (pg. 313) also has strategies that identify potential 
habitat protection measures. 
 
Although we don’t know exactly how much habitat a GrSG population requires to be persistent, 
or how that habitat should be arranged, we are poised to begin answering some of those 
questions, while offering tools to protect existing habitat.  This approach will help maintain 
GrSG in Colorado until it is more clearly understood how development of various kinds may be 
able to proceed without harm to the species’ long-term persistence.  Recent research in Wyoming 
is beginning to answer questions about GrSG landscape-level needs (Walker et al. 2007a, 
Doherty et al. 2008).
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Housing Development 
 
 
Problem Definition 
 
There is no other issue more fundamental to the long-term preservation of GrSG than protection 
of sagebrush habitat and other seasonal habitats on which they depend.  Human development 
results in permanent habitat loss, degradation, and fragmentation.  In addition, it results in 
indirect impacts from associated factors (e.g., roads, fencing, powerlines, increased human 
activity; see “Infrastructure [pg. 170] and “Roads” [pg. 193] issue sections), and may facilitate 
introduction of novel predators and noxious weeds (see “Predation” [pg. 183] and “Weeds: 
Noxious, Invasive and Encroaching Plants” [pg. 198] issue sections).   
 
Colorado has been experiencing substantial increases in human population in recent years.  Of all 
50 states, Colorado ranked third in population growth from 1990-2000, based on U.S. Census 
data (CensusScope 2006).  Of 63 counties in Colorado, Eagle (NESR) and Summit (MP) are 
ranked 4th and 6th in growth, respectively (CensusScope 2006).  Grand (MP), Garfield (PPR), 
and Routt (NESR) counties are also ranked in the top 1/3 of all Colorado counties, with 
population increases exceeding 35% from 1990-2000 (CensusScope 2006).  This growth has 
resulted in conversion of agricultural lands to residential land-uses, and impacts of development 
have spread onto nearby public lands (Theobald 2003). 
 
Riebsame et al. (1996) described a changing pattern in residential development in Colorado 
which began in the 1970s and continues today: a significant amount of home building now 
occurs in subdivisions and large lots far from existing townsites (termed “exurban 
development”).  Exurban development for primary population growth and for second homes has 
been a significant cause of loss of sagebrush habitats.  Within GrSG range, ski resorts such as 
Vail, Breckenridge, and Steamboat Springs have driven much of the second home development 
and have also created a demand for lower-cost housing for ski industry employees, away from 
resort communities.  This has resulted in increases in development of “bedroom” communities, 
which are most often closer to or within existing sage-grouse habitats than are the resorts 
themselves.  Examples include the area from Steamboat Springs to Craig, and from Steamboat 
Springs to Yampa (Fig. 5, pg. 49).   

 
 

Regulatory and Other Relief 
 
Habitats on publicly owned and managed lands appear to be already protected from permanent 
loss.  Although it is not common, some public land parcels are slated for land trades, essentially 
eliminating them from the “protected” category.  More importantly, habitat on public land may 
need to be protected from degradation resulting from land-uses such as overgrazing, energy 
development, and intensive recreation.  Also, public lands adjacent to (or within close proximity 
of) private lands that are being developed are experiencing increased day-use by people, dogs, 
feral cats, and vehicle traffic. 
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Protection of habitat from permanent loss on private land is much more problematic.  Authority 
for regulating land-use on non-federal lands was delegated to the 63 counties in Colorado in 
1974.  All units of local governments, including counties, cities, and towns, were given authority 
to regulate land-use within their jurisdictions (C.R.S. 29-20-101). 

 
In Colorado, the CDOW is required by statute (C.R.S. 106-7-104) to (1) provide counties with 
information on “significant wildlife habitat”; and (2) provide technical assistance, if requested, in 
establishing guidelines for designating and administering such areas.  Counties may, but are not 
required to, protect land from activities that would cause immediate or foreseeable material 
danger to significant wildlife habitat, or endanger a wildlife species.  Normally, conversion of 
land zoned as agricultural from one agricultural use to another (e.g., native pasture containing 
sagebrush converted to cropland), would not come before a county zoning commission; typically 
habitat loss of that nature is not regulated.  State statute exempts from regulation all parcels of 
land of a size 35 acres or more with 1 house, so county zoning laws can only restrict 
developments with housing densities greater than 1 per 35 acres (C.R.S. 30-28-101). 
 
Where development is a likely issue for GrSG populations, other protections such as easements 
or fee-title acquisition of important habitats will be necessary to protect the land for the long-
term.  Maintaining sustainable rural economies (where traditional land-uses compatible with 
sage-grouse are profitable) can significantly reduce impacts associated with subdivisions. 
 
Private property owners have a right to develop their land.  Long-term and community-based 
planning to direct growth and development to appropriate areas, along with compensations for 
restrictions on developments in important areas, are the most efficient means to accomplish 
conservation.  For an analysis of predicted future housing development in GrSG habitat in 
Colorado, see “Predicted Future Housing Development and GrSG Habitat Protection”, pg. 268. 
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Hunting 
 
 
Prior to the 20th century most wildlife harvest in the United States was associated with 
subsistence or market (commercial) hunting.  Most wildlife conservation efforts were directed at 
the prohibition or restriction of harvest because, as Leopold (1933: 208) stated, “As long as game 
shortage prevails, the purpose of hunting controls is obviously to limit the kill of each species…”  
At the start of the 20th century, once wildlife (game) populations were at sustainable levels 
following conservation efforts, the concept of “sport hunting” was more formally introduced.  
Leopold (1933: 208) stated that once the “…game shortage has been corrected by management, 
the purpose may extend beyond mere limitation.  It may become necessary to enlarge the kill in 
order to bring the game into a desirable relationship to farm, or forest crops…”  The question of 
when and if “game shortages” have been “corrected” has been a point of much discussion and 
research, continuing into the 21st century. 
 
 
Harvest Theory 
 
In the first game management textbook, Leopold (1933) ushered in modern-day wildlife 
management.  Research projects investigated sport harvest in the 1940s and 1950s and continued 
into the later half of the century.  The major question under investigation was the evaluation of 
the harvestable surplus in wildlife populations (i.e., the portion of the population that can be 
harvested without impacting the persistence of the population).  Harvest management has 
operated under the auspices of 2 primary conceptual theories: (1) additive mortality; and (2) 
compensatory mortality (Anderson and Burnham 1976, Bergerud 1988b).  Each theory uses 
winter mortality and resultant spring population as benchmarks. 
 
According to additive mortality theory, every individual harvested in a population represents a 
mortality in addition to those individuals lost to other factors such as disease, starvation, 
predation, and accidents.  The result is a lower spring breeding population than would be present 
if the population was not harvested.  In contrast, compensatory theory considers harvest to be 
completely compensatory to other factors.  Compensation theory suggests that the spring 
breeding population is unaffected by sport harvest, and that those individuals harvested in the 
population would have otherwise died from the aforementioned limiting factors. 

 
It is likely that sport harvest is neither entirely additive nor compensatory, but instead falls along 
a continuum between predictions of the 2 theories, and may vary by year and/or population.  
Newton (1998) suggested that hunting is compensatory to some certain threshold, and beyond 
that threshold any harvest is additive.  Robertson and Rosenberg (1998) concluded that harvest 
mortality is typically situated between the extremes of completely additive or completely 
compensatory, while Anderson and Burnham (1976) agreed that partial compensation could 
occur in hunted populations. 
 
Allen (1947) and Allen (1974), using the ring-necked pheasant as an example for many upland 
gamebirds, argued that hunting can replace natural loss.  Allen (1974) further suggested that if 
hunting did not occur, natural limiting factors would compensate for what the hunter did not 
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harvest.  Compensatory harvest theory and how it might apply to a number of upland bird 
species has been examined (Gullion 1984, Ellison 1991, Small et al. 1991, Hudson and Dobson 
2001, Roy and Woolf 2001, Willebrand and Hornell 2001, Otis 2002, Williams et al. 2004). 
 
The issue of compensatory versus additive mortality and the theoretical “threshold” upon which 
compensatory harvest mortality becomes additive has been discussed for sage-grouse.  Crawford 
(1982) evaluated GrSG harvest with respect to season lengths and daily bag and possession 
limits in Oregon.  He concluded that the number of hunters and amount of harvest in Oregon 
could be predicted and controlled, and that sage-grouse could be harvested consistently and 
efficiently.  Braun and Beck (1985) argued that season lengths and bag limits (from 1973-1983) 
in the north central Colorado population only resulted in a 7 - 11% harvest rate of the fall 
population, and they concluded that this harvest rate never approached additive levels.  They 
concluded that 20 - 25% of the fall population of sage-grouse in Jackson County, Colorado could 
be harvested without hunting mortality reaching the additive level (Braun and Beck 1985).  In a 
subsequent, but different analysis of the same Jackson County, Colorado population data 
(between 1973-1995), Johnson and Braun (1999) used population viability and regression 
analyses, and hypothesized that hunting losses in this population may be additive to over-winter 
mortality; they did not suggest a threshold above which compensatory mortality might become 
additive. 

 
In the last 20 years, it has been suggested that some GrSG harvest rates may be exceeding the 
theoretical harvest “threshold” where compensatory mortality becomes additive.  Bergerud 
(1988b:702) argued that, “Although hunting mortality is clearly additive to overwinter mortality, 
it is probably not additive to the mortality that occurs in the breeding season.”  Bergerud 
(1988b:697-701) suggested that there are three “irrefutable” tests to evaluate whether harvest is 
additive to overwinter mortality, including the (1) annual mortality rate of marked birds between 
differing harvest regimes; (2) rate of change of populations that are at different densities; and (3) 
natural mortality rates of birds in intensively hunted populations compared to expected mortality 
rates based on the size of the clutch. 

 
Over a decade later, additional evidence (Connelly et al. 2000a, 2003a) was presented about 
sage-grouse sport harvest that may lend credence to the additive mortality theory.  Connelly et al. 
(2000a) suggested that larger proportions of sage-grouse mortalities in Idaho were related to 
sport harvest.  They reported that 42% and 15% of radio-marked sage-grouse adult female and 
male mortalities were caused by sport harvest, respectively.  Later, Connelly et al. (2003a) 
reported on a spatially modified sport harvest season structure in Idaho.  Three season lengths (7 
and 23 days, and closed), 2 daily bag and possession limits (1 bag/2 possession and 2 bag/4 
possession), and 2 environmental conditions (higher precipitation mountain valleys and drier 
lowland areas) were evaluated.  Although Connelly et al. (2003a) acknowledged that they had 
“little evidence to suggest that hunting caused population declines…” they suggested that their 
data support the concept that hunting may be additive to overwinter mortality by depressing 
spring breeding populations.  There has been criticism (Sedinger and Rotella 2005) of the 
Connelly et al. (2003a) study based on the correlative nature of the study, combined with 
statistical issues that make the distinction between the additive and compensatory theories 
impossible.  Reese et al. (2005) disagreed with Sedinger and Rotella (2005), and raised 
fundamental concerns with their critique. 
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The primary dependent variable tracked in the Connelly et al. (2003a) study was the number of 
males counted on a sample of strutting grounds located along lek routes in the spring; no 
population demographics were evaluated in the treatment areas.  Connelly et al. (2003a) assumed 
that the counts of males on leks along lek routes have a level of precision that is sensitive enough 
to detect or discern rather modest changes in spring breeding populations (both males and 
females) among treatments.  Although counting male sage-grouse on strutting grounds in the 
spring has been a standard technique and used as an index to spring populations for over 50 years 
(Jenni and Hartzler 1978, Emmons and Braun 1984), there have been past (Beck and Braun 
1980) and recent (Walsh et al. 2004) criticisms of lek counts and whether or not they can serve 
as an accurate index to spring breeding populations (see “Abundance”, pg. 50).  In addition, the 
research treatments in Connelly et al. (2003a) were not replicated or randomly assigned, 
therefore making inferences regarding the results difficult.  Lastly, this study would be 
categorized as a quasi-experiment (Campbell and Stanley 1966, Williams et al. 2002), and not 
“experimental” as Connelly et al. (2004:9-5) suggested. 

 
Although the results of the aforementioned studies are intriguing, and may generally appear to 
support the additive mortality theory, they also do not conclusively reject the compensatory 
mortality theory.  Understandably, applying the uncertain harvest theory literature to harvest 
management has been problematic.  Connelly et al. (2004:9-6) stated that, “No studies have 
demonstrated that hunting is a primary cause of reduced numbers of greater sage-grouse”, and 
that “An appropriate harvest rate has not been determined for greater sage-grouse populations.”  
However, this statement conflicts with Connelly et al. (2000a), who suggested that sport harvest 
rates should not exceed 10% of the estimated fall population.  Interestingly, the 10% harvest rate 
cited by Connelly et al. (2000c) is derived from Connelly et al. (2000a), but after a thorough 
review of the cited literature in Connelly et al. (2000a), it is unclear how the 10% guideline was 
derived.  For example, Connelly et al. (2000a) did not evaluate annual survival rates or estimate 
fall sage-grouse populations, both of which would be necessary to determine an appropriate 
harvest rate.  Furthermore, although Connelly et al. (2004) recognized the lack of support for a 
specific harvest rate, they nevertheless later suggested a “…5 - 10% harvest rate” might be 
appropriate, although they note that fall population size must be known to make this approach 
effective (Connelly et al. 2004:9-6). 
 
In conclusion, it is apparent that the best available literature is unclear regarding (1) whether or 
not sport harvest of GrSG is additive or compensatory to over-winter mortality; and (2) what an 
appropriate harvest rate is for GrSG.  Even if a recommended harvest rate of 5 - 10% (Connelly 
et al. 2004) were accepted in good faith, and were applied by state management agencies, 
managers would need to be able to annually estimate fall population levels in order to apply that 
harvest rate, and to adjust annual harvest.  To date, techniques to estimate fall populations do not 
exist. 
 

 
Colorado Seasons, and Bag and Possession Limits, and Harvest 
 
As noted earlier, in the early 1900s there was disagreement between groups that promoted 
hunting seasons and those that desired wildlife protection.  The first law that ultimately protected 
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grouse in Colorado was enacted in 1877 and it established the first sport harvest season (Rogers 
1964).  In 1904 and 1906 the Colorado Game and Fish Commissioner noted an abundance of 
“sage chicken” and other game birds, and the Colorado legislature officially sanctioned the first 
licensed sage-grouse season in 1905 (Rogers 1964:9). 
 
However, after the seasons were set, there was a perceived population decline, and an early 
opening date was believed responsible for the decline.  Hornaday (1916) called on western 
citizens to save the sage-grouse from “complete annihilation” and called on western states 
(including Colorado) to restrict their aggressive seasons.   He considered Colorado’s liberal daily 
bag limit and season beginning on 1 August a “double crime!” (Hornaday (1916:187).  
Legislative action was required to make season changes, but no action was taken until 1917, 
when the Colorado legislature modified daily bag and possession limits in response to the 
apparent population decline, and delayed the opening date to 15 August.  Season opening dates 
and daily bag and possession limits were repeatedly manipulated by subsequent legislatures 
(Rogers 1964).   
 
Starting in 1905, statewide season lengths and bag limits were set biennially (Rogers 1964).  
Hunting seasons and bag limits could be more restrictive in individual counties if county 
commissions deemed it necessary (Rogers 1964).  More standardized seasons were established in 
1937 when the Colorado Game and Fish Commission (CGFC) was created (Rogers 1964).  The 
CGFC immediately closed the season on sage-grouse, which was not reopened until 1944 
(Rogers 1964).  Since the first sage-grouse season in 1905, season lengths have varied from 1 to 
62 days (along with some closed seasons), the bag limit has varied from 1 to 25 with possession 
limit ranging from 2 to 50, and season start dates have ranged from 1 August to mid-September 
(Table 18).  Historically, season length, and bag and possession limits have varied greatly by 
GrSG population, but recently (since 1998) season lengths and bag and possession limits have 
become more restrictive, stable, and consistent across the state. 
 
Hunting increases interest, awareness, and appreciation of sage-grouse, and provides a 
sustainable economic return to local communities.  It also provides an incentive for GrSG 
conservation.  The recent standard season is 7 days of harvest (one weekend), a daily bag limit of 
2, and a possession limit of 4.  Harvest data for Colorado since 1968 are presented in Table 19.  
For a modeling exercise exploring how harvest might affect GrSG population persistence, see 
“Harvest” in the population viability analysis, pg. 220. 
 
Currently, there is another hunting season in addition to the firearm season.  The additional 
season is for falconry.  The 2006 season occurred from September 1 through March 31.  The bag 
and possession limits are 2 and 2, respectively.  It is thought that falconers have little influence 
on the total number of GrSG harvested, even though they have a 7-month season.  There are 
currently approximately only 160 falconers in Colorado, and it is generally believed that they are 
much less efficient in harvesting GrSG than are firearm hunters. 
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Table 18.  Colorado GrSG hunting season details, 1905-2005. 

YEAR HUNTING SEASON 
DATES DAYS BAG 

LIMIT 
POSSESSION 

LIMIT AREA 

1905 - 1906 1 September – 20 October 50 25 50 Statewide 
1907 1 August – 1 October 62 25 50 Statewide 

1908 - 1912 1 September – 20 October 50 25 50 Statewide 
1913 - 1916 1 August – 1 September 32 20 30 Statewide 
1917 - 1920 15 August – 1 September 18 10 15 Statewide 
1921 - 1922 15 August – 1 September 18 5 5 Statewide 
1923 - 1924 15 August – 1 September 18 3 3 Statewide 
1925 - 1931 1 August – 15 August 15 8 8 Statewide 

1932 1 August – 15 August 15 3 3 Statewide 
1933 15 August – 20 August 6 3 3 Statewide 

1934 - 1936 1 August – 15 August 15 3 3 Statewide 
1937 - 1943 Closed N/A N/A N/A Statewide 

1944 1 – 2 September 2 3 3 Statewide 
Chaffee County Closed 

1945 1 September 1 3 3 Statewide 
Yuma and Kit Carson Counties Closed 

1946 - 1952 Closed N/A N/A N/A Statewide 
1953 20 September 1 2 2 Open west of U.S. 87 
1954 19 – 20 September 2 2 2 Open west of U.S. 87 

1955 18 – 19 September 2 2 2 
Open west of U.S. 87 
Gunnison and Saguache Counties (18 
September only) 
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Table 18.  Colorado GrSG hunting season details, 1905-2005. 

YEAR HUNTING SEASON 
DATES DAYS BAG 

LIMIT 
POSSESSION 

LIMIT AREA 

1956 15 – 16 September 2 3 3 Open west of U.S. 87 

1957 13 – 14 September 2 2 2 Open west of U.S. 87 
Moffat County Closed 

1958 13 – 15 September 3 2 2 Open west of U.S. 87 
Mesa and Garfield Counties Closed 

1959 22 – 24 September 3 3 3 Open west of U.S. 87 

1960 20 – 21 September 2 3 3 Only Moffat, Dolores, Montezuma, and 
West Routt Counties 

 17 – 20 September 4 3 3 Statewide except for counties listed above 
1961 19 – 20 August 2 3 3 Moffat and East ½ of Routt County 

 16 – 18 September 3 3 3 Statewide except Moffat, Routt, Grand, 
Summit, and Eagle Counties 

1962 15 – 17 September 3 2 4 

All of the state west of U.S. Highway 85-87, 
except those portions of Moffat and Routt 
counties that were opened for an earlier 
season. 

1963 Data Unavailable 
1964 12 – 14 September 3 2 4 All of Sate west of U.S. Highway 87 

1964 15 – 20 September 6 2 4 

All of Rio Blanco County and that part of 
Moffat County southwest of Yampa River 
starting at Utah line, following Yampa River 
to Lily Park County road #24, to Cross 
Mountain, and that part of Moffat County in 
White River drainage. 

1965 11 September 1 2 2 All of state west of Interstate 25 
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Table 18.  Colorado GrSG hunting season details, 1905-2005. 

YEAR HUNTING SEASON 
DATES DAYS BAG 

LIMIT 
POSSESSION 

LIMIT AREA 

1965 11 – 13 September 3 2 4 

Routt County east of State 131 and south of 
U.S. 40; all of Grand County; Eagle County 
south of Colorado River; Garfield County 
south of U.S. 6 and east of State 82; Pitkin 
County north of Sate 82; and Laramie River 
area east of Medicine Bow Range, north of 
Fall Creek, west of Laramie River and west 
of Sand Creek and Chimney Rock roads. 

1965 11 – 19 September 9 2 4 

All Rio Blanco County; that part of Eagle 
County west of Colorado River; that part of 
Garfield County – U.S. 50 – State 141 and 
north of Dolores River; and those parts of 
Moffat County north of Sate 10 and west of 
Sate 318, and south of the Green and Yampa 
Rivers and west of County Road 24 and the 
divide between the White and Yampa 
drainages 

1966 10 – 11 September 2 2 4 

All of the state west of U.S. Interstate 25 
except: Elk River drainage in Routt County 
north of Steamboat Springs; all of Rio 
Blanco, Garfield and Pitkin counties; Mesa 
County north and east of U.S. Highway 6 
and U.S. Highway 50; Eagle and Summit 
Counties south of U.S. Highway 6. 

1966 10 – 18 September 9 3 6 

Rio Blanco and Garfield Counties west of 
State Highway 13 and U.S. Highway 6; 
Moffat County south of Yampa River, west 
of County Road 143, south of U.S. Highway 
40 and west of County Roads 23 and 57. 



  

 

 

163

C
olorado G

reater Sage-grouse C
onservation Plan 

Issues
H

unting

Table 18.  Colorado GrSG hunting season details, 1905-2005. 

YEAR HUNTING SEASON 
DATES DAYS BAG 

LIMIT 
POSSESSION 

LIMIT AREA 

1967 9 – 10 September 2 2 4 

All of state west of U.S. Interstate 25 except: 
Mesa County east of U.S. 6 and 50; Garfield 
County east of US Highway 6 and State 
Highway 13; Rio Blanco County east of 
State Highway 13; Eagle County south of 
US Highway 6; Summit County south of US 
Highway 6; all of Pitkin County. 

1967 9 – 17 September 9 2 4 

In: Snake River drainage; Rio Blanco and 
Garfield counties west of State Highway 13, 
and US Highway 6.  Moffat County west of 
State Highway 13, north of County Highway 
9, west of County Highway 7, of U.S. 
Highway 40, and west of State Highway 57. 

1968 14 – 16 September 2 
1/2/3 

Selected 
Units 

2/4/6 Selected 
Units 

Small game management units 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 15, 16, 17, 18, 19, 20, 24. 

1968 14 – 22 September 9 1/2/3 
Selected 

2/4/6 Selected 
Units 

Unit 5 in Snake River drainage and units 7 
and 8. 

1969 13 – 16 September 4 2 4  
1969 17 – 30 September 13 3 6  
1970 
1971 
1972 

Data Unavailable 

1973  3 2 4 Jackson County + ?? 
1974 14 – 16 September 3 2 4 Jackson County +?? 
1975 13 – 21 September 9 2 4 Jackson, and +?? 
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Table 18.  Colorado GrSG hunting season details, 1905-2005. 

YEAR HUNTING SEASON 
DATES DAYS BAG 

LIMIT 
POSSESSION 

LIMIT AREA 

1975  3 2 2 Grand County 
1976 11 – 19 September 9 3 6 Jackson County only 
1976  3 2 4 Rest of the state 
1977 10 – 25 September 16 3 6 Jackson County 
1977  7 3 6 Rest of the state 
1978 9 – 24 September 16 3 6 Jackson County 

1978  7 3 6 Elk River Drainage and east of Colorado 
Highway 131 

1978  9 3 6 Rest of the state 

1979  9 3 6 Eastern Moffat, Western Routt, and Grand 
Counties 

1979 8 – 23 September 16 3 6 Rest of the state 
1980  16 3 6 Grand and Jackson Counties 
1980 13 September – 4 October 25 3 6 Moffat and Grand Counties 
1981  16 3 6 Moffat and Grand Counties 
1981 12 September – 4 October 23 3 6 Jackson County 
1982 11 September – 10 October 30 3 6 Jackson County 

1982  16 3 6 All of Moffat County, except Cold Springs 
and Grand County 

1982  7 3 6 Cold Springs only 
1983  30 3 6 Jackson County 
1983 10 – 25 September 16 3 6 Rest of state 
1984 8 September -  7 October 30 3 6 Jackson and Larimer County 
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Table 18.  Colorado GrSG hunting season details, 1905-2005. 

YEAR HUNTING SEASON 
DATES DAYS BAG 

LIMIT 
POSSESSION 

LIMIT AREA 

1984 8  – 23 September 16 2 4 Rest of state 
1984 8 – 23 September 16 1 2 Cold Springs only 
1985 14 September – 6 October 23 3 6 Jackson and Larimer County 
1985 14 – 29 September 16 3 6 Rest of the state 
1986 13 September – 5 October 23 3 6 Rest of the state 
1986 13 September – 5 October 23 1 2 Cold Springs only 
1987 12 September – 4 October 23 3 6 Rest of state 
1987 12 September – 4 October 23 1 2 Cold Springs 
1988 10 September – 2 October 23 3 6 Rest of state 
1988 10 September – 2 October 23 1 2 Cold Springs 
1989 9 September – 8 October 30 3 6 Entire state 
1990 8 September – 7 October 30 3 6 Entire state 
1991 7 September – 6 October 30 3 6 Entire state 
1992 1 September – 4 October 34 3 9 Entire state 
1993 1 September – 3 October 33 3 9 Entire state 
1994 1 September – 2 October 32 3 9 Entire state 
1995 1 – 17 September 17 2 4 Jackson County and Blue Mountain 
1995 1 – 17 September 17 1 2 All but above 
1996 1- 22 September 22 2 4 Jackson County and Blue Mountain 
1996 1 – 22 September 22 1 2 Entire state except where noted 
1997 13 – 28 September 16 2 4 Jackson County and Blue Mountain 
1997 13 – 28 September 16 1 2 Entire state except where noted 
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Table 18.  Colorado GrSG hunting season details, 1905-2005. 

YEAR HUNTING SEASON 
DATES DAYS BAG 

LIMIT 
POSSESSION 

LIMIT AREA 

1998 12  - 27 September 16 2 4 Jackson County 
1998 12 – 18 September 7 2 4 Western Moffat and Grand County,  
1998 Closed N/A N/A N/A Eastern Moffat and Western Routt Counties 
1999 Data Unavailable 

2000 9 – 15 September 7 2 4 

Units 3, 6, 10, 11, 16, 17, 18 (except east of 
Colo. 125 in Grand County), 27, 28 (except 
north and east of Grand Co. Rd. 50 or 
Church Park Road), 37, 161, 171, 181, 201, 
211 

2001 8 – 14 September 7 2 4 

Units 3, 6, 10, 11, 16, 17, 18 (except east of 
Colo. 125 in Grand County), 27, 28 (except 
north and east of Grand Co. Rd. 50 or 
Church Park Road), 37, 161, 171, 181, 201, 
211 

2002 14 – 20 September 7 2 4 

Units 3, 6, 10, 11, 16, 17, 18 (except east of 
Colo. 125 in Grand County), 27, 28 (except 
north and east of Grand Co. Rd. 50 or 
Church Park Road), 37, 161, 171, 181, 201, 
211 

2003 13 – 19 September 7 2 4 

Units 3, 6, 10, 11, 16, 17, 18 (except east of 
Colo. 125 in Grand County), 27, 28 (except 
north and east of Grand Co. Rd. 50 or 
Church Park Road), 37, 161, 171, 181, 201, 
211 



  

 

 

167

C
olorado G

reater Sage-grouse C
onservation Plan 

Issues
H

unting

Table 18.  Colorado GrSG hunting season details, 1905-2005. 

YEAR HUNTING SEASON 
DATES DAYS BAG 

LIMIT 
POSSESSION 

LIMIT AREA 

2004 11 – 17 September 7 2 4 

Units 3, 6, 10, 11, 16, 17, 18 (except east of 
Colo. 125 in Grand County), 27, 28 (except 
north and east of Grand Co. Rd. 50 or 
Church Park Road), 37, 161, 171, 181, 201, 
211 

2005 10 – 16 September  7 2 4 

Units 3, 6, 10, 11, 16, 17, 18 (except east of 
Colo. 125 in Grand County), 27, 28 (except 
north and east of Grand Co. Rd. 50 or 
Church Park Road), 37, 161, 171, 181, 201, 
211 

 

 

 

 



Table 8.  Colorado GrSG harvest statistics, 1968 – 2005, by county. 
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Table 19.  GrSG harvest in Colorado, by county. 

Year Eagle Garfield Grand Jackson Larimer Mesa Moffat Pitkin Rio Blanco Routt Summit Total 
Harvest 

1968 419 396 1,520 1,861 - 144 2,175 - 92 1,493 - 8,100 

1969 570 1,008 1,513 3,398 - 87 7,300 - 22 2,719 - 16,617 

1970 217 724 1,260 2,172 - 58 4,939 -  2,506 - 11,876 

1971 491 597 968 1,962 - 172 5,050 - 13 1,339 - 10,592 

1972 537 1,134 677 2,846 - 577 7,822 - - 2,369 - 15,962 

1973 620 584 876 2,007 - 36 2,481 - - 1,387 - 7,991 

1974 1,059 295 987 2,509 - 126 3,379 - 158 1,678 292 10,483 

1975 103 275 514 1,973 - 103 3,081 103 460 1,832 - 8,444 

1976 785 97 1,154 1,287 - 34 3,569 - 336 1,102 59 8,423 

1977 23 46 704 1,621 23 115 2,645 115 171 1,974 153 7,590 

1978 226 72 441 1,753 119 198 4,337 68 1,456 1,324 174 10,168 

1979 270 68 1,578 3,262  182 6,882  61 1,433 352 14,088 

1980 1,324 938 1,445 3,482 - 559 9,083 30 308 1,413 127 18,709 

1981 608 110 788 2,089 508 36 7,624 - 1,182 1,920 108 14,973 

1982 264 290 818 2,849 33 - 4,489 - 572 1,185 67 10,567 

1983 1,575 339 1,562 4,530 501 351 4,579 - 1,586 1,975 155 17,153 

1984 3,614 3,614 

1985 
Data Unavailable 

1,657 
Data Unavailable 

1,657 

1986 1,100 614 971 501 48 230 3,627 40 429 825 58 8,443 

1987 2,040 294 1,047 2,004  33 7,612 - 691 360 262 14,343 

1988 1,180 954 651 1,537 648 67 11,222 - 1,374 827 134 18,594 

1989 1,025 265 398 2,876 133 188 9,104 - 711 1,992 144 16,836 



Table 8.  Colorado GrSG harvest statistics, 1968 – 2005, by county. 
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Table 19.  GrSG harvest in Colorado, by county. 

Year Eagle Garfield Grand Jackson Larimer Mesa Moffat Pitkin Rio Blanco Routt Summit Total 
Harvest 

1990 452 211 949 1,472 96 1,520 10,176 415 668 1,068 - 17,027 

1991 416 208 - 1,559 205 312 7,472 - 208 618 624 11,622 

1992 740 234 2,933 1,029 - - 4,034 273 1,784 586 640 12,253 

1993 345 181 637 1,059 - 117 3,743 - 91 928 - 7,101 

1994 438 - 198 1,396 25 151 2,997 124 354 685 - 6,368 

1995 51 - 25 458 76 254 721 - 76 51 - 1,712 

1996 104 346 104 1,125 - 83 1,125 - 1,090 488 - 4,465 

1997 95 - 856 571 71 143 1,466 - 119 71 - 3,392 

1998 14 17 235 103 - - 533 - 116 9 27 1,054 

1999 99 - 25 176 - - 278 - 67 39 18 702 

2000 - - 13 212 - - 325 - 107 7 4 668 

2001 - - 25 280 - 30a 391 - 29 29 - 784 

2002 - - 4 137 - - 158 - 2 3 3 307 

2003 - - 33 246 - 4a 140 - 2 2 - 427 

2004 - - 152 948 - - 471 - 75 77 8 1,731 

2005 - - 58 461 - - 518 - 33 14 31 1,115 
a  Data in the table result from surveys of hunters; in some cases hunters are mistaken about the county where they harvested birds, 
resulting in harvest being reported in counties where the season is closed.
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Infrastructure  
 
This section discusses the potential impacts to GrSG from infrastructure that is associated with 
various types of human development, including housing, energy, and minerals (see “Energy and 
Mineral Development [pg. 109] and “Housing Development” [pg. 154] issue sections).  
Infrastructure refers to powerlines, pipelines, fences, and communication towers.  Roads are 
addressed in a separate section (see “Roads” issue section, pg. 193).  For positive effects on 
GrSG resulting from fences, see “Grazing” issue section (pg. 139). 
 
The primary infrastructure-related issues for GrSG are increased risk of predation (see also 
“Predation” issue section, pg. 183), avoidance, disturbance, collision mortality of birds, and 
introduction and spread of invasive weeds leading to habitat degradation (see also “Weeds: 
Noxious, Invasive, and Encroaching Plants” issue section, pg. 198).  Although habitat loss does 
occur in this category, it is generally distributed as linear or small patch changes in habitat, so 
total amount of habitat loss is relatively minimal (however, see “Habitat Loss: Roads in 
Colorado” GIS analysis, pg. 284).  The wide distribution of these smaller habitat disturbances 
does, however, fragment formerly intact habitat (see “Habitat: Fragmentation, Quality, and 
Quantity” issue section, pg. 151) and may result in the impacts mentioned, such as an increase in 
predation risk and invasive weeds. 
 
Elevated structures of various types may provide perch sites for raptors that prey on grouse, 
possibly resulting in increased predation.  Known raptor predators of GrSG include golden 
eagles, red-tailed hawks, ferruginous hawks, Swainson's hawks, northern harriers, gyrfalcons, 
northern goshawks, Cooper's hawks, American kestrels, merlins, and great-horned owls 
(Schroeder et al. 1999).  In addition, if grouse experience or perceive a greater threat of 
harassment and/or predation, they might avoid areas with overhead structures.  Most raptor 
predation will be on juveniles and older age classes, while other avian predators (e.g., common 
ravens, American crows and black-billed magpies) will mainly affect clutches.  It is unknown 
how far elevated structures must be from sage-grouse to have no effects on the birds (e.g., 
behavioral changes, increased predation). 
 
However, there are few studies in peer-reviewed research that clearly address this risk.  Ellis 
(1987) attributed changes in sage-grouse movements on a lek and a shift in lek location in 
northeastern Utah to construction of a 345-KV transmission line within 660 feet of the lek.  
Braun et al. (2002) reported that a sage-grouse population in Wyoming that used 40 lek areas 
within 0.25 miles of power lines had a significantly lower growth rate than a sage-grouse 
population using lek areas farther away.  Increased avian predation was the suggested cause of 
the lower growth rate.   
 
Although raptors that prey on adult sage-grouse (e.g., golden eagle, red-tailed hawk), chicks 
(e.g., American kestrel), and eggs (e.g., common raven) typically increase following power line 
construction (Stahlecker 1978, Knight and Kawashima 1993, Steenhof et al. 1993, Oles 2007), 
such changes have not yet been linked to population-level impacts on sage-grouse.  Oles (2007) 
also found that new perch deterrents reduced raptor numbers. 
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A recent study in Nevada examined the effects of new transmission lines on sage-grouse in 
relation to avian predators (Collopy and Lammers 2004), and had different conclusions.  This 
preliminary progress report concluded that the numbers of avian predators documented during 
surveys did not change significantly after construction of the new powerline (Collopy and 
Lammers 2004).  Perch deterrents used on new and existing powerlines did not prevent raptor 
perching, but there was evidence that the amount of time raptors spent perching (for all species) 
was reduced (Collopy and Lammers 2004). 
 
Grouse have anti-predator behaviors, such as crouching low or seeking cover under vegetation in 
the presence of predators, or flying in the opposite direction of attack from avian predators 
(Hartzler 1974, Schroeder et al. 1999).  Ellis (1984) described a morning when a golden eagle 
apparently altered the strutting behavior of GrSG on a lek in Utah after it flew near the lek and 
eventually landed on an oil well pump; most males eventually resumed strutting. 
 
The presence of paths cleared under powerlines, that fragment previously contiguous habitat, 
may change the behavior of terrestrial predators by providing easy travel lanes into sagebrush 
habitat.  Studies have indicated that the rate of predation for grassland birds is highest in small, 
linear patches of nesting habitat, and some have suggested that the linear nature of the habitat 
allows it to serve as a travel lane for predators (Haensly et al. 1987, Mankin and Warner 1992).  
Above-ground power lines and transmission lines can result in a long-term linear effect to native 
habitat (habitat fragmentation and creation of potential travel lanes for predators), depending on 
the type of power line right-of-way and vegetative cover.  Burying powerlines and transmission 
lines, however, can result in greater ground disturbance and more regular maintenance in seeding 
and weed prevention.  In addition, because of the inherent limitations with burying power lines, 
this approach could only apply to certain project scenarios and line voltages. 
 
Direct mortality of grouse from collisions with overhead power and telephone lines has been 
documented (Borell 1939, Ligon 1951, Sika 2006, J. Stiver, University of Nebraska, personal 
communication), but examples have been isolated and anecdotal.  Although these incidents result 
in the death of individual grouse, population-level impacts of collisions have not been studied.  
Grouse mortality is also caused by collisions with communication towers (and associated guy 
wires), fences, and various structures in utility corridors (reviewed across grouse species by 
Bevanger 1998).   
 
Roads provide an avenue for the spread of exotic plants (Bureau of Land Management 1999, 
Trombulak and Frissell 2000, Gelbard and Belnap 2003, Bergquist et al. 2007), and powerline or 
pipeline corridors could also do so.  Some roadside introductions have come from revegetation 
efforts that included alien species (Tyser and Worley 1992), also a risk in utility corridors that 
are revegetated.  Even if exotic weeds are not introduced, disturbed ground may be colonized by 
native invasive species (e.g., broom snakeweed, wooly mullein). 
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Lek Viewing 
 
 
It has been suggested that lek viewing may have an adverse impact on GrSG during the lekking 
season by interfering with normal lek behavior.  Male and female sharp-tailed grouse flushed 
from active leks when disturbed by human presence and leashed dogs, and females were also 
disturbed by multiple other types of disturbance (Baydack 1986, as cited in Sime 1999).  Of 5 
different recreation-user groups at a wildlife refuge in Florida, photographers were the most 
disruptive, since they were most likely to stop, leave their vehicles, and approach wildlife (Klein 
1993, as cited in Knight and Gutzwiller 1995).  
 
Profera (1985) studied the distance at which GrSG stopped displaying or flushed in response to 
human activity associated with guided and self-guided public viewing tours. She found that even 
on self-guided tours little disturbance occurred during the duration of the study.  Grouse reacted 
sooner when approached by people on foot than in a vehicle.  It was suggested that females 
flushed at longer approach distances to disturbance than did males, and that male response to 
disturbance was inversely correlated to the number of females present (Profera 1985).  Aldridge 
(2000) found that males flushed from the lek would not return until the following day.  Although 
not documented, it was postulated that continual disturbance would result in site abandonment 
and even have a detrimental effect on the population status (Aldridge 2000).  Boyko et al.  
(2004) evaluated how GrSG responded to the avian predator, the golden eagle.  If GrSG see 
humans as predators, then viewers’ presence at a lek could cause the same adverse response as 
do predators.   
 
With limited experimental research on the topic, it is important to evaluate and monitor lek sites 
that are already experiencing lek-viewing.  A GrSG lek in the NP GrSG population, Coalmont 
lek, was opened for viewing in 1987.  Birdwatchers and wildlife enthusiasts were referred to this 
lek by both the CDOW and BLM.  Evaluation of lek counts from the Coalmont lek (Fig. 28) 
from 1973 to 2005 demonstrates annual fluctuations in numbers, with long-term stability.  This 
stability suggests that lek viewing at this lek, which was open for self-guided viewing, did not 
have an adverse impact on GrSG.   
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Fig. 28.  High male lek counts at Coalmont lek in NP population area.  Self-guided lek viewing 
occurred from 1973 to 2005. 
 
 
A second lek that has regular visitors is the Boettcher lek (Fig. 29), also in the NP GrSG 
population area.  The local Chamber of Commerce has been offering commercially guided 2-day 
viewing tours from late April to early May since 1999, occurring 2 to 3 times per lekking season.  
Boettcher lek counts have increased, over all, since the tours began in 1999 (Fig. 29). 
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Fig. 29.  High male lek counts at Boettcher lek in NP population area.  Guided lek viewing tours 
have been conducted since 1999. 
 
 
Although guided and self-guided viewing tours may not have an impact on GrSG, it has been 
found that vehicle disturbance and high-volume traffic is disruptive to GrSG (Mattise 1995, 
Trombulak and Frissell 2000, Holloran 2005).  Leks that can be viewed from the road or a 
parking area may be vulnerable to vehicle traffic disturbance, if the viewing experience is not 
managed properly.  On the Wuanita lek near Gunnison, Colorado, great efforts have been made 
to regulate the viewing that occurs on the public lek.  Patrons are asked to arrive before sunrise 
and remain in their vehicles until all of the birds have left the lek for the day.  The lek has a 
volunteer or temporary employee on site everyday during the mating season, in an effort to keep 
viewers in compliance with the viewing rules/suggestions.   
 
The economic boost wildlife viewing brings to rural economies is significant, but unless the 
value of ethical viewing of wildlife is enforced and regulated, then there is potential for the 
wildlife to be impacted (Loft 1998).  In 2001, the USFWS found that 2.1 million people 
participated in wildlife-associated recreation in Colorado (e.g., anglers, hunters, and wildlife 
watchers), and 73% of them were wildlife watchers (Caudill 2003).  Of the 1.6 million wildlife 
watchers who participated in wildlife watching in Colorado, 1.1 million of them were residents.   
In total, these wildlife watchers spent a total of $624 million dollars on expenditures specific to 
viewing, with 67% of that relating to the viewing trip.  It was also found that Colorado has 1.1 
million people who classify themselves as wild bird watchers, with 61% of them being trip-
takers.  
 
There is little research that focuses specifically on the short-term responses of GrSG to human 
activity at lek sites, and there are no studies on the potential long-term impacts.  An inclusive, 
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long-term, controlled study of impacts would require great amounts of time, money, and 
personnel.  This type of project would need to monitor all other factors that affect lek attendance 
and GrSG populations, and should incorporate data from several sage-grouse populations over 
numerous years.  The impact of 1 year of viewing should not be assumed as the cause if the next 
year’s recruitment of males is low.  Factors to be evaluated would include, but should not be 
limited to, current lek attendance, and from the previous year: lek attendance, mating success, 
nest success, chick survival, juvenile recruitment, and weather conditions.  All of these factors, 
however, are not yet fully understood and until then the impacts of viewing must continue to be 
measured with short-term disturbances.  These studies, although inconclusive, have only focused 
on daily responses of grouse to human disturbances.  These types of studies could guide the 
creation of a viewing lek protocol to prevent possible actions that would deter the grouse from 
returning to the lek. 
 
Conclusion 
 
Lek viewing while on-foot, or without using blinds or vehicles is likely to disturb GrSG.  
Broader-level impacts of recreational viewing on GrSG, however, have not been studied. 
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Pesticides 
 
Pesticides may impact GrSG indirectly, by altering habitat and food sources, or directly, through 
accidental consumption or exposure.  Both insecticides and herbicides have the potential to affect 
sage-grouse. 
 
 
Insecticides 
 
The pesticides used to control insects (insecticides) are those most likely to affect sage-grouse.  
Insects are generally a minor diet item for adult sage-grouse, but the importance to chicks has 
been well-documented (Patterson 1952, Klebenow and Gray 1968, Johnson and Boyce 1990, 
Fischer et al. 1996a).  Insects, especially ants (Hymenoptera) and beetles (Coleoptera), can 
comprise a major proportion of the diet of juvenile sage-grouse (Patterson 1952), and are 
important components of early brood-rearing habitats (Drut et al. 1994a).  Fischer et al. (1996a) 
found that insect abundance was greater at brood-rearing areas than at non-brood sites.  Johnson 
and Boyce (1990) reported that survival and growth rates of sage-grouse chicks were 
proportional to the amount of insect material in the diet.  Early brood-rearing habitats are 
generally close to nesting habitat and are often relatively open areas with abundant herbaceous 
cover (Sveum et al. 1998a).  These areas may include farmlands and irrigated croplands adjacent 
to sagebrush habitats. 
 
Impacts of insecticide spraying to sage-grouse may be direct or indirect, and are dependent on 
the type of insecticide used, timing of insecticide spraying, and site-specific factors affecting use 
by sage-grouse, such as crop types and proximity to sagebrush cover.  Direct (acute) toxicity of 
insecticides to sage-grouse occurs through consumption of animal or plant materials with 
sufficiently high amounts of insecticide residue to kill them, dermal absorption, or vapor 
inhalation through the mucosa of the respiratory tract (Smith 1987).  Indirect (sub-acute) impacts 
are the disruption of neuronal and endocrinological systems affecting immune function, 
development, and behavior.  Another important indirect impact is the reduction of an important 
food supply for chicks.   
 
Insecticide use for agricultural pests in GrSG range in Colorado is limited primarily to control 
for grasshoppers, Mormon crickets, and mosquitoes.  Alfalfa weevil and Russian wheat aphid are 
present in GrSG range, but usually not to the extent that the use of pesticides is needed.  The 
principal method of control in 2003-2004 for grasshoppers was aerial applications of Dimilin 
(not an insecticide, but a growth regulator) applied in strips 50-feet wide adjacent to 50-feet wide 
strips of no treatment.  Canola oil is used in the treated strips as a pheromone attractant.  This 
method achieves up to 80% control but only applies product on half the ground (C. J. Muclow, 
Routt County Extension Service, personal communication).  Timing of treatment is critical, 
because Dimilin only works on molting grasshoppers when they are in the 4th or earlier instars.  
It prevents chitin formation, preventing the exoskeleton of the grasshopper from hardening, 
resulting in death by exposure.  Because mammals and birds do not have chitin, Dimilin is not 
toxic to them. 
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Carbaryl and Malathion are also recommended for grasshopper control, usually for backyard and 
small rural acreage.  These areas are not typically inhabited by GrSG, but occasional exposure to 
these products is possible.  Malathion has a short half-life (2 days) and moderate-low toxicity to 
birds.  Carbaryl has a moderate half-life (7 - 28 days) and low toxicity to birds.  Both products 
are not bioaccumulants and ingestion of treated insects soon after treatment would be necessary 
for lethal doses to GrSG.   
 
Mormon cricket outbreaks are controlled with pesticides in Moffat County and in parts of 
western Rio Blanco County.  As with grasshoppers, outbreaks requiring treatment are not 
predictable, nor do they occur every year.  Treatments include aerial and bait treatments with 
Malathion, Carbaryl, and Astro (Permethrin).  The same treatment using Dimilin for 
grasshoppers has also been used for Mormon crickets.  Permethrin does bioaccumulate, but its 
toxicity is so low for birds that there is little risk of direct mortality to GrSG.  Indirect effects of 
bioaccumulated Permethrin on GrSG are unknown. 
 
The arrival of WNV in GrSG range presents an additional potential problem with insecticides.  
Infection with WNV could threaten GrSG populations, but use of insecticides to control 
mosquitoes which transmit the virus could have detrimental effects on sage-grouse.  Use of 
larvicides such as Bti (Bacillus thuringiensis israelensis), which have extremely low toxicities to 
vertebrates, can greatly mitigate risks (Rose 2004).  Available adulticides include synthetic 
pyrethroids such as permethrin, which are applied at low concentrations and have low vertebrate 
toxicity (Rose 2004).  Organophosphates such as malathion have been used at low rates to kill 
adult mosquitoes in and near urban areas for decades, and are judged relatively safe for 
vertebrates (Rose 2004).  Throughout GrSG range in Colorado, all 3 of these pesticides have 
primarily been used in and around urban areas.                                                                                                         

 
 
Herbicides 
 
In GrSG range different combinations of herbicides (pesticides applied to plants) and seasons of 
applications have been developed to remove sagebrush, other unwanted woody shrubs, and 
weedy annual and perennials from western rangelands (Tueller and Evans 1969, Evans and 
Young 1975, Evans and Young 1977).  The use of herbicides has the potential to directly and 
indirectly impact GrSG.  The impacts can be through direct contact (Ward et al. 1942, Post 1951, 
Blus et al. 1989), or through modification of components of the habitat (indirect contact). These 
modifications can include the removal of sagebrush (Carr and Glover 1970, Klebenow 1970) and 
the reduction of forbs or insects (Eng 1952).  The most common herbicides used are 2,4-D, 
Tebuthiuron (Spike), Sulfonylureas (Escort), Glyphosate (Roundup), Picloram (Tordon), 
Dicamba (Banvel), and Curtail.  All have low toxicity to birds and ingestion would have little 
direct effect on GrSG. 

 
The substantial risk to GrSG from herbicide application is the indirect impact of altering habitat.  
Herbicides are powerful tools that have been used to both enhance and inadvertently degrade 
GrSG habitat.  Applications of 2,4-D or Tebuthiuron  are commonly used to kill sagebrush, 
leaving standing dead skeletons of the shrubs with low risk of soil erosion.  Historically, large 
blocks of sagebrush were treated with little regard to impacts on sage-grouse habitat.  Critical 
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habitat areas were not avoided and impacts to forbs were not considered to be important.  
Recently, with the emphasis on GrSG habitat in the region, treatment areas have been smaller, 
and have considered critical habitat areas and impacts to the forb component of the plant 
community.  With proper timing and application rates 2,4-D can be used to reduce sagebrush 
densities to a desirable level and have little effect on forbs.  More recently, thinning of sagebrush 
density by Tebuthiuron, rather than sagebrush removal from large areas, has been the focus of 
some treatments (Emmerich 1985, Olson and Whitson 2002).  However, due to the long period 
of effectiveness, it is much harder to control impacts to forbs by Tebuthiuron. 

 
Most other herbicides used in GrSG range, such as Roundup, Escort, Curtail, and Banvel, are 
used to control noxious and invasive weeds in both agricultural and development settings.  Many 
of the targeted weeds these chemicals are designed to control are forbs, and impacts to desirable 
forbs are often unavoidable.  Using spot treatment applications, adjusting timing of application, 
using herbicides with short half-lives and low adsorption to soil particles can be help to minimize 
impacts to desirable forbs and shrubs. 
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Piñon-Juniper Encroachment 
 
 
Problem 
 
Loss of habitat within GrSG range in Colorado can be attributed in some areas to piñon-juniper 
expansion and encroachment into sagebrush communities.  Although the amount of sage-grouse 
habitat lost due to piñon-juniper conversion in Colorado is unknown, a significant portion of the 
sagebrush-steppe in the West has been affected.  Miller and Wigand (1994) estimated that over 8 
million acres of sagebrush-steppe are in different stages of conversion to juniper woodlands.  
Miller and Tausch (2001) stated that the increase in piñon-juniper woodlands has been among 
the most pronounced vegetation changes that have occurred in the Intermountain West during the 
past 130 years.  
 
In addition to loss of habitat, conversion of shrub-steppe communities to piñon-juniper results in 
alterations in habitat suitability for wildlife (Miller et al. 1999).  Commons et al. (1999) reported 
that Gunnison sage-grouse avoid piñon-juniper areas during breeding and summer periods.  A 
similar study on GrSG has not been done, but field observations suggest such avoidance also 
occurs with GrSG, because GrSG are almost never observed in areas with a piñon-juniper 
overstory.  Doherty et al. (2008) reported strong avoidance of conifers by female sage-grouse 
during winter. 
 
 
Mechanism 
 
Piñon-juniper expansion in the West began during the late 1800s (Eddleman 1987, Miller and 
Rose 1995), peaked during the early 1900s, and is continuing to increase across the 
intermountain region (Miller and Tausch 2001).  Piñon-juniper expansion has been attributed to 
the simultaneous occurrence of 3 primary factors: (1) a mild and wet climatic period between 
1870 and 1920; (2) introduction of domestic livestock; and (3) a reduction in fire intervals 
(Tausch et al. 1981, Miller and Wigand 1994, Miller and Rose 1995). 
 
Miller and Rose (1999) found support for the 3-factor hypothesis in a study in southern Oregon, 
in which they examined tree ring data, historic grazing records, fire history, and vegetation 
characteristics and measurements.  Climate during the late 1800s and early 1900s was mild, with 
an increase in precipitation above long-term averages (LaMarche 1974, Graumlich 1987).  Miller 
and Rose (1999) reported an increase in growth ring widths during this period, suggesting wetter 
conditions.  Expansion of western juniper coincided with domestic livestock introduction 
(Archer 1994, Miller and Rose 1999).  Numbers of cattle, sheep and horses rapidly increased 
from 1870 and peaked at the turn of the century (Oliphant 1968, Young et al. 1976).  Grazing by 
livestock may have enhanced piñon-juniper expansion by reducing fine fuels, changing the plant 
community structure, and reducing competition with herbaceous species (Ellison 1960, 
Burkhardt and Tisdale 1976, Wright et al. 1979, Madany and West 1983, Archer 1994, Miller et 
al. 1994).  Under heavy grazing and reduced fire events, sagebrush cover generally increases and 
becomes dominant over grasses, providing safe sites for juniper seedling establishment (Miller 
and Rose 1995). 
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Fire played a major role in suppressing expansion of piñon-juniper into shrub-steppe 
communities prior to 1880 (see “Fire and Fuels Management” issue section, pg. 129).  Young 
juniper trees are easily killed when they are less than 4 feet in height (Wright et al. 1979) and 
less than 50 years in age (Burkhardt and Tisdale 1976, Young and Evans 1981).  Fire return 
intervals of 30 to 40 years are reported to be frequent enough to limit establishment of western 
juniper (Burkhardt and Tisdale 1976).  The fire return interval prior to 1871 in southeastern 
Oregon was an average of 7.7 years (range of 1 - 19), and the fires were relatively extensive 
(Miller and Rose 1999).  Fire frequency declined after 1870, a full 60 years prior to effective 
human fire suppression efforts.  During the late 1800s accumulation of fine fuels was limited by 
livestock.  Studies in California, Oregon, and eastern Nevada reported decline in fire frequency 
after introduction of livestock, due to an associated reduction in fine fuels (Burkhardt and 
Tisdale 1976, Young and Evans 1981, Savage and Swetnam 1990, Gruell et al. 1994, Miller and 
Rose 1999). 
 
Piñon and juniper establish into new areas through seed dispersal, facilitated primarily by birds 
and rodents (Chambers et al. 1999).  Jays and nutcrackers are the primary avian seed dispersers; 
both establish shallow seed caches.  Distances of seed dispersal vary by avian species.  Scrub 
jays, a solitary species, seldom disperse seeds more than 0.6 miles, piñon jays carry seeds 
slightly farther, and Clark’s nutcrackers can carry seeds as far as 13 miles (Chambers et al. 
1999).  While jays usually place only one seed per cache, nutcrackers stash up to 10 seeds per 
cache (Chambers et al. 1999).  Ligon (1978) estimated a flock of 250 piñon jays could cache up 
to 4.5 million Colorado piñon seeds in a 5-month period.  The favorite seed storage sites of piñon 
jays in New Mexico were on open ground and in areas cleared of piñon-juniper by chaining 
(Ligon 1978), essentially replanting treated sites.   
 
The role of mammals in dispersal of piñon-juniper seeds has probably been underestimated 
(Chambers et al. 1999).  Mammals such as coyotes, cottontail rabbits, and jackrabbits are 
dispersers of piñon-juniper seeds and usually deposit seeds in interspaces between vegetation 
(Schupp et al. 1999).  Mammals may be more apt to create piñon-juniper invasions into 
grasslands than are birds because of the need of birds to remain near perches.  In Utah, 
movement of juniper seeds into a grassland community by rabbits was recorded as far as 160 feet 
(Schupp et al. 1999) 
 
Piñon pines have short-lived seeds, whereas juniper seeds are long-lived (Chambers et al. 1999).  
Tests of stored juniper seeds showed that 45-year old Utah juniper seeds still had 17 percent 
germination.  Due to this longevity, junipers have highly persistent seed banks (Chambers et al. 
1999), and can establish in areas long after seed dispersal has occurred. 
 
 
Colorado GrSG Habitat Areas Experiencing Piñon-Juniper Encroachment  
 
Piñon-juniper encroachment into occupied GrSG habitat in Colorado is most significant in the 
NESR, NWCO, and PPR populations (Fig. 30). 
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Piñon-juniper is expanding into sage-grouse habitat in the NESR population (area 10, Fig. 30).  
Specifically, piñon-juniper encroachment is in the Eagle zone of the population, in the Colorado 
River-Eagle River drainage area near Burns and State Bridge.  Habitat in this area is at a lower 
elevation and is drier than in the Routt Zone.  The Sunnyside area near Burns has young piñon-
juniper growing in previously open sagebrush areas.  A recently discovered lek site is in the 
middle of a small piñon forest.  Piñon-juniper is also a factor in the occupied areas around State 
Bridge.  Piñon-juniper is not widely established in the Routt Zone (Yampa-Toponas area) of the 
population.  Piñon-juniper treatment is listed as a conservation action in the local plan (NESRCP 
2004), and has been identified as a priority for CDOW biologists. 
 
The NWCO population has the largest areas of piñon-juniper communities, primarily in the 
western part of the occupied habitat.  Areas most affected by piñon-juniper encroachment are 
numbered in Fig. 30 as follows: 
 
(1) The east and south side of Blue Mountain (east end of Blue Mountain). 
(2) The Winter Valley/Elk Springs area all the way to Cross Mountain.  The south side of Cross 

Mountain is a large area experiencing piñon-juniper encroachment.  There have been some 
major fires in the last 15 years that have knocked the piñon-juniper back but there are still 
encroachment areas. 

(3) The area around Greystone (NWCO Zone 2) and to the North up through Sheephead Basin. 
This area has limited known use by grouse, which could be due, in part, to the piñon-juniper 
encroachment. 

(4) Seven Mile Ridge, west of Little Snake River in NWCO Zone 2. 
(5) East of Cross Mountain in the northwest corner of NWCO Zone 5 (Peck Mesa) and the 

southwest corner of NWCO Zone 3A (Simsberry Draw). 
(6) Axial Basin.  This area, however, is experiencing a lesser level of encroachment than in 

other areas. 
(7) Brown’s Park (southern and eastern portions of NWCO Zone 1).  
(8) West of the Green River in the middle of NWCO Zone 7. 
 
The Piceance Basin portion of the PPR population (area 9, Fig. 30) is also strongly affected by 
piñon-juniper encroachment.  Many of the ridge tops are relatively flat, and due to heavy 
encroachment sagebrush has become more of an understory to piñon-juniper than a predominant 
community type.  Piñon-juniper encroachment is not a concern in the occupied habitat located in 
the Parachute – Roan portion of population; elevation and precipitation are both too high for 
piñon-juniper establishment on these ridge tops.  However, piñon-juniper encroachment is 
occurring in potential habitats mapped in Roan Creek and lower elevation areas to the south and 
west of DeBeque.



 

Fig. 30.  Areas where piñon – juniper is encroaching in sagebrush habitat with GrSG population areas in Colorado. 
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Predation 
 
Sage-grouse and Predators 
 
Predation is a major cause of mortality in sage-grouse (Bergerud 1988a, Schroeder et al. 1999, 
Connelly et al. 2000c).  Predation rates vary seasonally.  The period of highest mortality for 
yearling and adult males occurs during the lekking (breeding) season, for yearling and adult 
females during nesting and brood-rearing, and for juveniles during the first few weeks after hatch 
(Patterson 1952, Schroeder et al. 1999, Schroeder and Baydack 2001).   
 
However, the effect of predation on the fluctuations and viability of sage-grouse populations has 
never been investigated (Connelly and Braun 1997, Connelly et al. 2000c, Schroeder and 
Baydack 2001).  Schroeder and Baydack (2001) suggest that nest predators have an important 
impact on sage-grouse population dynamics given the high variation in nest success. Nest 
predation may be higher, more variable, and have a greater impact on small, fragmented 
populations.  Predation is an important factor in juvenile mortality, but nutrition, habitat quality, 
and environmental conditions also affect juvenile mortality (Pyle and Crawford 1996, Sveum et 
al. 1998a, Burkepile et al. 2002, Gregg et al. 2007).  The population viability analysis suggests 
that GrSG juvenile female survival is almost as important as adult female survival for population 
growth (see “Sensitivity Analysis”, pg. 217). 
 
Sage-grouse have evolved with native predators, and consequently have developed traits to 
survive with high predation pressure.  For example, both yearling and adult females nest, lay 
moderately large clutches, and attempt to re-nest if nests are destroyed by predators (Svedarsky 
1988, Schroeder 1997).  Sage-grouse plumage is extremely cryptic, and grouse often remain 
motionless (especially while on nests) instead of flushing (Schroeder et al. 1999).  Grouse have 
also adapted anti-predator behaviors such as crouching low or seeking cover under vegetation in 
the presence of predators, or flying in the opposite direction of attack from avian predators 
(Hartzler 1974, Ellis 1984, Schroeder et al. 1999).  Females perform displays (e.g., erratic 
movements or dragging their wings on the ground) to distract predators from nests and broods 
(Schroeder et al. 1999).  GrSG females have also been documented defending their nests from 
ground squirrels (Schroeder 1997), and Girard (1937) observed females attacking predators in 
the defense of their broods.  Nevertheless, at low GrSG population levels, these adaptations may 
not be sufficient to prevent serious predation consequences for the population. 

 
 

Predator Community and Interactions 
 
The effect of predation on sage-grouse populations will depend on the composition of the 
predator community.  Predators of GrSG have been well documented (Schroeder et al. 1999).  
Predators that depredate juvenile and adult GrSG include avian predators such as golden eagles, 
red-tailed hawks, ferruginous hawks, Swainson's hawks, northern harriers, gyrfalcons, northern 
goshawks, Cooper's hawks, American kestrels, merlins, and great-horned owls; and mammalian 
predators such as coyotes, red foxes, weasels, and bobcats.  Predators that depredate eggs include 
avian predators such as common ravens, American crows, northern harriers, common grackles, 
and black-billed magpies; mammalian predators such as badgers, ground squirrels, raccoons, red 
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fox, striped skunks, and elk; and reptilian predators such as gopher snakes and prairie 
rattlesnakes.  
 
The composition and density of predator communities can vary greatly across space and time 
(Greenwood 1986, Johnson et al. 1989, Sargeant et al. 1993, Sovada et al. 1995).  The effect of 
predation on the demographic structure and population fluctuations of GrSG is unknown, but 
will likely depend on the composition of the predator community.  Avian predators, primarily 
corvids, were major predators of GrSG nests in Idaho (Autenrieth 1981) and Washington 
(Vander Haegen et al. 2002), while ground squirrels and badgers were major nest predators in 
Colorado (Gill 1965) and Wyoming (Patterson 1952).  Giesen (1995) documented poor nesting 
success in North Park, Colorado, in 1993 and 1994 (22% of 42 nests and 27% of 20 nests, 
respectively).  Most nest loss (87%) was due to depredation, primarily by Richardson’s ground 
squirrels.  It is possible that most mammalian predation will be on eggs.  Only coyotes and red 
foxes are likely to prey on all grouse life stages.  Most raptor predation will be on juveniles and 
older age classes, while other avian predators (e.g., common ravens, American crows, and black-
billed magpies) will primarily affect clutches. 
 
Increasing residential development and/or energy and mineral development have been identified 
in most GrSG local conservation plans as risks to GrSG (see “Housing Development” [pg. 154] 
and “Energy and Mineral Development” [pg. 109] issue sections).  Development of all kinds can 
contribute to increased populations of predators (e.g., red foxes, American crows, and common 
ravens) that are frequently associated with altered landscapes that provide (1) additional denning 
or nesting sites; (2) additional food resources from agricultural household garbage, waste grain, 
landfills, or gut piles left by hunters; or (3) easier access to previously contiguous sagebrush 
habitat via linear features such as roads and powerlines.  Housing development increases the 
likelihood that feral cats and dogs will affect local GrSG populations.  Any kind of human 
development (including housing, energy, and minerals) that produces infrastructure, such as 
powerlines, communication towers, and roads, presents additional risk to sage-grouse 
populations.  One of the potential risks of these structures is increased predation on GrSG (Ellis 
1984, Braun et al. 2002).  It is unknown how far elevated structures must be from sage-grouse to 
have no effects on the birds (e.g., behavioral changes, increased predation).  These issues are 
addressed in more detail under the “Energy and Mineral Development” (pg. 109), 
“Infrastructure” (pg. 170), and “Roads” (pg. 193) issue sections. 
 
Andelt (2003) investigated the relative abundance of avian and mammalian predators, and the 
diets of coyotes, red fox, and bobcat in both fragmented and contiguous habitats in Moffat 
County.  In these preliminary surveys, red fox were more abundant in the fragmented habitat 
than in the more contiguous habitat (Andelt 2003).  Golden eagles and common ravens were 
observed frequently in both study areas.  In addition, Andelt (2003) found no GrSG feathers in 
141 coyote, 26 red fox, and 4 bobcat scats.  Andelt’s results may have been affected by predator 
control efforts (primarily coyote) that took place in the months before his study was conducted 
(D. Moreno, USDA, personal communication). 
   
There are other complex ecological consequences associated with predation that must also be 
addressed before specific management strategies can be recommended.  These include the 
behavioral and spatial interactions of predators with GrSG and with other predator species.  
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Removing predators from a specific area can lead to a functional and/or numerical response by 
other predators.  Predators compensate for predator removal by either moving into vacated areas 
(functional response; Sargeant 1972, Gese et al. 1989), or by producing larger litters that 
typically have higher survival rates (numerical response; Knowlton 1972).  The reproductive and 
movement characteristics of predators such as red foxes (Allen 1983), raccoons (Fritzell 1978) 
and striped skunks (Greenwood and Sargeant 1994) make it possible for these species to rebound 
quickly following predator removal programs. 
 
Furthermore, it has been argued that removing dominant predators from an ecosystem can result 
in increased populations of lower trophic-level predators (i.e., "mesopredators") such as red 
foxes, raccoons, ground squirrels, and feral pets (Soulé et al. 1988, Rogers and Caro 1998, 
Crooks and Soulé 1999, Mezquida et al. 2006).  The increased population densities of lower 
trophic-level predators may compensate for the removal of dominant predators such that overall 
predation rates are not affected (Parker 1984, Greenwood 1986).  Predator control programs that 
focus on removing coyotes can lead to increased populations of red foxes (Sargeant et al. 1987, 
Voigt and Earle 1983).  Red foxes may have a more profound effect on sage-grouse populations 
than coyotes.  In prairie ecosystems, red foxes are a major predator of grassland birds (Sargeant 
et al. 1984, Greenwood et al. 1987, Johnson et al. 1989) and have a greater impact on nest 
success of grassland birds than do coyotes (Johnson et al. 1989).  Both coyotes and red foxes are 
territorial and red foxes avoid areas with coyotes (Voigt and Earle 1983).  Areas with high 
densities of coyotes have low densities of red foxes and higher overall nest success (Sovada et al. 
1995).  Therefore, behavioral and spatial interactions among predator species are complex, and 
compensatory predation may undermine predator control programs that focus on a single 
predator species.  It is possible that attempts to control multiple mammalian predators to allow 
more sage-grouse to fledge in the short-term, may ultimately lead to increased predation by avian 
predators (Mezquida et al. 2006). 
 
 
Predator Control - Background 
 
Predator control studies in prairie ecosystems have had variable success in increasing waterfowl 
nest success or productivity (Greenwood 1986, Sargeant et al. 1995).  The variability may be 
partly due to restrictions on the methods allowed (Sargeant et al. 1995), but may also be due to 
compensatory predation from predator species not included in the control program, or by a 
numerical and/or functional response by predators included in the program.  Predator removal 
was most successful in small (< 1,236 acres), intensively managed waterfowl nesting areas 
(Balser et al. 1968, Chesness et al. 1968, Duebbert and Lokemoen 1980, Greenwood 1986, 
Sargeant et al. 1995).  Moderate improvements in nest success and brood production have been 
documented for predator removal programs that used multiple methods over relatively larger 
(<64,247 acres) areas (Balser et al. 1968, Schranck 1972, Duebbert and Kantrud 1974, Duebbert 
and Lokemoen 1980, Garrettson et al. 1996).  However, increases in nest success as a result of 
predator removal programs tend not to last beyond the duration of active predator removal 
(Chesness et al. 1968, Duebbert and Kantrud 1974) and generally have not resulted in significant 
recruitment or population growth in prey populations over time (Cote and Sutherland 1997). 
 



Colorado Greater Sage-grouse Conservation Plan 
  

Issues 
Predation 

186

Legal restrictions on predator control techniques (e.g., trapping and poisoning) may influence a 
predator control program.  In Colorado, it is unlawful to kill wildlife by trapping or poison unless 
a landowner can provide evidence of ongoing damage to livestock or crops and that other 
methods not prohibited by law have failed (Colorado Constitution, Title 33: Article 6; note, there 
are some exemptions under Amendment 14).  Even then, trapping is allowed only for a 30-day 
period each year.  Some poisons, such as sodium monofluoroacetate (1080), have been used to 
kill predators that feed on a carcass that has poison placed in it.  This use has been banned on 
federal lands since 1972, due to a lack of evidence that poisons such as 1080 effectively 
controlled predator populations (particularly coyote populations), and because non-target animals 
(e.g., badgers, eagles, livestock, and pets) were often unintentional victims.  The compound may 
still be used in livestock protection collars, which target only predators that kill and feed on 
livestock. 
 
Before control of raptors or other migratory birds is considered for sage-grouse management, 
multiple federal laws must be considered. 
 
The Migratory Bird Treaty Act of 1918 (16 U.S.C. 703-712; Ch 128; July 13, 1918; 40 Stat. 755) 
as amended, implemented the 1916 Convention between the United States and Great Britain (for 
Canada), for the protection of migratory birds.  This act established a federal prohibition, unless 
permitted by regulations, to “pursue, hunt, take, capture, kill, attempt to take, capture or kill, 
possess, offer for sale, sell, offer to purchase, purchase, deliver for shipment, ship, cause to be 
shipped, deliver for transportation, transport, cause to be transported, carry, or cause to be carried 
by any means whatever, receive for shipment, transportation or carriage, or export, at any time, 
or in any manner, any migratory bird, included in the terms of this Convention…for the 
protection of migratory birds…or any part, nest, or egg of any such bird” (16 U.S.C. 703).  This 
prohibition applies to birds included in the respective international conventions between the 
United States and Great Britain, the United States and Mexico, the United States and Japan, and 
the United States and Russia.   
 
The Bald Eagle Protection Act (16 U.S.C. 668-668dd, 54 Stat. 250), as amended, provides for 
the protection of bald and golden eagles.  This act prohibits, except under certain specified 
conditions, the taking, possession, and commerce of such birds.  The Airborne Hunting Act, 
Public Law 92-159, approved November 18, 1971 (85 Stat. 480) prohibits shooting or attempting 
to shoot, or harassing any bird, fish, or other animal from aircraft, except for certain specified 
reasons, as authorized by a federal- or state- issued license or permit.  The Endangered Species 
Act of 1973 (16 U.S.C. 1531-1544, 87 Stat. 884) may also apply to raptors or other wildlife that 
may depredate sage-grouse.   
 

 
Predator Control – Methods 
 
A variety of lethal and nonlethal predator control methods have been developed (Lokemoen 
1984, U.S. Department of Agriculture 1994).  Occasionally, multiple methods are used to 
increase the effectiveness of predator control programs, but typically methods are designed for 
specific predator species in localized areas and are limited by budget and personnel constraints 
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(U.S. Department of Agriculture 1994).  Most methods focus on controlling mammalian nest 
predators, but some target avian nest predators. 
 
Lethal predator control methods are the most traditional and controversial of predator 
management programs (U.S. Department of Agriculture 1994).  These methods include both 
species-specific chemical toxicants (e.g., zinc phosphide for rodents, sodium cyanide for canids, 
and DRC-1339 for blackbirds) and non-target strychnine- or arsenic-based toxicants (U.S. 
Department of Agriculture 1994).  They also include methods such as shooting (e.g., aerial 
gunning of coyotes), kill-traps, catch and kill techniques (i.e., shooting predators after capturing 
them in leg-hold traps, snares, or box traps), killing offspring in dens (used mostly for coyotes 
and red foxes), or destruction of nests/eggs/hatchlings of avian predators (U.S. Department of 
Agriculture 1994). 
 
Non-lethal predator control strategies can be divided into small-scale (intensive) methods or 
relatively large-scale (extensive) methods.  Small-scale predator control methods are typically 
designed to repel predators from well-defined important areas (e.g., a small block of dense 
nesting habitat).  One type of small-scale method involves building fences (predator exclosures) 
around small blocks of nesting habitat (Lokemoen et al. 1982, Lokemoen 1984, Greenwood et al. 
1990) or around individual nests (Sargeant et al. 1974).  These barriers can be effective, but are 
often expensive. 
 
Scare tactics are another type of small-scale method that attempt to disrupt predators from their 
normal hunting behavior and potentially repel them in important areas.  Scare tactics can include 
distress calls (or calls from avian predators that are designed to ward off other avian species, 
such as common ravens and American crows), strips of flagging attached to fence lines, bright 
lights (spotlights) or loud noises (e.g., propane exploders, gunfire, pyrotechnics, or ultrasonic 
devices) that are triggered by a predator, or scarecrows.  Scare tactics are relatively inexpensive; 
however, many predators (particularly canids) are quick to adapt to the tactics.  Some tactics 
such as bright lights and loud noises may be more annoying to people than to predators. 
 
Another small-scale nonlethal predator control strategy involves altering predator behavior 
through aversion techniques (Nicolaus et al. 1982, 1983; Nicolaus 1987; Conover 1989, 1990).  
The techniques attempt to train individual predators to either avoid prey items such as eggs or to 
avoid important areas.  Chemically treated eggs are placed where they will be commonly 
encountered by a predator.  The method works only if the predator associates the eggs with the 
chemical's taste; otherwise predators will continue to disturb nests and destroy eggs to determine 
if they contain the chemicals (Conover 1989).  Other aversion techniques include repellents 
broadcast over an important area (U.S. Department of Agriculture 1994).  Repellants are 
typically nontoxic, aversive chemicals applied to trees or fence posts.  Scent stations are also 
used to repel predators, but are used only for territorial predators such as canids.  Chemical 
repellants are regulated by the Federal Insecticide, Fungicide and Rodenticide Act as 
administered by the Environmental Protection Agency.  Aversion techniques have not been 
demonstrated to be consistently successful and are relatively expensive and labor-intensive 
(Greenwood and Sovada 1996). 
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Another nonlethal approach is to inhibit reproduction of predators through sterilization (U.S. 
Department of Agriculture 1994).  It is argued that inhibiting reproduction will reduce predation 
rates since parents will have fewer offspring to feed and ultimately, the predator population size 
will decline as a result of lower recruitment.  However, any gains from the approach are likely to 
be offset by compensatory predation from other species and by a functional response by 
predators (i.e., untreated predators from adjacent areas move into the treated area in response to 
decreased population density). 
 
 
Habitat Management as Predator Control 
 
Habitat management, as a nonlethal approach to predator control, is receiving increasing 
attention.  A variety of habitat-related techniques have been suggested for predator control, 
including: (1) managing the composition and configuration of habitats at landscape scales; (2) 
small-scale restoration and management of vegetation structure for cover from predation; (3) 
managing habitats to enhance (or diminish) the presence of alternative prey; and (4) removing 
den or nesting sites, and perching sites from important habitats.   
 
The quantity of nesting habitat in the landscape has been correlated to the nesting success of 
grassland birds and has often been linked to the rate of predation (Kirsch, 1974; Greenwood et al. 
1987, 1995; Connelly et al. 1991; Andren 1992; Ball 1996).  Furthermore, the composition and 
configuration of habitats in the landscape can influence the movement patterns and ability of 
predators to find nests of grassland birds (Kuehl and Clark 2002; Phillips et al. 2003, 2004).  
Large blocks of nesting habitat in landscapes with alternative habitat types, such as pastures that 
have food resources attractive to predators (Greenwood et al. 1999), decrease the foraging 
efficiency of mammalian predators in grassland ecosystems (Phillips et al. 2003, 2004).  The 
fragmentation of important habitat is considered an important mechanism in the decline of many 
avian populations (Wilcove 1985; Johnson and Temple 1986, 1990) and has been correlated to 
the type and density of the predator community (Robinson et al. 1995, Yahner 1996, Vander 
Haegen et al. 2002).  It is argued that habitat fragmentation increases predation by decreasing the 
amount of cover habitat for birds while increasing the amount of habitat easily traveled and 
searched by predators (e.g., edge habitat).  Studies have indicated that the rate of predation is 
highest in small, linear patches of nesting habitat (Chesness et al. 1968, Haensly et al. 1987, 
Mankin and Warner 1992).  Management of sagebrush habitat at the landscape scale to maintain 
large, undisturbed blocks of sagebrush habitat may be a cost-effective way to reduce the effect of 
mammalian predation on GrSG.   
 
Habitat with adequate shrub and grass structure may provide sage-grouse and sage-grouse nests 
some protection from predators (DeLong et al. 1995, Sveum et al. 1998b).  It is suggested that 
dense vegetation structure will prevent predators from detecting nests.  Several studies in prairie 
ecosystems have reported high nest success for grassland birds in areas with dense vegetation 
(Schranck 1972; Duebbert and Lokemoen 1976; Livezey 1981; Cowardin et al. 1985; Sugden 
and Beyersbergen 1986, 1987).  The success of the approach may depend on patch size as well 
as the predator community.  Mammalian predators that use olfactory cues to search for prey may 
not be affected as much by vegetation structure as avian predators that rely more on visual cues. 
 



Colorado Greater Sage-grouse Conservation Plan 
  

Issues 
Predation 

189

One possible management tool that has been suggested for controlling predators is managing 
habitat (or supplementing food resources) so that there is greater abundance of alternative prey 
(or food resources) either in, or adjacent to, areas of important nesting or brood-rearing habitat.  
The assumption is that predators will alter their behavior and search for prey items (i.e., alternate 
prey such as rodents and lagomorphs) that are more abundant or require less energy to find and 
consume than nests or broods.  That is, predation rates may be greater for grouse if alternate prey 
are scarce.  However, the few studies that have addressed the question have not been conclusive.  
Nest success of grassland birds has either improved (Angelstam et al. 1984, Crabtree and Wolfe 
1988), shown no response (Greenwood et al. 1998), or declined in the presence of alternative 
prey (Vickery et al. 1992).  Supplemental feeding may artificially increase predator population 
levels, leading to higher overall prey consumption and the danger that when supplemental 
feeding ceases, predation on the target species (i.e., GrSG) would be higher than before feeding 
was initiated (D. Moreno, USDA, personal communication).  Conflicting results may be due to 
complex predator-prey population dynamics such that temporal or spatial population fluctuations 
of alternative prey may be too erratic for a predictable predator response. 
 
It has been suggested that predator populations (both the species and population abundance) may 
be controlled by removing den sites, such as abandoned farmsteads, and nesting or perching 
structures, such as powerlines and fences (Fleskes and Klaas 1991, Herkert 1994, Greenwood et 
al. 1995, Larivierre et al. 1999).  However, there has been no research on the influence of these 
structures on predator or sage-grouse populations. 
 
Manipulating habitat to influence predator communities may be the most cost-effective long-
term predator control method.  However, habitat manipulation will take time and it may not be 
feasible to reverse the trends in habitat loss and fragmentation for some populations (e.g., in 
areas of residential development).  GrSG populations that are small and embedded in highly 
fragmented and developed landscapes, intensive predator control should be considered as a 
short-term management tool where legally feasible.  An integrated program that includes both 
intensive and extensive predator control methods may be the most effective but will likely be 
costly.  Any predator control program must include long-term monitoring of both predator and 
GrSG populations in order to evaluate the effectiveness and validity of the program.   
 
 
Conclusions 
 
Before a predator control program is implemented, it is recommended that research be conducted 
to: (1) evaluate the demographic status of GrSG populations; (2) eliminate other contributing 
factors to population fluctuations, especially those most amenable to management; (3) address 
the behavioral and spatial interactions of predators and sage-grouse; (4) identify the extent of 
predation pressures and contributing predator community; (5) identify the most important 
predators for each life stage; and (6) evaluate the role of predation on the long-term viability of 
sage-grouse populations.   
 
The development of an effective predator management program is problematic given the 
complexity of the ecological and socioeconomic consequences, lack of reliable information, and 
public resistance to lethal predator control (Messmer et al. 1999).  However, predator control 
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may be necessary under some circumstances for GrSG populations that are small, isolated, 
and/or fragmented.  In these cases, a predator control program should be designed for a specific 
GrSG population, since the relevant predator community varies for each population.  An 
integrated program that includes both intensive and extensive (lethal and nonlethal) predator 
control methods may be the most effective, but will likely be costly.  Predator control may be 
warranted only if nest success and/or female (or brood) survival is exceptionally low and 
predators are known with certainty (e.g., red fox in Strawberry Valley, Utah).  The population 
viability analysis indicates a higher extinction probability for populations with <30 breeding 
males (see results for MWR population, Appendix K, “Population Viability Analysis Report”, 
pg. K-14). 
 
If predator control is used, the quantifiable objectives within a specific time-frame must be 
specified, and long-term monitoring of both predator and prey communities (sage-grouse as well 
as other prey species), is necessary in order to objectively evaluate the success of the program.  
All predator management plans in Colorado will follow directives of the Colorado Wildlife 
Commission Mammalian Predator Management Policy and be submitted to the Wildlife 
Commission and the Director of the Division of Wildlife for review and approval. 
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Recreational Activities 
 
 
Human recreational activities can impact wildlife, including GrSG, through 4 primary routes: (1) 
exploitation; (2) disturbance; (3) habitat modification; and (4) pollution (Knight and Gutzwiller 
1995).  Exploitation means death by hunting, trapping, or scientific collection (see “Hunting” 
issue section, pg. 156).  Disturbance results from activities such as birdwatching, wildlife 
photography, hiking, biking, or motorized use through an animal’s territory, which can cause 
unintentional disturbance.  Recreationists can modify vegetation, soil, water, and even 
microclimates, which in turn can impact species associated with these affected habitat 
components.  Some wildlife species are indirectly affected by pollution, such as human trash, 
including food and plastic objects.  Recreation on lands managed by the BLM is a significant 
land-use (Connelly et al. 2004), and recreation use on national forests has increased 76% since 
1977 (Rosenberg et al. 2004).  
 
Disturbance is the aspect of recreational activity most likely to impact GrSG.  Most studies on 
wildlife species have documented immediate, rather than long-term responses to disturbance 
(Knight and Gutzwiller 1995).  Some of these responses are behavioral changes including nest 
abandonment, change in food habits, and physiological changes, such as elevated heart rates. 
 
Wildlife viewing has the potential to adversely affect wildlife.  Avid birders sometimes 
intentionally seek out rare or spectacular species, such as GrSG.  Because viewing activities 
sometimes occur during sensitive times of year (e.g., strutting and nesting), they have the 
potential to adversely affect wildlife behavior, if not managed properly (also see “Lek Viewing” 
issue section, pg. 172).  Of 5 different recreation-user groups at a wildlife refuge in Florida, 
photographers were the most disruptive, since they were most likely to stop, leave their vehicles, 
and approach wildlife (Klein 1993, as cited in Knight and Gutzwiller 1995). 
 
Dispersed recreational activities, such as off-road vehicle use, backpacking, hiking, cross-
country skiing, and horseback riding have increased dramatically in recent years.  These 
activities are extensive in nature and have the ability to disrupt wildlife in many ways, 
particularly by displacing animals from an area.  Most documented responses have been 
behavioral and short-lived (Knight and Gutzwiller 1995).  Dispersed recreational activities may 
have substantial impacts in some Colorado GrSG populations, especially the NESR population, 
due to resort development and the associated increase in human populations in Eagle and Routt 
Counties.  The BLM manages large portions of northern Eagle County, and the majority of these 
areas are currently open to motorized travel.  Several of the high motorized use areas historically 
had sage-grouse use, but are no longer occupied.  
 
Disturbance during an animal’s breeding season may affect an individual’s productivity.  
Wildlife may respond to disturbance during the breeding season by abandoning their nests or 
young, leading to reproductive failure.  Human activity can also alter parental attentiveness 
(increasing the vulnerability of the young being preyed upon), disrupt feeding patterns, or expose 
young or eggs to adverse environmental stress. 
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Studies on human disturbance during the lekking season for sharp-tailed grouse (Baydack 1986, 
as cited in Sime 1999) tested different forms of disturbance on lekking birds, including parked 
vehicles, snow fencing, propane “bangers”, scarecrows, radio sounds, human presence, and 
leashed dogs.  Male grouse tolerated all experimental disturbances and continued to display, 
except when disturbed by visible human presence and leashed dogs.  With human presence, 
males flushed from the lek but generally remained within 1/4-mile of it and returned within 5 
minutes following cessation of the disturbance.  In contrast, female sharp-tailed grouse showed 
more sensitivity to disturbance, being displaced from leks by all tested disturbances.  
Unfortunately, it is not known whether the females returned to the lek after the disturbance 
stopped, because they were not monitored in this study.  However, because females attend leks 
for only a brief period of time, there is a possibility that disturbance could influence nesting 
chronology and fecundity for a local grouse population.  
 
One extension of human recreation in wildlife habitats is the effect of disturbance, harassment, 
displacement, or direct mortality of wildlife due to domestic dogs that accompany recreationists.  
Authors of many wildlife disturbance studies concluded that dogs with people, dogs on-leash, or 
loose dogs provoked the most pronounced disturbance reactions from their study animals (Sime 
1999).  Dogs extend the zone of human influence when they are off-leash.  Potential 
consequences of dogs off-leash are primarily harassment, due to the predator instinct of dogs to 
chase/hunt animals.  Harassment by dogs can lead to physiological stress, destruction of nests or 
chicks, separation of adult hens from young, or flushing of incubating birds from nests.  
Displacement, whether caused by dogs or humans, also has the potential to increase predation by 
the natural predators, as well, by increasing the vulnerability of adults and young. 
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Roads 
 
 
Roads have multiple impacts on wildlife in terrestrial ecosystems, including (1) increased 
mortality from collision with vehicles; (2) changes in behavior; (3) loss and alteration of habitat; 
(4) spread of exotic species; and (5) increased human access, resulting in facilitation of 
additional alteration and use of habitats by humans (Jackson 2000, Trombulak and Frissell 
2000).  The literature on road effects in terrestrial systems is dominated by work in forest 
systems, followed by grasslands (see review by Trombulak and Frissell 2000); research on the 
effects of roads on sagebrush systems is more limited (Gelbard and Belnap 2003, Lyon and 
Anderson 2003, Holloran 2005).  In addition, research has generally focused more on paved and 
other improved roads (e.g., Clevenger and Waltho 2000, Forman and Deblinger 2000, Parendes 
and Jones 2000), rather than less developed roads such as graded and four-wheel drive roads. 
 
 
Collision Mortality 
 
Direct mortality through collisions with vehicles is perhaps the most obvious adverse impact of 
roads on wildlife, and is well-documented (Trombulak and Frissell 2000).  However, data 
specific to collisions between sage-grouse and vehicles is limited. 
 
At a Wyoming study site, despite the fact that 2 GrSG leks were partially located on main haul 
roads, direct grouse mortalities from vehicle collisions were rarely observed (Holloran 2005).  
GrSG collisions with vehicles were recorded during a wildlife crossing study in Teton County, 
Wyoming, although the number of mortalities was not reported (Biota Research and Consulting, 
Inc. 2003).  There was a collision mortality of a Gunnison sage-grouse reported in the San 
Miguel, Colorado population (A. D. Apa, CDOW, personal communication).  Patterson (1952) 
reported that sage-grouse collisions with vehicles were more likely to occur during summer 
when hens with broods increased movements.  There are anecdotal reports of GrSG mortality 
due to vehicle collisions (e.g., Sika 2006, D. Naugle, University of Montana, unpublished data).  
Clearly, collisions with vehicles may cause individual grouse mortality, but population-level 
impacts have not been studied. 
 
 
Behavior Changes 
 
Some wildlife species tolerate roads, or may even benefit from them, but many species avoid 
roads or reside at lower densities near roads (Stoms 2000).  Hunted species may exhibit a greater 
avoidance of road-related disturbances than related, unhunted species (Jalkotsy et al. 1997).  The 
effect of roads on wildlife may extend for some distance from the road itself (Stoms 2000). 
 
Holloran (2005) investigated GrSG population response to different aspects of natural gas 
development in Wyoming, including responses of breeding populations to main haul roads.  
Main haul roads were defined as roads accessing > 5 producing wells, and secondary roads were 
those accessing <5 wells.  The number of vehicles using haul roads within certain distances from 
leks was measured with pneumatic counters.  Results revealed that the number of GrSG males on 
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leks within 1.8 miles of a main haul road declined significantly relative to the number of males 
on control leks located > 3.7 miles from main haul roads.  Results did not show a significant 
decline in lek attendance on leks located greater than 1.8 miles from main haul roads.  In 
addition, male lek attendance rates appeared related to traffic volume on nearby roads. 
 
Lyon and Anderson (2003) examined the effect of vehicular activity from natural gas 
development on GrSG nest-site selection and productivity.  They termed leks that were within 
1.8 miles of gas development (well pads or roads) “disturbed”, and leks further from 
development as “undisturbed”.  The reasoning behind stratifying the data at the 1.8-mile distance 
was not provided.  Results indicated that hens captured at disturbed leks nested nearly twice as 
far from the lek of capture as did females from undisturbed leks.  The authors hypothesized that 
hens from “disturbed” leks moved further to nest because of “light” road traffic (1 - 12 
vehicles/day) within 1.8 miles of the lek.  In addition, the study found a lower nest initiation rate 
in females from the disturbed leks than in those from undisturbed leks. 
 
If roads are movement barriers for a species, they may fragment populations (National Research 
Council 2005).  However, roads do not effectively serve as barriers to sage-grouse movement 
because, although GrSG could choose to avoid roads, they are physically able to cross any type 
of road. 
 
 
Spread of Exotic Plant Species 
 
Roads provide an avenue for the spread of exotic plants (see also “Weeds: Noxious, Invasive, 
and Encroaching Plants” issue section, pg. 198), particularly in arid and semiarid environments 
of the West (Bureau of Land Management 1999).  Substrate disturbance in roadside areas 
facilitates establishment of exotic species, thus providing seed sources for further dispersal into 
adjacent vegetation communities (Tyser and Worley 1992).  Roadside introductions have come 
from both accidental transport of alien seeds by vehicles, as well as from reintroduction through 
revegetation efforts that included alien species (Tyser and Worley 1992).  Road use and roadside 
management may also encourage the proliferation of exotic species (Gelbard and Belnap 2003, 
Bergquist et al. 2007). 
 
The type of road influences its effect on native vegetation, with paved and improved roads (e.g., 
gravel) corresponding to increasing cover of exotic species in roadside verges, and four-wheel-
drive roads showing relatively lower exotic species cover (Gelbard and Belnap 2003).  This can 
be explained in part due to intensity and frequency of disturbance, but also to the amount of area 
impacted; wider roadsides create more disturbed habitat conducive to exotic weed invasion.  
However, the impact of the more improved roads is noticeable even beyond the roadside verge, 
as exotic species spread into undisturbed native habitat.  In addition, the facility of invasion is 
affected by site characteristics such as soil depth and type (Gelbard and Belnap 2003). 
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Increased Alteration and Use of Habitats by Humans 
 
Roads facilitate increased human use and development of areas by providing easy access, 
sometimes to formerly remote areas.  This may lead to increased recreational use of an area and 
associated human disturbances (Massey 2001, Wyoming Game and Fish Department 2003).  
Increasing use by humans can include activities such as hunting, recreation, and changes in land-
use.   
 
Increased access into sage-grouse habitats can increase hunting and recreation opportunities such 
as off-road vehicle use, hiking, and camping (see “Hunting” [pg. 156] and “Recreational 
Activities” [pg. 191] issue sections).  Consumptive recreational activities are known to have an 
impact on abundance, distribution, and demographics of some wildlife populations (Wood 1993).  
Nonconsumptive activities can have similar effects by increasing mortality, reducing 
productivity, and displacing individuals or populations (Knight and Cole 1995). 
 
Roads often are built to promote extraction industries (see “Energy and Mineral Development” 
issue section, pg. 109), housing or commercial development (see “Housing Development” issue 
section, pg. 154), and agriculture (Trombulak and Frissell 2000; see also “Grazing” issue section, 
pg. 139).  Such changes in land-use result in persistent adverse effects on the native ecosystem.  
For example, the addition of a road that increases residential development can cause cumulative 
impacts due to fragmentation, degradation, and loss of wildlife habitat (Theobald et al. 1997; see 
also “Habitat: Fragmentation, Quality, and Quantity” issue section [pg. 151]).  Theobald (2003) 
found that houses were more likely to be located near roads and less likely to be distant (>0.6 
mile) from roads. 
 
 
Other Road Effects on Habitat 
 
Roads may affect wildlife species by fragmenting habitat (National Cooperative Highway 
Research Program 2002, National Research Council 2005), or by causing a decline in habitat 
quality and/or quantity (National Cooperative Highway Research Program 2002, Marsh and 
Beckman 2004; see also “Habitat: Fragmentation, Quality, and Quantity” issue section, pg. 151).  
Fragmentation of habitat appears most important for species that are area-sensitive (i.e., require 
large areas of contiguous habitat for survival).  Roads also may affect the quality of surrounding 
habitat by introducing greater movement of predators and nest parasites into remaining habitat 
(Thogmartin 1999, Gucinski et al. 2001, Shochat et al. 2005); this is sometimes considered an 
effect of habitat fragmentation. 
 
Habitat loss is not always mentioned as a potential impact of roads on wildlife species 
(Trombulak and Frissell 2000), probably because other impacts are so much greater (see “Habitat 
Loss: Roads in Colorado” analysis, pg. 284).  For instance, the loss of habitat may be 
insignificant relative to the impact roads have on remaining habitat, especially in forest 
ecosystems where roads introduce edge habitat that fragments and degrades the quality of the 
remaining forest (National Cooperative Highway Research Program 2002, Marsh and Beckman 
2004).  
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Weather 
 
Weather patterns within GrSG range in Colorado can be unpredictable and extreme.  The 
variability and unpredictable nature of severe weather can pose problems to wildlife managers, 
and one severe winter or dry spring may impact populations for many years. 
 
The 1983-84 winter is believed to have been a factor in the decline of GrSG populations in 
Colorado.  Heavy snows, particularly when combined with high winds and extreme temperatures 
may (1) harden snow and affect the ability of GrSG to burrow into snow for thermal cover; (2) 
reduce availability of sagebrush for winter feed; (3) affect over-winter survival; and (4) affect lek 
attendance and/or reproduction when snow lingers into the spring.  Dry, cold winters may reduce 
the ability of GrSG to burrow into snow, and also may affect over-winter survival rates.  Snow 
burrows are important since they provide a warmer micro-environment than the surrounding 
ambient air temperatures. Temperatures under 8 inches of snow were between 10 - 27 ° F when 
ambient air temperature was as low as -31 ° F (Gullion 1970, as cited in Northeastern Nevada 
Stewardship Group, Inc. 2004).  Severe winter range (habitat used when general winter range is 
not available, due to weather conditions) may only be crucial 1 year out of many, but the 
identification and protection of these areas is important for the long-term survival of sage-grouse.   
 
Habitat used by pre-laying hens is a subset of breeding habitat.  These areas should provide a 
diversity of forbs high in calcium, phosphorus, and protein; the condition of these areas may 
greatly affect nest initiation rate, clutch size, and subsequent reproductive success (Barnett and 
Crawford 1994, Coggins 1998).  A dry spring may reduce forbs, and therefore impact nesting 
factors.  A spring that is wet may produce adequate forbs, but a late spring snow may reduce 
chick survival rates.  Cool spring weather may limit insect availability for chicks and therefore 
increase mortality.  It is important to identify and provide good brood habitat to mitigate the 
uncontrollable nature of weather patterns.  Maintaining areas with reliable forb and insect 
production during dry years is one method to assist with chick survival rates.   
 
Poor weather conditions in the spring may influence sage-grouse production because chicks rely 
on plant growth and insects for a high percentage of their diet (Connelly et al. 2000c).  Due to 
the poor insulating quality of downy feathers, young chicks are susceptible to wet, cold springs if 
severe weather occurs near hatching (Wallestad 1975).  Nesting cover and nest success depend 
on residual grass and new growth for screening around sagebrush plants (Holloran et al. 2005).  
In dry years, or consecutive drought years, the lack of screening grasses can impact nest success.  
An early, dry fall can cause sagebrush habitats to desiccate, causing grouse to move to more 
mesic sites (Connelly et al. 1988, Fischer et al. 1996b).  A hot, dry summer may cause chicks to 
make early, longer-ranging moves, causing stress and a potentially higher risk of predation than a 
long, wet fall providing more forage areas in a closer range.  
 
The variability of weather patterns in GrSG range can provide for high or low nest success, as 
well as influence chick survival.  This is one factor that cannot be controlled by wildlife 
managers, but it can be planned for by maintaining populations at sizes sufficient to withstand 
unpredictable changes in climate (e.g., long-term drought).  The factors that can be planned for 
are to (1) identify quality nesting and brood rearing habitats; (2) mitigate for dry periods with 
strategically placed water developments, while considering water development design to reduce 
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WNV risk to GrSG; (3) define general winter ranges as well as severe winter ranges for sage-
grouse; and (4) develop plans to work with willing landowners to enhance and restore sagebrush 
in these areas. 
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Weeds: Noxious, Invasive, and Encroaching Plants 
 
Noxious and invasive weeds are considered a serious threat to rangeland health in much of GrSG 
habitat.  Noxious and/or invasive plants have the potential to degrade GrSG habitat, primarily by 
increasing the fire return frequency (see also “Fire and Fuels Management” issue section, pg. 
129), decreasing plant diversity, and changing structure of plant and insect communities. 
 
Colorado weed law defines a noxious weed as an alien plant that has been designated by rule as 
being noxious, or that has been declared a noxious weed by a local advisory board and meets one 
or more of the following criteria: (1) aggressively invades or is detrimental to economic crops or 
native plant communities; (2) is poisonous to livestock; (3) is a carrier of detrimental insects, 
diseases, or parasites; or (4) the direct or indirect effect of the presence of the plant is detrimental 
to the environmentally sound management of natural or agricultural ecosystems (Code Title 35 
(Agriculture), Article 5.5 (Noxious Weed Act), 103 (Definitions); Colorado Department of 
Agriculture 2007b).  Invasive and encroaching plants include most noxious weeds, but also can 
include native species that have competitive traits which allow them to become established, and 
at times dominant, in areas where they are not desired.  At least 14% of Colorado flora can be 
considered invasive species (Hartmann and Nelson 2001). 
 
Increased presence of annual plants such as cheatgrass, annual wheatgrass, bulbous bluegrass, 
and many annual forbs, can, depending on the sagebrush community type, reduce mean fire 
return interval (MFRI) from an estimated normal 20 - 100 years, to 5 - 10 years (Miller and 
Eddleman 2000).  Shorter fire return periods can effectively eliminate sagebrush from plant 
communities by preventing recruitment of new sagebrush plants (Connelly et al. 2000c).  In 
former sagebrush sites on the Snake River Plain in Idaho, there is evidence that secondary weed 
invasions can become an added problem (Laio et al. 2000).  There, invasion by deep-rooted 
exotic perennial weeds, such as rush skeletonweed, have the potential to alter soil moisture 
availability such that sites may be almost impossible to return to shrublands. 
 
At the other end of the spectrum, fire suppression efforts have increased MFRI and allowed 
plants such as juniper and serviceberry (see “Piñon-Juniper Encroachment” issue section, pg. 
179) to become dominant in plant communities typically dominated by sagebrush (Miller and 
Rose 1999).  This change in plant community composition can make habitat less desirable for 
GrSG by providing perches and cover for predators, and crowding out more desirable plants such 
as sagebrush and perennial forbs. 
 
Other noxious weeds, often introduced species from Eurasia, such as Dalmatian toadflax, leafy 
spurge, whitetop and houndstongue, possess attributes that allow them to become dominant in 
the plant community.  Their dominance reduces plant diversity and excludes many native plants 
(Hobbs and Huenneke 1992) that are essential for GrSG food and cover.  The same 
characteristics that allow them to become dominant also can severely hamper habitat restoration 
efforts.  Many noxious weeds have physiological characteristics that give them a competitive 
advantage over native plants during drought conditions and in disturbed areas. 
 
Within GrSG range in Colorado the primary weed threats in drier, lower elevation sagebrush 
communities are cheatgrass, annual wheatgrass, bulbous blue grass, and various annual 
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mustards.  Most of these annuals are not on county noxious weed lists and are a problem in 
western Moffat and Rio Blanco counties in association with dry Wyoming big sagebrush plant 
communities.  Cheatgrass is a species that thrives in disturbed, and especially burned, areas 
(Vallentine 1989, Whisenant 1990).  A cheatgrass invasion into sagebrush habitat can lead to an 
eventual conversion of sagebrush/grass (perennial) community to sagebrush/grass (annual) or 
annual grass rangeland (Connelly et al. 2000c, Miller and Eddleman 2000).  Sage-grouse food 
sources vary through the year and include primarily sagebrush, forbs, and insects, but not grasses 
(Schroeder et al. 1999).  In dry sites where cheatgrass is present, an unusually wet year can allow 
increased dominance of annual bromes, such as cheatgrass, into even the driest shrublands 
originally thought to be resistant to invasion (Meyer et al. 2001). 
 
In some cases, cheatgrass invasion encourages other exotic species such as knapweed and thistle 
(Grahame and Sisk 2002).  In Colorado and the Wyoming Basin, Russian knapweed and Canada 
thistle (both deep-rooted, re-sprouting, perennial weed species) may replace the shrub 
component and form large monocultures following disturbance (Watson 1980).  Little is known 
about the effects of noxious and invasive weeds on insect communities, which are an important 
food source for young sage-grouse. 
 
No literature specifically addresses how sage-grouse use exotic invasive plants as food, but sage-
grouse sometimes use plants in the same families as some invasive species.  Some species used 
for food by sage-grouse are in the Asteraceae and Brassicaceae families (Monsen 2005), which 
also contain a large proportion of invasive species found in sagebrush-steppe.  For example, of 
the 15 forbs listed as “high” food value (Monson 2005:207-208), 4 are non-native to sagebrush-
steppe (alfalfa, dandelion, salsify, and clover).  Additionally, other exotic species on the food 
forb list are the invasive genus, Lepidium (pepperweed), flax, small burnet, and some fleabane 
(Erigeron) species.   
 
Juniper and piñon encroachment into sagebrush communities on deeper soils is occurring in parts 
of Garfield, Moffat, Rio Blanco, and Eagle counties (see “Piñon-Juniper Encroachment” issue 
section, pg. 179).  In the same counties, at mid- and higher elevations, some rangeland areas 
typically dominated by sagebrush are becoming co-dominated by serviceberry and Gambel oak.  
Houndstongue is becoming very abundant in the Parachute – Piceance – Roan population area in 
Garfield and Rio Blanco Counties.  Rio Blanco County has had large infestations of leafy spurge, 
which has the potential to reduce desired plant diversity.  Toadflax is increasingly occurring on 
rangeland in Moffat, Rio Blanco, and Routt Counties.   
 
Each county in GrSG range in Colorado has an official list of noxious weeds (Table 20; 
Colorado Department of Agriculture 2007a).  Many of the weeds occur in agricultural situations 
that have little current or potential impact on sage-grouse habitat.  However, any ground-
disturbing action (e.g., such as that associated with oil and gas development, or housing 
development) that occurs in or near sage-grouse habitat has the potential to initiate weed 
establishment that could impact sage-grouse habitat (see “Energy and Mineral Development” 
[pg. 109], “Housing Development” [pg. 154],“Infrastructure” [pg. 170], and “Roads” [pg. 193] 
issue sections.   
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Table 20.  County noxious weed lists for Colorado GrSG counties (based on Colorado 
Department of Agriculture 2007a).  Weeds that have invaded or have greater potential to invade 
and significantly degrade sage-grouse habitat are in italics. 

Eagle County 
(NESR Population) 

Canada thistle 
chamomile, scentless 
common burdock 
hoary cress (whitetop) 
houndstongue 
knapweed, diffuse 
knapweed, Russian 
knapweed, spotted 

leafy spurge 
musk thistle 
plumeless thistle 
scotch thistle 
toadflax, Dalmatian 
toadflax, yellow 
wild caraway 

Garfield County 
(PPR Population) 

Canada thistle 
chicory 
common burdock 
hoary cress (whitetop) 
houndstongue 
jointed goatgrass 
knapweed, diffuse 
knapweed, Russian 
knapweed, spotted 
leafy spurge 

musk thistle 
oxeye daisy 
plumeless thistle 
purple loosestrife 
Russian olive 
scotch thistle 
tamarisk (saltcedar) 
toadflax, Dalmatian 
toadflax, yellow 
yellow starthistle 

Grand County 
(MP Population) 

black henbane 
Canada thistle 
chamomile, mayweed 
chamomile, scentless 
field bindweed 
hoary cress (whitetop) 
houndstongue 
knapweed, diffuse 
knapweed, Russian 

knapweed, spotted 
leafy spurge 
musk thistle 
orange hawkweed 
oxeye daisy 
scotch thistle 
toadflax, Dalmatian 
toadflax, yellow 
yellow starthistle 
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Table 20.  County noxious weed lists for Colorado GrSG counties (based on Colorado 
Department of Agriculture 2007a).  Weeds that have invaded or have greater potential to invade 
and significantly degrade sage-grouse habitat are in italics. 

 
Jackson County 
(NP Population) 

bull thistle 
Canada thistle 
chamomile, corn 
dame's rocket 
Dyer's woad 
hoary cress (whitetop) 
houndstongue 
knapweed, diffuse 
knapweed, Russian  

bull thistle 
Canada thistle 
chamomile, corn 
dame's rocket 
Dyer's woad 
hoary cress (whitetop) 
houndstongue 
knapweed, diffuse 
knapweed, Russian  

Moffat County 
(NWCO Population) 

knapweed, diffuse 
knapweed, Russian 

knapweed, diffuse 
knapweed, Russian 

Rio Blanco County 
(NWCO; PPR; MWR Populations) 

black henbane 
Canada thistle 
common burdock 
common mullein 
field bindweed 
halogeton 
hoary cress (whitetop) 
houndstongue 
knapweed, black 
knapweed, diffuse 

knapweed, Russian 
knapweed, spotted 
leafy spurge 
musk thistle 
perennial pepperweed 
plumeless thistle 
scotch thistle 
toadflax, Dalmatian 
toadflax, yellow 

Routt County 
(NESR Population) 

hoary cress (whitetop) 
houndstongue 
knapweed, diffuse 
knapweed, Russian 

knapweed, spotted  
leafy spurge 
toadflax, Dalmatian 
toadflax, yellow 
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Table 20.  County noxious weed lists for Colorado GrSG counties (based on Colorado 
Department of Agriculture 2007a).  Weeds that have invaded or have greater potential to invade 
and significantly degrade sage-grouse habitat are in italics. 

Summit County 
(MP Population) 

bull thistle 
Canada thistle 
chamomile, mayweed 
chamomile, scentless 
Chinese clematis 
coast tarweed 
common tansy 
dame's rocket 
hoary cress (whitetop) 
houndstongue 
knapweed, meadow 

knapweed, Russian 
knapweed, spotted 
leafy spurge 
musk thistle 
oxeye daisy 
perennial pepperweed 
plumeless thistle 
toadflax, Dalmatian 
toadflax, yellow 
yellow starthistle 

 
The Colorado Noxious Weed Act (Title 35 Article 5.5 101-119 C.R.S. (2003)) outlines 
responsibilities for weed control in Colorado [Code Title 35 (Agriculture), Article 5.5 (Noxious 
Weed Act), 103 (Definitions)]; (Colorado Department of Agriculture 2007b).  The state assigns 
responsibility for weed control on private and state unincorporated lands to county governments 
through the county commissioners.  Each county appoints a local advisory board that identifies 
noxious weeds in the county that will by rule be subject to integrated management.  Weed 
control on incorporated land is the responsibility of the municipality governing board.  The local 
governing bodies of all counties and municipalities are authorized to enter into cooperative 
agreements with federal agencies for the management of noxious weeds on federal lands 
(Colorado Department of Agriculture 2007b). 
 
The State Agriculture Commissioner classifies weeds into 3 categories: List A, for rare noxious 
weed species that are subject to eradication wherever detected statewide; List B for noxious 
weed species with discrete statewide distributions that are subject to eradication, containment or 
suppression in portions of the state designated by the State Agricultural Commissioner in order 
to stop the continued spread of the species; and List C, for widespread and well established 
noxious weed species which control is recommended but not required by the state, although local 
governing bodies could require management.  The State weed list can be accessed at 
http://www.ag.state.co.us/CSD/Weeds/statutes/weedrules.pdf.  
 
Landowners are required to manage (eradicate) weeds on List A , weeds on list B that are 
designated for eradication, and any other weeds listed by the local governing bodies as noxious 
and requiring management.  Prescribed management techniques for these species are mandatory 
and can be found in Colorado Department of Agriculture Publication 8-CCR-1203-19, Rules 
Pertaining to the Administration and Enforcement of the Colorado Noxious Weed Act.  The local 
governing body does have the right, under certain circumstances, to enter either public or private 
lands to inspect for noxious weeds and if necessary oversee management practices at the expense 
of the landowner. 
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Threats Summarized by ESA Listing Factor 
 
Evaluating the potential relative impact of the various issues affecting GrSG is a complicated 
task.  Nevertheless, this topic has been considered at the federal, state, and local levels. 
 
A species may be warranted for listing as threatened or endangered under the ESA due to 1 or 
more of 5 limiting factors described in section 4(a)(1) of the Act.  The USFWS published in the 
Federal Register (U.S. Fish and Wildlife Service 2005) a 12-month status review finding for 
GrSG that evaluated and summarized threats, or potential threats, under each of the 5 factors.  In 
a separate document (Deibert 2005; Appendix L, “Threats Ranking for GrSG”), the USFWS 
provided a table that depicts the relative impact of each threat to the species (as determined by an 
expert panel) in 3 different aspects of GrSG range: (1) the entire range; (2) the east portion of the 
range; and (3) the west portion of the range. 
 
The CCP SC identified and ranked potential threats to GrSG in Colorado, for each population, 
and for each management zone in the NWCO population (Tables 21 and 22).  Not all potential 
threats were considered in this exercise; instead we chose those for which (1) enough 
information exists to potentially evaluate the threat using a population viability analysis (see pg. 
210); or (2) the interest and concern among stakeholders is high.  Each potential threat was 
ranked as high, moderate, or low.  The SC also identified whether the threat was increasing, 
stable, or decreasing in its potential impact to GrSG in each population/zone. 
 
The completed local work group plans (MPCP 2001, NPCP 2001, NESRCP 2004) and the nearly 
completed plans for NWCO (NWCOCP 2006) and PPR (PPRCP 2008) list issues that may be 
affecting GrSG, but do not provide a ranking of importance of these issues to the given GrSG 
population.  The MP and NWCO plans specifically address the 5 ESA listing factors using local 
information (MPCP 2001:Appendix E; NWCOCP 2006).  Table 23 summarizes issues that were 
listed in each local work group plan by listing factor.  Issues may have been named differently in 
each plan but were grouped into a common naming convention in this table.  The NWCO and 
PPR plans are currently in draft stage (NWCOCP 2006, PPRCP 2008). 
 
Here we give a general summary of the threats to GrSG from all these sources, grouped by ESA 
listing factors described by the USFWS (U.S. Fish and Wildlife Service 2005).   
  
Listing Factor A:  The present or threatened destruction, modification, or curtailment of the 
species’ habitat or range. 
 
Threats identified under this listing factor by the USFWS (U.S. Fish and Wildlife Service 2005) 
included habitat conversion, habitat fragmentation, infrastructure (powerlines, fences, pipelines, 
communication towers, roads, and railroads), grazing, mining, energy development, fire, 
invasive species and noxious weeds, piñon-juniper expansion, and urbanization.  The USFWS, 
using an expert panel, ranked threats in highest importance to the east portion (Colorado 
included) of the range.  These were: oil and gas development, infrastructure as related to energy 
development and urbanization, invasive species/noxious weeds, wildfire, grazing, habitat 
conversion due to agriculture, urbanization, coal/strip mining, and piñon-juniper (conifer) 
invasion (Deibert 2005; Appendix L, “Threats Ranking for GrSG”).   
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The SC identified several of these threats as of high potential for impact in some Colorado 
populations (Table 21).  These included grazing, urbanization (housing), and oil and gas 
development.  Of those three, only housing and oil and gas development were considered to be 
an increasing threat in some GrSG populations.  Oil and gas development was the only threat 
identified as ‘increasing exponentially’; but only as such in 2 populations (PPR and NWCO).  
 
The local work group plans for MP, NP, NWCO, NESR, and PPR identified and addressed 
issues pertaining to listing factor A that included habitat fragmentation, infrastructure, and 
grazing (Table 23).  Four of the local plans also addressed invasive plant/weeds (MP, NWCO, 
NESR, PPR) and urbanization (MP, NP, NWCO, NESR).  Three plans identified habitat 
conversion as an issue of concern (MP, NWCO, NESR). 
 
  
Listing Factor B:  Overutilization of the species for commercial, recreational, scientific, or 
educational purposes. 
 
Threats identified under this listing factor by the USFWS (U.S. Fish and Wildlife Service 2005) 
include hunting, and scientific and recreational use.  Scientific use is further described to include 
research studies that involve capture and handling of the species. This category also includes 
translocations.  Under recreational use, lek viewing, general wildlife viewing and photography 
are identified as having possible effects on GrSG.  The expert panel utilized by the USFWS did 
not identify hunting as a primary threat factor for the species (U.S. Fish and Wildlife Service 
2005).  The USFWS also concluded that overutilization for scientific and recreational use is not a 
factor that is threatening GrSG in a significant portion of its range (U.S. Fish and Wildlife 
Service 2005).  
 
The SC identified both recreation activities and hunting as having potential affects in Colorado 
GrSG populations (Tables 21 and 22).   Hunting is currently allowed only in MP, NP, and 
NWCO populations.  Only NP is considered ‘increasing’ for the level of threat to the population.  
The 3 populations are all ranked as having a low effect on GrSG from hunting. 
 
All completed local work group plans listed hunting, lek viewing, and recreational use as being a 
potential issue to their GrSG populations (Table 23).  However, NESR recognized that hunting is 
currently not occurring in the NESR population.  Only the NWCOCP (2006) identified a concern 
over effects of scientific research and translocations on their populations.  
 
 
Listing Factor C:  Disease or predation affecting the species. 
 
Threats identified under this listing factor by the USFWS (U.S. Fish and Wildlife Service 2005) 
include both disease and predation. Under disease, infectious diseases, bacterial, fungal, and viral 
pathogens, and parasites are discussed.  In these subcategories, only West Nile Virus was 
identified as being a particular concern, but not a large enough to justify it being a major threat 
that could lead to an increase in the risk to GrSG extinction.  The predation section listed 
numerous predators whose relative impact to GrSG varies depending on the sex and age of the 
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bird and the time of year.  The section also associates increasing predation with agricultural and 
human development, landscape fragmentation, and decreases in habitat quality.  Predators listed 
as most commonly causing direct mortality on GrSG include coyotes, bobcats, foxes, weasels, 
hawks, and eagles.  Other predators are listed for specific time of the year and life stage of GrSG 
and include corvids, badgers, ground squirrels, other raptors, and domestic dogs and cats.  The 
USFWS expert panel did not identify predation as being a limiting factor to GrSG except in areas 
experiencing habitat degradation and loss (U.S. Fish and Wildlife Service 2005).  
 
The SC discussed including the threat of disease, particularly WNV, in the threat matrix.  
However, insufficient information is available to understand the effects of this potential threat in 
a PVA model.  Hence, it was not included in Table 21 and 22.  Predation was included in Tables 
21 and 22, but was ranked as having only a low or moderate impact in Colorado GrSG 
populations.  It was also thought to be a stable threat in all populations; neither increasing nor 
decreasing in its impact on GrSG at this time. 
 
All local work group plans addressed predation as an issue to their GrSG populations (Table 23).  
The NESR, NWCO, and PPR plans addressed disease (Table 23).  NESR and NWCO are the 
only 2 areas where WNV mortalities among radio-marked birds have been documented. 
 
 
Listing Factor D:  The inadequacy of existing regulatory mechanisms to protect the species. 
 
The USFWS (U.S. Fish and Wildlife Service 2005) grouped discussion under this factor into 3 
categories that are pertinent to Colorado: local laws and regulations, state laws and regulations, 
and federal laws and regulations.  Under local laws, the USFWS recognized that county or city 
governed activities have the potential to influence GrSG habitats and that these entities can 
utilize their authority to protect GrSG habitats through avenues such as appropriate zoning and 
land-use planning.  The USFWS states that they are not aware of any county or city protections 
currently in place specifically for GrSG or their habitats.  Under state laws and regulations 
summary, the USFWS focuses on the management of hunting seasons by state wildlife agencies, 
as well as management of state owned lands which may have value to GrSG.  State Wildlife 
Agencies also have the legal authority to protect lands through avenues such as conservation 
easements and fee title purchase and have the lead for developing conservation plans for the 
species and their habitats.  The section under federal laws is lengthy and includes synopsis of 
authorities related to GrSG species and habitat protections for the BLM, USFS, NWRS, 
Department of Army, and NRCS.  Avenues for protection lie within land-use and resource 
management plans, oil and gas leasing stipulations, grazing standards, and through NRCS 
managed programs.  The USFWS concludes in the summary of this factor that existing 
regulatory mechanisms do not endanger or threaten GrSG throughout all or a significant portion 
of its range.  
 
The SC did not address lack of existing regulatory mechanisms in Tables 21 and 22.  For a 
detailed description of existing management and legal authorities for the protection of GrSG 
pertaining to Colorado see “Management and Legal Authorities” (pg. 21).  The CDOW has 
authority for setting hunting seasons and possession limits and for enforcement against poaching 
and harassment.  County and local governments have the authority through state statutes to 
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regulate use of land as it affects significant wildlife habitats identified by the CDOW (see 
“Counties”, pg. 23).  However, the CDOW does not have authority for protecting against habitat 
loss except on lands that it owns or controls.  Federal land management agencies have authority 
through several different laws, rules, and regulations to provide for protection of GrSG and their 
habitats.  However, neither the CDOW nor the federal land management agencies has authority 
to protect against habitat loss or other impacts on private land.  Mechanisms for addressing GrSG 
issues on private land exist within city and county governments to some extent (see “Counties” 
management authority section, pg. 23). 
 
Local work group plans did not specifically state that regulations in federal, state, or local 
governing bodies were inadequate.  However, they did address needs in conservation strategies 
for changes to hunting seasons (state), modifications to county land-use plans (local), and 
changes in management on federal lands (federal) that would benefit GrSG and their habitats. 
(Table 23). 
 
 
Listing Factor E:  Other natural or manmade factors affecting the species’ continued existence. 
 
Threats identified under this listing factor by the USFWS (U.S. Fish and Wildlife Service 2005) 
included pesticides, contaminants, non-consumptive recreational activities, drought/climate 
change, and life history traits that affect population viability.  Discussed under pesticides were 
the direct mortality of individuals and reduction in available food sources (insects) that may 
contribute to sage-grouse mortality.  Also discussed in this section are herbicide applications that 
can kill sagebrush and forbs needed by GrSG.  The contaminant discussion lists many sources 
that potentially occur as a result of various human activities ranging from agricultural practices, 
energy development, pipeline operations, and transportation of materials along roads and 
railways.  Non-consumptive recreational activities included hiking, camping, pets, and off-
highway vehicle (OHV) use.  Primary impact to GrSG from these activities was disturbance 
related, but impacts to vegetation and soils and spread of noxious weeds also were mentioned.  
The discussion within life history traits centered on low reproductive rates of GrSG and their 
polygamous mating system and how those may affect population growth rates.  
 
The SC did include recreational activities within the threat matrix (Tables 21 and 22), and ranked 
this threat as being a low impact to GrSG in all populations, however, it was recognized to be an 
increasing threat with greater potential for impact in the future. 
 
Four local work group plans addressed impacts from pesticides and weather/drought changes in 
their conservation strategies (MP did not; Table 23).  All plans mentioned impacts to GrSG from 
non-consumptive recreational uses (Table 23).  NWCO also addressed contaminants as an issue 
(Table 23). 
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Summary 
 
The USFWS (50 CFR Part 17) summarized that none of threats listed in the five listing factors 
was significantly affecting current numbers of sage-grouse.  They did, however, specifically 
mention that sagebrush habitat continues to be lost and degraded in parts of its range, but at a 
lower rate than that historically observed.  
 
The expert panel convened by the USFWS for evaluation of listing factors did identify the 
threats they considered as having the most influence on GrSG populations across its range and 
then proceeded to rank their relative importance of each threat to GrSG (U.S. Fish and Wildlife 
Service 2005).  The threats considered of having the highest impact to GrSG rangewide were: 
invasive species, infrastructure as related to energy development and urbanization, wildfire, 
agriculture, grazing, energy development, urbanization, strip/coal mining, weather, and piñon-
juniper expansion.  In the eastern portion of GrSG range (Colorado’s population), oil and gas 
development was seen as being the highest threat to GrSG, followed by infrastructure as 
associated with energy development and urbanization. 
 
The SC ranked the relative level of threats to GrSG in Colorado (Table 21).  In conducting this 
exercise it was apparent that the highest threats varied by population.  For instance, the only 
threat of high ranking for the PPR population was oil and gas development, whereas in MP, the 
highest ranked threat was housing development. 
 
Of the 3 completed local work group plans, issues possibly affecting GrSG were identified and 
conservation strategies were developed, but no plan ranked the relative importance of each issue 
to the future of their GrSG populations (MPCP 2001, NPCP 2001, NESRCP 2004). 
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Table 21.  Threat matrix for greater sage-grouse populations in Colorado.   Ratings are 
judgments made by the SC, based on biology.  See text for further process description (pg. 204). 
Threat MWR MP NP NESR NWCO PPR 
Improper 
Grazing 

Moderate; 
stable 

Moderate; 
stable 

Moderate; 
stable 

High; 
decreasing

High (both); 
stable to 
decreasing 

Moderate; 
stable 

Housing Moderate; 
increasing 

High; 
increasing

Low; 
increasing

High; 
increasing 

Low; 
increasing 

Low; stable 

Hunting N/A Low 
stable 

Low 
Increasing

N/A Low; stable N/A 

Oil/Gas Low; 
stable 

Low; 
stable 

Low; 
increasing 
(potential)

Low; 
stable 

Moderate; 
increasing 
exponentially 

High; 
increasing 
exponentially

Surface 
Mining 
(Coal, 
etc.) 

Low; 
stable 

Low; 
increasing

Low 
Stable 

Moderate; 
increasing 

Moderate; 
increasing 

Low; 
increasing 
(potentially) 

Predation Moderate; 
stable 

Low; 
stable 

Low; 
stable 

Moderate; 
stable 

Low; stable Low; stable 

Recreation Low, 
increasing 

Low, 
increasing

Low, 
increasing

Low, 
increasing 

Low, 
increasing 

Low, 
increasing 

 
 

Table 22.  Threat matrix for greater sage-grouse in NWCO by zones.  Ratings are judgments 
made by the SC, based on biology.  See text for further process description (pg. 204). 

NWCO 
Zone 

Improper 
Grazing Housing Hunting Oil/Gas Surface 

Mine Predation Recreation 

Zone 1 High, stable Low, stable High, stable Moderate, 
increasing Low, stable Low, stable Low, stable 

Zone 2 Moderate, 
stable None None 

High, 
increasing 

greatly 
Low, stable Low, stable Moderate, 

increasing 

Zone 3A Moderate, 
decreasing Low, stable Low, stable Moderate, 

stable Low, stable Low, stable Low, stable 

Zone 3B High, stable Low, 
increasing 

Moderate, 
stable 

High, 
increasing Low, stable Low, stable Low, stable 

Zone 3C Moderate, 
stable 

Low, 
increasing None Moderate, 

stable 
Low, 

increasing 
Moderate, 

stable Low, stable 

Zone 4A High, stable Low, stable None Moderate, 
increasing Low, stable Low, stable Low, stable 

Zone 4B Same as 3C Moderate, 
increasing None Moderate, 

increasing 
High, 

increasing 
Moderate, 

stable Low, stable 

Zone 5 Moderate, 
stable Low, stable Low, stable Low, stable Moderate, 

increasing Low, stable Low, stable 

Zone 6 Moderate, 
stable Low, stable High, stable Moderate, 

increasing 
Moderate, 

stable Low, stable Low, stable 

Zone 7 N/A Same 
as Utah 

N/A Same 
as Utah 

N/A Same 
as Utah 

N/A Same 
as Utah 

N/A Same 
as Utah 

N/A Same 
as Utah 

N/A Same 
as Utah 
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Table 23.  List of issues addressed in local plans, organized by listing factor.  Individual issues 
may have been more detailed in the local plans (i.e., sub-issues), but were placed into appropriate 
more generalized issue categories for this table.  Issues listed in local plans but not addressed in 
strategies were not included.  Local plan citations are MPCP 2001, NPCP 2001, NWCOCP 2006 
(first draft completed, final draft expected in 2008), NESRCP 2004, and PPRCP 2008 (a first 
draft of the PPR local plan will be completed in early 2008). 
Listing Factor A Population 
ISSUE MP NP NWCO NESR PPR 
Habitat Conversion X  X X  
Habitat Fragmentation X X X X X 
Infrastructure X X X X X 
Grazing X X X X X 
Mining   X  X 
Energy Development   X  X 
Fire   X  X 
Invasive plants/weeds X  X X X 
PJ Expansion   X  X 
Urbanization X X X X  
Listing Factor B Population 
ISSUE MP NP NWCO NESR PPR 
Hunting X X X X X 
Lek Viewing X X X X X 
Recreational Use X X X X X 
Scientific Use   X   
Listing Factor C Population 
ISSUE MP NP NWCO NESR PPR 
Disease   X X X 
Predation X X X X X 
Listing Factor D Population 
ISSUE MP NP NWCO NESR PPR 
Inadequate regulations - 
local X X X X  

Inadequate regulations - 
state  X    

Inadequate regulations - 
federal X X    

Listing Factor E Population 
ISSUE MP NP NWCO NESR PPR 
Pesticides  X X X X 
Contaminants   X   
Recreational activities – non 
consumptive X X X X X 

Drought/Climate Change  X X X X 
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IV.  ANALYSIS 
 
The “Analysis” section is a collection of “tools” that may be used to help address some of the 
issues in GrSG conservation.  Some of these are modeling or GIS exercises (e.g., “Population 
Viability Analysis”, identification of “GrSG Habitat Linkages in Colorado”, “Avoiding Impacts: 
the Refuge Concept: Preventing Impacts - Identifying Core Areas” regarding energy and mineral 
development), while others present a literature review and summary of the current knowledge of 
certain potential approaches to addressing issues (e.g., “Population Augmentation”, “Off-site 
Mitigation of Impacts” for energy and mineral development).  In this section we also develop 
population targets (“Colorado GrSG Population Management Zones”). 
 
 
A.  Population Viability Analysis 
 
Concepts and Principles 
 
Population viability analysis (PVA) is a risk analysis tool that has been used for about 20 years 
by conservationists and biologists to predict the relative probability of extinction for a wildlife 
population under various management scenarios, in order to aid in decision-making for 
population management (Shaffer 1991, Boyce 1993, McCarthy et al. 2001, Reed et al. 2002).  In 
most cases, PVA uses available population information to develop a model (a simplified 
representation of a real system) that simulates how the population functions (Shaffer 1991, 
Boyce 1993).  The model can then be used to project various future scenarios and predict 
resulting outcomes for the population.  The model may incorporate many factors that affect the 
status of a population, such as environmental stochasticity (e.g., normal variation in weather and 
available food supply), demographic stochasticity (e.g., normal variation in breeding success and 
survival), catastrophes (e.g., drought, disease), genetic stochasticity (e.g., inbreeding, genetic 
drift), and interaction among these factors (Gilpin and Soulé 1986, Shaffer 1991).  These factors 
enter the life of an individual as events that occur with particular probabilities, rather than with 
absolute certainty, at any given time (see Appendix K, “Population Viability Analysis Report”). 
 
An individual with extensive knowledge of a population may have an idea, or “hypothesis” about 
how the population behaves, but this information is difficult to share with others and cannot be 
assessed objectively or quantitatively.  Computer simulations are regularly used in PVA to allow 
for complex models that are explicitly stated and can be tested (Shaffer 1991, Appendix K, 
“Population Viability Analysis Report”). 
 
PVA is particularly effective in making “relative” predictions, such as how a population or 
species may be affected by various alternative management strategies, or the relative risk to 
different populations, allowing managers to prioritize conservation efforts among the populations 
(Beissinger and Westphal 1998, Boyce 2001, Ellner et al. 2002, McCarthy et al. 2003).  Another 
strength of PVA is the complexity that it can accommodate; multiple factors and their 
interactions can be integrated into the process of evaluating a population’s relative extinction risk 
(Shaffer 1991, McCarthy et al. 2003).  In addition, sensitivity analysis can identify the 
parameters in the model (e.g., adult survival rate) that have the largest impacts on the modeled 
population (Reed et al. 2002).  PVA results can be used to identify future research needs by 
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exposing the parameters for which data are weakest or lacking (Reed et al. 2002), which is 
particularly important if sensitivity analysis shows those parameters are key to the population’s 
persistence.   
 
One of the criticisms of PVA is that the increasing availability of user-friendly PVA software 
allows some users to generate population persistence predictions without a full understanding of 
assumptions and limitations in the model, and while ignoring weaknesses in data supporting the 
model (Beissinger and Westphal 1998, Boyce 2001, Reed et al. 2002).  “Absolute” predictions, 
such as a precise probability of population extinction, are not realistic, but relative predictions 
are more reliable (Beissinger and Westphal 1998, Ellner et al. 2002, McCarthy et al. 2003).  
Because a PVA uses a model, it will not present a complete picture of the system of interest, but 
an approximation of it, and results must be used with this in mind (Reed et al. 2002, McCarthy et 
al. 2003).  PVA will likely be based in part on inadequate data (Beissinger and Westphal 1998, 
Boyce 2001), especially because data for populations at risk may be limited (Shaffer 1991, 
Boyce 1993) and the populations may be difficult to study.  However, if the limitations are 
recognized, a PVA can offer an opportunity to direct future research towards (1) obtaining more 
reliable data; (2) developing more precise estimates of population parameters; (3) modifying the 
model to improve its performance; and (4) framing testable hypotheses about how the 
population/system functions (Boyce 1993, Beissinger and Westphal 1998, Reed et al. 1998, 
McCarthy et al. 2003).  McCarthy et al. (2003:987) concluded that, “The process of parameter 
estimation, model construction, prediction, and assessment should be viewed as a cycle rather 
than a one-way street.” 
 
 
Current Model 
 
Thus, as with many analytical tools, PVA can be very useful in the decision-making process for 
managing species at risk, but only if used properly (Boyce 1993, Beissinger and Westphal 1998, 
Ellner et al. 2002, McCarthy et al. 2003).  We contracted with the Conservation Breeding 
Specialist Group (CBSG) to develop a PVA for GrSG.  Dr. Philip Miller of CBSG used a 
simulation software program called VORTEX (Miller and Lacy 2003) to address a series of 
questions regarding GrSG in Colorado.  The full report of this work is given in Appendix K.  
This section represents a summary of the key points regarding the analysis. 
 
Specifically, we were interested in using this preliminary analysis to address the following 
questions: 
 

• Can we build simulation models with sufficient detail and precision that can accurately 
describe the dynamics of GrSG populations in Colorado? 

• What are the primary demographic factors that drive growth of GrSG populations in 
Colorado? 

• How vulnerable are small, fragmented populations of GrSG in Colorado to extinction 
under current management conditions?  How small must a population become to increase 
its risk of extinction to an unacceptable level? 

• What are the predicted impacts of current and potential future levels of housing 
development on selected GrSG populations in Colorado? 
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• What are the predicted impacts of current and potential future levels of mining and other 
surface activities on selected GrSG populations in Colorado? 

• What are the predicted impacts of current and potential future levels of hunting on selected 
GrSG populations in Colorado?  

• What are the predicted impacts of current and potential future levels of petroleum and 
natural gas development on selected GrSG populations in Colorado? 

• Can mitigation to improve the productivity also improve the viability of GrSG populations 
in Colorado in the face of other anthropogenic processes? 

 
VORTEX is a Monte Carlo model that simulates the effects of deterministic forces as well as 
demographic, environmental, and genetic stochastic events on wild populations.  It is an 
individual-based model that follows the fate of each animal in a theoretical population as the 
individual encounters various life and environmental events during a given year.  These events 
occur with a user-specified probability, and the model will run for a user-specified number of 
consecutive years.  By following the entire population, it is possible to estimate relative 
population extinction risk and loss of genetic diversity in a specified time period. 
 
 
Baseline Parameters and Simulations 
 
Demographic parameters used in the GrSG PVA included type of breeding system, age at first 
reproduction, several measures of reproductive success, sex ratio, mortality rates, and 
environmental carrying capacity.  For the NESR and NWCO populations we also estimated 
GrSG dispersal, in order to model metapopulations.  For each parameter, we used available data, 
primarily from Moffat County (NWCO population area: Hausleitner 2003; Zablan et al. 2003; 
and T. R. Thompson, unpublished data), and North Park (Peterson 1980).  We chose a time 
interval of 50 years for population projections because we felt uncertainty at 100 years was too 
great to allow reasonable predictions. 
 
Parameters that we did not incorporate in the PVA included effects of disease, inbreeding 
depression, and density-dependent reproduction.  We have no data to determine which or how 
demographic rates will be affected by these factors.  West Nile virus is a potential threat to GrSG 
(see “Disease and Parasites” issue section, pg. 103).  However, our lack of knowledge about the 
disease precludes us from being able to make reasonable predictions at this time.  West Nile 
virus should be included in future analyses as we learn more about the epidemiology of the virus.  
Inbreeding depression can potentially influence population parameters in small populations  (see 
“Genetics: Small Populations”, issue section, pg. 134); however, we currently have no data to 
evaluate whether inbreeding is a significant factor or whether there is a population size threshold 
at which inbreeding becomes significant (i.e., which GrSG populations might be at risk because 
of inbreeding). 
 
We have no information that allows us to conclude GrSG demography is density-dependent, or 
to even estimate what effect population density might have on GrSG population dynamics.  The 
model assumes that GrSG behavior (e.g., lek attendance) does not change during the model 
progression (even during dramatic declines), that other factors (e.g., nesting habitat) are 
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unaffected, and that the population is ready for population growth even after significant impacts 
to the population. 
 
We used the GrSG PVA to evaluate the relative risk of extinction for each population under the 
current conditions (i.e., the risk of extinction if nothing changes).  Therefore, we concluded that a 
valid GrSG PVA should not include these potential factors until we have some reliable data that 
can be used to estimate how specific demographic parameters are influenced by the various 
factors.   
 
 
Baseline Model Validation through Retrospective Population Analysis 
 
An important component of population viability analysis involves testing our baseline simulation 
models against historical population census data.  In this approach, we set the model’s initial 
population size with a value based on historical data and then projected the model forward to the 
present day, comparing the predicted trajectory with a trajectory estimated from population 
indices (see population estimation summary under “Conclusions”, pg. 55).  A reasonable fit 
between the observed and predicted curves gives considerable credibility to the simulation’s 
mechanics and, therefore, instills much more confidence in the relative results from models that 
predict future responses of greater sage-grouse populations to human activities on the landscape. 
 
The results of these retrospective analyses for each population are shown in Fig. 31.  With the 
exception of the MWR population, all other simulation models appear to accurately predict the 
true population census within a reasonable degree of uncertainty.  Given this degree of accuracy, 
the disparity between predicted population size and estimated population size (based on lek 
counts) in the MWR analysis is likely not an error in the simulation model but instead probably 
reflects the small number of leks included in the field counts, the difficulty in conducting 
detailed studies in the area, and the short time period over which the census was conducted.  
Therefore, the overall conclusion from this retrospective analysis is that our simulation model of 
Colorado GrSG population dynamics can be used with acceptable confidence in predicting the 
relative outcomes of alternative management scenarios for the species. 
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Fig. 31.  Retrospective projections for simulated GrSG populations in Colorado.  Filled symbols indicate population sizes 
predicted using the PVA platform VORTEX, while open symbols give “true” population size estimates derived from field 
counts.  Analysis of the PPR population is not included here because adequate lek count data do not exist. See Appendix K 
for additional details on model construction and interpretation. 
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Baseline Model Results 
 
The results of the baseline projections show no risk of extinction over the 50-year timeframe of 
the simulation, for all populations except MWR (Table 24 and Fig. 32).  Each population 
displays long-term population growth values between 0.025 and 0.030.  Consistent with the 
general theoretical expectations of small population biology, the MWR population shows a lower 
growth rate and a non-zero (albeit small) risk of extinction.  This is a simple demonstration of the 
demographic instability inherent in smaller populations, since the underlying rates of mortality 
and reproduction are identical among all simulated populations studied here. 
 
 
Table 24.  Greater sage-grouse PVA: 50-year projections of baseline models for each 
population:  rs (SD) =  the mean rate of stochastic population growth or decline (standard 
deviation); P(E)50 = probability of population extinction after 50 years; N50 (SD) = mean 
(standard deviation) population size at the end of the simulation; GD50 = the gene diversity or 
expected heterozygosity of the extant populations, expressed as a percent of the initial gene 
diversity of the population.  See Appendix K for additional information on model 
construction and parameterization. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Middle Park 0.022 (0.138) 0.000 1370 (400) 0.9531 
Meeker – White 
River 0.019 (0.160) 0.016 208 (83) 0.6619 

Northern Eagle –
Southern Routt 0.031 (0.167) 0.000 988 (471) 0.8980 

Parachute – 
Piceance – Roan 0.025 (0.139) 0.000 1202 (342) 0.9422 

Northwest 
Colorado 0.030 (0.081) 0.000 15739 (1872) 0.9956 

North Park 0.025 (0.135) 0.000 6582 (1794) 0.9903 
 
 
Note that despite the robust levels of growth displayed for each population, the MP and NP 
simulated populations show a slightly negative trend in population size over the timeframe of the 
simulations presented here.  This is a consequence of the rather “hard” demographic boundary 
imposed by VORTEX in the form of a carrying capacity, K.  In the model’s structure, if a given 
population is larger than the specified carrying capacity, animals within the population are 
removed randomly across all age-sex classes until the size is below K.  When populations are 
close to this capacity, this reflective nature of carrying capacity in the model tends to drive a 
population away from K until a new equilibrium is reached at a level that is somewhere below 
the specified capacity.  While the trajectories shown here may not be completely accurate in the 
long-term, they do suffice as informative baseline projections from which robust comparative 
analyses can be made in the risk analyses to follow. 
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Fig. 32.  Fifty-year prospective projections for the 6 GrSG populations in Colorado.  See Appendix K for additional details 
on model construction and interpretation. 
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Sensitivity Analysis 
 
During the development of the baseline input dataset, it quickly became apparent that a number 
of demographic characteristics of GrSG populations were being estimated with varying levels of 
uncertainty.  This type of measurement uncertainty, which is distinctly different from the annual 
variability in demographic rates due to extrinsic environmental stochasticity and other factors, 
can impair our ability to generate precise predictions of population dynamics with confidence.  
An analysis of the sensitivity of our models to this measurement uncertainty can aid in 
identifying priorities for detailed research and/or management projects targeting specific 
elements of the species’ population biology and ecology. 
 
To conduct this demographic sensitivity analysis, we identified a set of parameters from the 
model whose estimate we see as considerably uncertain.  We then developed proportional 
minimum and maximum values for these parameters, and for each parameter constructed 2 
simulations, with the parameter set at its prescribed minimum or maximum value and all other 
parameters remaining at their baseline values.  The results of these alternative models were then 
compared to that of our initial baseline model.  
 
The results of the sensitivity analysis indicate that juvenile (chick) female mortality, clutch size, 
and adult female mortality are the parameters that, when changed, show the greatest degree of 
response in population growth rate (i.e., the greatest sensitivity).  These parameters can then be 
targeted in subsequent field activities for more detailed research and/or demographic 
management. 
 
 
Risk Analysis: Simulating the Impacts of Human Activity on GrSG Population Dynamics 
 
Once the baseline demographic parameters were established, we examined the mechanisms 
through which specific human activities within GrSG habitat may influence the species’ 
population dynamics in the future.  Specifically, we investigated the potential impacts of housing 
development, surface mining, harvest, oil and natural gas development, and mitigation of 
reproductive success. 
 
 
Housing Development and Surface Mining 

The primary assumption in our analysis of housing development and surface mining was that the 
construction of new homes or surface mines (e.g., gravel, oil shale; see “Energy and Mineral 
Development” issue section, pg. 109) will reduce the amount of suitable sagebrush habitat 
available to sage-grouse.  This can be modeled in VORTEX through a gradual reduction in habitat 
carrying capacity, K.  We identified the populations most likely to experience housing and 
mining impacts in the next 50 years.  The populations included in the housing analysis were 
MWR, MP, and NESR, and for the surface mining analysis we examined MP, NESR, NWCO, 
and PPR. 
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Human population projections through 2020, associated estimates of average household size, and 
sagebrush habitat distribution were used to estimate the increase in new housing units within 
GrSG habitat (see also “Predicted Future Housing Development and GrSG Habitat Protection”, 
pg. 268).  Using these estimates, 2 different levels of housing intensity were developed.  
 
For the surface mining analysis, GIS methods were used to identify GrSG habitat areas that 
could be targeted for surface mining activities, and linear rates of habitat carrying capacity loss 
were calculated over the 50-year period of the PVA model.  Two levels of activity were 
considered, with increasing extent of disturbance to sage-grouse habitat.  Detailed analysis for 
NWCO indicates that mining activity is relevant only for management zones 3C, 4B, 5, and 6. 
 
In the combined results of housing and surface mining, all 4 population areas show some degree 
of GrSG population decline in the presence of the activities, with the lowest level seen in MWR 
and the greatest level of decline in NESR (Fig. 33; Note: the relative extent of sagebrush habitat 
loss for NWCO was so small that measurable population impact was negligible, and is thus not 
illustrated in Fig. 33).  In MP, the relative contributions of housing and surface mining to 
population decline appear to be roughly equal, as evidenced by the gradual increase in the 
magnitude of the decline from scenarios in which both housing and surface activities are at a low 
level (H1 - M1) to when both are at a high level (H2 - M2).  On the other hand, in the NESR 
population the impacts of housing appear to be more severe since the high-level H2 housing 
scenarios show a more precipitous population decline.  Interestingly, this appears to be at least 
partly linked to the more rapid decline seen in the much smaller Eagle zone which then 
contributes to the overall greater instability of the larger metapopulation.  In addition, the high-
level housing scenarios included a significant rate of habitat decline, with more than 85% of 
available GrSG habitat being lost over the time period of the simulation.  This magnitude of 
decline, when combined with the small zone sizes and their inherent demographic instability, 
works to put the larger NESR metapopulation at a marked risk of extinction if conditions of 
habitat alteration reach predicted levels. 
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Fig. 33.  Average projected size of simulated GrSG populations in the presence of habitat-centric human 
activities (housing development = H, surface mining = M).  Numerical designations “1” and “2” refer to low 
or high levels of development intensity, respectively, as described in detail in Appendix K. 
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The overall risks of population extinction under these habitat modification scenarios may 
underestimate the true risk.  None of the modeling scenarios includes meaningful levels of 
density dependence in either reproduction or mortality, other than the “truncation” imposed 
when a simulated population exceeds the stated carrying capacity.  The decision to exclude it 
from the modeling effort was based on the fact that specific data on the mode of action of density 
dependence is not available for GrSG.  In these models, population growth continues at a relative 
constant average rate until K is exceeded, at which time individuals from the population are 
randomly removed across all age-sex classes until the population returns to a value at or slightly 
below K.  In other words, the growth rate can remain high, even when the population is at K and 
the population has been reduced to relatively small numbers through the activity of something 
like housing development or surface mining activities. 
 
Some biologists may argue a contrary view, where the underlying intrinsic population growth 
declines to near 0 when the population reaches carrying capacity.  This reduction in growth can 
lead to accompanying increases in demographic instability over time, especially when the 
population has been reduced to a small remnant as in the simulation for the NESR population.  
Reduced average growth rates and instability in these rates can conspire to increase risk of 
further population decline, and perhaps even extinction.  Therefore, the absence of density 
dependence in this system may result in an artificially high level of apparent stability and, 
consequently, population security.  This characteristic of our simulations may perhaps be 
investigated in more detail and evaluated for its robustness at a later date.  In the meantime, we 
can conclude that the reduction of available sagebrush habitat through housing development and 
surface mining activities can greatly reduce the size of associated GrSG populations.  
 
 
Harvest 
 
The primary assumption in the harvest analysis was that such a process will directly impact the 
mortality rates of affected GrSG age-sex classes (see also “Hunting” issue section, pg. 156).  We 
focused on the NP population for this analysis.  We used detailed data on harvest composition 
(based on wing receipts) from Jackson County (NP population), which date back to 1970.  These 
data were used in conjunction with high male lek count data in the same area to derive an 
estimate of the percentage of the total sage-grouse population that was harvested by hunters 
during 2000-2004.  Based on these historic data, the potential impacts of long-term additional 
hunting-based mortality was investigated by adding 1%, 2%, 4%, or 8% mortality to all GrSG 
age-sex classes (the data showed no bias in age or sex of birds harvested), during each year of 
the simulation. 
 
Results indicate that even the imposition of an additional 1% increase in mortality across all age-
sex classes can lead to a qualitative change in the growth character of our simulated population, 
from one that increases at approximately 2.5% per year to one that declines at 0.1 to 0.2% per 
year (Fig. 34).  It may be argued that the marked declines in population size seen in all harvest 
scenarios is at least partially caused by the restrictions imposed by the addition of a carrying 
capacity in our NP population models.  This carrying capacity, estimated to be about 8,300 
individuals, might be low enough to drive populations to decline as they encounter the restriction 
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to grow beyond the ceiling.  To investigate this hypothesis, a second set of models was 
developed that effectively removed this restrictive ceiling by increasing carrying capacity K from 
8,300 to 15,000 individuals. 
 
The removal of the carrying capacity restriction allowed the baseline (unharvested) population to 
nearly double in size over the 50 years of the simulation (Fig. 34, bottom panel).  However, the 
harvested populations showed a nearly identical trajectory in the presence of added mortality: 
significant decrease in growth potential and, in the most extreme cases, rapid population decline 
to extinction.  Therefore, the imposition of a carrying capacity does not seem to be a major factor 
in predicting how a simulated GrSG population will respond to additional hunting-based 
mortality. 
 
An important assumption in these analyses is that our simulated harvest represents 100% 
additive mortality on top on natural mortality acting on the population (see “Hunting” issue 
section, pg. 156).  In other words, we are assuming that all those birds that are removed from the 
population through harvest would have otherwise survived during the year, and many of them 
would have reproduced.  We are therefore simulating the most extreme harvest scenario, in 
contrast to one where there is some level of compensatory mortality (a more likely scenario), 
which would serve to reduce the overall magnitude of added mortality on the population.  There 
is considerable controversy on the degree of compensatory versus additive mortality in game 
species such as GrSG (see “Hunting” issue section, pg. 156). 
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Fig. 34.  Average projected size of simulated NP GrSG population under different levels of 
harvest.  Top panel: population projections in the presence of a restrictive carrying capacity 
set at 8,300 individuals; bottom panel: same projections when the restrictive carrying capacity 
is lifted (allowing essentially unrestricted population growth throughout the simulation).  See 
Appendix K for more information on model construction and results.



Colorado Greater Sage-grouse Conservation Plan 

Analysis 
Population Viability Analysis 

223

Oil and Natural Gas Development 
 
There are no data evaluating the effects of oil and gas development on GrSG in Colorado, so we 
based our estimate of impacts on 2 studies in Wyoming (Lyon and Anderson 2003, and 
especially Holloran 2005; see also “Energy and Mineral Development” issue section, pg. 109; 
“Energy and Mineral Development: Avoiding and/or Mitigating Impacts”, pg. 292; and 
Appendix H, “Literature Review: Oil and Gas Development Impacts on Prairie Grouse”).  We 
recognize that these studies were not designed to be predictive management tools.  However, 
they do provide valuable insights into oil and gas impacts on sage-grouse under some 
development scenarios.  We identified the NP, NWCO, and PPR populations as those likely to be 
affected by oil and gas development in the next 50 years.  We identified and applied a possible 
demographic impact of oil and gas development (3 different levels), and evaluated 3 different 
scenarios of the future amount of development. 
 
Specifically, we identified 3 levels of potential impact, based on density of oil and natural gas 
well pads.  Leks with <8 wells within 2 miles were considered controls (impacts assumed to be 
minimal).  For leks with >15 well pads within 2 miles, we increased adult female mortality by 
20%, increased yearling female mortality by 6.4%, and decreased nest initiation by 24% (based 
on data in Holloran 2005).  Leks with 8 - 15 wells/lek were considered to have intermediate 
levels of demographic impacts.  For the “intermediate” leks we imposed a gradual increase in 
demographic impact, applying an annual increment of additional mortality and decreased nest 
initiation each year until the high threshold was reached.  The heavy impact parameters were 
applied each year once the heavy impact threshold was crossed. 
 
Three future development scenarios (1,000; 5,000; and 20,000 additional wells) were intended to 
represent reasonable low, medium, and high levels of potential development over the 50-year life 
of the PVA model.  For purposes of this modeling exercise we assumed 1 well per well pad 
within the analysis area.  The total number of wells in each scenario was reached by year 50 in 
the simulation, with new wells being added linearly each year until the total was reached at year 
50.  It should be noted that in some areas such as the Piceance Basin, it is reasonable to assume 
the addition of 20,000 wells in the area may be better reflected by the 5,000 well pad scenario in 
the model.  This would assume an average of 4 wells per well pad, where the majority of new 
well pads in this area can accommodate 16 - 28 wells.  The purpose of this exercise is to reflect a 
“worst–case” scenario of different levels of energy development within important sage-grouse 
population areas. 
 
To evaluate development intensity, in each population area we randomly plotted new wells for 
each development scenario and then counted the number of wells (current and future) within 
each 2-mile lek buffer.  These counts were then averaged across each population or zone, and the 
demographic impact of the new density of wells was applied to the population simulation. 
 
The results of our analysis of oil and natural gas development, and its impact on GrSG 
populations suggest that the impact may be severe on future GrSG population viability (Fig. 35).  
The onset of development leads to strongly negative population growth, rapid population decline 
and, in all cases but one (lower levels of development in NWCO), nearly certain extirpation of 
local grouse populations within 50 years. 
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Fig. 35.  Average projected size of simulated GrSG populations in the presence of oil and 
natural gas development. See Appendix K for more information on model construction and 
results. 
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The rather dramatic declines (Fig. 35) are clearly the result of imposing strong demographic 
consequences on GrSG populations that live and breed near current or proposed oil and natural 
gas development areas.  We conducted a second, revised oil and natural gas development 
modeling exercise, based on several considerations. 
 
First, the scenario we used in our initial analysis was oversimplified in comparison to actual well 
field development.  That is, the amount of disturbance to sage-grouse can be expected to vary 
greatly over the process of oil or natural gas exploration, drilling, and production.  The initial 
model data input were derived from the development phase (Holloran 2005), which creates the 
most disturbance for sage-grouse. 
 
Second, even though the data on which we based the model input (Holloran 2005) are from the 
development phase, when the most disturbance to sage-grouse can be expected to occur, sage-
grouse populations in the area continue to exist and are not currently demonstrating a population 
“crash” as depicted in our model results (Fig. 35).  This suggests our model oversimplifies the 
relationship between GrSG populations and oil and gas development. 
 
Third, oil and gas development and GrSG co-exist in several landscapes (including North Park), 
which also suggests that not all situations are as extreme as we initially modeled. 
 
Fourth, the dramatic results from the initial oil and gas development modeling exercise are not 
very instructive regarding the relative potential impacts of oil and gas development, because all 
model versions showed such extreme effects.  Even if the extreme impacts are to be expected at 
one end of the impact “continuum”, valuable information regarding management of GrSG and 
oil and gas development may be derived from exploring other areas of the impact continuum, 
where the impacts are not so severe. 
 
Therefore, we constructed a more complicated, but more realistic model that accounts for 
changes in the level of disturbance to sage-grouse over the process of oil and gas well field 
development.  Our revised models also allow us to explore how sage-grouse might respond to 
differing levels of disturbance. 
 
These additional analyses were specifically designed to help us address the following questions: 

• How would the demographic behavior of our simulated populations of GrSG respond if 
we modify the oil and gas development model to more accurately reflect the progression 
of impacts, reclamation, and mitigation at and/or near individual well pad sites, throughout 
the oil and natural gas development process?  We assume that reclamation and mitigation 
provide effective demographic responses in the population. 

• To what extent will the demographic behavior of our simulated populations of GrSG 
change if we assume a less severe direct impact to GrSG demographics through oil and 
gas development, even in the absence of mitigation? 

 
We focused on the PPR and NWCO areas because they effectively represent, on a comparative 
scale, high-intensity and low-intensity oil and gas development scenarios, respectively. 
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We revised the oil and gas development model to address and incorporate (1) the probable 
changes in level of disturbance to GrSG throughout the oil and gas development process; (2) the 
potential positive impacts to GrSG of well-field mitigation, some of which may occur before 
development is complete; and (3) the possibility that the amount of disturbance estimated in the 
initial models might have been the highest extreme; we examined how GrSG populations 
behaved with a reduced level of impact. 
 
In the initial analysis we assumed that once the maximum level of demographic disturbance to 
GrSG was reached, this high level of disturbance would persist throughout the duration of the 
simulation.  For the more complex model we derived and varied additional parameters that 
addressed: (1) how quickly impacts began after development was initiated; (2) how long the 
greatest impact period lasted; (3) how quickly the impacts diminished as development entered 
the production phase; (4) whether or not the demographic parameters returned to normal levels 
after development was completed; and (5) the amount of demographic impact caused by 
development.  The details of this complex analysis are provided in Appendix K. 
 
Using the new parameters, a “best-case” scenario exists where the duration of the maximum 
impact to GrSG is short, the population demographic parameters return to their original levels in 
the shortest possible period, and the maximum impact is 50% of the original estimated impact 
(Fig. 36, right panel, “D low; T2 Low-Full”).  Under this scenario, extinction risks can decline 
significantly and growth rates (particularly in the time period following the onset of mitigation 
and reclamation) can become much more robust.  Population growth rates may remain highly 
negative for the first 15 - 20 years but can rebound for the remaining 30 - 35 years of the 
simulation.  Note that the PVA model does not evaluate whether this best-case scenario is 
achievable. 
 
On the other end of the spectrum a worst-case scenario exists where the duration of impact is 
long, demographic rates do not return to their original levels, and any recovery in demographic 
parameters is slow (much like the original analysis). 
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With respect to maintaining viability of GrSG populations in the presence of oil and natural gas 
extraction, we conclude that the impacts of well-field development and production are most 
effectively mitigated by, in order of decreasing efficacy, 

• Maximizing the extent of sage-grouse demographic recovery to near levels observed 
before the onset of well-field development; 

• Minimizing the time period of maximum demographic impact (D); 
• Minimizing the time period over which demography recovery is achieved (T2).  

 
It is important to recognize that in our models oil and natural gas development are expected to 
impact 2 important GrSG demographic parameters: adult female breeding success and mortality.  
Those 2 parameters are precisely the demographic parameters that appear to be primary drivers 
of population growth as determined in the sensitivity analysis of the PVA.  Therefore, while the 
exact degree of impact is unknown at the present time, it remains quite likely that this type of 
activity, with its direct impacts on sage-grouse demographic rates over large areas, can have a 
much more severe impact on the stability and future viability of local sage-grouse populations 
than activities such as housing development, which we believe act solely to reduce the quantity 
and/or quality of available sagebrush habitat.  
 
 
Reproductive Success Mitigation 
 
Conservation management could potentially have positive impacts on GrSG reproduction.  We 
investigated how such “reproductive mitigation” might ameliorate the impacts of previously 
discussed risks to GrSG: housing development, surface mining, harvest, and oil and natural gas 
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Fig. 36.   Average projected size of simulated GrSG populations in the PPR area under 
revised analysis of the impact of oil and natural gas development.  The left panel illustrates 
the original estimated impact compared with a modified impact level (50% of the original).  
The right panel illustrates alternative scenarios of well-field development and mitigation, 
using the modified base impact level from the left panel.  See Appendix K for 
accompanying information on model construction and parameterization. 



Colorado Greater Sage-grouse Conservation Plan 

Analysis 
Population Viability Analysis 

228

development.  Mitigation activities that might increase sage-grouse reproductive success include 
improving habitat quality and/or availability (for discussion, see “Off-site Mitigation of 
Impacts”, pg. 299), population augmentation (see “Population Augmentation, pg. 235), or 
predator mitigation (see “Predation” issue section, pg. 183).  Note that “predator mitigation” 
does not necessarily mean “predator control” in the typical sense.  Predator mitigation can also 
be at least partially achieved through, for example, habitat modifications that make predation on 
nesting sage-grouse less likely. 
 
We simulated 3 levels of reproductive mitigation by increasing the percentage of breeding-age 
GrSG that successfully reproduce in a given year by 5%, 10%, or 15%.  Reproductive mitigation 
was simulated in the large majority of models described earlier that included one or more human 
activities. 
 
The efficacy of reproductive mitigation as a management tool for GrSG depends on the primary 
type of human activity that takes place within sage-grouse habitat, and on the underlying growth 
dynamics of the grouse populations (Fig. 37). 
 
For example, in MP, where housing and surface mining activities are of primary concern and the 
current population is already thought to be close to its habitat carrying capacity, reproductive 
mitigation appears to have relatively little overall impact (Fig. 37).  This is because housing 
development and surface mining activities act to reduce carrying capacities, while leaving the 
underlying GrSG population demography unchanged (in the absence of density-dependent 
phenomena).  The increase in reproductive success through various mitigation activities only 
serves to hasten the approach of the simulated population to carrying capacity, after which time 
the population’s trajectory is constrained by the gradual decrease in available habitat. 
 
In contrast, consider the case of MWR, where the population has an opportunity to grow to a 
carrying capacity that is currently rather large compared to today’s population size.  In this 
instance, an increase in reproductive success through mitigation activities can have a dramatic 
effect on the growth potential of the simulated GrSG population.  Over the first 20 years of the 
simulation, the population can increase in size by as much as about 50% compared to the 
baseline trajectory, in the absence of housing development and reproductive mitigation (Fig. 37).  
At later stages of the simulation, the model’s growth potential is ultimately constrained by the 
gradual reduction in habitat carrying capacity, but reproductive mitigation models still show final 
population sizes that are at least as large as the baseline model.  Under these conditions, 
reproductive mitigation can have a considerable impact potential. 
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Fig. 37.  Average projected size of simulated GrSG populations in the presence of region-specific human 
activities and with varying levels of reproductive mitigation. “H2” and “M2” = high levels of habitat loss 
through housing (H) and surface mining (M) activities, respectively, in MP and MWR; “20000 Wells” = a given 
level of oil and natural gas activity in the PPR area; and “2%” = specific level of harvest  mortality through 
hunting in NP.  Reproductive mitigation is simulated through a 5%, 10% or 15% increase in the number of 
yearling and adult females that breed in a given year. See Appendix K for additional information. 
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The effects of reproductive mitigation can be much more pronounced under moderate levels of 
harvest mortality, as demonstrated in NP (Fig. 37).  When reproductive mitigation is strong, the 
population can grow to a level that is larger than that predicted in the baseline model where 
harvest is absent.  Even under low levels of reproductive mitigation, the final size of the 
harvested population is nearly 3 times that of a population where reproductive mitigation is 
absent.  Of course, under conditions of higher harvest mortality, the benefits gained from 
reproductive mitigation are not as pronounced. 
  
When reproductive mitigation is assessed in the context of our initial assumptions around the 
impacts of oil and natural gas development, the situation remains much less optimistic.  As 
exemplified by the PPR example (Fig. 37; this is the worst-case scenario described earlier), the 
increase in reproductive success achieved through mitigation does not sufficiently compensate 
for the significant declines in survival and breeding success that result from oil and natural gas 
development.  Overall population sizes may be considerably higher in the early stages of the 
simulation, particularly under assumed conditions of strong reproductive mitigation, but the 
general trend in population trend remains strongly negative, with high extinction risks by the end 
of the 50-year simulation. 
 
However, under the revised oil and gas development analysis, if we assume the best-case 
scenario described earlier, reproductive mitigation enhances the population’s performance 
considerably (Compare Fig. 38, panel “A”; with Fig. 36, right panel).  Just a 5% increase in 
reproductive success through mitigation activities can dramatically increase the growth rate to as 
high as 0.042, in contrast to a negative growth rate in the absence of reproductive mitigation.  
Even if demographic recovery is only partial (Fig. 38, panel “C”, low levels of reproductive 
mitigation are sufficient to offset the impacts of well-field development.  At the other end of the 
well-field mitigation spectrum, where only partial demographic recovery is possible, high levels 
of increased reproductive success are required to offset well-field disturbance (Fig. 38, panels 
“C” and “D”).  
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Fig. 38.  Average projected size of simulated GrSG populations in the PPR area, in the presence of alternative scenarios of well 
field development and mitigation, and reduced overall impacts from development, along with reproductive mitigation.  
Reproductive mitigation is simulated through a 5%, 10% or 15% increase in the number of yearling and adult females that breed in 
a given year.  Left-side panels A and B include full demographic recovery following well-field development, while right-side 
panels C and D include only partial recovery.  See Appendix K for model details. 
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Conclusions 
 
We conclude our analysis of GrSG population viability by returning to the original set of 
questions that provided the foundation for our study. 
 

• Can we build a series of simulation models with sufficient detail and precision that can 
accurately describe the dynamics of GrSG populations in Colorado? 
Our retrospective demographic analysis indicates that we are capable of building such 
models.  However, reliance on the absolute outcome predicted by any one modeling 
scenario must always be interpreted with caution due to the inherent uncertainty in model 
input parameterization.  A comparative analysis between models, in which a single factor 
(or at most 2 factors) is studied while all other input parameters are held constant, 
provides a much more robust environment in which alternative management scenarios can 
be evaluated for their effectiveness in increasing the viability of the target species. 
 

• What are the primary demographic factors that drive growth of GrSG populations in 
Colorado? 
Our demographic sensitivity analysis indicates that models of GrSG population dynamics 
are most sensitive to variability in female juvenile (chick) survival, the proportion of 
females that successfully reproduce per year, and clutch size per successful female.  
 

• How vulnerable are small, fragmented populations of GrSG in Colorado to extinction 
under current management conditions?  How small must a population become to increase 
its risk of extinction to an unacceptable level? 
We did not directly address this question, but the analyses presented here provide some 
preliminary insight into this issue.  For example, the rather small MWR population has an 
intrinsically higher risk of population decline and extinction even under conditions of 
equivalent underlying demographic rates used as model input.  The higher levels of 
instability are directly tied to the smaller size of this population and the resulting higher 
levels of annual random variation in survival and reproductive rates.  Overall, the 
relatively low levels of environmental variability included in these PVA models leads to a 
comparatively high level of population stability and, by extension, a low probability of 
population extinction. 
 

• What are the predicted impacts of current and potential future levels of housing 
development on selected GrSG populations in Colorado? 
This activity, manifested largely through reductions in available sagebrush habitat, 
appears to have comparatively minor impact on the long-term demographic viability of 
GrSG populations in Colorado, as long as underlying population demographic rates 
remain robust.  However, the reduced population sizes that result from the gradual erosion 
of available habitat cannot be ignored and, in combination with other anthropogenic 
factors, could lead to longer-term increases in risk of population decline (see also 
“Housing Development” issue section, pg. 154; and “Predicted Future Housing 
Development and GrSG Habitat Protection”, pg. 268). 
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• What are the predicted impacts of current and potential future levels of mining and other 

surface activities on selected GrSG populations in Colorado? 
This activity, also manifested largely through reductions in available sagebrush habitat, 
appears to have comparatively minor impact on the long-term demographic viability of 
GrSG populations in Colorado, as long as underlying population demographic rates 
remain robust.  However, the reduced population sizes that result from the gradual erosion 
of available habitat cannot be ignored and, in combination with other anthropogenic 
factors, could lead to longer-term increases in risk of population decline (see also “Energy 
and Mineral Development” issue section, pg. 109).  
 

• What are the predicted impacts of current and potential future levels of hunting on 
selected GrSG populations in Colorado? 
Current levels of GrSG harvest in NP appear sustainable.  However, the analyses 
presented here suggest that even relatively low levels of additional harvest mortality, if 
sustained for long periods of time (i.e., 10 - 20 years), can lead to marked increases in the 
risk of significant population decline.  A more complete understanding of the demographic 
consequences of harvest, such as the degree of compensation that acts in a harvested GrSG 
population, is recommended before specific adjustments to harvest quotas are made (see 
also “Hunting” issue section, pg. 156). 
 

• What are the predicted impacts of current and potential future levels of petroleum and 
natural gas development on selected GrSG populations in Colorado? 
Oil and natural gas development, manifested through direct impacts on demographic 
performance of individual birds, may have major and severe consequences for GrSG 
populations in Colorado.  This conclusion is based on models that use data from research 
studies on GrSG in nearby areas within the same ecoregion (Wyoming Basin; see also 
“Energy and Mineral Development” issue section, pg. 109; “Energy and Mineral 
Development: Avoiding and/or Mitigating Impacts”, pg. 292; and Appendix H, “Literature 
Review: Oil and Gas Impacts on Prairie Grouse”).  We further explored the potential 
population impacts of oil and gas development in modeled populations (see next point). 
 

• How would the demographic behavior of our simulated populations of GrSG respond if 
we modify the oil and gas development model to more accurately reflect the progression 
of impacts, reclamation, and mitigation at and/or near individual well pad sites, 
throughout the oil and natural gas development process?  
Our analysis of projected oil and natural gas development activity in the PPR area 
suggests that well-field mitigation can potentially be effective in reducing the 
demographic disturbance to GrSG populations occupying nearby sagebrush habitats.  
These mitigation measures must be conducted aggressively, however, in order for 
disturbance to be minimized.  Most importantly, mortality and reproductive rates must 
rebound to as close to their original rates as practical as the field shifts to a production 
phase and reclamation of the surrounding habitats is undertaken.  Secondarily, the 
duration of maximum well-field related disturbance must be minimized.  
  
The degree to which additional mitigation measures, such as increased reproductive 
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success through various mitigation activities (see final point), must be undertaken is 
closely related to the intensity of well-field mitigation.  Under conditions of aggressive 
well-field mitigation, lower levels of reproductive mitigation may be required to further 
increase the long-term viability of nearby sage-grouse populations (see also “Energy and 
Mineral Development” issue section, pg. 109; and “Energy and Mineral Development: 
Avoiding and/or Mitigating Impacts”, pg. 292). 
 

• To what extent will the demographic behavior of our simulated populations of GrSG 
change if we assume a less severe direct impact to GrSG demographics through oil and 
gas development, even in the absence of mitigation? 
Our analyses indicate that even if the impacts on GrSG demography are reduced in 
magnitude by 50%, the extent of demographic disturbance of oil and natural gas 
development is sufficient to cause significant population decline soon after development 
begins.  However, this lower overall demographic impact means that given levels of both 
well-field mitigation and increases in reproductive success through mitigation can have 
much greater benefit to the long-term viability of impacted grouse populations.  
Developing a more thorough understanding of the detailed demographic impacts of oil and 
natural gas development in Colorado is critical to the formulation of specific well-field 
mitigation strategies. 
 

• Can reproductive mitigation improve the viability of GrSG populations in Colorado in the 
face of other anthropogenic processes? 
Improving reproductive success through alternative mitigation activities could possibly 
lead to significant increases in GrSG demographic performance. However, these benefits 
can only be realized under certain conditions, particularly where specific human activities 
appear to directly affect population demographic rates to a relatively small degree.  In 
other cases, the observed benefits do not appear to offset the declines in performance 
brought about by human activities on the landscape.  
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B.  Population Augmentation 
 
 
Translocation 
 
Translocation of GrSG has been proposed as a means to augment small populations.  A donor 
population would provide birds to augment either the population size or the genetic diversity of a 
smaller recipient population, or to establish a new population.  Current techniques for 
transplanting prairie grouse are labor intensive, expensive, and only moderately successful 
(Toepfer et al. 1990).  The typical approach for transplanting sage-grouse has been to obtain 
birds during the spring.  The grouse are captured at night on or near leks, using spotlights and 
long-handled nets (Giesen et al. 1982, Wakkinen et al. 1992).  Birds are transported to the release 
area and released at daybreak the following morning, using a “soft-release” technique (Musil et 
al. 1993).  This involves placing the birds in a release box on a lek and remotely opening the 
door when display activity begins at dawn.  Ideally, birds walk out of the box and associate the 
release area with breeding activity. 
 
CDOW has had some success with this technique with GuSG (Nehring and Apa 2000, Gunnison 
Sage-grouse Rangewide Steering Committee 2005), as have others (Musil et al. 1993), but 
capturing sufficient numbers of individuals can be difficult.  In addition, adult males captured in 
the spring have already established a territorial affiliation with leks.  Some transplanted males 
have been depredated when they move long distances in an apparent attempt to return to these 
leks.  Juvenile males move much less and appear more willing to accept the release lek and area, 
presumably because they have not yet established a behavioral affiliation with a lek.  
Transplanting only juveniles makes obtaining sufficient numbers of birds even more problematic 
because there are relatively few of them, and they tend not to roost on and near leks where they 
can be more easily captured. 
 
To date, female sage-grouse translocated in the spring have not attempted to nest during the year 
of capture, whether caught early or late in the breeding season (CDOW, unpublished data).  
Thus, translocated hens must survive for a year from release to contribute to population growth.  
With an average adult female survival of about 65% and nest success of 50% or less, many hens 
must be moved for a transplant to result in females successfully breeding and further augmenting 
the recipient population.  It is apparent that removing females during spring will reduce 
recruitment of young.  Because mortality is already high in early life stages for sage-grouse 
(eggs, chicks), removing individuals in any of these stages for transplantation will likely not add 
to the population-level mortality rates of that stage.  Thus, moving eggs, chicks, or young of the 
year, instead of yearling and adult birds during the breeding season, would be far less likely to 
adversely impact a donor population.   

 
 
Captive Breeding 
 
Captive breeding could also be used to provide birds for transplant or augmentation purposes.  
Extensive experience by Colorado and many other states has illustrated that although raising 
some gallinaceous birds in captivity is relatively easy, establishing wild populations from these 
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captive-reared birds is very difficult, expensive, and only rarely successful.  Failures are usually 
due to extremely poor survival and reproduction of captive-reared birds (Trautman 1982, Krauss 
et al. 1987, Leif 1994).   
 
Excessive mortality is usually blamed on behavioral differences between captive-reared and 
wild-reared birds.  Leif (1994) showed that even when captive-reared female pheasants were 
held over winter and released into high quality habitats just prior to nesting, high mortality and 
nest abandonment meant they produced only 9% as many young as wild hens in the same 
habitat.  Liukkonen-Anttila (2001) studied differences in morphology and physiology of captive- 
and wild-reared birds in an attempt to explain the high mortality of released birds.  He found 
significant differences in morphology and physiology caused by captive conditions and diets that 
may increase mortality of released birds.  His findings suggest that some increases in survival 
might be possible if birds are exposed to more natural diets and allowed adequate space to 
develop flight and cardiac muscles prior to release. 
 
 
Sage-grouse 
 
Captive rearing and release programs for grouse are relatively uncommon compared to efforts 
with turkeys or exotic game birds like pheasants.  Bump et al. (1947) raised about 2,000 ruffed 
grouse in captivity.  Even after 12 years of refinement of techniques the authors still noted a 
propensity for captive-reared chicks to die in large numbers in the first month of life, a trait 
common to all captive efforts studied, and to the wild. 
 
A recent study in Colorado reported successful husbandry and captive breeding of wild-caught 
GrSG (Oesterle et al. 2005).  Hatch-year birds were captured in Nevada in October, transported 
to a facility in Colorado, and maintained for 8 months.  Diet included native food such as 
sagebrush and yarrow, but also various types of commercial feed.  The mortality rate associated 
with captive conditions (as opposed to handling stress) was 16.7% (Oesterle et al. 2005).  
Breeding behavior occurred, 13 eggs were laid by 4 different females, and 11 of the eggs were 
fertile (Oesterle et al. 2005).  Incubation by females was not successful; harassment by other 
grouse hampered normal incubation in some cases.  Factors that appear important to successfully 
maintaining and breeding sage-grouse include: (1) using hatch-year birds (possibly more 
behaviorally flexible than adult birds); (2) a large outdoor flight pen; (3) multiple, widespread 
feeding stations; and (4) visual barriers. 
  
Other efforts to rear sage-grouse have been less successful, though instructive.  In 1958 a Texas 
game bird breeder obtained 30 eggs of GrSG from Wyoming (Pyrah 1960).  Twenty-four of the 
30 eggs collected hatched (80%), and 17 chicks reached approximately 4 weeks of age.  Losses 
were attributed to accidents, stomach worms, coccidiosis, and inversion of the proventriculus.  
Only 2 grouse survived to 8 months.   
 
Idaho began a sage-grouse captive breeding program in 1960.  Efforts included having captive 
hens produce young, rearing chicks from eggs collected in the wild, and testing various nutrition 
plans on sage-grouse (Pyrah 1963, 1964).  Success in egg incubation was variable (Pyrah 1963, 
1964), and many first-year birds succumbed to disease (salmonellosis, Pseudomonas aeuginosa, 
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and aspergillosis; Pyrah 1963).  Attempts at captive mating were largely unsuccessful (Pyrah 
1963).  Survival of the few chicks produced by captive hens was poor and was attributed to poor 
maternal nutrition during laying (Pyrah 1963).  Hatching of eggs collected in the wild was better 
(87%), and 61% of the chicks hatched survived through the summer (Pyrah 1963).  Chick 
mortality resulted from accidents, disease, and vitamin E deficiency.  Wild-caught chicks were 
more difficult to handle than captive-reared chicks, and “ate sparingly of prepared feed and 
gained little weight because of it” (Pyrah 1963:8).  A diet of pelleted ration with 20% protein, 
supplemented with “greens and mealworms” was most successful. 
 
Batterson (1997) described successfully propagating sharp-tailed grouse and sage-grouse in 
captivity in Oregon, without providing details.  Batterson and Morse (1948) described an 
artificial propagation experiment, where 9 eggs were obtained from an abandoned sage-grouse 
nest and placed under a bantam hen on April 20, 1942.  Seven chicks hatched, of which 1 was 
stepped on and killed by the hen the first day.  The 6 survivors were successfully reared to 6-
weeks of age when they were released.  No information was obtained on subsequent survival. 
 
Wiseman and Bird (1969) conducted a study to develop a ration that would maintain sage-grouse 
in captivity.  They collected 9 eggs from a wild nest in Sweetwater County, Wyoming, and 
successfully hatched 9 chicks.  One chick had its leg severed by the incubator and another had 
extremely short legs and was destroyed.   
 
Huwer (2004) used sage-grouse chicks hatched and imprinted in captivity to evaluate the extent 
to which forb abundance affects chick growth rates.  She collected 44 eggs from wild sage-
grouse nests in spring of 2002 in Middle Park, and successfully hatched 36 (82%) in an 
incubator.  These chicks were imprinted to humans, and subsequently exposed, beginning at 3-
days of age for a total of 29 days, to sites with high, medium, or low forb abundance.  Mortality 
during the first week was high; survival to 30-days was 25%.  In 2003, 46 of 68 eggs hatched 
(68%), and survival of chicks through the entire 54-day study period was 68 %.  
 
 
Other Prairie Grouse 
 
There have been numerous published reports on attempts to propagate other prairie (lekking) 
grouse in captivity, including lesser prairie chickens (Coats 1955), greater prairie chickens 
(Trautman et al. 1933, Handley 1935, Ramey 1935, Etter 1963, Shoemaker 1964, McEwen et al. 
1969, Kruse 1984), and sharp-tailed grouse (McEwen et al. 1969).  Some of these efforts to 
breed adults and rear young in captivity were successful, although fertility and hatchability rates 
were often below those seen in the wild; but survival after release was not reported.  
 
Recently, extensive research has been conducted on the endangered Attwater’s prairie chicken, 
in an attempt to develop methods for reintroduction in Texas.  In 1990, research began into 
captive breeding of greater prairie chickens as surrogates for lesser prairie chickens (Jurries et al. 
1998).  Researchers encountered photoperiod and temperature problems, but ultimately had 3 of 
4 hens successfully breed.  Eggs collected from wild Attwater’s prairie chicken nests were also 
successfully hatched.  However, problems arose with the deaths of 2 wild males brought into 
captivity, (who died from impaction of the gastrointestinal tract resulting from dietary 
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supplements).  Another grouse died of avian pox.  The facility also suffered an outbreak of the 
viral disease, avian reticuloendotheliosis, and was quarantined.  Data from this facility and other 
captive-breeding facilities in Texas indicate the source of the disease was from the outside, likely 
from migratory birds. 
 
Captive breeding of Attwater’s prairie chickens also occurred at the Fossil Rim Wildlife Center 
and Houston Zoological Gardens.  In 1992, eggs collected from wild nests hatched, but most 
chicks were lost to toe and leg deformities or to an outbreak of infectious enteritis (Smith 1993).  
Only 5 of the 42 chicks produced survived to breeding age.  During 1995-96, 14 hens laid 126 
eggs, egg viability was 48%, hatching success was 80% (49 chicks) and 21 chicks were raised to 
at least 8 weeks of age.  Three birds were lost to great-horned owl depredation in the pens and 9 
birds were released on the Attwater’s Prairie Chicken National Wildlife Refuge. 
 
At the Houston Zoo, 8 females produced 165 eggs, of which 154 were viable; 108 chicks 
hatched, and 78 chicks survived to 8 weeks.  Sixty Attwater’s from the Houston Zoo were 
ultimately released into the wild.  A pilot release of 13 males occurred in August of 1995, of 
which 2 survived to March of 1996.  “Refined techniques” resulted in the survival of 31 of 69 
Attwater’s released in 1996 to the 1997 breeding season.  Fifty chicks were released in 1997, 
supplementing a wild population of 58 birds.  There are now captive breeding facilities in 
Abilene, College Station, Houston, San Antonio, and Tyler, Texas.  Ultimately, over 500 eggs 
were produced. 
 
Recently, several adult pairs of Attwater’s prairie chickens were released into individual 
protected enclosures.  This approach has not been successful; the prairie chickens have suffered 
nest abandonment, depredation of eggs and young by snakes and fire ants, and loss of young to 
unknown causes.  Survival of captive-reared Attwater’s prairie chickens released in August to 
the following spring has been as low as 15% and averaged only 36% despite refinement of 
release techniques (Preisser and Yelin 1999).   
 
 
Summary 
 
The literature survey on this topic suggests it is likely, given a substantial commitment of funds 
and staffing, that GrSG could be successfully bred and raised in captivity.  Production capability 
would not be large because sage-grouse don’t breed well in captivity (and as a result they tend to 
lay infertile eggs), and they are determinate layers who won’t continue to lay as eggs are 
removed (A. D. Apa, CDOW, personal communication).   Research into methodologies to collect 
sperm and artificially inseminate captive hens, or pen construction that would facilitate captive 
breeding would be beneficial to increase the proportion of eggs that are fertile.  There is very 
limited information on sage-grouse to indicate how likely captive-produced young would be to 
survive in the wild.  However, there is a great deal of relevant information from research on 
other gallinaceous birds to suggest it will be very low, unless innovative strategies are developed 
and tested. 
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Potential Approaches for GrSG 
 
There may be other manipulative strategies to enhance genetic diversity or increase populations 
of grouse that fall short of captive breeding and release, but that have a higher likelihood of 
success and would contribute to conservation of these species.  We briefly evaluate 5 of these 
ideas, roughly in order of decreasing potential for success and increasing risk to existing 
populations. 
 
(1) Transplant Eggs to Populations in Need 
 
One alternative to transplanting adult females could be to use radio-transmitters to locate nests 
during laying, and transfer eggs from the source population or from captive production to nests 
in populations that need demographic rescue or augmentation to enhance genetic diversity.  
Clutch size in birds with precocial young that do not require parental feeding may be regulated 
by nutrition of the hen at the time of laying.  Sage-grouse clutch sizes typically range from 7 - 9, 
but it is possible that hens could brood and raise substantially larger clutches.  This would 
require further investigation.  The technique would require radio-marking females so their nests 
could be located.  Artificial eggs could be placed in the nest bowls so that some eggs remain and 
prevent abandonment.  Other eggs lost to predators could then be replaced with eggs produced in 
captivity.  This would be a means of “ensuring” successful nesting.  Given the substantial 
investment in this approach, it may be worthwhile to evaluate techniques to protect nests from 
predators.     
 
(2) Incubate Eggs in Captivity to Reduce Depredation Losses 
 
Nest success in grouse seldom exceeds 50%, and can be substantially lower.  Another possible 
method to increase nest success could be to remove eggs from grouse nests and incubate them in 
captivity, then replace either eggs or chicks in the nest.  This strategy was used very successfully 
with peregrine falcons where egg-shell thinning was the main problem.  Hard plastic eggs were 
substituted when the real eggs are removed so the female continued to incubate.  Huwer (2004) 
found that GrSG hens in Colorado readily accepted chicken eggs (which are larger and a 
different color than sage-grouse eggs) when their eggs were removed, continuing to lay and 
ultimately incubating the clutch.  Four of 4 GrSG, and 3 of 3 GrSG hens accepted hard plastic 
eggs the same size, shape, and color as wild eggs (A. D. Apa, CDOW, personal communication).  
Using this approach, eggs could be replaced 2 - 3 days prior to hatch so that normal imprinting 
occurs, or experiments could be conducted to see if hens accept newly hatched chicks and vice-
versa.  Pilot studies with GrSG suggest chicks less than 5-days old readily accept, and are 
adopted by, wild hens (A. D. Apa, CDOW, personal communication). 
 
(3) Supplement Wild-reared Broods with Captive-produced Young 
 
For this strategy to be successful, a key assumption is that hens must be willing to adopt captive-
reared chicks.  There is substantial evidence, only recently collected, to suggest that this 
technique is possible.  The CDOW released 3, 14-day old GrSG chicks to another brood hen 
when a radio-marked brood hen died.  Those chicks were successfully adopted.  In a pilot study 
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conducted in the spring of 2004, 17, 1-7 day-old captive reared GrSG chicks were released with 
wild females with chicks of similar age (A.D. Apa, CDOW, unpublished data).  The survival rate 
at 50 days was 0.42, similar to the survival rate of wild chicks at 50 days (0.38; A.D. Apa, 
CDOW, unpublished data).  CDOW researchers have also observed brood mixing where radio-
marked chicks joined broods of different hens.  This has also been observed with radio-marked 
chicks and hens in Oregon (M. Gregg, personal communication) and Idaho (N. Burkepile, 
personal communication).  CDOW researchers have also observed an instance where radio-
marked chicks from a depredated hen were adopted by a non radio-collared hen.  Apa (CDOW, 
personal communication) described a hen, known to be unsuccessful in her nesting attempt, who 
adopted and successfully raised a chick from another brood.  Research with radio-marked GrSG 
chicks in Idaho indicates there is brood mixing among sage-grouse hens (N. Burkepile, personal 
communication).  This suggests that captive-produced chicks can be released into existing 
broods.  The big advantage to this approach is that only broods, not nests, need to be located or 
disturbed.  It is not known whether chicks produced in captivity will accept brood hens, to what 
extent this might be dependent on chick age at time of release, or whether survival would be 
similar to wild chick survival.  As mentioned above, preliminary information suggests that 
chicks less than 5-days old readily accept, and are adopted by, wild hens (A. D. Apa, CDOW, 
personal communication).  This will be further evaluated through research. 
 
(4) Raise Grouse in Captivity and Release to Populations in Need  
 
This option would be an operational captive breeding and release program.  It would require 
extensive research to evaluate the best methods for raising grouse, including pen construction, 
diets, artificial insemination, and disease prevention, as well as the best way to reintroduce 
grouse to the wild.  It is the highest risk technique, in that probability of success is low, and there 
is potential for either introducing disease into existing populations or shifting genetic frequencies 
over time.  The rapid expansion of both chronic wasting disease and whirling disease show how 
easily release or escape of captive-reared wildlife can create serious disease problems in the 
wild.  If this option is explored it must be under extremely tight disease prevention protocols.  
Rearing facilities should be placed within the area where release will occur, and the source of 
birds must be local as well to minimize risk of spreading disease (see “Disease and Parasites” 
issue section, pg. 103). 
 
(5) Maintain a Captive Flock as a Genetic Diversity Bank 
 
The NP and NWCO populations are the largest GrSG populations in Colorado, and are 
genetically diverse enough to maintain the genetic diversity needed to offset genetic drift and to 
ensure that in Colorado the species can adapt to future challenges.  At least conceptually, these 2 
populations could serve as a source of genetic diversity and individuals that could be used to 
augment low diversity or population size in case of catastrophic events in other populations.  
Nevertheless, in case of a widespread catastrophic event (e.g., disease, severe extended drought), 
it may be prudent to explore the feasibility of maintaining a captive flock or flocks (zoos serve 
this purpose for other species) with diverse genetic makeup to allow us to introduce these 
genotypes or bring populations back in case of crisis.
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C.  Habitat Model Analysis:  GrSG Population Size in Relation to the Amount of Available 
Habitat 

 
One of the key questions for the conservation and management of GrSG is how much habitat is 
needed to sustain a given population size over time.  We examined this relationship using the 
mean of annual high male counts at leks and the amount of available habitat within each GrSG 
population. 
 
 
Model Development 
 
High male counts were used instead of population estimates that are derived from adjusted lek 
counts.  Adjusted lek counts make assumptions that may introduce additional error that cannot be 
accounted for in model estimates (see “Abundance”, pg. 50).  We only used the lek count data 
for which there was a consistent effort for counting leks (MP, NP, and most NWCO management 
zones).  We did not include lek counts from PPR, MWR, NESR, or Management Zones 2 and 7 
of the NWCO population, due to either lacking or inconsistent lek counts.  We used 8 years of 
lek count data (1998-2005), except for NP, which had 33 years of data (1973-2005; Table 25).  
Mean high male lek counts were weighted in the regressions by the number of years of counts 
included in the mean. 
 
A GIS was used to estimate the amount of available habitat within each population.  Available 
habitat is a subset of vegetation cover types within areas defined as "Occupied Habitat" that 
would potentially be used by sage-grouse (e.g., sagebrush and sagebrush-grass communities; see 
“GrSG Habitat Mapping Efforts” [pg. 66] and Appendix J, “GrSG GIS Data”). 
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Table 25.  Summary statistics of the number of male GrSG counted on leks.  Data are used in the 
regression for GrSG populations (and management zones) and available habitat.  "MZ" = 
Management Zone in the NWCO population; n = the number of years of lek counts; Mean = 
average lek count; SD = standard deviation of lek counts; Min = smallest lek count; Max = 
largest lek count.  

Population n Habitat Area 
(acres) Mean SD Min Max 

NWCO / MZ1 8 157,376 166.9 40.31 117 241
NWCO / MZ3A 8 221,386 460.5 196.17 222 825
NWCO / MZ3B 8 243,624 530.5 220.82 195 741
NWCO / MZ3C 8 283,856 108.8 64.88 12 192
NWCO / MZ4A 8 64,658 112.6 94.08 20 267
NWCO / MZ4B 8 208,884 70.0 37.73 36 153
NWCO / MZ5 8 353,625 317.4 85.75 184 428
NWCO / MZ6 8 223,486 384.8 75.50 303 503
MP 8 239,446 272.8 42.60 190 313
NP 33 403,972 889.9 315.87 466 1,521
 
 
 
We used linear and nonlinear models to examine the relationship between mean high counts of 
males on leks and the amount of available habitat (Fig. 39).  A linear model assumes a constant 
relationship between population density and the amount of available habitat.  The relationship 
should be linear as long as (1) there is no change in the behavior (e.g., movement patterns) or 
spatial correlation of sage-grouse as the amount of habitat changes; and (2) the quality of habitat 
is fairly consistent among populations. 
 
However, because the wide variation in mean lek counts among populations does not clearly 
suggest a linear relationship (Fig. 39), we examined the possibility of a non-linear relationship, 
using both quadratic and exponential models.  We restricted the number of nonlinear models to 
these 2 in order to avoid over-fitting the 10 GrSG populations/management zones.  Nonlinear 
models would be more likely to describe the relationship between population density and amount 
of available habitat if the behavior and spatial correlation of individuals changes as the amount 
of available habitat changes.  For instance, habitat in smaller populations may be of poorer 
quality and therefore may have a lower than predicted population density.  Populations with 
large amounts of available habitat may have a lower than predicted population density if 
individuals do not use all available habitat, or if space-use by individuals increases with 
increasing available habitat. 
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Fig. 39.  Linear and nonlinear models relating the number of males (mean high count at leks) 
within each of the 10 GrSG populations or management zones (● = mean high count of males at 
leks for each population; area is in acres).  1 = linear model, 2 = quadratic model, 3 = 
exponential model.  See Table 25 for the area and mean lek count for each population and 
number of years included in the mean.  Mean high male lek counts were weighted in each model 
by the number of years of counts included in the mean.   
 
 
Model Selection 
 
We used an information-theoretic approach (Akaike 1973, Burnham and Anderson 1998) to 
evaluate which model best describes the relationship between the high male counts and the 
amount of available habitat.  Akaike Information Criterion (AIC) is a refinement of maximum 
likelihood techniques for parameter estimation and is derived from the Kullback-Leibler distance 
used in information theory (Kullback and Leibler 1951).  The Kullback-Leibler distance is a 
measure of the difference between the data ("reality") and the model used to estimate reality.   
 
More specifically, AIC is the maximum log-likelihood for a model with a set of parameters (θ) 
for a given set of data (y) (AIC = -2ln[L(θ|y) + 2 K], where K is the number of parameters in the 
model).  As the number of parameters in the model increases, the precision of the model 
increases and the difference between the model and a given set of data typically decreases (i.e., -
2ln[L(θ|y) gets smaller).  However, additional parameters do not always contribute significant 
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information to a model.  AIC takes into account the number of parameters used to fit the data 
(i.e., 2K gets bigger while -2ln[L(θ|y) gets smaller).  The objective is to select a model that does 
not over-fit (large number of parameters and highly precise) or under-fit (a simple model with 
few parameters but not very precise) a given set of data.  The model with the smallest AIC value 
is considered the most parsimonious model (i.e., the best balance between simplicity and 
precision) and therefore, the most reasonable model for a given set of data. 
 
Due to the small number of GrSG populations used in the analysis, we used the corrected AICc 
(Hurvich and Tsai 1989) to rank the models.  Since AIC (and AICc) is a relative ranking 
technique, we computed the Akaike weight (wi) to illustrate the relative likelihood of each model 
(Akaike 1978).  Note that the Akaike weights sum to 1.0.  The larger the weight, the more 
reasonable the model for making inferences based on the data.  All models were log-transformed 
in order to better meet the assumption of homogeneity of variances across dependent variables 
(area), and to make the residuals of the linear and nonlinear models comparable for model 
selection.  The original (real scale) data were used to compute the parameter estimates for each 
model.  
 
The AICc and Akaike weights (wi) suggest that the linear model is the best model for relating the 
mean high male lek counts to the amount of available habitat for GrSG (Table 26).  However, no 
model clearly outperformed all other models.  This is due to the wide variation in the mean 
number of males on leks among the populations, and because there were only 10 populations/ 
management zones included in the analysis.  The linear (wi = 0.48) and exponential (wi = 0.36) 
models appear to outperform the quadratic model (wi = 0.16).  However, there is little difference 
between the linear and exponential models.  The exponential model suggests an interesting 
possibility that, given the opportunity, sage-grouse can respond rapidly to habitat expansion.  
However, the linear model is more intuitive given the negative y-intercept, which implies a 
minimum area of available habitat is necessary to support a sage-grouse population (see Fig. 39; 
note βo  in Table 26, B).  Furthermore, since the exponential model likely over-parameterizes the 
current data, the linear model is the most parsimonious and reasonable model for describing the 
relationship of the number of males for a given amount of habitat.  
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Table 26.  Results for models using log-transformed and real scale data.  A) Regression and 
model selection results for log-transformed data, and B) regression results using real scale data 
for parameter estimates.  Data are the mean high count at leks for a given amount of habitat 
within each GrSG population. 
A.  Log-transformed data 
 
Model 

 
 

d.f.

 
 

SSE 

 
 

F 

 
 

P>F 

 
 

R2 

 
 

AICc 

 
 

wi 

1. (linear)     ln( ŷ )=ln(βo+β1x)+ε 8  41.57 6.93 0.03 0.464 19.96 0.48
2. (quadratic) ln( ŷ )=ln(βo+β1x+β2x)+ε 7 33.79 4.54 0.05 0.565 22.17 0.16

3. (exponential) ln( ŷ )=(lnβo+ *area)+ε 8 44.06 10.23 0.01 0.461 20.54 0.36

B.  Real scale data 
 
Model 

 
 
βo 

 
 
β1 

 
 
β2 

 
 
γ  

1. (linear)          ŷ = βo + β1x + ε -220.85 0.0025 - - 
2. (quadratic)    ŷ = βo + β1x + β2x2 + ε 244.77 -0.0017 <0.0001 - 
3. (exponential) ŷ  = βoe * area  + ε 55.32 - - 0.0068
  
 
 
Using parameters from Table 26, B, the discrete linear model for estimating the average number 
of males on leks ( ŷ ) for a given amount of habitat (area) is: 
  
    ŷ  = -220.85 + 0.0025(area) + ε 
 
 
 
Table 27.  Regression results using real scale data for parameter estimates.  Data are the mean 
high count at leks for a given amount of habitat within each GrSG population. 
 
Model d.f. MSE F P>F R2 βo β1 
ŷ = βo + β1x + ε 8 436,576.96 16.01 0.0039 0.667 -220.85 0.0025
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Using information from Table 27, the 95% Confidence Interval (C.I.) for the estimated average 
number of males is computed as:  
 

   C.I.  =  ŷ  ±  t0.5,d.f. ⎥
⎦

⎤
⎢
⎣

⎡ −
+

)(
)(1 2

XSS
xxi

n
MSE   

 
where ŷ is the predicted number of males on leks for a given amount of available habitat, t0.5,d.f. 
is the critical value for the t-distribution for a given number of degrees of freedom (t0.5,8 = 2.306), 
MSE is an estimate of variance (MSE =49,057.9663), n is the number of populations (n = 10), xi 
is the amount of habitat being used for the estimate, x is the mean available habitat computed 
from values in Table 25 ( x = 240,028.6), and SS(X) is the sum of squares for available habitat 
across all populations (SS(X) = 80,896,676,122). 
 
For example, for 250,000 acres of habitat, the predicted average number of males on leks ( ŷ ) is 
estimated as, 
    ŷ  =  βo + β1(xi) 
    ŷ  = -220.88 + 0.0025(250,000) 
    ŷ  =  404 
 
Using the values given above, the 95% C.I. range for expected number of males (Fig. 40) is 
computed as, 
 

 C.I.  =  404 ±  2.306 ⎥
⎦

⎤
⎢
⎣

⎡ −
+

628,177,893,80
)3.031,240000,250(

10
1436,540.7

2

  

         =  404 ± 162.5 
 
Therefore, in this example, the expected mean number of males could potentially range from 242 
to 567 males.   
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Fig. 40.  Linear model (with 95% C.I.) relating the number of males (mean high count at leks) 
within each of the 10 GrSG populations or management zones (● = mean high count of males at 
leks for each population, area is in acres).  See Table 25 for the area and mean lek count for each 
population and number of years included in the mean.  Mean high male lek counts were 
weighted in each model by the number of years of counts included in the mean.   
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D.  Colorado GrSG Population Management Zones 
 
Population Management Zone Development 
 
There are several challenges to developing population targets, or “population management 
zones” for sage-grouse.  First, lek counts are the only current means of estimating population 
status and trends.  However, there are limitations to using lek counts as indicators of a given 
population’s status (see summary of population estimation in “Conclusions”, pg. 55), and as a 
result, trends in lek counts should be considered relative, not absolute, indicators of population 
trends.  Note that, for the purposes of this plan, we estimate only the number of breeding GrSG 
males in each local population, not the total population size (see Table 7, pg. 56; for locations of 
populations, see Fig. 5, pg. 49). 
 
Second, many of the counts of strutting males are not normally distributed over time (from a 
statistical perspective), and counts are skewed to earlier or later counts.  We chose to use the 
median of the raw annual lek data to evaluate long-term trends in lek counts, rather than using 
the arithmetic average (mean) of the data.  The median is the mid-point of the data, with ½ of the 
data falling above it and ½ below.  Typically, the median is a preferred descriptive statistic for 
data sets with a skewed distribution because it better represents the central tendency of a 
population than does the mean. 
 
Third, the reliability of lek counts in individual populations and among years varies, depending 
on many factors, such as (1) weather conditions; and (2) the relative effort afforded to 
conducting lek counts in a given year and for a given population.  We developed population 
management zones for GrSG that are based on a series of the most reliable strutting male counts 
for each population.  In some cases the most reliable counts were from only the last 3 years (PPR 
population), but in other cases it was 8 (NWCO and Management Zones, NESR), 18 (MP), or 33 
(NP) years. 
 
Fourth, a reasonable approach for establishing population management zones for GrSG must 
take into account that sage-grouse populations naturally fluctuate over time with changes in 
environmental conditions.  A good example of natural population fluctuations is seen in North 
Park, Colorado, where GrSG habitat has been relatively stable for 30 years, and where lek counts 
have been monitored with similar intensity of effort for over 30 years (Fig. 41).  The average 
number of males counted on leks was 862, but that average was punctuated by counts as low as 
497 (1986) and counts as high as 1,521 (1979; Fig. 41).  Thus, even in an area of relatively stable 
habitat, 2 - 3 times more males were counted in high years than in low years.  The total number 
of males counted in low and high years was 60 and 176% of the long-term average, respectively.  
Given this variation, lek counts in most years can be substantially above or below the long-term 
average (Fig. 41). 
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Fig. 41.  Historical lek counts in North Park, Colorado.  “Threshold” refers to the 25% quartile. 
 
 
Because counts fluctuate widely, we used additional descriptive statistics to help accommodate 
this fluctuation and to assist in population management zone development.  First, we recommend 
that the fluctuations in annual counts be dampened by using a 3-year running average (the 
average of the most recent 3 years of lek counts), instead of the raw lek count data.  In addition, 
we use the range of data in designating a population management zone, rather than choosing a 
single, specific number.  To develop population management zones we employed the “quartiles” 
of the data, which are the boundaries between 4 equal divisions of the data.  That is, the 25% 
quartile is the point below which ¼ of the lek count data fall, and the 75% quartile is the point 
below which ¾ of the data fall.  The long-term median is the same as the 50% quartile, below 
which ½ of the data fall. 
 
 
Population Management Zone 
 
We recommend that the population management zone be a numerical range, bounded on the 
lower extreme by the 25% quartile of the number of strutting males and on the upper extreme by 
the 75% quartile (Fig. 42).  This range is termed the “Population Management Zone”.  This 
represents the normal range of variability that can be expected within this population based on 
the counts used.  The 75% quartile is not intended as a population limit, but rather describes the 
upper bound of the range of the number of males, taking into account normal fluctuation in 
number of males over time (based on the lek counts used).  If local areas can achieve male 
numbers in excess of the upper 75% quartile, the population becomes more secure and has a 
security buffer during periods of decline.  It is assumed that the farther the number of males stays 
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above the median (regardless of the upper quartile), and the longer the period it is above the 
median, the more secure the population. 
 
For example, in a theoretical population with 10 years of counts, the median is 182 males (Fig. 
42).  The raw annual counts range from 55 - 380 males and the 3-year running average ranges 
from 118 - 352.  The zone is bounded by the 25% quartile of 109 males and the 75% quartile of 
294 males (Fig. 42). 
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Fig. 42.  Theoretical population management zones.  
 
 
If a series of lek counts for a given population declines toward, through, and below the median, 
managers should increase efforts to evaluate the decline.  If the decline is systemic and 
consistent, conservation actions should be implemented before the population passes through and 
below the 25% quartile threshold (e.g., below 109 males in Fig. 42).  
 
Our choice of the 25% quartile as the lower threshold for the Population Management Zone was 
based on the performance of the GrSG population in North Park, Colorado.  In the North Park 
data set, the number of GrSG males counted on leks declined below the 25% quartile threshold 
(approximately 600 males) in 6 of 31 years (Fig. 41).  Since NP is a relatively stable population, 
this threshold creates an error rate (false-positives) of 19% (6/31).  However, if the first 3 years 
of the data set are excluded (a reasonable exclusion because many lek locations were still being 
discovered at that time), then male counts fell below the threshold in only 3 of 28 years, yielding 
a false positive rate of about 11%.  Thus, the 25% quartile threshold seems to give a reasonable 
probability of detecting real long-term declines while protecting against panic when population 
declines are within normal ranges of variation (Fig. 41). 
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Another value reported for each population is the estimated number of males generated by the 
habitat model discussed earlier (i.e., how many GrSG males are predicted to occur in the 
population areas, based on the number of acres of occupied habitat; see “Habitat Model 
Analysis”, pg. 241).  We also report this estimate’s range, or 95% confidence interval, to 
elucidate the variability that is assigned to the prediction (Table 28).  The number of males 
predicted by the model was not used in establishing the population management zones, and is not 
a target or goal.  It is, however, instructive to see this value as compared to the range of values in 
the Population Management Zone itself, which are based on lek counts. 
 
 
Potential Population Opportunity Zone 
 
We examined whether it is possible for any of the GrSG populations to have opportunity to grow 
and/or expand.  In some GrSG populations, there appears to be vacant and potentially suitable 
habitat available (see “GrSG Habitat Mapping Efforts”, pg. 66).  The location and extent of 
vacant and potentially suitable habitat was identified through a GIS analysis and modified by 
expert opinion of CDOW biologists.  Future additional ground verification of potential habitat 
should be conducted at the local level to ascertain where specific opportunities for population 
growth truly exist; GIS mapping may infer an opportunity for growth that may not be possible if 
vegetation community conditions on the ground differ markedly from the GIS map. 
 
Due to the existence of currently unoccupied habitats, some populations have opportunity for 
growth, termed the “Potential Population Opportunity Zone” (Fig. 42).  This zone should not be 
interpreted as a population target for current conditions.  This zone is a hypothetical zone of 
opportunity based on what could occur if (1) vacant habitat becomes occupied (or is found to be 
occupied); and/or (2) potential habitat is converted to optimal GrSG habitat (e.g., conversion of 
piñon-juniper back to sagebrush communities) and becomes occupied.  To have GrSG 
populations grow and persist in potential population opportunity zones would require 
tremendous inputs of resources and funding.  In some cases, due to possible inaccuracies in the 
GIS vegetation layer classification, it may be unrealistic, impractical, or impossible to convert 
those communities identified as potential habitat into occupied habitat. 
 
The Potential Population Opportunity Zone is bounded at the lower extreme by the 75% quartile 
(the upper boundary of the Population Management Zone).  To estimate the upper boundary of 
this zone, we used the habitat model to statistically estimate the number of GrSG males 
anticipated if the vacant and potential habitat became occupied by GrSG (see “Habitat Model 
Analysis”, pg. 241).  Thus, the upper boundary is the number of males predicted to occur in the 
combined occupied, vacant, and potential habitat categories (Table 28).  In addition, the 95% 
confidence intervals around this predicted value are provided to illustrate the range of the 
estimate of potential additional males (Table 28). 
 
Although the Population Management Zone and Potential Population Opportunity Zone should 
be modified as conditions change, the lower threshold of the Population Management Zone is 
based on current conditions and will not change.  That is, we consider current population and 
habitat conditions to be the baseline for evaluating future GrSG trends, as well as the basis for 
determining whether to expedite conservation activities even as population levels increase. 
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Adaptive Management of Population Management Zones 
 
The population zone approach we use incorporates the normal expected population fluctuation.  
Since population management zones are based on current population estimates and 
potential habitat conditions, the upper bounds could be modified upward as habitat 
conditions and availability change, but lower bounds would remain constant.  We do not 
know, and can not predict, the effect of changes in landscape features (e.g., habitat composition, 
patch configuration, and land use patterns) on GrSG behavior and population dynamics; 
therefore, population management zones should be modified as knowledge improves about 
landscape features and how they are used by GrSG (see "Adaptive Management " pg. 10).  We 
anticipate  that implementation of the habitat management strategies described within this plan 
will result in increases in population levels and management zones, minimizing the likelihood of 
endangerment of individual GrSG populations or of the species in Colorado. 
 
 
Individual GrSG Populations 
 
For each GrSG population in Colorado, and for each management zone within the NWCO 
population, we defined the population zones described, if there were adequate data to do so.  The 
boundaries of the Population Management Zone were examined and compared to (1) the number 
of sage-grouse predicted to be in the area, based on an analysis of the amount of habitat using the 
habitat model (see “Habitat Model Analysis, pg. 241); and (2) the initial population size used in 
the baseline PVA analysis, the resulting extinction risk for the population, and the implications 
(see “Population Viability Analysis”, pg. 210).  We also evaluated whether there was opportunity 
for population growth, and if so, identified a Potential Population Opportunity Zone.  
 
 
Meeker – White River Population 
 
No population zones have been set for the MWR population because lek counts have not been 
adequate for establishing a reliable long-term median.  Strutting male counts have fluctuated 
around 25 strutting males, and it is estimated that there are 39,627 acres of occupied habitat and 
51,125 acres of vacant and potential habitat available (Table 28).  Because the habitat acreages 
are low, the habitat model’s predictive ability is inadequate to provide a predicted value of the 
number of male GrSG (Table 28).  Although there appears to be a substantial area of potential 
habitat available for GrSG, most of the habitat is in private ownership.  According to the 
population viability analysis, the probability of extinction at 50 years is not equal to zero (PE50 = 
0.016; Appendix K, pg. K-14) for the MWR population, assuming an initial population of 28 
strutting males. 
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Table 28.  Estimated habitat in each GrSG population area in Colorado, by habitat category, and the number of GrSG males 
predicted by the habitat model (see pg. 241) to occur in combined habitat categories (habitat categories are defined and 
described on pg. 66). 

Habitat Estimates (acres) 

 
# GrSG Males Predicted for Combined Habitat Categories 

(estimated by Habitat Model; see pg. 241) a 
 

Occupied 
Occupied + Vacant 

(total) 
Occupied + Vacant + 

Potential (total) 

 
 
 
 

Population Occupied Vacant Potential 
Range Value Range Value Range Valueb 

Meeker – 
White 
River 

39,627 5,713 45,412 0 - 271  – 0 - 276  – 0 - 315  – 

Middle Park  239,446 4,741 5,725 205 - 529 367 217 - 540 379 230 - 555 393
North Park 403,972 0 0 435 – 1,107 771 same same same same 
N. Eagle – 

S. Routt 
Counties 

85,463 8,155 96,236 0 - 310  – 0 - 318 – 60 - 430 245

Northwest 
Colorado 1,768,117 47,801 72,462 1,372 – 6,869 4,121 1,403 - 7,073 4238 1,451 - 7,380 4,416

NW - MZ 1 157,366 0 0 0 – 385 166 same same same same 
NW - MZ 2 560,195c 0 0 c 
NW - MZ 3A 221,370 0 0 158 – 488 323 same same same same 
NW - MZ 3B 243,615 0 0 216 – 539 377 same same same same 
NW - MZ 3C 283,871 0 0 296 – 656 476 same same same same 
NW - MZ 4A 64,653 0 6,413 0 – 292  – – –   0 – 297 – 
NW - MZ 4B 208,884 16,877 14,966 121 – 463 292 170 – 497 333 208 - 532 370
NW - MZ 5 353,618 5,768 46,782 387 – 907 647 393 – 930 662 437 - 1,116 776
NW - MZ 6 223,491 25,156 4,301 163 – 492 328 227 – 552 390 237 - 563 400
NW - MZ 7 11,250 0 0    – – – –       – – 
Parachute –

Piceance 
– Roand 

262,811 84,909 187,498 
 

d 
 

a  In cases where the estimated habitat acreage is low, the habitat model’s predictive ability may be inadequate to predict a value and/or range of number of male GrSG 
    (denoted by “ – “). 
b  Note that the estimated value for this combined habitat category is the upper bound of the Potential Population Opportunity Zone (Table 29). 
c Acreage for MZ 2 includes the total acreage of all vegetation classes (not just selected classes) within the occupied range; it is not included in the total occupied habitat for 
NWCO.  Because there may be inaccuracies in the GIS data used to define occupied habitat for MZ 2, the habitat-based model was not used to make predictions of number of 
males. 
d The habitat areas defined for PPR need to be field-validated; there may be inaccuracies in the GIS data used to define these areas.  Thus, the habitat-based model was not used to 
make predictions of number of males for PPR. 
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Middle Park Population 
 
The Population Management Zone for MP has a median of 250 strutting males and ranges from 
185 - 286 (Fig. 43, Table 29).  The habitat model (“Habitat Model Analysis”, pg. 241) predicts 
that MP could have 367 strutting males, with a range of 205 - 529, in 239,446 acres of occupied 
habitat (Table 28).  The results from the PVA suggest that the Population Management Zone is 
sufficient to maintain the MP population in perpetuity.  According to the PVA, the probability of 
extinction at 50 years is zero (PE50 = 0.000; see Appendix K, pg. K-14) for the MP population, 
assuming an initial population (290 strutting males) that is slightly above the upper end of the 
Population Management Zone.  If managers document consistent and unabated decline to and 
below the median (in the Population Management Zone), aggressive conservation actions should 
be implemented. 
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Fig. 43.  Population management zones for MP GrSG population. 
 
 
According to the GIS habitat analyses, it is estimated that there are 10,466 acres of habitat in the 
vacant and potential habitat categories in MP (Table 28), allowing an opportunity for population 
growth.  If the vacant and potential habitats become occupied habitat, the habitat model predicts 
that 393 strutting males (range of 230 - 555) could occur in the MP area (Table 28).  Thus, the 
Potential Population Opportunity Zone is from 286 - 393 strutting males (Fig. 43, Table 29); 
there appears to be habitat to sustain a small amount of growth in this population. 
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Table 29.  Population Management Zones for GrSG in Colorado.   
Population Management Zone Potential Population 

Opportunity Zone Population 
25% 

Quartile Median 75% Quartile Lower Bounda Upper Boundb 

Meeker – White 
River - ~25 - - - 

Middle Park 185 250 286 286 393 

North Park 639 756 1,214 - - 

N. Eagle – S. Routt 
Counties 90 97 102 102 245 

Northwest Colorado 2,019 2,144 2,254 2,254 4,416 
NWCO - MZ 1 136 164 183 - - 
NWCO - MZ 2 - - - - - 
NWCO - MZ 3A 346 436 534 - - 
NWCO - MZ 3B 351 627 698 - - 
NWCO - MZ 3C 65 126 155 - - 
NWCO - MZ 4A 51 66 167 - - 
NWCO - MZ 4B 48 53 83 83 370 
NWCO - MZ 5 258 310 383 383 776 
NWCO - MZ 6 333 353 441 - - 
NWCO - MZ 7 - - - - - 

Parachute – 
Piceance – Roan 176 178 202 - - 

 
a Note that the lower bound of the Potential Population Opportunity Zone is also the upper bound (75% quartile) of the 
Population Management Zone. 
b The upper bound of the Potential Population Opportunity Zone is the number of male GrSG predicted by the habitat model for 
occupied + vacant + potential habitat (see Table 28). 
 
 
North Park Population 
 
The Population Management Zone for the NP population has a median of 756 strutting males 
and ranges from 639 - 1,214 (Fig. 44, Table 29).  The habitat model (see “Habitat Model 
Analysis”, pg. 241) predicts that NP could have 771 strutting males, with a range of 435 - 1,107, 
in 403,972 acres of occupied habitat (Table 28).  Results from the PVA suggest that the 
Population Management Zone appears sufficient to maintain NP GrSG in perpetuity.  According 
to the PVA, the probability of extinction at 50 years is zero (PE50 = 0.000; see Appendix K, pg. 
K-14A) for the entire NP population, assuming an initial population (1,234 strutting males) that 
is very close to the upper bound of the Population Management Zone.  If managers document 
consistent and unabated decline to and below the median (in the Population Management Zone), 
aggressive conservation actions should be implemented.  Based on the GIS habitat analyses, 
there are no opportunities for population growth in the NP population (Table 28; no vacant or 
potential habitat). 
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Fig. 44.  Population management zones for NP GrSG population. 
 
 
 
Northern Eagle – Southern Routt Counties Population 
 
The Population Management Zone for the NESR population has a median of 97 strutting males 
and ranges from 90 - 102 (Fig. 45, Table 29).  The habitat model (see “Habitat Model Analysis”, 
pg. 241) predicts that the NESR area could sustain 0 - 310 strutting males in 85,463 acres of 
occupied habitat (because the habitat acreages are low, the habitat model’s predictive ability is 
inadequate to provide a single predicted value of the number of male GrSG; Table 28).  Results 
from the PVA suggest that the Population Management Zone is sufficient to maintain the NESR 
population in perpetuity.  According to the PVA, the probability of extinction at 50 years is zero 
for the NESR population (PE50 = 0.000; see Appendix K, pg. K-14), assuming an initial 
population (104 strutting males) that is very close to the upper bound of the Population 
Management Zone.  If managers document consistent and unabated decline to and below the 
median (in the Population Management Zone), aggressive conservation actions should be 
implemented. 
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Fig. 45.  Population management zones for NESR GrSG population. 
 
 
According to the GIS habitat analyses, it is estimated that there are 104,391 acres of habitat in 
the vacant and potential habitat categories (Table 28), allowing an opportunity for population 
growth in the NESR population.  If the vacant and potential habitats become occupied habitat, 
the habitat model predicts that 245 strutting males, with a range from 60 - 430 males, could 
occur in the NESR area (Table 28).  Thus, the Potential Population Opportunity Zone ranges 
from 102 - 245 males (Fig. 45, Table 29); there appears to be habitat to sustain a possible 
doubling of the NESR population. 
 
 
Northwest Colorado Population 
 
The NWCO population is divided into 10 geographic areas called “management zones” 
(NWCOCP 2006; see Fig. 16, pg. 88).  Because in this section we use the term “Population 
Management Zone” to represent a population target, there might be confusion about the similar 
terms.  Therefore, in this section, we refer to the 10 management zones in the NWCO area by 
acronyms (MZ).  For example, “Management Zone 1” is “MZ 1”. 
 
Population management zones were derived for the entire NWCO population and also separately 
for each MZ.  Because counts were conducted inconsistently earlier than 1998, only 8 years of 
lek counts (1998-2005) were used to calculate population management zones.  More consistent 
lek counts were conducted for 8 years in MZ 1, and portions of MZ 3A, 3B, and 3C, 4A, 4B, 5 
and 6.  Less consistent counts have been conducted in MZ 2 and 7 of the NWCO population.   
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The Population Management Zone for NWCO has a median of 2,144 strutting males, with a 
range from 2,019 - 2,254 (Fig. 46, Table 29).  The habitat model predicts that 4,121 males, with 
a range from 1,372 - 6,869, could be supported within 1,768,117 acres of occupied habitat (Table 
28).  Results from the PVA suggest that the Population Management Zone is sufficient to 
maintain the NWCO population in perpetuity.  According to the PVA, the probability of 
extinction at 50 years is zero (PE50 = 0.000; see Appendix K, pg. K-14) for the NWCO 
population, assuming an initial population size (2,387 strutting males) that is close to the upper 
bound of the Population Management Zone.  If managers document consistent and unabated 
decline to and below the median (in the Population Management Zone), aggressive conservation 
actions should be implemented. 
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Fig. 46.  Population management zones for NWCO GrSG population. 
 
According to the GIS habitat analyses, it is estimated that there are 120,263 acres of habitat in 
the vacant and potential habitat categories (Table 28), allowing an opportunity for additional 
males in the NWCO population.  If the vacant and potential habitats become occupied habitat, 
the habitat model predicts that 4,416 strutting males (range of 1,451 - 7,380) could occur in the 
NWCO area (Table 28).  Thus, the Population Opportunity Zone ranges from 2,254 - 4,416 
strutting males (Fig. 46, Table 29).  The analysis suggests that the habitat opportunity for the 
NWCO area is located in MZs 4A, 4B, 5, and 6 (Table 28). 
 
 
NWCO MZ 1 -- The Population Management Zone for NWCO MZ 1 has a median of 164 
strutting males and ranges from 136 - 183 (Fig. 47, Table 29).  The habitat model (see “Habitat 
Model Analysis”, pg. 241) predicts that MZ 1 could support 166 males, with a range from 0 - 
385, in 157,366 acres of occupied habitat (Table 28).  Results from the PVA suggest that the 
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Population Management Zone is sufficient to maintain the MZ 1 population in perpetuity.  
According to the PVA, the probability of extinction at 50 years is zero for the MZ 1 population 
(PE50 = 0.000; see Appendix K, pg. K-21), assuming an initial population of 153 strutting males.  
In addition, the model allows for emigration and immigration to and from other areas in the 
vicinity (MZs 2, 3A, 6, and 7).  If managers document consistent and unabated decline to and 
below the median (in the Population Management Zone), aggressive conservation actions should 
be implemented.  Based on the GIS habitat analyses, there is no opportunity for population 
growth in the Potential Population Opportunity Zone (Table 28; no vacant or potential habitat). 
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Fig. 47.  Population management zones for MZ 1 of the NWCO GrSG population. 
 
 
NWCO MZ 2 -- No population management zones have been developed for NWCO MZ 2 
because lek counts have not been adequate to establish a reliable long-term or short-term median.  
Strutting male counts have varied between 10 - 54 males over the last 8 years and have occurred 
in an area that is estimated to have 560,195 acres of occupied habitat (Table 28).  However, after 
closer analysis it is clear that the majority of occupied habitat in MZ 2 (identified by the GIS as 
sage-grouse habitat) is dominated by salt desert shrub communities, with only small outcrops of 
Wyoming big sagebrush, which has limited quality and may serve as winter habitat for GrSG.  
Despite this, the small population in MZ 2 is expected to persist under current conditions.  The 
probability of extinction for the entire NWCO population at 50 years is zero (PE50 = 0.000; see 
Appendix K, pg. K-21), and the model allows for emigration and immigration to and from other 
areas in the vicinity (MZs 1, 3A, 3B, 3D, 5, 6 and 7).   
 
 
NWCO MZ 3A -- The Population Management Zone for NWCO MZ 3A has a median of 436 
strutting males and ranges from 346 - 534 (Fig. 48, Table 29).  The habitat model (see “Habitat 
Model Analysis”, pg. 241) predicts that NWCO MZ 3A could support 323 males, with a range of 
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158 - 488, in 221,370 acres of habitat (Table 28).  Results from the PVA suggest that the 
Population Management Zone is sufficient to maintain the MZ 3A population in perpetuity.  
According to the PVA, the probability of extinction at 50 years is zero for the MZ 3A population 
(PE50 = 0.000; see Appendix K, pg. K-21), assuming an initial population (534 strutting males) 
that is within the Population Management Zone.  In addition, the model allows for emigration 
and immigration to and from other areas in the vicinity (MZs 2, 3B, 3C, 5, and 6).  If managers 
document consistent and unabated decline to and below the median (in the Population 
Management Zone), aggressive conservation actions should be implemented.  Based on the GIS 
habitat analyses, there is no opportunity for population growth in the Potential Population 
Opportunity Zone (Table 28; no vacant or potential habitat). 
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Fig. 48.  Population management zones for MZ 3A of the NWCO GrSG population. 
 
 
NWCO MZ 3B -- The Population Management Zone for MZ 3B has a median of 627 strutting 
males and ranges from 351 - 698 (Fig. 49, Table 29).  The habitat model (“Habitat Model 
Analysis”, pg. 241) predicts that MZ 3B can support 377 strutting males, with a range of 216 - 
539, in 243,615 acres of occupied habitat (Table 28).  According to the PVA, the probability of 
extinction at 50 years is zero for the MZ 3B population (PE50 = 0.000; see Appendix K, pg. K-
21), assuming an initial population (625 strutting males) that is within the Population 
Management Zone.  In addition, the model allows for emigration and immigration to and from 
other areas in the vicinity (MZs 2, 3A, 3C, 4A, and 5).  If managers document consistent and 
unabated decline to and below the median (in the Population Management Zone), aggressive 
conservation actions should be implemented.  Based on the GIS habitat analyses, there is no 
opportunity for population growth in the Potential Population Opportunity Zone (Table 28, no 
vacant or potential habitat). 
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Fig. 49.  Population management zones for MZ 3B of the NWCO GrSG population. 
 
 
NWCO MZ 3C -- The Population Management Zone for MZ 3C has a median of 126 strutting 
males and ranges from 65 - 155 (Fig. 50, Table 29).  The habitat model (“Habitat Model 
Analysis”, pg. 241) predicts that MZ 3C can support 476 males, with a range of 296 - 656, in 
283,871 acres of occupied habitat (Table 28).  According to the PVA, the probability of 
extinction at 50 years is zero for the MZ 3C population (PE50 = 0.000; see Appendix K, pg. K-
21), assuming an initial population (139 strutting males) that is within the Population 
Management Zone.  In addition, the model allows for emigration and immigration to and from 
other areas in the vicinity (MZs 3A, 3B, 4A, 4B, and 5).  If managers document consistent and 
unabated decline to and below the median (in the Population Management Zone), aggressive 
conservation actions should be implemented.  Based on the GIS habitat analyses, there is no 
opportunity for population growth in the Potential Population Opportunity Zone (Table 28, no 
vacant or potential habitat). 
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Fig. 50.  Population management zones for MZ 3C of the NWCO GrSG population. 
 
 
NWCO MZ 4A -- The Population Management Zone for MZ 4A has a median of 66 strutting 
males and ranges from 51 - 167 (Fig. 51, Table 29).  The habitat model (see “Habitat Model 
Analysis, pg. 241) predicts that a very small grouse population could occur (range from 0 - 292) 
in 64,653 acres of occupied habitat in MZ 4A (Table 28).  According to the PVA, the probability 
of extinction at 50 years is zero for the MZ 4A population (PE50 = 0.000; see Appendix K, pg. K-
21), assuming an initial population of 217 strutting males.  In addition, the model allows for 
emigration and immigration to and from other areas in the vicinity (MZs 3B and 4B).  If 
managers document consistent and unabated decline to and below the median (in the Population 
Management Zone), aggressive conservation actions should be implemented.  Because of the 
limited amount of potential habitat (6,413 acres; Table 28), there is very little opportunity for 
population growth in MZ 4A; no Potential Population Opportunity Zone was identified.  
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Fig. 51.  Population management zones for MZ 4A of the NWCO GrSG population. 
 
 
NWCO MZ 4B -- The Population Management Zone for MZ 4B has a median of 53 strutting 
males and ranges from 48 - 83 (Fig. 52, Table 29).  The habitat model (see “Habitat Model 
Analysis”, pg. 241) predicts that MZ 4B could sustain 292 strutting males, with a range of 121 - 
463, in 208,884 acres of habitat (Table 28).  According to the PVA, the probability of extinction 
at 50 years is zero for the MZ 4B population (PE50 = 0.000; see Appendix K, pg. K-21), 
assuming an initial population (76 strutting males) that is within the Population Management 
Zone.  In addition, the model allows for emigration and immigration to and from other areas in 
the vicinity (MZs 3C, 4A, and 5).  If managers document consistent and unabated decline to and 
below the median (in the Population Management Zone), aggressive conservation actions should 
be implemented. 
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Fig. 52.  Population management zones for MZ 4B of the NWCO GrSG population. 
 
According to the GIS habitat analyses, it is estimated that there are 31,843 acres of habitat in the 
vacant and potential categories (Table 28), allowing an opportunity for population growth in MZ 
4B.  If the vacant and potential habitat became occupied habitat, the habitat model predicts that 
370 strutting males (range of 208 - 532) could occur in MZ 4B (Table 28).  Thus, the Potential 
Population Opportunity Zone ranges from 83 - 370 strutting males (Fig. 52, Table 29); there is 
opportunity for some population growth within this area. 
 
 
NWCO MZ 5 -- The Population Management Zone for MZ 5 has a median of 310 strutting males 
and ranges from 258 - 383 (Fig. 53, Table 29).  The habitat model (”Habitat Model Analysis”, 
pg. 241) predicts that MZ 5 could sustain 647 strutting males, with a range of 387 - 907, in 
353,618 acres of occupied habitat (Table 28).  According to the PVA, the probability of 
extinction at 50 years is zero for the MZ 5 population (PE50 = 0.000; see Appendix K, pg. K-21), 
assuming an initial population (294 strutting males) that is within the Population Management 
Zone.  In addition, the model allows for emigration and immigration to and from other areas in 
the vicinity (MZs 2, 3A, 3B, 3C, 4B, and 6).  If managers document consistent and unabated 
decline to and below the median (in the Population Management Zone), aggressive conservation 
actions should be implemented. 
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Fig. 53.  Population management zones for MZ 5 of the NWCO GrSG population. 
 
According to the GIS habitat analyses, it is estimated that there are 52,550 acres of habitat in the 
vacant and potential categories (Table 28), allowing an opportunity for population growth.  If the 
vacant and potential habitats become occupied habitat, the habitat model predicts that 776 
strutting males (range of 437 - 1,116) could occur in MZ 5 (Table 28).  Thus, the Potential 
Population Opportunity Zone ranges from 383 - 776 strutting males (Fig. 53, Table 29); there 
may be opportunity for population growth in this area. 
 
  
NWCO MZ 6 -- The Population Management Zone for MZ 6 has a median of 353 strutting males 
and ranges from 333 - 441 (Fig. 54, Table 29).  The habitat model (“Habitat Model Analysis”, 
pg. 241) predicts that MZ 6 could sustain 328 strutting males, with a range of 163- 492, in 
223,491 acres of occupied habitat (Table 28).  According to the PVA, the probability of 
extinction at 50 years is zero for the MZ 6 population (PE50 = 0.000; see Appendix K, pg. K-21), 
assuming an initial population (304 strutting males) that is close to the lower bound of the 
Population Management Zone.  In addition, the model allows for emigration and immigration to 
and from other areas in the vicinity (MZs 1, 2, 3A, 5 and 7).  If managers document consistent 
and unabated decline to and below the median (in the Population Management Zone), aggressive 
conservation actions should be implemented. 
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Fig. 54.  Population management zones for MZ 6 of the NWCO GrSG population. 
 
According to the GIS habitat analyses, it is estimated that there are 29,457 acres of habitat in the 
vacant and potential habitat categories, allowing an opportunity for population growth (Table 
28).  If the vacant and potential habitats become occupied habitat, the habitat model predicts that 
400 strutting males (range of 237 - 563) could occur in MZ 6 (Table 28).  Because this number 
falls within the Population Management Zone, there is no identified Potential Population 
Opportunity Zone; the opportunity for growth in this population is small. 
 
 
NWCO MZ 7 -- A Population Management Zone has not been established for MZ 7 in NWCO.  
The lek counts have not been adequate to establish any long-term median.  Only 2 years of 
strutting male counts have yielded between 11 - 23 males over the last 2 years.  This MZ is 
estimated to have 11,250 acres of occupied habitat (Table 28).  It is uncertain if MZ 7 can sustain 
a viable population in isolation and therefore its perpetuity is dependent upon the Utah 
population of GrSG, although there may be minimal immigration and/or emigration to and from 
MZs 1, 2, and 6 that would further support this population.  
 
 
Parachute – Piceance – Roan Population 
 
Recent lek counts in this population have been conducted by fixed wing and helicopter surveys, 
in addition to the traditional lek counts from the ground (which have been conducted 
inconsistently since 1963).  Using only data from 2005, 2006, and 2007 (the 3 best and most 
reliable estimates), the Population Management Zone has a median of 178 strutting males and 
ranges from 176 - 202 (Fig. 55, Table 29).  The habitat model was not used to predict the PPR 
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population because of inaccuracies in the GIS portrayal of occupied habitat categories in PPR.  
Results of the PVA suggest that the Population Management Zone is sufficient to maintain the 
PPR population in perpetuity, although the model is based on the same limited data used to 
establish the population management zone.  According to the PVA, the probability of extinction 
at 50 years is zero for the PPR population (PE50 = 0.000; see Appendix K, pg. K-14), assuming 
an initial population (186 strutting males) that is within the Population Management Zone. 
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Fig. 55.  Population management zones for PPR GrSG population. 
 
If managers document consistent and unabated decline to and below the median (in the 
Population Management Zone), aggressive conservation actions should be implemented.  Due to 
the irregular topography of the PPR area, further GIS habitat analyses need to be conducted to 
adequately determine if there is opportunity for population growth in the Potential Population 
Opportunity Zone.  
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E.  GrSG Habitat-related GIS Analyses 
 
 
Predicted Future Housing Development and GrSG Habitat Protection 
 
 
Future Growth in Housing and its Potential Impact on Colorado GrSG Populations 
 
We used U.S. Census Bureau data to examine projected human population increases in GrSG 
range.  The U.S. Census Bureau projected population growth between 2000 and 2020 for each 
county in the United States (Colorado Department of Local Affairs 2004).  The Bureau also 
projected the increase in housing units that would be expected from this population increase, 
based on a 10-year average of residents per housing unit.  We examined these data for each 
county with an associated GrSG population (Table 30).  It should be noted that county-wide 
projections only serve as a crude index to permanent habitat loss for GrSG, because growth may 
be concentrated in urban areas away from currently occupied habitat.  The current human density 
is also provided, to scale the impact; i.e., a 50% increase in population may be more significant 
from a baseline of 50 people/mi2 (rising to 75), than it is for a population of 2 people/mi2 (rising 
to 3). 
 
In conjunction with human population growth, the amount of private land in a population area 
will also influence the risk of habitat loss from housing development.  Public lands are generally 
safe from housing development pressure (regardless of human population growth), and private 
lands are not (unless they are protected by easement).  We summarized the amount of private 
lands within the 3 mapped habitat categories for GrSG: Occupied, Potential, and 
Vacant/Unknown (for habitat category definitions, see “GrSG Habitat Mapping Efforts” pg. 66). 
 
Using these data, as well as local knowledge of the ongoing development processes in each 
population area, we established a relative level of risk to the population from housing 
development (Table 31).  This table better portrays the issue of development for GrSG on private 
lands because the boundary for analysis is the habitat area itself, not the county boundary.  Many 
populations (Table 30) cross county boundaries, making comparison of county level information 
to GrSG populations less meaningful.  However, some conclusions can be drawn based on these 
data and development activity within each county and population.  (For an analysis of the 
predicted location of future housing development see “Predicted Location of Future Housing 
Developments”, pg. 273.) 



 
 

 

269

C
olorado G

reater Sage-grouse C
onservation Plan

Analysis
G

IS – H
ousing D

evelopm
ent

Table 30.  Summary of human population growth and housing development statistics in GrSG counties. 
  

 
County 

GrSG Population(s) 
Affected 

Projected Population 
Growth a 

Projected Growth in 
Housing Units b Current People/sq. mile c 

Eagle Northern Eagle – Southern 
Routt 57% 9,082 27 

Garfield Parachute – Piceance – Roan 73% 12,220 15 
Grand Middle Park 75% 4,083 7 

Jackson North Park 17% 116 1 

Moffat Northwest Colorado 23% 1,182 3 

Rio Blanco 

Northwest Colorado, 
Meeker – White River, 
Parachute – Piceance – 
Roan 

27% 648 2 

Routt 
Northwest Colorado, 

Northern Eagle – Southern 
Routt 

52% 4,278 8 

Summit Middle Park 60% 6,273 42 
a Based on Census Bureau projections for county population resides in, 2000-2020. 
b Calculated by dividing population projections by the 10-year average of residents per housing unit. 
c Calculated by using 2000 Census populations divided by total square miles in county, acquired from CDOW CoMap, Version 4 



 
 

 

270

C
olorado G

reater Sage-grouse C
onservation Plan

Analysis
G

IS – H
ousing D

evelopm
ent

 
Table 31.  Amount of private land within occupied, potential, and vacant/unknown GrSG habitats, and overall potential risk from 
human development. 
 

Private Land a 
GrSG 

Population Occupied Habitat –  
Acres (% of total) 

Potential Habitat – 
 Acres (% of total) 

Vacant-Unknown 
Habitat – 

Acres (% of total) 

 
Potential Risk to GrSG from 

Human Development 

Meeker – White 
River 36,834 (90%) 91,312 (78%) 2,663 (39%) Moderate 

Middle Park 148,675 (57%) 6,073 (94%) 3,905 (76%) High 

North Park 206,671 (52%) 0 (0%) 0 (0%) Low 
Northern Eagle – 

Southern 
Routt 

67,480 (71%) 52,256 (41%) 10,880 (95%) High 

Northwest 
Colorado 1,046,147 (41%) 16,742 (48%) 30,832 (60%) High in Zone 4B, remainder 

Low 
Parachute – 

Piceance – 
Roan 

199,212 (65%) 76,673 (35%) 14,6983 (15%) Low 

 a Based on CDOW 2005 GIS species mapping and CDOW CoMap, Version 4  
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Meeker – White River Population 
 
The MWR population is entirely within Rio Blanco County, a county projected to experience a 
27% increase in human population between 2000 and 2020 (Table 30), which is at the lower end 
of the increases expected in other counties containing GrSG habitat.  However, this small 
population exists nearly entirely on private land (Table 31) that is at considerable risk from 
development pressures.  Ninety percent of occupied GrSG habitat is privately owned (Table 31) 
and relatively close to the town of Meeker, which in recent years has been experiencing growth 
due to the recent dramatic increase in energy development.  Protection of existing range through 
conservation easements would be beneficial and may be necessary to sustain this small 
population.   
 
 
Middle Park Population 
 
The majority of the MP population is within Grand County, with a small segment of the 
occupied range extending south into Summit County.  Both Grand and Summit counties have 
high projected increases in human population (75% for Grand and 60% for Summit, Table 30).  
The primary cause of this population increase is the proximity to major Colorado ski resorts, 
including Breckenridge, Keystone, and Winter Park.  Ski industry employees in the 
Silverthorne/Frisco area are commuting farther to obtain affordable housing.  In addition, the 
outstanding recreation opportunities in Grand County, primarily around Granby and Grand Lake, 
lure additional development to the area.  Grand County currently has a density of 7 people/mi2, 
while Summit County has a density of 42 people/mi2 (Table 30).  Private land makes up 57% of 
currently occupied range in the MP population (Table 31). 
 
Over the past 20 years, Grand County has seen significant changes in the demographics and 
growth of its population.  While western Grand County remains largely rural in nature, the 
eastern part of the county has seen a major shift from production agriculture to commercial and 
residential development.  Approximately 60% of the homes in Grand County are considered 
second homes.  Because of the area’s close proximity to Denver, this trend is expected to 
continue.  Many of the larger private holdings have been subdivided for housing or commercial 
use.  The remaining ranches in the area now provide most of the sage-grouse habitat.  Risk to this 
population from human development is high (Table 31).  At-risk parcels important to GrSG 
should be identified and protected through conservation easements. 
 
 
Northern Eagle – Southern Routt Counties Population 
 
The NESR population straddles 2 rapidly developing counties, Routt and Eagle.  The human 
population in Routt County is expected to grow 52% by 2020 and has a density of 8 people/mi2; 
Eagle County is projected to grow by 57% and has a density of 27 people/mi2 (Table 30).  
Seventy-one percent of occupied GrSG habitat in this population is on private land (Table 31).  
The primary influence affecting growth in the Eagle Zone of the population is caused by Vail 
and Beaver Creek ski resorts located in the Eagle Valley.  Development has likely impacted 
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sage-grouse habitat in the area, because some formerly occupied habitat in Eagle County no 
longer supports sage-grouse.  Impacts to currently occupied habitats is expected to increase as 
subdivision of ranches for residential and second-home development occurs, driven in part by 
increased housing costs for resort and other service employees. 
 
Unlike in the Eagle River Valley, ranching remains strong in the Routt Zone of this population.  
The towns of Phippsburg, Toponas, and Yampa are small and have grown relatively little in 
recent years, although new residences are beginning to appear in the area.  These towns are 
relatively close (<40 miles) to Steamboat Springs and the tourist/resort economy found there, 
increasing the potential for this area to become a bedroom community as the cost of living rises 
in Steamboat Springs.  Growth could be somewhat tempered in this area by the fact that winters 
are even harsher than in Steamboat and communities west and downstream of Steamboat 
Springs.  An additional risk comes from second home development, which may occur far from 
Steamboat Springs.  Overall, risk to this population from human development is high (Table 31). 
 
 
Northwest Colorado Population 
 
The NWCO population occurs in 3 counties (Moffat, Routt, and Rio Blanco), but the majority of 
the currently occupied range is in Moffat County.  Moffat County is projected to increase 
population by 23% by 2020 and has a low density of 3 people/ mi2 (Table 30).  In comparison, 
Routt County, projected to grow 52% by 2020, has a density of 8 people/ mi2 (Table 30).  Rio 
Blanco County is projected to grow by 27% and also has a very low human density of 2 
people/mi2 (Table 30).  Forty-one percent of the GrSG occupied habitat in this population occurs 
on private land (Table 31).  The primary area of human development lies in the east portion of 
the population, between Craig and Steamboat Springs and surrounding areas, including Hayden.  
Risk from human development in the bulk of the population area is negligible.  The central and 
western portions of this population (Zones 1, 2, 3A, 3B, 5, and 6) are amongst the most remote 
and sparsely populated areas of the state.  The same zones also contain the highest numbers of 
GrSG in the population; hence human development pressure is not seen as a high risk to the 
GrSG core population in NWCO.  Although risk of human development is relatively low in the 
entire population, it is high in Zone 4B (Table 31), and protection of key habitat in this area is 
important. 
 
 
North Park Population 
 
The NP population is located entirely in Jackson County.  Human growth in this county is 
projected to increase only 17% by 2020, making it the slowest growing county within the 
Colorado range of GrSG (Table 30).  In addition, the human density is also lowest at 1 
person/square mile (Table 31).  Fifty-two percent of occupied habitat in NP occurs on private 
land (Table 31).  Ranching remains the largest use of private lands in this population.  However, 
Jackson County is located close to Larimer County and may experience an increase in second 
home development.  Total population in the entire county was estimated at 1,577 in 2000 
(Colorado Department of Local Affairs 2007).  Risk to GrSG from human development in this 
county is currently considered to be low (Table 31).   
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Parachute – Piceance – Roan Population 
 
The PPR GrSG population lies within 2 counties, Garfield and Rio Blanco.  Garfield County is 
experiencing a rapidly increasing human population growth (estimated to grow 73% by 2020; 
Table 30), due to multiple factors including serving as a bedroom community for the Aspen-
Snowmass resort area, and energy development.  However, while 65% of the occupied habitat 
for this population is on private land (Table 31), the potential for typical housing development is 
not as high as might be expected.  Primary ownership of private parcels in this population is by 
energy companies.  The likelihood of human development within the occupied habitat of GrSG 
is small; the primary impact to habitat loss in this GrSG population is through energy 
development, not housing development.   Nevertheless, the energy industry is contemplating 
building worker camps in close proximity to the well fields within occupied grouse range.  The 
motivation for such camps is to save commuting time for workers in the remote high plateaus 
and ridges where future energy development will occur.  These camps could potentially house 
large numbers of workers during well field development periods.  Over the longer term, they 
might be removed or reduced in size to accommodate a smaller work force during the production 
life of a well field.  
 
 
Predicted Location of Future Housing Development in GrSG Population Areas 

 
We used 2 methods to further explore the risk of additional housing development in GrSG 
habitat (see also “Housing Development and Surface Mining” in the PVA analysis, pg. 217).  
The intent of this analysis is to identify specific areas where risk of housing development is 
important, in order to help agencies and work groups with habitat protection efforts. 
 
Dr. David Theobald, Natural Resource Ecology Lab, Colorado State University, developed a 
Spatially Explicit Regional Growth Model (SERGoM v2), designed to depict the location and 
density of current and projected future private land housing units across the coterminous U.S.  
Although the current version of the model has not been published, the general procedure and 
rationale for a previous version of the model are described in Theobald (2005).  Future growth in 
housing units was based on Census Bureau county-level projections for population growth.  The 
number of housing units this growth was apportioned to was determined using the county-level 
average of people/household, taken from 2000 census data.  Growth in housing units was 
allocated spatially using a formula that considered recent (1990-2000) housing growth rates for a 
specific location and accessibility to the nearest urban core.  Assumptions of this approach are 
that: (1) future growth patterns will be similar to those found in the past decade; (2) 
people/household in the future will match that in the 2000 census data; (3) future growth is likely 
to occur nearby current high growth areas or “hot spots”; (4) housing units cannot occur on 
public land, water areas, etc.; (5) growth will be concentrated in areas closer (in terms of travel 
time, not just distance) to urban core areas over major roads; and (6) housing density will not 
decline over time (housing growth projections are additive to current housing densities).  
 
We applied Dr. Theobald’s model and resultant predicted housing density dataset in a GIS 
analysis to evaluate the potential acreage impacted by development in 2020 for each population 
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of GrSG.  We are not aware of any published work that indicates what level of housing 
development impacts or eliminates sage-grouse use of habitat.  In this initial analysis we chose 
320 acres/housing unit as the threshold below which we expect impacts to GrSG, and above 
which we do not.  This estimate was used in the Gunnison Sage-grouse Rangewide Conservation 
Plan (Gunnison Sage-grouse Rangewide Steering Committee 2005) with the following rationale: 
(1) in 2000, over 38,500 acres within 1.86 miles of leks in the Gunnison Basin had more than 1 
housing unit/320 acres, yet grouse use has continued; (2) only 4 of 41 active leks have no 
housing units within 1.86 miles; and (3) 35 of 41 active leks are adjacent to an area with housing 
density greater than 1 unit/320 acres.  This threshold was chosen keeping in mind the large 
amount of public (and therefore protected) habitat in the Gunnison Basin.  It is not suggested that 
if the large block of public land in the Gunnison Basin were developed at this density (1 housing 
unit/320 acres) that grouse would not be impacted.   
 
A similar analysis was attempted in GrSG occupied habitat areas, but the GrSG areas 
experiencing the highest development had already lost key leks and data were not available to 
replicate the analysis.   However, in examining the data for GrSG areas, it was clear that parcels 
320 acres or smaller followed a pattern of regularly being subdivided into smaller parcels, 
presumably for eventual housing development.  The 320 acres/housing unit threshold is thought 
to be an adequate fit to GrSG and was used for this analysis.   
 
The challenge in wisely allocating habitat protection dollars is to protect important areas where 
development will occur at a density that precludes use by, or will significantly impact, sage-
grouse.  At the same time, there is little point in allocating resources to areas already impacted so 
as to preclude grouse use, or to areas where housing densities will be so low as to have negligible 
impact to grouse.  Thus, having set the threshold impact as 320 acres/housing unit, we identified 
areas projected to increase from housing densities of 320 acres or more per housing unit, to 
housing densities with fewer than 320 acres per housing unit.  The modeled housing density in 
2000 is shown in Fig. 56, while projected housing densities (without intervention) in 2020 are 
shown in Fig. 57 (note that white areas are the protected lands, i.e., public).  Areas of growth in 
housing between these periods are identified in Fig. 58. 
  
The model predicting development to unsuitable housing densities seemed to underestimate 
development in areas where second home development or proximity to resort centers is 
occurring, such as in the corridor between Steamboat Springs and Craig (Fig. 58).  In some 
cases, the model suggested little or no future development in areas already platted with lots 
marketed for sale.  Clearly, we have a long-term need to develop better predictive models which 
take these factors into account.  In the interim, we used another approach to identify habitats at 
greatest risk of development in the next 3 - 5 years. 
 
As mentioned earlier, land is typically subdivided into smaller parcels prior to sale and 
development.  It is these smaller (<80 acres) parcels that are probably most immediately 
susceptible to development to densities that would adversely impact grouse.  Larger parcels may 
be subdivided, but they will often be subdivided a second time before development, and the 
entire process will occur over a longer time horizon, allowing more time to respond.  For the 3 
areas with the greatest apparent risk of housing impacts (MWR, MP, and NESR; Table 32 [pg. 
282]), we mapped private land parcels by parcel size categories for each population as a tool to 
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aid agencies, work groups, and land trusts in assessing development risk and prioritizing habitat 
protection efforts for GrSG (Figs. 59 - 61). 
 
Prioritization of Habitat Protection Efforts from Loss Due to Human Development 

 
We considered the information from Table 31 (pg. 270) and Figs. 56 - 61, estimated the relative 
GrSG population size and population trend, and used all this information to develop for each 
population a relative priority for protection from human development (Table 32, pg. 282).  This 
priority ranking is not absolute; individual properties in populations with a medium priority may 
have greater importance than individual properties in higher ranking populations.  Also, county 
boundaries, administrative boundaries, and other factors influence rankings at those levels.  
Rankings are relative to one another; a medium ranking is not meant to imply that habitat 
protection is not important in that population.  Rather, habitat loss from human development is 
likely to be less of an immediate issue for a population with a medium ranking than in a 
population with a high ranking.  This table and the rankings within are intended as a guide to 
assist agencies in planning, and ultimately in maximizing the efficiency of habitat protection 
efforts.  Any attempt at prioritizing the importance of populations for habitat protection purposes 
is likely to be polarizing, yet it is necessary to ensure that scarce resources accomplish the 
greatest good towards the protection of the species.    

  
It is apparent from this analysis that the risk of permanent or long-term habitat loss for GrSG due 
to housing development is substantial, but it varies widely across populations.  Extensive public 
lands in the NWCO, NP, and MP populations will help mitigate some of these development 
risks, as will no-development easements held by CDOW, NRCS, and non-governmental 
organizations (NGOs).  Conversely, substantial portions of the NESR and MWR populations are 
privately owned and are located in areas where population growth is expected.  Some increase in 
housing and other development can probably be accommodated in these areas without 
significantly impacting GrSG, but we hypothesize that densities much in excess of 1 housing 
unit/320 acres will cause GrSG populations to decline.  Greatest impacts are likely when 
seasonal habitats most important to GrSG, such as areas used during moderate or severe winters, 
or lek/nesting/brood-rearing areas, are lost.  For instance, a large portion of the lower elevation 
lands that may be valuable to GrSG in harsh winters is privately owned.  Proper planning of land 
use and placement of development on private lands can help mitigate the losses and decrease 
impacts.  In small populations such as NESR and MWR, because of small size and existing or 
potential fragmentation, any loss of habitat may adversely impact grouse.  



 

Fig. 56.  Modeled housing densities in Colorado GrSG population areas, 2000. 
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Fig. 57.  Projected housing densities in Colorado GrSG population areas, 2020. 
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Fig. 58.  Areas of growth in housing densities from modeled year 2000 to projection in 2020. 
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Fig. 59.  Private land parcels, by parcel size, in Meeker – White River GrSG population area. 
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Fig. 60.  Private land parcels, by parcel size, in Middle Park GrSG population area. 
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Fig. 61.  Private land parcels, by parcel size, in NESR GrSG population area. 
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Table 32.  Protection priority ranking from habitat loss due to housing development among populations of GrSG.  

Population 

 
GrSG 

Population 
Trend 

Risk and Trend of Habitat 
Loss from Housing 

Development 

Private Land, not 
Protected within 

Occupied Habitat, 
Acres (%) 

Protection Priority 
from Habitat Loss Due 

to Housing 
Development 

Middle Park Stable High - Increasing 146,255 (56%) High 

Meeker – White River Stable to 
declining Moderate 36,837 (89%) Moderate 

North Park Stable to 
Increasing Low - Increasing 209,236 (51%) Low 

Northern Eagle – 
Southern Routt 

Stable to 
Declining High - increasing 67,478 (71%) Very High 

Northwestern Colorado Stable to 
Increasing 

High/increasing in Zone 4B; 
remainder Low/increasing 1,044,148 (41%) High – Zone 4B, 

(Remainder = Low) 
Parachute – Piceance –

Roan 
Stable to 
declining Low 76,673 (35%) Low 
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The NESR population rated the highest in terms of protection priority, by virtue of it having a 
stable to declining GrSG population, high projected increase in human population, and a large 
percentage of the occupied habitat in private land (i.e., available for development; Table 32).  
The MP population rated high in terms of protection priority.  The risk of impacts from human 
development is high and increasing in this GrSG population and over ½ of the occupied range is 
in private ownership (Table 32).  Zone 4B in the extreme east portion of the NWCO population 
is also ranked high in terms of protection priority (Table 32).  This area is experiencing 
increasing increase in human population from the Steamboat Springs, Craig, and Hayden 
communities.  Isolation and fragmentation of habitats is occurring within this zone and birds in 
portions of the zone may now be isolated from the main core of the NWCO population.  The 
remainder of the NWCO population is ranked low for protection from human development, due 
to the relatively low projected increase in human population growth (Table 32). 
 
Even though the MWR population is primarily tied to private lands, it ranked moderate for 
protection priority from human development, due to the current moderate increase in human 
population expected in the area (Table 32).  Key ranches having sage-grouse habitat in this 
population area should not be overlooked for protection.  The PPR population has the lowest 
percentage of private land within occupied habitat and the risk of impacts from human housing 
development is low in this population (Table 32).  However, if one were to consider in this 
analysis the expected habitat loss from energy development, the story would be much different.  
In this section we only evaluate and prioritize the need for protection from housing development 
impacts.  The NP population has relatively low protection priority, both because it has a low risk 
of housing development and because it does not have a high percentage of private land (Table 
32). 
 



Colorado Greater Sage-grouse Conservation Plan 
 
 

Analysis: 
GIS – Roads 

284

GrSG Habitat Loss: Roads in Colorado 
 
 
We conducted an analysis of the number of acres of habitat lost from current roads in each GrSG 
population.  A complete GIS roads dataset is unavailable for the state, necessitating a 
combination of data sources for our analysis.  Colorado Department of Transportation (CDOT) 
road GIS data were used for highways, paved, bladed, and gravel categories.  U.S. Census 
Bureau Tiger data (U.S. Census Bureau 2001) were then used to fill in the remaining roads not 
shown in the CDOT layer.  For analysis purposes, the Tiger roads categorized as A4 were 
assumed to be minor gravel (i.e., “Graded”) roads.  Tiger roads classified as A5 and A7 were 
lumped into the 4WD and access road category.  
 
Widths of the road classes were determined broadly, using GIS analysis.  CDOT road widths by 
road classes for Moffat, Rio Blanco, and Grand counties were measured and averaged for paved, 
improved surface, and graded road types.  For utilized Tiger road widths, aerial imagery from the 
National Agriculture Mapping Program (U.S. Department of Agriculture 2005) was used and 
road widths were measured and averaged. 
 
Gelbard and Belknap (2003) documented a distance from the edge of different classes of roads, 
termed a verge, where the native vegetation is destroyed and often replaced with exotic species.  
This affected verge distance was added to the physical width of the road, from center line to road 
edge, to provide the total width of habitat lost (Table 33) in our analysis. 
 
Table 33.  Road buffers for analysis of GrSG habitat lost to roads. 

Road Category 
Road Width 

Buffer a 

(feet) 

Road Verge 
Buffer b 

(feet) 

Habitat Loss Buffer c 

(feet) 

Paved 47.6 23.0 70.5 
Improved Surface 39.4 13.9 53.3 
Graded 34.4 9.8 44.3 
4WD/Access Roads 16.5 3.3 19.7 
 
a Total road width was divided in half in this column, to account for a buffer beginning at the center line of road.   
b Road verge (Gelbard and Belnap 2003) was divided in half in this column to account only for one side of road  
(buffer originates at center line of road). 
c Road Width Buffer was added to the Road Verge Buffer to derive Habitat Loss Buffer 
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Total acreages lost by population from roads are listed in Table 34.  While the total amount of 
acreage compared to overall occupied range may seem minimal, the replacement cost of those 
same acreages through protection avenues such as conservation easements would be cost-
prohibitive.  In addition, the number and magnitude of roads on the landscape (Fig. 62) indicate 
that GrSG populations are already exposed to the effects of existing roads, at least at a relatively 
broad scale.  Potential future impacts should be carefully considered when additional roads are 
proposed. 
 
 
Table 34.  Occupied GrSG habitat lost to roads in Colorado. 

GrSG Population 
Area 

Total Occupied Habitat 
(acres) 

Occupied 
Habitat Lost to 
Roads (acres) 

% Occupied 
Habitat Lost to 

Roads 
MWR 41,160 430 1.0 
MP 259,019 7,666 3.0 
NP 413,915 11,755 2.8 
NESR 95,388 2,241 2.3 
NWCO 2,563,033 56.270 2.2 
PPR 304,588 7,331 2.4 
Statewide total 3,677,103 85,693 2.3 



 

Fig. 62.  Distribution of roads in GrSG populations in Colorado. 
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GrSG Habitat Linkages in Colorado 
 
 
Theory and Background 
 
Using corridors to link isolated populations is often proposed as a conservation strategy for 
species in fragmented landscapes (Mann and Plummer 1995, Meffe and Carroll 1997, Rosenberg 
et al. 1997).  It is assumed the habitat linkage will increase movement between populations and 
will decrease the probability of extinction of the species by stabilizing population dynamics (i.e., 
reducing the threat of demographic stochasticity), and reducing the possibility of inbreeding 
depression.  However, studies have been unable to demonstrate that individuals actually use 
corridors, much less whether corridors influence the demographic parameters that increase the 
probability of survival of the species (Simberloff and Cox 1987, Hobbs 1992, Beier and Noss 
1998).   
 
Habitat linkages do not necessarily mean corridors.  Corridors are defined as narrow, linear strips 
of habitat typically used by a species, that connect larger blocks of habitat and are surrounded by 
unsuitable (unused) habitat (Turner et al. 2001).  We defined linkages as a heterogeneous 
landscape, within the historical range of GrSG, composed of isolated patches of landcover types 
frequently used by sage-grouse (for a list of landcover types see Table 35 [pg. 289]).  Habitat 
within linkages is composed of a mosaic of contrasting land forms, landcover types, and land 
uses.   
 
The effectiveness of a potential linkage will depend on the ability of GrSG to move among the 
isolated patches in a landscape (i.e., the relative "connectivity" of patches in a landscape; Taylor 
et al. 1993).  The ability of sage-grouse to disperse may be influenced by the landscape 
composition (how much of the suitable landcover types are present in the landscape), 
configuration (the size and shape) of the patches, distance between patches in the landscape 
(Dunning et al. 1992), and the physical nature (land forms) of the landscape that can either 
facilitate or impede dispersal (Henein and Merriam 1990).  These factors are not completely 
independent.  Increased habitat composition is typically correlated with increased patch size and 
decreased distance between patches.  The effectiveness of a potential linkage will also depend on 
the quality of the habitat in the isolated patches and the relative ability of sage-grouse to use (or 
move through) the surrounding unsuitable habitat.  The effectiveness of linkages may also 
depend on predator behavior.  The linear nature of corridors or fragmented patches of habitat 
between larger core areas may lead to greater predator foraging efficiency (Phillips et al. 2003).   
 
Methods are available for quantifying landscape composition and configuration (Turner 1989, 
Turner and Gardner 1991, McGarigal and Marks 1995) and connectivity (Fahrig and Paloheimo 
1988a, b; Heinen and Merriam 1990).  There are very few empirical data on the connectivity of 
landscapes for a given species; however, the idea has led to the development of increasingly 
complex percolation (or diffusion) models (Czaran 1998).  These models involve generating 2-
dimensional grids ("landscapes").  Each cell of the grid is assigned a particular landcover type 
(most models use only 2 landcover types: “used” and “not used”).  The arrangement of the cells 
within the grid is manipulated to represent varying degrees of patch size, shape and distribution.  
By varying movement capabilities (dispersal distance), the models can be used to analyze the 



 

Analysis: 
GIS – Habitat Linkages 

288

ability of a hypothetical animal to move ("percolate") across the grid.  These models have shown 
that changes in landscape composition, patch size, distance between patches, corridor length and 
width can affect species dispersal, abundance and probability of extinction (Fahrig 1997, 2001, 
2002; Haddad 1999; With 2002).  These models have also illustrated thresholds in habitat 
fragmentation that affect a species’ ability to move through landscapes (With and Crist 1995, 
With 2002) and the species’ probability of extinction (Fahrig 2001, 2002).  In these models, 
increasing fragmentation has little effect on movement and species persistence until a critical 
threshold of fragmentation impedes the ability of individuals to disperse and survive (i.e., the 
distances between patches become too large and the amount of habitat in the landscape becomes 
too small). 
 
Although percolation models are instructive, the question remains whether our proposed linkages 
contain the appropriate habitat to be effective avenues for movement between populations by 
sage-grouse.  Seasonal movement and dispersal patterns of GrSG are not understood well enough 
to be able to predict whether the birds will use linkages, or if they do, what composition and 
configuration of landcover types within the linkage will best facilitate movement and keep 
confounding factors (such as predation) to a minimum.  Our GIS analysis has identified 
extensive potential areas for linkages between current populations (see “Mapping Potential GrSG 
Habitat Linkages”, following), but the quality of the landcover types, relative to movement 
requirements, remains unknown.  It is also not certain that sage-grouse will restrict dispersal 
movements to landcover types frequently used during seasonal movements, or if they will use 
atypical sage-grouse habitats (e.g., agricultural lands and right-of-ways). 
 
Furthermore, it is not clear what the effect of current population distributions will have on the 
probability of individuals using linkages.  Individuals from small populations, like NESR, may 
be less likely to disperse across linkages (i.e., behave more like a non-migratory population) than 
individuals from larger populations, like NWCO, that may already exhibit migratory behaviors.  
Understanding the effect of landscape structure on dispersal patterns of GrSG is a critical step 
toward evaluating the effectiveness of the proposed population linkages.  
 
 
Mapping Potential GrSG Habitat Linkages 
 
We used GIS data to describe potential habitat linkages among GrSG populations in Colorado.  
In addition, we identified some linkages within populations that have experienced separation of 
smaller areas of occupied habitats from the larger population core.  Data used for Colorado were 
recently available through the CVCP (Colorado Division of Wildlife 2004b).  In this data set, 
vegetation layers were derived from 30-m Landsat TM satellite imagery.  In addition, 
topography was utilized in a general sense to help refine linkage areas.  Soils data layers would 
have been beneficial in the delineation, but these data are not available in digital format in all 
areas. 
 
We selected vegetation classes that contain current sagebrush communities, as well as those 
classes that may have contained sagebrush communities historically (e.g., piñon-juniper - 
sagebrush mix).  Linkages are comprised of a non-contiguous and patchy mix of the classes 
(Table 35). 
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Potential linkages were added to existing mapped areas that include occupied, potential, and 
vacant/unknown habitats (Fig. 63).  Hence, a habitat identified as a linkage may not in and of 
itself link existing occupied habitat polygons, but the combination of linkage, vacant/unknown, 
and potential habitats will link occupied habitat polygons.  These linkages should be considered 
only as potential areas for movements between populations. 
  
 
Table 35.  Vegetation classes from the Project used to identify GrSG habitat linkages in 
Colorado (Colorado Division of Wildlife 2004b). 
Class Category Class Name Class Description 

Agricultural Land Row crops, irrigated pasture and hay fields, dry farm 
crops. 

Dryland Ag Dryland crops and fields. AGRICULTURE 

Irrigated Ag Irrigated crops and fields. 

Rangeland Consists of grass/forb range, shrub/brush range, or 
mixed range 

Disturbed Rangeland Consists of grass/forb range, shrub/brush range, or 
mixed range. 

Grass/Forb Rangeland Perennial and annual grasslands. 

Shrub/Brush Rangeland Consists primarily of sagebrush, saltbrush, greasewood, 
and snakeweed. 

Bitterbrush Community 
Shrubland principally dominated by bitterbrush.  Often 
associated with rabbitbrush, sagebrush, greasewood, 
various grasses, and mixed cacti. 

Salt Desert Shrub 
Community 

Low-elevation shrublands found on alluvial salt fans or 
flats.  Component species may include:  saltbushes, 
greasewood, sagebrushes, horsebrushes, and spiny 
hopsage. 

Sagebrush/Grass Mix Co-dominant sagebrush shrubland and perennial 
grassland. 

Sagebrush Community Sagebrush with rabbitbrush, bitterbrush. 

Sagebrush/Gambel Oak 
Mix 

Shrubland co-dominated by big sagebrush and Gambel 
oak. 

Snowberry/Shrub Mix 

Mountain deciduous shrubland dominated by mountain 
snowberry.  Often associated with Saskatoon 
serviceberry, sagebrush, squawbush, rabbitbrush and 
Gambel oak. 

Sagebrush/Greasewood Shrubland co-dominated by sagebrush and greasewood.   
Secondary species may include rabbitbrush. 

RANGELAND 

Shrub/Grass Forb Mix Mixed grass/forb and shrub/grass rangeland. 



 

Analysis: 
GIS – Habitat Linkages 

290

Table 35.  Vegetation classes from the Project used to identify GrSG habitat linkages in 
Colorado (Colorado Division of Wildlife 2004b). 
Class Category Class Name Class Description 

Sagebrush/Mesic 
Mountain Shrub 

Co-dominant sagebrush mesic mountain shrubland 
consisting of mountain big sagebrush and any 
combination of mountain snowberry, serviceberry, 
squaw apple or bitterbrush often with a grass/forb 
understory.  Understory species may include, among 
others, elk sedge, bluegrass, needlegrass, arrowleaf 
balsamroot, lupines, penstemons, Indian paintbrush, and 
mariposa lily.  Often found at the higher elevations of 
the sagebrush zone, on north facing slopes, in basins, or 
on other mesic sites. 

Sagebrush/Rabbitbrush 
Mix 

Co-dominant sagebrush and rabbitbrush shrubland.  
Principal shrub species include basin big sagebrush, 
Wyoming big sagebrush, rubber rabbitbrush, sticky 
rabbitbrush, or small rabbitbrush. 

Xeric Mountain Shrub 
Mix 

Deciduous woodland (or tall shrubland) dominated by 
mountain mahogany or curlleaf mountain mahogany.  
Associated species may include sagebrush, rabbitbrush, 
Mormon tea, or scattered piñon pine or Utah juniper.  

Mesic Mountain Shrub 
Mix Oak dominant with sagebrush, snowberry, grass. 

Serviceberry/Shrub Mix 

Deciduous woodland (or tall shrubland) dominated by 
Utah and Saskatoon serviceberry.  Primary associated 
shrub species include big sagebrush, mountain 
snowberry, and Gambel oak. 

Piñon-Juniper-
Sagebrush Mix Co-dominant piñon-juniper and sagebrush. 

Piñon-Juniper--
Mountain Shrub 
Mix 

Co-dominant piñon -juniper and oak, mountain 
mahogany or other deciduous shrubs. 

Juniper/Sagebrush Mix 

Co-dominant woodland and shrubland.  Woodland 
consists of Utah juniper at densities around 25%.  Big 
sagebrush grows in the interspaces between the trees 
and may comprise 25% cover or more. 

Juniper/Mountain Shrub 
Mix 

Co-dominant juniper species and oak, mountain 
mahogany, or other deciduous shrubs. 

 

Piñon-Juniper-Oak Mix 

Co-dominant deciduous/coniferous woodland.  Conifer 
species are piñon pine and Utah or Rocky Mountain 
Juniper.  Deciduous tall shrubs are dominated by 
Gambel oak. 



 

Fig. 63.  Potential habitat linkages between and within Colorado GrSG populations. 
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Energy and Mineral Development: Avoiding and/or Mitigating Impacts 
 
Impacts to GrSG from oil and gas development may be (1) avoided; (2) minimized on-site with 
BMPs or other measures; or (3) mitigated off-site with habitat improvements or other measures.  
In this section we present a conceptual analysis in which we discuss some options for (1) 
avoiding impacts, and (3) off-site mitigation of impacts.  We do not address (2) minimizing 
impacts with on-site BMPs or other measures in this section, but do so elsewhere in the plan; 
please refer to “Energy and Mineral Development” strategies, pp. 313-333; Appendix B (“GrSG 
Disturbance Guidelines”); and Appendix I (“Suggested Management Practices Applicable for Oil 
and Gas Development, within Lease Rights”).  In the discussion of (3) off-site mitigation, it is 
presumed that on-site mitigation will occur first to reduce impacts in areas with development; 
off-site mitigation is considered supplementary to on-site mitigation efforts. 
 
Note: this section is not designed to evaluate the relative importance of these 3 approaches in 
addressing energy development impacts, or to recommend a specific approach.  Rather, this is 
an exploration and analysis of the potential feasibility of (1) avoiding impacts and (3) off-site 
mitigation of impacts for GrSG in Colorado. 
 
 
Avoiding Impacts: the Refuge Concept – Identifying Core Areas 
 
The current and past approaches to energy development on federal lands and mineral estates 
have been to minimize impacts to GrSG through stipulations on timing and location of drilling 
activities near leks (e.g., no surface occupancy within ¼ mile of leks; for a history of the “¼-mile 
buffer”, see Appendix B “GrSG Disturbance Guidelines”; for details of the energy leasing 
process, see Appendix G, “Energy and Mining Leasing and Development Process”).  In recent 
studies there has been evidence that oil and gas lease stipulations have not been effective in 
protecting GrSG, at least where drilling is intensive or conducted on a landscape-scale (Holloran 
2005, Walker et al. 2007a, Doherty et al. 2008; see also Appendix H, “Literature Review: Oil 
and Gas Development Impacts on Prairie Grouse”). 
 
Creating “refuges” is emerging as a potential strategy for avoiding impacts of energy and mineral 
development on GrSG, while still providing for continued oil and gas development.  In the 
refuge scenario, areas of important GrSG habitat are identified and within them energy 
development is greatly restricted or prohibited for some period of time, while stipulations may be 
relaxed, or even eliminated, in areas outside the core refuge, to facilitate and speed energy 
development. 
 
The potential value of this concept is supported in part by the CCP PVA analysis of oil and gas 
development.  This analysis suggests that when considering GrSG viability in areas of oil and 
gas development (the example in the model was the PPR population), it might be best to 
minimize the duration of development phases that produce the greatest disturbance to grouse 
(well-field development phase; see “Oil and Natural Gas Development” in the PVA section, pg. 
223).  In contrast, timing stipulations may inadvertently have the opposite effect, resulting in an 
extension of the development phases during which activities occur that are the most disturbing to 
GrSG. 
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To help determine if the refuge concept is a potentially viable strategy for GrSG conservation 
and energy development in Colorado, the CDOW conducted a GIS mapping analysis to evaluate 
areas (cores) where GrSG habitat and male densities (based on male attendance on leks) are 
concentrated and the establishment of a refuge might be most effective in protecting sage-grouse 
populations (for related strategies, see “Energy and Mineral Development” strategies 3.2.3.1 and 
3.2.3.2, pg. 321).  This is not to suggest that areas outside of modeled core areas are not 
important in maintaining GrSG in Colorado. 
 
In order to identify core potential refuge areas for sage-grouse, CDOW mapped intersections of 3 
GIS layers:  (1) 4-mile buffers around active leks; (2) a measure of sage-grouse density; and (3) 
sagebrush patch sizes (Boyle and Reeder 2005).  These mapped intersections represent areas 
considered critically important to GrSG and, by extension, presumably to other sagebrush 
dependent wildlife species. 
 
Areas identified in this first step of 3 intersecting layers were refined and consolidated by (1) 
eliminating small isolated areas of birds/habitat; (2) considering the importance of areas 
identified as winter habitat; and (3) selecting an area adequate to protect 50 - 60% of the given 
GrSG population (as estimated by a function based on lek buffer and GrSG density).  In some 
cases this analysis identified core areas which protected percentages of sage-grouse populations 
substantially higher than 60%, which would afford flexibility in future development planning 
efforts. 
 
The results of this GrSG core refuge analysis illustrate that only 10% of the total acreage in the 8 
counties was incorporated into core refuge areas (Table 36, Fig. 64).  The lack of core areas 
within MWR and PPR (Fig. 64) is an artifact of the GIS intersection analysis and selection 
criteria: the male GrSG densities were not high enough and/or the naturally fragmented 
landscape did not provide for large blocks of sagebrush to allow for identification of core areas 
within these population areas.  This analysis does not discount the importance of these GrSG 
populations, but rather illustrates a limitation of the analysis criteria. 
 
In addition, the core areas protected 74% of the GrSG (an estimate of the percent of the male 
population on leks within the core areas, Table 36).  The amount of refuge acreage in each 
county ranged from low, or no, refuge areas in Eagle, Garfield, Rio Blanco, and Summit 
Counties, to a high of 28% of Moffat County (Table 36).  The percentage of each GrSG 
population that is protected by core areas varies from 0% in MWR and PPR to 88% in NWCO 
(Table 37). 
 
To assist in providing some insight into the potential implications to energy development in these 
GrSG core refuge areas, we provide a summary of how much land with high, medium, or low oil 
and gas potential exists in identified core areas (Table 38). 
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Table 36.  Resources located within identified GrSG core and non-core areas for Colorado 
counties that have GrSG populations.  Grouse = an estimate of males in the population, based on 
GrSG density function and lek buffers; % Grouse = an estimate of the percent of the male 
population on leks.  

Core Areas Non-Core Areas Total  County 
(GrSG 
Population) Acres 

% 
Acres Grouse 

% 
Grouse Acres 

% 
Acres Acres 

Eagle 
(MP, NESR) 0 0%  0 0% 1,077,742 100% 1,077,742

Garfield 
(PPR) 0 0%  0 0% 1,892,465 100% 1,892,465

Grand 
(MP) 109,115 9% 168 56% 1,085,982 91% 1,195,097

Jackson 
(NP) 198,596 19% 690 53% 837,893 81% 1,036,489

Moffat 
(NWCO) 857,462 28% 3,173 89% 2,184,948 72% 3,042,410

Rio Blanco  
(MWR, 
NWCO, 
PPR) 

0 0%  0 0% 2,064,014 100% 2,064,014

Routt 
(NESR, 
NWCO) 

96,973 6% 352 87% 1,418,321 94% 1,515,294

Summit 
(MP) 0 0%  0 0% 395,914 100% 395,914

Total for all 
8 Counties 1,262,145 10% 4,383 74% 10,957,280 90% 12,219,425



 
 

Fig. 64.  Greater sage-grouse core refuge areas in Colorado 
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Table 37.  Numbers of GrSG on leks located within identified GrSG core and non-core areas, by 
population.  Grouse = an estimate of males in the population, as associated with habitat 
surrounding a given lek; % Grouse = an estimate of the percent of the population. 

Core Areas Non-Core Areas GrSG Population Grouse % Grouse Grouse % Grouse 
MP 168 55% 135 45% 
MWR 0 0% 8 100% 
NESR 85 80% 21 20% 
NP 690 53% 616 47% 
NWCO 3440 88% 467 12% 
PPR 0 0% 244 100% 
Total for all Population Areas 4383 75% 1483 25% 
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Table 38.  Acreage located within identified GrSG core and non-core areas for Colorado counties 
that have GrSG populations, as distributed among areas of varying oil and gas development 
potential.  Oil and gas resource potential data are from BLM GIS data (see Fig. 20, pg. 112). 

County Oil and Gas 
Potential Core Acreage Non-Core Acreage Total 

Acreage 
EAGLE High 0  0% 0  0% 0 
 Medium 0  0% 695,717 100% 695,717 
  Low 0  0% 198,360 100% 198,360 
  None 0  0% 183,665 100% 183,665 
EAGLE TOTAL  0  0% 1,077,742 100% 1,077,742 
GARFIELD High 0  0% 1,174,789 100% 1,174,789 
  Medium 0  0% 55,030 100% 55,030 
  Low 0  0% 343,314 100% 343,314 
  None 0  0% 319,332 100% 319,332 
GARFIELD TOTAL  0  0% 1,892,465 100% 1,892,465 
GRAND High 73,678 15% 415,396 85% 489,074 
 Medium 0  0% 0  0% 0 
  Low 4,072 7% 55,869 93% 59,941 
  None 31,364 5% 614,718 95% 646,082 
GRAND CO. TOTAL  109,115 9% 1,085,982 91% 1,195,097 
JACKSON High 198,596 27% 530,357 73% 728,953 
 Medium 0  0% 0  0% 0 
  Low 0  0% 57,031 100% 57,031 
  None 0  0% 250,415 100% 250,415 
JACKSON TOTAL  198,596 19% 837,803 81% 1,036,399 
MOFFAT High 724,813 31% 1,601,093 69% 2,325,906 
  Medium 68,309 24% 219,486 76% 287,796 
  Low 43,758 17% 210,476 83% 254,234 
  None 20,564 12% 153,872 88% 174,436 
MOFFAT TOTAL  857,445 28% 2,184,927 72% 3,042,371 
RIO BLANCO High 0  0% 1,628,217 100% 1,628,217 
  Medium 0  0% 103,885 100% 103,885 
  Low 0  0% 238,585 100% 238,585 
  None 0  0% 93,328 100% 93,328 
RIO BLANCO TOTAL  0  0% 2,064,014 100% 2,064,014 
ROUTT High 37,482 7% 480,120 93% 517,602 
  Medium 54,277 13% 363,334 87% 417,611 
  Low 5,215 3% 166,713 97% 171,928 
  None  0 0% 408,154 100% 408,154 
ROUTT TOTAL  96,973 6% 1,418,321 94% 1,515,294 
SUMMIT High 0 0% 74,656 100% 74,656 
  Medium  0 0% 27,314 100% 27,314 
  Low  0 0% 96,754 100% 96,754 
  None  0 0% 197,189 100% 197,189 
SUMMIT TOTAL   0 0% 395,914 100% 395,914 
 
TOTAL for ALL 7 COUNTIES 1,262,128 10% 10,957,168 90% 12,219,297
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How the GrSG core areas in this refuge concept will (or will not) be used in future 
management decisions is beyond the scope of this plan.  Much of northwestern Colorado has 
wildlife resources (for multiple species) ranging in value from moderate to important, as well as 
significant energy resources.  The simultaneous management of both wildlife and energy 
resources poses a tremendous challenge for land and wildlife managers to find an equitable 
balance between energy development and wildlife resource protection, while providing 
successful mitigation practices.  Implementation of any refuge concept for GrSG (and other 
wildlife resources) would require broader discussions, negotiations, and partnerships among 
multiple stakeholders, including (but not limited to) BLM, CDOW, COGCC, industry, 
landowners, conservation and sportsmen’s groups, and local governments. 

 
There is still a great deal of uncertainty with regards to GrSG management, especially for 
populations that face the complex issues related to energy development.  Although there are few, 
if any, definitive approaches to GrSG management, management approaches and decisions can 
not remain idle.  Uncertainty is central to the concept of adaptive management and a classic 
adaptive management program provides for multiple “experimental” scenarios, or management 
approaches (see “Adaptive Management” pg. 10).  The conservation strategy section of this plan 
is written to accommodate the myriad of possibilities for how a refuge concept might be 
integrated into management (in particular, see “Energy and Mineral Development” strategy 
section, Objective 3.2.3., pg. 321).  In keeping with an adaptive management approach, we list 
some possible scenarios that might incorporate the refuge concept, although it is clear that other 
scenarios likely exist. 
 
Possible management scenarios in the refuge concept within the core areas could include: 
 

1. Prohibiting development within core areas on a permanent basis. 
2. Allowing development within core areas after development of non-core areas is 

completed and habitat is successfully rehabilitated (assuming core populations have been 
maintained during energy development). 

 
Presumably, future development in the core areas would be guided from research results on new 
or existing stipulations and/or Best Management Practices (BMPs) that are the most effective in 
protecting GrSG, as well as the intensity of development that can be tolerated by grouse (see 
“Research” strategy section, pg. 411).  Note, however, that extensive areas of sage-grouse habitat 
have already been leased for energy development, and there may be limitations on how they can 
be managed. 
 
The non-core areas (areas outside the core, see Fig. 64) might also have a diversity of potential 
scenarios.  Two possible scenarios are: 
 

(1) Use a staged and clustered approach to development, in which there would be a 
percentage cap on the amount of the GrSG population outside core areas that is impacted 
by development at any one time (e.g., see “Energy and Mineral Development” strategies 
3.2.3.4, 3.2.3.5, and 3.2.3.7, pp. 321-322).  This would presumably mean a certain 
percentage of areas outside the core could be developed at any one time, but development 
activities and habitat restoration would be completed before moving to the next block 
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(e.g., see “Energy and Mineral Development” strategy 3.3.4.8, pg. 328).  This scenario 
would probably be a preferred option in populations where no core area has been 
identified. 

(2) Consider the complete relaxation or suspension of all stipulations (e.g., timing restrictions 
to benefit GrSG) in the peripheral areas being developed at any one time.  Under this 
scenario the non-core areas would allow for development, while 53 - 88% of the grouse 
would not be impacted (Table 37) because they are in the core area.  This scenario would 
allow for energy development to occur as quickly as logistically possible, creating a “get 
in and get out” scenario (see “Population Viability Analysis” [pg. 210] and “Energy and 
Mineral Development” strategy 3.2.3.7 [pg. 322]).  This scenario may be a better option 
in populations where both core and non-core areas have been identified. 

 
Under either non-core area scenario, industry might be expected to contribute substantial 
resources to mitigate the impact on- and off-site during energy development and production 
phases (e.g., see “Energy and Mineral Development” strategy 3.3.2.6 [pg. 326], and strategies 
under Objective 3.3.4 [pg. 327]). 
 
 
On-site Mitigation of Impacts 
 
On-site mitigation is not discussed in this analysis, but can be found throughout the CCP (see 
discussion in “Energy and Mineral Development” strategies, pp. 313-333; Appendix B, “GrSG 
Disturbance Guidelines”; and Appendix I, “Suggested Management Practices Applicable for Oil 
and Gas Development, within Lease Rights”). 
 
 
Off-site Mitigation of Impacts 
 
Those concerned about development impacts to wildlife have worked for decades to develop and 
implement reasonable, practical, and biologically sound off-site mitigation practices.  Recently, 
the energy industry has explored mechanisms to mitigate off-site the impacts of energy 
development on GrSG and their habitat.  Off-site mitigation may be appropriate when dealing 
with impacts, regardless of land-ownership.  The widespread use of compensatory off-site 
mitigation is not supported by some stakeholders, who prefer that detrimental impacts be avoided 
or minimized on-site, and that impacted resources not be replaced off-site. 
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The BLM issued an interim policy for the guidance of off-site compensatory mitigation of oil, 
gas, geothermal, and energy development.  These mitigation measures are “…actions the 
Secretary can direct to prevent unnecessary or undue degradation of the public lands and protect 
resources in the approval of surface use plan” (BLM interim policy, February 2005, IM 2005-
069, expired 30 September 2006).  Specifically, the interim policy stated: “Mitigation as defined 
by the Council on Environmental Quality for NEPA purposes in 40 CFR 1508.20, may include 
one or more of the following: 
 

a) Avoiding the impact altogether by not taking a certain action or parts of an action; 
b) Minimizing impacts by limiting the degree or magnitude of the action and its 

implementation; 
c) Rectifying the impact by repairing, rehabilitating, or restoring the affected 

environment; 
d) Reducing or eliminating the impact over time by preservation and maintenance 

operations during the life of the action; and 
e) Compensating for the impact by replacing or providing substitute resources or 

environments (emphasis added).” 
 
The policy suggests that the BLM could consider off-site compensatory mitigation (point “e” 
above) in energy authorizations when the mitigation proposal is voluntarily submitted by 
industry.  When an applicant’s off-site mitigation proposal is part of the plan of development for 
an approved permit or grant, the off-site mitigation becomes a requirement of the authorization.   
 
The policy neither establishes any equivalency in acres impacted versus acres enhanced, nor 
quantifies habitat loss through behavioral displacement (i.e., avoidance).  Currently, these 
determinations are made on a project-specific basis.  While the policy indicates that the BLM 
NEPA analysis should “consider the effectiveness of off-site mitigation in reducing, resolving, or 
eliminating impacts of the proposed project(s)”, there is no technical guidance as to how this 
could be accomplished.   
 
 
Mitigation Accounting: Background 
 
A key element proposed in any off-site mitigation proposal involves some form of an 
accounting, or “conservation credit” system (e.g., “mitigation accounting”, “mitigation 
banking”).  Essentially, this is a process of assessing and enumerating what resources (metrics) 
are lost, and then assigning them some “currency value”.  The process presumes that there is a 
good understanding (or will be in the future) of the “costs” of actions that create the debit side of 
the accounting system.  It also assumes that there is an equal understanding of the gain from 
positive actions, and ultimately a currency (or accounting system) developed to trade debits and 
credits.  In addition to the accounting system or “metric currency”, specific mitigation banks 
could be created.  One possible definition of a mitigation bank is the consolidation of many small 
accounting credits into a large, ecologically valuable area.  Mitigation banks require upfront 
compensation (or investment) prior to impacting the sagebrush community. 
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Here, we explore the potential for a mitigation accounting system for GrSG and evaluate which 
off-site mitigation efforts are likely to be most effective. 
 
If mitigation accounting systems and off-site compensatory mitigation techniques are aimed at 
conserving GrSG populations, then upon what metric or suite of metrics should they be based?  
The metrics could be based on GrSG habitat use or population demographics (e.g., behavioral 
responses to disturbance, survival) or sagebrush habitat (quality and quantity).  Ideally, we would 
be able to predict the demographic consequences (e.g., lower nest success or increased mortality) 
of a permitted action, design off-site projects that could improve those demographic parameters 
for a GrSG population, and by extension have the project compensate for the specific on-site 
impact encountered. 
 
In the CCP PVA, we explored the response of populations impacted by energy development to 
mitigation that directly improved reproductive success (see “Reproductive Success Mitigation”, 
pg. 227).  Unfortunately, there is no published literature that scientifically addresses the question 
of the response of GrSG to habitat modifications in a rigorous (i.e., replicated, controlled, 
experimental) fashion.  Additionally, little is known about the quality, quantity, and/or 
juxtaposition of mitigated habitat and its compensatory response.  In fact, although the principle 
that habitat improvement will increase population carrying capacity has been a central tenet of 
wildlife management, there is little experimental evidence to support it, for any wildlife species, 
largely because limiting factors for populations can be difficult to identify and may vary over 
time (Romesburg 1981). 
 
Clearly, management experiments that document and evaluate the demographic and population-
level response of GrSG to habitat creation and/or improvement are desperately needed.  
However, since rigorous scientific results may not elucidate the issue in a timely manner, we 
examine and review non-experimental evidence for GrSG and other species’ responses to 
landscape-level habitat management approaches. 
 
 
Mitigation Accounting: Population Demographic Rates as a Metric (or “Currency”)  
 
The first basic question regarding this metric is: what level of wildlife population gain might be 
expected from habitat creation or improvement measures?  A case study that provides a good 
example is the CRP (Conservation Reserve Program), and resulting wildlife species responses.  
This program established almost 35 million acres of mid- and tall grasses in agriculturally-
dominated landscapes.  In some areas, such as North and South Dakota, this addition of grass 
habitat provided the addition of taller (ungrazed) grass communities in a matrix of already 
existing grassland (i.e., a habitat improvement).  In other areas, such as Kansas, the program 
provided tall or mid-grass habitats where no habitat existed.  Greater prairie chickens reportedly 
increased in abundance and/or expanded their range in portions of 5 of 8 states where CRP was 
provided within their range (Rodgers and Hoffman 2005).  However, greater prairie chickens 
failed to respond to CRP in Colorado, Missouri, and central and eastern Kansas because grass 
was too short, too tall, or too dense. 
 



 Colorado Greater Sage-grouse Conservation Plan 
 

Analysis 
GIS - Energy and Mineral Development 

302

Other species also responded to CRP.  Lesser prairie chickens increased and expanded their 
distribution in Kansas (in areas where warm season native grass mixes were planted within 2 
miles of native sand sagebrush rangeland).  However, lesser prairie chicken populations 
responded minimally in New Mexico, and did not respond at all in Colorado, Oklahoma, or 
Texas, where structure of grass communities in CRP was adequate (Rodgers and Hoffman 2005).  
Plains sharp-tailed grouse expanded their distribution and/or increased in abundance in 10 of 12 
states (Rodgers and Hoffman 2005).  Columbian sharp-tailed grouse (CSTG) increased in 
distribution and densities in Washington, Idaho, Utah, and Colorado as a result of the 
establishment of the CRP program. 
 
Unfortunately, population responses to the CRP program were only qualitatively described and 
there was no monitoring of demographic rates in the response areas.  Population levels were not 
monitored before and after fields were enrolled in CRP, so population increases could not be 
evaluated quantitatively.  Nevertheless, there are key lessons to be noted.  First, the CRP 
program, which was both extensive and intensive, had a landscape-scale effect.  Second, creation 
of additional habitat did not noticeably increase distribution or abundance unless it was 
structurally suitable and it addressed limiting factors. 
 
In an attempt to document wildlife species demographic responses to habitat quality, Boisvert 
(2002) compared CSTG use of, and the demographic performance in, habitats with differing 
management history.  Specifically, she compared CSTG response in CRP habitats versus high 
quality grasslands that were seeded to a high diversity of forbs and grasses in mine-land 
reclamation efforts.  Boisvert (2002) found that 3 key demographic parameters increased in the 
high quality grass and shrub cover in mine-land reclamation: (1) adult survival; (2) nest success; 
and (3) chick survival.  Conversely, although CRP grasslands were used for lekking, they 
appeared to result in less favorable demographics in CSTG.  Columbian sharp-tailed grouse 
using CRP had lower annual survival and lower nest success (14% in CRP versus 68% in mine-
land reclamation), due to inadequate concealment cover (Boisvert 2002).  Densities of CSTG 
leks within the mine-land reclamation areas rose to the highest levels recorded range-wide 
because of the enhanced demographic rates (R.W. Hoffman, retired CDOW, personal 
communication). 
 
As seen in these examples (none are available specifically for GrSG), possible metrics that could 
be used in a mitigation accounting method include changes in species survival rates or nest 
success.  In a hypothetical example, an impact-related 10% decline in an adult survival rate 
might require at least a 10% increase in a survival rate in an off-site mitigation area.  Our review 
here of mitigation accounting with population demographic rates as a metric outlines the 
difficulty (not the impossibility) of such an approach. 
 
 
Mitigation Accounting: Habitat Response as a Metric 
 
Despite the evidence from individual descriptive studies that habitat quality and treatments can 
impact local GrSG population demographic parameters, there is minimal understanding of how 
GrSG demographic rates will respond to habitat improvements when demographic rates are used 
as a mitigation accounting method.  Thus, mitigation measures would likely have to be based on 
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some multiple of acres of sagebrush habitat impacted versus acres of sagebrush habitat created or 
enhanced, with an assumption that demographic rates will be improved.  In addition, there would 
also need to be some measure of habitat quality in the habitat areas created or enhanced.  In this 
approach, although the responses of population demographics to mitigation are not directly 
measured, it is important to try to understand the relationship between habitat and population 
response.  Much work still remains to better understand this relationship for GrSG. 
 
An example of a habitat-based accounting metric is the USFWS’s Habitat Evaluation Procedure 
(HEP).  Since the early 1970s, the USFWS has worked on this habitat-based evaluation 
methodology that was developed for impact assessment and project planning (U.S. Fish and 
Wildlife Service 1980).  The methodology of HEP can be used to document the quality and 
quantity of wildlife habitat.  The primary assumption inherent in HEP is that wildlife habitat 
selection can be described in the form of a Habitat Suitability Index (HSI; U.S. Fish and Wildlife 
Service 1980).  The index value ranges from 0 - 1.0, with 0 having no value and 1.0 having full 
value.  The HSI can have numerous or very few habitat variables that mathematically represent 
the HSI score.  The HSI is then directly multiplied by the number of acres and a total number of 
Habitat Units is calculated, thereby producing an accounting metric.  The quality and reliability 
of the HSI is directly related to the quality and quantity of information and data used to establish 
the HSI.  There are several HSI models available for an individual or a suite of species, but there 
is currently no reliable model specifically for GrSG. 
 
Another approach using habitat response as a metric is the wetland mitigation accounting system.  
Wetland mitigation accounting systems are based on acre-for-acre replacement of lost wetlands, 
often at a ratio of 1.5 acres created for each 1 acre lost, though this ratio can vary.  A difficulty in 
these types of conversions is ensuring the ecological equivalency of the wetlands created as 
compensation for those lost.  Complex wetland ecosystems are probably not completely 
replaceable functionally, and even to attempt to do so requires consideration of scale and an 
understanding and ability to measure the baseline ecological complexity. 
 
How effective might it be to create new GrSG habitats or improve historic habitats in Colorado?  
In theory, adding significant amounts of new habitat should increase GrSG densities, 
commensurate with the amount of new habitat added.  However, as with wetlands, the 
assumption that newly-created habitat would have the same complement of species, ecological 
functions, and value to GrSG as existing occupied habitat may be invalid, and could cause 
overestimation of the population response.  In addition, potential off-site treatment sites might be 
a limiting factor in Colorado, if development of a sagebrush accounting system/ratio (such as 
that used for wetlands) were undertaken. 
 
In most areas there is a reasonable understanding of the structural and floristic characteristics of 
GrSG seasonal habitats (see “Habitat Requirements”, pg. 35).  There is also a basic 
understanding of how to restore sagebrush communities, at least from a vegetation community 
perspective (Monsen 2005).  In contrast, there is not a good understanding of how to remedy 
habitat deficiencies that clearly benefit GrSG (i.e., how to restore degraded habitats or elevate 
inherently poor quality habitats to higher levels of quality, to which grouse populations respond). 
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It is vital that any habitat improvement projects be focused on factors that limit populations.  If 
this approach is taken, the alleviation of limiting factors can increase population performance, 
and not just shift the distribution of grouse.  For instance, fertilization of sagebrush was shown to 
increase nitrogen levels of sagebrush, which GrSG preferentially fed upon (Myers 1992), but no 
impact to survival, nest success, hatching rates, chick survival, or any other demographic 
parameter has been demonstrated.  Preferential use of habitats by GrSG does not imply that the 
addition or increase of that habitat type will increase GrSG population performance. 
 
Because of seasonal landscape movements by GrSG, newly created habitat developed through 
mitigation must be large and intensive enough to restore ecological integrity, so as to avoid a 
downward spiral of continued functional habitat loss despite compensatory mitigation (Race and 
Fonseca 1996).  For example, habitat creation efforts must be at a sufficiently large scale to 
avoid population “sink” situations, or ecological traps, where demographic rates like nest success 
or chick survival actually decline because predators can search the small islands or improved 
habitats efficiently.  Small-scale improvements in duck nesting habitat, for instance, have not 
always resulted in improvements in nest success rates because duck nesting efforts are 
concentrated in small areas easily searched by predators (Phillips et al. 2003). 
 
 
Considerations for Off-site Mitigation 
 
There is considerable uncertainty regarding an effective and sound approach in the development 
of a mitigation accounting system to mitigate off-site for the impacts to GrSG.  If an off-site 
mitigation approach is adopted, an adaptive management program should be applied (see 
“Adaptive Management”, pg. 10).  That is, habitat improvements should be regarded as 
experiments, the outcomes of which should be monitored for success, both from a sagebrush 
community viewpoint, and from the perspective of GrSG demographic response. 
 
Given the current understanding of the relationship between GrSG populations and habitat, the 
following should be considered with respect to the likelihood of success regarding compensatory 
off-site mitigation of energy impacts.  Mitigation efforts should focus in areas where the greatest 
gains for GrSG can be achieved.  Potential habitat-based mitigation approaches (in descending 
order of priority or effectiveness) are: 
 

1. Establishing new habitat (e.g., converting CRP to sagebrush-grass) or reclaiming lost 
habitat (e.g., cheatgrass or piñon-juniper sites that were previously sagebrush) will likely 
have the greatest population and landscape-level response; 

a. Creating habitat in areas not currently occupied (“vacant or unknown” habitat, 
pg. 66), or those that are potentially suitable (see pg. 66) should concentrate 
on relatively large-scale efforts, as opposed to numerous small-scale efforts. 

b. Focus efforts to create habitat on areas that (1) have been type-converted, such 
as cropland, or extensive areas lost to fire; or (2) have successionally 
progressed to non-GrSG habitat, such as sagebrush that has been replaced by 
piñon-juniper communities. 

2. Restoring healthy plant communities on degraded sites (e.g., mis-managed rangelands or 
riparian areas) will have the next highest population and landscape-level response; 
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a. Focus on degraded sagebrush communities at the landscape-level where 
habitat improvement can result in restoration of ecological function and biotic 
diversity.  Careful analysis must be given to the root causes of the current 
community condition, the local site capability, whether ecological thresholds 
have been crossed (see Monsen 2005 and “Habitat Enhancement” strategy, pg. 
349), and likely limiting factors for sage-grouse populations.  Treatments 
should be extensive enough to contribute towards solving the ecological 
problem, but in occupied habitats, size and distribution of treatments should 
be designed to minimize impacts to GrSG (see Appendix B, “GrSG 
Disturbance Guidelines”).  Initial GrSG population response to treatments in 
existing degraded habitat may not be positive. 

3. Treating existing and functioning sagebrush communities will have a low or non-
measurable population and landscape-level response.  If adopted for mitigation, these 
treatments should be small and distributed irregularly across the landscape (see Appendix 
A, “GrSG Habitat Structural Guidelines”). 

 
Compensatory mitigation efforts must improve habitats for GrSG and compensate for impacted 
areas, in order to be effective.  For instance, conservation easements are valuable conservation 
tools, but if used as the sole means to compensate for habitat loss or other impacts, they don’t 
avoid a downward spiral because there is no net increase in habitat quantity or quality at a 
landscape scale to offset impacts. 
 
Compensatory mitigation must be based on outcomes and performance, and not solely on 
activities conducted (e.g., acres treated).  Therefore, the effectiveness of off-site compensatory 
mitigation must be continually monitored and efforts adjusted upwards if management goals are 
not attained (see “Adaptive Management”, pg. 10).  Assumptions about type and quantity of 
habitat improvements needed to mitigate a given level of impact must be quantified in an 
adaptive management framework, and continually evaluated.  Any adopted mitigation 
accounting system must be flexible and accommodate uncertainty.  Ultimately, monitoring and 
evaluation should be of GrSG demographic rates and population responses. 
 
This section is not designed to evaluate the relative importance of any of the 3 approaches 
identified regarding energy and mineral development impacts on GrSG  (i.e., avoid, minimize, 
mitigate), or to recommend any specific approach.  Rather, we have presented an exploration 
and analysis of the potential feasibility of “avoiding” and “mitigating” impacts.  Note that 
there has been little discussion to date among agencies and stakeholders regarding a mitigation 
accounting approach within GrSG habitat in Colorado.  Substantial work would be required to 
develop this concept into a proposal, and it is outside the scope of this plan.  Proceeding with 
broad-scale compensatory off-site mitigation as a management approach would require careful 
consideration and the application of the principles of adaptive management (see “Adaptive 
Management”, pg. 10). 
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VI.  CONSERVATION STRATEGY 
 
The potential threats facing GrSG conservation in Colorado are diverse and abundant (see “Issues Potentially Affecting GrSG”, pg. 
99).  Existing local work groups have been identifying and addressing these on a local basis, in some cases for many years (see 
“Individual Populations: Status and Distribution”, pg. 68).  It is intended that the strategies provided in this section provide enough 
detail for (1) topics that have not yet been addressed by existing local plans; and (2) GrSG population areas where no local plan yet 
exists.  In addition, some of these strategies consider the cumulative, landscape-wide impacts to GrSG, something that is out of the 
scope of local plans.  Managers should consult and implement appropriate strategies within this plan, and then should also read and 
apply strategies within the applicable local plan(s).  In some cases, more detail will be offered by the local plans, and in other cases, 
this plan will be more specific.  This approach will assure that both statewide issues and local conditions are recognized and 
addressed.  Please refer to the goals of the CCP (pg. 9): this “Conservation Strategy” is designed to directly target most items on that 
list. 
 
For many potential impacts, we lack adequate information to design appropriate GrSG management.  Rather, we must proceed in the 
face of uncertainty about the details of a given impact, though we know that the issue is, or will soon be, impacting GrSG populations 
(see “Adaptive Management”, pg. 10).  The strategies are written with primarily a passive adaptive management approach in mind: 
multiple strategies recommend (1) monitoring of GrSG population and habitat response to management; (2) research to evaluate 
management and to improve the understanding of the causes of impacts and possible solutions (which will ultimately also improve 
management); and (3) updating and improving management as necessary, based on feedback from (1) and (2).  In addition, flexibility 
within this section allows for the innovation of a more active adaptive management program, if that becomes a priority (see “Adaptive 
Management”, pg. 10). 
 
Each potential risk or issue has a separate accompanying strategy section, generally with the same title as the issue section (e.g., 
“Housing Development”).  Refer to the associated “issue” section in the plan for additional background on each topic (see “Issues 
Potentially Affecting GrSG”, pg. 99).  Exceptions to this are: (1) the strategy sections “Habitat Enhancement” and “Habitat Linkages” 
correspond, in part, to the issue section, “Habitat: Fragmentation, Quality, and Quantity”; and (2) strategy sections “Habitat 
Monitoring”, “Information, Communication, and Education”, “Population Monitoring”, and “Research” are important in multiple 
issues, and are not associated with any one in particular.  The individual strategies/actions in each strategy section are grouped under 
separate “Objectives” (each “Objective” is designed to target a stated “Issue” within the topic). 
 
Each numbered strategy has accompanying information regarding Responsible Parties (listed in alphabetical order), Timeline, and 
Cost.  Definitions of acronyms used in “Responsible Parties” are in Appendix N.  The “lead” responsible party(ies) refers to those who 
might: (1) initiate implementation of the given strategy; (2) provide key funding or technical assistance; (3) identify the specific 
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problem and bring it to the attention of other responsible parties; or (4) provide guidance from a biological perspective.  If no lead is 
identified, all responsible parties are equally responsible for the strategy.  The timeline generally refers to a “Complete by” date, 
unless otherwise stated.  The cost is currently a best guess and should only be considered as a rough guide.  The cost estimates 
represent new or additional costs above and beyond current management.  Full time equivalency costs (FTE) consider only the time 
required for the task from signatory agencies.  There is obviously some overlap among topics/sections, such as “Energy and Mineral 
Development” and “Infrastructure”, and we tried to identify these where possible.  For strategy sections that are relatively long, we 
provide an outline of how the issues and objectives are organized therein. 
 
Two general topics that are of concern in almost every issue area are “Information, Communication, and Education”, and “Research”.  
We organized these strategies differently than the others, to address the numbered strategy similarities and redundancies among 
strategy sections.  Thus, the original numbered strategy provided under an issue remains stated in that section, but a broader strategy is 
written in the “Information, Communication, and Education” or “Research” section, and is intended to cover the original individual 
strategy, along with others.  This results in redundancy within the plan, but allows for completeness within each individual strategy 
section, which may be important in implementing the plan. 
 
For example, this is a strategy in the “Grazing” section: “6.4.1.3  Develop an internet website through which local work groups can 
share information.  Include a link from the CDOW website.”  It is listed in that section, but the “Responsible Parties”, “Timeline” and 
“Cost” columns remain blank there.  Instead, a strategy in the “Information, Communication, and Education” section reads: “12.3.2.1  
Pursue all opportunities to support and facilitate the GrSG local work group process, including professional facilitation of work group 
meetings, as requested by LWGs.”  Strategy 6.4.1.3, and other related strategies from all issues sections are listed below 12.3.2.1.  The 
“Responsible Parties”, “Timeline”, and “Cost” columns are then completed for the broader, overarching strategy 12.3.2.1.  In some 
cases, the original numbered strategy does have responsible party, timeline, and cost, information, and a reference to that strategy is 
also included in a related “Information, Communication, and Education” numbered strategy. 
 
Some of the strategies refer to tools for GrSG management, to be used in conjunction with the strategies, including (1) Appendix A, 
“GrSG Structural Habitat Guidelines”, (2) Appendix B, “GrSG Disturbance Guidelines” (3) Appendix C, “Habitat Monitoring 
Protocol”; (4) Appendix D, “Recommendations Regarding Plant Species for Use in GrSG Habitat Management and Restoration”, 
derived from Monsen (2005); (5) Appendix E, “Grazing Management Options”; (6) Appendix F, “Available Funding Opportunities 
for GrSG Conservation”; and (7) Appendix I, “Suggested Management Practices Applicable for Oil and Gas Development, within 
Lease Rights”. 
 
Due to the short time frame provided for completion of this plan, prioritization of conservation strategies has not yet been 
accomplished.  Within 6 months after the plan is signed, the signatory agencies will form an Implementation Team to embark on the 
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development of an implementation plan.  The implementation plan will rank and prioritize the strategies according to importance to 
GrSG conservation in Colorado, within current budgetary and regulatory constraints.  Prioritization will occur at both a statewide and 
population level, since not all the strategies in this plan are relevant to each population.  The Implementation Team will meet with 
local work groups to gather input on strategies that are most applicable and time sensitive to GrSG conservation in their areas.  This 
input will be considered during prioritization of strategies.  The implementation plan will also establish a reporting timeline and 
process to gauge effectiveness of the CCP. 
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1. Agricultural Conversion 
 
 
Conversion of GrSG habitat to cropland, pasture, and hayland peaked in the 1960s and 1970s.  Currently, very little native sagebrush-
steppe is being converted to cropland.  Strategies should focus on developing programs that promote converting cropland back to 
native rangeland.  Both private rangeland and cropland enrolled in the Conservation Reserve Program (CRP) provide, or have the 
potential to provide, habitat for GrSG.  Strategies for these areas should focus on developing incentives to reduce the rate that 
rangeland and CRP are converted to other uses that are less desirable as GrSG habitat.  Over the last 10 - 20 years, sagebrush has been 
slowly establishing in CRP lands and now provides some value as GrSG habitat.  It is recommended to support re-enrollment of CRP 
lands in northwestern Colorado, and to encourage management of CRP lands to promote sagebrush establishment.  For further 
discussion of this issue, see “Agricultural Conversion” issue, pg. 99. 
 
ISSUE 1.1: Converted rangelands don’t provide adequate GrSG habitat. 
OBJECTIVE 1.1.1  Develop technologies and share information for establishing native vegetation suitable for GrSG habitat in CRP, 
cropland, and large monocultural non-native grass plantings.  Encourage GrSG habitat restoration on private land.  

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

1.1.1.1  Evaluate whether past vegetation restoration applications in CRP, 
cropland, and large monocultural non-native grass plantings serve as suitable 
GrSG habitat.  Produce a report that documents these efforts.  [See Research 
Strategy 21.1.2.1] 

See Research Strategy 21.1.2.1 

1.1.1.2  Design, plant, evaluate, and report on field trials for establishing 
desired vegetation to serve as GrSG habitat in CRP, cropland, and large 
monocultural non-native grass plantings.  [See Research Strategies 21.1.2.1 
and 21.1.2.4] 

See Research Strategies 21.1.2.1 and 21.1.2.4 

1.1.1.3  Arrange field trips for land managers to observe the results of 
different treatment methods in CRP, cropland, and large monocultural non-
native grass plantings that may provide GrSG habitat. 

BLM, CDOW, CSU Extension, 
LWGs, NRCS, Private 
Landowners 

Begin by 
2008 $1,000 

1.1.1.4  Purchase and maintain equipment necessary for restoration of GrSG 
habitat in CRP, cropland, and large monocultural non-native grass plantings. 

BLM, CDOW, CSU Extension, 
NRCS, SCDs 

2010 and 
ongoing $200,000 

1.1.1.5  Work with FSA to ensure CRP program policy supports 
improvement of enrolled land with developed technologies. 

BLM, CDOW, LWGs, NRCS, 
Private Landowners, SCDs 

2008 and 
ongoing None 
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1.1.1.6  Help design and fund sagebrush restoration projects (see “Habitat 
Enhancement” strategy, pg. 349 and Appendix F, “Available Funding 
Opportunities for GrSG Habitat Conservation”). 

BLM, CDOW, LWGs, NRCS, 
Private Landowners, SCDs Ongoing $200/acre 

 
 
ISSUE 1.2: Some CRP lands that are important to GrSG are not eligible for re-enrollment in the program, raising concern that those 
acres will be lost as GrSG habitat.   
OBJECTIVE 1.2.1: For CRP lands that are important to GrSG, pursue opportunities to keep the habitat intact for GrSG. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

1.2.1.1.  CDOW and NRCS will work with FSA to have vacant/unknown, 
potential, and occupied GrSG habitat in Colorado designated as a priority 
area in the CRP.  This will increase the probability that cropland will remain 
in CRP and will continue to serve as GrSG habitat. 

CDOW, FSA, LWGs, NRCS 2008 and 
ongoing 0.25 FTE 

1.2.1.2  When CRP lands become un-enrolled in the program, cooperating 
agencies will pool resources to offer monetary incentives to maintain those 
lands in similar condition as CRP and to provide GrSG habitat. 

FSA, CDOW, NRCS, USFWS 2008-2015 $100,000 
annually 
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2. Disease and Parasites 
 
WNV currently poses the most serious potential disease issue for GrSG populations.  A looming risk is avian influenza, of which little 
is known.  Outbreaks of other diseases or parasites are possible, but they have typically been localized and may be an issue for only 
the smallest GrSG populations.  Efforts should be devoted to disease and parasite detection, as well as to the development of the 
appropriate management response if infection is detected in GrSG.  In addition, more information is needed regarding our knowledge 
about GrSG diseases and parasites and the risk of transmission from other gallinaceous birds.  For further discussion of this issue, see 
“Disease and Parasites” issue, pg. 103. 
 
ISSUE 2.1:  WNV is lethal to GrSG, has been detected in Colorado, has caused GrSG mortality in Colorado, and thus presents a risk 
to GrSG. 
OBJECTIVE 2.1.1:  Minimize the occurrence and impact of WNV if it threatens GrSG populations. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

2.1.1.1  Monitor GrSG and other species (through ongoing projects) for 
presence of WNV in GrSG counties; coordinate this effort with other 
research and management activities. 

CDOW, CDPHE, County 
Governments, LWGs Ongoing $1,000/yr 

2.1.1.2  To protect GrSG in localized areas where WNV has been detected, 
control mosquitoes through applications of appropriate EPA-regulated 
larvicides and/or adulticides. 

CDOW, County Governments As needed Project - 
dependent 

2.1.1.3  Continue to support investigation of GrSG susceptibility to, and 
inheritance of, immunity to WNV.  [See Research Strategy 21.5.1.1] See Research Strategy 21.5.1.1 

2.1.1.4  Determine the impact of wet conditions on mosquito production as it 
relates to the potential for catastrophic disease in GrSG.  Determine the risk 
factors and potential of catastrophic disease in GrSG populations.  [See 
Research Strategies 21.5.1.2 and 21.5.1.3] 

See Research Strategies 21.5.1.2 and 21.5.1.3 

2.1.1.5  Encourage the design of water development structures to minimize 
WNV risk to GrSG. 

BLM, CDOW, County 
Governments, Industry, NRCS, 
USFS, USFWS 

Now Project - 
dependent 
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ISSUE 2.2:  Diseases and/or parasites other than WNV have been shown to be lethal to, or to compromise the health of GrSG. 
OBJECTIVE 2.2.1:  Minimize the occurrence and impact of diseases and/or parasites (other than WNV) if they threaten GrSG 
populations. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

2.2.1.1  If GrSG populations are infected with disease or parasites that 
threaten a population, (1) investigate, isolate, and control the source of 
disease or parasite; and (2) if possible, treat GrSG. 

CDOW As needed Unknown 

2.2.1.2  Investigate the possible need to conduct standard disease screening 
on all game birds before they are imported into Colorado or moved within 
GrSG range in Colorado. 

CDOW, County Governments As needed 0.25 FTE 

2.2.1.3  Remain vigilant regarding the latest information and research 
regarding avian influenza and upland game birds. CDOW On going Monitor as 

needed 
2.2.1.4  Investigate the need to regulate intra- and inter-state movement of 
game birds by all parties. 

CDOW, County Governments, 
LWGs 2008 0.5 FTE 
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3.  Energy and Mineral Development 
 
Rising energy prices and new extraction technologies have recently led to an increased emphasis on developing domestic energy 
resources, many of which are located beneath sage-grouse habitat in the western United States, including Colorado.  One result is a 
dramatic increase in oil and gas development over the past 6 years on federal lands.  The Colorado Oil and Gas Commission 
(Colorado Oil and Gas Conservation Commission 2006) reported that approved Applications for Permits-to-Drill (APDs) increased 
50% from 2004 to 2005 (from 2,915 to 4,373; Fig. 21, pg. 113), and permits in 2006 increased another 35% over 2005 (from 4,373 to 
5,904; Fig. 21 [pg. 113]; Colorado Oil and Gas Conservation Commission 2007a).  Early 2007 APD statistics suggest that the number 
approved in 2007 could reach 6,350 (Colorado Oil and Gas Conservation Commission 2007b).  This increase in permits dwarfs that 
seen in the energy boom of the early 1980s (Fig. 21, pg. 113).  In Garfield County (one of the counties overlaying the PPR GrSG 
population), drilling permit totals more than tripled from 2003 (566 APDs) to 2006 (1,844 APDs; Colorado Oil and Gas Conservation 
Commission 2006, 2007a).  Many of these wells are likely to be developed within GrSG habitat. 
 
In May, 2007, 2 new energy development-related bills were passed through the Colorado State legislature.  Both are geared at finding 
a better balance between oil and gas development in the state and providing adequate protection for wildlife and natural resources.  
The first bill, HR1341, reorganized the Colorado Oil and Gas Conservation Commission  (COGCC) to include 7 appointed members, 
including 3 members with expertise in the oil and gas industry, 1 member with substantial expertise and/or experience in wildlife or 
the environment, and 1 member with soil conservation and/or reclamation expertise.  The intent was to balance representation on the 
committee that governs decisions regarding oil and gas development in the state.  The second bill, HR 1298, The Colorado Habitat 
Stewardship Act of 2007, reaffirms the state's responsibility to plan and manage oil and gas operations in a manner that balances 
development with wildlife conservation.  This bill directs the state to minimize or avoid adverse impacts to wildlife resources 
whenever possible, and mitigate impacts when they are unavoidable. 

 
Research in Montana and Wyoming has indicated that traditional oil and gas stipulations designed to protect sage-grouse populations 
(primarily timing restrictions and no surface occupancy surrounding leks) are inadequate on a landscape scale (Lyon and Anderson 
2003, Holloran 2005, Walker et al. 2007a, Doherty et al. 2008).  Current management was designed for, and still has validity in, areas 
of low intensity, dispersed development.  However, other approaches are necessary to offset development of larger scale or higher 
intensity (see “Energy and Mineral Development: Avoiding and/or Mitigating Impacts”, pg. 292).  The energy and mineral strategies 
allow for implementation of current management, as well as incorporation of research and future management scenarios.  We 
recognize the limitations of management options if an area is already leased.  Lease status, topographic and geologic factors, and 
economic feasibility should all be considered when selecting and incorporating conservation measures.  However, much progress can 
be made by working with industry and neighboring land owners to implement strategies on a voluntary basis. 
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The 2005 Energy Act (Energy Policy Act of 2005, H.R.6, Section 369) included an emphasis on the development of domestic energy 
sources, in particular oil shale.  This legislation, along with higher oil prices and the advent of new oil shale in situ extraction 
techniques, has encouraged companies to pursue the development of oil shale resources.  An important note, from the GrSG 
perspective, is the considerable overlap in potential resources for oil and gas drilling and oil shale extraction in Colorado.   
 
Coal is also increasing in demand and use as an energy source.  Coal production in the United States reached record levels in 2005 
(Freme 2005).  Demand for coal is expected to remain high due to continued economic expansion and elevated natural gas prices 
(Freme 2005).  The largest coal reserves in the state also significantly overlap GrSG habitat and include significant portions of the 
NWCO and PPR populations.  Coal reserves also overlap with potential oil, gas, and oil shale resources. 
 
The primary potential risks to GrSG from energy and mineral development are: (1) direct disturbance, displacement, or mortality of 
grouse (this includes physiological stress to birds); (2) direct loss of habitat, or loss of effective habitat through fragmentation and 
reduced habitat patch size and quality; and (3) cumulative landscape-level impacts.  Although development impacts can occur quickly, 
timelines for effective enhancement and reclamation of GrSG habitats can be lengthy, depending on site capability and other factors.  
A potential for increases in invasive plant species is also mentioned here, but is addressed in more detail in the “Weeds” strategy, pg. 
425.  Impacts from infrastructure associated with energy and mineral development (e.g., powerlines, pipelines) is mentioned where 
relevant, but specific impacts are covered in more detail in the “Infrastructure” (pg. 383) and “Roads” (pg. 409) strategy sections.  For 
further discussion of this issue, see “Energy and Mineral Development” issue, pg. 109. 
 
Appendices related to energy and mining development are Appendix G, “Energy and Mining Leasing and Development Process”; 
Appendix H, “Literature Review: Oil and Gas Development Impacts on Prairie Grouse”; and Appendix I, “Suggested Management 
Practices Applicable for Oil and Gas Development, within Lease Rights”.  For a discussion of the history of the “¼-mile buffer” 
frequently used in lease stipulations and recommended alternatives, see Appendix B, “GrSG Disturbance Guidelines”. 
 
Some of the strategies here reflect current activities that are already taking place (e.g., strategies under Objective 3.1.1), many on a 
voluntary basis.  Also note that there are 3 general situations that may occur in energy development, regarding land ownership and 
mineral development rights ownership (mineral estate): (1) federal land, federal estate; (2) “split-estate” where mineral and surface 
ownership are different (e.g., private land, federal mineral); and (3) non-federal land (e.g., private, state), non-federal estate.  
Ultimately, it would be best if all appropriate strategies were adopted across all 3 of these scenarios, but application on private estate is 
applied only on a voluntary basis.  The intent of the conservation strategy section is to recognize that some leases are already in place 
and that (in those cases) agencies must work with operators to identify and recommend Conditions of Approval (COAs) that will 
conserve the species as determined through an environmental analysis, while considering energy development needs.  Early planning 
can benefit all parties.   
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A special case exists in the PPR population, which is small and isolated.  Virtually all energy leases in this area have been let, and the 
BLM has imposed some stipulations on these leases to protect grouse, but nevertheless, there could be significant impact.  This is a 
situation when innovative strategies may be needed (see Strategy 3.2.3.7), such as: (1) long-term habitat improvement/restoration 
efforts (e.g., piñon-juniper removal) for the local grouse population, so that more and better sage-grouse habitat exists after the period 
of highest development and disturbance associated with energy industry activities is completed (see Strategy 3.3.1.1); (2) completing 
development activities near this population as quickly as possible to set the stage for population restoration efforts (see Strategy 
3.2.3.7); and (3) pursuing stabilization and protection of GrSG populations off-site. 
 
 
 
Outline of strategy organization (italics within Issues and Objectives refer to this outline) 
 
Issue 3.1: Disturbance to GrSG 

Objective 3.1.1: Current management, all industries except large-scale mining 
Issue 3.2: Effects on GrSG habitat 

Objective 3.2.1: Oil, gas, and small-scale mining of energy and mineral resources 
Objective 3.2.2: Large-scale mining of energy and mineral resources 
Objective 3.2.3: Cumulative impacts of all industries 
Objective 3.2.4: Reclamation, all industries 

Issue 3.3: How to improve on current management of industry development in GrSG habitat 
Objective 3.3.1: Land management planning 
Objective 3.3.2: Frameworks for voluntary participation 
Objective 3.3.3: Adaptive management approach 
Objective 3.3.4: Mitigation, both current and future 

Issue 3.4: Research 
Objective 3.4.1: Existing research 
Objective 3.4.2: Determine effectiveness of existing stipulations and mitigation 
Objective 3.4.3: Other needed research 

Issue 3.5: Communication 
Objective 3.5.1: Improve communication 
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ISSUE 3.1: Energy and mineral development within GrSG habitat may adversely affect the species through disturbance, 
displacement, or direct mortality. 
OBJECTIVE 3.1.1: Minimize disturbance, displacement, or direct mortality of GrSG during the construction, development, and 
production of oil and gas resources and small-scale mining of energy and mineral resources in Colorado (see Appendix B, “GrSG 
Disturbance Guidelines”. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.1.1.1  Continue to avoid GrSG breeding and nesting seasons during oil and 
gas construction and drilling activities and small-scale mining in associated 
seasonal habitats (for seasonal habitat definitions refer to Appendix B: 
“GrSG Disturbance Guidelines”, or local conservation plans).  To protect 
breeding habitat, negotiate appropriate Conditions of Approval (COAs) on 
federal estate or use voluntary application on private estates. 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.1.1.2  Restrict oil and gas development and production activities and small-
scale mining during the GrSG lekking season within a buffer around leks 
(see Appendix B, “GrSG Disturbance Guidelines”; see also strategies 
3.3.3.10 and 3.4.2.1).  If this is not possible, limit activities near active sage-
grouse leks during the breeding season to portions of the day after 9:00 a.m. 
and before 4:00 p.m. to avoid times with peak lek attendance (for seasonal 
definitions refer to Appendix B: “GrSG Disturbance Guidelines”, or local 
conservation plans).  Lek data are considered sensitive information by 
CDOW.  Limit data distribution to the extent necessary for effective 
management. 

BLM, COGCC, County  
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.1.1.3  Gate field and facility service roads or otherwise limit regular public 
access on field and facility service roads in GrSG range, consistent with 
landowner wishes and direction. 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing 
$2500/gate 
and 
0.1 FTE 

3.1.1.4  Reduce noise impacts from compressor stations by locating stations  
at least 2,500 feet away from GrSG leks (or at an alternative distance as 
indicated by best available science: see Appendix B, “GrSG Disturbance 
Guidelines”; see also strategies 3.3.3.10 and 3.4.2.1), or by using decibel 
reduction equipment, on a site-by-site basis. 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing $1500/station 
and 0.1 FTE 
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3.1.1.5  For all geophysical exploration, conservation measures to avoid 
important GrSG seasonal habitat-use periods should be encouraged on 
private lands and incorporated on federal lands. 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.1.1.6  Encourage the use of technologies that reduce road traffic and daily 
visits to well pads to the extent possible in GrSG habitat (e.g., telemetric well 
monitoring, multi-phase pipeline gathering systems).  

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

 
 
ISSUE 3.2:  Energy and mineral development may adversely impact GrSG populations through the loss, degradation, or 
fragmentation of existing GrSG habitats. 
OBJECTIVE 3.2.1:  Minimize the loss, fragmentation, or degradation of existing GrSG habitat during the planning and development 
of oil and gas resources and small-scale mining of energy and mineral resources in Colorado. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.2.1.1  Encourage the use of effective BMPs, as identified by BLM or other 
sources, in order to reduce habitat fragmentation and the long-term footprint 
of energy and mineral development in GrSG habitat, across all ownership 
boundaries (see Appendix I, “Suggested Management Practices Applicable 
for Oil and Gas Development within Lease Rights”). 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.1.2  In situations with federal lands and federal mineral estates, apply 
an NSO as a lease stipulation on new leases, or as a COA on drilling permits 
(see “Energy and Mining Leasing and Development Process”, Appendix G)  
around GrSG leks (see “GrSG Disturbance Guidelines”, Appendix B, and 
strategies 3.3.3.10 and 3.4.2.1).  Encourage a similar approach on state and 
private lands. 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.1.3  Avoid surface disturbing activities within a buffer of GrSG leks (see 
Appendix B, “GrSG Disturbance Guidelines”; see also strategies 3.3.3.10 
and 3.4.2.1).  Locate surface-disturbing activities a minimum of 1,000 feet 
outside of riparian areas, or as far as practical and necessary to avoid 
influencing GrSG brood habitat function. 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 
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3.2.1.4  If an energy or mineral development is planned in sagebrush habitats 
that are located within a 4-mile radius of a GrSG lek:  

• within a 1-mile radius of the proposed ground-disturbing activity, any 
seasonal habitats that may be impacted should be delineated and 
field-validated in coordination with CDOW, BLM, USFS, or private 
biologists, prior to project location and design (see “Habitat 
Monitoring Strategy” [pg. 354] and Appendix C, “Sage-grouse 
Habitat Monitoring Protocol”).  This is a priority for mapping only.  
Appropriate strategies should still apply within the 4-mile radius of 
the lek site. 

• coordinate responsibility across lease boundaries for mapping 
purposes and to assess cumulative effects 

• See “GrSG Disturbance Guidelines” (Appendix B) 
• Lek data are considered sensitive information by CDOW.  Limit data 

distribution to the extent necessary for effective management. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, Private Landowners, SLB, 
USFS, USFWS 

Ongoing 2.0 FTE 

3.2.1.5  Encourage and/or offer to have biologists attend notice of staking on-
site visits on private lands, as well as state and federal mineral estates, to 
locate well pads and roads where they will have the least impact on GrSG 
habitat. 

BLM, CDOW, COGCC, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS, 
USFWS 

Ongoing 2.0 FTE 

3.2.1.6  Use directional drilling to minimize the impact to GrSG habitat 
where biologically significant GrSG habitats are involved, if such techniques 
are technically feasible and cost-effective. 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.1.7  Minimize pad size and other facilities to the smallest extent practical 
in GrSG habitat, consistent with safety (note: where directional drilling is 
used, larger pads are needed for multiple wells). 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.1.8  Limit facility footprint in sage-grouse habitat to that necessary for 
safe and effective development. 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.1.9  Plan and construct roads and pipelines to minimize duplication in 
GrSG habitat.  Use existing roads and right-of-ways wherever possible, and 
design and construct all new roads to a safe and appropriate standard (no 
higher than necessary), to accommodate their intended use. 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing 0.5 FTE 
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3.2.1.10  Cooperate with county weed programs to control noxious weed 
infestations associated with oil and gas development disturbances in GrSG 
habitat (see also “Weeds” strategy, pg. 425). 

BLM, CDOW, COGCC, County 
Governments, Industry, LWGs, 
NRCS, Private Landowners, 
SLB, USFS, USFWS 

Ongoing 0.5 FTE 

3.2.1.11 Incorporate BMPs to exclude wildlife from surface impoundments 
associated with oil and gas development. 

BLM, CDOW, COGCC, 
Industry, Private Landowners, 
USFS, USFWS 

2008 0.1 FTE 

 
 
ISSUE 3.2:  Energy and mineral development may adversely impact GrSG populations through the loss, degradation, or 
fragmentation of existing GrSG habitats. 
OBJECTIVE 3.2.2:  Minimize the loss, fragmentation, or degradation of existing GrSG habitat during the planning and development 
of energy and mineral resources through large-scale mining in Colorado (including oil-shale development1).  

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.2.2.1  Avoid GrSG seasonal habitats when siting large-scale mining 
operations and oil shale development, where possible (see Appendix B, 
“GrSG Disturbance Guidelines”). 

BLM, County Governments, 
DRMS, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.2.2  Where GrSG habitats cannot be avoided when siting large-scale 
mining and oil shale development, mitigate impacts through strategies under 
Objective 3.3.4.  See also “Off-site Mitigation of Impacts” discussion, pg. 
299. 

BLM, County Governments, 
DRMS, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing 0.5 FTE 

3.2.2.3  Encourage the use of effective BMPs, as identified by BLM or other 
sources, in order to reduce habitat fragmentation and the long-term footprint 
of energy and mineral development in GrSG habitat, across all ownership 
boundaries (see Appendix I, “Suggested Management Practices Applicable 
for Oil and Gas Development, within Lease Rights”). 

BLM, County Governments, 
DRMS, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 
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3.2.2.4  When an energy or mineral development is planned in sagebrush 
habitats that are located within a 4-mile radius of a GrSG lek:  

• seasonal habitats that may be impacted within a 1-mile radius of the 
proposed ground-disturbing activity should be delineated and field-
validated in coordination with CDOW, BLM, or private biologists, 
prior to project location and design (see “Habitat Monitoring 
Strategy” [pg. 354] and Appendix C, “Sage-grouse Habitat 
Monitoring Protocol”).  This is a priority for mapping only.  
Appropriate strategies should still apply within the 4 mile radius of 
the lek site. 

• coordinate responsibility across lease boundaries for mapping 
purposes and to assess cumulative effects 

• see Appendix B, “GrSG Disturbance Guidelines” 
• Lek and telemetry data are considered sensitive information by 

CDOW.  Limit data distribution to the extent necessary for effective 
management. 

BLM, CDOW, County 
Governments, DRMS, Industry, 
LWGs, Private Landowners, SLB, 
USFS, USFWS 

Ongoing 2.0 FTE 

3.2.2.5  For surface mining, above-ground facilities of underground mines, 
and oil shale development areas, minimize the area impacted and duration of 
impact on GrSG populations and habitat. 

BLM, County Governments, 
DRMS, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.2.6  Limit facility footprint in sage-grouse habitat to that necessary for 
safe and effective development. 

BLM, County Governments, 
DRMS, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.2.7  Cooperate with county weed programs to control noxious weed 
infestations associated with energy and mineral development disturbances in 
GrSG habitat (see “Weeds” strategy, pg. 425). 

BLM, CDOW, County 
Governments, DRMS, Industry, 
NRCS, LWGs, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing 0.5 FTE 

1Regardless of the technique used for oil shale development, the spatial and temporal effects of oil shale development are expected to be similar to 
those of large-scale mines.  
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ISSUE 3.2:  Energy and mineral development may adversely impact GrSG populations through the loss, degradation, or 
fragmentation of existing GrSG habitats. 
OBJECTIVE 3.2.3: Minimize the cumulative impacts of oil, gas, mining, and energy development in GrSG habitat, in order to 
sustain viable GrSG populations in Colorado (see “Energy and Mineral Development: Avoiding and/or Mitigating Impacts”, pg. 292). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.2.3.1  Identify key GrSG areas located within potential energy 
development areas, to better address cumulative impacts to sage-grouse. BLM, CDOW 2008 0.1 FTE 

3.2.3.2  Maintain large blocks of undeveloped sagebrush habitat across the 
landscape.  Locate facilities or design mitigation to maximize the size and 
continuity of undeveloped sagebrush habitat across the landscape. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, Private Landowners, SLB, 
USFS, USFWS 

Ongoing Unknown 

3.2.3.3  Where production phase drilling and development may occur, 
require a plan that evaluates the impacts to sage-grouse from the entire field 
development, not just from individual well development.  Include the need 
for additional infrastructure and/or communication towers (e.g., to facilitate 
remote monitoring) that should be considered during the land-use planning 
process (see also 3.2.3.6). 

BLM, COGCC, County 
Governments, Industry, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing $50,000 

3.2.3.4  In GrSG habitat, cluster the development of roads, pipelines, electric 
lines, and other facilities, and use existing, combined corridors where 
possible (see “Infrastructure” [pg. 383] and “Roads” [pg. 409] strategies). 

BLM, COGCC, County 
Governments, DRMS, Industry, 
Private Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.3.5  Investigate opportunities and provide incentives for phased energy 
development in key GrSG habitats. 

BLM, CDOW, COGCC, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS, 
USFWS 

Ongoing 0.5 FTE 

3.2.3.6  Identify key sage-grouse areas that are not already leased for energy 
and mineral development.  Investigate and implement alternatives to leasing 
for energy and minerals in these areas. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, Private Landowners, SLB, 
USFS, USFWS 

2008 and 
ongoing 1.0 FTE 
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3.2.3.7  In areas or populations having intense energy development, 
encourage LWGs to aggressively pursue additional strategies, using an 
adaptive management approach, to address population sustainability (e.g., 
consult PVA analysis in CCP), including, but not limited to, the following 
options: 

• options for increasing GrSG female survival 
• short duration of energy development and expedited reclamation 
• % habitat disturbance cap, habitat disturbance acreage cap, planned 

distribution of disturbance areas 
• innovative area development plans (e.g., refuge approach, 

mitigation/conservation credit approach; see “Energy and Mineral 
Development: Avoiding and/or Mitigating Impacts”, pg. 292) 

• see also all strategies under Issue 3.3, “Habitat Enhancement” 
strategy section, discussion under “Population Augmentation” (pg. 
235). 

BLM, CDOW, COGCC, LWGs, 
Industry, Private Landowners ASAP N/A 

 
 
ISSUE 3.2:  Energy and mineral development may adversely impact GrSG populations through the loss, degradation, or 
fragmentation of existing GrSG habitats. 
OBJECTIVE 3.2.4: Ensure effective and rapid reclamation following surface-disturbing activities in GrSG habitats. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.2.4.1  Use early and effective reclamation techniques, including interim 
reclamation, to speed the return of disturbed areas to use by sage-grouse (see 
“Habitat Enhancement” strategy, pg. 349).  Develop and implement 
performance-based reclamation standards. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, NRCS, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.4.2  Practice reclamation techniques that speed the recovery of pre-
existing vegetation in GrSG habitat (e.g., brush-beating of sagebrush for site 
clearance, retention of topsoil with native seed). 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, NRCS, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing $20-100/acre 
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3.2.4.3  Use reclamation seed mixes consisting of native bunchgrasses, forbs, 
and appropriate subspecies of big sagebrush in GrSG habitat.  Avoid 
aggressive, non-native grasses (e.g., intermediate wheatgrass, pubescent 
wheatgrass, crested wheatgrass, smooth brome) in reclamation seed mixes 
(see Appendix D, “Recommendations Regarding Plant Species for Use in 
GrSG Habitat Management and Restoration”, and Monsen 2005). 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, NRCS, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing $100-
200/acre 

3.2.4.4  Structure reclamation soil profiling and re-vegetation seed mixes to 
create high quality sage-grouse habitat as quickly post-development as 
possible see Appendix D, “Recommendations Regarding Plant Species for 
Use in GrSG Habitat Management and Restoration”, and Monsen 2005. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, NRCS, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.2.4.5  Identify and implement incremental habitat reclamation objectives in 
GrSG habitat. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, NRCS, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing 0.5 FTE 

3.2.4.6  Develop and implement an evaluation and monitoring process for 
meeting reclamation objectives in GrSG habitat, using standard monitoring 
criteria (see “Habitat Monitoring” strategy, pg. 354, and Appendix C, 
“Habitat Monitoring Protocol”). 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, NRCS, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing 1.0 FTE 

3.2.4.7  Discuss options for making state reclamation standards for oil and 
natural gas development similar to those for mining. 

BLM, COGCC, County 
Governments, DRMS, LWGs, 
Private Landowners 

Begin in 
2008 0.25 FTE 
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ISSUE 3.3:  Current monitoring, mitigation, and management may not be adequate to maintain, restore, or reclaim sage-grouse 
habitat and populations to the standards needed by sage-grouse. 
OBJECTIVE 3.3.1:  During land-use planning, reduce the spatial and temporal influence of energy and mineral development, in both 
occupied and potentially suitable (but unoccupied) sage-grouse habitat.  Potentially suitable habitat could provide the best opportunity 
for population expansion and/or off-site impact mitigation (see “Energy and Mineral Development: Avoiding and/or Mitigating 
Impacts”, pg. 292). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.3.1.1  Use the best available and applicable information to expand the 
extent and to enhance the utility of habitats available for sage-grouse (while 
continuing to develop additional Colorado-specific research regarding GrSG 
habitat and habitat-use: see strategies 3.4.3.7 - 3.4.3.10; see also “Habitat 
Enhancement” strategy, pg. 349 and “Habitat Linkages” strategy, pg. 352). 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, NRCS, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.3.1.2  Evaluate the existence and adequacy of energy and mineral 
development guidance in federal, state, county, and local work group plans 
within GrSG habitats, including leasing decisions.  Federal policy allows for 
leasing decisions to be revisited through the land-use planning process when 
significant new scientific information becomes available (see Appendix G, 
“Energy and Mining Leasing and Development Background and Process”).  
Update guidance as needed. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, NRCS, Private 
Landowners, SLB, USFS, 
USFWS 

By 2010 2.0 FTE 

3.3.1.3  Inventory sage-grouse provisions in Resource Management Plans 
(RMPs).  Ensure that RMP provisions for sage-grouse habitat are up-to-date. BLM, CDOW, USFS 2008 0.1 FTE 

3.3.1.4  Evaluate and implement specific mitigation and exception criteria 
during the land-use planning process in GrSG habitat.  Attach the criteria to 
the lease as stipulations upon issuance. 

BLM, CDOW, County 
Governments, LWGs, USFS 

As LUPs 
are revised 0.5 FTE 

3.3.1.5  Encourage counties to consider and implement sage-grouse 
conservation plan recommendations (local and statewide) when planning 
land-use, and when processing land-use permits. 

BLM, CDOW, Counties, LWGs, 
NRCS, USFS, USFWS  Ongoing 0.1 FTE 

3.3.1.6  Develop a map that reflects ownership of minerals and mineral 
potential in GrSG habitat in Colorado.  Tabulate the acreage and identify 
blocks of areas with common mineral estate ownership. 

BLM, CDOW, COGCC, DRMS, 
SLB, USFS 2008 0.5 FTE 
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3.3.1.7  Clarify energy development stipulations and where they apply in 
GrSG habitat. 

BLM, CDOW, COGCC, DRMS, 
LWGs, USFS  Ongoing 0.1 FTE 

3.3.1.8  Map energy development infrastructure within GrSG habitat to 
reflect current and historic development levels, patterns, and conditions (see 
also “Infrastructure” [pg. 383] and “Roads” [pg. 409] strategy sections. 

BLM, CDOW, Industry, SLB, 
USFS, USFWS Ongoing 2.0 FTE 

3.3.1.9  Recommend setting bonds sufficient to ensure that appropriate GrSG 
habitat reclamation is met. 

BLM, CDOW, COGCC, County 
Governments, DRMS, LWGs, 
SLB, USFS, USFWS 

Ongoing 0.1 FTE 

3.3.1.10  Write energy development guidelines that take into account a 
variety of site-specific situations in GrSG habitat.  Implementation of these 
guidelines should be determined on a site-by-site basis within the landscape 
context. 

BLM, CDOW, County 
Governments, LWGs, NRCS, 
USFS, USFWS 

Ongoing 1.0 FTE 

3.3.1.11  Consider private property owner concerns when developing 
guidelines for energy and mineral development on split estates in GrSG 
habitat. 

BLM, CDOW, County 
Governments, LWGs, NRCS, 
USFS, USFWS 

Ongoing 0.1 FTE 

3.3.1.12  Require issue-specific monitoring plans and data reporting 
processes and standards for energy development projects in GrSG habitat. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
Private Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

3.3.1.13  Enforce and ensure compliance with conditions, stipulations, and 
reclamation for leases and permits in GrSG habitat. 

BLM, CDOW, COGCC, County 
Governments, DRMS, SLB, 
USFS, USFWS 

Ongoing 1.0 FTE/yr 

 
 
ISSUE 3.3:  Current monitoring, mitigation, and management may not be adequate to maintain, restore, or reclaim sage-grouse 
habitat and populations to the standards needed for sage-grouse. 
OBJECTIVE 3.3.2:  Develop and implement a framework that encourages voluntary participation in sage-grouse conservation. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.3.2.1  Review the effectiveness of existing industry incentive programs in 
wildlife habitat in other states (e.g., Pinedale/Jonah field in Wyoming). BLM, CDOW, Industry 2008 0.5 FTE 

3.3.2.2  Develop incentives to encourage industry to implement beneficial 
development practices for GrSG, including restoration of old sites (energy 
development sites that have not been sufficiently reclaimed).  

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, SLB 

2008 and 
ongoing 

2 FTE and 
$250,000/yr 
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3.3.2.3  Encourage industry to incorporate new and less invasive 
technologies to develop energy and mineral resources in GrSG habitats (see 
also strategy 3.2.1.5). 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, SLB, USFS 

Ongoing N/A 

3.3.2.4  Conduct project design, review, and approval through a consultative 
process with industry, agencies, and others to assure that projects incorporate 
the most current sage-grouse data and development technology available. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, SLB 

Ongoing 1.0 FTE/yr 

3.3.2.5  Define the opportunities and/or limitations associated with 
directional drilling or other energy development technologies in GrSG 
habitat (e.g., geologic, topographic, cost/benefit). 

BLM, CDOW, Industry 2008 N/A 

3.3.2.6  Encourage operators to provide long-term financial commitments to 
support reclamation design, compliance, research, and monitoring in GrSG 
habitat. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, SLB, USFS 

Ongoing N/A 

3.3.2.7  Locate site and design oil and gas facilities in cooperation with the 
operator and landowner to maximize opportunities for interim and long-term 
GrSG-oriented reclamation. 

BLM, CDOW, COGCC, County 
Governments, Industry, LWGs, 
Private Landowners, SLB 

Ongoing 2.0 FTE/yr 

 
 
ISSUE 3.3:  Current monitoring, mitigation, and management may not be adequate to maintain, restore, or reclaim sage-grouse 
habitat and populations to the standards needed for sage-grouse. 
OBJECTIVE 3.3.3:  Develop an adaptive management approach to energy and mining development in GrSG habitat, based on 
monitoring and research. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.3.3.1  Develop and implement a valid monitoring plan to assess the impacts 
of energy and mineral development on sage-grouse. 

BLM, CDOW, COGCC, County 
Governments, Industry, LWGs, 
Private Landowners, USFS, 
USFWS 

2010 and 
Ongoing 2.0 FTE 

3.3.3.2  Develop and implement a valid monitoring plan for reclamation 
activities in GrSG habitat (see “Habitat Monitoring” strategy, pg. 354 and 
Appendix C, “Habitat Monitoring Protocol”). 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, Private Landowners, 
USFS, USFWS 

2010 and 
Ongoing 2.0 FTE 

3.3.3.3  Develop and implement a valid monitoring plan to assess GrSG 
habitat restoration and to measure success with respect to GrSG. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, Private Landowners, 
USFS, USFWS 

2010 and 
ongoing 2.0 FTE 
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3.3.3.4  Use and refine existing vegetation and other map data to develop a 
better understanding of piñon-juniper/mountain shrub, industrial, 
agricultural, and urban encroachment on GrSG habitat. 

BLM, CDOW, Industry, LWGs, 
NRCS, SLB, USFS, USFWS 2010 1.0 FTE 

3.3.3.5  Use remote sensing and other techniques to determine the current 
state of fragmentation in GrSG habitat.  

BLM, CDOW, Industry, LWGs, 
NRCS, SLB, USFS, USFWS 2010 1.0 FTE 

3.3.3.6  Evaluate the adequacy and effectiveness of GrSG stipulations and 
BMPs related to mineral and energy development. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
Private Landowners, USFS, 
USFWS 

2015 $250,000 

3.3.3.7  Assess the compliance, consistency, implementation, and cost of 
stipulations and/or COAs with respect to GrSG management, and report 
results. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, SLB 

Biennially 2.0 FTE 

3.3.3.8  Continue to update and adjust BMPs to reflect monitoring and 
research results in GrSG habitats.  Promote use of updated BMPs across land 
ownership boundaries. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
Private Landowners, USFS, 
USFWS 

Ongoing 0.5 FTE 

3.3.3.9  Develop a mechanism to modify regulations or stipulations on 
federal mineral estates over time, based on monitoring and/or research results 
in GrSG habitat. 

BLM, CDOW, USFS, USFWS 2008 and 
ongoing 1.0 FTE 

3.3.3.10  Evaluate alternatives to a radial buffer approach in GrSG habitat, 
such as incorporating local topographic conditions or habitat communities 
for defining geometry (see Appendix B, “GrSG Disturbance Guidelines”). 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
Private Landowners, USFS, 
USFWS 

2008 0.5 FTE 

 
 
ISSUE 3.3: Current monitoring, mitigation, and management may not be adequate to maintain, restore, or reclaim sage-grouse habitat 
and populations to the standards needed for sage-grouse. 
OBJECTIVE 3.3.4:  Develop and implement appropriate on- and off-site mitigation practices within GrSG habitat. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.3.4.1  Define what constitutes meaningful mitigation to meet site- and/or 
issue-specific GrSG population and/or habitat objectives. 

BLM, CDOW, Industry, LWGs, 
Private Landowners, NRCS, SLB, 
USFS, USFWS 

2010 1.0 FTE 
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3.3.4.2  Wherever possible, incorporate site-specific COAs (on-site 
mitigation measures) on proposed operations in GrSG habitat, consistent 
with lease rights, or as negotiated with operators. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry 
Private Landowners, USFS, 
USFWS 

Ongoing N/A 

3.3.4.3  Evaluate the need for near-site and/or off-site mitigation to maintain 
sage-grouse populations during oil and gas development and production and 
energy and mineral development through mining. 

BLM, CDOW, LWGs, NRCS, 
SLB, USFS, USFWS Ongoing 1 FTE 

3.3.4.4  Determine whether sage-grouse will move to mitigation areas as 
mine and energy development sites develop in active habitat.  [See Research 
Strategy 21.3.1.1] 

See Research Strategy 21.3.1.1 

3.3.4.5  Identify potential locations where there may be opportunities for off-
site mitigation for GrSG.  Identify suitable mitigation practices within those 
areas (see also Strategy 3.3.4.9). 

BLM, CDOW, LWGs, NRCS, 
USFS, USFWS 2010 1.0 FTE 

3.3.4.6  Consider site capability and the timeline necessary to restore areas to 
suitable GrSG habitat, when determining which mitigation practices should 
be implemented on a site-by-site basis. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
Private Landowners, USFS, 
USFWS 

Ongoing N/A 

3.3.4.7  Conduct effective GrSG habitat enhancements (on- and off-site 
mitigation) in areas adjacent to or nearby energy development, in order to 
maintain sage-grouse population numbers (see “Habitat Enhancement” 
strategy, pg. 349). 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
Private Landowners, USFS, 
USFWS 

Ongoing $50-400/acre 

3.3.4.8  Encourage completion of mitigation measures prior to mine site 
development or expansion, or energy field development, where possible, to 
minimize sage-grouse population disruption. 

BLM, COGCC, County 
Governments, DRMS, Industry, 
Private Landowners, USFS, 
USFWS, 

Ongoing N/A 

3.3.4.9  Investigate, evaluate, and implement mitigation trust/banking 
opportunities where appropriate in GrSG habitat.  Develop incentives to 
ensure that mitigation areas remain undeveloped until original habitats are 
fully recovered and populations are re-established. 

BLM, CDOW, COGCC, DRMS, 
Industry, Land Trusts, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing 1.0 FTE 
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ISSUE 3.4:  Current research and modeling do not provide an adequate understanding of oil, gas, mining, and energy development 
impacts on GrSG in Colorado. 
OBJECTIVE 3.4.1: Evaluate existing research and modeling efforts for applicability to Colorado GrSG populations and habitat 
conditions. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.4.1.1  Evaluate existing research on energy and mining development 
impacts on GrSG regarding (1) its applicability to local situations; and (2) 
whether or not it has been peer-reviewed. 

CDOW Dec. 2008 $20,000 

3.4.1.2  Develop and update a modeling scenario and impacts assessment 
(regarding energy and mineral development) that considers (1) reclamation 
efforts and results; (2) long-term changes in GrSG habitat; and (3) the 
various stages of energy development (e.g., high-intensity, short-duration 
development vs. lower-intensity, longer-duration development).  [See 
Research Strategies 21.1.1.2 and 21.1.2.3] 

See Research Strategies 21.1.1.2 and 21.1.2.3 

 
 
ISSUE 3.4:  Current research and modeling do not provide an adequate understanding of oil, gas, mining and energy development 
impacts on GrSG in Colorado. 
OBJECTIVE 3.4.2:  Determine the effectiveness of existing energy and mining development stipulations and mitigation in 
minimizing impacts to GRSG. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.4.2.1  Through research, determine the effectiveness of energy and mining 
mitigation actions, stipulations, and BMPs in maintaining GrSG populations 
and/or habitat across the landscape. [See Research Strategy 21.3.1.1] 

See Research Strategy 21.3.1.1 

 



 

 

330

C
olorado G

reater Sage-grouse C
onservation Plan 

C
onservation Strategy

Energy and M
ineral D

evelopm
ent

 
ISSUE 3.4:  Current research and modeling do not provide an adequate understanding of oil, gas, mining, and energy development 
impacts on GrSG in Colorado. 
OBJECTIVE 3.4.3:  Conduct research necessary to answer specific questions regarding how mining and energy development are 
related to sustainability of GrSG populations in Colorado. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.4.3.1  Develop a timeline for implementation of research strategies (e.g., 
strategies 3.4.3.3 - 3.4.3.5; 3.4.3.7 - 3.4.3.10).  [See Research Strategy 
21.2.1.3] 

See Research Strategy 21.2.1.3 

3.4.3.2  Increase funding to conduct needed research on mining, energy 
development, and GrSG in Colorado.  [See Research Strategy 21.2.1.3] See Research Strategy 21.2.1.3 

3.4.3.3  Investigate the specific factors affecting GrSG population parameters 
(e.g., causes of female and chick mortality, effects of noise on sage-grouse 
habitat use or avoidance, wind direction, and topography influence on noise 
impacts), and how they are influenced by energy development.  [See 
Research Strategy 21.2.1.3] 

See Research Strategy 21.2.1.3 

3.4.3.4  Design and implement a research program (regarding energy/mining 
and GrSG) so that the duration of data is sufficient to answer GrSG 
management questions.  Recognize the need and timeline necessary to 
integrate research data and results into planning cycles.  [See Research 
Strategy 21.2.1.3] 

See Research Strategy 21.2.1.3 

3.4.3.5  Study, monitor, and attempt to quantify impacts to sage-grouse from 
oil and gas development and mining operations (e.g., intensity, duration, and 
timing elements of PVA).  [See Research Strategy 21.2.1.3] 

 
See Research Strategy 21.2.1.3 

 

3.4.3.6  Incorporate stakeholder concerns into current and future research 
designs for GrSG studies.  [See Research Strategy 21.2.1.3] See Research Strategy 21.2.1.3 

3.4.3.7  Quantify habitat fragmentation effects on GrSG.  [See Research 
Strategy 21.1.1.1] See Research Strategy 21.1.1.1 

3.4.3.8  Determine habitat loss thresholds for GrSG populations using 
spatially explicit landscape models (i.e., how much habitat is needed to 
sustain a population).  [See Research Strategy 21.1.1.1] 

See Research Strategy 21.1.1.1 
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3.4.3.9  Identify the appropriate mix of sagebrush habitats and seral stages 
necessary for sustainable GrSG populations, consistent with site capabilities.  
[See Research Strategies 21.1.1.1 and 21.1.1.3] 

See Research Strategies 21.1.1.1 and 21.1.1.3 

3.4.3.10  Determine the sufficient minimum habitat patch size for GrSG, as it 
relates to habitat fragmentation.  [See Research Strategy 21.1.1.1] See Research Strategy 21.1.1.1 

 
 
ISSUE 3.5:  There is a lack of communication among agencies, industry, and affected publics involved with mining and energy 
development, resulting in misunderstanding and less effective management for GrSG. 
OBJECTIVE 3.5.1:  Improve communication among agencies, industry, and affected publics involved with mining and energy 
development, to facilitate improved trust, working relationships, planning, and more effective management of GrSG and their habitats. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

3.5.1.1  Develop a communication process to assist the energy industry to 
work with CDOW and LWGs in planning energy activity on non-federal 
surface-owned leases.  [See also Information, Communication, and 
Education Strategy 12.3.2.1] 

CCI, CDOW, County 
Governments, DNR, Industry, 
LWGs, Private Landowners, SLB 

2008 0.1 FTE 

3.5.1.2  Present information and data about energy, mining, and GrSG so that 
it is readily understandable and accepted by stakeholders and the general 
public.  [See also Information, Communication, and Education Strategy 
12.2.1.3] 

BLM, CDOW, Industry, LWGs, 
NRCS, SLB, USFS, USFWS Ongoing 0.1 FTE 

3.5.1.3  Share GrSG data among agencies, and with counties and industry to 
allow for better planning of mining and energy development, to minimize 
impacts to the species.  Provide GrSG data to COGCC and DRMS to identify 
opportunities for coordination.  Lek and telemetry data are considered 
sensitive information by CDOW.  Limit data distribution to the extent 
necessary for effective management.  [See also Information, 
Communication, and Education Strategy 12.3.2.2] 

BLM, CDOW, USFS, USFWS Ongoing 0.1 FTE 
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3.5.1.4  Share energy development plans with agencies ASAP to facilitate 
improved planning, analysis, and management of GrSG within sagebrush 
habitats, recognizing confidentiality sensitivities.  Lek and telemetry data are 
considered sensitive information by CDOW.  Limit data distribution to the 
extent necessary for effective management.  [See also Information, 
Communication, and Education Strategy 12.3.2.2] 

BLM, COGCC, DRMS, Industry Ongoing 0.1 FTE 

3.5.1.5  Encourage counties, LWGs, conservation and sportsmen’s groups, 
and private landowners to be involved in COGCC meetings in order to 
comment on well pad spacing densities, reclamation standards, and 
comprehensive planning within GrSG habitats.  [See also Information, 
Communication, and Education Strategies 12.2.2.1 and 12.3.2.3] 

BLM, CDOW, Industry, LWGs, 
NRCS, SLB, USFS, USFWS Ongoing 0.1 FTE 

3.5.1.6  Encourage open communication among companies to entertain 
opportunities to reduce impacts and/or maximize benefits to GrSG, at the 
local and landscape levels.  [See also Information, Communication, and 
Education Strategy 12.3.2.3] 

BLM, CDOW, Industry Ongoing 0.1 FTE 

3.5.1.7  Encourage oil, gas, and mining companies to participate on local 
GrSG work groups.  [See Information, Communication, and Education 
Strategy 12.3.2.1] 

 
See Information, Communication, and Education Strategy 

12.3.2.1 
 

3.5.1.8  Promote regular communication and continual coordination among 
agencies, industry, LWGs, and counties to improve energy and mineral-
related planning and management of GrSG.  [See Information, 
Communication, and Education Strategy 12.3.2.3] 

 
See Information, Communication, and Education Strategy 

12.3.2.3 
 

3.5.1.9  Promote and provide regular opportunities for public involvement to 
improve energy and mineral planning as it relates to management of GrSG 
and GrSG habitat.  [See also Information, Communication, and 
Education Strategy 12.2.2.1] 

BLM, CDOW, County 
Governments, Industry, LWGs, 
NRCS, SLB, USFS, USFWS 

Ongoing N/A 

3.5.1.10  Communicate to affected publics the need to balance energy and 
mineral production with GrSG habitat and population requirements. All stakeholders Ongoing N/A 

3.5.1.11  Promptly and frequently update information related to energy and 
mineral development and GrSG to foster a better understanding of impacts to 
the species.  [See also Information, Communication, and Education 
Strategy 12.3.2.2] 

BLM, CDOW, County 
Governments, Industry, LWGs, 
NRCS, SLB, USFS, USFWS 

Ongoing 0.5 FTE 
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3.5.1.12  Improve the understanding, sharing, and acceptance of research and 
modeling efforts regarding GrSG and mining/energy development.  Ensure 
that current management, reclamation techniques, and appropriate BMPs are 
shared with contractors and consultants to improve on-the-ground 
implementation.  [See also Information, Communication, and Education 
Strategies 12.3.1.1 and 12.3.2.2] 

BLM, CDOW, USFS, USFWS Ongoing 0.1 FTE 
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4. Fire and Fuels Management 
 
Appropriate management of fire in GrSG sagebrush habitat is crucial to maintaining and restoring the health of sagebrush 
communities.  Wildfire response planning, fire suppression, habitat rehabilitation following fire, the use of prescribed fire, and fuels 
treatments in and around GrSG habitat must be well planned and executed, using an interdisciplinary approach.  Prescribed fire, if 
applied at an appropriate scale and with great caution, may be a viable tool to manage GrSG sagebrush habitat in some situations.  
Mechanical fuels treatments, when developed and implemented using an interdisciplinary approach, can also be very effective in 
meeting both fuel and fire objectives, as well as some GrSG habitat objectives.  Rehabilitation and restoration measures following any 
fire may be essential to ensure that a healthy sagebrush community reestablishes following wildfire.  Human safety is, as always, the 
highest priority with regard to wildfire suppression efforts.  For further discussion of this issue, see “Fire and Fuels Management” 
issue, pg. 129.  See also “GrSG Disturbance Guidelines”, and specifically all sections related to “Sagebrush Alteration” (Appendix B). 
 
 
Outline of Strategy Organization  (italics within Issues and Objectives refer to this outline) 
 
Issue 4.1: Fire and fuel treatments may impact GrSG 

Objective 4.1.1: Wildfire – impacts to habitat 
Objective 4.1.2: Prescribed burns and fuel treatments – impacts to habitat 
Objective 4.1.3: All fire and fuel treatments – direct impacts to GrSG 
Objective 4.1.4: Post-burn and -treatment habitat restoration 

 
ISSUE 4.1: Wildfires, prescribed burns, and fuel treatments may adversely affect GrSG and their habitat. 

OBJECTIVE 4.1.1:  Manage wildfire within sagebrush habitats to minimize detrimental effects on GrSG habitat. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

4.1.1.1  Plan fire suppression response to potential wildfires in important 
GrSG habitat.  Schedule annual coordination meetings and share fire 
response and GrSG seasonal habitat information with county, fire district, 
and federal fire fighting officials to plan and implement appropriate response 
to wildfires in these areas.  Lek and telemetry data are considered sensitive 
information by CDOW.  Limit data distribution to the extent necessary for 
effective management. 

BLM, CDOW, County 
Governments, CSFS, LWGs, 
Private Landowners, USFS, 
USFWS 

Annually 0.5 FTE 



 

 

335

C
olorado G

reater Sage-grouse C
onservation Plan 

C
onservation Strategy

Fire and Fuels M
anagem

ent

4.1.1.2  Train and use resource advisors to assist with considering sage-
grouse conservation in prioritizing response to fire during multiple ignition 
episodes.  Distribute sage-grouse information updates to fire dispatchers for 
initial attack planning.  [See also Information, Communication, and 
Education Strategy 12.3.1.1] 

BLM, CDOW, County 
Governments, CSFS, LWGs, 
USFS, USFWS 

Training: 
annually; 
Updates: as 
needed 

0.5 FTE 

4.1.1.3  Burn-out/backfiring operations, dozer line construction, and other 
suppression activities in GrSG habitat should be conducted in a manner, and 
if possible in a location, that minimizes the loss of sagebrush, while still 
providing for public and fire crew safety. 

BLM, CDOW, County 
Governments, CSFS, USFS, 
USFWS 

As needed Cost /Fire 
variable 

4.1.1.4  Where practical, locate fire camps, staging areas, and helibases at 
least 2 miles away from GrSG leks, and preferably outside of GrSG habitat. 

BLM, CDOW, County 
Governments, CSFS, USFS, 
USFWS 

Annual 
discussion 
with FMOs 

Cost/Fire 
variable 

4.1.1.5  Fire specialists and wildlife biologists should review and update area 
Wild Fire Management Plans in GrSG habitat every 5 years, or as necessary 
due to increased fire activity or risk. 

BLM, CDOW, USFS, USFWS Every 5 
years 2.0 FTE 

4.1.1.6  Manage habitat mosaics and fuel loads in and adjacent to GrSG 
habitats to minimize the possibility of catastrophic wildfires, while 
maintaining sage-grouse habitat quality (see Appendix A, “GrSG Structural 
Habitat Guidelines”. 

BLM, CDOW, County 
Governments, CSFS, LWGs, 
Private Landowners, USFS, 
USFWS 

Annually as 
crews 
available 

$25-
100/acre, 
depending on 
treatment 

4.1.1.7  Map all wildfire, prescribed burns, and fuel treatments in GrSG 
habitat within one year of occurrence, and develop a GIS layer of  
“vegetation modification” history (see “Habitat Monitoring” strategy, pg. 
354; see also strategy 4.1.2.9).  Track cumulative historic wildfire events 
under the umbrella of local fire management plans. 

BLM, CDOW, USFS, USFWS Annually 0.5 FTE 

4.1.1.8  Conduct post-fire operation reviews/evaluations in areas where fires 
were large enough or intense enough to cause long-term degradation of 
GrSG habitat.  The intent is to improve fire fighting priority setting, tactics, 
or resource availability in preparation for potential fires in sage-grouse 
habitat.  The urgency of the review depends on when in the fire season the 
fire occurred, how typical or significant it was, and if there are clearly 
opportunities to identify and fix problems resulting from individual fires, and 
to learn important lessons. 

BLM, CDOW, County 
Governments, CSFS, LWGs, 
NRCS, USFS, USFWS 

Only as 
needed or 
warranted 

<$10/acre 
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4.1.1.9  At the wildland-urban interface bordering sagebrush habitats, 
increase public education and implement fuel reduction projects to reduce the 
risk of human-caused fires escaping into GrSG habitats (examples include 
pamphlets, news releases).  [See also Information, Communication, and 
Education Strategy 12.2.1.3] 

BLM, CDOW, County 
Governments, CSFS, LWGs, 
NRCS, USFS, USFWS 

Annually 
and as 
needed 
during fire 
season 

$5,000 

4.1.1.10  During annual training for fire fighting personnel, increase 
awareness of issues and potential impacts of fire and suppression activities in 
GrSG habitats.  [See also Information, Communication, and Education 
Strategy 12.3.1.1] 

BLM, CDOW, County 
Governments, CSFS, LWGs, 
USFS, USFWS 

Annually 0.1 FTE 

 
 
ISSUE 4.1: Wildfires, prescribed burns, and fuel treatments may adversely affect GrSG and their habitat. 
OBJECTIVE 4.1.2:  Manage prescribed burns and fuel treatments within sagebrush to improve GrSG habitat where possible, and to 
minimize degradation, loss, and fragmentation of GrSG habitats. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

4.1.2.1  Use prescribed burning and mechanical fuels treatments at an 
appropriate scale (i.e., smaller is better) to maintain or improve the quality 
and quantity of GrSG habitats.  Consider fire scale, seasonality, and moisture 
regime from a GrSG habitat management perspective (as well as air quality 
issues, as guided by state regulations) in planning prescribed burns (see 
“Habitat Enhancement Strategy” [pg. 349] and Monsen 2005). 

BLM, CDOW, LWGs, USFS, 
USFWS 

During 
project 
planning 

Project  -
dependent 

4.1.2.2  All prescribed burns or mechanical fuel treatments within sagebrush 
areas should have identified GrSG habitat objectives, and should consider 
existing sagebrush communities, site conditions, and site potential in 
treatment design (see “Habitat Enhancement Strategy” [pg. 349] and Monsen 
2005). 

BLM, CDOW, NRCS, USFS, 
USFWS 

During 
project 
planning 

Project  -
dependent 
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4.1.2.3  In xeric (dry) occupied and potential GrSG habitat, design prescribed 
burns that are small, irregular in shape, and that encourage natural 
reestablishment of the native plant community.  For burns that are larger than 
5 acres in xeric sites in occupied or potential GrSG habitat, encourage 
sagebrush rehabilitation with appropriate seed mixture (see “Habitat 
Enhancement” strategy, pg. 349, and Appendix D, “Recommendations 
Regarding Plant Species for Use in GrSG Habitat Management and 
Restoration”). 

BLM, CDOW, NRCS, USFS, 
USFWS As needed Reseeding 

$40/acre 

4.1.2.4  Avoid fire or mechanical fuel reduction treatments within GrSG 
habitat in areas susceptible to invasion by cheatgrass or other invasive plant 
species, except where they are part of a well-defined and aggressive 
restoration program (see “Habitat Enhancement” strategy, pg. 349). 

BLM, CDOW, County 
Governments, CSFS, LWGs, 
NRCS, USFS, USFWS 

As needed N/A 

4.1.2.5  In areas where sagebrush is limited on the landscape, avoid the use 
of prescribed fire and other sagebrush reduction projects in areas that 
currently meet GrSG breeding or winter habitat requirements (see “Habitat 
Enhancement” strategy, pg. 349 and Appendix B, “GrSG Disturbance 
Guidelines”). 

BLM, CDOW, USFS, USFWS 
During 
project 
planning 

N/A 

4.1.2.6  Protect sagebrush adjacent to riparian zones, meadows, lakebeds, and 
croplands that include important GrSG summer habitat. 

BLM, CDOW, County 
Governments, CSFS, LWGs, 
NRCS, USFS, USFWS 

During 
project 
planning 

Project  -
dependent 

4.1.2.7  To avoid introduction of noxious weeds in GrSG habitat, wash 
vehicles and heavy equipment for fires and mechanical fuel reduction 
treatments prior to arrival at a new location (see “Weeds” strategy, pg. 425). 

BLM, CDOW, County 
Governments, CSFS, LWGs, 
USFS, USFWS 

As needed $250/project 

4.1.2.8  Consider recent drought events and their effects on GrSG habitat 
(e.g., understory vigor) when planning/implementing fire or fuel reduction 
treatment projects (see “Weather” strategy, pg. 423). 

BLM, CDOW, NRCS, USFS, 
USFWS 

During 
project 
planning 

N/A 

4.1.2.9  Map all burns and fuel treatments in GrSG habitat within one year of 
occurrence, and develop a GIS layer of  “vegetation modification” history 
(see “Habitat Monitoring” strategy, pg. 354; see also strategy 4.1.1.7). 

BLM, CDOW, NRCS, USFS, 
USFWS Annually 0.25 FTE 
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ISSUE 4.1: Wildfires, prescribed burns, and fuel treatments may adversely affect GrSG and their habitat. 
OBJECTIVE 4.1.3:  Manage wildfire, prescribed burns and fuel treatments within sagebrush habitats to minimize detrimental effects 
to GrSG populations. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

4.1.3.1  Schedule prescribed burns and/or fuel treatment projects in 
sagebrush habitat to avoid, when possible, the GrSG seasonal use period for 
that area (e.g., breeding, winter; see also Appendix B “GrSG Disturbance 
Guidelines”). 

BLM, CDOW, USFS, USFWS 
During 
project 
planning 

Project - 
dependent 

4.1.3.2  When treating sagebrush areas to reduce fuels within 0.6 miles of a 
GrSG lek, maintain adequate canopy cover for sage-grouse (see “Breeding 
Habitat” in “GrSG Habitat Structural Guidelines”, Appendix A).  Lek data 
are considered sensitive information by CDOW.  Limit data distribution to 
the extent necessary for effective management. 

BLM, CDOW, USFS, USFWS 
During 
project 
planning 

N/A 

 
 
ISSUE 4.1: Wildfires, prescribed burns, and fuel treatments may adversely affect GrSG and their habitat. 

OBJECTIVE 4.1.4:  Manage post-burn/treatment sites to maximize effective restoration of GrSG habitat. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

4.1.4.1  Monitor all wildfires or prescribed burns in the first 3 growing 
seasons post-fire, and then every 5-10 years for noxious or invasive weeds.  
Treat accordingly. 

BLM, CDOW, County 
Governments, LWGs, NRCS, 
USFS, USFWS 

As needed 
per fire 
event 

Project-
dependent 

4.1.4.2  All wildfires or prescribed burns greater than 10 acres in size that are 
subject to cheatgrass invasion will be seeded with an appropriate seed mixture 
(i.e., avoid undesirable grass species; see Appendix D, “Recommendations 
Regarding Plant Species for Use in GrSG Habitat Management and 
Restoration” and Monsen 2005), to reduce the probability of cheatgrass 
establishment (see also “Habitat Enhancement” strategy, pg. 349). 

BLM, CDOW, County 
Governments, LWGs, NRCS, 
USFS, USFWS 

As needed 
per fire 
event 

$65-80/ 
acre 
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4.1.4.3  Annually evaluate all recent wildfires and prescribed burns (greater 
than 10 acres), and reseed if necessary to achieve GrSG habitat objectives (see 
“Habitat Enhancement” strategy, pg. 349). 

BLM, CDOW, County 
Governments, LWGs, NRCS, 
Private Landowners, USFS, 
USFWS 

Annually  1.0 FTE 

4.1.4.4  Ensure that GrSG habitat considerations are incorporated into 
restoration and burn rehabilitation plans. Use BMPs and grazing management 
alternatives (see Appendix E, “Grazing Management Options for GrSG”) for 
land management practices following wild and prescribed fire events (see also 
Monsen 2005, “Habitat Enhancement” [pg. 349], “Recreational Activities” 
[pg. 407] and ”Grazing” [pg. 342] strategies). 

BLM, CDOW, County 
Governments, LWGs, NRCS, 
USFS, USFWS 

During 
project 
planning 

Project -
Dependent 

4.1.4.5  Evaluate the response of GrSG habitat (see “Habitat Monitoring” 
strategy, pg. 354) to all burns and mechanical fuel reduction treatments (be 
certain to consider the need for weed control in the area). 

BLM, CDOW, NRCS, USFS, 
USFWS Annually $10-15/ 

acre 

4.1.4.6  Incorporate ecologically appropriate sagebrush seed into fire 
rehabilitation seed mixtures as often as possible in GrSG habitat (see 
Appendix D, “Recommendations Regarding Plant Species for Use in GrSG 
Habitat Management and Restoration”) and Monsen 2005. 

BLM, CDOW, NRCS, USFS, 
USFWS 

During re-
seeding 
plan 

$2-5/acre 

4.1.4.7  Encourage and strongly support the development of production and 
storage facilities for native seed in Colorado, including native seed banks, for 
use in reclamation efforts (see “Habitat Enhancement” strategy 7.1.1.5).  
Emphasize the use of native plants following burns/treatments in GrSG habitat 
whenever possible. 

BLM, CDOW, LWGs, NRCS, 
SCDs, USFS, USFWS Annually $200,000/ 

year 

4.1.4.8  When reseeding an area in GrSG habitat, use certified "weed-free" 
seeds (see “Habitat Enhancement” strategy 7.1.1.6 and “Weeds” strategy 
section, pg. 425). 

BLM, CDOW, NRCS, USFS, 
USFWS 

During re-
seeding 
plan 

$2-5/acre 

4.1.4.9  Rehabilitate firelines or trails caused by equipment use during fire 
fighting activities in GrSG habitat (see “Habitat Enhancement” strategy, pg. 
349). 

BLM, CDOW, County 
Governments, NRCS, USFS, 
USFWS 

Post-fire $65-80/ 
acre 

4.1.4.10  Identify and secure funding to support post-fire restoration efforts in 
GrSG habitat. 

BLM, CDOW, County 
Governments, NRCS, USFS, 
USFWS 

Annually 0.1 FTE 
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5. Genetics 
 
Oyler-McCance et al. (2005) documented the distribution of genetic variation across the entire range of GrSG.  They found that 
isolation by distance has left an imprint on GrSG gene pools, and that local adaptation is a realistic possibility for the species that 
should be considered in decisions involving translocations.  They argue that this genetic data used in conjunction with large-scale 
demographic and habitat data will provide an integrated approach to conservation efforts for GrSG.  For Colorado, there appears to be 
a genetic line of demarcation (north to south) between Colorado GrSG populations, suggesting that if translocations are undertaken, 
birds should be moved north-south, and not east-west.  The NP and NWCO populations are the largest GrSG populations in Colorado, 
and could serve as source populations if translocations to other populations are initiated.  However, there is not current indication that 
any GrSG populations in Colorado are at risk from the genetic consequences associated with small populations.  For further discussion 
of this topic, see “Genetics” in the Conservation Assessment [pg. 60] and “Genetics: Small Populations” issue [pg. 134].  
 
ISSUE 5.1:  Research has found that the genetic and geographic distances segregate Colorado greater sage-grouse populations into at 
least 2 clusters (Oyler-McCance et al. 2005), which should be considered in any potential transplant. 
OBJECTIVE 5.1.1:  Prevent the translocation of greater sage-grouse from the eastern part of the statewide distribution to the western 
part of the statewide distribution (or vice versa), to preserve unique genetic clusters. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

5.1.1.1  Conduct additional genetic sampling and analysis in GrSG 
populations that have not had genetic samples collected (PPR, MWR, 
NWCO - Zone 4B), or increase samples in appropriate populations. 

CDOW 5 years $5,000 

5.1.1.2  If additional genetic testing indicates a genetic line of demarcation 
(north to south) between Colorado GrSG populations, all translocations 
should be north-south, and not east-west. 

CDOW Ongoing None. 
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ISSUE 5.2:  Small isolated populations of greater sage-grouse may have low genetic diversity, which may facilitate inbreeding 
depression. 
OBJECTIVE 5.2.1:  Monitor genetic diversity within the smaller isolated populations of greater sage-grouse in Colorado. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

5.2.1.1  To monitor the genetic diversity and isolation of GrSG populations, 
obtain blood and other tissue samples as GrSG are captured for other 
purposes, and submit for DNA testing (see also strategy 8.2.1.4). 

CDOW, University of Denver 
By 2008 
and 
ongoing 

$15,000/year 
for DNA 
analysis; 
other costs 
included in 
existing 
research 
projects 

5.2.1.2  Continue to develop and refine, if it proves feasible, techniques to 
obtain DNA from sage-grouse fecal droppings so that genetic testing can be 
accomplished without capturing birds.  [See Research Strategy 21.7.1.1] 

See Research Strategy 21.7.1.1 

 
 
ISSUE 5.2:  Small isolated populations of greater sage-grouse may have low genetic diversity, which may facilitate inbreeding 
depression. 
OBJECTIVE 5.2.2:  Maintain genetic diversity present within individual Colorado populations of GrSG so that each small 
population contains 70% of the overall genetic diversity within Colorado (see also Issue 8.2, Objective 8.2.1). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

5.2.2.1  Increase genetic diversity (if found to be low) within small GrSG 
populations through augmentation with eggs, chicks, and/or adults. CDOW 5 years $30,000 

5.2.2.2  Develop and implement a genetic diversity monitoring plan and 
schedule for GrSG populations. 

CDOW, Denver University, 
USGS 2010 $1,000 
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6.  Grazing 
 
Herbivory is an integral part of sagebrush ecosystems in the West, and grazing by domestic and wild ungulates plays an important role 
in shaping and maintaining vegetative communities in sage-grouse range.  The nature of the sage-grouse habitat (e.g., nesting, brood-
rearing, wintering), the level of herbivory (e.g., light, moderate, or heavy stocking rates), and the ability of the vegetation to respond to 
herbivory, determine the degree to which grazing has adverse, neutral, or positive impacts on sage-grouse habitat.  For these reasons, 
site-specific management direction should derive from these considerations. 
 
Potential impacts of herbivory on sage-grouse and their habitat include (1) long-term effects of historic overgrazing on sagebrush 
habitat; (2) sage-grouse habitat changes due to herbivory; (3) direct effects of herbivores on sage-grouse, such as trampling of nests 
and eggs; (4) altered sage-grouse behavior due to presence of herbivores; and (5) impacts to sage-grouse and sage-grouse behavior 
from structures associated with grazing management.   
 
Timing and stocking rates can be used to favorably alter vegetation and enhance sage-grouse habitat, including as a treatment for 
noxious weeds.  Enough is known about GrSG habitat requirements to make reasonable recommendations to maintain and improve 
habitat.  However, any effort to manage defoliation of vegetation must consider all herbivores, domestic and wild, grazers and 
browsers (and ideally, below-ground herbivores as well, such as small mammals).  Developing grazing systems and management 
plans that would achieve desired vegetation composition and structure, including shrubs, forbs, and grasses, should benefit both GrSG 
and domestic and wild ungulates (for some suggested management options, see Appendix E, “Grazing Management Options for 
GrSG”).  For further discussion of this issue, see “Grazing” issue, pg. 139. 
 
Outline of strategy organization (italics within Issues and Objectives refer to this outline) 
 
Issue 6.1: Lack of understanding of relationships among herbivory, GrSG populations, GrSG habitat 

Objective 6.1.1: Research - herbivore direct effects on GrSG 
Objective 6.1.2 Research - herbivory effects on GrSG habitat 
Objective 6.1.3 Research - effects of GrSG habitat parameters on GrSG populations 

Issue 6.2: Sagebrush - management of herbivores while considering GrSG habitat needs 
Objective 6.2.1 Domestic herbivore management 
Objective 6.2.2 Wild herbivore management 

Issue 6.3 Funding and socioeconomic issues 
Objective 6.3.1 Identify funding, prioritize projects 
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Objective 6.3.2 Address indirect costs of responsible GrSG management 
Issue 6.4 Lack of cooperation, communication, and respect among stakeholders 

Objective 6.4.1 Foster information sharing 
 
ISSUE 6.1: There is a lack of understanding of the relationships among herbivory, GrSG populations, and GrSG habitat. 

OBJECTIVE: 6.1.1 Determine how herbivores directly affect GrSG populations.  

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

6.1.1.1  Conduct a literature review of herbivores and their effects on sage-
grouse.  [See Research Strategy 21.2.1.1; see also 
http://sagemap.wr.usgs.gov/ for a recently completed literature review] 

See Research Strategy 21.2.1.1 

6.1.1.2  Evaluate the effects of herbivores on GrSG (e.g., nest trampling, 
changes in GrSG behavior, also positive effects).  [See Research Strategy 
21.2.1.1] 

See Research Strategy 21.2.1.1 

 
  
ISSUE 6.1: There is a lack of understanding of the relationships among herbivory, GrSG populations, and GrSG habitat. 

OBJECTIVE: 6.1.2 Determine how herbivory affects GrSG habitat parameters. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

6.1.2.1  Conduct a literature review of grazing systems and their effects on 
the vegetation parameters important to sage-grouse.  [See Research Strategy 
21.1.2.2] 

See Research Strategy 21.1.2.2 

6.1.2.2  Evaluate the effect of herbivores on the quality of sagebrush habitat 
(e.g., grass and forb abundance, diversity, and vegetative structure).  [See 
Research Strategy 21.1.2.2] 

See Research Strategy 21.1.2.2 
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6.1.2.3  Provide incentives to private landowners to participate in research 
(e.g., strategy 6.1.1.2, 6.1.2.2) and monitoring actions (e.g., if a rancher is 
requested to rest a pasture for a research project).  Develop grazing banks or 
help find other pasture to graze.  Provide financial compensation such as 
fencing and water developments; however, water developments should be 
designed to minimize WNV risk to GrSG).  [See Research Strategy 
21.1.2.2] 

See Research Strategy 21.1.2.2 

6.1.2.4  As results become available on research on herbivory and GrSG 
(e.g., strategy 6.1.1.2, 6.1.2.2), distribute them to local work groups.  [See 
also Information, Communication, and Education Strategy 12.3.2.1 and 
Research Strategy 21.1.2.2] 

BLM, CDOW, CSU Extension, 
NRCS, USFS Ongoing  0.25 FTE 

 
 
ISSUE 6.1: There is a lack of understanding of the relationships among herbivory, GrSG populations, and GrSG habitat. 
OBJECTIVE 6.1.3: Determine how GrSG populations respond to different habitat parameters. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

6.1.3.1  Conduct a literature review of how GrSG populations respond to 
different habitat parameters.  [See Research Strategy 21.1.1.1] 

 
See Research Strategy 21.1.1.1 

6.1.3.2  Determine the relationship of GrSG habitat parameters to sage-
grouse productivity, demographics, and population viability.  [See Research 
Strategies 21.1.1.1 and 21.1.1.3] 

See Research Strategies 21.1.1.1 and 21.1.1.3 

 
 
ISSUE 6.2: The complexity and diversity of herbivory and management of herbivores in sagebrush communities presents challenges 
to meeting GrSG habitat needs. 
OBJECTIVE 6.2.1: Manage domestic herbivory to improve and maintain GrSG habitat and minimize conflicts between GrSG and 
other herbivores, while providing for sustainable agriculture. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 
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6.2.1.1  Identify GrSG seasonal habitat objectives for individual sites 
(dependent on site potential and environmental conditions; see Appendix A, 
“GrSG Structural Habitat Guidelines”). 

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

Ongoing Site-specific 

6.2.1.2  In cooperation with the local work groups, identify a specific menu 
of grazing management options (for examples, see Appendix E, “Grazing 
Management Options”) that supports the local work group sage-grouse 
habitat objectives and will provide the flexibility needed for local site 
conditions; options should be compatible with the BLM’s “Standards for 
Public Land Health” and “Guidelines for Livestock Grazing Management” 
(http://www.blm.gov/co/st/en/BLM_Programs/grazing/rm_stds_guidelines.html), as well 
as the “GrSG Structural Habitat Guidelines” (Appendix A).  Encourage 
application of grazing management options for GrSG on a landscape scale, 
across ownership boundaries. 

BLM, CSU Extension, LWGs, 
NRCS, SLB, USFS 

Within next 
2 years 0.25 FTE 

6.2.1.3  Use livestock grazing management options on private lands, where 
possible, and on public lands, as developed by land management agencies or 
LWGs, that are consistent with achieving GrSG habitat objectives.  Explore 
the use of vacant federal allotments through the land-use planning process 
and CRP, to provide flexibility in grazing options recommended to achieve 
GrSG habitat objectives. 

BLM, CDOW, FSA, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

Ongoing Site-specific 

6.2.1.4  Monitor the effectiveness of grazing management options.  All 
stakeholders should be involved in the development of monitoring plans (see 
“Habitat Monitoring” strategy, pg. 354, and Appendix C, “Habitat 
Monitoring Protocol”). 

BLM, CDOW, LWGs Start within 
5 years $50,000/yr 

6.2.1.5  Use monitoring results (strategy 6.2.1.4) to adjust grazing 
management options (see “Adaptive Management”, pg. 10). 

BLM, CDOW, FSA, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

ASAP 
following 
monitoring 
results 

Site-specific 

6.2.1.6  Use results from research on grazing impacts on GrSG habitat and 
populations (strategies 6.1.1.2 and 6.1.2.2) to update and adjust grazing 
management options (see “Adaptive Management”, pg. 10). 

BLM, CDOW, LWGs, Private 
Landowners Ongoing 0.5 FTE 
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6.2.1.7  Monitor (throughout the year as needed) GrSG habitat and total 
utilization (e.g., cattle, sheep, wild ungulates, wild horses, insects), and/or 
vegetation structure available during the important grouse use period, and 
adjust grazing management plans as necessary to achieve desired vegetation 
structure for GrSG.  Monitoring protocol should provide data useful for 
determining if GrSG habitat and grazing objectives are being met (see 
Appendix C, “Habitat Monitoring Protocol”). 

BLM, CDOW, LWGs, NRCS, 
Private Landowners, USFS Ongoing Site-specific 

6.2.1.8  Evaluate the effectiveness of grazing management options in 
achieving GrSG habitat objectives used at the local level.  Use monitoring 
results to adjust management options (see “Adaptive Management”, pg. 10).  
It is critical for all stakeholders to be involved in the design of the monitoring 
plan. 

BLM, CSU Extension, LWGs, 
NRCS, SLB, USFS 

Within 5 
years 1.25 FTE 

6.2.1.9  Evaluate the effects of grazing management changes made for GrSG 
on maintaining sustainable agriculture. 

BLM, CDOW, CSU Extension, 
LWGs, NRCS, Private 
Landowners,  

On-going 0.2 FTE 

 
 
ISSUE 6.2: The complexity and diversity of herbivory and management of herbivores in sagebrush communities presents challenges 
to meeting GrSG habitat needs. 
OBJECTIVE 6.2.2: Manage non-domestic herbivory to maintain and improve GrSG habitat, while maintaining the economic 
benefits that are derived from wild ungulates. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

6.2.2.1  Encourage the consideration of specific sage-grouse habitat 
objectives when revising DAU plans for deer, elk, and pronghorn, 
particularly in revisions of big game population objectives. 

BLM, CDOW, LWGs, USFS Ongoing 0.25 FTE 

6.2.2.2  Encourage the consideration of specific sage-grouse habitat 
objectives when revising BLM Wild Horse Herd Management Plans, where 
applicable. 

BLM, CDOW, LWGs, USFS Ongoing 0.1 FTE 

6.2.2.2  Develop guidelines to influence wild ungulate distribution and 
utilization levels in order to achieve GrSG habitat objectives. 

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

2009 Site-specific 

6.2.2.3  Implement guidelines (where possible) to influence wild ungulate 
distribution and utilization levels in order to achieve GrSG habitat objectives.

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

2011 and 
ongoing Site-specific 
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ISSUE 6.3: There is a need to recognize and address the funding and socioeconomic aspects of responsible GrSG conservation. 

OBJECTIVE 6.3.1: Identify funding sources for and prioritize individual projects for GrSG conservation. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

6.3.1.1  Identify potential funding sources for GrSG habitat conservation (see 
Appendix F, “Available Funding Opportunities for GrSG Habitat 
Conservation”). 

CCP Steering Committee 2008 N/A 

6.3.1.2  Assist local work groups in developing a process to evaluate 
management options and set priorities for funding habitat improvement 
projects. 

CDOW, CSU Extension, LWGs, 
NRCS, USFS, USFWS As needed 0.25 FTE 

 
 
ISSUE 6.3: There is a need to recognize and address the funding and socioeconomic aspects of responsible GrSG conservation. 
OBJECTIVE 6.3.2: Assist local work groups and communities with addressing the indirect economic costs of responsible GrSG 
conservation. 
6.3.2.1  Assist local work groups in developing procedures to conduct cost-
benefit analyses of the economic impact of different grazing management 
options that benefit GrSG. 

BLM, CDOW, CSU Extension, 
LWGs, NRCS, Universities, 
USFS, USFWS  

Ongoing $200,000/yr 

6.3.2.2  Identify opportunities to compensate landowners for the cost of 
implementation of management options and facilitating practices to benefit 
GrSG (e.g., grazing banks, conservation easements and other options). 

BLM, CDOW, Land Trusts, 
NGOs, USFS, USFWS, 

2008 and 
ongoing 0.25 FTE 

6.3.2.3  Provide funding to private landowners and land managers to 
implement grazing management options developed in strategy 6.2.1.2. 

BLM, CDOW, Industry, NRCS, 
SLB, USFS, USFWS Ongoing $500,000/yr 

6.3.2.4  Conduct a cost-benefit analysis of the economic impact on local 
communities when planning for the management of the wild ungulates. CDOW As Needed $30,000 

6.3.2.5  Continue support for HPP and game damage programs that address 
wild ungulate herbivory on private land. CDOW Ongoing N/A 
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ISSUE 6.4: There is a lack of cooperation, communication, respect, and understanding among stakeholders in GrSG conservation. 
OBJECTIVE 6.4.1: Foster and facilitate sharing of information to improve communication, cooperation, and respect among 
stakeholders. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

6.4.1.1  Ensure that private land managers, permittees, conservation groups, 
and other interested publics are encouraged to be involved in land 
management planning (e.g., AMP planning, DAU plans) that involve sage-
grouse habitats. 

BLM, CDOW, LWGs, SLB, 
USFS, USFWS Ongoing None 

6.4.1.2  Develop a public outreach/education program about domestic and 
wild grazing and GrSG needs (e.g., create a traveling display to be used at 
schools, county fairs).  Be certain that part of the educational material 
identifies the contribution of landowners to sage-grouse conservation.  [See 
Information, Communication, and Education Strategies 12.2.1.1, 
12.2.1.2, 12.2.1.3, and 12.2.1.4] 

 
 

See Information, Communication, and Education Strategies 
12.2.1.1, 12.2.1.2, 12.2.1.3, and 12.2.1.4 

6.4.1.3  Develop an internet website through which local work groups can 
share information.  Include a link from the CDOW website.  [See 
Information, Communication, and Education Strategy 12.3.2.1] 

 
See Information, Communication, and Education Strategy 

12.3.2.1 

6.4.1.4  Establish controlled or regulated tours to impart an understanding of 
the various aspects of GrSG habitat.   Be certain that part of the educational 
material identifies the contribution of landowners and public lands to sage-
grouse conservation.  Have a training and/or education program for the 
people who lead lek-viewing tours.  [See Information, Communication, 
and Education Strategies 12.2.1.1, 12.2.1.2, 12.2.1.3, and 12.2.1.4] 

 See Information, Communication, and Education Strategies 
12.2.1.1, 12.2.1.2, 12.2.1.3, and 12.2.1.4 

6.4.1.5  Develop elementary, middle, and high school curricula that include 
grazing and grouse management, to fit Colorado educational standards.  [See 
Information, Communication, and Education Strategies 12.2.1.2 and 
12.2.1.4] 

See Information, Communication, and Education Strategies 
12.2.1.2 and 12.2.1.4 
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7.  Habitat Enhancement 
 
 
Habitat enhancement should be directed at specific and quantifiable ecological problems (Winward 2004, Monsen 2005).   Projects 
should have specific and quantifiable goals.  Some past and current projects have the goal of enhancing the herbaceous (grass and 
forb) understory in areas that already have sufficient structural characteristics, given the ecological status of the community.  
Expensive sagebrush manipulation projects that provide short-term herbaceous results should be viewed cautiously.  Effort is best 
directed towards restoring sagebrush habitat (e.g., breeding or wintering habitats that do not meet the “GrSG Structural Habitat 
Guidelines”, Appendix A), improving and/or creating riparian and wet meadow areas, reconstituting water tables by repairing down-
cut banks, or piñon-juniper removal.  Habitat improvement projects are expensive, often require extensive review, and are long-term 
in nature.  It is important to schedule treatments and management actions in a manner that maintains adequate suitable habitat while 
other areas are recovering. 
 
Three essential steps are suggested for designing habitat restoration projects for GrSG.  The first step is to identify the sage-grouse 
seasonal habitat component in the project area that is lacking, limiting population growth, or needs improvement (see Appendix A, 
“GrSG Structural Habitat Guidelines”).  For instance, good nesting habitat consists of live sagebrush with sufficient canopy cover and 
an adequate grass and forb understory.  If it is documented or suspected that nest success is less than optimal because of habitat 
conditions (e.g., lack of understory, lack of sagebrush canopy), then increasing the shrub overstory or herbaceous understory in 
delineated breeding habitat may require intervention.    
 
The second step is to gain an understanding of the site characteristics (site potential and community identification) of the area needing 
improvement.  Of primary importance is identification of the individual species or subspecies of sagebrush in the area.  The SC 
strongly recommends using Winward (2004) to identify the taxonomy and distribution of sagebrush in Colorado.  It is essential that 
this step is completed prior to further planning because the sagebrush species or subspecies naturally adapted to the site of interest will 
determine the suite of possible management actions for a successful treatment.  Attempting to change community types (e.g., black 
sagebrush to Wyoming big sagebrush) is unlikely to work and is not advised (Monsen 2005).  The vegetation, soils, and precipitation 
regimes of the treatment area need to be understood (Monsen 2005).  For instance, basin big sagebrush communities normally occupy 
deeper soils with slightly higher soil moisture than sites dominated by Wyoming big sagebrush.  Occurrence of silver sagebrush, black 
sagebrush, and low sagebrush is related to specific soil conditions (Winward 1983).  A good reference point is the sagebrush 
community that existed prior to habitat loss or degradation. 
 
The third step is to select the appropriate management and remedial treatment measures that could be successfully applied to the site 
to assist in meeting treatment goals.  Monsen (2005) provides a detailed manual addressing the myriad of issues associated with 
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sagebrush community restoration.  We recommend that, when planning a treatment, managers consult and apply Monsen (2005) to 
assist and guide in designing appropriate restoration options and application of techniques (e.g., timing of treatments, reestablishment 
of sagebrush, seeding practicality, seedbed preparation).  For examples of information provided in Monsen (2005), see Appendix D, 
“Recommendations Regarding Plant Species for Use in GrSG Habitat Management and Restoration”. 
 
ISSUE 7.1:  Improper design or implementation of vegetation enhancement treatments may not meet habitat objectives and may lead 
to degraded GrSG habitats. 
OBJECTIVE 7.1.1:  Conduct proper planning for sagebrush, riparian, and wet meadow restoration and improvement projects that 
provide the structural habitat requirements in breeding, summer-fall, and winter sage-grouse habitats. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

7.1.1.1  Identify the sage-grouse habitat treatment objective(s) in a given 
population, sub-population, or population zone area, and review annually 
(see Appendix A, “GrSG Structural Habitat Guidelines”). 

BLM, CDOW,  LWGs, NRCS, 
Private Landowners, SLB, USFS, 
USFWS 

When 
project  is 
proposed 

1 week FTE/ 
project 

7.1.1.2  Identify the ecological site characteristics and sagebrush species 
associated with the project area in GrSG habitat. 

BLM, CDOW, LWGs, NRCS, 
Private Landowners, SLB, USFS, 
USFWS 

When 
project is 
proposed 

$300/project 

7.1.1.3  Consult Monsen (2005), and select appropriate treatment options 
suitable for the site characteristics and treatment objectives in GrSG habitat. 

BLM, CDOW,  LWGs, NRCS, 
Private Landowners, SLB, USFS, 
USFWS 

During 
project 
planning 

1 FTE 
week/project 

7.1.1.4  Conduct pre-project planning for treatment areas in GrSG habitat 
(e.g., project design, necessary archaeological clearances, EAs). 

BLM, CDOW, LWGs, NRCS, 
Private Landowners, SLB, USFS, 
USFWS 

During 
project 
planning 

$25/acre for 
cultural 
clearances; 
$50/acre for 
planning 
activities 

7.1.1.5  Encourage and strongly support development of production and 
storage of native seed in Colorado, including native seed banks, for use in 
reclamation efforts in GrSG habitat (see also “Fire and Fuels Management” 
strategy 4.1.4.7.)  Work cooperatively with the Uncompahgre Project (UP), 
Upper Colorado Environmental Plant Center (UCEPC), and other entities in 
the development and storage of native seed for restoration purposes.   

BLM, CDOW, LWGs, NRCS, 
SCDs, SLB, UCEPC, UP, USFS, 
USFWS 

Ongoing $200,000 

7.1.1.6  When reseeding an area in GrSG habitat, use certified "weed-free" 
seeds (see “Fire and Fuels Management” strategy 4.1.4.8 and “Weeds” 
strategy section, pg. 425). 

BLM, CDOW, LWGs, NRCS, 
SCDs, SLB, UCEPC, UP, USFS, 
USFWS 

Ongoing 
No 
additional 
cost 
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ISSUE 7.1:  Improper design or implementation of vegetation enhancement treatments may not meet habitat objectives and may lead 
to degraded GrSG habitats. 
OBJECTIVE 7.1.2:  Conduct and monitor restoration for improvement of the vegetation structural habitat requirements necessary for 
productive breeding, summer-fall, and winter sage-grouse habitats. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

7.1.2.1  Conduct pre-restoration monitoring using a recognized technique 
appropriate to measure the treatment objective(s) in GrSG habitat (see 
“Habitat Monitoring” strategy, pg. 354 and Appendix C, “Habitat Monitoring 
Protocol”). 

BLM, CDOW, LWGs, NRCS, 
Private Landowners, SLB, USFS, 
USFWS 

During 
project 
planning 

$5/acre 

7.1.2.2  Implement the appropriate treatment/restoration action(s) in GrSG 
habitat (Monsen 2005). 

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

Project –
specific 

$100-
$500/acre 
depending 
upon 
treatment 
type 

7.1.2.3  Monitor vegetation response to treatments in GrSG habitat using 
appropriate monitoring technique and timing for the treatment type (see 
“Habitat Monitoring” strategy, pg. 354 and Appendix C, “Habitat Monitoring 
Protocol”). 

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

Post-
treatment + 
every 5 
years 

$5/acre 

7.1.2.4  Evaluate the effectiveness of vegetation enhancement treatments on 
GrSG.  [See Research Strategy 21.1.2.1]  See Research Strategy 21.1.2.1 
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8.  Habitat Linkages 
 
Using corridors to link isolated populations is often proposed as a conservation strategy for species in fragmented landscapes (Mann 
and Plummer 1995, Meffe and Carroll 1997, Rosenberg et al. 1997).  It is assumed the habitat linkage will increase movement 
between populations and will decrease the probability of extinction of the species and genetic isolation of individual populations.  We 
have defined GrSG linkages in Colorado as a heterogeneous landscape, within the historical range of GrSG, composed of isolated 
patches of landcover types frequently used by sage-grouse (for a list of landcover types see Table 35 [pg. 289]). 
  
The effectiveness of a potential linkage will depend on the ability of GrSG to move among the isolated patches in a landscape (i.e., the 
relative "connectivity" of patches in a landscape; Taylor et al. 1993), which may be influenced by (1) the landscape composition; (2)  
configuration of the habitat patches; (3) distance between patches in the landscape (Dunning et al. 1992); and (4) the physical nature 
(land forms) of the landscape (Henein and Merriam 1990).  The effectiveness of a potential linkage will also depend on the quality of 
the habitat in the isolated patches, survival of GrSG individuals within those patches, and the relative ability of sage-grouse to use (or 
safely move through) the surrounding unsuitable habitat.  The effectiveness of linkages may also depend on predator behavior.  The 
linear nature of corridors or the fragmented patches of habitat in a linkage may lead to greater predator foraging efficiency (Phillips et 
al. 2003).   
 
We used GIS data to describe potential habitat linkages among GrSG populations (“inter-population linkages”) in Colorado.  In 
addition, we identified some linkages within populations (“intra-population linkages”) that have experienced separation of smaller 
areas of occupied habitats from the larger population core (see “GrSG Habitat Linkages in Colorado”, pg. 287).  For further discussion 
of habitat fragmentation, see “Habitat: Fragmentation, Quality, and Quantity” issue section, pg.151. 
 
ISSUE 8.1:  Movement of GrSG is becoming increasingly limited by a reduction of suitable and available habitat linkages within 
populations. 
OBJECTIVE 8.1.1:  Maintain or reestablish linkages within populations where fragmentation and isolation of occupied habitats has 
occurred (e.g., NESR, NWCO populations). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

8.1.1.1  Within GrSG population areas, prioritize and refine mapped intra-
population linkages that are most important to GrSG movements and 
dispersal. 

BLM, CDOW, LWGs,  2008 0.1 FTE 
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8.1.1.2  In high priority GrSG intra-population linkages (see strategy 
8.1.1.1), pursue opportunities to protect areas from permanent loss (e.g., 
management plans, easements, land exchanges, acquisitions).   

BLM, CDOW, Land Trusts, 
Counties, Private Landowners, 
SLB, USFS 

2009 and 
ongoing 

$200 - 
$5,000/acre 

8.1.1.3  In high priority GrSG intra-population linkages (see strategy 
8.1.1.1), pursue opportunities for improving GrSG habitat (e.g., piñon-
juniper removal, protection/enhancement of existing sagebrush communities; 
see “Habitat Enhancement” [pg. 349] and “Piñon – Juniper Encroachment” 
[pg. 396] strategies). 

BLM, CDOW, LWGs, NRCS. 
Private Landowners, SLB, USFS  

2009 and 
ongoing 

$100-
$500/acre 
depending 
upon 
treatment 
type 

 
ISSUE 8.2:  Genetic interchange and movement of GrSG between populations may become increasingly limited by the lack of 
suitable linkages (see also Issue 5.2). 
OBJECTIVE 8.2.1:  Pursue opportunities to develop and maintain linkages between GrSG populations.  

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

8.2.1.1  In linkage areas between GrSG populations, prioritize and refine 
mapped inter-population linkages that could offer GrSG movement 
opportunities and potential for genetic interchange.  Address issues of 
isolated populations during the prioritization process. 

BLM, CDOW, LWGs, USFS 2008 0.1 FTE 

8.2.1.2  In high priority GrSG inter-population linkage areas (see strategy 
8.2.1.1) that are on public lands, work to protect and improve habitat 
characteristics for GrSG (see “Habitat Enhancement” strategy, pg. 349). 

CDOW, BLM, SLB, USFS 2009 and 
ongoing 

0.25 FTE + 
$100-
$500/acre 

8.2.1.3  In high priority GrSG inter-population linkage areas (see strategy 
8.2.1.1) that are on private lands, work with willing landowners to protect 
and enhance habitat characteristics for GrSG (e.g., management plans, 
conservation easements). 

Counties, CDOW, Land trusts, 
LWGs, NRCS, Private 
Landowners  

2010 and 
ongoing 

$200 - 
$5,000/acre 

8.2.1.4  Using results of population genetic testing (see Strategy 5.2.1.1), 
review prioritization of inter-population linkages. CDOW, University of Denver 2008 and 

ongoing 

$15,000/year 
for DNA 
analysis; 
other costs 
included in 
existing 
research 
projects. 
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9.  Habitat Monitoring 
 

An adaptive management approach (pg. 10) is recommended for all actions designed to benefit sage-grouse habitat.  As part of the 
adaptive management program, the results of habitat monitoring will allow managers to evaluate management success, refine 
management programs, and identify additional habitat management needs (see “Habitat Enhancement” strategy, pg. 349).  To 
establish appropriate habitat monitoring, important sage-grouse habitat should be identified, habitat quality should be assessed, and 
changes in habitat should be monitored.  For GrSG we will focus habitat monitoring at 2 scales: (1) the statewide (or landscape) scale; 
and (2) the local (local population or conservation plan) scale. 
 
Statewide monitoring for GrSG will be based on the 2 state mapping and habitat assessment efforts described in the Conservation 
Assessment of this plan (see “GrSG Habitat Mapping Efforts”, pg. 66).  Upon completion of the CCP, a more intensive CDOW 
mapping effort will be undertaken, primarily to further refine the current habitat categories (consistent with the refinement of GuSG 
habitat mapping in Colorado).  Habitat definitions will be adjusted and new definitions will be incorporated into future CDOW 
mapping efforts to improve landscape-level habitat mapping efforts.   
 
GrSG seasonal habitat should be mapped (see Strategy 9.1.1.9); until then, the following seasonal habitat definitions should be used:   

 
Breeding Habitat: sagebrush communities delineated within 4 miles of an active strutting ground (lek) (see Appendix B, 
“GrSG Disturbance Guidelines”, for discussion).  Breeding habitat includes active strutting grounds (leks), nesting habitat, and 
early brood-rearing habitat (Connelly et al. 2000c), and is usually in use from mid-March through late June. 
 
Summer – Fall Habitat:  vegetation communities including sagebrush, agricultural fields, and wet meadows (Connelly et al. 
2000c) that are within 4 miles of an active strutting ground (lek) (see Appendix B, “GrSG Disturbance Guidelines”, for 
discussion). 
 
Winter Habitat:  sagebrush areas (Connelly et al. 2000c) that have sufficient shrub height to be above winter snow cover (see 
Appendix B, “GrSG Disturbance Guidelines”, for discussion). 
 

 
Local-scale (or project level) habitat monitoring quantifies vegetation structural characteristics and plant species diversity, and may 
serve to refine broader seasonal habitat mapping efforts.  Ideal habitat conditions vary among different GrSG seasonal habitats such as 
breeding, summer-fall, and winter (see Appendix A, “GrSG Structural Habitat Guidelines”).  Data from local habitat monitoring can 
serve to (1) assess current vegetation conditions; (2) compare current vegetation conditions with established habitat guidelines; and (3) 
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evaluate the short-term and/or long-term vegetation response to environmental changes or human-induced treatments (project 
effectiveness monitoring). 
 
Local habitat monitoring and assessment efforts must be consistent so that information can be shared, compiled, and compared across 
the range of GrSG.  Therefore, minimum data standards (as developed through the GuSG conservation planning effort) should be 
implemented when assessing occupied or potential sage-grouse habitat (see Appendix C, “Habitat Monitoring Protocol”.  It is 
understood that local offices, agencies, and work groups may collect additional data (within budget and personnel constraints), to 
achieve specific monitoring objectives. 
 
ISSUE 9.1:  Information on the location and condition of current seasonal habitats for GrSG in Colorado may not be adequate to 
effectively manage, maintain, and/or improve those habitats. 
OBJECTIVE 9.1.1:  On a statewide basis, identify and delineate current GrSG habitat and track future changes in habitat. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

9.1.1.1  Develop inventory technique(s) (in conjunction with similar efforts 
for GuSG) for searching “vacant/unknown” habitat areas for sage-grouse use.  
Techniques should: (1) determine grouse presence and/or use; and (2) assist 
in delineating and distinguishing between “suitable vacant” areas and 
“suitable unknown” areas (using GIS mapping). 

CDOW 2008 0.25 FTE 

9.1.1.2  In conjunction with efforts for GuSG, develop technique(s) to use in 
searching for new or previously unknown GrSG leks. CDOW 2008 0.25 FTE 

9.1.1.3  Survey and search vacant/unknown habitat for GrSG use and leks. BLM, CDOW, LWGs, Private 
Landowners 

2009 and 
ongoing 1.0 FTE 

9.1.1.4  Update the CDOW habitat map using new GrSG habitat categories: 
“Suitable Occupied”, “Suitable Unknown”, “Suitable Vacant”, and 
“Potentially Suitable Habitat” *.  Within the “Potentially Suitable Habitat” 
category, consider the relative restoration priority of each habitat area.   

CDOW, BLM, LWGs, NRCS, 
SLB, USFS, USFWS 2008 $10,000 and 

0.5 FTE 

9.1.1.5  Review and update statewide GrSG habitat-related mapping efforts. BLM, CDOW 
Every 10 
years, or as 
necessary 

$5,000 and 
0.25 FTE 

9.1.1.6  In conjunction with GuSG efforts, delineate sagebrush communities 
by species and/or groups of species using GIS modeling techniques. 

BLM, CDOW, NRCS, SLB, 
USFS, USFWS 2009 $50,000 and 

1 FTE 
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9.1.1.7  Develop and implement a process and standardized template for 
acquiring information on habitat projects, activities, and changes.  Keep 
information requests with landowners focused and to a minimum. 

CDOW, LWGs, NRCS, USFS, 
USFWS 2008 0.1 FTE 

9.1.1.8  Create a central GIS database to track all sagebrush modification 
treatments and natural disturbances across GrSG range.  This task will 
include database maintenance and updates. 

BLM, CDOW, NRCS, USFS, 
USFWS 2009 $10,000 and 

0.25 FTE 

9.1.1.9  Define GrSG seasonal habitats and map them into the GIS database.  
Incorporate GIS modeling techniques such as slope and aspect, observational 
data, and habitat assessment data into the seasonal habitat definitions. 

BLM, CDOW, NRCS, USFS, 
USFWS 2008 $50,000 and 

0.5 FTE 

9.1.1.10  Evaluate the amount and spatial arrangement of GrSG habitat in 
Colorado. CDOW 2015 $250,000 and 

1 FTE 
9.1.1.11  Develop a method of reporting and archiving data that facilitates 
evaluation of the effectiveness  of management programs and how they meet 
the habitat objectives outlined in this plan. 

CCP SC 2008 0.25 FTE 

9.1.1.12  Develop and apply landscape-level GrSG habitat monitoring 
guidelines. 

BLM, CDOW, NRCS, USFS, 
USFWS 2010 0.25 FTE 

and $10,000 

* Suitable Occupied Habitat:  Areas known to be used by sage-grouse within the last 10 years from the date of mapping.  “Use” is 
defined as (1) radiotelemetry locations; (2) confirmed observations of grouse or grouse sign by reliable sources; or (3) 
documented use reported in unpublished reports or publications. 

Suitable Unknown Habitat:  Suitable and historic habitat adjacent to Suitable Occupied Habitat, where use by sage-grouse has not 
been documented but could occur.  Habitat is similar to that within known occupied habitats. 

Suitable Vacant Habitat:  Sagebrush habitat within the historic range of sage-grouse that is not mapped as the above 2 categories 
(Suitable Occupied or Suitable Unknown). 

Potentially Suitable Habitat:  Habitat that is capable of producing sagebrush communities that could be occupied by sage-grouse, 
but would require a human- or non-human- induced perturbation.  These areas have soils or other historic information (photos, 
maps, reports, etc.) indicating that sagebrush was the predominant cover type.  These sites could include areas that have 
succeeded to non-sagebrush cover types (e.g., piñon-juniper).   
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ISSUE 9.1:  Information on the location and condition of current seasonal habitats for GrSG in Colorado may not be adequate to 
effectively manage, maintain, and/or improve those habitats. 
OBJECTIVE 9.1.2:  On a local basis, identify and delineate current GrSG habitat and track future changes in habitat. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

9.1.2.1  Use the standard sage-grouse habitat assessment protocol that was 
developed through the GuSG Rangewide Conservation Plan to assess GrSG 
habitat conditions (Appendix C, “Habitat Monitoring Protocol”), and 
compare results to the GrSG habitat structural guidelines (see Appendix A, 
“GrSG Habitat Structural Guidelines”).  This protocol identifies which 
habitat variables should be measured (e.g., grass height) and which 
techniques should be used to measure them. 

BLM, CDOW, LWGs, NRCS, 
SLB, USFS, USFWS Ongoing $10/acre 

9.1.2.2  Develop and implement habitat assessment training for LWGs, 
private landowners, and other land managers. CDOW 2008 0.5 FTE 

9.1.2.3  Obtain funding sources to support habitat monitoring 
implementation on a statewide basis for local GrSG populations.  [See 
Research Strategy 21.1.1.1] 

See Research Strategy 21.1.1.1 

9.1.2.4  Evaluate the impact of vegetation condition (see “GrSG Structural 
Habitat Guidelines”, Appendix A) on GrSG populations. CDOW 2015 250,000 
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10.  Housing Development 
 
Housing development in GrSG habitat results in permanent loss of habitat, degradation of remaining habitat from fragmentation, and 
indirect impacts from associated factors (e.g., roads, fencing, powerlines, increased human activity).  Development may also facilitate 
the introduction of novel predators and noxious weeds.  Colorado has been experiencing a significant increase in human population in 
recent years.  This growth has resulted in conversion of agricultural lands to residential land-uses and encroachment of development 
onto nearby public lands (Theobald 2003).  The GrSG populations with the highest current threat of impact from housing development 
are MP, MWR, NESR, and the east side of NWCO (Zone 4B).  For further discussion and analysis of this topic, see “Housing 
Development” issue [pg. 154] and “Predicted Future Housing Development and GrSG Habitat Protection” [pg. 268]). 
 
Where housing development is a likely threat in GrSG range, protections such as voluntary easements or fee-title acquisition of 
important habitats will be necessary to protect the land for the long-term.  Maintaining sustainable rural economies (where traditional 
land-uses compatible with sage-grouse are profitable) can significantly reduce threats associated with subdivisions.  Private property 
owners have a right to develop their land.  Long-term and community-based planning to direct growth and development to appropriate 
areas, along with compensations for restrictions on developments in important areas, are the most efficient means to accomplish 
conservation.  
 
Outline of Strategy Organization (italics within Issues and Objectives refer to this outline) 
Issue 10.1: GrSG permanent habitat loss 

Objective 10.1.1: Short-term strategies, in occupied habitats of 3 GrSG populations 
Objective 10.1.2: Long-term strategies, in occupied habitats of all GrSG populations 

Issue 10.2: Reduced GrSG habitat effectiveness (quality) 
Objective 10.2.1: Short-term strategies, in occupied GrSG habitat, habitat fragmentation 
Objective 10.2.2: Long-term strategies, in occupied and potential GrSG habitat, habitat fragmentation 
Objective 10.2.3: Short-term strategies, invasive plants and contaminants 
Objective 10.2.4: Long-term strategies, invasive plants and contaminants 
Objective 10.2.5: Improve GrSG habitat in existing developments 

Issue 10.3: Disturbance to GrSG 
Objective 10.3.1: Reduce disturbance to GrSG 

Issue 10.4: Planning of housing developments 
Objective 10.4.1: Address GrSG needs in planning development 

Issue 10.5: Increasing human water demand: changing water use 
Objective 10.5.1: Address GrSG habitat needs in water use decisions 
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Objective 10.5.2: Provide for adequate water in GrSG habitat 
Issue 10.6: Lack of awareness of GrSG 

Objective 10.6.1: Educate public about GrSG 
 
ISSUE 10.1: Housing development in sagebrush ecosystems results in permanent loss of sage-grouse habitat to residential and 
commercial uses. 
OBJECTIVE 10.1.1:  Short-term (5-year) within occupied sage-grouse range in MWR, MP, NESR, and Zone 4B of NWCO 
populations: reduce the loss of seasonally important sage-grouse habitat (both public and private land) from housing development, 
including related commercial development and infrastructure (see “Infrastructure [pg. 383] and “Roads” [pg. 409] strategies). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

10.1.1.1  Using GIS, identify occupied and seasonally important GrSG 
habitats and leks that are at highest risk of development (priority areas). CDOW,  County Governments 

2008; 
update 
every 2 
years 

Negligible 

10.1.1.2  Identify areas, within priority areas, for potential conservation 
actions to benefit GrSG (e.g., management plans, conservation easements, 
leases, Farm Bill programs, land exchanges, acquisition), and share this 
information with interested stakeholders. 

BLM, CDOW, County 
Governments, Land Trusts, LWGs, 
NGOs, NRCS, USFS 

2008 and 
ongoing 0.1 FTE 

10.1.1.3  Incorporate benefits to sage-grouse into existing easements and 
management plans, as opportunities arise. 

CDOW, Land Trusts, LWGs, 
NRCS, Private Landowners 

2008 and 
ongoing 

1 week  FTE 
time/easement

10.1.1.4  Identify and pursue funding sources for protection of identified 
GrSG areas (identified in strategy 10.1.1.2), and encourage collaborative 
conservation funding opportunities. 

BLM, CDOW, Land Trusts, 
LWGs, NGOs, NRCS, USFS, 
USFWS 

2008 and 
ongoing 0.1 FTE 

10.1.1.5  Within priority GrSG areas (strategy 10.1.1.1), set specific goals 
for the amount of habitat to protect from housing development. 

BLM, CDOW, LWGs, NGOs, 
Other Research Institutions, 
Universities, USFS, USFWS 

2010; 
update 
every 3 
years 

2 meetings/ 
work group 

10.1.1.6  Pursue opportunities to protect identified GrSG areas (strategy 
10.1.1.2) with interested landowners (e.g., CCAAs, land exchanges and 
acquisition, and management plans and easements that incorporate benefits 
to sage-grouse). 

BLM, CDOW, Land Trusts, 
LWGs, NGOs, SLB, USFS, 
USFWS 

2010 and 
ongoing 

0.2 FTE/ 
population  

10.1.1.7  Establish a mechanism for tracking conservation easements that 
include protection for sage-grouse. 

CDOW, County Governments, 
Land Trusts 2009 0.1 FTE 
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10.1.1.8  Investigate impacts of housing on GrSG, due to noise, pets, and 
increased activity.  Use data to assist with planning and future housing 
development.  [See Research Strategy 21.2.1.1] 

See Research Strategy 21.2.1.1 

 
 
ISSUE 10.1: Housing development in sagebrush ecosystems results in permanent loss of sage-grouse habitat to residential and 
commercial uses. 
OBJECTIVE 10.1.2: Long-term (6 - 15 years): within occupied range, protect seasonally important sage-grouse habitat based on 
updated priority areas identified for protection from housing development and related commercial development and infrastructure  
(see “Infrastructure [pg. 383] and “Roads” [pg. 409] strategies). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

10.1.2.1  Reevaluate and identify occupied and seasonally important sage-
grouse habitats and leks that are at highest risk of development. CDOW, County Governments 2015 and 

ongoing 0.25 FTE 

10.1.2.2  For protection of identified GrSG areas (strategy 10.1.1.2), obtain 
funding from sources identified in strategy 10.1.1.4. 

BLM, CDOW, GOCO, Land 
Trusts, NGOs, USFS, USFWS 

2015 and 
ongoing 0.25 FTE 

10.1.2.3  Protect identified GrSG areas (strategy 10.1.1.2) from housing 
development by continuing implementation of short-term actions (e.g., 
strategies 10.1.1.3 and 10.1.1.6), through voluntary agreements (e.g.,  
conservation easements, leases) with willing landowners. 

BLM, CDOW, County 
Governments, Land Trusts, LWGs, 
NGOs, federal agencies, USFS, 
USFWS 

2015  and 
ongoing 

$200 - 
$5,000/acre 

10.1.2.4  Review, monitor, and update short-term actions (strategies 10.1.1.1 
- 10.1.1.7). 

BLM, CDOW, County 
Governments, Land trusts, LWGs, 
NGOs, USFS, USFWS 

2015 and 
ongoing 0.1 FTE 

10.1.2.5  Monitor and track land-use changes and infrastructure development 
in relationship to occupied and seasonally important GrSG habitats and leks 
(see “Infrastructure” strategy, pg. 383). 

CDOW, County Governments, 
LWGs 

2015  and 
ongoing 0.25 FTE 
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ISSUE 10.2:  Housing development in occupied and potential sage-grouse range results in reduced effectiveness (quality) of sage-
grouse habitats (e.g., reduced habitat patch size, increased habitat patch isolation, contaminant loading). 
OBJECTIVE 10.2.1:  Short-term (5 years): within occupied habitat, minimize future fragmentation of sage-grouse habitat from new 
housing development. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

10.2.1.1  Identify and map areas where new (proposed and potential) housing 
development could potentially fragment existing GrSG populations (in 
conjunction with strategy 10.1.1.1). 

CDOW, County Governments, 
LWGs 2010 0.1 FTE 

10.2.1.2  Monitor leks and other seasonally important sage-grouse habitat in 
jeopardy of fragmentation due to development. 

BLM, CDOW, LWGs, NGOs, 
USFS 

2008 and 
ongoing 0.1 FTE 

10.2.1.3  Meet with land management agencies and local developers to 
address and recommend management actions to mitigate adverse 
fragmentation impacts to sage-grouse habitat.  [See also Information, 
Communication, and Education Strategies 12.2.1.3 and 12.3.1.1] 

BLM, CDOW, County 
Governments, Land Trusts, LWGs,  
Private Landowners, USFS, Utility 
Companies 

2009 and 
ongoing 0.1 FTE 

10.2.1.4  Create guidelines or recommendations to address the effects of 
habitat fragmentation (due to housing and related infrastructure) on sage-
grouse populations. 

BLM, CDOW, County 
Governments, LWGs, NGOs, 
USFS 

2013 0.25 FTE 

10.2.1.5  Discourage adverse impacts to sage-grouse habitat by conversion of 
sagebrush lands to ‘park space’ in developments (e.g., lawns, golf courses).  
Encourage natural, native landscaping to reduce water consumption and 
conversion of sagebrush habitats. 

Counties, CDOW, County 
Governments, LWGs, Private 
Landowners 

Ongoing 0.25 FTE 
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ISSUE 10.2:  Housing development in occupied and potential sage-grouse range results in reduced effectiveness (quality) of sage-
grouse habitats (e.g., reduced habitat patch size, increased habitat patch isolation, contaminant loading). 
OBJECTIVE 10.2.2:  Long-term (6 - 15 years): within occupied and potential habitat, minimize future fragmentation of sage-grouse 
habitat resulting from new housing development. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

10.2.2.1  Conduct research to determine (1) sage-grouse habitat patch size 
and configuration needs; and (2) fragmentation impacts on GrSG movements 
and population isolation.  [See Research Strategy 21.1.1.1] 

See Research Strategy 21.2.1.1 

10.2.2.2  Prioritize sage-grouse habitat areas (including from a statewide 
perspective) to protect from or to reduce impacts from habitat fragmentation 
due to housing and related development. 

BLM, CDOW, County 
Governments, Developers, Land 
Trusts, LWGs, NGOs, USFS, 
USFWS 

2015 and 
ongoing 

1 meeting/ 
work group/ 
year; 0.1 
FTE 

10.2.2.3  Encourage local governments to develop land-use 
recommendations or guidelines to reduce GrSG habitat fragmentation from 
housing and related development (see also strategy 10.2.1.3). 

CDOW, County Governments, 
Land Trusts, LWGs, NGOs 

2015 and 
ongoing 0.1 FTE 

10.2.2.4  Develop predictive models to monitor and assess impacts of habitat 
fragmentation in sage-grouse habitat.  [See Research Strategy 21.1.1.2] See Research Strategy 21.1.1.2 

10.2.2.5  Where housing development is occurring in or near sagebrush 
habitat, encourage underground utilities (where feasible) along road ROWs 
to reduce raptor perches and the potential for wire-strikes by GrSG (see 
“Infrastructure” strategy, pg. 383). 

County Governments, LWGs, 
Utility Companies ongoing 0.1 FTE 

 
 
ISSUE 10.2:  Housing development in occupied and potential sage-grouse range results in reduced effectiveness (quality) of sage-
grouse habitats (e.g., reduced habitat patch size, increased habitat patch isolation, contaminant loading). 
OBJECTIVE 10.2.3: Short-term (5 years): in sage-grouse habitat, minimize the introduction of invasive plants and contaminants 
resulting from housing development. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

10.2.3.1  Identify potential contaminants associated with housing 
developments (e.g., household chemicals, fertilizers, sediments) that could  
impact sage-grouse. 

CDOW, CDPHE Complete 
by 2009 0.1 FTE 
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10.2.3.2  Develop informational materials regarding the impacts of invasive 
plants and contaminants on sage-grouse (see “Weeds” strategy, pg. 425).  
[See Information, Communication, and Education Strategy 12.2.1.1] 

See Information, Communication, and Education Strategy 
12.2.1.1 

10.2.3.3  Recommend seed-mix guidelines that are beneficial to sage-grouse 
(see Appendix D, “Recommendations Regarding Plant Species for Use in 
GrSG Habitat Management and Restoration” and “Habitat Enhancement” 
strategy, pg. 349).  [See also Information, Communication, and 
Education Strategy 12.3.1.1] 

CDOW, County Governments, 
CSU Extension, Developers, Land 
Trusts, LWGs, NGOs, NRCS, 
Private Landowners 

2008 and 
ongoing 0.1 FTE 

10.2.3.4  Recommend management and revegetation techniques to decrease 
noxious and invasive weeds in disturbed areas of GrSG habitat (see “Habitat 
Enhancement [pg. 349] and “Weeds” [pg. 425] strategies).  [See also 
Information, Communication, and Education Strategy 12.3.1.1] 

BLM, CDOW, County 
Governments, CSU Extension, 
Developers, NRCS, Utility 
Companies 

2008 and 
ongoing 0.1 FTE 

 
 
ISSUE 10.2:  Housing development in occupied and potential sage-grouse range results in reduced effectiveness (quality) of sage-
grouse habitats (e.g., reduced habitat patch size, increased habitat patch isolation, contaminant loading). 
OBJECTIVE 10.2.4:  Long-term (6 - 15 years): in sage-grouse habitat, prevent the introduction of invasive plants and contaminants 
resulting from housing development. 

Conservation Strategy Responsible Parties 
(lead agency is in bold) Timeline Cost 

10.2.4.1  Encourage local governments to formally adopt revegetation 
requirements (including seed type recommendations beneficial for sage-
grouse, strategy 10.2.3.3) for sites disturbed by housing development and 
related infrastructure (see Appendix D, “Recommendations Regarding Plant 
Species for Use in GrSG Habitat Management and Restoration”). 

CDOW, City Governments, 
County Governments CSU 
Extension, Land Trusts, LWGs, 
NRCS 

2015 and 
ongoing 0.25 FTE 

10.2.4.2  Develop and implement ongoing outreach program for homeowners 
(e.g., workshops, brochures) regarding the potential effects of 
noxious/invasive weeds, fuels management, and contaminants on GrSG.  
[See Information, Communication, and Education Strategies 12.2.1.1 
and 12.2.1.3] 

See Information, Communication, and Education Strategies 
12.2.1.1 and 12.2.1.3 
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ISSUE 10.2:  Housing development in occupied and potential sage-grouse range results in reduced effectiveness (quality) of sage-
grouse habitats (e.g., reduced habitat patch size, increased habitat patch isolation, contaminant loading). 
OBJECTIVE 10.2.5:  Increase sage-grouse habitat effectiveness (quality) in existing developed areas. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

10.2.5.1  Reduce fragmentation of sage-grouse habitat by encouraging low-
impact siting of roads and utilities, as opportunities arise in existing 
developed areas (see “Infrastructure [pg. 383] and “Roads” [pg. 409] 
strategies). 

BLM, CDOW, City Governments, 
County Governments, LWGs, 
Private Landowners, USFS, Utility 
Companies 

2015 and 
ongoing 0.1 FTE 

10.2.5.2  Prioritize areas for increasing sage-grouse habitat effectiveness 
(quality) within and adjacent to existing developments. 

BLM, CDOW, County 
Governments, Land Trusts, LWGs, 
Private Landowners, USFS 

2015 and 
ongoing 

1 week/ 
population 

 
 
ISSUE 10.3:  Housing development increases human presence, pets, and activities that disturb sage-grouse behavior, potentially 
affecting survival and reproduction in sage-grouse populations.  The effects may extend for some distance beyond actual housing 
structures. 
OBJECTIVE 10.3.1:  Reduce disturbance to GrSG that is associated with human presence and activities, including pets, resulting 
from housing development. 

Conservation Strategy Responsible Parties 
(lead agency is in bold) Timeline Cost 

10.3.1.1  Recommend seasonal closures or restrictions on recreational uses 
on public lands within sage-grouse habitat, in areas in close proximity to 
housing developments (see “Recreational Activities” strategy, pg. 407). 

BLM, CDOW, USFS 2009 and 
ongoing 0.1 FTE 

10.3.1.2  Work with local governments to encourage homeowner 
associations and individual homeowners to adopt and enforce pet control 
measures in and near sage-grouse habitat. 

CDOW, County Governments, 
LWGs 

2009 and 
ongoing 0.25 FTE 

10.3.1.3  Incorporate information about the impacts of human disturbance on 
sage-grouse in other outreach efforts to homeowners (see Issue 10.6).  
Include information on effects of open garbage on GrSG through an increase 
in some predators (e.g., skunks and raccoons).  [See Information, 
Communication, and Education Strategy 12.2.1.3] 

See Information, Communication, and Education Strategy 
12.2.13 
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ISSUE 10.4:  Sage-grouse habitat is not recognized by current regulatory frameworks for pre-planning for housing development and 
mitigation of impacts on private lands. 
OBJECTIVE 10.4.1:  Incorporate sage-grouse habitat conservation into land-use planning decisions. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

10.4.1.1  Provide information to local, state, and federal governments on 
sage-grouse habitat requirements and the status, location, and possible effects 
of different land-uses (including right-of-way and inholding access across 
public lands and land trades) on sage-grouse.  Include discussion of issues 
and state statute regarding 35-acre parcels and estate taxes, and the need for 
additional incentives for large landowners to not develop lands.  Analyze 
statutes for unforeseen impacts on sage-grouse (e.g., 3-mile annex annually, 
“leapfrogging” of cities).  Discourage disposal of public lands in sage-grouse 
habitat.  [See also Information, Communication, and Education 
Strategies 12.2.1.3 and 12.3.1.1] 

BLM, CDOW, Cities, County 
Governments, Land Trusts, LWGs, 
SLB, USFS 

Ongoing 0.25 FTE 

10.4.1.2  Work with county planners and commissioners to develop and 
modify land-use and zoning plans to protect sage-grouse habitats (e.g., 
cluster development, density credits, special zoning overlay districts, 
development rights transfers).  Provide updated GrSG GIS layers to county 
governments, as data become available. 

CDOW, LWGs, Land Trusts Ongoing 0.5 FTE 

 
 
ISSUE 10.5:  Increasing water demand resulting from local and statewide population growth (housing development) can lead to 
changes in water use within sagebrush habitat, including altered streamflow, transfer of water rights, reduction of irrigated habitats, 
and inundation at storage sites. 
OBJECTIVE 10.5.1:  Mitigate the impacts to and/or protect seasonally important sage-grouse habitat from increasing domestic 
water development. 

Conservation Strategy 
Responsible Parties 

(if there is a lead entity, it is in 
bold) 

Timeline Cost 

10.5.1.1  Identify areas of overlap between seasonally important sage-
grouse habitat and aquatic and riparian ecosystems. CDOW 2009 and 

ongoing 0.1 FTE 
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10.5.1.2  Stay informed about and provide input regarding Colorado 
Water Conservation Board actions regarding water rights or uses that 
might affect sage-grouse habitat, referring to areas identified in strategy 
10.5.1.1 (e.g., get on mailing list, attend hearings). 

BLM, CDOW, County 
Governments, LWGs, NGOs, 
USFS 

As Needed 0.1 FTE 

10.5.1.3  Work with water development interests to seek avoidance of, 
changes to, or mitigation for water projects that could affect sage-grouse. 

BLM, CDOW, County 
Governments, LWGs, NGOs, 
USFS 

As Needed 3 meetings/project 

10.5.1.4  If a large reservoir project appears likely near sage-grouse 
habitat, consider the potential impacts to sage-grouse from indirect 
effects such as recreation, real estate development, and road realignment. 

BLM, CDOW, County 
Governments, LWGs, NGOs, 
USFS, Water Conservation 
Districts 

As Needed 0.1 FTE 

10.5.1.5  During regional and statewide water planning efforts provide 
information on relationships between sage-grouse habitat and water uses. 

BLM, CDOW, County 
Governments, LWGs, NGOs, 
USFS, Water Conservation 
Districts 

As Needed 0.1 FTE 

 
 
ISSUE 10.5:  Increasing water demand resulting from local and statewide population growth (housing development) can lead to 
changes in water use within sagebrush habitat, including altered streamflow, transfer of water rights, reduction of irrigated habitats, 
and inundation at storage sites. 
OBJECTIVE 10.5.2:  Promote adequate water distribution and flow in sage-grouse brood-rearing habitat. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

10.5.2.1  Work with willing landowners and public agencies to keep water 
rights tied to existing uses in local areas in GrSG habitat.  Explore incentives 
to accomplish this task, including filing objections with the water court on 
any change of use. 

CDWR, LWGs, NGOs As Needed 0.25 FTE 

10.5.2.2  Work with willing landowners to develop or maintain GrSG brood-
rearing habitat, or replace lost or impacted habitats. CDOW, LWGs, NRCS, USFWS As Needed Project -

Specific 
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ISSUE 10.6:  There is a lack of awareness of sage-grouse on the part of planners, developers, housing residents, and state decision 
makers, resulting in land management decisions that impact sage-grouse (habitat loss, habitat degradation, and disturbance to sage-
grouse; see also strategy 10.3.1.3). 
OBJECTIVE 10.6.1:  Increase the awareness of sage-grouse conservation among land-use planners and developers, and housing 
residents. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

10.6.1.1  Compile existing information and guidelines pertaining to housing 
development-associated impacts on sage-grouse. 

CDOW, County Governments, 
Land Trusts, LWGs, NGOs 2009 0.1 FTE 

10.6.1.2  Develop key messages, focused on different types of development 
(e.g., high or low density rural housing, clustering), to include in 
informational materials about GrSG (strategy 10.6.1.3).  [See Information, 
Communication, and Education Strategies 12.2.1.1 and 12.2.1.3] 

See Information, Communication, and Education Strategies 
12.2.1.1 and 12.2.1.3 

10.6.1.3  Prepare and distribute informational materials about sage-grouse to 
land-use planners, developers, landowners, realtors, utility companies, and 
housing residents.  Conduct outreach program to get materials to second 
homeowners and 35-acre ranchette owners.  [See Information, 
Communication, and Education Strategies 12.2.1.1 and 12.2.1.3] 

 See Information, Communication, and Education Strategies 
12.2.1.1 and 12.2.1.3 

10.6.1.4  Develop and implement an ongoing outreach program for 
homeowners regarding housing development impacts on sage-grouse (e.g., 
provide workshops and information on the potential effects of fuels 
management, noxious weeds, and pets on sage-grouse).  Contact homeowner 
associations and landowner cooperatives.  [See Information, 
Communication, and Education Strategies 12.2.1.1 and 12.2.1.3] 

 See Information, Communication, and Education Strategies 
12.2.1.1 and 12.2.1.3 

10.6.1.5  Encourage local agencies, landowners, groups, and interested 
parties to gain local representatives’ support of decisions regarding sage-
grouse conservation actions. 

LWGs, NGOs As needed Negligible 

10.6.1.6  Install sage-grouse information signs (e.g., road crossing signs, 
kiosks) where appropriate. 

BLM, CDOT, CDOW, LWGs, 
SLB, USFS, USFWS As needed Project  -

Dependent 
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10.6.1.7  Promote and expand the “Guide to Rural Living” to include the 
impacts of housing, pets, lawns, and other housing-associated issues on sage-
grouse.  Work with homeowners, homeowner associations, county 
commissioners, and chambers of commerce on impacts of housing to sage-
grouse and the importance of leks, nesting, winter and brood-rearing habitat. 

CDOW, County Governments, 
LWGs  

2009 and 
ongoing $5,000 

10.6.1.8  Encourage county commissioners, planning departments, and other 
planning groups to include local sage-grouse working groups in discussions 
regarding housing prioritization and planning at the local landscape 
(population) level, to minimize adverse impacts to sagebrush habitats. 

CDOW, County Governments, 
LWGs 

2008 and 
ongoing $2,000 

10.6.1.9  Continually look for new partners and educational opportunities.  
Develop a central location for interested parties to become involved.  

CDOW, County Governments, 
LWGs ongoing No distinct 

cost 
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11. Hunting 
 
The first sport harvest season for GrSG in Colorado was established in 1877 (Rogers 1964), and GrSG hunting continues today.  
Hunting increases interest, awareness, and appreciation of sage-grouse, and provides a sustainable economic return to local 
communities.  It also provides an incentive for GrSG conservation.  There is much debate about (1) whether or not sport harvest of 
GrSG is additive or compensatory to over-winter mortality; and (2) what an appropriate harvest rate is for GrSG populations.  In 
addition, although current GrSG populations can sustain hunting, it is not clear how quickly the current harvest management system 
might respond to declines in population.   
 
In order to apply a specific harvest rate each year, managers need to be able to annually estimate fall population levels, and to adjust 
annual harvest.  To date, the available techniques to estimate fall populations are not precise.  For further discussion, see “Hunting” 
issue, pg. 156. 
 
ISSUE 11.1:  There is a perception that GrSG populations cannot sustain sport hunting, or that sport hunting is inappropriate. 
OBJECTIVE 11.1.1:  Influence the perception about the status of GrSG populations by providing accurate information about GrSG 
populations, their management, and the sustainability of sport hunting. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

11.1.1.1  Inventory all existing education and awareness materials regarding 
GrSG population status and management (e.g., brochures, posters).  [See 
Information, Communication, and Education Strategies 12.2.1.1 and 
12.2.1.2] 

See Information, Communication, and Education Strategies 
12.2.1.1 and 12.2.1.2 

11.1.1.2  Conduct initial and annual reviews of information and all materials 
regarding GrSG.  Review for accuracy and information gaps, and produce 
new materials if necessary.  [See Information, Communication, and 
Education Strategy 12.2.1.1] 

See Information, Communication, and Education Strategy 
12.2.1.1 

11.1.1.3  Develop an integrated communication strategy about upland bird 
sport hunting to inform and educate the non-hunting public about sport 
hunting.  [See Information, Communication, and Education Strategies 
12.2.1.1 and 12.2.1.3] 

See Information, Communication, and Education Strategies 
12.2.1.1 and 12.2.1.3 
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11.1.1.4  Encourage and coordinate with LWGs to initiate articles in local 
newspapers and electronic media about their activities and successes with 
GrSG.  [See Information, Communication, and Education Strategy 
12.3.2.1] 

See Information, Communication, and Education Strategy 
12.3.2.1 

 
 
 
ISSUE 11.2:  There is a lack of rigorous research on the harvest rate at which sport hunting of GrSG becomes additive and could 
result in population declines. 
OBJECTIVE 11.2.1:  Foster and support the research and the collection of data to gain knowledge about additive and compensatory 
mortality thresholds and sport harvest in GrSG. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

11.2.1.1  Initiate experimental field research designed to specifically address 
appropriate and sustainable harvest levels for GrSG (the harvest level at 
which mortality due to hunting becomes additive and causes populations to 
decline).  Collaborate with other westerns states that hunt GrSG.  [See 
Research Strategy 21.6.1.1] 

See Research Strategy 21.6.1.1 

 
 
ISSUE 11.3:  There is concern regarding the quality of GrSG hunter and harvest information. 

OBJECTIVE 11.3.1:  Foster and support the collection accurate information on hunters and GrSG harvest. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

11.3.1.1  Identify and implement more effective techniques to collect GrSG 
hunter statistics. CDOW, LWGs 2009 0.5 FTE 

11.3.1.2  Evaluate the efficacy of implementing a required free permit, a 
sage-grouse stamp, a limited sage-grouse license, and/or an improved phone 
survey for GrSG hunters. 

CDOW, LWGs 2009 0.5 FTE 

11.3.1.3  Using local communities and LWGs, provide educational materials 
to ensure that hunters accurately identify sage-grouse in the field.  [See also 
Information, Communication, and Education Strategy 12.3.1.1] 

LWGs, CDOW 2008 0.1 FTE 



 

 

371

C
olorado G

reater Sage-grouse C
onservation Plan 

C
onservation Strategy

H
unting

11.3.1.4  Evaluate, and if needed, improve the wing receipt (wing barrel) 
program and assess its accuracy for reporting GrSG harvest statistics. 

CDOW, LWGs, USFWS 
(Arapaho NWR) 2009 0.5 FTE 

11.3.1.5  Educate hunters about the importance of wing receipt data and 
harvest reports in GrSG management.  [See Information, Communication, 
and Education Strategy 12.3.1.1] 

See Information, Communication, and Education Strategy 
12.3.1.1 

 
 
 
ISSUE 11.4:  There is concern regarding the relationship between the GrSG hunting public and landowners. 

OBJECTIVE 11.4.1:  Foster and support a strong relationship between the GrSG hunting public and landowners. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

11.4.1.1  Encourage GrSG hunters to participate in LWG and statewide plan 
implementation. CDOW, CWF, LWGs Ongoing 0.1 FTE 

11.4.1.2  Contact hunting groups and organizations (e.g., sportsmen’s 
councils) to encourage participation in sage-grouse conservation.  [See 
Information, Communication, and Education Strategy 12.2.2.1] 

See Information, Communication, and Education Strategy 
12.2.2.1. 

 
 
ISSUE 11.5: There is a concern that the CDOW’s system for annually setting GrSG hunting regulations (e.g., season length, bag 
limits, open/closed areas) cannot adapt and respond quickly enough to potential changes in GrSG populations. 
OBJECTIVE 11.5.1:  Develop a system for adjusting season lengths, bag limits, and areas of closure or re-opening that is rigorous, 
predictable, and responsive to changes in sage-grouse populations. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

11.5.1.1  Develop a biologically-based adaptive GrSG statewide harvest 
management system that responds to the current LWG trigger systems to 
close or open areas to GrSG hunting. 

CDOW, LWGs 2010 0.5 FTE 

11.5.1.2  Implement an intensive monitoring system of GrSG population and 
harvest to refine the adaptive harvest model periodically, to affect season 
length and bag limit. 

CDOW, LWGs 2010 0.5 FTE 
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11.5.1.3  Create a procedure for rapid-response adjustments in GrSG hunting 
season to address potential risks in GrSG populations (e.g., late-season 
discovery of WNV in population). 

CDOW, LWGs 2009 
No 
additional 
cost 

11.5.1.4  Consider reducing the length of the sage-grouse falconry season to 
eliminate overlap with the GrSG strutting season (i.e., March). CDOW, Colorado Hawking Club By 2012 

No 
additional 
cost 
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12. Information, Communication, and Education 
 
Effective communication, information sharing, and education are key to the success of any conservation effort.  The need for efforts in 
these areas is clearly stated in many of the strategy sections that address other issues affecting GrSG in Colorado.  This section 
presents broad strategies, each designed to address particular concerns that are common among the other strategy sections.  Paramount 
to this topic is the need for central coordination of communication and information sharing, to ensure consistency in facts, data, 
education, management, and research regarding GrSG.  Facilitating the local work group process is critical to the success of strategies 
in the plan, and this section focuses, in part, on that process.   
 
In this section we recommend establishing a GrSG information, communication, and education program, including creating a position 
and hiring a statewide coordinator for the program.  The strategies listed here are essentially a list of tasks and responsibilities that 
would fall under this program.  Numbered strategies from other sections that relate to “Information, Communication, and Education” 
are referenced below numbered strategies in this section.  For example, the “Grazing” section contains this strategy: “6.4.1.3  Develop 
an internet website through which local work groups can share information.  Include a link from the CDOW website.”  It is listed in 
the Grazing section, but the “Responsible Parties”, “Timeline” and “Cost” columns remain blank there.  Instead, strategy 12.3.2.1 in 
the Information/Communication/Education section reads: “12.3.2.1  Pursue all opportunities to support and facilitate the GrSG local 
work group process , including professional facilitation of work group meetings, as requested by LWGs.”  Strategy 6.4.1.3, and other 
related strategies from all issues sections are listed below 12.3.2.1.  The “Responsible Parties”, “Timeline”, and “Cost” columns are 
then completed for the broader, overarching Information strategy 12.3.2.1.  This organizational approach results in redundancy within 
the plan, but allows for completeness within each individual strategy section, which may be important in implementing the plan. 
 
In some cases, however, the responsible party, timeline, and cost, information remains in the original numbered strategy section (e.g., 
Grazing).  This is because the responsibility for that action rests primarily with personnel outside the proposed GrSG Education and 
Communication Program.  The reference to that strategy is still included in this section so that the information program is well-
informed about all strategies related to the information topic. 
 
Outline of Strategy Organization  (italics within Issues and Objectives refer to this outline) 
Issue 12.1  Need for information and education central coordination 

Objective 12.1.1  Establish GrSG information, communication, education program 
Issue 12.2  General public and those not involved in GrSG conservation need information 

Objective 12.2.1  Inform general public and those not involved in GrSG conservation 
Objective 12.2.2  Involve general public and those not already involved in GrSG conservation 

Issue 12.3  Those already involved in GrSG conservation: need for data sharing, information dissemination, better communication 
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Objective 12.3.1  Provide information and training to those involved in GrSG conservation 
Objective 12.3.2  Facilitate local work group process, data sharing, communication among those involved in GrSG conservation 

 
ISSUE 12.1:  There is no central coordination for developing and disseminating accurate and consistent information statewide about 
GrSG status, requirements, management, and conservation.  
OBJECTIVE 12.1.1:  Establish a GrSG information, communication, and education program designed to coordinate statewide 
efforts as well as to enable local work groups to complete their communication and information strategies.  Program duties would 
include (but would not be limited to) responsibilities regarding (1) communications among groups, industry, and stakeholders; (2) 
training opportunities for all involved in GrSG conservation in Colorado; and (3) national sage-grouse strategy implementation and 
network. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

12.1.1.1  Identify and earmark funding resources to cover personal services 
and operating expenses for an interagency statewide sage-grouse education 
and communication coordinator. 

BLM, CDOW, LWGs, NRCS, 
USFS, USFWS 2008 $500 

12.1.1.2  Recruit and hire an interagency statewide sage-grouse education and 
communication coordinator and assign tasks to this person across institutional 
and local work group boundaries (ombudsman, interagency, independent). 

BLM, CDOW, LWGs, NRCS, 
USFS, USFWS 2008 $80,000 - 

$100,000 

12.1.1.3  Assign tasks to the sage-grouse education and communication 
program, including all strategies under Objective 12.2.1. 

BLM, CDOW, LWGs, NRCS, 
USFS, USFWS 

2008 
budget 
process 

$1,000 

 
 
ISSUE 12.2: The general public and groups that are not already involved with or interested in GrSG conservation have a lack of 
information and understanding about the species’ requirements, management, and conservation. 
OBJECTIVE 12.2.1:  Inform and educate the general public and those not already involved with GrSG conservation about the 
species’ requirements, management, and conservation. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

12.2.1.1  Gather information and develop programs for informing groups 
(those not already involved in GrSG conservation) whose activities may 
potentially impact GrSG and/or their habitat about the species’ requirements, 
management, and conservation.  Facilitate similar ongoing informational 
programs. 

BLM, CDOW, LWGs, USFS 2009 $5,000 



 

 

375

C
olorado G

reater Sage-grouse C
onservation Plan 

C
onservation Strategy

Inform
ation, C

om
m

unication, and Education

FROM GRAZING STRATEGY SECTION: 
6.4.1.2  Develop a public outreach/education program about domestic and wild grazing and GrSG needs (e.g., create a traveling display to be used 
at schools, county fairs).  Be certain that part of the educational material identifies the contribution of landowners to sage-grouse conservation.  
[Also under 12.2.1.2, 12.2.1.3, and 12.2.1.4] 
6.4.1.4  Establish controlled or regulated tours to impart an understanding of the various aspects of GrSG habitat.   Be certain that part of the 
educational material identifies the contribution of landowners and public lands to sage-grouse conservation.  Have a training and/or education 
program for the people who lead lek-viewing tours.  [Also under 12.2.1.2, 12.2.1.3, and 12.2.1.4] 
FROM HOUSING DEVELOPMENT STRATEGY SECTION: 
10.2.3.2  Develop informational materials regarding the impacts of invasive plants and contaminants on sage-grouse. 
10.2.4.2  Develop and implement ongoing outreach program for homeowners (e.g., workshops, brochures) regarding the potential effects of 
noxious/invasive weeds, fuels management, and  contaminants on GrSG.  [Also under 12.2.1.3] 
10.6.1.2  Develop key messages, focused on different types of development (e.g., high or low density rural housing, clustering), to include in 
informational materials about GrSG (strategy 10.6.1.3).  [Also under 12.2.1.3] 
10.6.1.3  Prepare and distribute informational materials about sage-grouse to land-use planners, developers, landowners, realtors, utility companies, 
and housing residents.  Conduct outreach program to get materials to second homeowners and 35-acre ranchette owners. [Also under 12.2.1.3] 
10.6.1.4  Develop and implement an ongoing outreach program for homeowners regarding housing development impacts on sage-grouse (e.g., 
provide workshops and information on the potential effects of fuels management, noxious weeds, and pets on sage-grouse).  Contact homeowner 
associations and landowner cooperatives.  [Also under 12.2.1.3] 
FROM HUNTING STRATEGY SECTION: 
11.1.1.1  Inventory all existing education and awareness materials regarding GrSG population status and management (e.g., brochures, posters).  
[Also under 12.2.1.2] 
11.1.1.2  Conduct initial and annual reviews of information and all materials regarding GrSG.  Review for accuracy and information gaps, and 
produce new materials if necessary. 
11.1.1.3  Develop an integrated communication strategy about upland bird sport hunting to inform and educate the non-hunting public about sport 
hunting.  [Also under 12.2.1.3] 
FROM RECREATIONAL ACTIVITIES STRATEGY SECTION: 
19.1.2.3  Develop and distribute educational material on (1) general GrSG biology, and (2) the potential harmful effects of recreational activities on 
GrSG breeding, nesting, and winter areas.  Distribute to recreational groups, tourists, pet owners, private landowners, and lek viewers.  [Also under 
12.2.1.3] 

12.2.1.2  Gather information and develop programs for informing school 
groups about GrSG requirements, management, and conservation. BLM, CDOW, LWGs, USFS 2009 $10,000 

FROM GRAZING STRATEGY SECTION: 
6.4.1.2  Develop a public outreach/education program about domestic and wild grazing and GrSG needs (e.g., create a traveling display to be used 
at schools, county fairs).  Be certain that part of the educational material identifies the contribution of landowners to sage-grouse conservation.  
[Also under 12.2.1.1, 12.2.1.3, and 12.2.1.4] 
6.4.1.4  Establish controlled or regulated tours to impart an understanding of the various aspects of GrSG habitat.   Be certain that part of the 
educational material identifies the contribution of landowners and public lands to sage-grouse conservation.  Have a training and/or education 
program for the people who lead lek-viewing tours. [Also under 12.2.1.1, 12.2.1.3, and 12.2.1.4] 
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6.4.1.5  Develop elementary, middle, and high school curricula that include grazing and grouse management, to fit Colorado educational standards.  [Also 
under 12.2.1.4] 
FROM HUNTING STRATEGY SECTION: 
11.1.1.1  Inventory all existing education and awareness materials regarding GrSG population status and management (e.g., brochures, posters).  [Also 
under 12.1.1.1] 

12.2.1.3  Present, and facilitate presentation of, information about GrSG 
requirements, management, and conservation to groups (those not already 
involved in GrSG conservation) whose activities may impact the species 
and/or its habitat. 

BLM, CDOW, LWGs, USFS 2009 $100/group 

FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.5.1.2  Present information and data about energy, mining, and GrSG so that it is readily understandable and accepted by stakeholders and the 
general public. 
FROM FIRE AND FUELS MANAGEMENT STRATEGY SECTION: 
4.1.1.9  At the wildland-urban interface bordering sagebrush habitats, increase public education and implement fuel reduction projects to reduce the 
risk of human-caused fires escaping into GrSG habitats (examples include pamphlets, news releases). 
FROM GRAZING STRATEGY SECTION: 
6.4.1.2  Develop a public outreach/education program about domestic and wild grazing and GrSG needs (e.g., create a traveling display to be used 
at schools, county fairs).  Be certain that part of the educational material identifies the contribution of landowners to sage-grouse conservation.  
[Also under 12.2.1.1, 12.2.1.2, and 12.2.1.4] 
6.4.1.4  Establish controlled or regulated tours to impart an understanding of the various aspects of GrSG habitat.   Be certain that part of the 
educational material identifies the contribution of landowners and public lands to sage-grouse conservation.  Have a training and/or education 
program for the people who lead lek-viewing tours.  [Also under 12.2.1.1, 12.2.1.2, and 12.2.1.4] 
FROM HOUSING DEVELOPMENT STRATEGY SECTION: 
10.2.1.3  Meet with land management agencies and local developers to address and recommend management actions to mitigate adverse 
fragmentation impacts to sage-grouse habitat.  [Also under 12.3.1.1] 
10.2.4.2  Develop and implement ongoing outreach program for homeowners (e.g., workshops, brochures) regarding the potential effects of 
noxious/invasive weeds, fuels management, and  contaminants on GrSG.  [Also under 12.2.1.1] 
10.3.1.3  Incorporate information about the impacts of human disturbance on sage-grouse in other outreach efforts to homeowners (see Issue 10.6).  
Include information on effects of open garbage on GrSG through an increase in some predators (e.g., skunks and raccoons). 
10.4.1.1  Provide information to local, state, and federal governments on sage-grouse habitat requirements and the status, location, and possible 
effects of different land-uses (including right-of-way and inholding access across public lands and land trades) on sage-grouse.  Include discussion 
of issues regarding 35-acre parcels and estate taxes, and the need for additional incentives for large landowners to not develop lands.  Analyze 
statutes for unforeseen impacts on sage-grouse (e.g., 3-mile annex annually, “leapfrogging” of cities).  Discourage disposal of public lands in sage-
grouse habitat. [Also under 12.3.1.1] 
10.6.1.2  Develop key messages, focused on different types of development (e.g., high or low density rural housing, clustering), to include in 
informational materials about GrSG (strategy 10.6.1.3).  [Also under 12.2.1.1] 
10.6.1.3  Prepare and distribute informational materials about sage-grouse to land-use planners, developers, landowners, realtors, utility companies, 
and housing residents.  Conduct outreach program to get materials to second homeowners and 35-acre ranchette owners. [Also under 12.2.1.1] 
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10.6.1.4  Develop and implement an ongoing outreach program for homeowners regarding housing development impacts on sage-grouse (e.g., 
provide workshops and information on the potential effects of fuels management, noxious weeds, and pets on sage-grouse).  Contact homeowner 
associations and landowner cooperatives.  [Also under 12.1.1.1] 
FROM HUNTING STRATEGY SECTION: 
11.1.1.3  Develop an integrated communication strategy about upland bird sport hunting to inform and educate the non-hunting public about sport 
hunting.  [Also under 12.2.1.1] 
FROM INFRASTRUCTURE STRATEGY SECTION: 
13.5.1.1  Present information and data about infrastructure development and GrSG so that it is readily understandable to stakeholders and the 
general public.  [Also under 12.3.1.1] 

13.5.1.8  Communicate to affected publics the need to balance infrastructure development with GrSG habitat and population requirements. 

FROM LEK VIEWING STRATEGY SECTION: 
14.1.1.5  Educate the GrSG viewing public about ethical viewing and photography of GrSG (e.g., provide information in viewing guides, internet 
sites focused on bird watching, brochures). 

14.1.1.6  Educate commercial bird watching tour guides and photographers about ethical GrSG lek-viewing  protocol. 

FROM PESTICIDES STRATEGY SECTION: 
15.3.1.1 Conduct local field trips to observe the results of different herbicide treatment methods in GrSG habitat. 
FROM PREDATION STRATEGY SECTION: 
18.1.1.1  Actively provide accurate information to the general public and stakeholders to improve their understanding about the relationship 
between predation and GrSG.  [Also under 12.3.1.1] 
FROM RECREATIONAL ACTIVITIES STRATEGY SECTION: 
19.1.2.3  Develop and distribute educational material on (1) general GrSG biology, and (2) the potential harmful effects of recreational activities on 
GrSG breeding, nesting, and winter areas.  Distribute to recreational groups, tourists, pet owners, private landowners, and lek viewers.  [Also under 
12.2.1.1] 
19.1.2.5  Provide information and signage at areas where management actions relating to GrSG are in effect (e.g., designated trails, seasonal 
closures). 
19.1.2.6  On land that is important to GrSG, encourage private and public land managers to manage human recreation activities to benefit sage-
grouse (e.g., during the breeding season, on winter range).  Provide incentives to landowners, is possible.  [Also under 12.3.1.1] 
FROM WEATHER STRATEGY SECTION: 
22.2.2.3 Educate the public and agencies on management that affects riparian and wet meadow areas used by GrSG.  [Also under 12.3.1.1] 
FROM WEEDS STRATEGY SECTION: 
23.2.1.5 Keep land managers informed of the latest technology in habitat restoration techniques for weed-infested areas in GrSG habitat by 
providing periodic technology transfer workshops.  [Also under 12.3.1.1] 
23.3.1.3 Organize and participate in annual workshops with all land managers to identify the most threatening weed problems in GrSG habitat, and 
to prioritize efforts for control.  [Also under 12.3.1.1] 

12.2.1.4  Present, and facilitation presentation of, information about GrSG 
requirements, management, and conservation to school groups. BLM, CDOW, LWGs, USFS 2009 $100/group 
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FROM GRAZING STRATEGY SECTION: 
6.4.1.2  Develop a public outreach/education program about domestic and wild grazing and GrSG needs (e.g., create a traveling display to be used 
at schools, county fairs).  Be certain that part of the educational material identifies the contribution of landowners to sage-grouse conservation.  
[Also under 12.2.1.1, 12.2.1.2, and 12.2.1.3] 
6.4.1.4  Establish controlled or regulated tours to impart an understanding of the various aspects of GrSG habitat.   Be certain that part of the 
educational material identifies the contribution of landowners and public lands to sage-grouse conservation.  Have a training and/or education 
program for the people who lead lek-viewing tours. [Also under 12.2.1.1, 12.2.1.2, and 12.2.1.3] 
6.4.1.5  Develop elementary, middle, and high school curricula that include grazing and grouse management, to fit Colorado educational standards.  
[Also under 12.2.1.2] 

 
 
ISSUE 12.2: The general public and groups that are not already involved with or interested in GrSG conservation have a lack of 
information and understanding about the species’ requirements, management, and conservation. 
OBJECTIVE 12.2.2:  Encourage the general public and groups not already concerned with GrSG conservation to become involved 
in the process. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

12.2.2.1  Focusing on the general public and those not already involved with 
GrSG conservation, facilitate communication with and pursue opportunities to 
engage them in the conservation process. 

BLM, CDOW, LWGs, USFS 2010 $5,000/yr 

FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.5.1.5  Encourage counties, LWGs, conservation and sportsmen’s groups, and private landowners to be involved in COGCC meetings in order to 
comment on well pad spacing densities and comprehensive planning within GrSG habitats.  [Also under 12.3.2.3] 
3.5.1.9  Promote and provide regular opportunities for public involvement to improve energy and mineral planning as it relates to management of 
GrSG and GrSG habitat. 
FROM HUNTING STRATEGY SECTION: 
11.4.1.2  Contact hunting groups and organizations (e.g., sportsmen’s councils) to encourage participation in sage-grouse conservation. 
FROM INFRASTRUCTURE STRATEGY SECTION: 
13.5.1.7  Promote and provide regular opportunities for public involvement to improve infrastructure planning as it relates to management of GrSG 
and GrSG habitat. 
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ISSUE 12.3: There is a need to facilitate communication, data sharing, and information dissemination among those already involved 
with GrSG conservation. 
OBJECTIVE 12.3.1:  Facilitate information dissemination among those already involved with GrSG conservation. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

12.3.1.1  Provide accurate and timely information and training opportunities 
(and facilitate the same) to those already involved in GrSG conservation.  
Facilitate ongoing efforts in these areas. 

BLM, CDOW, LWGs, USFS 
Annually 
beginning 
in 2008 

$10,000/yr 

FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.5.1.12  Improve the understanding, sharing, and acceptance of research and modeling efforts regarding GrSG and mining/energy development.  
Ensure that current management, reclamation techniques, and appropriate BMPs are shared with contractors and consultants to improve on-the-
ground implementation. [Also under 12.3.2.2] 
FROM FIRE AND FUELS MANAGEMENT STRATEGY SECTION: 
4.1.1.2  Train and use resource advisors to assist with considering sage-grouse conservation in prioritizing response to fire during multiple ignition 
episodes.  Distribute sage-grouse information updates to fire dispatchers for initial attack planning. 
4.1.1.10  During annual training for fire fighting personnel, increase awareness of issues and potential impacts of fire and suppression activities in 
GrSG habitats. 
FROM HOUSING DEVELOPMENT STRATEGY SECTION: 
10.2.1.3  Meet with land management agencies and local developers to address and recommend management actions to mitigate adverse 
fragmentation impacts to sage-grouse habitat.  [Also under 12.2.1.3] 

10.2.3.3  Recommend seed-mix guidelines that are beneficial to sage-grouse.  

10.2.3.4  Recommend management and revegetation techniques to decrease noxious and invasive weeds in disturbed areas of GrSG habitat. 

10.4.1.1  Provide information to local, state, and federal governments on sage-grouse habitat requirements and the status, location, and possible 
effects of different land-uses (including right-of-way and inholding access across public lands and land trades) on sage-grouse.  Include discussion 
of issues regarding 35-acre parcels and estate taxes, and the need for additional incentives for large landowners to not develop lands.  Analyze 
statutes for unforeseen impacts on sage-grouse (e.g., 3-mile annex annually, “leapfrogging” of cities).  Discourage disposal of public lands in sage-
grouse habitat.  [Also under 12.2.1.3] 
FROM HUNTING STRATEGY SECTION: 
11.3.1.3  Using local communities and LWGs, provide educational materials to ensure that hunters accurately identify sage-grouse in the field.  

11.3.1.5  Educate hunters about the importance of wing receipt data and harvest reports in GrSG management.   

FROM INFRASTRUCTURE STRATEGY SECTION: 
13.5.1.1  Present information and data about infrastructure development and GrSG so that it is readily understandable to stakeholders and the 
general public.  [Also under 12.2.1.3] 
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13.5.1.10  Improve the understanding, sharing, and acceptance of research and modeling efforts regarding GrSG and infrastructure development.  
Ensure that current management, reclamation techniques, and appropriate BMPs are shared with contractors and consultants to improve on-the-
ground implementation. [Also under 12.3.2.2] 
FROM PESTICIDES STRATEGY SECTION: 
15.3.1.1 Conduct local field trips to observe the results of different herbicide treatment methods in GrSG habitat. 
FROM PREDATION STRATEGY SECTION: 
18.1.1.1  Actively provide accurate information to the general public and stakeholders to improve their understanding about the relationship 
between predation and GrSG.  [Also under 12.2.1.3] 
18.3.1.9  Educate interested publics regarding which management actions are most biologically effective in increasing reproductive success in 
GrSG populations.   
FROM RECREATIONAL ACTIVITIES STRATEGY SECTION: 
19.1.2.6  On land that is important to GrSG, encourage private and public land managers to manage human recreation activities to benefit sage-
grouse (e.g., during the breeding season, on winter range).  Provide incentives to landowners, if possible.  [Also under 12.2.1.3] 
FROM WEATHER STRATEGY SECTION: 
22.2.2.3 Educate the public and agencies on management that affects riparian and wet meadow areas used by GrSG.  [Also under 12.2.1.3] 
FROM WEEDS STRATEGY SECTION: 
23.2.1.5 Keep land managers informed of the latest technology in habitat restoration techniques for weed-infested areas in GrSG habitat by 
providing periodic technology transfer workshops.  [Also under 12.2.1.3] 
23.3.1.3 Organize and participate in annual workshops with all land managers to identify the most threatening weed problems in GrSG habitat, and 
to prioritize efforts for control.  [Also under 12.2.1.3] 

 
 
ISSUE 12.3: There is a need to facilitate communication, data sharing, and information dissemination among those already involved 
with GrSG conservation. 
OBJECTIVE 12.3.2:  Promote and facilitate the local work group process, as well as communication and data sharing among those 
already involved with GrSG conservation. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

12.3.2.1  Pursue all opportunities to support and facilitate the GrSG local work 
group process, including professional facilitation of work group meetings, as 
requested by LWGs. 

BLM, CDOW, LWGs, USFS 2008 and 
ongoing $26,000/yr 

FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.5.1.1  Develop a communication process to assist the energy industry to work with CDOW and LWGs in planning energy activity on non-federal 
surface-owned leases. 

3.5.1.7  Encourage oil, gas, and mining companies to participate on local GrSG work groups. 
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FROM GRAZING STRATEGY SECTION: 
6.1.2.4  As results become available on research on herbivory and GrSG (e.g., strategy 6.1.1.2, 6.1.2.2), distribute them to local work groups.  [Also 
under Research Strategy 21.1.2.2] 

6.4.1.3  Develop an internet website through which local work groups can share information.  Include a link from the CDOW website. 

FROM HUNTING STRATEGY SECTION: 
11.1.1.4  Encourage and coordinate with LWGs to initiate articles in local newspapers and electronic media about their activities and successes with 
GrSG. 
FROM INFRASTRUCTURE STRATEGY SECTION: 
13.5.1.5  Encourage infrastructure companies to participate in local GrSG work groups.  [Also under 12.3.2.3] 
FROM PREDATION STRATEGY SECTION: 
18.3.1.6  Establish an annual meeting to coordinate reporting of  LWG progress towards implementation of predation management strategies (in 
both local and statewide conservation plans), and to encourage communication among LWGs regarding predation management. 
FROM WEEDS STRATEGY SECTION: 
23.1.1.2 Inform local work groups of identified invasive weed problems in GrSG range. 

12.3.2.2  Among those already involved in GrSG conservation, facilitate and 
promote sharing of data relevant to GrSG management and conservation. 

BLM, CDOW, Industry, LWGs, 
USFS 2008 $2,000/yr 

FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.5.1.3  Share GrSG data among agencies, and with counties and industry to allow for better planning of mining and energy development, to 
minimize impacts to the species.  Provide GrSG data to COGCC and DRMS to identify opportunities for coordination.  Lek and telemetry data are 
considered sensitive information by CDOW.  Limit data distribution to the extent necessary for effective management. 
3.5.1.4  Share energy development plans with agencies ASAP to facilitate improved planning, analysis, and management of GrSG within sagebrush 
habitats, recognizing confidentiality sensitivities.  Lek and telemetry data are considered sensitive information by CDOW.  Limit data distribution 
to the extent necessary for effective management.  
3.5.1.11  Promptly and frequently update information related to energy and mineral development and GrSG to foster a better understanding of 
impacts to the species. 
3.5.1.12  Improve the understanding, sharing, and acceptance of research and modeling efforts regarding GrSG and mining/energy development.  
Ensure that current management, reclamation techniques, and appropriate BMPs are shared with contractors and consultants to improve on-the-
ground implementation.  [Also under 12.3.1.1] 
FROM INFRASTRUCTURE STRATEGY SECTION: 
13.5.1.2  Share GrSG data among agencies, and with counties and industry to allow for better planning of infrastructure development to minimize 
impacts to the species.  Lek and telemetry data are considered sensitive information by CDOW.  Limit data distribution to the extent necessary for 
effective management. 
13.5.1.3  Share infrastructure development plans with agencies ASAP to facilitate improved planning, analysis, and management of GrSG within 
sagebrush habitats, recognizing confidentiality sensitivities.  Lek and telemetry data are considered sensitive information by CDOW.  Limit data 
distribution to the extent necessary for effective management. 
13.5.1.9  Promptly and frequently update information related to infrastructure development and GrSG to foster a better understanding of impacts to 
the species. 
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13.5.1.10  Improve the understanding, sharing, and acceptance of research and modeling efforts regarding GrSG and infrastructure development.  
Ensure that current management, reclamation techniques, and appropriate BMPs are shared with contractors and consultants to improve on-the-
ground implementation. [Also under 12.3.1.1]  
FROM WEEDS STRATEGY SECTION: 
23.3.1.2 Inform local weed program managers of all pest management plans developed within GrSG range.   

12.3.2.3  Promote and facilitate communication among those already involved 
in the GrSG conservation process. 

BLM, CDOW, Industry, LWGs, 
USFS 2008 $5,000/yr 

FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.5.1.5  Encourage counties, LWGs, conservation and sportsmen’s groups, and private landowners to be involved in COGCC meetings in order to 
comment on well pad spacing densities and comprehensive planning within GrSG habitats.  [Also under 12.2.2.1] 
3.5.1.6  Encourage open communication among companies to entertain opportunities to reduce impacts and/or maximize benefits to GrSG, at the 
local and landscape levels.   
3.5.1.8  Promote regular communication and continual coordination among agencies, industry, LWGs, and counties to improve energy and mineral-
related planning and management of GrSG. 
FROM INFRASTRUCTURE STRATEGY SECTION: 
13.5.1.4  Encourage open communication between companies to entertain opportunities to reduce impacts and/or maximize benefits to GrSG.   

13.5.1.5  Encourage infrastructure companies to participate in local GrSG work groups.  [Also under 12.3.2.1] 

13.5.1.6  Promote regular communication and continual coordination among agencies, industry, LWGs, and counties to improve infrastructure-
related planning and management of GrSG.   
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13.  Infrastructure 
 
This section addresses the potential impacts to GrSG from the infrastructure associated with various types of human development, 
including housing, energy, and minerals.  Infrastructure refers to utility corridors, wind turbines, communication towers, and fences.  
Roads are addressed in a separate section (see “Roads” strategy, pg. 409).  In this strategy, utility corridors are defined as pipelines, 
and power, phone, and cable lines.  It is understood that economic and technical feasibility are considerations when implementing 
infrastructure strategies.  The plan assumes there will be differences in potential impacts to GrSG resulting from the size, design, and 
location of powerlines, wind turbines, communication towers and other infrastructure.  Strategies should be selected and implemented 
on a site specific-basis depending on project and habitat characteristics.  However, the cumulative impact of all infrastructure across 
all seasonal habitats needs to be considered at an appropriate landscape. 
 
The primary infrastructure issues for GrSG are increased risk of predation, collision mortality, avoidance, disturbance, and the 
introduction and spread of invasive weeds.  Elevated structures of various types may provide perch sites for raptors that prey on 
grouse, possibly resulting in increased predation or avoidance.  It is unknown how far elevated structures must be from sage-grouse to 
have no effects on the birds (e.g., behavioral changes, increased predation).  The presence of paths cleared under powerlines, that 
fragment previously contiguous habitat, may change the behavior of terrestrial predators by providing easy travel lanes into sagebrush 
habitat.  Construction of new infrastructure, and maintenance and/or use activities could disrupt the behavior of nearby GrSG.  Direct 
mortality of grouse from collisions with overhead power and telephone lines has been documented (Borell 1939, Ligon 1951, Sika 
2006, J. Stiver, University of Nebraska, personal communication).  Although these incidents result in the death of individual grouse, 
population-level impacts of collisions have not been studied.  Roads provide an avenue for the spread of exotic plants (U.S. Bureau of 
Land Management 1999, Gelbard and Belnap 2003), and powerline or pipeline corridors could also do so (Bergquist et al. 2007).  For 
positive effects on GrSG resulting from fences, see “Grazing” issue section (pg. 139). 
 
Although habitat loss does occur when infrastructure is constructed in GrSG habitat, it is generally distributed as linear or small patch 
changes in habitat, so the total amount of habitat lost is minimal.  The wide distribution of these smaller habitat disturbances does, 
however, fragment formerly intact habitat and may result in the impacts mentioned, such as an increase in predation risk, avoidance, 
and habitat degradation by invasive weeds.  For further discussion of this topic, see “Infrastructure” issue, pg. 170. 
 
Outline of strategy organization (italics within Issues and Objectives refer to this outline) 
13.1 All infrastructure, excluding fences: predation risks 

13.1.1 Minimize predation risks 
13.2 All infrastructure, excluding fences: disturbance to and mortality of GrSG, and habitat fragmentation 

13.2.1 Minimize direct impacts to GrSG and fragmentation of habitat 
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13.3 Fences 
13.3.1 Fences: minimize impacts 

13.4 Infrastructure impacts not well understood 
13.4.1. Research 

13.5 Lack of communication 
13.5.1 Improve communication 

 
ISSUE 13.1:  Utility corridors or other structures (excluding fences: see Issue 13.3) may increase opportunities for predation on GrSG 
in an area. 
OBJECTIVE 13.1.1:  Minimize the potential of increased predation pressure on GrSG as a result of human infrastructure (see also 
“Predation” strategy, pg. 401). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

13.1.1.1  Where technically and economically feasible, locate new utility 
corridors, communication towers, wind turbines, and other above-ground 
facilities outside GrSG seasonal habitats as defined by this plan (as per 
“GrSG Disturbance Guidelines”, Appendix B), with particular attention to 
lek sites.  (Lek data are considered sensitive information by CDOW.  Limit 
data distribution to the extent necessary for effective management.) 
Where this is not feasible, consider the following options: 

• route new utility corridors and locate new surface facilities as far 
from key habitat sites (e.g., leks) as possible 

• use topographic relief to reduce predator perch potential when 
designing new utility corridors and facilities 

• encourage utility burial when feasible where key habitat sites (e.g., 
leks) cannot be avoided for new utilities 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Ongoing 0.1 FTE 

13.1.1.2  Design new powerlines and other above-ground facilities to 
minimize use of the structures by avian predators.  Install appropriate perch 
deterrents where appropriate, in consultation with CDOW, using the most 
current science regarding the use and application of deterrent devices. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Ongoing 
1.0 FTE, 
$25,000 per 
project 
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13.1.1.3  Encourage retrofitting of existing powerlines and other overhead 
structures (e.g., communication towers, wind turbines) to deter raptor 
perching where utility corridors impact GrSG seasonal habitats as defined by 
this plan (as per “GrSG Disturbance Guidelines”, Appendix B).  Prioritize 
areas identified in need of retrofitting, using the most current science 
regarding the use and application of deterrent devices.  Encourage burial of 
the utility where predation effects are high, predation cannot be otherwise 
mitigated, and/or key habitat sites (e.g., leks) are involved.  All design and 
location recommendations should be based on the most current science.  
Because of the inherent limitations with burying power lines, this approach 
could only apply to certain project scenarios and line voltages. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Ongoing 
1.0 FTE, 
$25,000 per 
project 

13.1.1.4  In new pipeline construction, encourage reclamation practices that 
reduce predator effectiveness in the pipeline corridor.  To reduce the linear 
habitat effect of pipelines, consider reclamation and management techniques 
including: 

• feathering edges of vegetation cleared along the line 
• planting of sagebrush patches within the right of way 
• bridging the pipeline clearing with sagebrush patches at appropriate 

intervals 
• use least surface disturbing technique suitable for necessary 

development 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Ongoing 0.1 FTE 

13.1.1.5  Encourage the use of vegetation establishment techniques in 
existing pipeline corridors to reduce predator effectiveness. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Ongoing 0.1 FTE 

13.1.1.6  Coordinate the location and design of utility corridors and sage-
grouse species conservation efforts with management of other species within 
occupied GrSG habitat. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS, 
USFWS 

Ongoing Site-specific 

 
  
ISSUE 13.2:  Utility corridors, wind turbines, communication towers (including those associated with remote monitoring of oil and 
gas development), or other structures may increase the potential for disturbance to or direct mortality of GrSG, and may adversely 
impact GrSG habitats 
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OBJECTIVE 13.2.1:  Minimize (1) the direct adverse impacts on GrSG; and (2) fragmentation of GrSG habitat resulting from the 
development of infrastructure related to mineral, utility, energy, and housing development (see also “Energy and Mineral 
Development” [pg. 313], “Housing Development” [pg. 358], and “Roads” [pg. 409] strategies). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

13.2.1.1  Identify and map existing utility corridors, wind turbines, 
communication towers, and designated utility corridors in GrSG habitat. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, 
Industry, USFS 

Begin by 
2008 0.5 FTE 

13.2.1.2  For placement of new utility corridors or other infrastructure,  GrSG 
seasonal habitats should be mapped, prioritized, and avoided where possible.  
If seasonal habitats are not mapped, prioritize the areas to avoid by using the 
buffers described in “GrSG Habitat Disturbance Guidelines”, Appendix B.  
Consider land tenure options such as land exchanges or easements to 
minimize conflicts with leks and other key seasonal habitats. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Ongoing 2.0 FTE 

13.2.1.3  Cluster development of new roads, utility corridors, and other 
infrastructure facilities and use existing, combined corridors, ROWs, or 
previously disturbed areas, where possible; consider safety issues associated 
with high-voltage power lines and high pressure oil and natural gas lines in 
the same corridors.  Place new structures and infrastructure outside of key 
GrSG seasonal habitats as defined by this plan (see “GrSG Disturbance 
Guidelines”, Appendix B) whenever possible to minimize loss and 
fragmentation of habitat.  Use the least surface-disturbing technique suitable 
for necessary development.  Balance the benefits of clustered developments 
against the potential impact of wider disturbed corridors on GrSG 
movements.  Consider road closures and/or signing following development. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Ongoing 0.1 FTE 

13.2.1.4  Encourage appropriate marking of structures and/or altering tower 
features to minimize GrSG collisions with wind turbines, communication 
towers, powerlines, other overhead structures, and associated guy wires, in 
identified or potential collision areas near leks and other important seasonal 
GrSG habitat (see “GrSG Disturbance Guidelines”, Appendix B). 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Ongoing 0.1 FTE 
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13.2.1.5  Cooperatively plan construction and routine maintenance of utility 
corridors, wind turbines, or other infrastructure to avoid critical periods and 
sensitive areas, where technically and economically feasible.  Emergency 
maintenance and repairs are not subject to any timing restrictions. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Ongoing 0.1 FTE 

13.2.1.6  Encourage effective off-site mitigation (see descriptive process in 
“Energy” strategy, Objective 3.3.4), when infrastructure impacts cannot be 
mitigated or avoided on site. 

BLM, CDOW, Industry, LWGs, 
SLB, USFS, USFWS Ongoing 0.25 FTE 

13.2.1.7  Where GrSG habitat disturbances occur that require reclamation or 
habitat restoration, the potential vegetation community should be identified 
(Winward 2004) and a diverse seed mixture of native shrubs, grasses, and 
forbs should be used where ever possible (see Appendix D, 
“Recommendations Regarding Plant Species for Use in GrSG Habitat 
Management and Restoration”, Monsen 2005, and “Habitat Enhancement” 
strategy, pg. 349). 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Ongoing 0.1 FTE 

13.2.1.8  Use early and effective reclamation techniques, including interim 
reclamation, to speed the return of disturbed areas to use by sage-grouse.  
Develop and implement performance-based reclamation standards that 
include coordinated weed management.  Recognize that reclamation and/or 
weed control are continual and long-term efforts. 

BLM, CDOW, COGCC, County 
Governments, DRMS, Industry, 
LWGs, NRCS, Private 
Landowners, SLB, USFS, 
USFWS 

Ongoing N/A 

13.2.1.9  Recommend setting bonds sufficient to ensure that appropriate 
GrSG habitat reclamation is met. 

BLM, CDOW, COGCC, DRMS, 
LWGs, SLB, USFS, USFWS Ongoing 0.1 FTE 

13.2.1.10  Enforce and ensure compliance with conditions, stipulations, and 
reclamation for leases and permits in GrSG habitat. 

BLM, CDOW, COGCC, County 
Governments, DRMS, SLB, 
USFS, USFWS 

Ongoing 1.0 FTE/yr 

13.2.1.11  Evaluate the need for restoration of previously reclaimed 
infrastructure sites.  Prioritize areas in need of additional restoration efforts 
and identify potential funding sources. 

BLM, CDOW, Industry, LWGs, 
Private Landowners, SLB, USFS, 
USFWS 

Ongoing 0.1 FTE 

13.2.1.12  Coordinate the location and design of utility corridors and sage-
grouse species conservation efforts with management of other species within 
occupied GrSG habitat. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS, 
USFWS 

Ongoing 0.1 FTE 
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ISSUE 13.3:  Fences may adversely affect GrSG and their habitats. 

OBJECTIVE 13.3.1:  Minimize the potential for adverse impacts of fences on GrSG. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

13.3.1.1  GrSG seasonal habitats should be mapped prior to fence 
construction, in coordination with CDOW.  When feasible, new fences 
should not be constructed within a buffer around active leks (see Appendix 
B, “GrSG Disturbance Guidelines”).  Lek and telemetry data are considered 
sensitive information by CDOW.  Limit data distribution to the extent 
necessary for effective management. 

BLM, CDOW, LWGs, Private 
Landowners, SLB, USFS Ongoing 0.5 FTE 

13.3.1.2  If fences are constructed within the recommended buffer for leks 
(see Appendix B, “GrSG Disturbance Guidelines”), or within other known 
GrSG seasonal habitats where significant collision issues are identified 
through LWGs, consider the following options to minimize the possibility of 
GrSG collisions: 

• place fences to use topographic features to minimize the possibility of 
GrSG collisions 

• clearly mark fences in strategic locations to increase visibility 
• discourage the use of net-wire fencing to allow easier movement of 

grouse under fences, where feasible 
• if fences are needed for seasonal livestock use, consider using let-

down fences that can be put down during times of non-use 

BLM, CDOW, LWGs, Private 
Landowners, SLB, USFS Ongoing 0.1 FTE 

13.3.1.3  Timing of fence construction on public land should be scheduled 
according to the GrSG seasonal habitat in the area and the timing guidelines 
provided in Appendix B, “GrSG Disturbance Guidelines”.  

BLM, CDOW, SLB, USFS Ongoing N/A 

13.3.1.4  Minimize the width of cleared areas along fences to reduce predator 
effectiveness. 

BLM, CDOW, LWGs, Private 
Landowners, SLB, USFS Ongoing N/A 
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13.3.1.5  Where habitat disturbances occur that require reclamation or habitat 
restoration, the potential vegetation community should be identified 
(Winward 2004) and a diverse seed mixture of native shrubs, grasses, and 
forbs should be used wherever possible (see Appendix D, 
“Recommendations Regarding Plant Species for Use in GrSG Habitat 
Management and Restoration”, Monsen 2005, and “Habitat Enhancement” 
strategy, pg. 349). 

BLM, CDOW, LWGs, Private 
Landowners, SLB, USFS Ongoing 0.1 FTE 

13.3.1.6  In consultation with permittees or private landowners, relocate or 
redesign site-specific segments of existing fences where significant adverse 
effects on GrSG have been documented, as opportunities arise, to reduce the 
impacts to GrSG.  Identify potential funding sources to assist private 
landowners in modifying or marking existing fences. 

BLM, CDOW, LWGs, Private 
Landowners, SLB, USFS Ongoing 

0.1 FTE, 
$5000 per 
project 

13.3.1.7  Minimize duplication of fences and facilitate removal of abandoned 
fences within GrSG habitat. 

BLM, CDOW, LWGs, NRCS, 
Private Landowners, SLB, 
USFS 

Ongoing 0.1 FTE 

 
 
ISSUE 13.4:  Effects of human infrastructure on GrSG are poorly understood. 

OBJECTIVE 13.4.1:  Evaluate and quantify the effects of human infrastructure on GrSG. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

13.4.1.1  Evaluate the impact of utility corridors, communication towers, 
wind turbines and other infrastructure on predator effectiveness and resulting 
effects on GrSG populations.  [See Research Strategy 21.4.1.3] 

See Research Strategy 21.4.1.3 

13.4.1.2  Evaluate the impacts of utility corridors on GrSG habitats (i.e., 
fragmenting effects on habitat).  [See Research Strategy 21.1.2.3] See Research Strategy 21.1.2.3 

13.4.1.3  Evaluate the impacts of communication towers, wind turbines, and 
associated infrastructure on GrSG (both disturbance impacts and habitat 
fragmentation impacts).  [See Research Strategies 21.1.2.3 and 21.2.1.2] 

See Research Strategies 21.1.2.3 and 21.2.1.2 

13.4.1.4  Evaluate the impact of fences on GrSG populations (both 
disturbance impacts and habitat fragmentation impacts), and identify options 
to minimize those impacts.  [See Research Strategies 21.1.2.3 and 21.2.1.2] 

See Research Strategies 21.1.2.3 and 21.2.1.2 
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13.4.1.5  Develop effective methods to mark various types of infrastructure 
to increase visibility and minimize sage-grouse collisions.  [See Research 
Strategy 21.2.1.2] 

See Research Strategy 21.2.1.2 

 
 
ISSUE 13.5:  There is a lack of communication among agencies, industry, and affected publics involved with human infrastructure 
development, resulting in misunderstanding and less effective management for GrSG. 
OBJECTIVE 13.5.1:  Improve communication among agencies, industry, and affected publics involved with human infrastructure 
development, to facilitate improved trust, working relationships, planning, and more effective management of GrSG and their habitats. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

13.5.1.1  Present information and data about infrastructure development and 
GrSG so that it is readily understandable to stakeholders and the general 
public.  [See also Information, Communication, and Education Strategies 
12.2.1.3 and 12.3.1.1] 

BLM, CDOW, Industry, LWGs, 
NRCS, SLB, USFS, USFWS Ongoing 0.1 FTE 

13.5.1.2  Share GrSG data among agencies, and with counties, private 
landowners, and industry to allow for better planning of infrastructure 
development to minimize impacts to the species.  Lek and telemetry data are 
considered sensitive information by CDOW.  Limit data distribution to the 
extent necessary for effective management. [See also Information, 
Communication, and Education Strategy 12.3.2.2] 

BLM, CDOW, USFS, USFWS Ongoing 0.1 FTE 

13.5.1.3  Share infrastructure development plans with agencies ASAP to 
facilitate improved planning, analysis, and management of GrSG within 
sagebrush habitats, recognizing confidentiality sensitivities.  Lek and 
telemetry data are considered sensitive information by CDOW.  Limit data 
distribution to the extent necessary for effective management.  [See also 
Information, Communication, and Education Strategy 12.3.2.2] 

BLM, Industry Ongoing 0.1 FTE 

13.5.1.4  Encourage open communication among companies to entertain 
opportunities to reduce impacts and/or maximize benefits to GrSG.  [See also 
Information, Communication, and Education Strategy 12.3.2.3] 

BLM, CDOW, Industry Ongoing 0.1 FTE 

13.5.1.5  Encourage infrastructure companies to participate in local GrSG 
work groups.  [See Information, Communication, and Education 
Strategies 12.3.2.1 and 12.3.2.3] 

 
See Information, Communication, and Education Strategies 

12.3.2.1 and 12.3.2.3 
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13.5.1.6  Promote regular communication and continual coordination among 
agencies, industry, LWGs, and counties to improve infrastructure-related 
planning and management of GrSG.  [See Information, Communication, 
and Education Strategy 12.3.2.3] 

See Information, Communication, and Education Strategy 
12.3.2.3 

13.5.1.7  Promote and provide regular opportunities for public involvement 
to improve infrastructure planning as it relates to management of GrSG and 
GrSG habitat.  [See also Information, Communication, and Education 
Strategy 12.2.2.1] 

BLM, CDOW, County 
Governments, Industry, LWGs, 
NRCS, SLB, USFS, USFWS 

Ongoing N/A 

13.5.1.8  Communicate to affected publics the need to balance infrastructure 
development with GrSG habitat and population requirements.  [See 
Information, Communication, and Education Strategy 12.2.1.3] 

 
See Information, Communication, and Education Strategy 

12.2.1.3 

13.5.1.9  Promptly and frequently update information related to infrastructure 
development and GrSG to foster a better understanding of impacts to the 
species.  [See also Information, Communication, and Education Strategy 
12.3.2.2] 

BLM, CDOW, County 
Governments, Industry, LWGs, 
NRCS, SLB, USFS, USFWS 

Ongoing 0.5 FTE 

13.5.1.10  Improve the understanding, sharing, and acceptance of research 
and modeling efforts regarding GrSG and infrastructure development.  
Ensure that current management, reclamation techniques, and appropriate 
BMPs are shared with contractors and consultants to improve on-the-ground 
implementation.  [See also Information, Communication, and Education 
Strategies 12.3.1.1 and 12.3.2.2] 

BLM, CDOW, USFS, USFWS Ongoing 0.1 FTE 
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14. Lek Viewing 
 
It has been suggested that lek viewing may have an adverse impact on GrSG during the lekking season by interfering with normal lek 
behavior, though definitive research on the topic is limited.  An obvious disturbance would be to flush birds from the lek, which could 
hypothetically affect individuals and/or a population.  Sage-grouse are frequently flushed off leks by predators and respond to this 
disturbance in various ways.  Human disturbance, particularly if it is additive to disturbance by predators, could reduce the time the 
lek is active and reduce its size by causing males and females to avoid the lek. 
 
Although the impacts of human observers on lek behavior has not been clearly demonstrated, it has been found that vehicle 
disturbance and high-volume traffic is disruptive to GrSG (Mattise 1995, Trombulak and Frissell 2000).  Leks that can be viewed from 
a road or parking area may be vulnerable to vehicle traffic disturbance, if the viewing experience is not managed properly.   
 
Lek viewing is a popular spring activity for many bird watchers. Lek viewing can also be a positive influence on sage-grouse, as they 
can provide educational benefits as well as economic incentives to maintain sage-grouse habitats.  There is a need to manage this 
demand for viewing activity appropriately to benefit the grouse and the local communities.  Lek locations need to be treated as 
“sensitive” information; i.e., they should not be published in books or on the internet, but they need to be available to appropriate 
agency or private consultant biologists for planning purposes.  For further discussion, see “Lek Viewing” issue, pg. 172.  
 
ISSUE 14.1:  The disturbance from lek viewing may be impacting the breeding success of GrSG.  

OBJECTIVE 14.1.1: Minimize disturbance to GrSG at leks while allowing for public viewing of lek activity. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

14.1.1.1  Develop and implement a lek-viewing protocol for guidance in 
managing lek-viewing activities to minimize the impacts to GrSG.  Include 
activities such as monitoring visitors to leks, and providing an opportunity 
for the public to view leks without disturbing the birds (e.g., lease of private 
property, signs, viewing blinds, defining parking areas). 

CDOW, LWGs 2008 Negligible 

14.1.1.2  Develop public lek-viewing areas in consultation with CDOW and 
land management agencies to minimize disturbance to GrSG. Encourage 
local communities to develop and implement a managed lek-viewing 
opportunity. 

BLM, CDOW, County 
Governments, LWGs  2008 $8000/site 
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14.1.1.3  Manage lek viewing on developed sites to minimize the impacts to 
GrSG.  Encourage managed lek-viewing (using protocols) on private lands as 
a revenue source for landowners, or provide incentives, if possible. 

BLM, CDOW, LWGs, Private 
Landowners 2008 0.1 - 0.25 

FTE/site 

14.1.1.4  Limit the number of managed lek viewing sites for each GrSG 
population, and encourage the public to use developed sites.  Encourage 
agencies to develop a remote lek-viewing opportunity (e.g., “webcam”). 

BLM, CDOW, LWGs, Private 
Landowners 2008 

0.1 FTE and 
$500/site/ 
year 

14.1.1.5  Educate the GrSG viewing public about ethical viewing and 
photography of GrSG (e.g., provide information in viewing guides, internet 
sites focused on bird watching, brochures).  [See Information, 
Communication, and Education Strategy 12.2.1.3] 

See Information, Communication, and Education Strategy 
12.2.1.3 

14.1.1.6  Educate commercial bird watching tour guides and photographers 
about ethical GrSG lek-viewing  protocol.  [See Information, 
Communication, and Education Strategy 12.2.1.3] 

See Information, Communication, and Education Strategy 
12.2.1.3 

14.1.1.7  As appropriate, encourage local volunteers (e.g., Audubon Society, 
Chambers of Commerce) to help with lek counts to increase educational 
opportunities.  Ensure that all volunteers are trained about the sensitivity of 
lek location information. 

CDOW 2008 0.1 FTE 

14.1.1.8  Evaluate the impact of lek viewing on GrSG.  [See Research 
Strategy 21.2.1.5] See Research Strategy 21.2.1.5 

14.1.1.9  Treat lek locations as “sensitive information”, i.e, not published on 
the web or in books.  Lek locations need to be available for planning 
purposes to appropriate agency or private consultant biologists. 

BLM, CDOW, LWGs, NRCS, 
SLB, USFS, USFWS  2008 None 

14.1.1.10  Monitor and quantify the effects of viewing on lek attendance 
patterns.  [See Research Strategy 21.2.1.5] See Research Strategy 21.2.1.5 
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15. Pesticides 
 
This section addresses pesticide use in an agricultural context; pesticides associated with housing developments are covered in the 
“Housing Development” strategy section (see pg. 358).  Conservation strategies for agricultural pesticide use should focus on 
educating agricultural producers and cooperators about the potential impacts of pesticide applications on sage-grouse.  Insecticide use 
in occupied GrSG habitat is limited, so the focus should be on the use of herbicides to control sagebrush.  The importance of herbicide 
treatment type, timing, and location relative to GrSG habitats should be emphasized.  Strategies should include efforts to update 
knowledge on methods of herbicide treatments that can minimize adverse impacts to and/or enhance GrSG habitat.  For further 
discussion, see “Pesticides” issue, pg. 176. 
 
ISSUE 15.1: Some herbicide use recommendations for sagebrush treatment in GrSG habitat are obsolete. 
OBJECTIVE 15.1.1: Update recommendations on sagebrush herbicide treatment methods that reduce adverse impacts to and/or 
improve GrSG habitat. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

15.1.1.1 Conduct research on the effects of various herbicide treatments on 
GrSG habitat.  [See Research Strategy 21.1.2.1] See Research Strategy 21.1.2.1 

15.1.1.2  Using an interagency team approach, develop recommendations for 
methods of sagebrush herbicide treatments that reduce adverse impacts to 
and/or improve GrSG habitat. 

BLM, CDOW, LWGs, NRCS, 
USFS, USFWS 2008 0.5 FTE 

 
 
ISSUE 15.2: Sagebrush herbicide treatment methods that have fewer adverse impacts to GrSG habitat can be more expensive than 
traditional methods. 
OBJECTIVE 15.2.1: Encourage the use of non-traditional sagebrush herbicide treatments that have fewer adverse impacts to GrSG 
habitat. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

15.2.1.1 Provide monetary incentives to promote the use of non-traditional 
herbicide treatments where appropriate in GrSG habitat (see “Habitat 
Enhancement” strategy, pg. 349). 

CDOW , NRCS, USFWS Ongoing $25-40/acre 
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ISSUE 15.3: Land managers are not informed about the various herbicide treatment methods and associated impacts to GrSG habitat. 

OBJECTIVE 15.3.1: Inform land managers about sagebrush herbicide treatment methods and the associated impacts to GrSG habitat. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

15.3.1.1 Conduct local field trips to observe the results of different herbicide 
treatment methods in GrSG habitat.  [See also Information, 
Communication, and Education Strategies 12.2.1.3 and 12.3.1.1]  

CDOW, CSU Extension, LWGs, 
NRCS, Private Landowners 2008 $1,000 

15.3.1.2 Provide technical assistance and information to land managers 
regarding herbicide treatment design and application methods that minimize 
adverse impacts to GrSG habitat. 

BLM, CDOW, NRCS, USFWS, 
USFS 2008 0.25 FTE 

 
 
ISSUE 15.4:  Insecticide used for Mormon cricket control has the potential to impact GrSG. 

OBJECTIVE 15.4.1: Avoid using Mormon cricket treatments that are harmful to GrSG. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

15.4.1.1  Provide information on (1) important GrSG areas to avoid; (2) best 
timing for applications; and (3) least toxic methods of control, to aerial 
applicators of insecticides used to control Mormon crickets. 

CDOW, CSU Extension Ongoing No additional 
cost. 
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16.  Piñon-Juniper Encroachment 
 
Loss of habitat within GrSG range in Colorado can be attributed in some areas to piñon-juniper expansion and encroachment into 
sagebrush communities.  In addition to loss of habitat, conversion of shrub-steppe communities to piñon-juniper results in alterations 
in habitat suitability for sagebrush-dependent wildlife (Miller et al. 1999).  Commons et al. (1999) reported that Gunnison sage-grouse 
avoid piñon-juniper areas during breeding and summer periods.  A similar study on GrSG has not been done, but field observations 
suggest such avoidance also occurs with GrSG.  Doherty et al. (2008) reported strong avoidance of conifers by female sage-grouse 
during winter. 
 
Piñon-juniper encroachment into occupied GrSG habitat in Colorado is most significant in the NESR, NWCO, and PPR populations.  
In the NESR population, piñon-juniper encroachment is in the Eagle zone of the population.  Piñon-juniper treatment is listed as a 
conservation action in the NESR local plan (NESRCP 2004) and has been identified as a priority for CDOW biologists.  The NWCO 
population has the largest areas of piñon-juniper communities, primarily in the western part of the occupied habitat (Fig. 30, pg. 182).  
In the Piceance Basin portion of the PPR population area many of the ridge tops are relatively flat, and due to heavy piñon-juniper 
encroachment, sagebrush has become more of an understory to piñon-juniper than a predominant community type.  Piñon-juniper 
encroachment is also occurring in potential habitats associated with the PPR area.  For further discussion, see “Piñon-juniper 
Encroachment” issue, pg. 179. 
 
ISSUE 16.1:  In some areas of Colorado, loss of GrSG habitat can be attributed to piñon-juniper expansion and encroachment into 
sagebrush communities. 
OBJECTIVE 16.1.1:  Reduce the encroachment of piñon-juniper in those portions of NESR, NWCO, and PPR GrSG populations 
identified in Fig. 30, pg. 182. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

16.1.1.1  For each of the 3 GrSG populations, prioritize areas (Fig. 30, pg. 
182) where removal of piñon-juniper to enhance GrSG habitat is needed (see 
“Habitat Enhancement” strategy, pg. 349).  Focus should be on sites having 
appropriate characteristics (e.g., soil characteristics, sagebrush understory; 
also review historic photos) to support sagebrush communities, due to 
increased probability of success and reduction in cost.  Identify options, 
schedules, and funding opportunities for specific projects. 

BLM, CDOW, LWGs, NPS, 
NRCS, SLB, USFS, USFWS 2008 0.1 FTE 
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16.1.1.2  Identify ecological site characteristics and sagebrush species 
(Winward 2004) associated with GrSG habitat project areas identified in 
strategy 16.1.1.1 (Monsen 2005). 

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

2008 and 
ongoing $300/project 

16.1.1.3  Conduct pre-project planning (e.g., necessary archaeological 
clearances, EAs) and pre-restoration monitoring for sites selected for 
treatment in GrSG habitat in strategy 16.1.1.1.  

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

Begin 2008, 
and 
ongoing 

$25/acre for 
cultural 
clearances; 
$50/acre for 
planning 
activities  

16.1.1.4  Implement appropriate treatment/restoration action(s) (Monsen 
2005) for selected sites (identified in strategy 16.1.1.1) in GrSG habitat, as 
funding/personnel levels allow.  Treatment options include, but are not 
limited to: prescribed fire, mechanical treatments (such as roller chopping, 
hydro-axing, or chaining), and reseeding, if necessary. 

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

Begin 2008 
and 
ongoing 

$150-
500/acre; 
depends on 
equipment 
type used 
and if site is 
reseeded  

16.1.1.5  Monitor vegetation response to treatments in GrSG habitat 
(implemented in strategy 16.1.1.4), and evaluate treatment success (Monsen 
2005). 

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

Post- 
treatment $5/acre 

16.1.1.6  Reseed if necessary in areas treated in GrSG habitat (strategy 
16.1.1.4), to reestablish understory shrubs and herbs using methods outlined 
in Monsen (2005).  See also Appendix D, “Recommendations Regarding 
Plant Species for Use in GrSG Habitat Management and Restoration”. 

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

Ongoing $100-
300/acre 

16.1.1.7  Re-treat areas in GrSG habitat (identified in strategy 16.1.1.1), as 
necessary, to control re-invading trees. 

BLM, CDOW, LWGs, NPS, 
NRCS, Private Landowners, SLB, 
USFS, USFWS 

Post-
treatment, 
every 5-10 
years 

$80/acre  
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ISSUE 16.2:  In some areas of Colorado, loss of GrSG habitat can be attributed to piñon-juniper expansion and encroachment into 
sagebrush communities. 
OBJECTIVE 16.2.1:  Refine and regularly update mapping of piñon-juniper encroachment areas within occupied and potential GrSG 
habitat in all populations. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

16.2.1.1  Re-evaluate and update (for accuracy and currency) existing maps 
of piñon-juniper distribution in GrSG habitat (Fig. 30, pg. 182). 

BLM, CDOW, LWGs, NPS, 
NRCS, SLB, USFS, USFWS 

Every 5 
years or as 
needed 

0.5 FTE 
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17. Population Monitoring and Targets 
 

Current methods of estimating GrSG population size from lek counts make many untested assumptions (see “Lek Counts and 
Population Estimation”, pg. 50).  Research to address these assumptions and establish a more precise estimate is needed.  To reduce 
the assumptions made in estimating populations and identifying population management zones, we use only adult male population 
estimates. 
 
The population management zones in this plan are based on current male population estimates and potential habitat conditions (see 
“Colorado GrSG Population Management Zones”, pg. 248).  Habitat conditions and availability are expected to change over time, 
necessitating the need for reevaluation of population management zones.  In addition, population zones should be modified as 
knowledge of GrSG behavior and use of landscape features improves. 
 
ISSUE 17.1:  It is important to assess GrSG population size and trends, but current methods of estimating population size from lek 
counts make many untested assumptions. 
OBJECTIVE 17.1.1: Assess GrSG population size and trends and provide for the long-term monitoring of GrSG. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

17.1.1.1  Maintain consistent current GrSG lek count protocols (include 
searching for new leks), but use research results to establish protocols for 
future population monitoring and record keeping, including mechanisms to 
assure consistent implementation and reporting.  [See also Research 
Strategy 21.8.1.1] 

BLM, CDOW, LWGs Ongoing 
No 
additional 
cost 

17.1.1.2  Consider and implement conservation actions to achieve the GrSG 
male population targets outlined in this plan (see “Colorado GrSG 
Population Management Zones”, pg. 248). 

 BLM, CDOW, Counties, LWGs, 
NRCS, USFS, USFWS Ongoing 

Specific to 
individual 
conservation 
strategies 

17.1.1.3  Develop statistically defensible methods to estimate GrSG 
population size and/or trends.  [See Research Strategies 21.8.1.1, 21.8.1.2, 
21.8.1.3, and 21.8.1.5] 

See Research Strategies 21.8.1.1, 21.8.1.2, 21.8.1.3, and 21.8.1.5 

17.1.1.4  Coordinate with private landowners to gain access to expand GrSG 
lek search areas. CDOW Ongoing 0.25 FTE 

17.1.1.5  Develop a single, statewide, standardized lek data base for all 
Colorado GrSG population, and update data annually. CDOW 

2008 and 
update 
annually 

0.25 FTE 
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 ISSUE 17.2:  Population targets are based on current population estimates and potential habitat conditions, but habitat conditions and 
availability are expected to change over time. 
OBJECTIVE 17.2.1:  Reevaluate population targets as habitat conditions change and knowledge increases with regards to GrSG 
behavior and population dynamics. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

17.2.1.1  Use adaptive management approach (see pg. 10) to re-evaluate 
current population management zones. CDOW 2010 0.25 FTE 
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18. Predation 
 
Predation is a major cause of mortality in sage-grouse (Bergerud 1988a, Schroeder et al. 1999, Connelly et al. 2000c).  However, 
whether predation affects the fluctuations and viability of sage-grouse populations has never been investigated (Connelly and Braun 
1997, Connelly et al 2000c, Schroeder and Baydack 2001).  Schroeder and Baydack (2001) suggest that nest predators, in particular, 
have an important impact on sage-grouse population dynamics, given the high variation in nest success.  Nest predation may be 
higher, more variable, and have a greater impact on small, fragmented populations.  Predation may be an important factor in juvenile 
mortality, but nutrition, habitat quality, and environmental conditions also affect juvenile mortality (Pyle and Crawford 1996, Sveum 
et al. 1998a, Burkepile et al. 2002, Gregg et al. 2006).  The PVA analysis in this plan indicates that female juvenile mortality is one of 
the parameters with the greatest impact on GrSG population growth rates (see “Population Viability Analysis”, pg, 210).  For further 
discussion of this topic, see “Predation” issue, pg. 183. 
 
Before a predator control program is implemented, it is recommended that research be conducted to: (1) evaluate the demographic 
status of GrSG populations; (2) alleviate other contributing factors to population fluctuations (e.g., drought or disease); (3) address the 
behavioral and spatial interactions of predators and sage-grouse; (4) identify the extent of predation pressures and contributing 
predator community; and (5) evaluate the role of predation on the long-term viability of sage-grouse populations.   
 
The development of an effective predator management program is problematic given the complexity of the ecological and 
socioeconomic consequences, lack of reliable information, and public resistance to lethal predator control (Messmer et al. 1999), as 
well as conflicting state and federal regulations.  However, predator control may be necessary under some circumstances for GrSG 
populations that are small, isolated and/or fragmented.  In these cases, a predator control program should be designed for a specific 
GrSG population, since the relevant predator community will likely vary for each population.  An integrated program that includes 
both intensive and extensive (lethal and nonlethal) predator control methods may be the most effective, but will likely be costly.  
Predator control may be valid only if nest success and/or female (or brood) survival is exceptionally low.  The population viability 
analysis indicates a higher extinction probability for populations with <30 breeding males (see results for MWR population, Appendix 
K, “Population Viability Analysis Report”, pg. K-14). 



 

 

402

C
olorado G

reater Sage-grouse C
onservation Plan 

C
onservation Strategy

Predation

 
ISSUE 18.1:  Public misunderstanding of the role of predation in GrSG populations can make GrSG predation management 
challenging. 
OBJECTIVE 18.1.1:  Improve the public’s understanding of the role of predation on GrSG populations. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

18.1.1.1  Actively provide accurate information to the general public and 
stakeholders to improve their understanding about the relationship between 
predation and GrSG.  [See Information, Communication, and Education 
Strategies 12.2.1.3 and 12.3.1.1] 

See Information, Communication, and Education Strategies 
12.2.1.3 and 12.3.1.1 

 
 
ISSUE 18.2:  Information is lacking on the role of predation on GrSG populations. 

OBJECTIVE 18.2.1:  Conduct research and monitoring to investigate the role of predation on GrSG populations in Colorado. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

18.2.1.1  Conduct a thorough review of the existing literature on the 
relationship between predation and GrSG populations and habitat.  [See 
Research Strategy 21.4.1.1] 

See Research Strategy 21.4.1.1 

18.2.1.2  Establish a process to develop GrSG predation research priorities 
within Colorado, and encourage innovative and progressive research 
questions.  [See Research Strategy 21.4.1.1] 

See Research Strategy 21.4.1.1 

18.2.1.3  Document and monitor current predator population levels in GrSG 
habitat.  [See Research Strategy 21.4.1.1] See Research Strategy 21.4.1.1 

18.2.1.4  Evaluate relationships among GrSG predator species, including 
how GrSG predator species population levels change relative to each other.  
[See Research Strategy 21.4.1.2] 

See Research Strategy 21.4.1.2 

18.2.1.5  Investigate and evaluate the natural variability in GrSG predator 
populations.  [See Research Strategy 21.4.1.2] See Research Strategy 21.4.1.2 

18.2.1.6  Investigate the effects of predation on all GrSG life stages.  [See 
Research Strategy 21.4.1.1] See Research Strategy 21.4.1.1 
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18.2.1.7  Investigate the influence of GrSG habitat on predation rates.  [See 
Research Strategy 21.4.1.3] See Research Strategy 21.4.1.3 

18.2.1.8  Investigate how predation rates on GrSG are influenced by the 
natural temporal and spatial variability in sagebrush ecosystems (e.g., plant 
age class, fire intervals).  [See Research Strategy 21.4.1.3] 

See Research Strategy 21.4.1.3 

18.2.1.9  Investigate the quantity of habitat (i.e., patch size) needed to sustain 
GrSG.  [See Research Strategies 21.1.1.1 and 21.4.1.3] See Research Strategies 21.1.1.1 and 21.4.1.3 

18.2.1.10  Investigate how invasive weed species impact predation rates on 
GrSG.  [See Research Strategy 21.4.1.3] See Research Strategy 21.4.1.3 

18.2.1.11  Investigate the influence of habitat quality (e.g.,  nutrition, 
forb/insect quality and quantity) on GrSG chick vulnerability to predation.  
[See Research Strategies 21.1.1.1 and 21.1.1.3] 

See Research Strategies 21.1.1.1 and 21.1.1.3 

18.2.1.12  Evaluate the impact of infrastructure, powerlines, roads, and 
fences on predation rates in GrSG populations.  [See Research Strategy 
21.4.1.3] 

See Research Strategy 21.4.1.3 

18.2.1.13  Investigate the roles of and relationships between native and non-
native predators in the sagebrush ecosystem.  [See Research Strategy 
21.4.1.2] 

See Research Strategy 21.4.1.2 

18.2.1.14  Evaluate whether vegetation treatments improve GrSG habitat in a 
way that affects GrSG population parameters, such as nest success.  [See 
Research Strategy 21.1.2.1] 

See Research Strategy 21.1.2.1 

 
 
ISSUE 18.2:  Information is lacking on the role of predation on GrSG populations. 

OBJECTIVE 18.2.2:  Secure funding for research on predation and GrSG populations. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

18.2.2.1  Identify funding sources for research on predation and GrSG.  [See 
Research Strategy 21.4.1.1] See Research Strategy 21.4.1.1. 

18.2.2.2  Secure funding for research on predation and GrSG.  [See 
Research Strategy 21.4.1.1] See Research Strategy 21.4.1.1 
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ISSUE 18.3:  Although predation has always occurred in GrSG populations, increases in numbers or types of specific predators may 
affect sage-grouse population numbers. 
OBJECTIVE 18.3.1:  Encourage timely, innovative GrSG predation management strategies (including adaptive predator 
management and monitoring), to assist in achieving GrSG population targets (see “Colorado GrSG Population Management Zones”, 
pg. 248). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

18.3.1.1  Identify appropriate types of predator control for GrSG populations 
and coordinate potential actions locally and regionally. APHIS, CDA, CDOW, LWGs 2008 0.5 FTE 

18.3.1.2  Implement GrSG predator control, as necessary and appropriate and 
coordinate activities locally and regionally. 

APHIS, BLM, CDOW, County 
Governments, LWGs,  2009 3.0 FTE 

18.3.1.3  When applying predation management techniques, abide by 
existing laws, including: 

• Colorado Amendment 14 
• Bald and Golden Eagle Protection Act 
• Migratory Bird Treaty Act  

APHIS, CDOW, USFWS As needed No cost 

18.3.1.4  Design an effective and consistent monitoring program to 
determine if predation management actions are achieving desired results in 
GrSG populations. 

BLM, CCA, CDOW, CFB, 
CREA, LWGs, SRM ASAP 1.0 FTE 

18.3.1.5  Work with implementing parties to ensure that GrSG predation 
management monitoring results are reported. 

BLM, CCA, CDOW, CFB, 
CREA, Industry, LWGs, SRM As needed 0.5 FTE 

18.3.1.6  Establish an annual meeting to coordinate reporting of  LWG 
progress towards implementation of predation management strategies (in 
both local and statewide conservation plans), and to encourage 
communication among LWGs regarding predation management.  [See 
Information, Communication, and Education Strategy 12.3.2.1] 

See Information, Communication, and Education Strategy 
12.3.2.1 

18.3.1.7  Encourage and allow risk-taking (e.g., experimental predator 
control in limited areas) so that implementers and collaborators have the 
flexibility to conduct adaptive GrSG predation management. 

APHIS, CDOW Ongoing No Cost 

18.3.1.8  Report predation management strategy results to GrSG steering 
committee. LWGs Annually No cost 
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18.3.1.9  Educate interested publics regarding which management actions are 
most biologically and cost-effective in increasing reproductive success in 
GrSG populations.  [See Information, Communication, and Education 
Strategy 12.3.1.1] 

See Information, Communication, and Education Strategy 
12.3.1.1 

 
 
ISSUE 18.4:  Funding is needed to support predation strategies (in both local plan and statewide GrSG conservation plans). 
OBJECTIVE 18.4.1:  Identify and secure the funding needed to implement predation strategies (in both local plan and statewide 
GrSG conservation plans). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

18.4.1.1  Identify potential funding sources for predation management 
strategies. CDOW, NRCS, USFWS 2008 N/A 

18.4.1.2  Secure funding for predation management strategies. 
BLM, CDOW, Industry, LWGs, 
Private Landowners, NRCS, 
USFS, USFWS 

2008 0.5 FTE 

18.4.1.3  Develop a process to allocate funding for LWG predation 
strategies. CDOW 2008 0.5 FTE 

18.4.1.4  LWGs identify local plan funding needs and submit proposals 
within funding process framework (see strategy 18.4.1.3). CDOW, LWGs 2008 and 

annually 0.25 FTE 

 
 
ISSUE 18.5:  Special consideration regarding the implementation of predator management may be required in small isolated GrSG 
populations. 
OBJECTIVE 18.5.1:  Protect GrSG small populations from excessive predation when populations (3-year average) fall to either of 2 
“trigger” levels: (1) below 25 birds in the spring breeding population; or (2) to 25% of the long-term average goal for the population. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

18.5.1.1  Identify relevant predator species within local GrSG populations 
that meet the established trigger(s). 

BLM, CDOW, LWGs, Other 
Research Institutions, 
Universities, USFS, USFWS 

2009 $200,000/ 
population 
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18.5.1.2  Determine age-specific mortality and identify relative risks from 
avian and mammalian predation within local GrSG populations meeting the 
described trigger(s). 

BLM, CDOW, LWGs, Other 
Research Institutions, 
Universities, USFS, USFWS 

2009 $200,000/ 
population 

18.5.1.3  Evaluate whether predator management aimed at a specific predator 
species is an effective management tool that increases production and 
recruitment of sage-grouse in local populations that meet the established 
trigger(s). 

BLM, CDOW, LWGs, Other 
Research Institutions, 
Universities, USFS, USFWS 

2009 $400,000/ 
population 

18.5.1.4  If predator control is likely to be effective, then develop and 
implement predator management strategies designed for specific GrSG 
population that is in accordance with CDOW and federal regulations and 
policies. 

BLM, CDOW, LWGs, Other 
Research Institutions, 
Universities, USFS, USFWS 

2009 Cost varies 
by project 
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19. Recreational Activities  
 

Several GrSG local work groups in Colorado have identified recreational activities as a potential issue for GrSG (NPCP 2001, MPCP 
2001, NESRCP 2004).  Risks to GrSG from recreational activities include potential disturbances from humans (and their pets), 
resulting from activities such as hiking, biking, camping, photography, use of off-road vehicles, and snowmobiling.  However, the 
relative impact of these potential disturbances has never been examined.  Recreational activities such as lek viewing and hunting are 
addressed in separate strategy sections.  Recreation facilities and infrastructures (e.g., kiosks, restrooms, trailheads) are to be 
considered in the “Infrastructure” strategy section (pg. 383).  For further discussion, see “Recreational Activities” issue, pg. 191. 
 
ISSUE 19.1:  Recreational activities may cause a potential impact to GrSG. 
OBJECTIVE 19.1.1: Use experimentally designed studies to evaluate the cause and effect of recreational activity on the productivity 
and population viability of GrSG. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

19.1.1.1  Evaluate the effect of recreational activities on GrSG mating 
behavior.  [See Research Strategy 21.2.1.5] See Research Strategy 21.2.1.5 

19.1.1.2  Evaluate the effect of recreational activities on GrSG nesting and 
brood-rearing success.  [See Research Strategy 21.2.1.5] See Research Strategy 21.2.1.5 

19.1.1.3  Evaluate the effect of recreational activities on GrSG winter flocks.  
[See Research Strategy 21.2.1.5] See Research Strategy 21.2.1.5 

19.1.1.4  Evaluate the effect of recreational activities on recruitment and 
long-term population dynamics of GrSG.  [See Research Strategy 21.2.1.5] See Research Strategy 21.2.1.5 

 
 
ISSUE 19.1:  Recreational activities may cause a potential impact to GrSG. 
OBJECTIVE 19.1.2:  Minimize the potential adverse impacts of recreational activities on GrSG (see “GrSG Disturbance 
Guidelines”, Appendix B). 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

19.1.2.1  Minimize, where possible, the impacts to sage-grouse when 
designing or modifying recreational roads or trails. 

BLM, CDOW, County 
Governments, DPOR, LWGs,  
Private Landowners, USFS 

Ongoing Project-
specific 
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19.1.2.2  On publicly-owned properties, pets (this excludes working dogs) 
should be on-leash or restricted from areas within important GrSG breeding 
habitat (March – July). 

BLM, CDOW, SLB, USFS, 
USFWS 2008 Negligible 

19.1.2.3  Develop and distribute educational material on (1) general GrSG 
biology, and (2) the potential harmful effects of recreational activities on 
GrSG breeding, nesting, and winter areas.  Distribute to recreational groups, 
tourists, pet owners, private landowners, and lek viewers.  [See Information, 
Communication, and Education Strategies 12.2.1.1 and 12.2.1.3] 

See Information, Communication, and Education Strategies 
12.2.1.1 and 12.2.1.3 

19.1.2.4  Identify and map areas of high recreational use within GrSG habitat 
for use in guiding management decisions. BLM, CDOW, LWGs, USFS 2008 0.1 FTE 

19.1.2.5  Provide information and signage at areas where management 
actions relating to GrSG are in effect (e.g., designated trails, seasonal 
closures).  [See Information, Communication, and Education Strategy 
12.2.1.3 

See Information, Communication, and Education Strategy 
12.2.1.3 

19.1.2.6  On land that is important to GrSG, encourage private and public 
land managers to manage human recreation activities to benefit sage-grouse 
(e.g., during the breeding season, on winter range).  Provide incentives to 
landowners, if possible.  [See also Information, Communication, and 
Education Strategies 12.2.1.3 and 12.3.1.1] 

BLM, CDOW, County 
Governments LWGs, Private 
Landowners, USFS 

Ongoing Negligible 

19.1.2.7  Advocate for increased monitoring and enforcement of existing 
recreational regulations where conflicts with GrSG have been identified. 

BLM, CDOW, County 
Governments, LWGs, Private 
Landowners 

Ongoing Negligible 

19.1.2.8  Promote the development of a realistic and enforceable travel 
management plan on public lands to protect GrSG lek, nesting, brood 
rearing, and winter habitats. 

BLM, CDOW, County 
Governments, LWGs, SLB, 
USFS 

As plans are 
developed 0.25 FTE 

19.1.2.9  When existing recreational roads and trails conflict with GrSG 
habitat requirements, consider management options (within authorities) such 
as seasonal use restrictions, closure, removal, speed limits and realignment 
(administrative uses may be allowed). 

BLM, CDOW, County 
Governments, LWGs, Private 
Landowners, SLB, USFS 

As needed. Negligible 

19.1.2.10  Restrict off-highway vehicles (OHV) to on-trail or on-road use on 
public lands during the nesting season in occupied GrSG breeding habitat. 

BLM, CDOW, County 
Governments, LWGs, SLB, 
USFS, 

As needed. 0.1 FTE 
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20.  Roads 
 
Roads have multiple impacts on wildlife in terrestrial ecosystems, including (1) increased mortality from collision with vehicles; (2) 
changes in behavior; (3) loss and alteration of habitat; (4) spread of exotic species; and (5) increased human access, resulting in 
facilitation of additional alteration and use of habitats by humans (Jackson 2000, Trombulak and Frissell 2000).   
 
There is not much research regarding any of the potential impacts of roads on GrSG populations.  Potential changes in GrSG behavior 
may have a significant impact on populations (see “Energy and Mineral Development” issue section, pg. 109), especially if traffic 
volume and disturbance to grouse is high.  Collisions with vehicles may cause individual sage-grouse mortality, but these it is 
unknown whether collisions have a significant effect on GrSG populations.  For further discussion on this topic, see “Roads” issue 
(pg. 193) and “GrSG Habitat Loss: Roads in Colorado” (pg. 284). 
 
ISSUE 20.1:  Roads may impact GrSG populations by direct mortality, behavioral changes, spread of exotic plants, fragmentation of 
habitat, and by providing additional human access to formerly remote areas. 
OBJECTIVE 20.1.1:  Minimize the potential for adverse impact of roads on GrSG and their habitat (see “GrSG Disturbance 
Guidelines”, Appendix B).  

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

20.1.1.1  Identify, categorize (e.g., 2-track, gravel, unpaved, paved), and map 
roads in GrSG range.  Maintain a current GIS roads datalayer. 

BLM, CDOT, CDOW, County 
Governments, NPS, USFS Ongoing 

$20/mile 
(FTE Costs) 
+$10,000 
(Equipment) 

20.1.1.2  For placement of new roads, GrSG seasonal habitats should be 
mapped and avoided whenever possible.  If seasonal habitats are not yet 
mapped, construction should be avoided within the buffers described in the 
“GrSG Disturbance Guidelines” (Appendix B). 

BLM, CDOW, County 
Governments, Industry, LWGs, 
NPS, Private Landowners, SLB, 
USFS 

During road 
planning 
phase 

Varies by 
project 

20.1.1.3  Timing of road building and road maintenance activities should be 
modified according to the GrSG seasonal habitat in the area and the timing 
guidelines provided in Appendix B. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

During road 
Planning 
phase 

0.1 FTE 

20.1.1.4  Where opportunities arise, manage existing roads to minimize 
disturbance to leks or other seasonal habitats, particularly breeding habitat.  
Employ seasonal closures, permanent closures, rerouting of existing roads, or 
other measures, as deemed locally appropriate. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
Private Landowners, SLB, USFS 

Annually 
Varies by 
type of 
management  
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20.1.1.5  If new local or unpaved roads are constructed within GrSG seasonal 
habitats, encourage appropriate governing authorities to restrict speed limits 
as specified by the “GrSG Disturbance Guidelines”, Appendix B). 

BLM, CDOW, County 
Governments, Industry, LWGs, 
NPS, Private Landowners, SLB, 
USFS 

During road 
planning 
phase 

0.1 FTE 

20.1.1.6  New roads should not be constructed within 0.6 miles of leks (see 
“GrSG Disturbance Guidelines”, Appendix B).  If this is impractical, roads 
should be placed to avoid line-of-sight between strutting males and 
road/associated traffic.  Lek data are considered sensitive information by 
CDOW.  Limit data distribution to the extent necessary for effective 
management. 

BLM, CDOW, County 
Governments, NPS, SLB, USFS 

During road 
planning 
phase 

Varies by 
project 

20.1.1.7  On federal land, consider GrSG habitat when determining 
allocation designations for user-created routes.  This should be done when 
developing activity or LUP level Travel Management Plans. 

BLM, USFS, USFWS 

During 
travel 
mgmt. plan 
phase 

N/A 

20.1.1.8   If habitat disturbance that will require habitat restoration occurs in 
conjunction with building, maintaining, or reclaiming roads, the potential 
vegetation community needs to be identified (Winward 2004) and a diverse 
seed mixture of native shrubs, grasses, and forbs should be used (see 
Appendix D, “Recommendations Regarding Plant Species for Use in GrSG 
Habitat Management and Restoration”, Monsen 2005, and “Habitat 
Enhancement” strategy, pg. 349). 

BLM, CDOT, CDOW, County 
Governments, Industry, NPS, 
Private Landowners, SLB, USFS 

Immediatel
y following 
disturbance 

Project -
specific 

20.1.1.9  Prevent and control the spread of noxious and invasive weeds in 
disturbed areas associated with roads (see “Weeds” strategy, pg. 425). 

BLM, CDOT, CDOW, County 
Governments, SLB, USFS Ongoing $40-$100/ 

acre 
20.1.1.10  Evaluate the effects of road placement and traffic levels on GrSG 
and GrSG habitat.  [See Research Strategies 21.1.2.3 and 21.2.1.2] See Research Strategies 21.1.2.3 and 21.2.1.2 
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21.  Research 
 
This section is a summary of research needs related to GrSG.  Specific research questions have been identified within many of the 
other strategy sections (e.g., Energy and Mineral Development, Grazing).  Using these specific questions as a basis, we have identified 
broader research topics that (1) are important to understanding GrSG populations and habitat; and (2) lead to more effective GrSG 
management. 
 
Research is a topic that is of concern in almost every issue area.  We organized this strategy section differently than the others, to 
address similarities and redundancies among the numbered strategies in different strategy sections.  Under each numbered research 
strategy, we have listed all (if any) related specific research questions that were identified in other strategy sections.  Thus, the original 
numbered strategy provided under an issue remains stated in that section, but a broader strategy is written in the “Research” section, 
and is intended to cover the original individual strategy, along with others.  The “Responsible Parties”, “Timeline”, and “Cost” 
columns are completed for the broader, overarching research strategy, but remain blank in the supporting, related strategies from other 
strategy sections. 
 
For example, “Research” strategy 21.1.1.3  reads, “Evaluate the effect(s) of vegetation “quality” (e.g., vegetation structure, sagebrush 
canopy height and cover, forb and grass height, diversity, and abundance, nutrition available to GrSG) on sage-grouse productivity, 
adult survival, and population dynamics.”  Related strategies from all issues sections are listed below 21.1.1.3, including a strategy 
from the “Grazing” section: “6.1.3.2  Determine the relationship of GrSG habitat parameters to sage-grouse productivity, 
demographics, and population viability.”  The “Responsible Parties”, “Timeline”, and “Cost” columns are completed for strategy 
21.1.1.3, but not for strategy 6.1.3.2 in the “Grazing” strategy section. This organizational approach results in redundancy within the 
plan, but allows for completeness within each individual strategy section, which may be important in implementing the plan. 
 
This list of research strategies is meant only to illustrate where information is needed for GrSG.  An effective management program 
will require research studies that incorporate an adaptive management approach.  Acquired scientific information should be integrated 
into the implementation of research and management plans, which should be revised and updated as necessary.  Obviously there are 
more research needs listed than time, money, and personnel can achieve in the near-term.  Prioritization of these research strategies, 
along with other strategies, will occur in the implementation plan to be completed after this plan is signed. 
 
Outline of Research Strategy Organization (italics within Issues and Objectives refer to this outline) 
Issue 21.1:  Effects on GrSG of (1) Habitat quality and quantity; and (2) human-controlled impacts in GrSG habitat 

Objective 21.1.1:  Impacts of habitat quality and quantity on GrSG 
Objective 21.1.2:  Impacts of human-controlled activities on GrSG habitat 
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Issue 21.2:  Effects of human-controlled activities on GrSG behavior and demographics. 
Objective 21.2.1:  Impacts of various human-controlled activities on GrSG behavior, and the resulting implications for GrSG 
populations. 

Issue 21.3:  Effectiveness of current measures designed to protect GrSG from energy and mineral development impacts 
Objective 21.3.1:  Determine effectiveness of the measures designed to protect GrSG from the potential adverse impacts of 
energy and mineral development, and related infrastructure. 

Issue 21.4:  Impacts of predation on GrSG 
Objective 21.4.1:  Examine the effect(s) of predation on GrSG behavior and population dynamics. 

Issue 21.5:  Potential impacts of West Nile Virus on GrSG 
Objective 21.5.1:  Investigate the potential impacts of WNV on GrSG 

Issue 21.6:  Theories of additive and compensatory mortality and hunting of GrSG. 
Objective 21.6.1: Investigate additive and compensatory mortality thresholds and sport harvest in GrSG. 

Issue 21.7:  Small isolated populations of greater sage-grouse may have low genetic diversity, which may facilitate inbreeding 
depression. 
Objective 21.7.1:  Monitor genetic diversity within the smaller isolated populations of greater sage-grouse in Colorado. 

Issue 21.8:  Population estimation methods are imprecise 
Objective 21.8.1: Conduct research to establish a more precise population estimate method 

 
ISSUE 21.1:  It is not well understood how GrSG population dynamics and sustainability are impacted by (1) the quality and quantity 
of GrSG habitat; and (2) human-controlled activities in GrSG habitat. 
OBJECTIVE 21.1.1:  Evaluate the effects of habitat quality and quantity on (1) GrSG behavior; and (2) the dynamics and 
sustainability of GrSG populations. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

21.1.1.1  Evaluate how the amount (i.e., “patch size”), configuration, and 
composition of GrSG habitat affect (1) sage-grouse behavior (e.g., movement 
and dispersal); (2) species distribution; (3) productivity; (4) population 
dynamics; and (5) population sustainability.  Map and analyze landscape 
metrics (e.g., edge density, fragmentation, heterogeneity, fractal dimension), 
using the most reliable and current GIS data and examine the spatial and 
temporal correlation with sage-grouse population dynamics.  Evaluate the 
potential for dispersal of individuals into currently unoccupied suitable 
habitat. 

BLM, CDA, CDOW, Industry, 
LWGs, NGOs, NRCS, Other 
Research Institutions, Private 
Landowners, SLB, Universities, 
USFS, USFWS, USGS, WAFWA 

Begin by 
2010 

$2,250,000
/ yr, + 
$130,000 + 
0.1 FTE 
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FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.4.3.7  Quantify habitat fragmentation effects on GrSG. 
3.4.3.8  Determine habitat loss thresholds for GrSG populations using spatially explicit landscape models(i.e., how much habitat is needed to 
sustain a population). 
3.4.3.9  Identify the appropriate mix of sagebrush habitats and seral stages necessary for sustainable GrSG populations, consistent with site 
capabilities. [Also under 21.1.1.3] 

3.4.3.10  Determine the sufficient minimum habitat patch size for GrSG, as it relates to habitat fragmentation. 

FROM GRAZING STRATEGY SECTION: 
6.1.3.1  Conduct a literature review of how GrSG populations respond to different habitat parameters. 
6.1.3.2  Determine the relationship of GrSG habitat parameters to sage-grouse productivity, demographics, and population viability.  [Also under 
21.1.1.3] 
FROM HABITAT MONITORING STRATEGY SECTION: 
9.1.2.3  Evaluate the impact of vegetation condition on GrSG populations. 
FROM HOUSING DEVELOPMENT STRATEGY SECTION: 
10.2.2.1  Conduct research to determine (1) sage-grouse habitat patch size and configuration needs, and (2) fragmentation impacts on GrSG 
movements and population isolation. 
FROM PREDATION STRATEGY SECTION: 
18.2.1.9  Investigate the quantity of habitat (i.e., patch size) needed to sustain GrSG.  [Also under 21.4.1.3] 
18.2.1.11  Investigate the influence of habitat quality (e.g.,  nutrition, forb/insect quality and quantity) on GrSG chick vulnerability to predation.  
[Also under 21.1.1.3] 

21.1.1.2  Develop a spatially-explicit population model that incorporates 
current estimates (with appropriate estimates of temporal and spatial variation) 
of demography and movement in order to evaluate the relative effects of 
changing land-uses on GrSG populations. 

CCP SC, CDOW, NGOs, Other 
Research Institutions, Universities 

Begin by 
2009 0.1 FTE 

FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.4.1.2  Develop and update a modeling scenario and impacts assessment (regarding energy and mineral development) that considers (1) 
reclamation efforts and results; (2) long-term changes in GrSG habitat; and (3) the various stages of energy development (e.g., high-intensity, short-
duration development vs. lower-intensity, longer-duration development).  [Also under 21.1.2.3] 
FROM HOUSING DEVELOPMENT STRATEGY SECTION: 
10.2.2.4  Develop predictive models to monitor and assess impacts of habitat fragmentation in sage-grouse habitat. 

21.1.1.3  Evaluate the effect(s) of vegetation “quality” (e.g., vegetation 
structure, sagebrush canopy height and cover, forb and grass height, diversity, 
and abundance, nutrition available to GrSG) on sage-grouse productivity, 
adult survival, and population dynamics. 

BLM, CDA, CDOW, Industry, 
LWGs, NRCS, Private 
Landowners, SLB, Universities, 
USFS, USFWS, USGS 

Begin by 
2012 

$250,000/ 
yr + 
$100,000 

FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.4.3.9  Identify the appropriate mix of sagebrush habitats and seral stages necessary for sustainable GrSG populations, consistent with site 
capabilities. [Also under 21.1.1.1] 
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FROM GRAZING STRATEGY SECTION: 
6.1.3.2  Determine the relationship of GrSG habitat parameters to sage-grouse productivity, demographics, and population viability.  [Also under 
21.1.1.1] 
FROM PREDATION STRATEGY SECTION: 
18.2.1.11  Investigate the influence of habitat quality (e.g.,  nutrition, forb/insect quality and quantity) on GrSG chick vulnerability to predation.  
[Also under 21.1.1.1] 

 
 
ISSUE 21.1:  It is not well understood how GrSG population dynamics and sustainability are impacted by (1) the quality and quantity 
of GrSG habitat; and (2) human-controlled activities in GrSG habitat. 
OBJECTIVE 21.1.2:  Evaluate human-controlled impacts on GrSG habitat, and the resulting implications for GrSG populations. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

21.1.2.1  Examine the effects of different habitat treatments on the quality, 
quantity, and configuration of GrSG habitat, and the responses of GrSG 
populations. 

BLM, CDA, CDOW, LWGs, 
NRCS, Private Landowners, 
UCEPC, USFS, USFWS, USGS 

Begin by 
2015 

$200,000/ 
yr + 
$305,000 

FROM AGRICULTURAL CONVERSION STRATEGY SECTION: 
1.1.1.1  Evaluate whether past vegetation restoration applications in CRP and cropland serve as suitable GrSG habitat.  Produce a report that 
documents these efforts. 
1.1.1.2  Design, plant, evaluate, and report on field trials for establishing desired vegetation to serve as GrSG habitat in CRP and cropland.  [Also 
under 21.1.2.4] 
FROM HABITAT ENHANCEMENT STRATEGY SECTION: 
7.1.2.4  Evaluate the effectiveness of vegetation enhancement treatments on GrSG. 
FROM PESTICIDES STRATEGY SECTION: 
15.1.1.1 Conduct research on the effects of various herbicide treatments on GrSG habitat. 
FROM PREDATION STRATEGY SECTION: 
18.2.1.14  Evaluate whether vegetation treatments improve GrSG habitat in a way that affects GrSG population parameters, such as nest success. 

21.1.2.2  Evaluate the effects of varying grazing management practices 
(domestic and wild ungulates) on the quality of GrSG habitat (e.g., grass and 
forb abundance, diversity, and vegetation structure). 

BLM, CDOW, CSU Extension, 
LWGs, NAGP, NRCS, 
Universities, USFS, WAFWA 

Begin by 
2015 

$200,000/ 
yr + 
$30,000 + 
0.25 FTE 

FROM GRAZING STRATEGY SECTION: 
6.1.2.1  Conduct a literature review of grazing systems and their effects on the vegetation parameters important to sage-grouse. 

6.1.2.2  Evaluate the effect of herbivores on the quality of sagebrush habitat (e.g., grass and forb abundance, diversity, and vegetative structure). 
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6.1.2.3  Provide incentives to private landowners to participate in research (e.g., strategy 6.1.1.2, 6.1.2.2) and monitoring actions (e.g., if a rancher 
is requested to rest a pasture for a research project).  Develop grazing banks or help find other pasture to graze.  Provide financial compensation 
such as fencing and water developments; however, water developments should be designed to minimize WNV risk to GrSG). 
6.1.2.4  As results become available on research on herbivory and GrSG (e.g., strategy 6.1.1.2, 6.1.2.2), distribute them to local work groups. 
[Also under Information, Communication, and Education Strategy 12.3.2.1] 

21.1.2.3  Evaluate the impacts of infrastructure, energy, and mineral 
development (including reclamation efforts following development), on the 
quality, quantity, and configuration of GrSG habitat.  

CDOW, CCP SC, LWGs, 
Universities 

Begin by 
2015 

$800,000 + 
6.0 FTE 

FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.4.1.2  Develop and update a modeling scenario and impacts assessment (regarding energy and mineral development) that considers (1) 
reclamation efforts and results; (2) long-term changes in GrSG habitat; and (3) the various stages of energy development (e.g., high-intensity, short-
duration development vs. lower-intensity, longer-duration development).  [Also under 21.1.1.2] 
FROM INFRASTRUCTURE STRATEGY SECTION: 
13.4.1.2  Evaluate the impacts of utility corridors on GrSG habitats (i.e., fragmenting effects on habitat). 
13.4.1.3  Evaluate the impacts of communication towers, wind turbines, and associated infrastructure on GrSG (both disturbance impacts and 
habitat fragmentation impacts).  [Also under 21.2.1.2] 
13.4.1.4  Evaluate the impact of fences on GrSG populations (both disturbance impacts and habitat fragmentation impacts) and identify options to 
minimize those impacts. [Also under 21.2.1.2] 
FROM ROADS STRATEGY SECTION: 
20.1.1.10  Evaluate the effects of road placement and traffic levels on GrSG and GrSG habitat.  [Also under 21.2.1.2] 

21.1.2.4  Evaluate the potential impact of (and techniques for) converting CRP 
to sagebrush habitat on sage-grouse distribution and population viability. 

CDOW, LWGs, NRCS, Private 
Landowners, Universities, 
UCEPC, USFS 

Begin by 
2010 $100,000 

FROM AGRICULTURAL CONVERSION STRATEGY SECTION: 
1.1.1.2  Design, plant, evaluate, and report on field trials for establishing desired vegetation to serve as GrSG habitat in CRP and cropland.  [Also 
under 21.1.2.1] 

 
 
ISSUE 21.2:  It is not well-understood how GrSG behavior and demographics are impacted by human-controlled activities. 
OBJECTIVE 21.2.1:  Evaluate the impact of various human-controlled activities on GrSG behavior, and the resulting implications 
for GrSG populations. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

21.2.1.1  Evaluate the impact of agricultural and residential development on 
the behavior, distribution, demography, and population dynamics of sage-
grouse. 

BLM, CDOW, Universities Begin by 
2020 

$250,000/ 
yr for 3 yrs 
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FROM GRAZING STRATEGY SECTION: 
6.1.1.1  Conduct a literature review of herbivores and their effects on sage-grouse. 

6.1.1.2  Evaluate the effects of herbivores on GrSG (e.g., nest trampling, changes in GrSG behavior, also positive effects). 

FROM HOUSING DEVELOPMENT STRATEGY SECTION: 
10.1.1.8  Investigate impacts of housing on GrSG, due to noise, pets, and increased activity.  Use data to assist with planning and future housing 
development. 

21.2.1.2  Evaluate the effect of powerlines, fences, roads, and other human 
infrastructure on the behavior, distribution, demography, and population 
dynamics of sage-grouse. 

CDOW, Industry, LWGs, 
Universities 

Begin by 
2015 

$800,000 
and 6.0 
FTE 

FROM INFRASTRUCTURE STRATEGY SECTION: 
13.4.1.3  Evaluate the impacts of communication towers, wind turbines, and associated infrastructure on GrSG (both disturbance impacts and 
habitat fragmentation impacts).  [Also under 21.1.2.3] 
13.4.1.4  Evaluate the impact of fences on GrSG populations (both disturbance impacts and habitat fragmentation impacts), and identify options to 
minimize those impacts  [Also under 21.1.2.3] 

13.4.1.5  Develop effective methods to mark infrastructure for visibility to minimize sage-grouse collisions. 

FROM ROADS STRATEGY SECTION: 
20.1.1.10  Evaluate the effects of road placement and traffic levels on GrSG and GrSG habitat. [Also under 21.1.2.3] 

21.2.1.3  Evaluate the impact of energy development on the behavior, 
distribution, demography, and population dynamics of sage-grouse.  Include: 
(1) how specific factors affecting population parameters are influenced by 
energy development; and (2) the relative impact of specific aspects of oil and 
gas development (e.g., intensity, duration, and timing elements in PVA [see 
pg. 210]).  Recognize the need and timeline necessary to integrate research 
data and results into energy development planning cycles. 

BLM, CDOW, Industry, LWGs, 
NRCS, SLB, Universities, USFS, 
USFWS 

Begin by 
2020 

$2,000,000 
/yr + 0.5 
FTE 

FROM ENERGY AND MINING DEVELOPMENT STRATEGY SECTION: 
3.4.3.1  Develop a timeline for implementation of research strategies (strategies 3.4.3.3 - 3.4.3.5; 3.4.3.7 - 3.4.3.10). 

3.4.3.2  Increase funding to conduct needed research on mining, energy development, and GrSG in Colorado. 

3.4.3.3  Investigate the specific factors affecting GrSG population parameters (e.g., causes of female and chick mortality, effects of noise on sage-
grouse habitat use or avoidance, wind direction, and topography influence on noise impacts), and how they are influenced by energy development. 
3.4.3.4  Investigate the specific factors affecting GrSG population parameters (e.g., causes of female and chick mortality), and how they are 
influenced by energy development. 
3.4.3.5  Design and implement a research program (regarding energy/mining and GrSG) so that the duration of data is sufficient to answer GrSG 
management questions.  Recognize the need and timeline necessary to integrate research data and results into planning cycles. 
3.4.3.6  Study, monitor, and attempt to quantify impacts to sage-grouse from oil and gas development and mining operations (e.g., intensity, 
duration, and timing elements of PVA). 
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3.4.3.7  Incorporate stakeholder concerns into current and future research designs for GrSG studies. 

21.2.1.4  Evaluate the effect of mining development on the behavior, 
distribution, demography, and population dynamics of sage-grouse. CDOW, Universities Begin by 

Dec. 2008 

$200,000/ 
yr for 3 yrs 
and 1 FTE 

21.2.1.5  Evaluate the effect of recreational activities (e.g., lek viewing, 
hiking, camping, off-road vehicles, etc.) on the behavior, distribution, 
demography, and population dynamics of sage-grouse. 

CDOW, Other Research 
Institutions, Universities 

Begin by 
2020 

$200,000/ 
yr 

FROM LEK VIEWING STRATEGY SECTION: 
14.1.1.8  Evaluate the impact of lek viewing on GrSG. 

14.1.1.10  Monitor and quantify the effects of viewing on lek attendance patterns. 

FROM RECREATIONAL ACTIVITIES STRATEGY SECTION: 
19.1.1.1  Evaluate the effect of recreational activities on GrSG mating behavior. 

19.1.1.2  Evaluate the effect of recreational activities on GrSG nesting and brood-rearing success. 

19.1.1.3  Evaluate the effect of recreational activities on GrSG winter flocks. 

19.1.1.4  Evaluate the effect of recreational activities on recruitment and long-term population dynamics of GrSG. 

 
 
ISSUE 21.3:  The effectiveness of current measures designed to protect GrSG from the impacts of energy and mineral development 
is not well understood. 
OBJECTIVE 21.3.1:  Determine the effectiveness of the various programs and approaches designed to protect GrSG from the 
potential adverse impacts of energy and mineral development, and related infrastructure. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

21.3.1.1  Determine the effectiveness of energy and mining mitigation actions, 
reclamation, existing stipulations, and BMPs in protecting GrSG habitat and 
populations. 

BLM, CDOW, Universities Begin by 
2010 

$750,000/ 
yr 

FROM ENERGY AND MINERAL DEVELOPMENT STRATEGY SECTION: 
3.3.4.4  Determine whether sage-grouse will move to mitigation areas as mine and energy development sites develop in active habitat. 
3.4.2.1  Through research, determine the effectiveness of energy and mining mitigation actions, stipulations, and BMPs in maintaining GrSG 
populations and/or habitat across the landscape.  
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21.3.1.2  Determine the effectiveness of stipulations, restrictions, and 
guidelines designed to protect GrSG populations and habitat from the potential 
adverse impacts of infrastructure (e.g., powerlines, wind turbines, roads). 

APHIS, BLM, CDA, CDOW, 
CSU Extension, Industry, LWGs, 
NRCS, Private Landowners, 
USFS, USFWS, USGS 

Begin by 
2010 

Conduct in 
conjunction 
with other 
research 

 
 
ISSUE 21.4:  The impacts of predation on GrSG are not well understood. 

OBJECTIVE 21.4.1:  Examine the effect(s) of predation on GrSG behavior and population dynamics. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

21.4.1.1  Determine age-specific mortality (especially for chick and adult 
females, as per the PVA sensitivity analysis [see pg. 217]) and identify the 
relative risks from avian and mammalian predation within local GrSG 
populations. 

APHIS, BLM, CDA, CDOW, 
CSU Extension, Industry, LWGs, 
NRCS, Private Landowners, 
USFS, USFWS, USGS  

Begin by 
2010 

$600,000/ 
yr + 2.0 
FTE 

FROM PREDATION STRATEGY SECTION: 
18.2.1.1  Conduct a thorough review of the existing literature on the relationship between predation and GrSG populations and habitat. 
18.2.1.2  Establish a process to develop GrSG predation research priorities within Colorado, and encourage innovative and progressive research 
questions. 

18.2.1.3  Document and monitor current predator population levels in GrSG habitat. 

18.2.1.6  Investigate the effects of predation on all GrSG life stages. 

18.2.2.1  Identify funding sources for research on predation and GrSG. 

18.2.2.2  Secure funding for research on predation and GrSG. 

21.4.1.2  Implement research to better understand the behavioral and spatial 
interactions of GrSG predators with prey and other predator species. 

APHIS, BLM, CDA, CDOW, 
Private Landowners, Universities, 
USFWS, USGS  

Begin by 
2015 

$600,000/ 
yr 

FROM PREDATION STRATEGY SECTION: 
18.2.1.4  Evaluate relationships among GrSG predator species, including how GrSG predator species population levels change relative to each 
other. 

18.2.1.5  Investigate and evaluate the natural variability in GrSG predator populations. 

18.2.1.13  Investigate the roles of and relationships between native and non-native predators in the sagebrush ecosystem. 
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21.4.1.3  Evaluate the large-scale effects of landscape structure (e.g., 
composition and configuration of landcover types) and small-scale effects 
(e.g., perch site availability, vegetation structure, and predator exclosures) on 
GrSG predator-prey interactions. 

APHIS, BLM, CDA, CDOW, 
Industry, Private Landowners, 
Universities, USFWS, USGS  

Begin by 
2015 

$100,000/ 
yr 

FROM INFRASTRUCTURE STRATEGY SECTION: 
13.4.1.1  Evaluate the impact of utility corridors, communication towers, wind turbines and other infrastructure on predator effectiveness and 
resulting effects on GrSG populations. 
FROM PREDATION STRATEGY SECTION: 
18.2.1.7  Investigate the influence of GrSG habitat on predation rates. 
18.2.1.8  Investigate how predation rates on GrSG are influenced by the natural temporal and spatial variability in sagebrush ecosystems (e.g., plant 
age class, fire intervals). 

18.2.1.9  Investigate the quantity of habitat (i.e., patch size) needed to sustain GrSG.  [Also under 21.1.1.1] 

18.2.1.10  Investigate how invasive weed species impact predation rates on GrSG. 

18.2.1.12  Evaluate the impact of infrastructure, powerlines, roads, and fences on predation rates in GrSG populations.  

21.4.1.4  Evaluate whether predator control aimed at specific predator species 
is an effective management tool that increases production and recruitment of 
sage-grouse in local populations. 

APHIS, BLM, CDA, CDOW, 
CSU Extension, Industry, LWGs, 
NRCS, Private Landowners, 
Universities, USFS, USFWS, 
USGS 

Begin by 
2015 

$300,000/ 
year 

21.4.1.5  Evaluate the spatial and temporal interactions between different 
trophic levels (e.g., predators and prey) and between similar trophic levels 
(e.g., examine the impact of grazing by deer and elk on the quality of 
sagebrush habitats and its effect on sage-grouse behavior and productivity). 

APHIS, BLM, CDA, CDOW, 
CSU Extension, Industry, LWGs, 
NRCS, Private Landowners, 
Universities, USFS, USFWS, 
USGS 

Begin by 
2015 

$500,000/ 
year 

 
 
ISSUE 21.5:  WNV is lethal to GrSG and has been detected in Colorado, but few details are known about its potential impact on 
GrSG. 
OBJECTIVE 21.5.1:  Investigate the potential impacts of WNV on GrSG populations in Colorado. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

21.5.1.1  Determine the level of susceptibility to WNV and survival patterns 
of each GrSG age and sex class.  Examine whether sage-grouse can develop 
immunity to WNV and whether the immune response can be inherited. 

CDOW, NWRC, Other Research 
Institutions, Universities Ongoing $50,000/yr 



 

 

420

C
olorado G

reater Sage-grouse C
onservation Plan 

C
onservation Strategy

Research

FROM DISEASE STRATEGY SECTION: 
2.1.1.3  Continue to support investigation of GrSG susceptibility to, and inheritance of, immunity to WNV. 

21.5.1.2  Examine the spatial interaction of mosquito species that are the main 
vectors of the virus (e.g., Culex tarsalis and C.  pipiens) with seasonal habitat 
use by GrSG (e.g., evaluate whether sage-grouse are more likely to be 
exposed to the virus in relatively wetter brood-rearing habitat than in lekking 
and nesting habitats). 

CDOW, Other Research 
Institutions, Universities  

Begin by 
2010 

$100,000/ 
yr 

FROM DISEASE STRATEGY SECTION: 
2.1.1.4  Determine the impact of wet conditions on mosquito production as it relates to the potential for catastrophic disease in GrSG.  Determine 
the risk factors and potential of catastrophic disease in GrSG populations.  [Also under 21.5.1.3] 

21.5.1.3  Examine the potential impact of WNV on GrSG population 
dynamics and viability. 

CDOW, Other Research 
Institutions, Universities Ongoing 

Conducted 
with 
current 
research 

FROM DISEASE STRATEGY SECTION: 
2.1.1.4  Determine the impact of wet conditions on mosquito production as it relates to the potential for catastrophic disease in GrSG.  Determine 
the risk factors and potential of catastrophic disease in GrSG populations.  [Also under 21.5.1.2] 

 
 
ISSUE 21.6:  There is a lack of credible research on the theories of additive and compensatory mortality and sport harvest of GrSG. 
OBJECTIVE 21.6.1:  Foster and support the research and the collection of data to gain knowledge about additive and compensatory 
mortality thresholds and sport harvest in GrSG. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

21.6.1.1  Initiate experimental field research designed to specifically address 
the issue of compensatory and additive mortality and GrSG.  Collaborate with 
other western states that hunt GrSG. 

CDOW 

Begin 
2009, 
Continue 5 
- 10 years 

200,000/yr 

FROM HUNTING STRATEGY SECTION:  
11.2.1.1  Initiate experimental field research designed to specifically address appropriate and sustainable harvest levels for GrSG (the harvest level 
at which mortality due to hunting becomes additive and causes populations to decline).  Collaborate with other westerns states that hunt GrSG. 
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ISSUE 21.7:  Small isolated populations of greater sage-grouse may have low genetic diversity, which may facilitate inbreeding 
depression. 
OBJECTIVE 21.7.1:  Monitor genetic diversity within the smaller isolated populations of greater sage-grouse in Colorado. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

21.7.1.1  Continue to develop and refine, if it proves feasible, techniques to 
obtain DNA from sage-grouse fecal droppings so that genetic testing can be 
accomplished without capturing birds. 

CDOW, Universities Ongoing $25,000 

FROM GENETICS STRATEGY SECTION: 
5.2.1.2  Continue to develop and refine, if it proves feasible, techniques to obtain DNA from sage-grouse fecal droppings so that genetic testing can 
be accomplished without capturing birds. 

 
 
ISSUE 21.8: Current methods for monitoring trends in GrSG populations and for estimating GrSG population size from lek counts 
make many unsupported assumptions. 
OBJECTIVE 21.8.1:  Conduct research to establish reliable and effective methods for monitoring GrSG population trends and 
estimating population size. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

21.8.1.1  Develop and evaluate protocols for the inventory and monitoring of 
GrSG populations and to evaluate factors that influence the population 
ecology of GrSG. 

CDOW, Universities Begin by 
2010 

$200,000/ 
year 

FROM POPULATION MONITORING STRATEGY SECTION: 
17.1.1.1  Maintain consistent current GrSG lek count protocols (include searching for new leks), but use research results to establish protocols for 
future population monitoring and record keeping, including mechanisms to assure consistent implementation and reporting. 

17.1.1.3  Develop statistically defensible methods to estimate GrSG population size and/or trends. 

21.8.1.2  Evaluate whether GrSG lek counts can be calibrated and 
measurements of accuracy and precision can be assessed using mark-resight or 
sightability models. 

CDOW, Universities Begin by 
2010 

In 
conjunction 
with 
21.8.1.1 

FROM POPULATION MONITORING STRATEGY SECTION: 
17.1.1.3  Develop statistically defensible methods to estimate GrSG population size and/or trends. 
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21.8.1.3  Evaluate alternative methods for estimating GrSG population 
abundance (e.g., line transects or DNA fingerprinting using fecal samples). CDOW, Universities Ongoing $50,000/ 

year 
FROM POPULATION MONITORING STRATEGY SECTION: 
17.1.1.3  Develop statistically defensible methods to estimate GrSG population size and/or trends. 

21.8.1.4  Determine the causes of mortality in different GrSG age and sex 
classes and the consequences for population dynamics. 

APHIS, BLM, CDA, CDOW, 
CSU Extension, Industry, LWGs, 
NRCS, Private Landowners, 
Universities, USFS, USFWS, 
USGS 

Begin by 
2015 

$200,000/ 
year 

21.8.1.5  Examine the correlation (and time lag) between the variation in 
annual GrSG productivity and subsequent lek counts and its impact on the 
precision of population estimates. 

BLM, CDA, CDOW, CSU 
Extension, Industry, LWGs, 
NRCS, Private Landowners, 
Universities, USFS, USFWS, 
USGS 

Begin by 
2010 

In 
conjunction 
with 
21.8.1.3 & 
21.8.1.4 

FROM POPULATION MONITORING STRATEGY SECTION: 
17.1.1.3  Develop statistically defensible methods to estimate GrSG population size and/or trends. 

21.8.1.6  Refine the population viability assessment of GrSG based on more 
accurate and precise estimates of demographic parameters. 

 BLM, CDA, CDOW, CSU 
Extension, Industry, LWGs, 
NRCS, Private Landowners, 
Universities, USFS, USFWS, 
USGS, 

Ongoing 

Data is 
collected 
with other 
research 
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22. Weather 
 
Weather patterns within GrSG range in Colorado can be unpredictable and extreme.  The variability and irregular nature of severe 
weather can pose problems to wildlife managers, and one severe winter or dry spring may impact populations for many years. 
Weather is one factor that cannot be controlled and generally cannot be planned for by wildlife managers.  The primary weather issue 
that can be anticipated is drought.  Managers can mitigate for dry periods with strategically placed water developments (while 
considering water development design to reduce WNV risk to GrSG ) and other management planning.   For further discussion, see 
“Weather” issue, pg. 196. 
 
ISSUE 22.1: There is a need to understand weather impacts on GrSG survivability and reproduction. 

OBJECTIVE 22.1.1: Investigate GrSG responses to drought and wet conditions. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

22.1.1.1  Review the literature and existing data regarding whether drought, 
precipitation, or temperature extremes during specific times of the year have 
a negative or positive effect on GrSG survivability and reproduction.  Also 
search the literature regarding the effect of climatic conditions on insect and 
forb availability, as it pertains to the survivability of GrSG broods.  

CDOW, Other  Research 
Organizations, Universities 2009 0.25 FTE 

 
 
ISSUE 22.2: There is a need to address drought impacts on GrSG survivability and reproduction. 

OBJECTIVE 22.2.2: Manage GrSG habitats in anticipation of drought conditions. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

22.1.2.1  Develop springs, wells, and other water sources, in appropriate 
GrSG areas, to provide reliable water and forb/insect production during 
drought conditions.  Consider appropriate water development design to 
reduce WNV risk to GrSG.  Consider appropriate fencing to protect these 
areas for sage-grouse use. 

BLM, CDOW, NRCS, Private 
Landowners, USFWS 

2008 and 
ongoing 

$10,000/ 
project 

22.1.2.2  Manage invasive species in riparian, wet meadow, and uplands in 
GrSG range to improve the water table (see “Weeds” strategy, pg. 425). 

BLM, CDOW, County 
Governments, NRCS, Private 
Landowners, USFWS 

2008 and 
ongoing $50-150/acre 
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22.2.2.3  Educate the public and agencies on management that affects 
riparian and wet meadow areas used by GrSG.  [See Information, 
Communication, and Education Strategies 12.2.1.3 and 12.3.1.1] 

See Information, Communication, and Education Strategies 
12.2.1.3 and 12.3.1.1 

22.2.2.4  In areas experiencing sagebrush mortality due to drought, adjust 
grazing practices, prescriptive fire, and/or vegetation management to 
minimize additive impacts on GrSG (see “Fire and Fuels Management” [pg. 
334], “Grazing” [pg. 342]  and “Habitat Enhancement” [pg. 349] strategy 
sections). 

BLM, CDOW, Private 
Landowners, USFWS As needed. 0.1 FTE 

22.2.2.5  Encourage land managers to reduce herbivory, and adjust 
prescriptive fire and/or vegetation management during times of drought. 

BLM, CDOW, Private 
Landowners, USFWS As needed. 0.1 FTE 

22.2.2.6  Develop grass banks for livestock producers to graze during 
extreme drought conditions (see “Grazing” strategy, pg. 342). 

BLM, CDOW, LWGs, NRCS, 
Private Landowners, SLB, USFS, 
USFWS 

2008 and 
ongoing $12-16/AUM 

22.2.2.7  Review agency policies and practices to explore adjusting agency 
policy (if deemed necessary) for the benefit of selected GrSG habitats during 
drought conditions. 

BLM, CDOW, USFWS 2008 and 
ongoing 0.1 FTE 
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23. Weeds: Noxious and Invasive Plants 
 
Noxious and invasive weeds may impact rangeland health in much of GrSG range in Colorado (see weeds threats section for 
definition of noxious weeds).  Invasive and/or noxious weeds have become established in some GrSG occupied habitats, altering the 
suitability of the habitat for GrSG.  Once these plants become established they are difficult to control and restoration of native plant 
diversity is difficult.  The most effective method of control is preventing establishment by systematic scouting, taking actions to 
prevent spreading weed seeds, and treatment when infestations are small.  When infestations are located, quick action using the most 
effective and environmentally acceptable treatments is needed.  An Integrated Pest Management approach that utilizes alternatives 
such as grazing (cultural) and biological treatments should be emphasized.  All land management agencies and private land owners 
should coordinate and develop Integrated Pest Management plans that involve periodic scouting, identify effective methods of control, 
and can be applied on a landscape scale across property boundaries.  For further discussion, see “Weeds” issue, pg. 198. 
 
ISSUE 23.1: There is a lack of information on invasive weed distribution in GrSG range in Colorado. 

OBJECTIVE 23.1.1: Gather and share information regarding the distribution of noxious and invasive weeds in GrSG range. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

23.1.1.1  Continue to cooperatively identify, map, and monitor undesirable 
noxious and invasive weed invasions that occur within GrSG habitat. 

BLM, CDOW, County 
Governments, LWGs, NPS, 
NRCS, SCDs, SLB, USFS 

Ongoing $200,000/ 
yr 

23.1.1.2  Inform local work groups of identified invasive weed problems in 
GrSG range. 

BLM, CDOW, County 
Governments, NPS, NRCS, SCDs, 
SLB, USFS 

Ongoing 0.25 FTE 
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ISSUE 23.2:  Within GrSG habitat, noxious and invasive weeds may adversely impact GrSG habitat.   

OBJECTIVE 23.2.1: Minimize the impacts of noxious and invasive weeds on GrSG habitat. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

23.2.1.1  Prevent new damaging invasions of noxious and invasive weeds in 
GrSG habitat.  This refers to both new infestations of known weedy species 
and future infestations of as-yet-unidentified weed species.  Coordinate 
efforts across property boundary lines. 

BLM, CDOW, County 
Governments, LWGs, NPS, 
NRCS, SCDs, SLB, USFS, 
USFWS 

Ongoing 

Project-
specific ($) 
and 0.5 
FTE/county 

23.2.1.2  Conduct local workshops emphasizing the prevention of new weed 
infestations.  Include topics on cleaning equipment and vehicles including 
recreational equipment, minimizing ground disturbance, and spread of seeds. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
NRCS, SCDs, SLB, USFS, 
USFWS 

2008 0.1 FTE 

23.2.1.3  Treat all new and existing noxious weed infestations.  Treatments 
may include biological controls, cultural controls such as grazing (see 
“Grazing” strategy, pg. 342), chemical controls and any other method 
considered safe and effective. Coordinate efforts across boundary lines.  See 
“Habitat Enhancement” strategy, pg. 349. 

BLM, CDOW, County 
Governments, LWGs, NPS, 
NRCS, SCDs, SLB, USFS, 
USFWS 

Ongoing 

Project - 
specific ($) 
and 0.5 FTE 
(County) 

23.2.1.4  Monitor the effectiveness of treatments of noxious and invasive 
weeds in GrSG habitat. 

BLM, CDOW, County 
Governments, LWGs, NPS, 
NRCS, SCDs, SLB, USFS, 
USFWS 

Ongoing 0.5 FTE/ 
county 

23.2.1.5  Keep land managers informed of the latest technology in habitat 
restoration techniques for weed-infested areas in GrSG habitat by providing 
periodic technology transfer workshops.  [See also Information, 
Communication, and Education Strategies 12.2.1.3 and 12.3.1.1] 

BLM, CDOW, County 
Governments, LWGs, NRCS, 
USFS 

Every 5 
years 
starting in 
2008 

$50,000/ 
workshop 
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ISSUE 23.3: Within GrSG habitat, there is a need for information sharing and coordination among weed managers. 
OBJECTIVE 23.3.1: Improve communication and coordination among those involved with weed and pest management within GrSG 
range. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

23.3.1.1  The local weed program manager or other entities will keep a 
database of all lands with developed weed management plans, within 
occupied GrSG habitat. 

BLM, CDOW, County 
Governments, LWGs, NPS, 
NRCS, SCDs, SLB, USFS 

Ongoing 0.5 FTE 

23.3.1.2  Inform local weed program managers of all pest management plans 
developed within GrSG range. 

BLM, CDOW, County 
Governments, LWGs, NPS, 
NRCS, SCDs, SLB, USFS 

Ongoing See strategy 
23.2.1.1 

23.3.1.3  Organize and participate in annual workshops with all land 
managers to identify the most threatening weed problems in GrSG habitat, 
and to prioritize efforts for control.  [See also Information, 
Communication, and Education Strategies 12.2.1.3 and 12.3.1.1] 

BLM, CDOW, County 
Governments, Industry, LWGs, 
NRCS 

Ongoing 
$5,000/yr 
and 0.25 
FTE 

 
 
ISSUE 23.4: There is a lack of funding for developing integrated weed management plans, and for application of weed control 
treatments. 
OBJECTIVE 23.4.1:  Identify and provide funding for land managers to scout, map, develop management plans for, and apply 
treatments to address invasive and noxious weeds. 

Conservation Strategy Responsible Parties 
(if there is a lead entity, it is in bold) Timeline Cost 

23.4.1.1  Encourage land management agencies and industry to fund 
integrated weed management programs in GrSG range. 

BLM, CDOW, County 
Governments, Industry, LWGs, 
NRCS, SLB, USFS 

On-going 0.25 FTE 

23.4.1.2  Develop a list of funding opportunities for invasive and noxious 
weed management. LWGs, NRCS  2008 0.25 FTE 
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VII.  GLOSSARY   
(where a definition is a direct quotation, quotation marks are omitted but the source is cited) 
 
active lek  We primarily adopt the Connelly et al. (2000c) definition of an active lek as an open 
area that has been attended by > 2 male sage-grouse in > 2 of the previous 5 years.  However, 
this definition is derived mainly from observations of leks in large, stable populations and may 
not be appropriate for small populations with reduced numbers of males attending leks in 
fragmented sagebrush communities.  Therefore, for smaller populations (e.g., Meeker - White 
River) that are isolated or disjunct from larger, more stable populations, an active lek is defined 
as an open area where 1 or more sage-grouse have been observed on more than 1 occasion, 
engaging in courtship or breeding behavior.  An area used by displaying males in the last 5 years 
is considered an active lek.   
 
additive mortality  Occurs when a factor causes mortality in a population in addition to natural 
mortality caused by predators, disease, etc. 
 
adult  A sage-grouse that is at least 15 months of age and has entered or is about to enter its 
second breeding season (Connelly et al. 2003c). 
 
adulticide  An insecticide that specifically targets the adult form of an insect species. 
 
age structure  The distribution of ages of individuals of a population (EverythingBio 2007). 
 
air sacs  A part of the respiratory system unique to birds; a thin-walled structure through which 
air flows during respiration.  With the lungs, the air sacs allow air to flow along a one-way route 
so that newly inhaled air does not mix with older air in the system, unlike the dead-end 
respiration system of mammals (Elphick et al. 2001).  Male sage-grouse inflate and “pop” their 
air sacs during their mating display. 
 
alien (plant species)  A species that is not native to a region.  See also “exotic”, “nonnative”. 
 
allele  Any one of the alternative forms of a given gene (EverythingBio 2007). 
 
allele frequency  Also called “gene frequency”; a measure of how common a given allele is in a 
population. 
 
ameliorate  To improve or make better. 
antibody  A protein (immunoglobulin) molecule, produced by the immune system, that 
recognizes a particular foreign antigen and binds to it; if the antigen is on the surface of a cell, 
this binding leads to cell aggregation and subsequent destruction (Science Dictionary 2007). 
 
antigen  A molecule whose shape triggers the production of antibodies (immunoglobulins) that 
will bind to the antigen. A foreign substance capable of triggering an immune response in an 
organism (Science Dictionary 2007). 
 
arena  An area where sage-grouse display. 
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aspergillosis  A respiratory tract infection caused by fungi of the genus Aspergillus, of which A. 
fumigatus is the primary species responsible for infections in wild birds (Friend and Franson 
1999). 
 
augmentation  Also “population augmentation”; adding individuals of a species to a given 
population, usually to increase its viability, from either or both a demographic or genetic 
perspective. 
 
backfire  A technique used in controlling wildfires and prescribed burns; an area (usually on the 
downwind perimeter) is purposely burned so that when wildfire or prescribed fire approaches 
that area, it stops. 
 
banding  Marking individual birds by placing metal or plastic rings (bands) on the legs, making 
the birds individually identifiable when recaptured (Elphick et al. 2001). 
 
best management practice  Methods that have been determined to be the most effective, 
practical means of maintaining or reaching a habitat management goal. 
 
bioaccumulant  Substance that increases in concentration in living organisms as they take in 
contaminated air, water, or food because the substances are very slowly metabolized or excreted 
(Science Dictionary 2007). 
 
biotic diversity  (or biodiversity) Refers to the variety among living organisms and the 
complexity of the ecological systems in which they live.  Diversity is defined by the number of 
different types of items in a system and the relative frequency of these different types (Decker et 
al. 1991). 
 
biological control  The management of a pest species by the introduction of a natural enemy or 
predator.  
 
bottleneck  A reduction of a population, typically by a natural disaster, such that the surviving 
population is no longer genetically representative of the original population (Campbell et al. 
1999). 
 
breeding habitat  If this seasonal habitat is not mapped and field-validated, it should be 
designated by 2 concentric circles around active leks (see Appendix B, “GrSG Disturbance 
Guidelines”, Fig. B-1).  The first circle has a radius of 0.6 miles (“Lek Habitat” portion of the 
Breeding Habitat), and the second has a radius of 4.0 miles, which encompasses the nesting and 
early-brood-rearing habitat and summer – fall habitat (Fig. B-1).  Generally, breeding habitat is 
considered to be sagebrush communities within the 4-mile radius.   
 
contiguous  Adjoining, or adjacent. 
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brooding  A behavior in which parents warm nestlings or young that cannot maintain their own 
body temperatures.  While young are still in the nest, a brooding adult may appear to be 
incubating eggs (Elphick et al. 2001).   
 
brushbeat  A management practice that is used to “thin” sagebrush areas that are too thick (do 
not allow for enough under-story for sage-grouse habitat).  
 
burnout (operations)  A wildfire fighting technique in which a fire is deliberately set to reduce 
the fuel available to the main fire. 
 
candidate species  A species that will be or is being considered for listing as endangered or 
threatened by the Endangered Species Act. 
 
canopy cover  a) The percentage of the ground included in a vertical projection of imaginary 
polygons drawn about the total natural spread of foliage of the individuals of a species (usually 
used for the herbaceous plants); or b) The percentage of the ground covered by a projection of 
the crown, stems, and leaves of the plant onto the ground surface (usually used for shrubs) 
(Connelly et al. 2003b).  
 
carrying capacity  The theoretical maximum number of individuals an environment can support 
(EverythingBio 2007).  Also denoted by “K”. 
 
census  A complete count of a species in a given area (Patton 1992) 
 
chick  A sage-grouse up to 10 weeks of age (Connelly et al. 2003b). 
 
chaining  A mechanical method of removing vegetation (especially piñon-juniper) from a 
landscape where a heavy chain  is dragged across the landscape between 2 bulldozers. 
 
chronology  the order of occurrence of a sequence of events 
 
chronic wasting disease  A wildlife disease (akin to bovine spongiform encephalitis) that affects 
deer and elk. 
 
climax (community)  The final stage of succession in an ecosystem.  Also, a community that 
reached a steady state under a particular set of environmental conditions (Science Dictionary 
2007). 
 
clutch size  The number of eggs laid by an individual female.  
 
cohort  A group of individuals from the same generation. 
 
compensatory mortality  Occurs when another factor is a replacement for the natural mortality 
caused by predators, disease, and so forth (Patton 1992). 
 
consensus (approach)  Using an approach where unanimity is required for decisions. 
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conservation easement  A legal agreement which places a restriction upon the use of land, 
which advances conservation goals. 
 
Conservation Reserve Program  A program, created in the Food Security Act of 1985, to retire 
from production up to 45 million acres of highly erodible and environmentally sensitive 
farmland. Landowners who sign contracts agree to keep retired lands in approved conserving 
uses for 10-15 years. In exchange, the landowner receives an annual rental payment, cost-share 
payments to establish permanent vegetative cover and technical assistance. The CRP reportedly 
has reduced erosion by up to 700 million tons per year. The FAIR Act of 1996 extends 
authorization to enroll land through 2002 and caps maximum CRP acreage at 36.4 million acres, 
its 1995 level. The Act also makes the program spending mandatory and finances it through the 
Commodity Credit Corporation. (Science Dictionary 2007). 
 
conservation strategy  An approach for protecting a particular species, habitat, or ecosystem. 
 
contiguous  touching; meeting or joining at the surface or border (McKechnie 1983). 
 
cool season (plants)  Plant species that thrive at temperatures below 60-70° F, and become 
dormant in hot weather. 
 
corridor  A more or less continuous connection between land masses or habitats.  In terms of 
conservation biology, a connection between habitat fragments in a fragmented landscape 
(Science Dictionary 2007). 
 
corvid  A bird species belonging to the taxonomic family Corvidae, which includes crows, 
ravens, jays and magpies. 
 
cover  An indication of the relative amount of shelter or protection of all vegetation at a given 
point; normally used to assess nesting habitat (Connelly et al. 2003b).   
 
crude protein  The approximate amount of protein in foods that is calculated from the 
determined nitrogen content by multiplying by a factor (as 6.25 for many foods and 5.7 for 
wheat) derived from the average percentage of nitrogen in the food proteins and that may contain 
an appreciable error if the nitrogen is derived from nonprotein material or from a protein of 
unusual composition. 
 
cruising radius  The maximum distance that a male sage-grouse travels on and around a lek 
during lekking season. 
 
cryptic  Appearance that allows something to match its background. 
 
curtailment  Reduction in extent or quantity; imposition of a restriction. 
 
defoliation  Process in which a plant loses its leaves. 
 
deleterious (allele)  An form of a gene that confers a harmful effect on the organism. 
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demographic inertia  The tendency for current population parameters, such as growth rate, to 
continue for a period of time; there is often a delayed population response to gradual changes in 
birth and mortality rates. 
 
demographic (parameters, processes, rates)  The specific properties of a population regarding 
birth rates, death rates, age distributions, sex ratios, and size of population (Wilson 1992). 
 
demographic stochasticity  The natural variation in the characteristics of a population (e.g., 
growth rate, mortality rate, etc.). 
 
density dependent  Having influence on individuals in a population that varies with the degree 
of crowding in the population (Ricklefs 1979). 
 
density independent  Having influence on individuals in a population that does not vary with 
the degree of crowding in the population (Ricklefs 1979). 
 
depauperate  Poor, incomplete, lacking. 
 
depredated  The act of a nest being destroyed by a predator. 
 
dermal absorption  To assimilate or take in a substance through the skin. 
 
desiccate  To become dry. 
 
determinate layer  A bird species that will not continue to lay eggs indefinitely if eggs are 
removed or disappear from the nest. 
 
deterministic  Referring to events that have no random or probabilistic aspects but proceed in a 
fixed predictable fashion (EverythingBio 2007). 
 
dimorphic  Having 2 forms; in sexually dimorphic species the male and female have different 
appearances. 
 
directional drilling  A technique used in drilling for oil and/or natural gas in which some of the 
bore path is oriented at least partially horizontally; this allows for multiple wells to be drilled 
from a single surface site. 
 
discrete generation  An age cohort that is individually separate and distinct from all others. 
 
dispersal  Movement of individuals to new living areas.  Includes both the initial movements 
from the place of birth to the first site at which the bird will attempt to breed (natal dispersal) and 
subsequent movement from one breeding location to another (adult dispersal). Also, wandering 
by individuals away from the breeding range and habitats in late summer, especially in herons 
and related species (postbreeding dispersal) (Elphick et al. 2001). 
 
display  A ritualized signal intended to convey a specific message (Elphick et al. 2001).   
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distribution  The area or range over which a species is found (Elphick et al. 2001).  
  
diversity  Variety, or a range of different things. 
 
dixie harrow  A particular piece of equipment used to thin older sagebrush stands in an effort to 
stimulate understory growth of forbs and grasses. 
 
dominant males  The males of a lek who obtain the most area of the lek, who win wing fights, 
facing pasts, and chases, and, typically, mates more than other males on the lek.  Also see 
Schroeder et al. (1999). 
 
dryland farming  A method of farming in semiarid areas without the aid of irrigation, using 
drought-resistant crops and conserving moisture. 
 
ecoregion  Any geographical region characterized by distinctive flora or fauna (such as a biome 
or a province (Science Dictionary 2007). 
 
ecosystem  A biological community of interacting organisms and their physical environment. 
 
ectoparasite  An organism that lives on the exterior of its host and contributes nothing to the 
host’s survival. 
 
effective population size  The number of individuals that would give rise to the calculated loss 
of heterozygosity, inbreeding or variance in allele frequencies if they behaved in the manner of 
an idealized population (Frankham et al. 2002).  Also termed “genetic effective population size”. 
 
efficacy  Effectiveness. 
 
empirical  Originating in or based upon observation or experience; capable of being verified or 
disproved by observation or experiment (Science Dictionary 2007). 
 
encroaching (plants)  Species that invade a given habitat and gradually replace the plants and 
community that existed there previously. 
 
endangered species  An organism in imminent danger of extinction throughout all or a 
significant portion of its range (Elphick et al. 2001). 
 
endocrinological  Relating to the system of hormone-secreting glands in an organism. 
 
environmental stochasticity  The variation in demographic parameters that is a response to 
variation in the environment (e.g., weather, disease, food, competitors). 
 
epidemiology  Study of the distribution of disease. 
 
epizootic  A temporary outbreak of disease among animals. 
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evolutionary potential  The ability or potential of a species or group of organisms to respond 
evolutionarily to changing environments. 
 
exotic (annual; disease; plant; species; weed)  A species that is not native to a region.  See also 
“alien” and “non-native”. 
 
extant  Still existing; not extinct. 
 
extinction  The state or process of ceasing or causing something to cease to exist: the state or 
process of a species, family, or larger group being or becoming extinct. 
 
extinction vortex  A small population incurs inbreeding and random genetic drift which leads to 
the loss of genetic variability, then a reduction in individual fitness and population adaptability, 
which leads to lower reproduction and higher mortality, ending with a smaller population. 
 
extirpated  Eradicated, or exterminated from a given region. 
 
extrapolate  In statistics to estimate or infer (a value, etc.) on the basis of certain variables 
within the known range  (McKechnie 1983). 
 
extrinsic  Not inherent; acting from the outside. 
 
exurban  Having to do with a region beyond the suburbs of a city or town. 
 
fecundity  The potential reproductive capacity of an organism or population (Science Dictionary 
2007). 
 
federal (grazing) allotment  Federally owned land upon which private individuals graze 
livestock, by permit. 
 
federal recovery plan  A document that will be referred to for guidelines for maintaining, 
protecting, and preserving a species and its and habitat if the species is listed as threatened or 
endangered by the USFWS. 
 
fee-title acquisition  The acquiring of land in fee title through donation, bargain sale, or outright 
purchase.  
 
fire return interval  A measure of how frequently wildfire occurs in a given area. 
 
filoplume  Specialized feather; in sage-grouse, long black feathers arising at the back of the neck 
 
fire suppression  When natural or prescribed burning is not allowed. 
 
fitness (Darwinian, individual, or reproductive)  A measure of the relative contribution of an 
individual to the gene pool of the next generation (Campbell et al. 1999). 
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forb  An herbaceous plant which is not a grass (Science Dictionary 2007). 
 
fuel load  Refers to the amount of combustible material. When used in reference to prescribed 
burning, fuel load generally refers to dry herbaceous material or leaf litter (Gee 1998). 
 
functional response  One way that predator populations may respond to an increase in prey 
populations: each individual predator consumes more prey (see also “numerical response”). 
 
gallinaceous  Belonging or pertaining to the Order Galliformes, comprising the grouse, 
pheasants, turkeys, partridges, domestic fowls, etc. (Cooperrider et al. 1986). 
 
gene flow  The movement of genes from one population to another by way of interbreeding of 
individuals in the two populations (Science Dictionary 2007). 
 
genetic  Of or relating to genes or heredity. 
 
genetic distance  An estimate of the number of electrophoretically detectable amino acid 
(codon) differences between homologous proteins (genes) in  different species. (Ricklefs 1979). 
 
genetic diversity (or variation)  The variation that exists in a given set of genes, whether in an 
organism or a population.  The ability of a population to provide the hereditary mechanisms 
needed for adaptive change and dynamic evolution to future breeding individuals of the species 
(Emmel 1976). 
 
genetic drift  Change in the gene pool as a result of chance and not as a result of selection, 
mutation, or migration (Keeton and Gould 1986). 
 
genetic effective population size  The number of individuals that would give rise to the 
calculated loss of heterozygosity, inbreeding or variance in allele frequencies if they behaved in 
the manner of an idealized population (Frankham et al. 2002). 
 
genetic isolation  Occurs when the genetic makeup of two or more groups becomes different 
enough to serve as a barrier to successful breeding between the groups. 
 
genetic stochasticity  The natural variation in the genetic makeup of a group, unrelated to 
outside forces. 
 
genetically discrete units  A group or population that is more genetically similar to themselves 
than any other group. 
 
genotype  The specific allelic composition of a cell, either of the entire cell or more commonly 
for a certain gene or a set of genes. The genes that an organism possesses (Science Dictionary 
2007). 
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Geographic Information System (GIS)  A system of spatially referenced information, 
including computer programs that acquire, store, manipulate, analyze, and display spatial data in 
a geographic context. (Science Dictionary 2007). 
 
geographic isolation  When a group of individuals within a population becomes separated by 
man-made or natural barriers can no longer mate with individuals outside of the population.  No 
individual is able to enter or exit the population without being born there or dying. 
 
geographically closed (population)  A population that is separated by some physical barrier 
from other populations, and which has no dispersal with any other population of the same 
species. 
 
grass bank   A conservation management tool whereby a value is assigned to healthy grasslands 
and that value can be used, traded, and saved. 
 
habitat  Place where an animal normally lives or where individuals of a population live  
(Lindzey 2001). 
 
habitat configuration  The arrangement of a particular type of habitat, and its relationship to 
other nearby habitat types (includes size of the patch of habitat, distance to the next same type of 
habitat patch). 
 
(habitat) connectivity  A measurement of how habitat areas are spatially arranged relative to 
each other.  
 
(habitat) degradation  Decline in the quality of a habitat. 
 
habitat fragmentation  The breaking up of a habitat into unconnected patches interspersed with 
other habitat which may or may not be inhabitable by species occupying the habitat that was 
broken up.  The breaking up is usually by human action, as, for example, the clearing of forest or 
grassland for agriculture, or residential development (Science Dictionary 2007).  
 
(habitat) linkage Areas between existing habitat patches, that, if made into suitable habitat, will 
increase movement between populations and will decrease the probability of extinction of the 
species by stabilizing population dynamics. 
 
habitat parameter  A measurable variable of a given habitat type (e.g., grass height, forb 
cover). 
 
(habitat) polygon  In a GIS, a separate patch of a given habitat. 
 
(habitat) treatment  An action that alters a given habitat, usually to improve its quality.  
 
haplotype  A set of closely linked genetic markers present on one chromosome which tend to be 
inherited together (not easily separable by recombination). Some haplotypes may be in linkage 
disequilibrium (Science Dictionary 2007). 
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hatching success  The proportion or percentage of eggs that successfully hatch from a clutch. 
 
herbaceous (vegetation)  Having characteristics of an herb; a plant with no persistent woody 
stem above ground (Science Dictionary 2007). 
 
herbicide  A chemical pesticide designed to control or destroy plants, weeds, or grasses (Science 
Dictionary 2007). 
 
herbivory  The consumption of non-woody vegetation. 
 
heritability  A measure of how much of the variability in a trait (e.g., eye color) is due to genetic 
causes. 
 
heterogeneous  Being composed of differing components; not uniform. 
 
heterozygote advantage  A mechanism that preserves variation in eukaryotic gene pools by 
conferring greater reproductive success on heterozygotes over individuals homozygous for any 
one of the associated alleles (Campbell et al. 1999). 
 
heterozygous  Having two different alleles for a given genetic character (Campbell et al. 1999). 
 
historic habitat  Areas where viable populations have not occurred within five years or more.  
 
historic lek  A formerly active lek that has not been utilized for display or breeding within the 
last 10 years (Colorado Division of Wildlife 2004a).  
 
homozygous  Having two copies of the same allele at the same gene site. 
 
horizontal cover  An average calculation/estimation of the vegetation that provides aerial cover 
to the ground. 
 
horizontal structure  The type of plants that actually provide the horizontal cover to the ground 
(e.g., sagebrush, bitterbrush, rabbitbrush, greasewood). 
 
hydroaxe  Hydrolic powered mower that can mulch large diameter woody species. 
 
imprint(ing)  Period of rapid and usually stable learning during a critical period of early 
development of a member of a social species, involving recognition of its own species; may 
involve attraction to the first moving object seen (Lindzey 2001). 
 
in situ  Refers to something being at its original site; undisturbed. 
 
inactive lek  To be considered inactive for a given season, a lek must have zero males in 
attendance for at least two count periods.  For the official status of a lek to be considered 
Inactive, a lek needs to be seasonally Inactive for five consecutive years (Colorado Division of 
Wildlife 2004a). 
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inbreeding  Mating with a related individual. 
 
inbreeding coefficient  The probability of homozygosity by descent (having common 
ancestors).  The probability that a zygote obtains copies of the same ancestral gene from both its 
parents because they are related (Science Dictionary 2007). 
 
inbreeding depression  A decline in reproductive fitness due to mating of related individuals. 
 
incubate  The natural or artificial heating of an egg that has been laid.  Incubation is required for 
embryo development. 
 
index  A relative measure used as an indicator of the true state of nature (Thompson et al. 1998). 
 
inference  A conclusion derived from reasoning. 
 
insecticide  A pesticide compound specifically used to kill or prevent the growth of insects 
(Science Dictionary 2007). 
 
instar  The form or stage of an insect between various molts. 
 
inter-lek  Area or distance between leks. 
 
intrinsic  Inherent; a quality or characteristic of something that is not dependent on external 
forces. 
 
invasive (plant, species)  A species capable of asserting itself in communities where it did not 
naturally occur (EverythingBio 2007). 
 
juvenile  A sage-grouse that is more then 10 weeks of age but has not entered into its first 
breeding season (Connelly et al. 2003b). 
 
kerogen  A fossilized material in shale and other sedimentary rock that yields oil upon heating.  
 
late seral (stage)  A vegetation community that occurs late in the ecological succession 
sequence. 
 
larvicide  Insecticide that specifically targets the larval stage of an insect species. 
 
lease stipulations  Legally binding requirements that are made a part of oil, gas, and mining 
leases, often to mitigate or avoid environmental impacts. 
 
lek  An arena where male sage-grouse display for the purpose of gaining breeding territories and 
attracting females.  These arenas are usually open areas with short vegetation within sagebrush 
habitats, usually on broad ridges, benches, or valley floors where visibility and hearing acuity are 
excellent.  Also called “strutting ground”. 
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lek count  The high count of males from all lek sites on the same day; which are taken at 7-10 
day intervals between late March and mid-May.  
 
life cycle  The entire lifespan of an organism from the moment it is conceived (usually at 
fertilization) to the time it reproduces (Wilson 1992). 
 
life history  The significant features of the life cycle through which an organism passes, with 
particular reference to strategies influencing survival and reproduction (Science Dictionary 
2007). 
 
limiting factor A condition whose absence or excessive concentration, is incompatible with the 
needs or tolerance of a species or population and which may have a negative influence on their 
ability to thrive (Science Dictionary 2007). 
 
lipid  A small water-insoluble biomolecule generally containing fatty acids, sterols, or isoprenoid 
compounds (Science Dictionary 2007). 
 
local conservation plan  A document, prepared by landowners, stakeholders and (non-federal) 
government agencies to address conservation concerns for a given species in a given area. 
 
local work group  In the case of GrSG, a group formed to address GrSG conservation concerns 
and to write a local conservation plan. 
 
major histocompatibility complex  A group of highly polymorphic genes whose products 
appear on the surface of cells imparting the property of self (belonging to that organism).  A 
genetic region found in all mammals whose products are primarily responsible for the rapid 
rejection of tissue grafts between individuals (Science Dictionary 2007). 
 
mark-resight  Estimating the number of individuals in a population by capturing, marking, and 
re-capturing individuals.  This assumes that there is not birth, death, immigration, or emigration 
within the population (White et al. 1982).   
 
mean  The arithmetic average; the sum of the data divided by the sample size (Science 
Dictionary 2007). 
 
mechanical fuels treatment  Any method of removing combustible material (other than burning 
it), usually to reduce the risk of wildfire.  
 
median  A statistical measure of data that is the midpoint of a data set: half of the data fall above 
it and half below. 
 
Meleagridinae  The subfamily of turkey species. 
 
mesic  Referring to habitats with plentiful rainfall and well-drained soils (Ricklefs 1979). 
 



Colorado Greater Sage-grouse Conservation Plan 
 

Glossary 
 

440

mesopredator  Lower trophic level predator (as opposed to dominant predator). 
 
metapopulation  A set of local populations within some larger area, where typically migration 
from one local population to at least some other patches is possible” (Hanski and Simberloff  
1997). 
 
microsatellite  Any of numerous short segments of DNA that are distributed throughout the 
genome, that consist of repeated sequences of usually 2 to 5 nucleotides, and that are often useful 
markers in studies of genetic linkage because they tend to vary from one individual to another. 
 
mitigation  Actions taken to avoid, reduce, or compensate for the effects of human-induced 
environmental damage (Science Dictionary 2007). 
 
mitochondrial DNA   The genetic material found in mitochondria, the organelles that generate 
energy for the cell.  Not inherited in the same fashion as nucleic DNA (EverythingBio 2007). 
 
model  A simplified representation of a real system. 
 
Monte Carlo (model)  A population modeling method in which a large quantity of randomly 
generated numbers are studied using a problematic model to find an approximate solution to a 
numerical problem that would be difficult to solve by other methods. 
 
monoterpene   A volatile organic compound emitted by some plant species. 
 
morphological  The physical make up of the species.  One of the characteristics that makes 
species unique. 
 
mutation  A rare change in DNA of genes that ultimately creates genetic diversity (Campbell et 
al. 1999). 
 
native  A species that naturally occurred in the area prior to inter-continental travel by people 
(EverythingBio 2007). 
 
natural selection   The process in nature whereby individuals with a given genetic composition 
leave more offspring than other individuals, because the genetic makeup confers some type of 
survival or reproductive advantage. 
 
nest success  A measurement of the success (completion of the laying, incubating, and hatching 
process) of a nest, even if the chicks do not live beyond hatching. 
 
nonnative (plant)  A species that is not indigenous to a region (Science Dictionary 2007).  Also 
called “alien” or “exotic”. 
 
nuclear markers  A genetic element which can be readily detected by phenotype, cytological or 
molecular techniques, and used to follow a nuclear chromosome or chromosomal segment during 
genetic analysis (EverythingBio 2007).   



Colorado Greater Sage-grouse Conservation Plan 
 

Glossary 
 

441

numerical response  One way that predator populations may respond to an increase in prey 
populations: predator populations also increase (see also “functional response”). 
 
obligate  Essential, necessary; unable to exist in any other state, mode, or relationship; restricted 
to one particularly characteristic mode of life (Science Dictionary 2007). 
 
occupied habitat  As defined for mapping used in the CCP: Areas of suitable habitat known to 
be used by GrSG within the last 10 years from the date of mapping.  Areas of suitable habitat 
contiguous with areas of known use, which do not have effective barriers to sage-grouse 
movement from known use areas, are mapped as occupied habitat unless specific information 
exists that documents the lack of sage-grouse use.  This category can be delineated from any 
combination of telemetry locations, sightings of sage-grouse or sage-grouse sign, local biological 
expertise, GIS analysis, or other data sources (see pg. 66). 
  
olfactory cues  Signals transmitted by odor. 
 
outbreeding depression  Refers to instances when the offspring of individuals who breed with 
others from different areas or populations have lower measures of fitness (e.g., survival, 
reproduction).  
 
overburden  Rock and soil cleared away before mining (Science Dictionary 2007). 
 
paradigm  A model or pattern. 
 
parameter  A variable, measurable property (Science Dictionary 2007). 
 
parameterization  The process of assigning values to parameters or variables to be used in a 
model. 
 
parasite load  A measure of the number of parasites carried by an organism. 
 
patchy  A distribution that is not continuous.   
 
perennial   Refers to a plant species that lives for more than 2 seasons, often flowering annually. 
 
pesticide  Substance or mixture intended for preventing, destroying, repelling, or mitigating any 
pest.  Also, any substance or mixture intended for use as a plant regulator, defoliant, or desiccant 
(Science Dictionary 2007). 
 
petitioner   In the case of this plan, a person or entity who petitions  the USFWS to have a 
species considered for endangered or threatened status under the ESA. 
 
phased (energy) development  A scenario in which development in a given area occurs 
sequentially, rather than simultaneously. 
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phenotypic expression  The observable manifestation of a specific genetic makeup; those 
observable properties of structure and function of an organism as modified by genetic structure 
in conjunction with the environment (Science Dictionary 2007). 
 
pheromone  A chemical signal, analogous to a hormone, that passes information between 
individuals (Science Dictionary 2007). 
 
photoperiod  The length of time an organism is daily exposed to light, especially with regard to 
how that exposure affects growth and development (Science Dictionary 2007). 
 
physiography  Landform; physical geography (Science Dictionary 2007). 
 
piñon-juniper  A vegetation community that contains both Pinus spp. and Juniperus spp. 
 
polygamous  Having a mating system in which one male mates with more than one female 
(polygyny) or one female mates with more than one male (polyandry). 
 
(demographic) population  A biological unit at the level of ecological integration where it is 
meaningful to speak of a birth rate, a death rate, a sex ratio and an age structure in describing the 
properties of the unit (Emmel 1976). 
 
(genetic) population  A group of sexually interbreeding individuals (Strickberger 1985). 
 
population augmentation  adding individuals of a species to a given population, usually to 
increase its viability, from either or both a demographic or genetic perspective. 
 
population bottleneck  A brief reduction in size of a population which usually leads to random 
genetic drift (change in the gene pool) (Science Dictionary 2007). 
 
population trend  An important average change in magnitude and direction of some population 
parameter within a specified area across multiple time intervals (Thompson et al. 1998). 
 
potentially suitable habitat  As defined for mapping used in the CCP: Unoccupied habitats that 
could be suitable for occupation of sage-grouse if practical restoration were applied.  Soils or 
other historic information (photos, maps, reports, etc.) indicate sagebrush communities occupied 
these areas.  As examples, these sites could include areas overtaken by piñon-juniper or 
converted to rangeland (pg. 66). 
 
precocial  Pertaining to birds and mammals born with their eyes and ears open, covered by down 
or fur, and able to run about shortly after hatching or birth (Lindzey 2001). 
 
prescribed burn (or fire) A fire set intentionally, with specific vegetation and weather 
prescriptions, in order to achieve a specific resource objective. 
 
presettlement (habitat)  Habitat that existed prior to European settlement in North America. 
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proventriculus  The division of the stomach in birds that secretes digestive enzymes and passes 
food from the crop to the gizzard. 
 
pyrethroid  Any of several synthetic compounds similar to pyrethrin, used as an insecticide.   
 
quantitative  Capable of being measured (McKechnie 1983). 
 
radiotelemetry  A technique used to study wildlife by attaching a radio transmitter to an animal.  
Also called “radio-marking” or “telemetry”. 
 
range  The geographic area or spatial distribution in which a species is normally found (Elphick 
et al. 2001). 
 
rangeland  A habitat in which the native vegetation is predominantly grasses, grass-like plants, 
forbs, or shrubs.  This includes lands revegetated naturally or artificially when routine 
management of the vegetation is through manipulation of grazing.  Rangelands include natural 
grasslands, savannas, shrublands, most deserts, tundra, alpine communities, coastal marshes, and 
wet meadows. 
 
rangewide  In this case, it includes all of the populations of GrSG found throughout North 
America. 
 
recessive  An allele that is not expressed in the heterozygous condition (Science Dictionary 
2007). 
 
recruitment  The influx of new members into a population by reproduction or immigration 
(Science Dictionary 2007). 
 
renest  Any nesting attempt that follows the loss of an initial nest (Connelly et al. 2003b). 
 
reproductive success  A measure of the production of offspring. 
 
ribonucleic acid  A molecule that carries the genetic message from DNA to a cellular protein-
producing mechanism (Science Dictionary 2007). 
 
riparian (habitat)  Areas adjacent to rivers and streams with a different density, diversity, and 
productivity of plant and animal species relative to nearby uplands (Science Dictionary 2007). 
 
roost   Rest or sleep.  Also a place where birds rest or sleep. 
 
sagebrush obligate  A species that is wholly dependent upon sagebrush habitat for survival. 
 
sagebrush steppe ecosystem  A steppe ecosystem dominated by various species of sagebrush 
(Taylor 1992). 
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satellite lek  A relatively small lek (usually less than 15 males) that develops near a large lek 
during years with relatively high grouse populations (Connelly et al. 2003b). 
 
seral (stage)  A stage that occurs as a habitat succeeds from one community type to another.  
 
sex ratio  The ratio of one gender to another within a given population (usually expressed as the 
ratio of males to females). 
 
sexual dimorphism  The phenomenon when males and females in a species have different 
appearances. 
 
shrub-steppe  Temperate zone vegetation with the understory dominated by grasses and a 
conspicuous shrub element providing a relatively open understory above the grass layer 
(Connelly et al. 2003b).  
 
spatially explicit population model  A population model that includes information on the 
spatial structure of habitat. 
 
species  A taxon that is a subset of a genus and that may contain on or more subspecies (races) 
(Connelly et al. 2003b). 
 
species richness  The absolute number of species in an assemblage or community (Science 
Dictionary 2007).  Also called “species diversity”.  
 
split estate  A situation where the land (or surface rights) is owned by one party but the 
subsurface (e.g., mining, oil extraction) rights are owned by another. 
 
stakeholder  An individual who has an interest in a particular issue or topic. 
 
steppe  A non-forested region dominated by grasses and low shrubs (Taylor 1992).   
 
stipulations  In BLM management of energy development, measures added to the terms of a 
lease that are designed to mitigate impacts of energy development on other on-site resources. 
 
stochasticity  the quality of lacking any predictable order or plan . 
 
strutting ground  An arena where male sage-grouse display for the purpose of gaining breeding 
territories and attracting females.  These arenas are usually open areas with short vegetation 
within sagebrush habitats, usually on broad ridges, benches, or valley floors where visibility and 
hearing acuity are excellent.  Also called “lek”. 
 
succession  The chronological sequence of vegetation and associated animals in an area; or, 
continuous colonization, extinction, and replacement of species' populations at a particular site, 
due either to environmental changes or to the intrinsic properties of the plants and animals 
(Science Dictionary 2007).  
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summer – fall habitat  If these seasonal habitats are not mapped and field-validated, they should 
be designated by a circle around active leks (see Appendix B, “GrSG Disturbance Guidelines”, 
Fig. B-1).  The circle has a radius of 4.0 miles, which encompasses the nesting and early-brood-
rearing habitat and summer – fall habitat (Fig. B-1).  Summer-fall habitat includes sagebrush 
communities, wet meadows, and agricultural fields within the 4-mile radius.  
 
sundry notice  a standard form to notify of or approve well operations subsequent to an 
Application for Permit to Drill, in accordance with Forest Service or BLM regulations. 
 
synergy  The combined or coordinated action of more than one force. 
 
systemic organophosphate  Any of several organic compounds containing phosphorus, some of 
which are used as fertilizers and pesticides. 
 
talus  A slope of rock fragments. 
 
taxonomic status  The assigned classification of a species or group of organisms. 
 
taxonomy  Classification, especially of animals and plants into phyla, species, etc. (McKechnie 
1983). 
 
tenet  A principle or dogma. 
 
threatened species  An organism likely to become endangered within the foreseeable future 
throughout all or a significant portion of its range (Elphick et al. 2001). 
 
topography  The surface features of an area. 
 
total utilization  The percent of current annual vegetative production that is removed as a result 
of grazing. 
 
trajectory  The curved path of something; for example, the path of a line on a graph in a 
population model. 
 
translocate  To move from one location to another; in wildlife management this generally means 
moving individuals of a species to a given area, to augment existing populations, reintroduce the 
species to the area, or introduce a new species to the area. 
 
trophic level  Position in the food chain determined by the number of energy-transfer steps to 
that level (Ricklefs 1979) 
 
understory  The vegetation layer between the overstory or canopy and the groundcover of a 
forest community, usually formed by shade tolerant or young individuals of emergent species.  
May also refer to the groundcover if no trees or shrub layer is present (Science Dictionary 2007).  
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ungulate  Any four-footed, hoofed, grazing mammal (such as a ruminant, swine, camel, 
hippopotamus, horse, tapir, rhinoceros, elephant, or hyrax) that is adapted for running but is not 
necessarily related to other ungulates (Science Dictionary 2007). 
 
upland   A general term for nonwetland; elevated land above low areas along streams or 
between hills; any elevated region from which rivers gather drainage (Science Dictionary 2007). 
  
vacant/unknown habitat  As defined for mapping used in the CCP: Suitable habitat for sage-
grouse that is separated (not contiguous) from occupied habitats that either (1) has not been 
adequately inventoried, or (2) has not had documentation of grouse presence in the past 10 years 
(pg. 66). 
 
variable  A property that may have different values in various cases (Science Dictionary 2007). 
 
variance  In statistics, a measure of the variation around the central class of a distribution; the 
average squared deviation of the observations from their mean value (Science Dictionary 2007). 
 
variation  The differences among parents and their offspring or among individuals in a 
population (Science Dictionary 2007). 
 
whirling disease  An infectious, often fatal disease of salmonid fish (as trout and salmon) that is 
caused by a protozoan (Myxobolus cerebralis syn. Myxosoma cerebralis) of the order 
Myxosporidia which attacks cartilage of the head and spinal cord especially of young fish and 
that causes the fish to swim in circles and is marked by skeletal deformities. 
 
wing barrel  A barrel or other container placed in areas frequented by bird hunters and used as a 
collection site for wings from hunter-harvested birds(Connelly et al. 2003b). 
 
wing data  Information resulting from samples collected from wing barrels. 
 
wing receipts  The samples collected in wing barrels. 
 
winter habitat  If winter habitat is not delineated, then the following guidance should be used 
(see Appendix B, “GrSG Disturbance Guidelines”).  Winter habitat is highly variable and varies 
from year to year, depending upon winter conditions (especially snow depth).  Because winter 
habitat use data is regionally specific, this plan defines winter habitat as sagebrush areas 
(Connelly et al. 2000c) within currently occupied habitat that (1) has sagebrush available above 
the snow for GrSG to use in average and extreme winters; and (2) meets the structural habitat 
guidelines in Appendix A, “GrSG Habitat Structural Guidelines”. 
 
xeric  Of, characterized by, or adapted to a relatively dry habitat. 
 
yearling  A sage-grouse that has entered its first breeding season but not completed its second 
summer molt, normally between 10 and 17 months of age (Connelly et al. 2003b). 
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Greater Sage-Grouse Structural Habitat Guidelines 
 
Guidelines for the maintenance of sage-grouse habitats were first provided by Braun et al. 
(1977).  Subsequent research improved knowledge about the seasonal habitat use, movements, 
and migratory patterns of sage-grouse across their range.  Connelly et al. (2000c) built upon 
those findings and developed more specific habitat guidelines for the structural characteristics of 
the overstory and understory of sagebrush communities used by sage-grouse.  As Connelly et al. 
(2000c:275) mentioned, “…judgment of local biologists and quantitative data from population 
and habitat monitoring are necessary to implement the guidelines correctly.”  Connelly et al. 
(2000c) only referenced 1 Colorado study (a total of 16 studies across the west) for breeding 
habitat, and 3 (a total of 9) for winter habitat guidelines.  Although Connelly et al. (2000c) 
improved the 1977 recommendations (Braun et al. 1977), information was lacking regarding 
habitat requirements for Colorado GrSG. 
 
GrSG in Colorado inhabit the Wyoming Basin and Colorado Plateau floristic provinces.  These 
provinces are distinctly different from a majority of the floristic provinces where data reported in 
Connelly et al. (2000c) were collected.  Connelly et al. (2000c) reported grass and big sagebrush 
cover values from floristic provinces other than the Colorado Plateau and Wyoming Basin 
including the Columbia Basin, Northern Great Basin, Snake River Plain, and Silver Sagebrush 
provinces.  Each floristic province has sometimes slightly, and sometimes significantly, different 
soils with differing geologic origins and precipitation patterns, which can impact a province’s 
productivity and resulting plant community.  Connelly et al. (2000c) used some habitat data from 
Colorado for breeding (Peterson 1980) and winter (Beck 1977, Schoenberg 1982, Hupp 1987), 
although Hupp’s data (1987) were specific to the Gunnison Basin and GuSG winter habitat.  
Since Connelly et al. (2000c) developed the guidelines, additional information (Gill 1965, 
Peterson 1980, Schoenberg 1982, Remington 1983) has been identified and new reports (Hagen 
1999, Hausleitner 2003, Graham and McConnell 2004, Graham and Jones 2005, Rossi and Jones 
2007) have been developed.  In addition, some of the information is so new (spring and summer 
2006) the data have only been recently summarized for this plan and have not been included in a 
formal report (A.D. Apa, CDOW, personal communication). 
 
In developing these habitat guidelines, we summarized only Colorado GrSG habitat use data that 
spanned 41 years (1965 – 2006).  Breeding habitat information includes nest and brood-rearing 
habitat data.  None of the studies divided brood-rearing habitat into early or late-brood-rearing, 
therefore all of the brood habitat information was included into breeding habitat.  Summer/late-
brood-rearing data included non-brooding female and male habitat use data.  None of the studies 
was separated by annual precipitation.  Some studies were conducted during very wet periods 
(mid-1980s) and some were conducted during very dry periods (2001-2003).   
 
 
Seasonal Habitat Definitions 
 
Until seasonal GrSG habitats are mapped in a given population area (see “Habitat Monitoring” 
strategy, pg. 354) the following definitions of seasonal habitats should be used (see Appendix B, 
“GrSG Disturbance Guidelines”).  For additional limiting criteria, such as slope or aspect, 
consult with local biologists. 
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Breeding Habitat – sagebrush communities delineated within 4 miles of an active strutting 
ground (Appendix B, Fig. B-1).  Breeding habitat includes active strutting grounds, and nesting 
and early brood-rearing habitat (Connelly et al. 2000c), usually in use from March through July. 
 
None of the studies we reviewed for GrSG breeding habitat structural guidelines divided brood-
rearing habitat into early- or late-brood-rearing, so all of the brood habitat information was 
included in breeding habitat.  The data summary to develop the guidelines for breeding habitat 
was done without respect to nest success, so data from both successful and unsuccessful nests 
were used.  Although data have been presented that suggest herbaceous vegetation might differ 
between successful and unsuccessful GrSG nests (Connelly et al. 2004), no consistent 
differences have been reported.  There is, in fact, more conclusive and consistent evidence that 
shrub structure characteristics (i.e., horizontal and vertical cover values) differ between 
successful and unsuccessful nests (Connelly et al. 2004).  For the breeding structural habitat 
guidelines we used habitat use data from Gill (1965), Peterson (1980), Schoenberg (1982), 
Hausleitner (2003), Graham and McConnell (2004), Graham and Jones (2005), Beck et al. 
(2006), Rossi and Jones (2007), and A.D. Apa (CDOW, personal communication). 
 
 
Summer-Fall Habitat: vegetation communities including sagebrush, agricultural fields, and wet 
meadows (Connelly et al. 2000c) that are within 4 miles of an active strutting ground. 
 
For summer-fall guidelines we used habitat use data from Schoenberg (1982), Hagen (1999), 
Graham and McConnell (2004), Graham and Jones (2005), Rossi and Jones (2007), and A.D. 
Apa (CDOW, personal communication). 
 
 
Winter Habitat:  sagebrush areas (Connelly et al. 2000c) within currently occupied habitat that 
are available (i.e., not covered by snow) to sage-grouse in average winters.  These areas either 
have sufficient shrub height to be above average snow depths, or are exposed due to topographic 
features (e.g., windswept ridges, south-facing slopes).  Winter habitat data were summarized 
from Schoenberg (1982), Remington (1983), and Hagen (1999). 
 
 
Habitat Guideline Development 
 
Where possible, study areas in the studies evaluated were categorized as arid or mesic.  As per 
Connelly et al. (2000c), arid and mesic sites can be determined locally, using precipitation and 
soil characteristics (Tisdale and Hironaka 1981, Hironaka 1983, Winward 2004, Monsen 2005).  
We classified data from North Park and parts of Moffat County (excluding Cold Springs 
Mountain) as arid.  We classified data from Cold Springs Mountain of Moffat County, NESR, 
and PPR as mesic.  Most of the data reported were in the form of means and standard errors.  The 
mean and standard error for each structural variable were summarized for arid or mesic sites 
across the entire range of GrSG in northwestern Colorado.  The means were bounded by the 
standard errors to create a variable “distribution range” and the guideline was developed using 
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the distribution range.  Numerical maximum and minimum data points were considered but not 
included.  The guideline range is compared with Connelly et al. (2000c). 
 
Eight overstory and understory vegetation structural characteristic guidelines for GrSG breeding 
and summer-fall habitats are reported: (1) sagebrush canopy cover; (2) non-sagebrush canopy 
cover; (3) total shrub cover; (4) sagebrush height; (5) grass cover; (6) forb cover; (7) grass 
height; (8) forb height.  Only 2 overstory vegetation structural characteristics guidelines were 
developed for winter habitat: (1) sagebrush cover, and (2) sagebrush height. 
 
The use of “big sagebrush” is used generically in this guideline.  Refer to Winward (2004) for 
the species or subspecies of big sagebrush for a specific location.  Many species of shrubs were 
included in non-sagebrush canopy cover portion of the guideline.  In more arid locations, the 
non-sagebrush shrubs can include, but are not limited to, horsebrush (Tetradymia canescens), 
rabbitbrush (Chrysothamnus spp.), bitterbrush (Purshia tridentata), snakeweed (Gutierrezia 
sarothae), greasewood (Sarcobatus vermiculatus), and winterfat (Ceratoides spp.).  In mesic 
locations the aforementioned shrub species can occur but the shrub community can be 
augmented by Gambel oak (Quercus gambelii), snowberry (Symphoriocarpus oreophilus), 
serviceberry (Amelanchier spp.), and chokecherry (Prunus spp.).  In addition, understory and 
overstory plant species may have a varying degrees of value as cover and/or food for sage-grouse 
(Appendix D, Table D-6). 
 
 
Using the Guidelines 
 
The vegetation structure guidelines we present (Tables A-1, A-2, and A-3) should be interpreted 
as minimum standards, and managers should strive to meet the full potential of any given site.  
These habitat guidelines should be considered adaptive, and interim in nature.  The guidelines 
were developed from actual grouse use sites, but should be considered as guidance and not 
absolute values.  We encourage the development of a rigorous mapping protocol so that these 
guidelines can be refined and used in specific breeding, summer-fall, and winter habitats.  These 
guidelines are intended to represent a variety of landscape situations.  Landscapes are diverse; 
some areas on the landscape will not meet theses guidelines, some areas will meet the guidelines, 
and some areas will exceed the guidelines.  As new information is collected, these guidelines, as 
well as this plan are meant to be adaptable.  Understories and overstories can include many plant 
species that have value as cover and/or food to GrSG (see Table D-6 in Appendix D). 
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Table A-1.  GrSG structural habitat guidelines: breeding habitat. 
 
 
 

GREATER SAGE-GROUSE STRUCTURAL HABITAT GUIDELINES 
 
 
 

BREEDING HABITATa 
 Greater Sage-Grouse (Colorado) Connelly et al. (2000c) 
Vegetation Variable Aridb Mesicb Arid Mesic 
Sagebrush Canopy (%)c 15 – 30 20 – 30 15 - 25 15 – 25 
Non-sagebrush Canopy (%)c 5 – 10 5 – 10 - - 
Total Shrub Canopy (%)c 20 – 40 25 – 40 - - 
Sagebrush Height (cm) 30 – 60 

[11.8 – 23.6 inches] 
40 – 60 

[15.7 – 23.6 inches] 
30 – 80 

[11.8 – 31.5 inches] 
40 – 80 

[15.7 – 31.5 inches] 

Grass Cover (%)d 10 – 20 20 – 40 - - 
Forb Cover (%)d 5 – 15 15 – 30 ≥ 15 ≥ 25 
Grass Height (cm)e 15 – 20 

[5.9 – 7.9 inches] 
15 – 25 

[5.9 – 9.8 inches] 
> 18 

[> 7.1 inches] 
> 18 

[> 7.1 inches] 
Forb Height (cm)e 5 – 15 

[2.0 – 5.9 inches] 
10 – 15 

[3.9 – 5.9 inches] 
- - 

aBreeding habitat is defined as sagebrush communities delineated within 4 miles of a strutting ground.  Breeding habitat includes 
strutting, nesting and early brood-rearing habitat usually from mid-March through late-June. 
bArid or mesic communities are as defined by Winward (2004). 
cCanopy cover measured according to Canfield (1941) and further described by Connelly et al. (2003b). 
dUnderstory cover measured according to Daubenmire (1959). 
e Measured as the tallest vertical point where the bulk of the plant mass occurs regardless if the mass occurs in the leafy portion of the 
plant or in the inflorescence (see Appendix C, “Sage-grouse Habitat Monitoring Protocol”). 
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Table A-2.  GrSG structural habitat guidelines: summer-fall habitat. 
 
 
 
 

SUMMER-FALL HABITATa 
 Greater Sage-Grouse (Colorado) Connelly et al. (2000c) 
Vegetation Variable Aridb Mesicb Arid Mesic 
Sagebrush Canopy (%)c 10 – 25 10 – 25 10 – 25 10 – 25 
Non-sagebrush Canopy (%)c 5 – 10 5 – 15 - - 
Total Shrub Canopy (%)c 20 – 35 20 – 40 - - 
Sagebrush Height (cm)  30 – 65 

[11.8 – 25.6 inches] 
35 – 70 

[13.8 – 27.6 inches] 
40 – 80 

[15.7 – 31.5 inches] 
40 – 80 

[15.7 – 31.5 inches] 
Grass Cover (%)d 10 – 30 15 – 40 - - 
Forb Cover (%)d 5 – 15 10 – 25 > 15 > 15 
Grass Height (cm)e 10 – 15 

[3.9 – 5.9 inches]  
10 – 20 

[3.9 – 7.9 inches] 
variable variable 

Forb Height (cm) e 5 – 10 
[2.0 – 3.9 inches] 

5 – 15 
[2.0 – 5.9 inches] 

variable variable 
aSummer-fall habitat is defined as those habitats that provide food and cover late in the summer when breeding habitat desiccates.  
These habitats include higher elevation mixed shrub communities, wet meadows, riparian areas and irrigated pasture crops that grouse 
inhabit from July through September.  Grouse can move several kilometers to these habitats. 
bArid or mesic communities are as defined by Winward (2004). 
cCanopy cover measured according to Canfield (1941) and further described by Connelly et al. (2003b). 
dUnderstory cover measured according to Daubenmire (1959). 
e Measured as the tallest vertical point where the bulk of the plant mass occurs regardless if the mass occurs in the leafy portion of the 
plant or in the inflorescence (see Appendix C, “Sage-grouse Habitat Monitoring Protocol”). 
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Table A-3.  GrSG structural habitat guidelines: winter habitat. 
 
 
 
 
 

WINTER HABITATa 
 Greater Sage-Grouse (Colorado) Connelly et al. (2000c) 
Vegetation Variable Aridb Mesicb Arid Mesic 
Sagebrush Canopy (%)c 20 – 40 25 – 40 10 – 30 10 – 30 
Sagebrush Height (cm)d 20 – 40 

[7.9 – 15.7 inches] 
25 – 40 

[9.8 – 15.7 inches] 
25 – 35 

[9.8 – 13.8 inches] 
25 – 35 

[9.8 – 13.8 inches] 
aWinter habitat is defined as sagebrush communities that are inhabited by grouse from October through February. 
bArid or mesic communities are as defined by Winward (2004). 
cCanopy cover measured according to Canfield (1941) and further described by Connelly et al. (2003b). 
dMeasured from ground level to the tallest stem (excluding inflorescence). 
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GUIDELINES FOR GREATER SAGE-GROUSE PROTECTION FROM POPULATION 

AND HABITAT DISTURBANCE 
 

 

These guidelines are designed to protect GrSG populations and habitat from human-influenced 

activities.  They should be used in conjunction with the “Conservation Strategy” section of this 

plan (pg. 306), which is designed to provide strategies and approaches to address the issues in 

GrSG conservation.  For instance, a strategy may state that a particular habitat should be avoided 

during a certain period, and then may refer the reader to the disturbance guidelines to clarify the 

season and area to be avoided.  The strategy may also state that the habitat should be avoided 

when technically feasible, but the guidelines may state specifically that habitat should be 

avoided.  This example highlights the crux of the problem when human activities must occur 

(from a societal perspective), and the activities can‟t avoid impacting sage-grouse.  The 

guidelines indicate how to avoid or minimize impact, using the current best available science.  

The strategies take into account technical reality; the ideal is to follow the guidelines, but the 

reality is that in some cases, that may not be possible, and the strategies provide guidance for 

those situations.  These guidelines should be updated and modified as new information about 

GrSG, GrSG habitat, and human-caused impacts, becomes available.  As with all guidelines, 

adaptive approaches should be used and the best available science should be applied when 

implementing these guidelines. 

 

We recommend readers review the entire set of guidelines to assure an understanding of how the 

issues and topics are addressed, especially because they may be organized differently from other 

guidance documents or approaches.  These Disturbance Guidelines are organized into 2 

relatively distinct types of disturbance.  The first type of disturbance is categorized as “Habitat 

Disturbance”, and the second is “Functional Bird Disturbance”. 

 

Habitat Disturbance includes, but is not limited to, any actions that modify or change the quality, 

quantity, and/or or juxtaposition of habitat (see “Habitat: Fragmentation, Quality, and Quantity”, 

pg. 151) at the local, regional, or landscape level.  Habitat Disturbance can include the 

modification of or change in the horizontal or vertical structure (e.g., sagebrush height or cover) 

of the habitat.  Although new water developments and ponds in GrSG habitat are not discussed 

in this section, note that they should be designed to discourage mosquito production in order to 

minimize WNV risk to GrSG. 

 

Functional Bird Disturbance refers to actions or features that can directly influence the survival 

or behavior of GrSG individuals or local populations.  This type of disturbance can be illustrated 

by activities that may have a direct influence on bird survival (e.g., fence collision), or that may 

impact bird behavior, even to the point where grouse are displaced from habitat (e.g., natural gas 

compressor stations near leks, recreational lek viewing).  These types of anthropogenic 

disturbances would be above and beyond normal disturbance from predators or weather.  

Guidelines for this type of disturbance are intended to reduce the level of disturbance of males 

and females attending leks.  There are perceived consequences to GrSG of increased disturbance 

during all seasons.  For instance, because GrSG are a lekking species, disturbances that interfere 

with mating activities include (1) a shift in the particular males breeding, including males 

breeding with females away from the lek; or (2) increased disturbance that eventually causes 
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birds to abandon the lek.  During nesting season, female GrSG are extremely vulnerable to 

disturbance at nests, which can lead to nest abandonment.  There are also concerns that disturbed 

birds may increase their movements, resulting in physiological consequences such as the 

expenditure of energy reserves during periods of high energy consumption (e.g., lekking period 

and winter).  Physiological effects of disturbance and displacement to less suitable habitat can 

include chronic stress, reduced immunocompetence, reduced growth, greater susceptibility to 

predation and disease, and reduced body size. 

 

The guidelines for each type of disturbance (“Habitat Disturbance” and “Functional Bird 

Disturbance”) are organized first by whether the seasonal habitats in question (e.g., breeding, 

summer-fall, winter) are mapped, or unmapped (and thus, designated by the circles in Fig. B-1).  

Within those categories the guidelines are then organized by the issue related to the disturbance 

(e.g., sagebrush manipulation, anthropogenic features, herbivory, oil and gas development).  

 

Successful implementation of these guidelines for protecting GrSG from disturbance requires the 

identification and delineation (e.g., mapping, ground validation of mapping efforts) of breeding, 

summer-fall, and winter habitats (see “Designation of Seasonal Habitats”, following).  All 

anthropogenic features (e.g., powerlines, roads, fences, gas wells, etc.) should also be identified 

and delineated.  Colorado GrSG habitat use and movement data were used to develop these 

guidelines, but if local data were not available, guidelines are consistent with Connelly et al. 

(2000c).  As new or local information becomes available through research or monitoring, these 

guidelines may be adjusted to more effectively manage GrSG.  

 

For the purpose of these guidelines, we primarily adopt the Connelly et al. (2000c) definition of 

an active lek as an open area that has been attended by > 2 male sage-grouse in > 2 of the 

previous 5 years.  However, this definition is derived mainly from observations of leks in large, 

stable populations and may not be appropriate for small populations with reduced numbers of 

males attending leks in fragmented sagebrush communities.  Therefore, for smaller populations 

(i.e., Meeker - White River and Laramie River) that are isolated or disjunct from larger, more 

stable populations, an active lek is defined as an open area where 1 or more sage-grouse have 

been observed on more than 1 occasion, engaging in courtship or breeding behavior.  An area 

used by displaying males in the last 5 years is considered an active lek.  Buffers for protection 

from disturbance (described in following text) need to be measured from the perimeter of the 

open area defining the lek, not from a center point within the lek area.  This is because in some 

situations, leks can span several acres. 

 

If habitat disturbances that will require habitat restoration occur, the potential community needs 

to be identified (Winward 2004) and a diverse seed mixture of native shrubs, grasses, and forbs 

should be used with standard restoration or reclamation techniques (Monsen 2005). 
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Designation of Seasonal Habitats  
 

If seasonal habitats have been mapped, see the section “Mapped Seasonal Habitats”.  If habitats 

have not been mapped, see “Unmapped Seasonal Habitats”.  

 

 

Unmapped Seasonal Habitats  

 

Breeding Habitat and Summer-Fall Habitat - If these seasonal habitats are not mapped and field-

validated, they should be designated by 2 concentric circles around active leks (Fig. B-1).  The 

first circle has a radius of 0.6 miles (“Lek Habitat” portion of the Breeding Habitat), and the 

second has a radius of 4.0 miles, which encompasses the nesting and early-brood-rearing habitat 

and summer–fall habitat (Fig. B-1).  Generally, breeding habitat is considered to be sagebrush 

communities within the 4-mile radius.  Summer-fall habitat includes sagebrush communities, wet 

meadows, and agricultural fields within the 4-mile radius.  

 

On federal lands, the 0.6 mile radius area around a lek in breeding habitat could be defined as an 

area of No Surface Occupancy (NSO) or Avoidance Area (AA).  Every possible opportunity to 

avoid or minimize the impact should be exhausted to prevent development in this area, but 

allowances are provided in these guidelines.  The 4-mile radius is not an NSO or AA.  It is an 

area of consideration where the disturbance guidelines should be applied when, and if, possible. 

 

Fig. B-1.  Illustration of GrSG seasonal habitat designation where habitat has been mapped, and 

where it is unmapped.  The 2 concentric circles are to be used when seasonal habitat has not been 

0.6 mile radius (Breeding Habitat [Lek only]) 

4.0 mile radius (Breeding Habitat [Nesting, Early-

Brood-Rearing], and Summer-Fall Habitat) 

Mapped Habitat (Breeding 

[Nesting, Early-Brood-Rearing], 

and Summer-Fall Habitat) 
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mapped (see text for additional explanation).  The irregular polygon represents seasonal habitats 

that have been mapped. 

 

Winter Habitat – If winter habitat is not delineated, then the following guidance should be used.  

Winter habitat is highly variable from year to year, depending upon winter conditions (especially 

snow depth).  Because winter habitat use data is regionally specific, this plan defines winter 

habitat as sagebrush areas (Connelly et al. 2000c) within currently occupied habitat that (1) have 

sagebrush available above the snow for GrSG to use in average and extreme winters; and (2) 

meets the structural habitat guidelines for winter habitat in Appendix A, “GrSG Habitat 

Structural Guidelines”. 

 

 

Mapped Seasonal Habitats  

 

If seasonal habitats have been mapped (Fig. B-1), the following guidelines should be followed 

in, and relative to, the mapped habitat.  If there is overlap among different seasonal mapped 

habitats, whichever seasonal recommendations are the most restrictive should be applied.  

Recognize that although suitable breeding, summer-fall, and winter habitat may fall within 4 

miles of a lek, these seasonal habitats may also fall outside 4 miles due to vegetation mosaics on 

the landscape (e.g., Fig. B-1), and this should be considered in all management decisions.  This is 

because GrSG can be migratory (1- or 2-stage), or non-migratory (Connelly et al. 2000c).  

Consult your local biologist to determine the designation of the population of concern. 

 

 

Rationale for Seasonal Habitat Distance Designation (Used when Habitat is Unmapped) 

 

There is a long history of using guidelines or stipulations within a 1/4-mile buffer around leks to 

protect sage-grouse from adverse impacts of human activities.  We have been unable to 

document any scientific literature that served as the basis for the establishment of this buffer, and 

new data suggest that this buffer size is inadequate to prevent impacts to breeding populations 

(Walker et al. 2007a).  The buffers we recommend for unmapped seasonal habitats (following 

the “History of the „1/4-mile Buffer‟”) are based on actual data on GrSG habitat use. 

 

 

History of the “1/4-mile Buffer" 

 

Following is a description of how the 1/4-mile buffer appears to have come into use (paraphrased 

from a 1998 Affidavit by Dave A. Roberts, Wyoming Wildlife Program Leader, BLM, in 

response to Jonah oil and gas field development appeal). 

 

“We suspect that the following is the way the 1/4 mile distance came into use, however 

there is no written record of how the 1/4 mile buffer was derived for use: 

 

During the late 1950's and early 1960's, the land management agencies of the Federal 

government (especially the BLM and Forest Service) were doing a lot of sagebrush 

eradication (vegetation control) as a form of „range improvement‟.  Most biologists at the 
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time recognized this practice could be quite detrimental to sage grouse populations.  As a 

result, the Western States Sage Grouse Committee was formed [in part] to address some 

of these impact issues.  By the mid 1960's, the committee had developed some initial 

sagebrush management guidelines.  The amount of impacts information was small at that 

point, however, so the initial guidelines were largely a guess [i.e., professional opinion] at 

what would be appropriate protection for sage grouse.  The 1/4 mile distance was 

mutually, though not scientifically, accepted as a buffer distance from sage grouse leks to 

protect them from vegetation manipulations.  Several editions of the guidelines were 

created from their initiation in the mid 1960's until their final publication in The Wildlife 

Society Bulletin in 1977.  The 1/4 mile distance apparently dropped out somewhere along 

the way, or simply was never adopted in the published guidelines. 

 

The BLM started using the 1/4 mile distance, for lack of anything better, along with the 

rest of the published guidelines, back in the late 1960's.  Over a period of time (now, over 

3 decades) the 1/4 mile distance just evolved into a de facto „guideline‟, or standard, 

through routine, everyday usage, even though there was not any real, empirical, scientific 

evidence to either support or refute its usage.  Some more recent (within the last 5-8 

years) studies and anecdotal observations would suggest that a greater distance (possibly 

1/2 mile) would be a more appropriate protective buffer around sage grouse leks.  Even 

these more recent studies, however, have not really been designed to empirically 

ascertain an appropriate setback distance.” 

 

The lack of supporting data for the 1/4-mile buffer is evident.  We have used recent data from 

multiple studies to derive alternative buffers, for use when GrSG habitats have not been mapped. 

 

 

Breeding Habitat (March through July) 

 

Lek Habitat (March through mid-May) - The basis and rationale for the first radius, 0.6 miles 

from a lek (Fig. B-1), is developed by summarizing data from 5 separate studies of daytime 

movements of adult male sage-grouse during the breeding season (Carr 1967, Wallestad and 

Schladweiler 1974, Rothenmaier 1979, Emmons 1980, Schoenberg 1982), because daytime 

movements of adult male GrSG during the breeding season do not vary greatly.  Wallestad and 

Schladweiler (1974) found daily movements of adult males ranged between 0.2 and 0.8 miles 

from leks, with a maximum cruising radius of 0.9 - 1.2 miles.  Ellis et al. (1987) reported that 

dispersal flights of male GrSG (to day-use areas) ranged from 0.3 – 0.5 miles, with the longest 

flights ranging from 1.2 – 1.3 miles.  Carr (1967) recorded a cruising radius for male GrSG that 

ranged from 0.9-1.1 miles.  Rothenmaier (1979) found that 60-80% of male GrSG locations were 

within 0.6 - 0.7 miles of a lek.  Emmons (1980) reported that male dispersal distances to day-use 

areas of 0.1 miles were common and that 67% of all use areas were greater than 0.3 miles from 

the lek.  In addition, Schoenberg (1982) found that male daily movements averaged 0.6 miles, 

but ranged from 0.02 - 1.5 miles. 

 

Male GrSG activity patterns during the breeding season include strutting during the early 

morning hours, feeding and loafing during the day, and roosting on the lek during the night.  

Grouse attending the lek do not always roost on the exact location where the strutting occurs the 
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next morning.  Occasionally (this is lek-dependent), grouse roost in adjacent sagebrush cover.  

Ultimately, male GrSG require an open area for strutting, and sagebrush immediately adjacent 

for feeding and loafing.  Sagebrush adjacent to the lek is also used as escape cover from 

predators or other types of disturbance.  Female GrSG that attend the lek also use the area in this 

zone in the same fashion as do males (Patterson 1952, Barnett and Crawford 1994, Coggins 

1998). 

 

 

Nesting (April through June) and Early Brood-Rearing Habitat (mid-May through July) - The 

second circle (Fig. B-1) encompasses nesting and early-brood-rearing habitat, and includes 

habitat within 4.0 miles from the lek.  This is based on 6 research projects from Colorado, Idaho, 

and Wyoming (Peterson 1980; Autenrieth 1981; Giesen 1995; Holloran and Anderson 2005; 

A.D. Apa, CDOW, unpublished data).  Data from these studies indicate that for 1,164 nests 

located by radio-telemetry, 79.0% of nests (n = 920/1,164; Table B-1) were located within 4 

miles of the active lek where the females were captured. 

 

The 4-mile radius differs from breeding habitat designations in previously published guidelines.  

Braun et al. (1977) considered the breeding complex to be within a 1.9-mile radius of an 

occupied lek, although in some circumstances they suggested that the breeding complex could 

exceed this distance.  The 1.9-mile radius was based upon 2 research studies in which nests were 

located by ground-searching a 2-mile radius from active leks (Gill 1965, Martin 1970), and upon 

2 radio-telemetry studies (Wallestad and Pyrah 1974, Autenrieth 1981).  Later, Connelly et al. 

(2000c) suggested that breeding habitat exists within 2.0 miles of occupied leks when the habitat 

is uniform and the population is non-migratory.  In addition, Connelly et al. (2000c) further 

recommended that breeding habitat should be protected within 3.1 miles of an occupied lek in 

non-uniform habitat where the population is non-migratory.  In migratory populations, breeding 

habitat can occur up to 11.2 miles from occupied leks (Connelly et al. 2000c).   

 

Previously, a 2-mile radius was thought to protect 80% of GrSG nesting habitat.  Only 52% of 

the sample we used from multiple states (n = 605/1,164; Table B-1) would have been located 

within breeding habitat as identified by a 2-mile radius.  Data from strictly Colorado GrSG 

populations follow a similar pattern.  Of Colorado research summarized to date (based on data 

from telemetered GrSG females in Colorado), 52% of females (n = 271/518) nest within 2 miles 

of the lek they were captured on, while 80.5% (n = 417/518) nest within 4 miles of the lek upon 

which they were captured (Table B-1).  The 2-mile radius is inadequate because it only protects 

approximately 50% of nests, whereas a 4-mile radius protects 80% of nests.  Identifying the 4.0-

mile radius circle is a good example of the continuous adaptive process of using more recent and 

local data to update guidelines, and to make them more appropriate for local situations.  As 

mentioned earlier, the 4.0-mile radius is intended to be used only when breeding habitat has not 

been mapped. 

 

 

Summer–Fall (July through September) and Winter Habitat (October through February) 

 

Summer–Fall Habitat (July through September) - In general, all sagebrush stands within a 4-mile 

radius of an active lek can be considered sage-grouse habitat, although summer-fall habitat can 
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also include riparian areas and agricultural fields within this radius.  As sagebrush communities 

continue to dry out and many forbs complete their life cycles, sage-grouse typically respond by 

moving to a greater variety of habitats, and generally more mesic habitats (Patterson 1952).  

Sage-grouse begin movements in late June and into early July (Gill 1965, Klebenow 1969, 

Savage 1969, Connelly and Markham 1983, Gates 1983, Connelly et al. 1988, Fischer 1994).  By 

late summer and into the early fall, females with broods, non-brood females, and groups of males 

become more social, and flocks are more concentrated (Patterson 1952).  This is the period of 

time when GrSG can be observed in atypical habitat such as farmland and irrigated habitats 

(Connelly and Markham 1983, Gates 1983, Connelly et al. 1988). 

  

From mid-September into October, GrSG prefer areas with more dense sagebrush (>15% canopy 

cover) and late green succulent forbs before moving to early transitional winter range where 

sexual segregation of flocks becomes notable (Wallestad 1975, Beck 1977, Connelly et al. 1988).  

During periods of heavy snow cover in late fall and early winter, use of mountain and Wyoming 

big sagebrush stands is extensive. 

 

 

Winter Habitat (October through February) - GrSG winter habitat use depends upon snow depth 

and availability of sagebrush, which is used almost exclusively for both food and cover.  Used 

sites are typically characterized by canopy cover >25% and sagebrush >12-16 inches tall 

(Schoenberg 1982), and are associated with drainages, ridges, or southwest aspects with slopes < 

15% (Gill 1965, Wallestad 1975, Beck 1977, Robertson 1991).  In Colorado, <10% of sagebrush 

habitat is used by GrSG during deep snow conditions (Beck 1977) because most of the sagebrush 

is buried under the snow.  When snow deeper than 12 inches covers over 80% of the winter 

range, GrSG in Idaho have been shown to rely on sagebrush greater than 16 inches in height for 

foraging (Robertson 1991).  Doherty et al. (2008) found that females preferred landscapes with 

extensive sagebrush habitat and gentle to flat terrain, and avoided areas with conifers, woody 

riparian zones, and rough terrain.  Females also avoided areas with coal-bed natural gas 

development, and were 30% less likely to use an area with coal-bed natural gas development 

even if it contained suitable habitat. 

 

Lower flat areas and shorter sagebrush along ridge tops provide roosting and feeding areas.  

During extreme winter conditions, GrSG will spend nights and portions of the day (when not 

foraging) burrowed into “snow roosts” (Back et al. 1987).  When snow has the proper texture, 

snow roosts are dug by wing movements or by scratching with the feet. 

 

Hupp and Braun (1989b) found that most GuSG feeding activity during the winter occurred in 

drainages and on slopes with south or west aspects in the Gunnison Basin.  In years with severe 

winters resulting in heavy accumulations of snow, the amount of sagebrush exposed above the 

snow can be severely limited.  Hupp and Braun (1989b) investigated GuSG feeding activity 

during a severe winter in the Gunnison Basin in 1984, where they estimated <10% of the 

sagebrush was exposed above the snow and available to sage-grouse.  In these conditions, the tall 

and vigorous sagebrush typical in drainages were an especially important food source for GuSG. 
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Colorado GrSG Disturbance Guidelines 

 

Whether seasonal habitats are unmapped or mapped, if there is overlap among the designated 

different seasonal habitats, whichever seasonal recommendations are the most restrictive should 

be applied. 

 

 

Habitat Disturbance 

 

In the course of all of the following activities, when seasonal habitats overlap, if possible, efforts 

should be made to avoid activities during the designated time periods.  If not possible, then 

conduct the activities during the summer-fall period when grouse are more mobile and less 

energy is expended (versus, e.g., winter and nesting periods) so they can move and could avoid 

any activities.  Generally speaking, the following timelines apply throughout the year for GrSG 

biology requisites in these habitats: 

 

 Breeding Habitat (March through July) 

  Lek Habitat (March through mid-May) 

  Nesting Habitat (April through June) 

  Early-Brood Rearing Habitat (mid-May through July) 

 Summer-Fall Habitat (July through September) 

 Winter Habitat (October through February) 

 

In all cases discuss the timelines on site-specific cases with a local biologist. 

 

 

Breeding Habitat – Lek Habitat  

a.  Sagebrush Alteration – Any sagebrush manipulation should be extremely 

limited or prohibited within 0.60 mi of an active lek.  Exceptions include 

sagebrush manipulations that are conducted to reduce shrub or vegetation height 

and density to improve the character of the actual lek. 

b.  Anthropogenic Features (also consult “a.  Sagebrush Alteration” above, if 

feature construction will result in removal of any sagebrush):  

1. Short-term (< 1 year) – Restore lek habitat to the original sagebrush 

community (according to site capability; see Winward 2004, Monsen 

2005, and Appendix A, “GrSG Structural Habitat Guidelines”), 

following feature removal.  

2. Long-term (> 1 year) – Anthropogenic features are strongly 

discouraged due to the long-term loss of lek habitat (if unavoidable, 

minimize the footprint (area disturbed by feature construction) and see 

“Functional Bird Disturbance”). 

Breeding Habitat – Nesting and Early-Brood-Rearing Habitat  

a.  Sagebrush Alteration  

1. Uniform and Unfragmented Breeding Habitat - sagebrush removal 

and/or treatment projects should be limited and not exceed 20-30% 

(Connelly et al. 2000c) of the total mapped habitat.  Treatments need 
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recovery objectives that achieve the structural habitat guidelines 

identified in this plan (according to site capability; see Winward 2004, 

Monsen 2005, “Habitat Enhancement” strategy [pg. 349], and 

Appendix A, “GrSG Structural Habitat Guidelines”).  Treatment 

blocks should be small (< 50 acres) and interspersed across the 

landscape in irregular configurations and shapes.  Treated areas should 

not be systematic or predictable (e.g., a ratio of treated to untreated 

strips) across the landscape. 

2. Fragmented Breeding Habitat – If the mapped original breeding 

habitat area has >40% loss (Connelly et al. 2000c) to other factors, all 

remaining habitat should be protected from disturbance. 

b.  Anthropogenic Features (also consult “a.  Sagebrush Alteration” above, if 

feature construction will result in removal of any sagebrush).  These include any 

human-made structures or features that are present on the landscape for 1 year or 

less (short-term) and greater than 1 year (long-term). 

1. Short-term (< 1 year; e.g., fire-fighting camps, temporary corrals) – 

Restore nesting and early-brood-rearing habitat to the original 

sagebrush community (according to site capability; see Winward 2004, 

Monsen 2005, and Appendix A, “GrSG Structural Habitat 

Guidelines”), following feature removal. 

2. Long-term (> 1 year) – Anthropogenic features should be limited if 

possible, due to the long-term loss of nesting and early-brood-rearing 

habitat (if unavoidable, minimize the footprint and see “Functional 

Bird Disturbance”). 

Summer–Fall Habitat 

a.  Sagebrush Alteration 

1. Maintain sagebrush communities (Hausleitner 2003) within 0.20 miles 

(Connelly et al. 2000c) of known or suspected brood foraging areas.  

Sagebrush manipulations must be carefully planned to achieve the 

structural habitat guidelines (according to site capability; see Winward 

2004, Monsen 2005, “Habitat Enhancement” strategy [pg. 349], and 

Appendix A, “GrSG Structural Habitat Guidelines”). 

b.  Anthropogenic Features (also consult “a.  Sagebrush Manipulation” above, if 

feature construction will result in removal of any sagebrush) 

1. Short-term (< 1 year) – Restore summer-fall habitat to the original 

sagebrush community (Winward 2004, Monsen 2005) following 

feature removal. 

2. Long-term (> 1 year) – Anthropogenic features should be limited if 

possible, due to the long-term loss of summer-fall habitat (if 

unavoidable, minimize the footprint and see “Functional Bird 

Disturbance”). 

Winter Habitat 

a.  Sagebrush Alteration 

1. Sagebrush manipulations need to be limited or prohibited in winter 

habitat.  Any manipulations should be small (< 10 acres) in size and 

not exceed 20% (Connelly et al. 2000c) of the delineated winter 
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habitat.  Treatments should be irregular in shape and not predictable or 

systematic (e.g., ratio of treated and untreated strips) on the landscape.  

Treatments in the shape of rows or strips should be avoided. 

b.  Anthropogenic Features (also consult “a.  Sagebrush Manipulation” above, if 

feature construction will result in removal of any sagebrush) 

1. Short-term (< 1 year) – Restore winter habitat to the original sagebrush 

community (according to site capability; see Winward 2004, Monsen 

2005, and Appendix A, “GrSG Structural Habitat Guidelines”), 

following feature removal. 

2. Long-term (> 1 year) – Anthropogenic features should be limited if 

possible, due to the long-term loss of winter habitat (if unavoidable, 

minimize the footprint and see “Functional Bird Disturbance”). 
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Functional Bird Disturbance 

 

In the course of all of the following activities, when seasonal habitats overlap, if possible, efforts 

should be made to avoid activities during the designated time periods.  If not possible, then 

conduct the activities during the summer-fall period when grouse are more mobile and less 

energy is expended (versus, e.g., winter and nesting periods) so they can move and could avoid 

any activities.  Generally speaking, the following timelines apply throughout the year for GrSG 

biology requisites in these habitats: 

 

 Breeding Habitat (March through July) 

  Lek Habitat (March through mid-May) 

  Nesting Habitat (April through June) 

  Early-Brood Rearing Habitat (mid-May through July) 

 Summer-Fall Habitat (July through September) 

 Winter Habitat (October through February) 

 

In all cases discuss the timelines on site-specific cases with a local biologist. 

 

  

Breeding Habitat – Lek Habitat: Any activities associated with the following 

anthropogenic features, or any other bird-disturbing activities, should be limited between 

sunset and 2 hours after sunrise (modified from Lyon and Anderson 2003, A.D. Apa, 

CDOW, personal communication).  There should be complete exclusions or significant 

restrictions from 2 hours before sunrise to 2 hours after sunrise during this time of year. 

1.  Anthropogenic Features or Human Activities 

a. Fences – Any fences planned within 0.60 miles of an active lek should 

be avoided whenever possible, but if avoidance is not possible, fences 

should be retro-fitted with devices that increase their visibility in areas 

of suspected or confirmed grouse collision mortalities.  This effort is 

an attempt to reduce potential grouse collisions.  Similar devices 

should be applied to existing fences in areas of suspected or confirmed 

collisions.  In addition to visual devices, where possible, place fences 

in areas where topographic features can be used that will deter 

collisions (e.g., not on ridges). 

b. Powerlines (transmission, service lines) – Whenever possible, avoid 

the construction of powerlines in lek habitat.  If impractical, 

powerlines within lek habitat should be retro-fitted to deter raptor 

perching.  If practical, powerlines should be constructed to reduce the 

likelihood of grouse-wire collisions.  Similar adjustments should be 

applied to existing powerlines where grouse mortality issues have been 

identified. 

c. Oil and Gas Exploration and Production – These anthropogenic 

features should not be constructed within lek habitat.  If unavoidable, 

all activities should have minimal noise.  Compressors, vehicles and 

other sources of noise should be equipped with effective mufflers or 

noise suppression to make the sounds emanating from these devices as 
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quiet as technologically possible.  As a guideline, grouse vocalizations 

are less than 20 dBA (Dantzker et al. 1999). 

d. Roads and Trails – Avoid constructing roads and trails within lek 

habitat.  If unavoidable, roads should be placed so they, and their 

associated traffic, are not in direct line-of-sight of strutting males.  

Vehicles should not exceed 30 - 40 mph (adapted from Tessman et al. 

2004) during the strutting period to avoid grouse-vehicle collisions.  

Roads should be minimally developed and seasonal closures should be 

developed. 

e. Ex- urban Housing Development – No housing developments should 

occur within lek habitat. 

f. Wind Power Generation and Communication Tower Sites – These 

sites should not be constructed within lek habitat. 

g. Recreational Activities – Recreational activities should be excluded or 

strictly coordinated to accommodate the aforementioned timeframes.  

Lek viewing opportunities should be strictly controlled and 

emphasized during time periods before and after peak female 

attendance and breeding to avoid interrupting breeding activities.  

Once protocols are produced, lek viewing protocols should be 

monitored for compliance. 

h. Herbivory – In situations where animals can be controlled (i.e., 

domestic sheep beds), avoid bedding sheep on or within 100 feet of 

active leks during the strutting period.  Numerous anecdotal 

observations have documented sheep being bedded directly on lek and 

male and female GrSG fail to roost on the leks.  Male display activity 

and roosting on leks is dramatically reduced or not present (A.D. Apa, 

CDOW, personal communication). 

i. Research Activities – Research and management activities that could 

have detrimental impacts to individuals or populations must have 

Animal Care and Use Committee approval as well as the appropriate 

trapping and handling permits issued by CDOW.  In addition, ethical 

handling guidelines will be in conformance with Gaunt and Oring 

(1997). 

j. Surface Mining or Similar Activities – These anthropogenic features 

should not be constructed within lek habitat.  If unavoidable, all 

activities should have minimal noise.  Compressors, vehicles and other 

sources of noise should be equipped with effective mufflers or noise 

suppression to make the sounds emanating from these devices as quiet 

as technologically possible.  As a guideline, grouse vocalizations are 

less than 20 dBA (Dantzker et al. 1999). 
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Breeding Habitat – Nesting and Early-Brood-Rearing Habitat, 

Summer-Fall Habitat, and 

Winter Habitat 

1.  Anthropogenic Features or Human Activities 

a. Fences - If, in the course of other activities, it is determined that fences 

in a particular area in these seasonal habitats are causing collisions, 

avoid constructing new fences in that area, and/or move, and/or retrofit 

existing fences to increase visibility and decrease possibility of 

collisions. 

b. Powerlines - If possible, powerlines should be avoided in these 

seasonal habitats.  If not possible, consider burying powerlines, 

placing raptor perching deterrents, and avoiding areas where sage-

grouse concentrate, riparian areas, or areas where collisions or 

predatory events from perching raptors have been documented. 

c. Oil and Gas Exploration and Production – Any necessary equipment 

should produce minimal noise; all compressors, vehicles, and other 

sources of noise should be equipped with effective mufflers or noise 

suppression devices to provide the quietest conditions technologically 

possible.  Encourage remote monitoring to minimize disturbance of 

grouse during this period. 

d. Roads and Trails – Local (generally, unpaved) roads and trails should 

be excluded when possible, and when not, road and trail length and 

width should be minimized to the extent possible. Vehicles should not 

exceed 30 - 40 mph (adapted from Tessman et al. 2004) on local or 

unpaved roads.  

e. Ex- urban Housing Development - Housing developments should be 

discouraged in all GrSG habitats. When this is not practical, houses 

should be clustered as much as possible and domestic pets should be 

controlled to reduce predation or harassing events. 

f. Wind Power Generation and Communication Tower Sites – These 

sites should be avoided if possible.  If not possible, retrofit all aspects 

of turbines and towers to deter raptor perching, and to decrease the 

possibility of GrSG collisions in identified or potential collision areas.  

g. Recreational Activities – Recreational activities should be localized 

and confine activities to established and approved roads and trails.  In 

winter habitat, activities should be dramatically reduced in 

documented winter habitat. 

h. Surface Mining or Similar Activities –  Any necessary equipment 

should produce minimal noise; all compressors, vehicles, and other 

sources of noise should be equipped with effective mufflers or noise 

suppression devices to provide the quietest conditions technologically 

possible.  Encourage remote monitoring to minimize disturbance of 

grouse during this period.  
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Table B-1.  Data and recommendations regarding GrSG nest location and delineation of GrSG breeding habitat. 

DATA: DISTANCE OF GrSG NESTS FROM LEK OF CAPTURE 

% Nests within 2-

mi. radius 

% Nests Within 4-

mi. radius 
Telemetry Research Location Study 

86.9 

(n = 20/23) 
N/A No – ground searches for nests North Park, CO (A) Gill (1965) 

80.0 

(n = 4/5) 
N/A No – ground searches for nests Montana (B) Martin (1970) 

59.5 

(n = 182/306) 

85 

(n = 260/306) 
Yes Idaho (C) Autenrieth (1981) 

46.4 

(n = 13/28) 

85.7 

(n = 24/28) 

Yes – estimates made from a 

Figure in thesis 
North Park, CO (D) Peterson (1980) 

71.8 

(n = 51/71) 

90.1 

(n = 64/71) 
Yes North Park, CO (E) Giesen (1995) 

49.5 

(n = 192/388) 

77.1 

(n = 299/388) 
Yes Moffat County, CO 

(F) Thompson et al. 2005, Thompson 

2006 

48.4 

(n = 15/31) 

96.8 

(n = 30/31) 
Yes 

Eagle and South Routt 

Counties, CO 

(G) Graham and McConnell 2004, 

Graham and Jones 2005 

44.7 

(n = 152/340) 

74.4 

(n = 243/340) 
Yes Wyoming (H) Holloran and Anderson (2005) 

SUMMARIES OF DATA SETS 

52.3 

(n = 271/518) 

80.5 

(n = 417/518) 
Yes All CO studies since 1980 (D) - (G) 

52.0 

(n = 605/1,164) 

79.0 

(n = 920/1,164) 
Yes 

All telemetry studies 

outlined in this table (CO, 

WY) 

(C) - (H) 

RECOMMENDATIONS: 

Connelly et al. (2000c) Guidelines for delineation GrSG breeding habitat if no local information is available 

Population Type Habitat Uniform? Distance from Lek   

Non-migratory Uniform sagebrush habitat ≤ 2 mi   

Non-Migratory 
Non-uniform sagebrush 

habitat 
≤ 3.1 mi   

Migratory No designation ≤ 11.2 mi   

 



Colorado Greater Sage-grouse Conservation Plan 
 

C-1 
Appendix C 

Habitat Monitoring Protocol 
 

APPENDIX C 
 
 
 

SAGE-GROUSE HABITAT MONITORING PROTOCOL



Colorado Greater Sage-grouse Conservation Plan 
 

C-2 
Appendix C 

Habitat Monitoring Protocol 
 

MINIMUM STRUCTURAL VEGETATION DATA COLLECTION GUIDELINES  
FOR SAGE-GROUSE SPECIES IN COLORADO 

Gunnison Sage-grouse Rangewide Steering Committee 
February 2007 

 
The following protocol was originally designed to assess suitability of vegetation conditions 
for the Gunnison sage-grouse as documented in the Gunnison sage-grouse Rangewide 
Conservation Plan (RCP; Gunnison Sage-grouse Rangewide Steering Committee 2005; 
“Appendix H, GUSG Structural Habitat Guidelines”).  It is applicable to both Gunnison 
(GuSG and greater sage-grouse (GrSG) in Colorado. 

 
• This protocol is intended to provide guidance in measuring minimum vegetation 

characteristics to evaluate site-specific structure as described by the “GrSG Structural 
Habitat Guidelines” (Appendix A in the CCP), and the “Gunnison sage-grouse Structural 
Habitat Guidelines” (Appendix H of the RCP).  If additional vegetation data are needed, 
consult the BLM Technical Reference 1734-4 or other agency technical manuals. 

• This protocol can be used to document current suitability of site-specific conditions, 
monitor changes in condition over time, and evaluate impacts of habitat and restoration 
treatments.    

• Vegetation data need to be collected during the season of use by sage-grouse.  For 
Breeding Habitat, measurements start around the end of May after the first nest hatches, 
and continue through June to encompass nesting and early-brood-rearing habitat.  
Summer Habitat measurements start around mid-June (after the chicks are about 4 weeks 
old), and continue through mid-August to include late-brood-rearing habitat.  Winter 
structural habitat variables (sagebrush canopy cover and sagebrush height) may be 
collected at any time of the year because these variables do not change substantially on a 
seasonal basis.  

• To maintain consistency in data collection, use of this protocol is recommended.  If an 
alternate methodology is used, techniques must be reported for future reference.  

 
General Guidance 
 

• To measure sagebrush and other shrub canopy cover, use the line intercept method 
developed by Canfield (1941).  For other canopy cover estimates use Daubenmire (1959) 
plots.   

• Take a minimum of 1 photo per transect at the starting point of the transect line.  Attempt 
to take the photo at a height and angle that will provide a good representation of the 
general condition of the site. 

• Frequency, density, and composition are additional types of information that could be 
collected but are not required by these guidelines to assess sage-grouse habitat structural 
condition.  If this type of data is needed consult the Technical Reference 1734-4 
(http://www.blm.gov/nstc/library/pdf/samplveg.pdf ). 
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Specific Measurements 
 
Transect Line Placement 

• Line -transects should be 30 m in length and placement of transects should be random 
within representative range sites. 

• Collect UTM coordinates at the start pointing of the transect line, using a GPS unit. 
• Transects placement should be stratified by community types and soils.  
 

Shrub Canopy Cover 
 
• Measure all shrubs and trees that intersect the line transect.  The species of sagebrush that 

intersect the line should be documented; all others non-sagebrush shrubs can be lumped 
into one category.   

• Large spaces in the foliage cover (>5 cm) should be excluded from the canopy cover 
measurement.   

• Do not measure overlap of canopy of species; i.e., if two sagebrush plants overlap along 
the transect, the length of the transect covered from a vertical vantage point is the percent 
canopy cover regardless of how may individual plants makeup that coverage.  Canopy 
cover should never exceed 100%. 

. 
General Guidelines for Application of Daubenmire (1959) 
 

• See Daubenmire (1959) or Bureau of Land Management (1996) for additional details 
• Note: cover classes indicated for Daubenmire (1959) have been modified per discussion 

regarding Table C-1 
• Five other vegetation variables will be collected along line transects within a Daubenmire 

frame: 
o Sagebrush Height 
o Grass Height 
o Forb Height 
o Grass Cover 
o Forb Cover 

• Collect data in 10  Daubenmire frames along each 30-m transect 
• Select a consistent systematic method for placement of the Daubenmire frame along each 

transect.  Record the method used on the field form so future transects can be completed 
in the same way.  

 
Sagebrush Height 
 

• Take one height measurement per sampling point (Daubenmire frame) by selecting the 
sagebrush closest to the lower left corner of the Daubenmire frame, based on its canopy 
and not its root.  The closest sagebrush could be within the frame, in front of the frame, 
behind the frame, and on either side of the transect.  Choose the sagebrush closest to the 
lower left corner of the frame regardless of its direction from that corner.    
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• Note on the data sheet whether the shrub measured is a seedling (no woody base) or a 
very young plant 

• Exclude seed heads (inflorescences) from height measurement  
• Do not re-measure the same shrub even if it is the closest sagebrush for a subsequent plot.  

Instead select the next nearest sagebrush within 10 meters of the plot.  If there is no other 
sagebrush within 10 meters, do not take that height measurement for that plot. 

 
Understory Cover  
 
To the extent possible, plants should be identified to the species level, but training and time 
limitations may prevent this.  The important habitat variables to be collected include: 

• Grasses: at a minimum, distinguish between perennials and annuals.  Identify dominant 
species to the extent possible in comments section of form.   Identify cheat grass and 
other non-native species to the extent possible.  

• Sedges are included in the grass category. 
• Forbs:  at a minimum, list the number of different forb species per plot, even if you 

cannot identify the species.  Identify species to the extent possible.   
• Measure the live and residual foliar cover of grasses and forbs.   
 

Understory Height 
 
Height measurements are conducted to characterize the vertical and horizontal structure of the 
understory.  Sage-grouse select habitat based on vertical (how tall it is) and horizontal (how thick 
it is) structure.  Both aspects contribute to a diversity of structure and provide a sense of security 
for birds. These aspects contribute to nest, chick and adult concealment from predation events.  
That is why these measurements are relatively consistent, but not absolutely consistent.  
 

• Measure 1 grass and 1 forb in each Daubenmire frame.  The plants must be rooted in the 
frame, and if there are no grasses or forbs in the frame, record as not present.  

• Measure height of the nearest grass and forb from the bottom left corner of the  
Daubenmire frame. 

• Grass height only includes the current year’s growth.  There are no criteria or guidelines 
for previous years’ growth (e.g., residual grass height). 

• Grass height can include annual or perennial grass.  If annual grass (e.g. Bromus 
tectorum) is measured, it should be documented on the datasheet.  It is preferable to 
measure perennial grasses. 

• Additional grass heights can be measured, but at a minimum grass height should be 
measured in the following manner: 

o Measure grass height (leaf or inflorescence) at the tallest vertical point (do not 
straighten up the plant; i.e., droop height) where the bulk of a plant’s mass occurs.  
If the plant has only 1 inflorescence and the bulk of the mass occurs in the leafy 
portion of the plant, measure the tallest leaf height.  If the inflorescence provides a 
bulk of the mass, then the tallest portion of the inflorescence is measured. 

o This protocol does not provide guidelines for every species of grass.  The 
individual conducting the sampling will have to make a judgment for each plot 
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and each species along a plot.  Consistency by following this protocol is key, as 
well as collecting an adequate number of measurements. 

• The same protocol should be followed for forbs. 
 

All cover estimates should be placed in the categories noted in Table C-1.  The standard 
Daubenmire method uses 6 cover classes, but the specific ranges lump too much in the 5-25% 
class to detect understory habitat conditions when compared to the Gunnison or greater sage-
grouse vegetation variables, this category was split into 2 cover classes below. 
 
Table C-1.  Modified cover classes for sage-grouse habitat variable estimation. 
Cover Class Range of Coverage Midpoint of Range 
1 0-5% 2.5 
2 5-15% 10 
3 15-25% 20 
4 25-50% 38 
5 50-75% 63 
6 75-100% 88 
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Examples of where grass and forb heights should be taken (ignore horizontal blue line in 
photos). 
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APPENDIX D 
 
 

RECOMMENDATIONS REGARDING PLANT SPECIES 
 

for USE in GrSG HABITAT MANAGEMENT and RESTORATION 
 

(from MONSEN 2005) 
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The content in the following tables is from Monsen (2005), but the format is in some cases 
altered from Monsen (2005).  The tables are numbered for use in this appendix; the 
corresponding table numbers found in Monsen (2005) are provided in the table descriptions. 
 
Table D-1.  Ecological status, use index, competitiveness, seeding rates, and natural spread index of species adapted for seeding mountain 
brush and juniper-pinyon sites that receive over 15 – 20 in of annual precipitation (from Monsen, Stevens USDA, RMRS – GTR – 2004 in 
press).  This is “Table 1” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

 
Grasses 
Bluegrass, big P,E,L X X ME ME ME 3 
Bluegrass, Canada P,E,L  X ME ME ME 3 
Bluegrass, Sandberg P,E,L X X ME ME ME 4 
Brome, mountain P,E,L X  ME ME ME 5 
Brome, nodding P,E,L X  ME ME ME 5 
Brome, Regar P,E,L  X EX EX ME 4 
Brome, smooth, northern P,E,L  X EX EX EX,NC 5 
Brome, smooth, southern P,E,L  X EX EX EX,NC 5 
Fescue, Sulcata sheep P,E,L X  ME EX EX 3 
Junegrass, prairie P,E,L X  ME ME ME 3 
Muttongrass P,E,L X  ME ME ME 4 
Needle-and-thread P,E X X ME ME EX 4 
Needlegrass, green P,E,L X X ME ME EX 3 
Orchardgrass “Paiute” P,E,L  X EX EX EX 5 
Ricegrass, Indian P,E,L X  ME ME EX 3 
Rye, mountain P,E  X EX EX PO 5 
Squirreltail, bottlebrush P,E,L X X EX EX ME 4 
Trisetum, spike P,E,L X  ME ME ME 3 
Wheatgrass, bluebunch P,E,L X  EX EX EX 3 
Wheatgrass, fairway P,E,L  X EX EX EX,NC 3 
Wheatgrass, standard P,E,L  X EX EX EX,NC 3 
Wheatgrass, intermediate P,E,L  X EX EX EX,NC 5 
Wheatgrass, slender P,E,L X X ME ME ME 4 
Wheatgrass, thickspike P,E,L X X ME ME EX 4 
Wheatgrass, western P,E,L X X ME ME EX 4 
 
Forbs 
Alfalfa (drought tolerant) P,E,L  X EX EX ME 3 
Aster, blueleaf P,E,L X X EX EX EX 4 
Aster, Pacific P,E,L X X EX EX EX 4 
Balsamroot, arrowleaf E,L X  PO PO EX 2 
Balsamroot, cutleaf E,L X  PO PO EX 2 
Balsamroot, hairy E,L X  PO PO EX 2 
Burnet, small P,E,L  X EX EX ME 4 
Crownvetch P,E,L  X ME ME ME 4 
Eriogonum, cushion P,E,L X X ME ME ME 3 
Flax, Lewis P,E,L X X ME ME ME 5 
Goldeneye, showy P,E,L X X ME ME ME 3 
Goldenrod, Parry P,E,L X  ME ME ME 3 
Helianthella, oneflower P,E X  ME ME ME 4 
Lupine, Nevada E,L X  PO PO EX 2 
Lupine, silky E,L X  PO PO ME 2 
Lomatium, Nuttall P,E,L X  ME ME ME 3 
Milkvetch, cicer P,E,L  X ME ME ME 4 
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Table D-1.  Ecological status, use index, competitiveness, seeding rates, and natural spread index of species adapted for seeding mountain 
brush and juniper-pinyon sites that receive over 15 – 20 in of annual precipitation (from Monsen, Stevens USDA, RMRS – GTR – 2004 in 
press).  This is “Table 1” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

Penstemon, Eaton P,E,L X  EX EX ME 5 
Penstemon, low P,E,L X  EX EX ME 5 
Penstemon, Palmer P,E X X EX EX PO 5 
Penstemon, Rocky Mtn. P,E,L X X ME ME PO 5 
Penstemon, sidehill P,E,L X  ME ME ME 5 
Penstemon, thickleaf P,E,L X  ME ME ME 5 
Penstemon, toadflax P,E,L X  PO ME ME 5 
Penstemon, Wasatch P,E,L X  EX EX ME 5 
Sainfoin P,E,L  X ME ME ME 4 
Sage, Louisiana P,E,L X X PO PO ME 4 
Sage, tarragon P,E,L X  PO PO ME 5 
Salsify, vegetable P,E  X EX EX ME 5 
Sweetvetch, Utah P,E,L X  PO ME ME 3 
Yarrow, western P,E,L X X ME ME ME 4 
 
Shrubs 
Ash, singleleaf P,E,L X  PO PO ME 2 
Bitterbrush, antelope P,E,L X X ME EX EX 4 
Buckwheat, Wyeth P,E,L X  EX EX ME 4 
Ceanothus, Martin P,E,L X  ME ME EX 3 
Chokecherry, black P,L X  PO ME EX 2 
Cliffrose, Stansbury P,E,L X  ME ME EX 3 
Elderberry, blue P,E,L X  PO ME EX 2 
Ephedra, green P,E,L X  ME ME EX  2 
Kochia, forage P,E X  EX EX ME 5 
Mahogany, curlleaf P,E X  PO ME EX 2 
Mahogany, true E,L X  PO ME EX 2 
Maple, Rocky Mountain E,L X  ME ME EX 2 
Rabbitbrush, mountain rubber P,E,L X X EX EX ME 5 
Rabbitbrush, mountain 
and basin white stem  rubber 

P,E,L X X ME ME ME 5 

Rose, Woods P,E,L X X PO ME EX 1 
Sagebrush, mountain big P,E,L X X ME EX EX 4 
Saltbush, fourwing P,E,L X X ME ME ME 2 
Serviceberry, Saskatoon P,E,L X X PO PO EX 2 
Snowberry, longflower E,L X  PO PO EX 1 
Snowberry, mountain P,E,L X  PO ME EX 1 
Squawapple P,E,L X  PO ME EX 1 
Sumac, Rocky Mountain P,E,L X X PO ME EX 2 
Sumac, skunkbush P,E,L X X PO ME EX 2 
Winterfat P,E,L X X ME ME EX 3 
 
Seeding Rate 

Growth Form Lbs/Acred 
Grasses    4 - 7 
Forbs    5 - 6 
Shrubs    3 - 4 

a Species status: P = pioneer; E = early seral; L = late seral. 
b Competitiveness rating: PO = poor competitor; ME = medium competitor; EX = excellent competitor; NC = noncompatable with other species. 
c  Natural spread: 1 = poor; 2 = fair; 3 = moderate; 4 = good; 5 = excellent. 
d Drill rate—broadcast seeding requires 1⁄4 - 1⁄3 additional seed. 
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Table D-2.  Ecological status, use index, competitiveness, and seeding rates of species adapted for seeding juniper-pinyon intermixed with  
mountain big sagebrush or black sagebrush sites that receive 11 - 15 in of annual precipitation. (From Monsen and Stevens RMRS - GTR - 
2004.  In press).  This is “Table 4” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

 
Grasses 
Bluegrass, big P,E,L X X ME ME ME  3 
Bluegrass, Canada P,E,L  X ME ME ME 3 
Bluegrass, Sandberg P,E,L X X ME ME ME 4 
Brome, nodding P,E,L X X ME ME ME 4 
Brome, Regar P,E,L  X ME ME ME 4 
Brome, smooth, southern P,L  X EX EX EX,NC 5 
Dropseed, sand P,E,L X  EX ME ME 4 
Fescue, hard sheep P,E,L  X ME ME ME,NC 4 
Fescue, Sulcata sheep P,E,L X X ME ME EX 3 
Grama, blue P,E,L X  ME ME EX 4 
Junegrass, prairie P,E,L X  ME ME ME 3 
Muttongrass P,E,L X  ME ME ME 4 
Needle-and-thread P,E X  ME ME ME 4 
Needlegrass, green P,E,L X X ME ME EX 3 
Orchardgrass, “Paiute” P,E,L  X EX EX EX 5 
Ricegrass, Indian P,E,L X  ME ME EX 3 
Rye, mountain P,E  X EX EX PO 5 
Squirreltail, bottlebrush P,E,L X X EX EX ME 4 
Trisetum, spike P,E,L X  ME ME ME 3 
Wheatgrass, bluebunch P,E,L X X ME ME EX 3 
Wheatgrass, fairway P,E,L  X EX EX EX,NC 3 
Wheatgrass, standard P,E,L  X EX EX EX,NC 3 
Wheatgrass, intermediate P,E,L  X EX EX EX,NC 5 
Wheatgrass, pubescent P,E,L  X EX EX EX,NC 5 
Wheatgrass, Siberian P,E,L  X EX EX EX 3 
Wheatgrass, streambank P,E,L X X EX EX EX 4 
Wheatgrass, thickspike P,E,L X X ME EX EX 4 
Wheatgrass, western P,E,L X X ME ME EX 4 
Wildrye, Great Basin E,L X  PO ME EX 2 
Wildrye, Russian P,E,L  X PO ME EX 3 
 
Forbs 
Alfalfa  (drought tolerant) P,E,L  X EX EX EX 3 
Aster, Pacific P,E,L X X PO ME ME 4 
Balsamroot, arrowleaf E,L X  PO PO EX 2 
Burnet, small P,E,L  X EX EX ME 4 
Flax, Lewis P,E,L X X EX EX ME 5 
Globemallow, gooseberryleaf E,L X X ME ME EX 2 
Goldeneye, showy P,E,L X X ME ME ME 3 
Penstemon, Palmer P,E X X EX EX PO 5 
Sainfoin E,L  X ME ME ME 4 
Salsify, vegetable P,E  X EX EX ME 4 
Sweetvetch, Utah P,E,L X  ME ME ME 3 
Yarrow, western P,E,L X X ME ME ME 4 
 
Shrubs 
Apache-plume E,L X  PO ME EX 3 
Ash, singleleaf E,L X  PO PO EX 2 
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Table D-2.  Ecological status, use index, competitiveness, and seeding rates of species adapted for seeding juniper-pinyon intermixed with  
mountain big sagebrush or black sagebrush sites that receive 11 - 15 in of annual precipitation. (From Monsen and Stevens RMRS - GTR - 
2004.  In press).  This is “Table 4” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

Bitterbrush, antelope P,E,L X X EX EX EX 4 
Buckwheat, Wyeth P,E,L X X ME EX ME 4 
Ceanothus, Fendler E,L X  ME ME EX 3 
Cliffrose, Stansbury E,L X  ME ME EX 2 
Elder, blueberry E,L X  PO ME EX 2 
Ephedra, green E,L X  ME ME EX 2 
Kochia, forage P,E  X EX EX ME 5 
Mahogany, curlleaf E,L X  ME ME EX 2 
Mahogany, littleleaf E,L X  ME ME EX 2 
Mahogany, true E,L X  ME ME EX 2 
Peachbrush, desert L X  PO PO EX 2 
Rabbitbrush, mountain rubber P,E,L X X ME ME ME 3 
Rabbitbrush, mountain and 
basin white stem rubber 

P,E,L X X ME ME ME 5 

Sagebrush, basin big P,E,L X X ME ME EX 5 
Sagebrush, black P,E,L X X ME ME EX 5 
Sagebrush, mountain P,E,L X X ME ME EX 4 
Saltbush, fourwing E,L X X ME ME ME 2 
Serviceberry, Saskatoon P,E,L X X PO PO EX 2 
Serviceberry, Utah E,L X X PO PO EX 2 
Snowberry, mountain E,L X X PO PO EX 2 
Squawapple E,L X  PO PO EX 2 
Sumac, Rocky Mountain 
smooth 

E,L X X PO ME EX 2 

Sumac, skunkbush E,L X X PO ME EX 2 
Winterfat P,E,L X X ME ME EX 3 
 
Seeding Rate 

Growth Form Lbs/Acred 
Grasses    4 - 6 
Forbs    4 - 6 
Shrubs    3 - 4 

a Species status: P = pioneer; E = early seral; L = late seral. 
b Competitiveness rating: PO = poor competitor; ME = medium competitor; EX = excellent competitor; NC = noncompatable with other species. 
c  Natural spread: 1 = poor; 2 = fair; 3 = moderate; 4 = good; 5 = excellent. 
d Drill rate—broadcast seeding requires 1⁄4 - 1⁄3 additional seed. 
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Table D-3.  Ecological status, use index, competitiveness, seeding rate, and natural spread index of species adapted for seeding mountain 
big sagebrush sites receiving over 15 in annual precipitation. (From Monsen and Stevens RMRS - GTR - 2004.  In press).  This is “Table 
5” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

 
Grasses 
Bluegrass, big P,E,L X X ME ME ME 3 
Bluegrass, Canada E,L  X ME ME ME 3 
Bluegrass, Sandberg P,E,L X  ME ME ME 4 
Brome, Regar P,E,L  X EX EX ME 4 
Brome, smooth, southern     P,E,L  X EX EX EX,NC 5 
Dropseed, sand  P,E,L X  EX ME ME 4 
Fescue, hard P,E,L  X ME ME EX,NC 3 
Fescue, Idaho E,L X  PO ME ME 3 
Fescue, sheep P,E,L X X ME ME ME 3 
Galleta P,E,L X  ME ME ME 4 
Grama, blue P,E,L X  ME ME EX 4 
Junegrass, prairie P,E,L X  ME ME ME 3 
Muttongrass P,E,L X  ME ME ME 4 
Needle-and-thread P,E X  ME ME ME 4 
Needlegrass, green P,E,L X X ME ME ME 4 
Needlegrass, Letterman P,E,L X  ME ME ME 3 
Oatgrass, tall P,E  X ME ME ME 4 
Orchardgrass, ‘Paiute’ P,E,L  X EX EX EX 5 
Ricegrass, Indian P,E,L X  ME EX ME 3 
Rye, Mountain P,E  X EX EX ME 5 
Squirreltail, bottlebrush P,E X X EX EX ME 4 
Wheatgrass, bluebunch P,E,L X  EX EX ME 3 
Wheatgrass, fairway P,E,L  X EX EX EX,NC 3 
Wheatgrass, standard P,E,L  X EX EX EX,NC 3 
Wheatgrass, intermediate P,E,L  X EX EX EX,NC 5 
Wheatgrass, pubescent P,E,L  X EX EX EX,NC 5 
Wheatgrass, slender P,E,L X  EX EX ME 4 
Wheatgrass, streambank P,E,L X X ME ME ME 4 
Wheatgrass, thickspike P,E,L X X ME ME EX 4 
Wheatgrass, western P,E,L X X PO ME EX 4 
Wildrye, Great Basin E,L X  PO ME ME 2 
Wildrye, Salina E,L, X  PO ME EX 4 
 
Forbs 
Agoseris, pale P,E,L X  EX ME ME 5 
Alfalfa  (drought tolerant) P,E,L  X EX EX ME 3 
Aster, Pacific P,E X X ME ME ME 4 
Balsamroot, arrowleaf E,L X  PO PO EX 2 
Burnet, small P,E,L  X EX EX ME 4 
Crownvetch P,E,L  X ME ME ME 4 
Hawksbeard, tapertip P,E,L X  ME ME ME 4 
Flax, Lewis P,E,L X X EX EX ME 5 
Goldeneye, showy P,E,L X X ME ME PO 3 
Lupine, mountain E,L X  PO ME ME 2 
Lupine, silky E,L X  ME ME ME 2 
Milkvetch, cicer P,E,L  X ME ME ME 4 
Penstemon, Eaton P,E,L X  EX EX ME 5 
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Table D-3.  Ecological status, use index, competitiveness, seeding rate, and natural spread index of species adapted for seeding mountain 
big sagebrush sites receiving over 15 in annual precipitation. (From Monsen and Stevens RMRS - GTR - 2004.  In press).  This is “Table 
5” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

Penstemon, low P,E,L  X EX EX EX 5 
Penstemon, Palmer P,E X  EX EX PO 5 
Penstemon, Rocky Mtn P,E,L X X ME ME ME 5 
Penstemon, Wasatch P,E,L X  EX EX ME 5 
Sainfoin P,E  X ME ME ME 5 
Sweetvetch, Utah P,E,L X  ME ME ME 3 
Trefoil, birdsfoot P,E  X ME ME ME 3 
Yarrow, western P,E,L X X EX EX ME 4 
 
Shrubs 
Bitterbrush, antelope P,E,L X X ME EX EX 4 
Buckwheat, sulfur P,E,L X X ME ME ME 4 
Buckwheat, Wyeth P,E,L X X ME ME ME 4 
Ceanothus, Martin E,L X  PO ME EX 3 
Ceanothus, snowbush E,L X  ME ME EX 3 
Chokecherry, black E,L X  PO PO EX 2 
Cliffrose, Stansbury E,L X  ME ME EX 2 
Elderberry, blue E,L X  PO ME EX 2 
Ephedra, green E,L X  ME ME ME 2 
Kochia, forage P,E  X ME EX ME 5 
Mahogany, curlleaf E,L X X PO ME EX 2 
Mahogany, true E,L X X PO ME EX 2 
Rabbitbrush,  mountain low P,E,L X X EX EX EX 5 
Rabbitbrush, mountain rubber P,E,L X X EX EX EX 5 
Rabbitbrush, mountain  and 
basin white stem rubber 

P,E,L X X EX EX EX 5 

Rose, Woods E,L X X PO PO EX 2 
Sagebrush, low P,E,L X  EX EX ME 5 
Sagebrush, mountain big P,E,L X X EX EX EX 5 
Sagebrush, silver P,E,L X  EX EX ME 5 
Saltbush, fourwing P,E X X ME ME ME 2 
Serviceberry, Saskatoon E,L X  PO PO EX 2 
Snowberry, mountain E,L X  PO PO EX 2 
Squawapple E,L X  PO PO EX 2 
Sumac, skunkbush E,L X  PO ME EX 2 
Sumac, Rocky Mountain  
smooth 

E,L X  PO ME EX 2 

 
Seeding Rate                                         Precipitation 

Growth form   12 - 17 inches       17+ inches 
             Lbs/Acred 

Grasses     4 - 6                    4 - 5 
Forbs     4 - 6                    3 - 5 
Shrubs     3 - 4                    3 - 4 

a Species status: P = pioneer; E = early seral; L = late seral. 
b Competitiveness rating: PO = poor competitor; ME = medium competitor; EX = excellent competitor; NC = noncompatable with other species. 
c  Natural spread: 1 = poor; 2 = fair; 3 = moderate; 4 = good; 5 = excellent. 
d Drill rate—broadcast seeding requires 1⁄4 - 1⁄3 additional seed. 
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Table D-3.  Ecological status, use index, competitiveness, seeding rate, and natural spread index of species adapted for seeding silver  
sagebrush, timberline sagebrush, and subalpine big sagebrush sites. (From Monsen and Stevens RMRS - GTR - 2004.  In press).  This is 
“Table 6” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

 
Grasses 
Barley, meadow P,E,L X X EX EX ME 4 
Bluegrass, big E,L X X ME ME ME 4 
Bluegrass, Canada E,L  X ME ME ME 4 
Brome, meadow P,E,L  X ME ME ME 4 
Brome, mountain P,E,L X X EX EX EX 5 
Brome, nodding P,E,L X  EX EX EX 5 
Brome, smooth, northern P,E,L  X EX EX EX,NC 5 
Brome, smooth, southern P,E,L X  EX EX EX 5 
Brome, subalpine E,L  X ME EX EX,NC 5 
Fescue, hard sheep P,E,L  X ME ME EX,NC 3 
Fescue, sheep P,E,L X X ME ME EX,NC 3 
Foxtail, creeping P,E,L  X ME EX EX 5 
Foxtail, meadow P,E,L  X ME ME EX 5 
Needlegrass, green P,E,L X  ME ME ME 3 
Needlegrass, Letterman P,E,L X X ME ME ME 3 
Oatgrass, tall P,E  X ME EX ME 5 
Orchardgrass P,E,L  X EX EX ME 5 
Hair-grass, tufted P,E X X PO ME ME 5 
Sedge, ovalhead P,E,L X  PO ME EX 2 
Timothy P,E  X EX EX PO 5 
Timothy, alpine P,E,L X  EX EX ME 5 
Wheatgrass, slender P,E,L X X EX EX ME 4 
 
Forbs 
Alfalfa (non-irrigated type) P,E  X EX EX ME 3 
ºAster, blueleaf P,E,L X  ME ME EX 4 
Aster, Englemann P,E,L X  PO ME EX 4 
Crownvetch E,L  X ME ME EX 4 
Geranium, sticky and  
Richardson 

P,E,L X X ME ME EX 4 

Goldeneye, showy P,E X  ME EX EX 3 
Goldenrod, Canada P,E,L X  ME ME EX 4 
Groundsel, butterweed P,E X  PO ME EX 4 
Lupine, mountain E,L X  ME ME EX 2 
Lupine, silky E,L X  ME ME EX 2 
Milkvetch, cicer E,L  X ME EX ME 4 
Penstemon, Eaton P,E X X ME ME ME 5 
Penstemon, low P,E X X ME ME ME 5 
Penstemon, Rocky Mountain P,E X X ME ME ME 5 
Penstemon, Wasatch P,E X X ME ME EX 5 
Sage, Louisiana P,E X X ME ME PO 5 
Sainfoin E  X ME EX ME 4 
Sweetanise E,L X X ME ME ME 4 
Yarrow, western P,E,L X X ME ME ME 4 
 
Shrubs 
Chokecherry, black E,L X X PO PO EX 2 
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Table D-3.  Ecological status, use index, competitiveness, seeding rate, and natural spread index of species adapted for seeding silver  
sagebrush, timberline sagebrush, and subalpine big sagebrush sites. (From Monsen and Stevens RMRS - GTR - 2004.  In press).  This is 
“Table 6” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

Cinquefoil, bush E,L X X ME ME EX 2 
Elderberry, red L X X PO ME EX 2 
Rabbitbrush,  mountain low P,E X X ME ME ME 5 
Sagebrush, silver P,E,L X X ME ME EX 5 
Sagebrush, timberline P,E,L X X ME ME EX 5 
Snowberry, mountain P,E,L X X PO PO EX 5 
 
Seeding Rate 

Growth Form Lbs/Acred 
Grasses    4 - 5 
Forbs    3 - 4 
Shrubs    3 - 4 

a Species status: P = pioneer; E = early seral; L = late seral. 
b Competitiveness rating: PO = poor competitor; ME = medium competitor; EX = excellent competitor; NC = noncompatable with other species. 
c  Natural spread: 1 = poor; 2 = fair; 3 = moderate; 4 = good; 5 = excellent. 
d Drill rate—broadcast seeding requires 1⁄4 - 1⁄3 additional seed. 
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Table D-4.  Ecological status, use index, competitiveness, seeding rate, and natural spread index of species adapted for seeding basin big  
sagebrush sites. (From Monsen and Stevens RMRS – GTR - 2004.  In press).  This is “Table 7” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

 
Grasses 
Bluegrass, Sandberg P,E,L X  ME ME ME 4 
Dropseed, sand P,E,L X  EX ME ME 4 
Fescue, hard sheep P,E,L  X ME ME EX,NC 3 
Fescue, Idaho E,L X  PO ME ME 3 
Fescue, sheep P,E,L X  ME ME ME 3 
Galleta P,E,L X  ME ME ME 4 
Grama, blue P,E,L X  ME ME ME 4 
Needle-and-thread P,E X  ME ME ME 4 
Needlegrass, Thurber P,E,L X  ME ME EX 4 
Orchardgrass,’ Paiute’ P,E,L  X ME ME ME 5 
Ricegrass, Indian P,E,L X  ME EX EX 3 
Rye, mountain P,E  X EX EX ME 5 
Squirreltail, bottlebrush P,E,L X X EX EX ME 4 
Trisetum, spike P,E,L X  ME ME ME 3 
Wheatgrass, bluebunch P,E,L X  ME ME EX 3 
Wheatgrass, fairway P,E,L  X EX EX EX,NC 3 
Wheatgrass, standard P,E,L  X EX EX EX,NC 3 
Wheatgrass, intermediate P,E,L  X EX EX EX,NC 5 
Wheatgrass, pubescent P,E,L  X EX EX EX,NC 5 
Wheatgrass, Siberian P,E,L  X EX EX EX,NC 3 
Wheatgrass, streambank P,E,L X X ME ME ME 4 
Wheatgrass, tall P,E  X ME ME ME 2 
Wheatgrass, thickspike P,E,L X X ME ME EX 4 
Wheatgrass, western P,E,L X X PO ME EX 4 
Wildrye, Great Basin E,L X  PO ME EX 2 
Wildrye, Russian P,E,L  X PO ME EX 2 
 
Forbs 
Agoseris, pale P,E,L X  EX ME ME 5 
Alfalfa  (drought tolerant) P,E,L  X EX EX ME 3 
Aster, Pacific P,E X X ME ME ME 4 
Burnet, small P,E,L  X EX EX ME 4 
Flax, Lewis P,E,L X X ME EX ME 5 
Goldeneye, showy P,E,L X X ME ME PO 3 
Globemallow Gooseberryleaf 
 and scarlet 

E,L X X ME ME EX 2 

Hawksbeard, tapertip P,E,L X  ME ME ME 4 
Lupine, Nevada E,L X  ME ME EX 2 
Penstemon, Eaton P,E,L X  EX EX ME 5 
Penstemon, low P,E,L X  EX EX EX 5 
Penstemon, Palmer P,E X X EX EX PO 5 
Salsify, vegetable P,E,L X  ME ME ME 4 
Sweetvetch, Utah P,E,L X  ME ME ME 3 
Yarrow, western P,E,L X X EX EX ME 4 
 
Shrubs 
Bitterbrush, antelope P,E,L X  ME EX EX 4 
Ephedra, green E,L X  PO ME EX 2 
Hopsage, spiny E,L X  ME ME EX 2 
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Table D-4.  Ecological status, use index, competitiveness, seeding rate, and natural spread index of species adapted for seeding basin big  
sagebrush sites. (From Monsen and Stevens RMRS – GTR - 2004.  In press).  This is “Table 7” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

Kochia, forage P,E,L  X EX EX ME 5 
Rabbitbrush,  mountain low P,E,L X X EX EX ME 5 
Rabbitbrush, mountain and 
basin white stem rubber 

P,E,L X X EX EX ME 5 

Sagebrush, basin big P,E,L X X ME EX EX 5 
Sagebrush, Wyoming big P,E,L X  ME EX EX 4 
Sagebrush, low P,E,L X  ME EX EX 5 
Saltbush, fourwing E,L X X ME ME ME 2 
Winterfat P,E,L X X ME ME ME 3 
 
Seeding Rate                                         Precipitation 

Growth form   9-13 inches          13+ inches 
               Lbs/Acred 

Grasses     4 - 5                  4 – 5 
Forbs     4 - 5                  5 – 6 
Shrubs     3 - 4                  4 – 5 

a Species status: P = pioneer; E = early seral; L = late seral. 
b Competitiveness rating: PO = poor competitor; ME = medium competitor; EX = excellent competitor; NC = noncompatable with other species. 
c  Natural spread: 1 = poor; 2 = fair; 3 = moderate; 4 = good; 5 = excellent. 
d Drill rate—broadcast seeding requires 1⁄4 - 1⁄3 additional seed. 
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Table D-5.  Ecological status, use index, competitiveness, seeding rate, and natural spread index of species adapted for seeding Wyoming 
big sagebrush sites. (From Monsen and Stevens RMRS-GTR - 2004.  In press).  This is “Table 8” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

 
Grasses 
Bluegrass, Sandberg P,E,L X  ME ME EX 4 
Dropseed, sand P,E,L X X EX ME EX 4 
Fescue, hard sheep P,E,L  X ME ME EX 3 
Fescue, Idaho P,E,L X  PO ME ME 3 
Galleta P,E,L X  ME ME ME 4 
Grama, blue P,E,L X  ME ME EX 4 
Needle-and-thread P,E X  ME ME ME 4 
Needlegrass, Thurber P,E,L X  ME ME EX 4 
Ricegrass, Indian P,E,L X  ME ME EX 3 
Rye, mountain P,E  X EX EX ME 5 
Squirreltail, bottlebrush P,E,L X X EX EX EX 4 
Trisetum, spike P,E,L X  ME ME ME 3 
Wheatgrass, bluebunch P,E,L  X EX EX EX 3 
Wheatgrass, fairway P,E,L  X EX EX EX,NC 3 
Wheatgrass, standard P,E,L  X EX EX EX,NC 3 
Wheatgrass, pubescent P,E,L  X EX EX EX,NC 5 
Wheatgrass, Siberian P,E,L  X EX EX EX,NC 3 
Wheatgrass, streambank P,E,L X  ME ME ME 4 
Wheatgrass, thickspike P,E,L X  ME ME EX 4 
Wheatgrass, western P,E,L X  PO ME EX 4 
Wildrye, Great Basin E,L X  PO ME EX 2 
Wildrye, Russian P,E,L  X PO ME EX 3 
Wildrye, Salina E,L X X ME ME EX 4 
 
Forbs 
Agoseris, pale P,E,L X  EX ME ME 5 
Alfalfa P,E,L  X ME ME PO 3 
Alfileria P,E  X EX EX ME 5 
Balsamroot, arrowleaf E,L X  ME ME EX 2 
Burnet, small P,E,L  X ME ME PO 4 
Flax, Lewis P,E,L X X ME ME PO 5 
Goldeneye, showy P,E,L X X ME ME PO 3 
Globemallow, gooseberryleaf E,L X X PO ME EX 2 
Globemallow, scarlet E,L X X PO ME EX 2 
Hawksbeard, tapertip P,E,L X  ME ME ME 4 
Lupine, Nevada E,L X  ME ME ME 2 
Penstemon, littlecup P,E,L X  ME ME ME 5 
Penstemon, low P,E,L, X  ME ME ME 5 
Penstemon, Palmer P,E,L X X ME ME PO 5 
Yarrow P,E,L X  ME ME ME 4 
 
 
 
 
Shrubs 
Ephedra, green E,L X  PO PO PO 2 
Hopsage, spiny E,L X  PO ME EX 2 
Kochia, forage P,E,L  X EX EX ME 5 
Peachbrush, desert E,L X  PO PO EX 2 
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Table D-5.  Ecological status, use index, competitiveness, seeding rate, and natural spread index of species adapted for seeding Wyoming 
big sagebrush sites. (From Monsen and Stevens RMRS-GTR - 2004.  In press).  This is “Table 8” in Section II of Monsen (2005). 
  Use index for: Competitivenessb as a 

seedling, in the presence of: 
  

Species Ecological 
Statusa 

Restoration 
Planting 

Revegetation 
plantings 

Maximum 
competition 

Minimum 
competition 

Mature 
plant 

Natural 
spreadc 

Rabbitbrush,  mountain low P,E,L X X EX EX ME 5 
Rabbitbrush,  mountain and 
basin white stem rubber 

P,E,L X X EX EX EX 5 

Saltbush, fourwing E,L X X ME ME ME 2 
Winterfat P,E,L X X ME ME ME 3 
 
Seeding Rate 

Growth Form Lbs/Acred 
Grasses    5 – 6 
Forbs    4 – 5 
Shrubs    2 – 3 

a Species status: P = pioneer; E = early seral; L = late seral. 
b Competitiveness rating: PO = poor competitor; ME = medium competitor; EX = excellent competitor; NC = noncompatable with other species. 
c  Natural spread: 1 = poor; 2 = fair; 3 = moderate; 4 = good; 5 = excellent. 
d Drill rate—broadcast seeding requires 1⁄4 - 1⁄3 additional seed. 
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Table. D-6: Food and cover value for sage-grouse.  This is “Appendix I” in Monsen (2005). 

FORBS 
Common Name Scientific Name Cover Value1 Food Value1 

Western yarrow Achillea millefolium   
False dandelion Agoseris glauca   
Everlasting Antennaria spp.   
Pacific aster Aster chilensis   
Blueleaf aster A. glaucodes   
Hairy balsamroot Balsamorhiza hookeri   
Cutleaf balsamroot B. macrophylla   
Arrowleaf balsamroot B. sagittata   
Sego lily Calochortus spp.   
Indian paintbrush Castillega spp.   
Tiny trumpet Collomia linearis   
Hawksbeard Crepis spp.   
Fleabane Erigeron spp.   
Sulfur eriogonum E. umbellatum   
Wyeth eriogonum Eriogonum hereleoides   
Prairiesmoke Gayophytum spp.   
Curlcup gumweed Grindelia squarrosa   
Utah sweetvetch Hedysarum boreale   
Prickley lettuce Lactuca serriola   
Pea Lathyrus spp.   
Pepperweed Lepidium spp.   
Gilia Linanthus spp.   
Lewis flax Linum perenne   
Desertparsley Lomatium spp.   
Lupine Lupinus spp.   
Alfalfa Medicago sativa   
Monkey flower Minulus spp.   
Broomrape Orobanche spp.   
Firecracker penstemon Penstemon eatonii   
Palmer penstemon P. palmeri   
Phlox Phlox spp.   
Cinquefoil Potentilla spp.   
Small burnet Sanquisorba minor   
Groundsel Senecio spp.   
Globemallow Sphaeralcea spp.   
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Table. D-6: Food and cover value for sage-grouse.  This is “Appendix I” in Monsen (2005). 

FORBS 
Common Name Scientific Name Cover Value1 Food Value1 

Common dandelion Taraxacum officinale   
Salsify Tragopogon spp.   
Clover Trifolium spp.   

GRASSES 
Thickspike wheatgrass Agropyron dasytachyum  - 
Standard/desert wheatgrass A.  desertotum  - 
Intermediate wheatgrass A.  intermedium  - 
Fairway crested wheatgrass A. cristatum  - 
Siberian crested wheatgrass A. fragile  - 
Western wheatgrass A. smithii  - 
Bluebunch wheatgrass A. spicatum  - 
Slender wheatgrass A. trachycaulum  - 
Blue gramma Bouteloua gracilis  - 
Mountain brome Bromus carinatus  - 
Smooth brome B. inermus  - 
Orchard grass Dactylis glomerata  - 
Great Basin wildrye Elymus cinereus  - 
Russian wildrye E. junceus  - 
Junegrass Koeleria macrantha  - 
Indian ricegrass Oryzopsis hymenoides  - 
Mutton bluegrass Poa fendleriana  - 
Sandberg bluegrass P. secunda  - 
Squirreltail Sitanion hystrix  - 
Sand dropseed Sporobolus cryptandrus  - 
Needle-and-threadgrass Stipa comata  - 
Green needlegrass S. lettermanii  - 
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Table. D-6: Food and cover value for sage-grouse.  This is “Appendix I” in Monsen (2005). 

SHRUBS 
Common Name Scientific Name Cover Value1 Food Value1 

Saskatoon serviceberry Amelanchier alnifolia  - 
Utah serviceberry A. utahensis  - 
Low sagebrush Artemisia arbuscula   
Silver sagebrush A. cana   
Black sagebrush A. nova   
Basin big sagebrush A. tridentata ssp. tridentata   
Mountain big sagebrush A. t. spp. vaseyana   
Wyoming big sagebrush A. t. spp. wyomingensis   
Fourwing saltbush Atriplex canescens  - 
Shadscale A. confertifolia  - 
Rubber rabbitbrush Chrysothamnus nauseosus  - 
Winterfat Ceratoides lanata   
Chokecherry Prunus virginiana  - 
Antelope bitterbrush Purshia tridentata  - 
Mountain snowberry Symphoricarpos oreophilus  - 
1- No value 

 Low 
 Low-Medium 

 Medium 
 Medium-High 

 High 
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Grazing Management Options for GrSG 
 
If habitat assessments and monitoring indicate forage use and habitat guidelines are being met 
with the current grazing system, changes may not be needed.  Use by wild ungulates may limit or 
alter the effectiveness and design of grazing management alternatives (see “Grazing” strategy, 
Objective 6.2.2, pg. 346).  Consult with local range conservationists and local work groups to 
assess local site conditions and capability. 
 
1.  If habitat assessments and monitoring indicate a change in forage or other habitat element use 
may be needed, consider changing the distribution of livestock, duration of use, and time of year 
that livestock graze a particular location by using grazing systems such as rest-rotation, deferred 
rotation, or high intensity/short duration.  Allow for growth or re-growth in each pasture during 
each growing season to provide quality vegetation and vegetation height requirements during 
periods of sage-grouse seasonal use (refer to “GrSG Structural Habitat Guidelines”, Appendix 
A). 
 
2.  Develop grazing banks to provide alternative forage and facilitate adaptive management for 
situations discussed within this list of alternatives.  
 
3.  When alternative forage is available and/or other incentives can facilitate changes, consider 
delaying spring grazing of occupied breeding habitat and/or avoid using sage-grouse seasonal 
use areas during or immediately before important use periods.  
 
4.  Where possible, do not graze the same pasture at the same time of year for consecutive years.  
If not possible, develop smaller grazing units within large pastures using salting, supplements, 
water, herding, or fencing to facilitate desired grazing management. 
 
5.  Consider the impact to sage-grouse when locating and constructing new fences and livestock 
watering and handling facilities.  Consider moving existing facilities and fences if they are 
affecting (increasing) grouse mortality, especially near leks.   
 
6.  If sage-grouse mortality due to collision with fences  is documented or likely to occur, 
consider marking the appropriate fence section with permanent flagging or other suitable 
material that will increase visibility of the fence for GrSG.  
 
7.  Water developments, placement of supplements, fencing, and season of use are just some of 
the tools that can be used to discourage over-utilization around riparian areas, water sources, 
bottoms and draws. 
 
8.  If needed, defer livestock use from pastures or allotments in occupied GrSG habitat, or 
change management plans when abnormal environmental events occur (e.g., drought, heavy 
snow fall, flooding) and stress vegetation. 
 
9.  As necessary, periodically graze lek sites moderate to heavy in late fall, to maintain site 
openness that GrSG require.  Note: temporary fencing, herding, or increased stocking rate could 
be used, but needs to be limited to specific lek site, and avoid overgrazing surrounding area. 
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10.  Avoid placing salt, minerals or supplements near leks and use them as tools to achieve 
desired livestock distribution and use in GrSG habitat. 
 
11.  The timing and location of livestock turnout and trailing should be adjusted to avoid 
livestock concentrations and other livestock associated disturbances in lek areas during the 
breeding season (March through May).  Work with local wildlife personnel to locate and map lek 
sites. 
 
12.  Develop, when needed, alternative water sources to distribute livestock and improve water 
availability for wildlife and GrSG.  Ensure wildlife accessibility to water and install escape 
ramps in all new and existing water troughs.  Consider water development design to minimize 
WNV risk to GrSG. 
 
13.  Spring developments (both new and old) can be constructed and/or modified to maintain 
their free-flowing and wet meadow characteristics.  Consider project design to minimize WNV 
risk to GrSG. 
 
14.  If monitoring data indicate forb vigor is not at proper condition or is declining, defer spring 
grazing periodically to increase forb vigor and occurrence.  Lightly or moderately graze deferred 
areas following nesting or in the fall.  Monitor to determine actual growth of grass during spring 
and summer deferment.   
 
15.  For late-successional sagebrush stands that don’t meet habitat objectives for GrSG seasonal 
habitats, use mechanical, chemical, or grazing treatments that will rejuvenate new sagebrush 
growth and improve sagebrush quality and age diversity, as well as understory forbs and grasses.   
 
16.  Treat sagebrush (e.g., mechanical, grazing, or chemical treatments) and manage grazing in 
historic riparian areas to increase riparian zone and raise the water table to reestablish riparian 
grasses and shrubs for brood-rearing habitat. 
 
17.  To improve vegetation composition and forage, plant forb seed in rangelands that lack forbs 
and have enough moisture and the soil characteristics to establish and support forbs. 
 
18.  Defer grazing in wildfire and treatment areas until desired understory and overstory are 
established. 
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Table  F-1.  Specific funding opportunities identified for GrSG habitat conservation. 
 

Colorado Division of Wildlife (CDOW) 

Grant / 
Program What land is eligible? Length of 

Agreement Easements Cost Share Applicant obligations Contact Information 

Colorado Species 
Conservation 
Partnership 
Program 
(CSCP)  

    Any land where an 
easement or management 
plan are needed to 
benefit sage-grouse.  

Variable one-time, up-front 
payment Variable 

Develop a conservation plan and 
comply with the terms of the 
easement, or develop a plan and 
assist with the cost, establishment, 
and maintenance of conservation 
practices. 

Ken Morgan  
(303)291-7404 
http://wildlife.state.co.us/ 

Habitat 
Partnership 
Program (HPP) 

All land is eligible where 
wildlife/human 
interactions occur.   

Variable N/A Variable 

Contact local District Wildlife 
Manager and develop proposal.  
Must be able to evaluate the 
success of project based on 
objectives. 

Local District Wildlife 
Manager 

http://wildlife.state.co.us/ 

Cooperative 
Habitat 
Improvement 
Program 
(CHIP) 

All private land for which 
the habitat improvement 
has been approved by the 
area habitat biologist 

10 years N/A 85% 

Applicant must provide 15% of cost 
of habitat improvement and must 
ensure practice is maintained 
through the term of the contract. 

CDOW 
(970)255-6185 
http://wildlife.state.co.us/ 

Habitat Stamp 
Program 

All land – primarily for 
deer/elk winter range and 
hunting and fishing 
opportunities  

Variable N/A variable N/A 
Ken Morgan  
(303)291-7404 
http://wildlife.state.co.us/ 
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Table  F-1 (con’t).  Specific funding opportunities identified for GrSG habitat conservation. 

Natural Resources Conservation Service (NRCS) 

Grant / 
Program What land is eligible? Length of 

Agreement 
Rental 

Payments Easements Cost 
Share Applicant obligations Contact Information 

Conservation 
Security 
Program 

    (CSP) 

Private agriculture operation lands 5-10 years 

Flat rates -
based on 

Conservation 
work applied 

to land 

N/A 50—
65% 

Record keeping of past and present conservation 
efforts 

Local NRCS office 

www.nrcs.usda.gov 

Conservation 
Reserve 
Program 
(CRP) 

Highly erodible cropland that has been 
planted for 4 of the 6 years preceding 
enactment of the 2002 law.  Marginal 
pastureland is also eligible. 

10-15 years 

Payment based 
on length of 

agreement and 
average rental 
rates for the 

county. 

N/A 50% 

Develop and follow a plan for the conversion of 
cropland to a less intensive use.  Also, assist 
with the cost, establishment, and maintenance 
of conservation practices. 

Local FSA or NRCS office. 
www.nrcs.usda.gov 

Conservation 
Reserve 
Program 
Continuous 
Sign-up 

Highly erodible cropland that has been 
planted for 4 of the 6 years preceding 
enactment of the 2002 law.  Marginal 
pastureland is also eligible. 

10-15 years 

Payment based 
on length of 

agreement and 
average rental 
rates for the 

county 

N/A 50% to 
90% 

Develop and follow a plan to implement riparian 
buffers, wildlife habitat buffers, wetland 
buffers, filter strips, grass waterways, 
shelterbelts, living snow fences, contour grass 
strips, salt tolerant vegetation, or shallow 
water areas for wildlife.  Also, assist with the 
cost, establishment, and maintenance of 
conservation practices. 

Local FSA or NRCS office     
www.nrcs.usda.gov 

Environmental 
Quality 
Incentives 
Program 
(EQIP) 

All private land in agricultural 
production is eligible ; includes 
cropland, grassland, pastureland and 
non-industrial private forestland. 

1-10 years N/A N/A up to 
75% 

Develop and follow an EQIP plan that describes 
the conservation and environmental purposes 
to be achieved; assist with installation costs. 

Local NRCS office 

www.nrcs.usda.gov 

Farm and 
Ranchland 
Protection 
Program 
(FRPP) 

Private land that contains prime 
farmland or other unique resources 
and is subject to a pending easement 
from an eligible entity. 

Perpetual N/A one-time, up-
front payment N/A 

Continue to use the land for agricultural 
purposes.  Develop a conservation plan and 
comply with the terms of the easement. 

Local NRCS office 

www.nrcs.usda.gov 

Grassland 
Reserve 
Program 
(GRP) 

Private land that includes grassland, 
forbs, or shrubs (including rangeland 
and pastureland); and land that 
historically was dominated by 
grasses, forbs, and shrubs and has 
significant value for plants and 
animals. 

10-30 year 
agreement, or 

perpetual 

annual 
payment based 

on length of 
agreement 

one-time, up-
front payment 
on perpetual 

up to 
100% 

Develop and follow a plan for the restoration 
and maintenance of grasslands.  If necessary, 
assist with the cost of restoration.  Can 
maintain agricultural use with development of 
a conservation plan. 

Local NRCS office 

www.nrcs.usda.gov 
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Table  F-1 (con’t).  Specific funding opportunities identified for GrSG habitat conservation. 

Natural Resources Conservation Service (NRCS) 

Grant / 
Program What land is eligible? Length of 

Agreement 
Rental 

Payments Easements Cost 
Share Applicant obligations Contact Information 

Wetlands 
Reserve 
Program 
(WRP) 

Most private wetlands converted to 
agricultural use prior to 1985 are 
eligible.  Wetland must be restorable 
and suitable for wildlife benefits. 

10 years, 30 
years, or 
perpetual 

N/A one-time, up-
front payment 

up to 
100% 

Develop and follow a plan for the restoration 
and maintenance of the wetland.  If necessary, 
assist with the cost of restoration. Also, must 
give up agriculture production rights. 

Local NRCS office 

www.nrcs.usda.gov 

Wildlife 
Habitat 
Incentives 
Program 
(WHIP) 

All private land is eligible, unless it is 
currently enrolled in CRP, WRP, or a 
similar program 

5-15 years N/A N/A up to 
75% 

Prepare and follow a wildlife  habitat 
development plan; assist with installation 
costs. 

Local NRCS office 

www.nrcs.usda.gov 
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Table  F-1 (con’t).  Specific funding opportunities identified for GrSG habitat conservation. 

U.S. Fish and Wildlife Service (USFWS) 

Grant / 
Program What land is eligible? Length of 

Agreement 
Rental 

Payments Easements Cost 
Share Applicant obligations Contact Information 

Landowner 
Incentive 
Program (LIP) 

All private and tribal land Variable Yes Short and long 
term 

up to 
75% 

Personnel from state agency will need to submit 
application, USFWS will approve, and 
CDOW will administer grant in cooperation 
with the landowner. 

Ken Morgan  
(303)291-7404 
http://wildlife.state.co.us/ 

Intermountain 
West Joint 
Venture 
Partnership 

Projects considered acceptable for 
funding include long-term protection, 
restoration, or enhancement of any bird 
habitat. Joint Venture emphasis is 
centered upon on-the ground 
conservation. 
 

Up to 30 years N/A Yes 50% N/A 

David Klute – Colorado 
Representative 
(303)291-7320 
www.iwjv.org 

North 
American 
Wetland 
Conservation 
Act 

State, private, Tribal, Federal? Variable No Long-term 50% 
Work with local USFWS office, but grant is 

administered through USFWS Migratory Bird 
Office 

Local USFWS office or 
http://www.iwjv.org/ 

North 
American 
Wetland 
Conservation 
Act, Small 
Grants 

State, private, Tribal, Federal Variable No Long-term 50% 
Work with local USFWS office, but grant is 

administered through USFWS Migratory Bird 
Office (Up to $50K/grant) 

Local USFWS office or 
http://www.iwjv.org/ 

Partners for 
Fish and 
Wildlife 

All private land, wetland and riparian 
habitat has been a primary focus 
along with some treatment of 
sagebrush. 

Variable, most 
projects 

delivered in 1-
3 months 

N/A N/A 75-100%
Work with USFWS Biologist to develop project 

plan.  Follow management actions for duration 
of wildlife extension agreement.  

Bob Timberman 
(970) 723 4926 
www.coloradopartners.fws.g
ov        

Private 
Stewardship 
Grants 
Program 

Private land Variable Yes No Variable

The contract and plan must provide quantifiable 
measures to evaluate the success of the 
project.  The grant is administered through 
USFWS Ecological Services. 

Local USFWS office 
http://grants.fws.gov/ 
(applications due 12/03 or 
1/04) 

Section 6 
Conservation 
Grants 

State, private, Tribal, Federal Variable N/A N/A up to 
75% 

Work with local USFWS office, but grant is 
administered through USFWS Ecological 
Services 

Local USFWS office 
http://grants.fws.gov/ 
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Table  F-1 (con’t).  Specific funding opportunities identified for GrSG habitat conservation. 

U.S. Fish and Wildlife Service (USFWS) 

Grant / 
Program What land is eligible? Length of 

Agreement 
Rental 

Payments Easements Cost 
Share Applicant obligations Contact Information 

State Wildlife 
Grants State, private, Tribal, Federal Variable Yes Short term and 

long term 

75% 
planning, 

50% 
impleme
n-tation 

States, but not Tribes, must develop 
comprehensive wildlife management plans 

Jim.Guthrie@co.state.us  
or local USFWS office 
http://grants.fws.gov/ 

Tribal Wildlife 
Grants Tribal Variable N/A N/A 100% Up to $250,000 / tribe Local USFWS office 

http://grants.fws.gov/ 
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. 
Table  F-1 (con’t).  Specific funding opportunities identified for GrSG habitat conservation. 

Non-Governmental Organizations (NGOs) 
Agency / 

Organization 
Grant / 

Program What land is eligible? Length of 
Agreement Easements Cost Share Applicant 

obligations 
Contact 

Information 

Audubon Society N/A Stress bird habitat and 
ecosystem restoration Variable N/A Variable N/A www.audubon.org 

Pheasants 
Forever N/A Mostly private lands do acquire 

lands for public use. Variable N/A Variable N/A www.pheasantsforever.
org 

Great Outdoors 
Colorado 
(GOCO) 

Legacy 
Initiative/ 
Open Space/ 
Wildlife 
Grants  

All private and public land 
where state agencies, non-profit 
conservation organizations, 
local governments, or private 
land owners are interested in 
conservation and land 
protection. 

Variable Possible 

Variable, 
usually 

requires a 
minimum 25% 

match 

Personnel from local 
governments, non-
profit land 
conservation 
organizations, CDOW, 
and Colorado State 
Parks need to be 
submit proposal and 
manage contract. 

www.goco.org 
(303)863-7522 
info@goco.org 

Mule Deer 
Foundation N/A All land that is critical to 

wildlife Variable Possible Variable 
Must go through 
USFS, BLM or one of 
their corporate partners

www.muledeer.org 
1-888-375-3337 

Quail Unlimited N/A 
All land that potentially 
provides habitat for quail and 
(sometimes) sage grouse 

Variable Possible Variable 
Must go through 
USFS, BLM or one of 
their corporate partners

www.qu.org 

Rocky Mountain 
Elk Foundation N/A All land that is critical to 

wildlife Variable Possible Variable 
Must go through 
USFS, BLM or one of 
their corporate partners

www.rmef.org 

National Fish 
and Wildlife 
Foundation 

N/A 

Special grants for research on 
all land that potentially 
provides habitat for fish and 
wildlife. 

Variable Possible Minimum 1:1 

Non-federal partners, 
community-based 
organizations, tribes, 
educational 
institutions, and other 
non-profit 
organizations. 

www.nfwf.org 
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Table  F-1 (con’t).  Specific funding opportunities identified for GrSG habitat conservation. 

Non-Governmental Organizations (NGOs) 
Agency / 

Organization 
Grant / 

Program What land is eligible? Length of 
Agreement Easements Cost Share Applicant 

obligations 
Contact 

Information 

National Forest 
Foundation N/A On or adjacent to National 

Forests or Grasslands Variable N/A 1:1 ratio with 
private 

Non-federal partners, 
community-based 
organizations, tribes, 
educational 
institutions, and other 
non-profit 
organizations. 

www.natlforests.org 

North American 
Grouse 
Partnership 

N/A All land that provides habitat to 
sage or other grouse Variable N/A Variable 

Non-federal partners, 
community-based 
organizations, tribes, 
educational 
institutions, and other 
non-profit 
organizations. 

www.grousepartners
.org 

The Nature 
Conservancy N/A 

All private and public land 
where agencies, non-profit 
conservation organizations, 
local governments, or private 
land owners are interested in 
conservation and land 
protection. 

Variable Possible Variable 

Federal and non-
federal partners, 
community-based 
organizations, tribes, 
educational 
institutions, and other 
non-profit 
organizations. 

www.nature.org 

National Wildlife 
Turkey 
Federation 

N/A 

All private and public land 
where agencies, non-profit 
conservation organizations, 
local governments, or private 
land owners are interested in 
conservation and land 
protection. 

Variable Possible Variable 

Federal and non-
federal partners, 
community-based 
organizations, tribes, 
educational 
institutions, and other 
non-profit 
organizations. 

www.nwtf.org 
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ENERGY AND MINING LEASING AND DEVELOPMENT: 

PROCESS 
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The BLM is responsible for managing oil and gas development on federal lands as well as 

those lands where the federal government retained the minerals and patented the surface.  For 

National Forest System lands, BLM coordinates with the USFS, which is responsible for 

identifying lands available for leasing through their land use planning process.  If a 

nominated lease is in conformance with the appropriate Forest Plan, the USFS will provide 

BLM with the terms and conditions to be made part of the leases offered.  BLM cannot lease 

USFS lands without the consent of the USFS.  BLM does not offer USFS lands on its own 

initiative.  And BLM cannot issue a lease on USFS lands over the objection of the USFS. 

 

The Minerals Leasing Act of 1920, and its subsequent amendments, make federal lands 

available for oil and gas leasing.  Both the BLM and USFS identify the lands open to oil and 

gas leasing in their Land Use Plans (LUPs) and outline the impacts that will occur from 

reasonably foreseen oil and gas development.  To minimize impacts to other resource values 

and land-uses, the LUPs identify any stipulations to mitigate these impacts, which are 

attached to the lease and modify the lease terms.  Federal policy allows for leasing decisions 

to be revisited when significant new scientific information becomes available.   

 

For federal lands, BLM has regulatory responsibility for managing oil and gas leasing, 

exploration, development and production.  This management responsibility generally entails 

issuance of a site-specific permit.  Dependent upon the activity proposed, analysis of the 

proposed action under the National Environmental Policy Act (NEPA) may be required.  In 

those cases where the surface was patented and the BLM retained the minerals, the same 

processes apply except the mineral lessee or owner is required to obtain a surface use 

agreement from the surface owner prior to permit approval.  On non-federal lands, these 

processes are managed by the Colorado Oil and Gas Conservation Commission (COGCC).  

The NEPA analysis process is not applicable to the COGCC process on state or private 

minerals / non-federal land development.  

 

Typically, oil and gas development occur in a sequential process.  This process can be 

summarized as the following:  

 

(1) Geophysical Exploration occurs (more detail follows).  During this phase, the reservoir 

target is delineated.  Geophysical exploration may occur before or after the leasing stage as 

well. 

 

(2) Leasing Stage.  An LUP or associated amendment is developed using the NEPA process.  

Land that is available for oil and gas leasing is identified and stipulations are developed to 

mitigate impacts.  Once a lease is granted, the oil and gas operator has a legal right to 

reasonable use of the surface within the lease for exploration and development, within the 

stipulation attributed to each parcel. 

 

(3) Drilling Operations (more detail follows).  An Application for Permit to Drill (APD) is 

submitted, and if approved, an exploratory well is drilled.  If the result is a “dry hole”, the 

well is plugged and reclamation occurs.  If the well is successful, production operations 
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occur.  If the geologic prospect warrants additional development, other APDs are submitted 

and if approved, more exploratory wells are drilled until the limits of the geologic prospect 

are defined.  Additional development drilling can occur at this point.   These are development 

wells and fall under “Production Operations” (see (4)). 

 

(4) Production Operations (more detail follows).  If a gas well is completed, rights-of-way for 

pipelines, powerlines, etc., are obtained and installed.  Production equipment is installed on 

the wellpad and production begins.  Interim reclamation of the well pad occurs.  The operator 

makes visits to the wellpad to make sure operations proceed properly and to adjust 

equipment. Operator submits sundry notices for other operations requiring approval, along 

with additional APDs.  As a well becomes depleted, the operator obtains approval to plug the 

well and conduct reclamation operations.  

 

To help with development of the conservation strategies, more detailed descriptions of 

typical oil and gas development stages follow, including clarification of which types of 

activities require various government leases and approvals. 

 

“Geophysical exploration” is a general term used for various indirect exploration 

methods that use geophysical instruments and methods to determine subsurface condition 

(i.e., the potential for oil and gas) by analysis of such properties as specific gravity, electrical 

conductivity, or magnetic susceptibility.  A geophysical survey is the use of one or more 

geophysical techniques in geophysical exploration, such as earth currents, electrical, infrared, 

heat flow, magnetic, radioactivity and seismic activity.  Most modern seismic exploration is 

based on the collection of data over a 2- or 3-dimensional grid.  This requires thousands of 

geophones (instruments that detect Earth motions) placed on the ground and recording 

systems capable of recording ground motion from as many sites.  The seismic wave is 

typically generated by either using a surface vibrator, i.e., a Vibroseis truck, or by an 

explosive source.  

 

When a Vibroseis truck is used as the source, it travels to a pre-determined location where it 

stops, lowers a metal plate, and vibrates for a specific time.  This process is repeated 

throughout the project area.  The Vibroseis trucks travel to the source locations via existing 

roads and/or trails, or cross county.   

 

When an explosive source is used, explosive materials are placed at pre-determined locations 

and exploded.  They are either placed in a drilled shot hole and exploded, or placed on the 

surface and exploded.  When placed in a drilled shot hole, a small portable drill rig is 

utilized.  The portable drill rig can be driven to the pre-determined locations via existing 

roads and/or trails or cross county or alternatively for inaccessible locations, it is delivered 

via helicopter.   

 

Federal approval to perform geophysical operations is required on surface lands administered 

by BLM or Forest Service.  However, an oil and gas lease is not required to perform 

geophysical operations on federal lands.  There are 2 ways in which to request approval of 

geophysical operations on federal lands: (1) via filing of a Notice of Intent (NOI) to perform 

geophysical operations; or  (2) via a sundry notice if requested under the terms of an oil and 
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gas lease.  The NOI process doesn’t apply to private surface while a sundry notice may.  

Either way, the procedures for processing a NOI or sundry notice are similar.  Onsite 

inspections will be scheduled, appropriate natural resource/cultural clearances will be 

performed and mitigation measures or avoidance alternatives will be developed. The 

appropriate level of NEPA document will be prepared dependent upon the proposal.  Any 

approval of the NOI will incorporate the mitigation measures identified at the onsite 

inspections.   

 

Drilling and production operations include all actions/phases associated with drilling and 

producing an oil or gas well.  There are multiple sequential steps which occur.  A detailed 

discussion follows. 

 

 

Drill Pad Construction 

 

An oil or gas well requires the construction of a level, structurally competent location for 

placement of the drilling rig and associated equipment. Typical drill pads require an average 

of between 2 acres for single wells and 5 acres where multiple wells are drilled from 1 

surface location.  Drill pads are cleared of all vegetation using a bulldozer or other earth-

moving equipment.  Topsoil is usually removed and stored for use in reclaiming the site.  An 

access road to the drilling location will also be constructed to transport the drilling rig, 

materials, and well servicing equipment to the site.  These roads have a driving surface that is 

usually 16 - 18 feet wide, and an assumed total disturbed width of 35 feet.  Gross vehicle 

weights of vehicles using these roads may exceed 80,000 lbs.  One or two earthen pits will be 

constructed for storing drill cuttings and drilling mud reserves during drilling.  Pits are 

usually unlined but may be lined with plastic or bentonite clay to prevent fluid loss or 

contamination of subsurface water resources.  Pitless or self-contained drilling systems are 

sometimes called for in areas of high ground water or sensitive resource values.  These 

systems substitute portable tanks of water and drilling mud reserves and may include a 

centrifuge system to remove solids from drilling fluids.  The site preparation process may last 

from a few days to several weeks, depending upon the length of access road and size of 

drilling pad that will be constructed. 

 

 

Drilling Operations 

 

Oil and gas wells are drilled primarily with rotary drilling rigs.  In the rotary method, a hole 

is drilled by means of a rotating bit to which a downward force is applied.  The bit is attached 

to, and rotated by, a drill string composed of drill pipe and drill collars, with new sections of 

pipe being added as drilling progresses.  Drill cuttings are lifted from the hole by the drilling 

mud, which is continuously pumped down the drill string through nozzles in the bit and 

upward through the annular space between the drill pipe and the hole.  At the surface, the 

drilling mud is diverted to tanks or pits for cleaning and treatment.  Drilling mud typically 

has several additives that are used to enhance the properties of the fluid.  Typical mud 

additives include: 
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• weighting materials to increase the density of the mud 

• corrosion inhibitors to protect metal components from corrosion 

• dispersants to break up solid clusters of clay particles 

• flocculants to cause suspended particles to group together for removal by settling 

• surfactants, such as fatty acids and soaps, to defoam and emulsify the mud 

• biocides to kill bacteria that may be inhabiting the mud 

• fluid loss reducers such as starch and polymers to limit the loss of drilling fluid to 

subsurface formations 

 

As the hole is drilled, casing is placed in the hole to prevent caving, and to isolate water- and 

hydrocarbon-bearing zones.  Three or four separate casing strings may be used in wells.  

Casing is secured in place by pumping cement down the inside of the casing, which travels to 

the bottom of the borehole, then upward into the annular space between the casing and the 

hole.  Following setting of the casing and any surface equipment, the drilling rig is moved 

from the well location.  Drill cuttings are usually allowed to dry, and are then buried in the 

pit where they accumulated during well completion.  

 

Directional drilling, where geologically and technically feasible, may be employed to reduce 

the amount of surface disturbance necessary to drill wells or to reach bottom-hole locations 

that may not be accessible from the surface with a straight hole.  More than 1 well can be 

drilled from a single surface location using this technology, with the objective of effectively 

accessing the producing horizon beneath areas where surface disturbance is not permitted.  A 

directionally drilled well is more costly to drill than a vertical well to the same depth.  

Following setting of the casing and any surface equipment, the drilling rig is moved from the 

well location.  Drill cuttings are usually buried in the pit where they were accumulated during 

well drilling. 

 

 

Well Completion 

 

After drilling the well, several steps are required to start production.  Well completion 

operations are generally performed by a completion rig (a small, truck-mounted rig used to 

complete the well and install downhole equipment).  The casing and cement must be 

perforated to enable gas to enter the well bore.  Several producing zones may be perforated 

by means of small, shaped explosive charges that create holes in the casing and cement.  

Most reservoirs in northwestern Colorado are considered low-permeability reservoirs and 

require hydraulic fracturing in order to produce at economic flow rates.  Hydraulic fracturing 

is accomplished by pumping a water-based viscous fluid and sand down the well at high 

pressures and flow rates.  After the fracture gradient (the pressure where the formation begins 

to break down) for the zone is reached and exceeded, the formation fractures and begins 

taking the fluid and remains propped open after pumping stops and pressure is released.  The 

propped fracture provides a high-permeability channel for gas to enter the well bore.  In some 

wells, hydrochloric or hydrofluoric acid may be pumped into the producing formation to 

enhance permeability.  Gas production from the well is controlled using an assembly of 

pipes, valves, and fittings at the surface (called the “Christmas tree”).  Following completion, 

a well is allowed to flow back to the pit, which removes any excess fracturing fluid, spent 
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acid, and remaining sand in the well bore.  Any gas and oil that comes to the surface is 

burned off, or “flared.”  Some operators use specialized separation equipment, referred to as 

a super separator, to decrease the need for flaring.  The well is then shut-in until connected to 

a gas flowline. 

 

 

Production Operations 

 

Produced fluid flows from the wellhead into an onsite separator that removes water and 

condensate from the flow line.  Natural gas is directed from the separator into a flowline, a 2- 

to 4-inch-diameter pipeline leading to a trunk line or natural gas compressor.  Flowlines are 

usually buried but can be laid on the ground surface.  Within the field area, flowlines will 

primarily be built along the existing access road to minimize surface disturbance.  Water and 

condensate are stored in onsite tanks and are periodically removed by truck.  The condensate 

is sold and the water is transported to an approved disposal facility.  Trunk lines gather gas 

from a number of producing wells and are usually 6 to 8 inches in diameter and buried.  

Compressors are used to move gas from flowlines and trunk lines into transmission lines.  

Compressor stations range in size from one acre to as much as 20 acres, depending upon the 

number of compressors required and the need for additional support infrastructure.  

Transmission lines range from 10 to 36 inches in diameter and transport natural gas to a 

facility to be conditioned for ultimate sale to a purchaser. 

 

Natural gas wells may periodically require maintenance procedures called workovers.  

Workovers are performed using a completion rig and may include (1) repairing leaks in the 

casing, tubing, or other downhole equipment; (2) re-completing the well in additional 

producing formations; (3) stimulating the well with supplemental fracturing or acid 

treatments; or (4) removing scale and other accumulated deposits.  Workovers may take one 

day to several days to complete, depending upon the complexity of the tasks to be 

undertaken.  Surface equipment may also require periodic maintenance.  Valves, piping, 

tanks, and separators may require repair, cleaning, and adjustment.  Each well is visited on a 

regular basis by the operator, who checks on the performance of the well, gas condensate and 

water tanks, and is responsible for the proper functioning of the production equipment.  The 

frequency of these visits may range from once per day to once per week.  Some operators use 

solar-powered remote telemetry facilities to monitor well performance, reducing the number 

of visits to the well site.  Oil wells have operations similar to gas wells, although they 

typically require a pumping unit such as a pump jack. 

 

 

Reclamation and Abandonment 

 

Disturbed areas are partially reclaimed following well completion, based on a BLM-

approved reclamation plan.  This includes reclamation on that portion of disturbed areas 

which is not considered necessary during well production.  Abandoned well locations are 

reclaimed.  Reclamation requirements are contained in the Conditions of Approval (COAs) 

applied by BLM during the permitting process.  Well abandonment involves placing cement 

plugs in the well bore to prevent fluid migration.  Surface facilities are removed and the well 
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is capped below the ground surface. Buried pipelines are usually left in place but plugged at 

intervals as a safety precaution. 

 

Approvals 

 

Drilling operations on federal oil and gas leases require an approved APD.  The operating 

regulations used to permit an oil and gas well are found in 43 CFR Part 3160.  These 

regulations are implemented and supplemented with a set of Onshore Oil and Gas Orders.  

The Orders are also regulations and carry the full force and effect of regulation.  A well must 

be drilled in order to produce oil and/or gas from the lease.  There are 2 

ways to initiate permitting of a well, either via a Notice of Staking (NOS), followed by the 

submittal of an APD, or directly through submittal of an APD. 

 

Before drilling a well, the lessee, or an operator for the lease, must file an APD.  The 

operator must file an application with the BLM Field Office in which the action will take 

place.  The application must include, in part, a plan for the drilling of the well and a plan for 

the protection of the surface and environment.  The drilling plan contains information as to 

the depth of the well, how it will be constructed, how ground water and other mineral 

resources will be protected, and how blowouts and other emergencies will be prevented or 

dealt with.  The surface use plan describes the access road, drill pad and construction 

methods.  It also includes proposed reclamation and mitigation of impacts to wildlife, 

cultural resources, vegetation, soils, surface water, and other land-uses and values.  For wells 

on National Forest System lands, the USFS approves the surface use plan.  If the appropriate 

information and mitigation is not incorporated into the APD, the application may be modified 

or rejected.  RMP decisions are incorporated by attaching stipulations to the lease and COAs 

to the APD.  Onshore Oil and Gas Order No. 1 requires a field (onsite) inspection as part of 

the review of an APD.  The inspection is a meeting between the parties to explain and clarify 

the proposed action. 

 

The NEPA process provides written documentation of the environmental review for an APD 

and the development of mitigation (COAs; see below).  The NEPA process also serves as the 

vehicle to check for conformance with the RMP.  At the site-specific level, Environmental 

Assessments (EAs) are prepared for a majority of APDs in Colorado.  In cases where the 

proposed well is obviously part of a larger field development, and such development has not 

already been analyzed by a NEPA document other than the RMP, a Field Development EA 

can be prepared. 

 

Another component of the review process is the technical review of the drilling plan portion 

of the APD.  The APD review by the field office (FO) geologist includes the following items: 

(1) geological markers and formation tops; (2) oil, gas, and mineral-bearing zones; (3) 

potential hazards such as abnormal pressure; (4) casing set points; and (5) cement tops.  A 

geologic review report documents the review and is incorporated into the APD case file.  The 

APD review by the FO petroleum engineer includes the following items: (1) casing and 

cement program; (2) drilling fluid program; (3) pressure control system; and (4) testing, 

coring, and logging. 
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When all of the resource specialists have accumulated all of the information about the 

proposed well operation, they determine requirements for site-specific environmental 

protection.  As part of the impact analysis, each specialist must determine whether the APD 

needs to be supplemented with additional impact mitigation measures.  These measures are 

called COAs.  However, these mitigation measures are distinct from stipulations that are 

attached to the lease.  COAs are developed through the NEPA compliance process for each 

APD.  Stipulations which are attached to the lease are developed through the planning 

process.  The COAs must be reasonable.  This means they must be technically possible to 

accomplish, and they must allow the exercise of lease rights.  They must also be plainly 

worded and justified by the NEPA process.  A COA must not prevent an applicant from 

proceeding with development for either economic or technical reasons. 

 

Once all of the BLM staff specialists have reviewed the APD and determined that the surface 

use plan and drilling plan are in compliance with BLM regulations, and all other impacts are 

addressed in the appropriate NEPA document, the APD is ready for approval, providing that 

the mandatory 30-day posting period has elapsed.  At this point, COAs are attached to the 

APD, and the FO Manager signs and dates the APD.  The approved APD is valid for one 

year, with a one-time extension of up to one year, if requested. 

 

After the well is drilled, certain subsequent well operations require BLM approval via a 

sundry notice, Form 3160-5.  Generally, any work on the wellbore, additional surface 

disturbance and changes to oil and gas measurement equipment require BLM approval prior 

to performing the work.  During production, field operations are inspected by the BLM to 

assure accountability for royalties, compliance with the lease, permit safety, and 

environmental requirements.  

 

The final stage in the life of an oil or gas well usually occurs when it is depleted and can no 

longer produce in paying quantities.  At this stage, the operator submits a plug and 

abandonment plan which is reviewed and, if necessary, modified by the BLM petroleum 

engineer prior to approval.  When the downhole plugging is completed, the operator submits 

a subsequent Report of Abandonment which is reviewed by the BLM.  When surface 

reclamation is completed and vegetation has been reestablished, usually in 2 to 3 growing 

seasons, the operator will submit another subsequent report of a Final Abandonment Notice 

(FAN).  The BLM will inspect the location to determine whether it was reclaimed properly, 

and if so, approve the FAN. 

 

 

Coal Bed Methane 

 

Coal bed methane (CBM), also known as natural gas from coal seams and coal bed natural 

gas, is one of the most important and valuable resources in the Western United States.  The 

natural gas that results from CBM development is a clean burning fossil fuel.  

 

CBM development follows a similar process for Oil and Gas (O&G) development in that 

reserves are first leased, and natural gas is extracted through the drilling of wells.  Generally, 

water produced by CBM development in Colorado is either re-injected back into the well or 
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hauled away via truck.  CBM associated facilities and their potential impacts to GrSG are 

similar to those expected during O&G production.  Potential areas for CBM development 

typically overlap with other O&G operations and are considered during the RFD process in 

LUPs. 

 

 

Oil Shale 

 

Recently enacted legislation (Energy Policy Act of 2005, H.R.6, Section 369) instructed the 

Department of Interior to make available for leasing (from lands already identified as being 

available for oil and gas leasing) federal oil shale lands within 6 months after enactment of 

HR6, for research and development of technologies for the recovery of liquid fuel from oil 

shale and tar sands on public lands. 

 

The legislation also required the DOI to prepare a Programmatic Environmental Impact 

Statement (PEIS) for a commercial leasing program for oil shale and tar sands resources.  

This document will only allocate lands to make them available for the opportunity to lease.  

Additional NEPA will be required prior to leasing.  The Draft PEIS is expected to be 

completed in late 2007/early 2008.  The Record of Decision (ROD) is anticipated late in 

2008.  The Final Regulations are required 6 months after the draft PEIS is completed.  The 

PEIS will examine 3 oil shale extraction technologies: underground and surface mining with 

surface retorting, as well as the in-situ retorting process.  In-situ retorting involves heating 

the oil shale while it is still in the ground.  One method involves electric heating elements, 

which would be placed in bore holes, heating the shale to approximately 700 degrees for 3-4 

years.  The released liquids are gathered in wells specifically designed for that purpose. 

 

The majority of the high potential areas for oil shale development in Colorado are within the 

BLM’s White River Resource Area (WRRA), in Rio Blanco County (S. Thompson, Bureau 

of Land Management, personal communication).  The Resource Management Plan (RMP; 

Bureau of Land Management 1997) for the WRFO has Resource Decisions that cover the 

lands available for leasing and development of oil shale.  A summary of those decisions are 

as follows: 

 

1) A total of 223, 860 acres will be available for oil shale leasing; 

2)  39,140 acres will be available for open pit development; and 

3)  70,820 acres will be available for multi-mineral (oil shale, nahcolite, and 

dawsonite) leasing following development of acceptable multi-mineral recovery 

technology. 

 

The above areas are generally considered to be the “high potential” oil shale areas within 

Colorado (see Fig. 22, pg. 114).  The PEIS will amend the White River RMP, as well as the 

Little Snake RMP, Grand Junction RMP and GSRMP, so these numbers could change in the 

future. 

 

 

Mining 
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Sodium (or trona) is produced by solution mining and consists of a group of wells for 

injection of hot water and retrieval of dissolved nahcolite, a collection pipeline, roads, and a 

processing plant.  Coal, uranium, gravel, and other mineral mining activities may be 

conducted through surface mining, pit mining, strip mining or underground mining 

operations (see also “Energy and Mineral Development” issues section, pg. 109). 
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Rising energy consumption and an increasing reliance on foreign energy sources in the United 
States has led the current presidential administration to institute 4 initiatives addressing these 
issues: (1) help the nation become more energy efficient, (2) create new sources of energy, (3) 
increase domestic production from existing resources, and (4) work with other nations on energy 
efficiency (American Gas Association 2005:2–3).  To increase domestic production there has 
been a 60% increase in recent years in the number of permits for drilling in the Rocky Mountain 
West (American Gas Association 2005).  From 1929 to 2004, 122,496 applications to drill were 
filed with federal agencies in 13 western states; 95.7% were authorized, 3.0% were pending, 
1.2% were withdrawn, and <0.1% were rejected (Connelly et al. 2004).  These statistics suggest 
oil and gas development is rapidly increasing in the West, propelled by national initiatives to 
increase energy supplies from federal lands (Connelly et al. 2004, American Gas Association 
2005). 
 
Oil and gas development may impact other resources including ground water, surface water, fish 
and wildlife habitat, and archaeological sites.  Understanding the impacts of disturbances such as 
oil and gas development on prairie grouse populations is complex.  Impacts can be quantified 
directly through habitat loss and direct mortalities or indirectly through measuring the avoidance 
of birds to disturbances, evaluating trends in population parameters such as lek counts, modeling 
changes in habitat selection, and estimating effect sizes in vital rates such as nest success and 
survival.  Five geologic basins (Greater Green River, Montana Thrust Belt, Paradox-San Juan, 
Powder River, and Uinta-Piceance) contain the majority of onshore oil and natural gas on federal 
lands in the United States (U.S. Departments of Interior, Agriculture, and Energy 2003).  
Incidentally, each of these basins underlies current habitat for greater sage-grouse (Centrocercus 
urophasianus) or Gunnison sage-grouse (C. minimus; Schroeder et al. 2004).  Rigorous research 
is essential to understand direct and indirect impacts to prairie grouse across this expansive 
landscape.  Better understanding impacts can lead to improved mitigation measures to lessen 
impacts on grouse populations. 
Here, I summarize the current knowledge on the effects of oil and gas development and 
production activities on prairie grouse, based on 12 papers that report empirical evidence about 
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impacts on greater sage-grouse and lesser prairie-chickens (Tympanuchus pallidicinctus; Tables 
H-1 – H-3).  It is important to understand the experimental or sampling designs of each study 
including use of control and treatment areas, sample sizes, and other factors to assess the strength 
of inference of each study.  Environmental impact studies are typically designed as quasi 
experiments because the impacted or treatment areas are not randomized as in a manipulative 
experiment (Manly 2001).  However, quasi experiments with replicated treatment and control 
areas with pre- and post- development data can provide strong inference because impacts can be 
inferred through temporal and spatial patterns (Green 1979).  None of the identified studies was 
designed as a manipulative or quasi experiment (Table H-1), which may be symptomatic of the 
inability of researchers to establish studies before oil and gas field development begins.  
Reviewed studies were designed as (i) observational studies, where radio-marked birds were 
used to assess parameters of interest such as survival and nest success relative to impacts from 
oil and gas development or (ii) correlative studies evaluating cause and effect relationships such 
as lek counts and habitat selection in relation to development infrastructure such as well pad or 
road densities (Tables H-1 and H-2). 
 
Despite the weaknesses of some study designs, corroboration of results from different studies 
even under different conditions provides support that biological patterns are not artifacts of study 
designs, methods, investigators, or limited to temporal or spatial extent of individual studies.  
Replicating entire studies even under different conditions and locales is termed metareplication 
(Johnson 2002).  Similar conclusions from replicated studies provide support even for small 
studies with relatively poor study designs.  For instance, lek abandonment caused by oil and gas 
field disturbances has been reported from studies of lesser prairie chickens in New Mexico and 
greater sage-grouse in Alberta, Colorado, Montana, Utah, and Wyoming.  Each study occurred 
under different conditions and employed different methodology (Table H-2). 
 
Most of the currently available information on impacts is focused on lek abandonment and 
changes in male lek attendance (Table H-2).  Fewer studies have examined nest success, nest 
initiation, survival, other vital rates, or habitat selection (Table H-2).  The mechanistic properties 
of disturbances such as noise, traffic volumes, and dust are not well understood in relation to oil 
and gas development and prairie grouse.  For example, noise was 52.5 dB, 20 m from the center 
of a lek where 5 lesser prairie-chicken males displayed in New Mexico (Hunt 2004).  It would be 
necessary for a drill rig to be 320 to 480 m from a lesser prairie chicken lek to avoid creating 
noise exceeding 52.5 dB; this region encompasses an area of 0.3–0.7 km2 (Table H-3; Hunt 
2004).  Anecdotal evidence exists for visual, movement, and auditory disturbance by oil and gas 
development at several leks in Utah, which indicates that pump mufflers and strategic placement 
of well pads and associated infrastructure may alleviate lek abandonment (Addendum A).   
 
Resource Management Plans prepared by field offices of the Bureau of Land Management 
typically apply 2 common stipulations to federal oil and gas leases occurring in habitats occupied 
by sage-grouse.  The first stipulation calls for no surface occupancy (i.e., well pads, roads, 
compressor stations, etc.) within a 0.4 km (0.25 mi) region surrounding each lek.  The second 
stipulation is a timing limitation that inhibits development activities within 3.2 km (2 mi) of leks 
during the breeding and nesting season (Bureau of Land Management 1997, Lyon and Anderson 
2003).  For example, to coincide with local breeding and nesting periods, the Resource 
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Management Plan for the White River Field Office of the Bureau of Land Management in 
northwestern Colorado stipulates that oil and gas field development activities are not permitted 
in sage-grouse habitats within 3.2 km of leks from April 15 through July 7 (Bureau of Land 
Management 1997).  Results suggest that no surface occupancy within 0.4 km is not adequate to 
avoid lek abandonment or other negative influences on prairie grouse populations, and also 
indicates that surface occupancy may need to be at least 1.6 km from leks to avoid declines or 
abandonment (Tables H-2 and H-3).  Empirical and anecdotal evidence also indicates that 
lessening noise and visual disturbance of oil and gas field infrastructure may make these features 
more compatible with lekking grouse at distances less than 1.6 km from leks; however, these 
relationships have not been rigorously evaluated (Tables H-2 and H-3; Addendum A). 
 
Below, I list several topics that research should address to better understand the effects of oil and 
gas development on prairie grouse populations.  My list suggests there is a great need for 
research to more clearly elucidate impacts of oil and gas development on prairie grouse and to 
provide suitable mitigation actions to offset these impacts. 

• Effects of disturbance properties such as noise, visual obstruction, dust, and traffic 
volumes on habitat selection and vital rates 

• Effects of disturbance properties on habitat effectiveness (quality).  For example, Pitman 
et al. (2005) reported the presence of anthropogenic features including transmission lines, 
wellheads, buildings, roads, and center-pivot irrigation systems effectively eliminated 
53% of otherwise suitable nesting habitat for lesser prairie chickens from 2 study areas 
totaling 13,380 ha in southwestern Kansas.  Avoidance of anthropogenic features was 
believed to be related to properties of disturbances such as noise and visual obstruction 

• Effects of oil and gas developments on predator communities and subsequent 
implications for predation rates on grouse 

• Effects of weeds introduced along roads and other surface disturbances on habitat quality 
• Interactions of development and climatic conditions on habitat selection and vital rates 
• Effects of the timing of development and production on habitat selection and vital rates 
• Effects of “phased” versus “complete” development on habitat selection and vital rates 
• Effects of mitigation efforts to minimize impacts on prairie grouse.  This is a very large 

area of research.  For example, experimental studies of road and well pad densities, 
timing of construction activities, and habitat enhancement or rehabilitation efforts could 
be conducted to address specific questions relative to prairie grouse populations 

• The scale of impacts on populations needs to be more clearly understood.  Holloran 
(2005) and Naugle et al. (2006b) investigated this, but more needs to be done
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Table H-1.  Summary of study designs for research studies used to review impacts of oil and gas development and production 
on prairie grouse, August 2006. 
 

Study Design Pretreatment 
data 

Control 
area(s) Sample size(s) Peer- 

revieweda 
Type of 

publication 
Aldridge and Boyce 
(2007) 

Correlative No No 113 nests.  669 brood 
locations from 35 
broods.  41 chicks 

from 22 broods 

Yes Scientific journal 

       
Braun et al. (2002) Descriptive and 

correlative 
Yes and no, 

depending on 
application 

Yes and no, 
depending on 
application 

Variable Yes Conference 
transaction 

       
Crompton and 
Mitchell (2005) 

Observational No Yes 20 females captured 
on 4 leks 

No Completion report 

       
Holloran (2005) Correlative and 

observational 
No Yes Lek counts from 21 

leks 209 females  
captured from 14 
leks.  162 nests 

within 3.2 km of the 
Pinedale Anticline 

Crest 

No PhD dissertation 

       
Hunt (2004) Correlative No No 33 active leks and 39 

abandoned leks 
No PhD dissertation 

       
Kaiser (2006)7 Correlative and 

observational 
No Yes 18 leks. 60 adult 

females, 23 yearling 
females, 20 yearling 

males 

No MS thesis 

       
Lukas (2006) Correlative No No 162 leks No Agency report 
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Table H-1.  Summary of study designs for research studies used to review impacts of oil and gas development and production 
on prairie grouse, August 2006. 
 

Study Design Pretreatment 
data 

Control 
area(s) Sample size(s) Peer- 

revieweda 
Type of 

publication 
Lyon and Anderson 
(2003) 

Observational No Yes 48 females captured 
on 6 leks 

Yes Scientific journal 

       
Naugle et al. (2006a) Correlative Yes Yes 516 leks.  40 lek 

complexes were 
sufficient (>10 counts 
between 1988–2005) 

for trend analysis 

No Progress report 

       
Naugle et al. (2006b) Correlative No No 292 locations for 106 

birds in 2005 and  
241 locations for 94 
birds in 2005–2006 

No Completion report 

       
Pitman et al. (2005) Observational No No 155 nests Yes Scientific journal 
       
Robel et al. (2004) Observational No No 187 nests, 18,866 

locations  
Yes Conference 

transaction 
 
 aPeer review for theses and dissertations is conducted by graduate committees.  These reviews are not considered to be as rigorous as 
peer review for scientific journals. 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

BROOD HABITAT SELECTION      
 GRSG AB P Unknown Oil and gas activity occurred on 1/3 

of habitat area.  Broods tended to be 
close to well sites, but at the same 
time they avoided areas with a 
greater density of visible well sites 
within 1 km (number of 30 m pixels 
within a 1 km radius from locations 
that were wells) 

1 

       
HATCHING DATE GRSG WY D Unknown Nests of adult and yearlings breeding 

and nesting within a buffered region 
representing impacts of oil and gas 
development hatched an average of 5 
days later than birds breeding and 
nesting outside the buffers 

6 

       
LEK ABANDONMENT       
  Compressor stations GRSG WY D 3.1/km2 Nearly 200 compressor stations 

within 1.6-km (1 mi) from leks.  
Sage-grouse counts were 
consistently lower on these leks than 
leks >1.6-km to compressor stations 

2 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

  Noise GRSG UT D 3.1/km2 New well caused abandonment of a 
lek.  Noise was 70 dB, 20 m from 
pumpjack and 45 dB at the lek, 
which was 200 m from pumpjack 

3 

       
  LPC NM P unknown Noise levels were about 4 decibels 

higher at abandoned leks than at 
active leks 

5 

       
 LPC NM P unknown Significant difference between 

ambient noise levels at active (30.4 
dB) and inactive (34.8 dB) leks 

5 

       
  Power lines GRSG WY D 3.1/km2 40 leks with an overhead power line 

within 0.4-km (0.25-mi).  Growth 
rates based on counts were lower for  
leks near power lines compared to 
leks  >0.4-km from power lines 

2 

     
   LPC NM P unknown 18 of 40 (45%) abandoned leks were 

≤800 m from at least 1 power line, 
whereas 1 of 33 (3%) active leks 
were ≤800 m from a power line 

5 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

  Roads GRSG AB D Active wells 
= 1.0/km2, 

inactive wells 
= 2.0/km2 

Roads or well sites were developed 
within 200 m from 3 leks between 
1983 and 1985.  Since the 
development, these leks have 
become inactive 

2 

       
 GRSG AB D Active wells 

= 1.0/km2, 
inactive wells 

= 2.0/km2 

From 1973 to 2001, leks were active 
at 3 sites in and 8 sites around the 
periphery of an active oil and gas 
development.  In 2001, 7 leks were 
active, with 2 within site of an active 
well or power line 

2 

       
 GRSG WY D 0.1–0.4/km2 

from 1999 to 
2004 

Male lek counts within 0.0–1.0, 1.1–
2.0, and 2.1–3.0 km of a main haul 
road declined significantly compared 
to control leks (>6.1 km from a main 
haul road) 

4 

       
  LPC NM P Unknown Road density in 1.6-km buffers was 

3.3 km/km2 and 2.4 km/km2 on 
abandoned and active leks 

5 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

  Well density GRGS WY P 3.1/km2 200 CBM wells within 0.4-km (0.25 
mi) from 30 known leks.  
Significantly fewer males per lek and 
lower rate of growth for these leks 
than 200 leks that were >0.4-km 
from a well 

2 

       
 LPC NM P unknown Abandoned leks had more active  

and total wells, greater road length, 
and nearer to power lines  than active 
leks within a 1.6-km (1-mi) buffer 
centered on leks 

5 

       
 LPC NM P unknown Mean number of active wells within 

1.6 km (1-mi) from leks was 1 for 
active leks and 8 for abandoned leks 
during their last active year 

5 

       
LEK RECRUITMENT AND VISITS     
 GRSG WY D unknown Fewer males recruited on leks as 

distance to drill rigs decreased.  No 
relationship between male 
recruitment and proximity of leks to 
main haul roads or producing wells 

6 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

 GRSG WY D unknown Fewer males were recruited to leks 
as distance inside a region buffered 
to represent oil and gas development 
increased 

6 

       
 GRSG WY D unknown Fewer yearling females visited leks 

as distance to producing wells 
decreased.  No relationship between 
adult female lek visits and distance 
to producing wells.  No relationship 
for adult or yearling female lek visits 
relative to proximity to drill rigs or 
main haul roads 

6 

       
MALE LEK COUNTS       
 GRSG UT D 3.1/km2 Mean annual declines were –44% for 

leks in developed areas, but 
increased 15% on undeveloped leks 

3 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

 GRSG WY D 0.1–0.4/km2 
from 1999 to 

2004 

Control leks (<5 wells within 5 km 
of lek), lightly impacted leks (5–15 
wells within 5 km of lek), and 
heavily impacted leks (>15 wells 
within 5 km of lek).  Total males on 
heavily impacted leks declined 51% 
from the year prior to impact to 
2004.  Average annual declines were 
16% on heavily impacted leks 
(excluding 3 centrally located leks 
that declined 89%), 19% on lightly 
impacted leks, and 2% on controls 

4 

       
 GRSG WY D 0.1–0.4/km2 

from 1999 to 
2004 

Negative change in annual lek counts 
within 5 km from drilling rigs, 3 km 
of producing wells, and 3 km of 
main haul roads 

4 

       
 GRSG WY P 0.1–0.4/km2 

from 1999 to 
2004 

Well densities exceeding 1/2.8-km2 
appeared to negatively affect male 
lek attendance 

4 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

 GRSG CO P NW CO: 
active wells = 

0–2.1/km2, 
inactive wells 
= 0–1.0/km2 
North Park: 

active wells = 
0–3.3/km2. 

inactive wells 
= 0–1.3/km2 
Middle Park: 

active and 
inactive wells 
= 0–0.1/km2 

Three populations (NW CO, North 
Park, and Middle Park) with limited 
oil and gas activity were considered 
from 1973–2005.  High males 
counted were correlated with 
numbers of active and inactive wells 
within 3.2 km from leks.  Best model 
included a year effect.  Weak 
negative effect of active wells in NW 
CO, but this effect disappears when 
yearly variation was considered 

7 

       
 GRSG MT, WY D Potentially 

3.2/km2 
84% decline (1988–2005) in males 
counted on leks after coalbed 
methane development in Powder 
River Basin.  Of leks counted in 
2004 or 2005, remaining leks in 
coalbed methane areas were either 
inactive or had ≤20 males, whereas 
larger leks (>20 males on average) 
were outside coalbed methane areas 

9 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

 
 
 
 
 
 

      

NEST INITIATION       
 GRSG WY D unknown 65% for females from disturbed leks, 

89% for females from undisturbed 
leks.  Effect size is 24% less for 
females from disturbed leks.  Traffic 
volumes of 1–15 vehicles/day during 
the breeding season may reduce nest 
initiation rates 

8 

       
NEST PLACEMENT       
 GRSG WY D unknown Distances from disturbed leks to 

nests declined from those reported in 
Lyon and Anderson (2003), which 
occurred before substantial oil and 
gas field development.  Both studies 
occurred in the same area indicating 
development had reduced the 
availability of nesting habitat, which 
may have reduced the distance 
females placed nests from leks 

6 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

 GRSG WY D unknown 26% of females from disturbed leks 
(≤3 km from gas development) 
nested ≤3 km from lek of capture, 
while 91% of females from 
undisturbed leks (>3 km from gas 
development or ≤3 km from gas 
development but isolated from 
disturbances by topography) nested 
≤3 km of lek of capture 

8 

 GRSG WY D unknown 1–15 vehicles/day during breeding 
season may increase distances 
moved from leks to nests 

8 

       
 LPC KS P 0.7–1.1/km2 Nest locations were influenced by 

transmission lines, oil and gas 
wellheads, buildings, improved 
roads, and center-pivots on a 7,770 
ha sand-sagebrush prairie.  This was 
determined because the nearest 10% 
of nests to each landscape feature 
were farther from the feature than 
would be expected at random 

11 

       
 LPC KS P 0.7–1.1/km2 Mean distance to oil or gas 

wellheads was 85 ± 23 m           
(mean ± SE) for 90% of 187 nests 

12 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

NEST SUCCESS       
 GRSG AB P Unknown Nest success was 39% from 2001 to 

2004 and nest failure was not 
affected by human features 

1 

       
 GRSG WY D 0.1–0.4/km2 

from 1999 to 
2004 

Percentage of avian predation 
responsible for depredated nests 
increased from 13% in 2000 to 40% 
in 2004 as oil and gas field 
development increased 

4 

       
 GRSG WY D Unknown 50% for females from disturbed and 

undisturbed leks over 2 years 
8 

       
SURVIVAL       
       
  Chicks GRSG AB P Unknown Chick survival to 56 days was 12%.  

Chick failure (death) increased in 
habitats with greater well site 
densities within 1 km and in riparian 
habitats 

1 

       
  Females GRSG UT D 3.1/km2 Annual survival rate was 12.5% for 8 

females captured in coalbed methane 
area and 73% for 11 females 
captured in undeveloped area 

3 
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

 GRSG WY D 0.1–0.4/km2 
from 1999 to 

2004 

Survival for nesting adult females 
was 73% pretreatment and 53% post 
treatment (20% effect size) 

4 

       
 GRSG WY D Unknown Females that bred or nested within 

natural gas development buffers had 
10% lower survival during early 
brood rearing than females that bred 
or nested outside buffers.  This 
corroborates earlier results of 
Holloran (2005) from the same area 

6 

 
 
 

      

WINTER  HABITAT       
 GRSG MT, WY D Potentially 

3.2/km2 
Sage-grouse avoided coalbed 
methane development in suitable 
habitat after controlling for habitat 
quality.  The addition of mean 
wells/km2 within a 1–km buffer 
improved model fit by 12.4 ΔAIC, 
indicating energy development and 
habitat quality were the best models 
explaining winter habitat selection 

10 

       
YEAR-ROUND HABITAT      
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Table H-2.  Review of literature summarizing effects of oil and gas development and production on prairie grouse, August 2006.  
Well pad densities are reported because well pads provide an ecological indication of the associated infrastructure (roads, power 
lines, compressor stations, pipelines, settling ponds) within oil and gas fields (unpublished data reported in Naugle et al. [2006b]). 
 
Response and effect Speciesa Locationb Stagec Pad density 

(pads/km2) 
Results  Referenced 

 LPC KS P 0.7–1.1/km2 Mean distance to oil or gas 
wellheads was 72 ± 5 m (mean ± SE) 
in sagebrush prairie habitat not 
included in the area bounded by 95% 
of lesser prairie chicken locations 

12 

aGRSG = greater sage-grouse, LPC = lesser prairie-chicken. 
bAB = Alberta, CO = Colorado, KS = Kansas, MT = Montana, NM = New Mexico, UT = Utah, WY = Wyoming. 
cDevelopment stage: D = development, P = production. 
d(1) Aldridge and Boyce (2007), (2) Braun et al. (2002), (3) Crompton and Mitchell (2005), (4) Holloran (2005), (5) Hunt (2004), (6) Kaiser (2006), (7) Lukas 
(2006), (8) Lyon and Anderson (2003), (9) Naugle et al. (2006a), (10) Naugle et al. (2006b), (11) Pitman et al. (2005), (12) Robel et al. (2004).
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Table H-3.  Mean decibels (dB) for sound sources in lesser prairie-chicken 
(Tympanuchus pallidicinctus) habitat, southeastern New Mexico.  Adapted from Hunt 
(2004:147–148). 
 
Source n Mean dB 
Active leks 33 30.4 
Inactive leks 39 34.8 
Control points 60 32.2 
5 displaying males–dB, 20 m to lek 1 52.5 
Distance (m) from oil drilling rig   
  20 10 74.7 
  160 10 61.1 
  320 10 54.7 
  480 10 48.6 
  640 10 45.9 
  800 10 43.9 
  960 10 41.7 
  1,120 10 40.6 
  1,280 10 39.5 
  1,440 10 38.3 
  1,600 10 37.9 
  
Distance (m) from Propane-powered pumpjacks  
  20 10 86.5 
  160 10 52.0 
   
Distance (m) from Propane-powered pumpjacks (continued) 
  320 10 44.4 
  480 10 39.7 
  640 10 38.0 
  800 10 36.4 
  960 10 36.5 
  1,120 10 36.1 
  1,280 10 36.2 
  1,440 10 35.9 
  1,600 10 35.3 
   
Distance (m) from electric pumpjacks  
  20 10 66.1 
  160 10 37.3 
  320 10 36.3 
  480 10 35.3 
  640 10 35.5 
  800 10 35.1 
  960 10 35.5 
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Table H-3.  Mean decibels (dB) for sound sources in lesser prairie-chicken 
(Tympanuchus pallidicinctus) habitat, southeastern New Mexico.  Adapted from Hunt 
(2004:147–148). 
 
Source n Mean dB 
  1,120 10 35.4 
  1,280 10 35.4 
   
Distance (m) from electric pumpjacks (continued) 
  1,440 10 34.9 
  1,600 10 35.1 
  
Distance (m) from compressor stations  
  20 10 76.8 
  160 10 58.3 
  320 10 49.9 
  480 10 46.5 
  640 10 43.2 
  800 10 40.7 
  960 10 39.0 
  1,120 10 38.4 
  1,280 10 37.5 
  1,440 10 36.5 
  1,600 10 36.0 
   
Vehicles on paved road, about 110 km/h, from 8 m 
  Tanker trucks 10 90.0 
  Eighteen-wheelers  10 87.2 
  Motorcycles 2 85.6 
   
Vehicles on paved road, about 110 km/h, from 8 m (continued) 
  Work trucks/welding trucks 10 85.5 
  Pickup trucks with trailers  10 85.1 
  Bus 1 81.6 
  Automobiles 10 81.3 
  Pickup trucks 10 80.8 
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Addendum A.  Sage-grouse Leks with Energy Development 
 
Information from Brian Maxfield 
Sensitive Species Biologist 
Utah Division of Wildlife Resources 
July 29, 2006 
 
East Bench Area 
East Bench 16 – Active Lek 

Gas well – 540 m from lek.  Well has associated methane pump used primarily during 
winter to keep liquefied gas/condensate from freezing.  Pump is active during early lekking.  
Well drilled in 2005 and developed in 2006.  Well placed on existing well pad built 4+ years 
prior.  Well out of sight of strutting males because of small ridge. 
 
Sand Wash Rim – Active Lek 
 Gas well – 1650 m from lek.  Well placed prior to 2004 (exact time unknown).  Well out 
of sight of strutting males.  Another well was planned for closer but exact location is not known 
yet.  New well will also be out of sight of strutting males but will be closer than 1000 m. 
 
Deadman Bench Area 
North Deadman – Active Lek 
 Oil well – 335 m.  Well has active single piston pump with muffler attached.  Moving 
pump arm is in view of strutting males.  Not sure about year well was placed.  Lek was 
discovered in 1995 and I believe well was placed prior to this time, probably during 1980s 
energy development. 
 
Myton Bench Area 
Myton Bench/Wells Draw – Inactive Lek 
 Compressor – 1440 m. 

Gas well – 530 m 
More wells nearby but I will need to go in field to measure distances.  Lek went inactive 

after compressor and wells were placed. 
 
Halfway Hollow Area 
South 12 Mile – Inactive Lek 
 Oil well – 645 m.  Well has active single piston pump with no muffler attached.  Moving 
pump arm is in full view of strutting males.  Lek went inactive after well was placed.  No grouse 
have been observed in the area since. 
 
South Slope Area 
South Bonanza – Active Lek 
 Oil wells – 210 m, 860 m, 930 m.  Wells do not have active pumps but have a battery of 
tanks and receive vehicular visits.  The two closest wells are within view of strutting males.  
Other well is located across a deep draw and is not visible.  This lek was first located in 2006 but 
the landowner indicated the lek has been there for 15-20 years (at least). 
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Monarch Bench – Active Lek? 
Oil well – 0 m.  Grouse strut on well pad.  When pump is active (moving) grouse will 

strut off pad but nearby (within 50 m).  Status of lek is not positive because lek is located on 
tribal ground and we are not allowed access.  Tribe says lek has been active in past couple of 
years.  Well and lek have been there for many years. 
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APPENDIX  I 
 
 
 

SUGGESTED MANAGEMENT PRACTICES APPLICABLE FOR OIL AND GAS 
DEVELOPMENT, WITHIN LEASE RIGHTS 
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Suggested Management Practices (SMPs) Applicable for Oil and Gas Development, within 
Lease Rights 

 
In addition to “GrSG Disturbance Guidelines” (Appendix B), and conservation strategies 
identified in this plan (“Conservation Strategy”, pg. 306), this is a  list of suggested management 
practices that may be applied to oil and gas operations, or other surface-disturbing activities, to 
aid in protecting GrSG and their habitat.  These SMPs are not regulatory, but are options that 
could be applicable to all ownership situations; they are also not the BLM’s Best Management 
Practices (BMPs) for public lands, which can be found at http://www.blm.gov/bmp.  As new 
information becomes available, additional management practices will be developed. 

 
1. Minimize impacts on habitat through road construction standards, design and placement 

in all occupied and vacant/unknown sage-grouse habitat (exploration, drilling and 
production). 

A. Minimize construction of new roads 
B. Utilize minimum construction and maintenance standards appropriate for the 

operation. 
C. Minimize visual/auditory impacts by placing roads below ridgelines or along 

topographic features. 
D. Place roads outside of riparian areas. 
E. Conduct exploration along existing roads where possible. 
F. Avoid construction of surface-disturbing activities within 0.6 miles of active leks. 

 
2. Minimize impacts to sage-grouse through road use (patterns) and seasonal restrictions 

(exploration, drilling, and production). 
A. Sign roads to prevent off road travel. 
B. Set seasonal closures during critical sage-grouse use periods. 
C. Encourage remote monitoring. 
D. Develop travel plan to minimize vehicular traffic. 
E. Place speed bumps, dips etc. to slow traffic as needed. 
F. Construct or maintain any roads outside of critical seasonal use periods. 
G. Encourage road rehabilitation or realignment to minimize impacts to sage-grouse. 

 
3. Overlay lease map with sage-grouse habitat to determine vacant and occupied leases 

(drilling and production). 
A. Add lease notice ‘This lease may require a full development plan as determined 

by an interdisciplinary team. 
 
4. Implement noise mitigation from research and/or state regulations. 

 
5. Create an educational video about sage-grouse habitat and ecology to increase awareness 

for oil and gas employees (exploration, drilling, and production). 
 

6. Avoid or minimize impacts to riparian, wetland, or wet meadow habitats to limit impacts 
to brood rearing areas (exploration, drilling, and production). 
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A. Locate equipment, facilities, and roads outside of riparian zones which may serve 
as late brood rearing habitat (1000-ft buffer where feasible). 

B. Drive over woody vegetation at stream crossings rather than remove it wherever 
possible. 

C.  Bore pipeline crossings under perennial streams rather than trenching. 
 
7. Avoid or minimize impacts to sagebrush habitats to limit impacts on GrSG breeding, 

summer/fall, and winter areas (exploration, drilling, and production. 
A.  Site facilities in habitats other than sagebrush, wherever possible. 

  
 
8. Use reclamation standards (interim and final) that are beneficial to restoring sage-grouse 

habitat.  (drilling, and production) 
A. Incorporate sagebrush, desired forbs and grass species into seed mix. Use native 

species wherever possible or non-natives when approved via state or federal 
biologists. 

B. Replace soil manually for shot holes (exploration). 
C. Rip and/or recontour and reclaim operation sites, and access roads. 
D. Retain and “manage” topsoil as appropriate for reclamation. 
E. Reclaim riparian areas with native vegetation. 
F. Mimic vegetation patterns during reclamation. 
G. Develop a reclamation plan with CDOW and surface owner. 
H. Investigate opportunities to utilize suitable produced water in accordance with 

state water laws. 
 

9. Prevent or minimize raptor perching on oil and gas facilities and structures in important 
sage-grouse habitat (drilling and production). 

A. Design power poles to discourage raptor perching, using the most current science. 
B. Minimize height of dry hole markers in SG habitat (flush with ground or < 1’). 

 
10. Components of a Comprehensive Development Plan (production). 

A. Map all road infrastructure for area to be developed. 
B. Map seasonal sage-grouse habitat within area of development. 
C. Consider cumulative habitat loss to date in determining future development 

opportunities. 
D. Consider topographic features when recommending areas to protect for sage-

grouse. 
E. Delineate maximum wellpad spacing (e.g., “No more than 1 wellpad per 'xx' 

acres”) for areas when research identifies that threshold. 
F. Establish incremental development thresholds where possible (e.g., no more than 

10% breeding habitat impacted over 10 year period) 
G.  Coordinate planning among companies operating in the same field. 
H. Cluster development where possible to minimize impacts. 
I. Encourage alternative drilling or production methods to minimize acres of habitat 

directly or indirectly affected (e.g., directional drilling). 
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J. Encourage remote monitoring of production sites to reduce disturbance to birds 
during critical seasons. 

 
11. Consider oil and gas development fields in preparation of local fire response plans within 

sage-grouse habitat. 
 
12. Monitor mosquito production in produced water and control mosquitoes as needed.  Use 

BTI (Bacillus thurgensis israelsis) for mosquito control in water pits associated with oil 
and gas operations where appropriate (production). 

 
13. Implement measures to ensure water quality is maintained, and hazardous spills are 

minimized in sage-grouse habitat and associated riparian areas (drilling and production). 
A. Encourage use of water tanks instead of open pits. 
B. Line open water pits. 
C. Minimize SG contact with produced water. 

 
14. Design well pad, storage facilities, and site locations to minimize degradation of sage-

grouse habitat and visual/actual obstructions in the area (production). 
A. Use low profile storage tanks. 
B. Paint wells to camouflage in background. 

 
15. Minimize impacts on local watersheds and local water sources during local drilling and 

reclamation activities in sage-grouse habitat (e.g., surface and sub-surface water 
depletion impacts on sage-grouse habitat). 

  
16. Transport water and condensate by pipeline rather than truck whenever possible to 

minimize vehicle traffic, dust, noise, and disturbance. 
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GrSG GIS DATA: 
 

HABITAT TYPE, LANDOWNERSHIP, EASEMENTS 
 



Colorado Greater Sage-grouse Conservation Plan 
 

 J-2 
Appendix J 

GrSG GIS Data 

 

Data in this appendix are derived from CoMAP 2006 (Wilcox et al. 2006). 
 
Habitat Categories – All GrSG Populations 
 
 
Table J-1.  Areas of habitat categories in each GrSG population area (for category definitions see 
“GrSG Habitat Mapping Efforts”, pg. 66). 

GrSG Area 
Occupied 
Habitat 
(acres) 

Vacant / 
Unknown 
Habitat 
(acres) 

Potentially 
Suitable 
Habitat 
(acres) 

Total 

Meeker – White River 41,160 6,810 116,515 164,485
Middle Park 259,019 5,168 6,441 270,628
North Park 413,915 0 0 413,915
Northern Eagle – Southern 

Routt Counties 95,388 11,436 126,490 233,314

Northwest Colorado 2,563,033 51,275 34,646 2,648,953
Parachute – Piceance - 

Roan 304,588 99,683 221,788 626,060

Total (acres) 3,677,103 174,372 505,880 4,357,354
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Landownership in Each GrSG Population 
 
 
Table J-2.  Landownership data for Meeker – White River GrSG area. 
  

Ownership 
Occupied Habitat - 

Acres  
(% of total occupied)

Vacant/Unknown 
Habitat 

Acres (% of 
vacant/unknown) 

Potentially 
Suitable Habitat  
Acres (% of total 

potential) 

Total - 
Acres  

(% of total) 

BLM 3,478   (8%) 291   (45%) 23,709 (20%) 27,477 (17%)
CDOW 401   (1%) 3,857 (57%) 93   (0%) 4,351   (3%)
Private 36,864 (90%) 2,663 (39%) 91,312 (78%) 130,838 (80%)
USFS 418   (1%) 0   (0%) 1,401   (1%) 1,819   (1%)
Total (acres)  41,160 6,810 116,515 164,465 
 
 
Table J-3.  Landownership data for Middle Park GrSG area. 
  

Ownership 
Occupied Habitat  

Acres  
(% of total occupied)

Vacant/Unknown 
Habitat  

Acres (% of 
vacant/unknown) 

Potentially 
Suitable Habitat  
Acres (% of total 

potential) 

Total 
Acres 

(% of total) 

BLM 74,065 (29%) 0   (0%) 284   (4%) 74,349 (27%)
CDOW 4,719   (2%) 58   (1%) 0   (0%) 4,776   (2%)
City 10   (0%) 0   (0%) 0   (0%) 10   (0%)
County 729   (0%) 127   (2%) 0   (0%) 856   (0%)
NGO 4,411   (2%) 0   (0%) 0   (0%) 4,411   (2%)
Private 148,675 (57%) 3,905 (76%) 6,073 (94%) 158, 654 (59%)
SLB 21,106   (8%) 0   (0%) 0   (0%) 21,106   (8%)
USFS 5,305   (2%) 1,078 (21%) 84   (1%) 6,467   (2%)
Total (acres) 259,019 5,168 6,441 270,628 
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Table J-4.  Landownership data for Northern Eagle – Southern Routt Counties GrSG area. 
  

Ownership 
Occupied Habitat  

Acres  
(% of total occupied)

Vacant/Unknown 
Habitat  

Acres (% of 
vacant/unknown) 

Potentially 
Suitable Habitat  
Acres (% of total 

potential) 

Total  
Acres  

(% of total) 

BLM 26,189 (27%) 268   (2%) 64,231  (51%) 90,688 (39%)
CDOW 37   (0%) 81   (1%) 4,445    (4%) 4,563   (2%)
NGO 0   (0%) 206   (2%) 0    (0%) 206   (0%)
Private 67,480 (71%) 10,880 (95%) 52,256  (41%) 130,615 (56%)
SLB 1,596   (2%) 0   (0%) 1,267    (1%) 2,863   (1%)
USFS 86   (0%) 2   (0%) 4,291    (3%) 4,379   (2%)
Total (acres)  95,388 11,436 126,490 233,314 
 
 
Table J-5.  Landownership data for North Park GrSG area. 
  

Ownership 
Occupied Habitat 

Acres  
(% of total occupied)

Vacant/Unknown 
Habitat  

Acres (% of 
vacant/unknown) 

Potentially 
Suitable Habitat  
Acres (% of total 

potential) 

Total 
Acres 

(% of total) 

BLM 140,025 (34%) 0 (0%) 0 (0%) 140,025 (34%)
CDOW 2,852   (1%) 0 (0%) 0 (0%) 2,852   (1%)
Private 216,671 (52%) 0 (0%) 0 (0%) 216,671 (52%)
SLB 31,335   (8%) 0 (0%) 0 (0%) 31,335   (8%)
USFS 377   (0%) 0 (0%) 0 (0%) 377   (0%)
USFWS 22,656   (5%) 0 (0%) 0 (0%) 22,656   (5%)
Total (acres) 413,915 0 0 413,915 
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Table J-6.  Landownership data for Northwest Colorado GrSG area. 
  

Ownership 
Occupied Habitat 
Acres (% of total 

occupied) 

Vacant/Unknown 
Habitat  

Acres (% of 
vacant/unknown) 

Potentially 
Suitable Habitat 
Acres (% of total 

potential) 

Total  
Acres 

(% of total) 

BLM 1,277,070 (50%) 19,336 (38%) 5,799 (17%) 1,302,205 (49%)
CDOW 15,664   (1%) 0   (0%) 0   (0%) 15,664   (1%)
Other State 1,444   (0%) 0   (0%) 0   (0%) 1,444   (0%)
NPS 9,869   (0%) 0   (0%) 2   (0%) 9,869   (0%)
Private 1,046,147 (41%) 30,832 (60%) 16,742 (48%) 1,093,721 (41%)
SLB 197,562   (8%) 1,106   (2%) 4,847 (14%) 203,515   (8%)
USFS 3,311   (0%) 0   (0%) 7,256 (21%) 10,567   (0%)
USFWS 11,964   (0%) 0   (0%) 0   (0%) 11,964   (0%)
Total (acres) 2,563,032 51,275 34,646 2,648,953 
 
 
Table J-7.  Landownership data for Parachute – Piceance - Roan GrSG area. 
  

Ownership 
Occupied Habitat 
Acres (% of total 

occupied) 

Vacant/Unknown 
Habitat  

Acres (% of 
vacant/unknown) 

Potentially 
Suitable Habitat 
Acres (% of total 

potential) 

Total  
Acres 

(% of total) 

BLM 97,839 (32%) 80,470 (81%) 143,622 (65%) 321,931 (51%)
BOR 0   (0%) 0   (0%) 474   0(%) 474   0(%)
CDOW 6,272   (2%) 4,515   (5%) 667   (0%) 11,454   (2%)
U.S. Dept. 
Energy 1,264   (0%) 0   (0%) 193   (0%) 1,457   (0%)

Private 199,212 (65%) 14.698 (15%) 76,675 (35%) 290,585 (46%)
USFS 0   (0%) 0   (0%) 158   (0%) 158   (0%)
Total (acres) 304,588 99,683 221,788 626,060 
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Table J-8.  Landownership data (acres) for occupied habitat in Zones 1, 2, 3a, 3b, 3c, and 7 of the 
Northwest Colorado GrSG area.  In these zones there is no habitat that falls into the 
vacant/unknown or potentially suitable categories. 
  
Ownership Zone 1 Zone 2 Zone 3a Zone 3b Zone 3c Zone 7 

BLM 134,050 470,250 111,065 123,310 50,540 6,413 
CDOW 2,230 50 4,810 0 0 0 
Joint 0 0 0 0 25 0 
NPS 971 988 0 0 0 777 
Private 13,021 57,371 110,430 98,663 244,814 6,186 
SLB 25,422 31,533 18,013 36,597 13,765 0 
USFWS 11,964 0 0 0 0 0 
Total (acres) 187,657 560,194 244,318 258,570 309,143 13,376 
 
 
Table J-9.  Landownership data for Zone 4a of the Northwest Colorado GrSG area. 
  

Ownership Occupied Habitat 
(Acres) 

Vacant/Unknown 
Habitat (Acres) 

Potentially 
Suitable Habitat 

(Acres) 

Total 
(Acres) 

BLM 18,047 0 0 18,047
Private 49,218 0 483 49,701
SLB 1,750 0 638 2,387
USFS 3,087 0 7,256 10,344
Total (acres) 72,102 0 8,377 80,479
 
 
Table J-10.  Landownership data for Zone 4b of the Northwest Colorado GrSG area. 
  

Ownership Occupied Habitat  
(Acres) 

Vacant/Unknown 
Habitat (Acres) 

Potentially 
Suitable Habitat 

(Acres) 

Total  
(Acres) 

BLM 6,179 295 17 6,491
CDOW 16 0 0 16
Private 176,255 17,171 11,424 204,850
SLB 35,366 222 4,205 39,793
Unknown 9 0 0 9
USFS 224 0 0 224
Total (acres) 219,451 17,688 15,646 252,786
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Table J-11.  Landownership data for Zone 5 of the Northwest Colorado GrSG area. 
  

Ownership Occupied 
Habitat (Acres) 

Vacant/Unknown 
Habitat  
(Acres) 

Potentially 
Suitable Habitat 

(Acres) 

Total 
(Acres) 

BLM 168,614 124 1,157 169,895
CDOW 7,017 0 0 7,017
Other State 18 0 0 18
NPS 25 0 2 27
Private 215,621 5,911 1,032 222,563
SLB 23,746 0 0 23,746
Unknown 1,533 0 0 1,533
Total (acres) 416,574 6,034 2,191 424,798
 
 
Table J-12.  Landownership data for Zone 6 of the Northwest Colorado GrSG area. 
  

Ownership Occupied 
Habitat (Acres) 

Vacant/Unknown 
Habitat   
(Acres) 

Potentially 
Suitable Habitat 

(Acres) 

Total 
(Acres) 

BLM 188,599 18,917 4,625 212,142
NPS 7,109 0 0 7,109
Private 74,567 7,751 3,803 86,121
SLB 11,371 884 4 12.259
Total (acres) 281,647 27,552 8,432 317,632
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Easements in Each GrSG Population 
 
Table J-13.  Acreage of conservation easements currently held in each GrSG area. 

GrSG 
Population 

Occupied 
Habitat 

Vacant/ Unknown 
Habitat 

Potentially 
Suitable 
Habitat 

Total 

Meeker – 
White River 2,129 0 1,596 3,726 

Middle Park 8,833 2,267 0 11,099 
North Park 1,169 0 0 1,169 
Northern Eagle 

– Southern 
Routt 
Counties 

2,430 953 2,161 5,544 

Northwest 
Colorado 18,683 922 240 19,846 

Parachute – 
Piceance - 
Roan 

1,355 0 1,808 3,163 

Total 34,600 4,142 5,806 44,548 
 
 
Table J-14.  Acreage of conservation easements currently held in each management zone of the 
Northwest Colorado GrSG area. 

Management 
Zone 

Occupied 
Habitat 

Vacant/ Unknown 
Habitat 

Potentially 
Suitable 
Habitat 

Total 

1 3,129 0 0 3,129 
2 7,765 0 0 7,765 
3a 491 0 0 491 
3b 0 0 0 0 
3c 0 0 0 0 
4a 2,035 0 0 2,035 
4b 2,581 922 240 3,743 
5 2,683 0 0 2,683 
6 0 0 0 0 
7 0 0 0 0 

Total 18,683 922 240 19,846 
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Selected Habitat Classes in Habitat Categories – All GrSG Populations 
 
The data from Table J-1 were refined for use in the “Habitat Model Analysis” (pg. 241) and 
“Population Management Zone Development” (pg. 28).  Specifically, the vegetation classes of 
the areas falling with occupied, vacant/unknown, and potential categories were examined closely 
in regards to their usefulness to GrSG.  Only those categories deemed as usable GrSG habitat are 
included in the selected habitat (Tables J-15 – J-20). 
 
Table J-15.  Meeker – White River: selected vegetation class data used for habitat model analysis 
and population target development.  Note that, following this selection process, an additional 
refinement was made in defining the boundary between the NWCO and MWR populations, 
regarding potentially suitable habitat: a large polygon of potentially suitable habitat was moved 
from Zone 5 to the Meeker – White River.  Thus, the data for MWR in this table differ markedly 
from the data in Tables J-1 and J-2, and that difference is not based solely on the vegetation class 
selection process. 
 

Selected Vegetation Class Occupied Vacant/Unknown Potential Total 
Aspen/Mesic Mountain Shrub Mix 1,697 45 616 2,358
Disturbed Rangeland 28 1 240 269
Dryland Ag 514 0 1,859 2,373
Gambel Oak 2,689 351 2,867 5,907
Grass Dominated 855 266 4,546 5,666
Grass/Forb Mix 323 155 1,006 1,485
Herbaceous Riparian 60 3 59 121
Irrigated Ag 3,157 272 2,602 6,030
Juniper/Mtn Shrub Mix 88 2 115 205
Juniper/Sagebrush Mix 26 0 254 280
Mesic Mountain Shrub Mix 2,578 75 1,224 3,877
PJ-Mtn Shrub Mix 461 280 435 1,176
PJ-Oak Mix 159 134 115 409
PJ-Sagebrush Mix 55 52 215 322
Riparian 4 2 4 9
Rock 103 1 143 246
Sagebrush Community 4,278 724 10,993 15,995
Sagebrush/Gambel Oak Mix 1,310 178 460 1,948
Sagebrush/Grass Mix 4,728 1,116 6,283 12,127
Sagebrush/Greasewood 4 0 115 119
Sagebrush/Mesic Mtn Shrub Mix 15,006 1,603 6,572 23,181
Serviceberry/Shrub Mix 12 18 88 119
Shrub Riparian 468 77 798 1,343
Snowberry/Shrub Mix  0 0 12 12
Soil 44 4 84 132
Sparse Juniper/Shrub/Rock Mix 6 0 167 173
Sparse PJ/Shrub/Rock Mix 914 352 3,527 4,793
Willow 44 0 6 50
Xeric Mountain Shrub Mix 16 0 10 26
 TOTAL 39,627 5,713 45,412 90,752
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Table J-16.  Middle Park: selected vegetation class data used for habitat model analysis and 
population target development. 
 

Selected Vegetation Class Occupied Vacant/Unknown Potential Total 
Aspen/Mesic Mountain Shrub Mix 4 0 0 4 
Barren Land 2,781 150 0 2,931 
Grass Dominated 6,334 885 781 8,000 
Grass/Forb Mix 5,440 0 427 5,867 
Greasewood 1,316 0 7 1,323 
Herbaceous Riparian 2,085 66 35 2,186 
Irrigated Ag 18,450 460 467 19,377 
Mesic Mountain Shrub Mix 221 0 0 221 
PJ-Mtn Shrub Mix 140 0 0 140 
PJ-Sagebrush Mix 27 0 0 27 
Riparian 1,468 25 62 1,556 
Rock 6,789 27 23 6,839 
Sagebrush Community 130,925 2,330 2,774 136,029 
Sagebrush/Grass Mix 38,273 229 782 39,283 
Sagebrush/Mesic Mtn Shrub Mix 11,427 368 106 11,902 
Sagebrush/Rabbitbrush Mix 73 0 0 73 
Shrub Riparian 386 27 31 444 
Shrub/Brush Rangeland 928 58 0 985 
Shrub/Grass/Forb Mix 6,780 0 95 6,875 
Soil 3,460 0 1 3,461 
Sparse Grass (Blowouts) 73 0 0 73 
Sparse PJ/Shrub/Rock Mix 5 0 0 5 
Subalpine Grass/Forb Mix 2,062 115 133 2,310 
 TOTAL 239,446 4,741 5,725 249,912 
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Table J-17.  North Park: selected vegetation class data used for habitat model analysis and 
population target development. 
 

Selected Vegetation Class Occupied Vacant/Unknown Potential Total 
Aspen/Mesic Mountain Shrub Mix 1 0 0 1
Bitterbrush Community 171 0 0 171
Disturbed Rangeland 204 0 0 204
Grass Dominated 32,045 0 0 32,045
Grass/Forb Mix 4,838 0 0 4,838
Greasewood 499 0 0 499
Herbaceous Riparian 3,402 0 0 3,402
Irrigated Ag 65,278 0 0 65,278
Sagebrush Community 247,058 0 0 247,058
Sagebrush/Grass Mix 37,964 0 0 37,964
Soil 1,930 0 0 1,930
Sparse Grass (Blowouts) 2,525 0 0 2,525
Willow 8,055 0 0 8,055
TOTAL 403,972 0 0 403,972
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Table J-18.  Northern Eagle – Southern Routt Counties: selected vegetation class data used for 
habitat model analysis and population target development. 

Selected Vegetation Class Occupied Vacant/Unknown Potential Grand 
Total 

Aspen/Mesic Mountain Shrub Mix 1,758 819 449 3,027 
Dryland Ag 77 45 0 121 
Forb Dominated 238 0 713 951 
Gambel Oak 216 15 1,087 1,319 
Grass Dominated 2,480 306 954 3,740 
Grass/Forb Mix 459 24 815 1,299 
Herbaceous Riparian 12 4 0 16 
Irrigated Ag 10,768 957 4,390 16,115 
Juniper/Mtn Shrub Mix 0 5 0 5 
Juniper/Sagebrush Mix 108 0 278 386 
Mesic Mountain Shrub Mix 4,417 1,623 8,188 14,229 
PJ-Mtn Shrub Mix 477 0 2,599 3,076 
PJ-Sagebrush Mix 616 0 2,509 3,125 
Rabbitbrush/Grass Mix 0 0 28 28 
Rock 391 12 235 638 
Sagebrush Community 28,742 402 37,298 66,442 
Sagebrush/Grass Mix 9,383 477 3,977 13,837 
Sagebrush/Greasewood  0 375 375 
Sagebrush/Mesic Mtn Shrub Mix 20,097 3,100 21,338 44,535 
Sagebrush/Rabbitbrush Mix 976 4 304 1,284 
Sedge 217 39 0 256 
Serviceberry/Shrub Mix 0 0 30 30 
Shrub Riparian 373 98 12 483 
Shrub/Grass/Forb Mix 1,219 62 2,139 3,420 
Snowberry/Shrub Mix 175 67 0 241 
Soil 242 0 1,434 1,677 
Sparse Juniper/Shrub/Rock Mix 18 1 240 259 
Sparse PJ/Shrub/Rock Mix 339 0 3,842 4,181 
Subalpine Grass/Forb Mix 378 3 907 1,287 
Willow 523 93 133 748 
Xeric Mountain Shrub Mix 764 0 1,960 2,724 
 TOTAL 85,463 8,155 96,236 189,854 
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Table J-19.  Northwest Colorado: selected vegetation class data used for habitat model analysis 
and population target development.  Note that, following this selection process, an additional 
refinement was made in defining the boundary between the NWCO and MWR populations, 
regarding potentially suitable habitat: a large polygon of potentially suitable habitat was moved 
from Zone 5 to the Meeker – White River.  Thus, the data for Zone 5 in this table differ markedly 
from the data in Table J-11. 
 
Northwest 
Colorado Selected Vegetation Class Occupied Vacant/ 

Unknown Potential Total 

Zone 1 Bitterbrush Community 461 0 0 461
  Bitterbrush/Grass Mix 102 0 0 102
  Grass Dominated 528 0 0 528
  Grass/Forb Mix 1,527 0 0 1,527
  Greasewood 3,866 0 0 3,866
  Herbaceous Riparian 4,238 0 0 4,238
  Irrigated Ag 420 0 0 420
  Mesic Mountain Shrub Mix 11,414 0 0 11,414
  Sagebrush Community 34,895 0 0 34,895
  Sagebrush/Grass Mix 65,130 0 0 65,130
  Sagebrush/Greasewood 1,822 0 0 1,822
  Sagebrush/Mesic Mtn Shrub Mix 1,145 0 0 1,145
  Salt Desert Shrub Community 10,781 0 0 10,781
  Saltbush Community 20,886 0 0 20,886
  Serviceberry/Shrub Mix 150 0 0 150
Zone 1 
Total   157,366 0 0 157,366
Zone 2 Aspen 21 0 0 21
  Aspen/Mesic Mountain Shrub Mix 440 0 0 440
  Bitterbrush Community 4,105 0 0 4,105
  Bitterbrush/Grass Mix 405 0 0 405
  Cottonwood 86 0 0 86
  Douglas Fir 19 0 0 19
  Exotic Riparian Shrubs 293 0 0 293
  Forested Riparian 27 0 0 27
  Grass Dominated 1,381 0 0 1,381
  Grass/Forb Mix 2,641 0 0 2,641
  Greasewood 14,395 0 0 14,395
  Herbaceous Riparian 430 0 0 430
  Irrigated Ag 762 0 0 762
  Juniper 1,512 0 0 1,512
  Juniper/Sagebrush Mix 12,790 0 0 12,790
  Mesic Mountain Shrub Mix 1,221 0 0 1,221
  Pinon-Juniper 2,693 0 0 2,693
  PJ-Mtn Shrub Mix 2,701 0 0 2,701
  PJ-Sagebrush Mix 4,520 0 0 4,520
  Ponderosa Pine 87 0 0 87
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Northwest 
Colorado Selected Vegetation Class Occupied Vacant/ 

Unknown Potential Total 

  Rock 12 0 0 12
  Sagebrush Community 73,295 0 0 73,295
  Sagebrush/Grass Mix 193,021 0 0 193,021
  Sagebrush/Greasewood 10,466 0 0 10,466
  Sagebrush/Mesic Mtn Shrub Mix 53 0 0 53
  Salt Desert Shrub Community 58,422 0 0 58,422
  Saltbush Community 124,477 0 0 124,477
  Serviceberry/Shrub Mix 10 0 0 10
  Shrub Riparian 1,014 0 0 1,014
  Shrub/Brush Rangeland 2,990 0 0 2,990
  Soil 25,171 0 0 25,171
  Sparse Juniper/Shrub/Rock Mix 12,299 0 0 12,299
  Sparse PJ/Shrub/Rock Mix 3,531 0 0 3,531
  Spruce/Fir/Lodgepole/Aspen Mix 0 0 0 0
  Water 827 0 0 827
  Willow 328 0 0 328
  (blank) 3,718 0 0 3,718
Zone 2 
Total         0
Zone 3a Aspen 0 0 0 0
  Aspen/Mesic Mountain Shrub Mix 334 0 0 334
  Bitterbrush Community 5,684 0 0 5,684
  Grass Dominated 6,424 0 0 6,424
  Grass/Forb Mix 122 0 0 122
  Greasewood 5,675 0 0 5,675
  Herbaceous Riparian 212 0 0 212
  Irrigated Ag 1,920 0 0 1,920
  Riparian 0 0 0 0
  Sagebrush Community 49,825 0 0 49,825
  Sagebrush/Grass Mix 120,934 0 0 120,934
  Sagebrush/Greasewood 3,906 0 0 3,906
  Sagebrush/Mesic Mtn Shrub Mix 1 0 0 1
  Salt Desert Shrub Community 4,756 0 0 4,756
  Saltbush Community 21,576 0 0 21,576
Zone 3a 
Total   221,370 0 0 221,370
Zone 3b Aspen 58 0 0 58
  Aspen/Mesic Mountain Shrub Mix 140 0 0 140
  Bitterbrush Community 1,940 0 0 1,940
  Disturbed Rangeland 614 0 0 614
  Dryland Ag 5,531 0 0 5,531
  Foothill and Mountain Grasses 55 0 0 55
  Gambel Oak 1 0 0 1
  Grass Dominated 4,405 0 0 4,405
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Northwest 
Colorado Selected Vegetation Class Occupied Vacant/ 

Unknown Potential Total 

  Grass/Forb Mix 2,371 0 0 2,371
  Greasewood 759 0 0 759
  Herbaceous Riparian 370 0 0 370
  Irrigated Ag 4,135 0 0 4,135
  Mesic Mountain Shrub Mix 139 0 0 139
  Riparian 144 0 0 144
  Rock 2,023 0 0 2,023
  Sagebrush Community 131,387 0 0 131,387
  Sagebrush/Grass Mix 84,933 0 0 84,933
  Sagebrush/Greasewood 827 0 0 827
  Sagebrush/Mesic Mtn Shrub Mix 1,286 0 0 1,286
  Sedge 7 0 0 7
  Shrub Riparian 421 0 0 421
  Shrub/Brush Rangeland 1,280 0 0 1,280
  Shrub/Grass/Forb Mix 792 0 0 792
Zone 3b 
Total   243,615 0 0 243,615
Zone 3c Bitterbrush Community 2,750 0 0 2,750
  Dryland Ag 18,914 0 0 18,914
  Grass Dominated 12,515 0 0 12,515
  Grass/Forb Mix 33,463 0 0 33,463
  Greasewood 2,557 0 0 2,557
  Herbaceous Riparian 1,124 0 0 1,124
  Irrigated Ag 6,710 0 0 6,710
  Mesic Mountain Shrub Mix 4,631 0 0 4,631
  Sagebrush Community 61,682 0 0 61,682
  Sagebrush/Grass Mix 127,741 0 0 127,741
  Sagebrush/Greasewood 2,917 0 0 2,917
  Sagebrush/Mesic Mtn Shrub Mix 1,405 0 0 1,405
  Salt Desert Shrub Community 1,103 0 0 1,103
  Saltbush Community 6,083 0 0 6,083
  Sedge 22 0 0 22
  Shrub/Grass/Forb Mix 252 0 0 252
Zone 3c 
Total   283,871 0 0 283,871
Zone 4a Disturbed Rangeland 24 0 0 24
  Foothill and Mountain Grasses 315 0 0 315
  Grass Dominated 2,258 0 316 2,574
  Herbaceous Riparian 100 0 0 100
  Irrigated Ag 1,990 0 116 2,106
  Mesic Mountain Shrub Mix 3,637 0 946 4,583
  Riparian 55 0 0 55
  Sagebrush Community 13,787 0 1,654 15,441
  Sagebrush/Grass Mix 19,457 0 740 20,197
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Northwest 
Colorado Selected Vegetation Class Occupied Vacant/ 

Unknown Potential Total 

  Sagebrush/Mesic Mtn Shrub Mix 22,868 0 2,642 25,510
  Shrub/Brush Rangeland 163 0 0 163
Zone 4a 
Total   64,653 0 6,413 71,066
Zone 4b Dryland Ag 24,627 1,229 1,846 27,703
  Grass Dominated 18,631 2,425 1,342 22,398
  Grass/Forb Mix 42,442 1,098 2,655 46,194
  Herbaceous Riparian 538 21 47 606
  Irrigated Ag 4,171 1,798 123 6,092
  Mesic Mountain Shrub Mix 8,823 1,413 995 11,231
  Sagebrush Community 37,233 1,574 2,128 40,934
  Sagebrush/Grass Mix 46,086 3,189 1,887 51,162
  Sagebrush/Mesic Mtn Shrub Mix 25,315 4,004 3,912 33,231
  Sedge 476 115 23 614
  Shrub/Grass/Forb Mix 542 10 9 560
Zone 4b 
Total   208,884 16,877 14,966 240,727
Zone 5 Barren Land 22 8 0 30
  Bitterbrush Community 7,117 0 46 7,163
  Disturbed Rangeland 1,384 0 639 2,022
  Grass Dominated 20,934 344 4,104 25,382
  Grass/Forb Mix 7,520 198 593 8,311
  Greasewood 9,163 0 208 9,371
  Herbaceous Riparian 1,780 2 84 1,866
  Irrigated Ag 9,588 6 4,506 14,100
  Juniper/Sagebrush Mix 16,275 0 1,301 17,576
  Mesic Mountain Shrub Mix 29,069 1,026 817 30,912
  Riparian 0 0 69 70
  Sagebrush Community 83,115 1,114 19,231 103,460
  Sagebrush/Grass Mix 144,800 646 7,482 152,928
  Sagebrush/Greasewood 5,112 0 652 5,764
  Sagebrush/Mesic Mtn Shrub Mix 6,032 2,325 5,678 14,036
  Salt Desert Shrub Community 934 0 1 936
  Saltbush Community 8,468 0 48 8,515
  Sedge 80 3 0 84
  Shrub Riparian 2,111 91 1,324 3,527
  Shrub/Grass/Forb Mix 114 4 0 118
Zone 5 
Total   353,618 5,768 46,782 406,168
Zone 6 Disturbed Rangeland 1,276 2,187 1 3,464
  Foothill and Mountain Grasses 6,049 1,660 35 7,744
  Grass Dominated 18,078 6,813 92 24,984
  Herbaceous Riparian 975 64 0 1,039
  Irrigated Ag 1,796 10 0 1,807
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Northwest 
Colorado Selected Vegetation Class Occupied Vacant/ 

Unknown Potential Total 

  Mesic Mountain Shrub Mix 13,471 0 4 13,475
  Sagebrush Community 66,180 3,466 2,601 72,247
  Sagebrush/Grass Mix 71,488 6,564 1,355 79,407
  Sagebrush/Greasewood 8,265 713 122 9,100
  Sagebrush/Mesic Mtn Shrub Mix 13,171 0 1 13,171
  Sagebrush/Rabbitbrush Mix 266 0 0 266
  Saltbush Community 18,847 3,610 63 22,520
  Serviceberry/Shrub Mix 1,362 0 0 1,362
  Shrub Riparian 1,784 68 27 1,879
  Xeric Mountain Shrub Mix 483 0 0 483
Zone 6 
Total   223,491 25,156 4,301 252,947
Zone 7 Bitterbrush Community 10 0 0 10
  Bitterbrush/Grass Mix 30 0 0 30
  Grass Dominated 12 0 0 12
  Greasewood 3 0 0 3
  Herbaceous Riparian 1 0 0 1
  Irrigated Ag 0 0 0 0
  Sagebrush Community 3,602 0 0 3,602
  Sagebrush/Grass Mix 7,551 0 0 7,551
  Sagebrush/Greasewood 41 0 0 41
  Saltbush Community 1 0 0 1
Zone 7 
Total   11,250 0 11,250
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Table J-20.  Parachute – Piceance - Roan: selected vegetation class data used for habitat model 
analysis and population target development. 
 

Selected Vegetation Class Occupied Vacant/Unknown Potential Grand 
Total 

Disturbed Rangeland 2,323 440 3,009 5,772 
Dryland Ag  0 0 6 6 
Foothill and Mountain Grasses 70 7 0 78 
Gambel Oak 6,079 640 1,176 7,894 
Grass Dominated 4,694 883 3,518 9,095 
Grass/Forb Mix 9,785 1,501 5,527 16,813 
Herbaceous Riparian 52 0 444 497 
Irrigated Ag 330 658 8,192 9,180 
Juniper/Mtn Shrub Mix 0 0 5 5 
Juniper/Sagebrush Mix  0 2,547 8,103 10,650 
Mesic Mountain Shrub Mix 24,932 2,153 387 27,472 
PJ-Mtn Shrub Mix 15,305 5,367 19,477 40,149 
PJ-Oak Mix 1,660 25 1,825 3,510 
PJ-Sagebrush Mix 3,779 10,317 24,908 39,004 
Rabbitbrush/Grass Mix 34 390 379 804 
Riparian 77 0 29 106 
Sagebrush Community 17,050 2,405 48,249 67,704 
Sagebrush/Gambel Oak Mix  0 0 30 30 
Sagebrush/Grass Mix 51,418 38,954 31,928 122,299 
Sagebrush/Greasewood 198 1,541 775 2,515 
Sagebrush/Mesic Mtn Shrub Mix 54,702 3,076 10,793 68,571 
Sagebrush/Rabbitbrush Mix 416 1,070 947 2,432 
Sedge  0 3 138 141 
Serviceberry/Shrub Mix 38,344 2,186 3,174 43,703 
Shrub Riparian 6 0 1,554 1,560 
Shrub/Brush Rangeland  0 3 212 215 
Shrub/Grass/Forb Mix 268 312 1,184 1,765 
Snakeweed/Shrub Mix  0 0 1 1 
Snowberry 4 0 0 4 
Snowberry/Shrub Mix 26,955 2,532 38 29,525 
Sparse Juniper/Shrub/Rock Mix 1,018 2,858 4,525 8,401 
Sparse PJ/Shrub/Rock Mix 3,042 5,039 6,872 14,953 
Subalpine Grass/Forb Mix 1 0 0 1 
Willow  0 1 96 97 
Xeric Mountain Shrub Mix 268 1 0 268 
 TOTAL 262,811 84,909 187,498 535,218 
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Introduction 
 
Dependent exclusively on sagebrush ecosystems that define the ecology of much of western North 
America, the greater sage-grouse (Centrocercus urophasianus) was once distributed across twelve states 
of the western United States and three provinces of Canada. Greater sage-grouse currently occupy 
700,000 km2, or 56%, of their potential pre-settlement range, which once covered approximately 
1,200,000 km2 (Connelly et al. 2004). The species is now lost from Nebraska and Alberta, and other 
peripheral populations are at increasing risk of extirpation. As a result of these declines, petitions have 
been filed to list the species under the United States Endangered Species Act. 
 
In Colorado, greater sage-grouse occupy significant tracts of sagebrush habitat in the northwestern region 
of the state. Authors of the Colorado Greater Sage-grouse Conservation Plan (CCP) have identified six 
largely discrete regions where birds are found.  In five of these areas local working groups have formed, 
comprised of concerned citizens, researchers, and managers dedicated to developing grouse conservation 
strategies at the local level. As in many other western states, there is concern over a variety of human 
activities – new housing development, oil and natural gas exploration, livestock grazing, surface mining, 
and hunting – that may unintentionally result in significant negative impacts to local sage-grouse 
populations. These impacts might possibly destabilize the integrity of the sagebrush habitat or the 
populations themselves to an extent where the risk of local extinction is greatly increased. Therefore, it is 
critical that the potential impact of these activities is evaluated using sound scientific methodologies, and 
the results of these analyses are incorporated into the evolving statewide species conservation strategies. 
 
Population viability analysis, or PVA, can be an extremely useful tool for investigating current and future 
risk of Colorado greater sage-grouse population decline or extinction. The need for and consequences of 
alternative management strategies can be modeled to suggest which practices may be the most effective in 
managing sage-grouse populations in its wild habitat. VORTEX, a simulation software package written for 
population viability analysis, was used here as a vehicle to study the interaction of a number of greater 
sage-grouse life history and population parameters, to explore which demographic parameters may be the 
most sensitive to alternative management practices, and to test the effects of selected management 
scenarios. 
 
The VORTEX package is a simulation of the effects of a number of different natural and human-mediated 
forces – some, by definition, acting unpredictably from year to year – on the health and integrity of 
wildlife populations. VORTEX models population dynamics as discrete sequential events (e.g., births, 
deaths, sex ratios among offspring, catastrophes, etc.) that occur according to defined probabilities. The 
probabilities of events are modeled as constants or random variables that follow specified distributions. 
The package simulates a population by recreating the essential series of events that describe the typical 
life cycles of sexually reproducing organisms. 
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PVA methodologies such as the VORTEX system are not intended to give absolute and accurate “answers” 
for what the future will bring for a given wildlife species or population. This limitation arises simply from 
two fundamental facts about the natural world: it is inherently unpredictable in its detailed behavior; and 
we will never fully understand its precise mechanics. Consequently, many researchers have cautioned 
against the exclusive use of absolute results from a PVA in order to promote specific management actions 
for threatened populations (e.g., Ludwig 1999; Beissinger and McCullough 2002; Reed et al. 2002; Ellner 
et al. 2002; Lotts et al. 2004). Instead, the true value of an analysis of this type lies in the assembly and 
critical analysis of the available information on the species and its ecology, and in the ability to compare 
the quantitative metrics of population performance that emerge from a suite of simulations, with each 
simulation representing a specific scenario and its inherent assumptions about the available data and a 
proposed method of population and/or landscape management. Interpretation of this type of output 
depends strongly upon our knowledge of greater sage-grouse biology in its habitat, the environmental 
conditions affecting the species, and possible future changes in these conditions.  
 
The VORTEX system for conducting population viability analysis is a flexible and accessible tool that can 
be adapted to a wide variety of species types and life histories as the situation warrants. The program has 
been used around the world in both teaching and research applications and is a trusted method for 
assisting in the definition of practical wildlife management methodologies. For a more detailed 
explanation of VORTEX and its use in population viability analysis, refer to Appendix I, Lacy (2000) and 
Miller and Lacy (2003). 
 
Specifically, we were interested in using this preliminary analysis to address the following questions: 
 

• Can we build a series of simulation models with sufficient detail and precision that can accurately 
describe the dynamics of greater sage-grouse populations distributed across Colorado? 

• What are the primary demographic factors that drive growth of greater sage-grouse populations in 
Colorado? 

• How vulnerable are small, fragmented populations of greater sage-grouse in Colorado to 
extinction under current management conditions? How small must a population become to 
increase its risk of extinction to an unacceptable level? 

• What are the predicted impacts of current and potential future levels of housing development on 
selected greater sage-grouse populations in Colorado? 

• What are the predicted impacts of current and potential future levels of mining and other surface 
activities on selected greater sage-grouse populations in Colorado? 

• What are the predicted impacts of current and potential future levels of hunting on selected greater 
sage-grouse populations in Colorado?  

• What are the predicted impacts of current and potential future levels of petroleum and natural gas 
development on selected greater sage-grouse populations in Colorado? 

• Can reproductive mitigation improve the viability of greater sage-grouse populations in Colorado 
in the face of other anthropogenic processes? 
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Baseline Input Parameters for Stochastic Population Viability Simulations 
 
Much of the data discussed below are gleaned from Zablan et al. (2003), the radio telemetry studies on 
greater sage-grouse of Hausleitner (2003) and Thompson (unpublished) in Moffat County, Colorado and 
Peterson (1980) in North Park, Colorado.  
 
Breeding System: The greater sage-grouse is a polygynous lek-breeding species. In VORTEX, a set of adult 
females are therefore randomly selected each year to breed with a given male. Breeding success of adult 
males within a give year is often dependent on the success of that male in the previous year. This was not 
specifically simulated in this analysis as this aspect of the breeding biology is unlikely to have a 
noticeable demographic impact on future population performance. 
 
Age of First Reproduction: VORTEX considers the age of first reproduction as the age at which the first 
clutch of eggs is laid, not simply the onset of sexual maturity. Female sage-grouse can lay their first 
clutch at one year of age, while males are much more likely to be two years old at the time of egg-laying. 
Because of the very low probability of breeding success among yearling males, we elected to ignore this 
possibility in our models. 
 
Age of Reproductive Senescence: In its simplest form, VORTEX assumes that animals can reproduce (at 
the normal rate) throughout their adult life. There are no real data available on senescence in sage-grouse, 
so we made a reasonable estimate of the maximum age possible for this species as 10 years. In reality, 
surpassing this age in our models is unlikely given observed mortality rates (see below).  
 
Offspring Production: Based on the depth of our knowledge of sage-grouse life history, we have defined 
reproduction in these models as the production of newly-hatched chicks by a given female, roughly early 
May – June. Field data have been collected on the rates of nest initiation and success among both yearling 
and adult females. Of those that are initially unsuccessful in nesting, additional data exist on the rates of 
renesting success. With these data in hand, we can calculate the proportion of females that successfully 
reproduce in a given year through the following equation: 

P(♀) = [(first nest initiation)(first nest success)] + 
  [(first nest initiation)(first nest NO success)(second nest initiation)(second nest success)] 

Radio telemetry data from Hausleitner (2003) and Thompson (unpublished) in Moffat County allow us to 
derive estimates of these important parameters: 
 

 Nest initiation Nest success Renest initiation Renest success 
Adults 0.93 0.50 0.16 0.75 

Yearlings 0.83 0.39 0.22 0.57 
 
Taken together, these data means that, on average, 38.7% of greater sage-grouse yearlings successfully 
reproduce in a given year, and 52.1% of adults are likewise successful. These results were combined in an 
equation used within VORTEX to describe the relationship between the average percentage of adult females 
breeding each year and their age. 
 
Annual environmental variation in female reproductive success is modeled in VORTEX by specifying a 
standard deviation (SD) for the proportion of adult females that successfully lay a clutch of eggs within a 
given year. Wing receipt data from greater sage-grouse populations suggest that annual variability in 
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reproductive success among yearling females is about 8%, while slightly lower among older birds (SD = 
6%). 
 
The maximum number of eggs per clutch has been set at 9, based on data collected by Griner (1939) in 
greater sage-grouse populations in eastern Utah.  Given that an adult female lays a clutch of eggs, the 
distribution of clutch size was set as follows: 
 

Number of eggs % 
1 1.0 
2 1.0 
3 1.0 
4 1.0 
5 5.5 
6 27.3 
7 35.0 
8 25.0 
9 3.2 

 
This distribution yields an average clutch size of 6.75 eggs. The overall population-level sex ratio among 
eggs is assumed to be 50%. 
 
Density-Dependent Reproduction: VORTEX can model density dependence with an equation that specifies 
the proportion of adult females that reproduce as a function of the total population size. In addition to 
including a more typical reduction in breeding in high-density populations, the user can also model an 
Allee effect: a decrease in the proportion of females that bread at low population density due, for 
example, to difficulty in finding mates that are widely dispersed across the landscape. 
 
While a significant source of debate among species experts, there are no current field data to support 
density dependence in reproduction in greater sage-grouse populations. Consequently, this option was not 
included in the models presented here. 
 
Male Breeding Pool: In many species, some adult males may be socially restricted from breeding despite 
being physiologically capable. This can be modeled in VORTEX by specifying a portion of the total pool of 
adult males that may be considered “available” for breeding each year. Observational data suggests that as 
few as 10% of the adult males are actually participating in the displays on leks within a given population 
segment, and this value was used in our baseline population analysis. Other researchers think this value 
may be much higher, approaching as high as 33%. 
 
Mortality: VORTEX defines mortality as the annual rate of age-specific death from year x to x + 1; in the 
language of life-table analysis, this is equivalent to q(x). Juvenile rates were composed of data estimated 
from hatching to 1 September (Northwestern Colorado: Thompson, unpublished), then 1 September to 30 
March (Idaho: Beck et al., in press). Yearling and adult rates are largely based on data collected in North 
Park by Zablan et al. (2003), with additional data provided by Hausleitner (2003).  
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Age Class  % Mortality (SD) 

 Females Males 
0 – 1 75.7 (5.0) 74.5 (5.0) 
1 – 2 24.0 (4.0) 36.5 (3.0) 
2 - + 42.0 (4.0) 63.0 (1.0) 

 
Inbreeding Depression: VORTEX includes the ability to model the detrimental effects of inbreeding, most 
directly through reduced survival of offspring through their first year. Because of the complete absence of 
information on the effects of inbreeding on the demography of greater sage-grouse, the group concluded 
that this option should not be included in our models.  
 
Initial Population Size: A total of six discrete populations of greater sage-grouse were considered in this 
analysis. These populations are listed below, with their estimated numbers based on observed spring 
breeding counts of males on leks and a presumed 2:1 female:male ratio.  
  

Population  Breeding Males* Total Population 

Piceance / Parachute / Roan  186 1,104 
Meeker / White River 28 153 
North Park 1,234 6,731 
Middle Park 290 1,581 
Northern Eagle / Southern Routt 

Counties 
104 567 

Eagle 11 60 
Routt 93 507 
Northwestern Colorado 2,387 13,023 
Zone 1 153 834 
Zone 2 28 153 
Zone 3A 534 2,913 
Zone 3B 625 3,408 
Zone 3C 139 759 
Zone 4A 217 1,185 
Zone 4B 76 414 
Zone 5 294 1,605 
Zone 6 304 1,659 
Zone 7 17 93 

 * Average value, 2001 - 2005 
** Total N = (0.55)(Breeding males) + 2(0.55)(Breeding males) 

 
 
Note that the Northern Eagle / Southern Routt Counties and Northwestern Colorado regions are actually 
composed of metapopulations – that is, aggregates of subpopulations that are linked together through 
differential rates of dispersal. See below for a detailed discussion of additional metapopulation 
parameters. 
 
VORTEX distributes the specified initial population among age-sex classes according to a stable age 
distribution that is characteristic of the mortality and reproductive schedules described previously. 
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Carrying Capacity: The carrying capacity, K, for a given habitat patch defines an upper limit for the 
population size, above which additional mortality is imposed randomly across all age classes in order to 
return the population to the value set for K. 
 
The estimation of a carrying capacity is a very difficult process. The approach taken in this analysis 
involved identifying the most reasonable estimated high male lek count in a given region and, by applying 
the same transformation used to calculate current population size, determining total local carrying 
capacity. These results are given in the table below. 
 

Population  Max. Breeding Males* Total K 

Piceance / Parachute / Roan  285 1554 
Meeker / White River -- 300 
North Park 1521 8296 
Middle Park 327 1784 
Northern Eagle / Southern 

Routt Counties 
307 1673 

Eagle 79 429 
Routt 228 1244 
Northwestern Colorado 2,387 18,170 
Zone 1 268 1462 
Zone 2 129 704 
Zone 3A 570 3109 
Zone 3B 667 3638 
Zone 3C 153 835 
Zone 4A 486 2651 
Zone 4B -- 414 
Zone 5 565 3082 
Zone 6 400 2182 
Zone 7 -- 93 

 
 
Metapopulation Parameters: For the Northern Eagle / Southern Routt Counties and Northwestern 
Colorado populations, additional data on dispersal was required. Field observations indicate that 
dispersing birds are predominantly composed of yearlings; as a result, we limited dispersal to only those 
birds aged 1 year. Moreover, while a small percentage of dispersing birds are observed to be male, the 
model assumes that only females disperse.  
 
Largely in order to achieve a higher degree of model realism with respect to overall metapopulation 
dynamics, we derived a conditional function that limited the amount of dispersal into populations that 
were already approaching a given habitat’s carrying capacity. Specifically, we prohibited dispersal into a 
given population when the recipient population was at least 80% saturated; in other words, under 
conditions when N ≥ 0.8K.  
 
Rates of dispersal – defined in VORTEX as the probability (expressed as a percentage) of an individual 
moving from one population to another, are given in the table below. Note that the rates between any two 
populations are not constrained to be symmetric, based on the available data. Source populations are 
listed as rows, while columns designate recipient populations. 
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Zone 1 2 3A 3B 3C 4A 4B 5 6 7 
1 87 10 0 0 0 0 0 0 1 2 
2 3 77 6 5 0 0 0 5 3 1 

3A 1 2 69 10 10 0 0 5 3 0 
3B 0 3 10 62 10 10 0 5 0 0 
3C 0 1 15 15 60 0 4 5 0 0 
4A 0 0 0 15 5 75 5 0 0 0 
4B 0 0 0 0 3 3 93 1 0 0 
5 0 3 5 5 5 0 3 74 5 0 
6 1 3 3 0 0 0 0 3 87 3 
7 1 1 0 0 0 0 0 0 1 97 

 
 
Iterations and Years of Projection: All population projections (scenarios) were simulated 500 times. Each 
projection extends to 50 years, with demographic information obtained at annual intervals. All 
simulations were conducted using VORTEX version 9.60 (March 2006). 
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Table 1 below summarizes the baseline input dataset upon which all subsequent VORTEX models are 
based.  

 

 

Table 1. Demographic input parameters for the baseline VORTEX Colorado greater sage-grouse models. See 
accompanying text for more information. 

Model Input Parameter Baseline Value 
Breeding System Polygynous 
Age of first reproduction (♀ / ♂) 1 / 2 
Maximum age of reproduction 10 
Annual % adult females reproducing 38.7 (Yrl) / 52.1% (Ad) 
Density dependent reproduction? No 
Maximum clutch size 9 
Mean clutch size† 6.75 
Overall offspring sex ratio 0.5 
Adult males in breeding pool 10% 
% annual mortality, ♀ / ♂  (SD)  

0 – 1 75.7 / 74.5 (5.0) 
1 – 2 24.0 / 36.5 (3.0) 
2 – + 42.0 / 63.0 (4.0 / 1.0) 

Initial population size / carrying capacity  
Piceance / Parachute / Roan 1,104 / 1,554 
Meeker / White River 153 / 300 
North Park 6,731 / 8,296 
Middle Park 1,581 / 1,784 
Northern Eagle / Southern Routt 

Counties 
567 / 1,673 

Eagle 60 / 429 
Routt 507 / 1,244 

Northwestern Colorado 13,023 / 18,170 
Zone 1 834 / 1,462 
Zone 2 153 / 704 
Zone 3A 2,913 / 3,109 
Zone 3B 3,408 / 3,638 
Zone 3C 759 / 835 
Zone 4A 1,185 / 2,651 
Zone 4B 414 / 414 
Zone 5 1,605 / 3,082 
Zone 6 1,659 / 2,182 
Zone 7 93 / 93 

† Exact probability distribution of individual clutch size specified in input file. 
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Definitions of Simulation Modeling Results  
 
Results reported for selected modeling scenarios include: 
  

rs (SD) – The mean rate of stochastic population growth or decline (standard deviation) demonstrated 
by the simulated populations, averaged across years and iterations, for all simulated populations that 
are not extinct. This population growth rate is calculated each year of the simulation, prior to any 
truncation of the population size due to the population exceeding the carrying capacity. 
 
P(E)50 – Probability of population extinction after 50 years, determined by the proportion of 500 
iterations within that given scenario that have gone extinct within the given time frame. “Extinction” 
is defined in the VORTEX model as the lack of either sex. 
 
N50 (SD) – Mean (standard deviation) population size at the end of the simulation, averaged across all 
simulated populations, including those that are extinct. 
 
GD50 – The gene diversity or expected heterozygosity of the extant populations, expressed as a 
percent of the initial gene diversity of the population. Fitness of individuals usually declines 
proportionately with gene diversity. 

 
 
Baseline Model Validation through Retrospective Population Analysis 
 
An important component of population viability analysis involves testing our baseline simulation models 
against historical population census data. In this approach, we set the model’s initial population size with 
a value based on historical data and then project the model forward to the present day, comparing the 
predicted trajectory with the real trajectory determined from field census counts. A reasonable fit between 
the observed and predicted curves gives considerable credibility to the simulation’s mechanics and, 
therefore, instills much more confidence in the relative results from models that predict future responses 
of greater sage-grouse populations to human activities on the landscape. 
 
The results of these retrospective analyses for each population are shown in Figure 1.  With the exception 
of the Meeker / White River population, all other simulation models appear to accurately predict the true 
population census within a reasonable degree of uncertainty.  Given this general degree of accuracy, the 
disparity between predicted population size and field census counts in the Meeker / White River analysis 
is likely not an error in the simulation model but instead probably reflects the small number of leks 
included in the field census, the difficulty in conducting detailed studies in the area, and the short time 
period over which the census was conducted.  Therefore, the overall conclusion from this retrospective 
analysis is that our simulation model of Colorado greater sage-grouse population dynamics can be used 
with acceptable confidence in predicting the relative outcomes of alternative management scenarios for 
the species. 
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Figure 1. Retrospective projections for simulated greater sage-grouse populations in Colorado. Filled symbols indicate population sizes predicted 
using the PVA platform VORTEX, while open symbols give “true” population size estimates derived from field counts. Analysis of the Piceance / 
Parachute / Roan population is not included here as field census data do not exist. See accompanying text for additional details on model 
construction and interpretation. 
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Baseline Model Projections 
 
Table 2 and Figure 2 give the results of fifty-year projections for each of the six regional greater sage-
grouse populations considered here. With the exception of Meeker / White River, each population 
displays long-term population growth values between 0.025 and 0.030, with no risk of extinction over the 
50-year timeframe of the simulation. Consistent with the general theoretical expectations of small 
population biology, the Meeker / White River population shows a lower growth rate and a non-zero 
(albeit small) risk of extinction. This is a simple demonstration of the demographic instability inherent in 
smaller populations, as the underlying rates of mortality and reproduction are identical among all 
simulated populations studied here. 
 
 

Table 2. Greater sage-grouse PVA: fifty-year projections of baseline models for each regional population. 
See text for additional information on model construction and parameterization. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Middle Park     
Baseline 0.022 (0.138) 0.000 1370 (400) 0.9531 

Meeker / White River     
Baseline 0.019 (0.160) 0.016 208 (83) 0.6619 

North Eagle / South Routt     
Baseline 0.031 (0.167) 0.000 988 (471) 0.8980 

Piceance / Parachute / Roan     
Baseline 0.025 (0.139) 0.000 1202 (342) 0.9422 

Northwest Colorado     
Baseline 0.030 (0.081) 0.000 15739 (1872) 0.9956 

North Park     
Baseline 0.025 (0.135) 0.000 6582 (1794) 0.9903 

 
 
Note that despite the robust levels of growth displayed for each population, the Middle Park and North 
Park simulated populations show a slightly negative trend in population size over the timeframe of the 
simulations presented here. This is a consequence of the rather “hard” demographic boundary imposed by 
VORTEX in the form of a carrying capacity, K. In the model’s structure, if a given population is larger than 
the specified carrying capacity, animals within the population are removed randomly across all age-sex 
classes until the size is below K. When populations are close to this capacity, this reflective nature of 
carrying capacity in the model tends to drive a population away from K until a new equilibrium is reached 
at a level that is somewhere below the specified capacity. While the trajectories shown here may not be 
completely accurate in the long-term, they do suffice as informative baseline projections from which 
robust comparative analyses can be made in the risk analyses to follow. 
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Figure 2. Fifty-year prospective projections for each of the six regional populations of greater sage-grouse in Colorado. See accompanying text for 
additional details on model construction and interpretation. 
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Demographic Sensitivity Analysis 
 
During the development of the baseline input dataset, it quickly became apparent that a number of 
demographic characteristics of greater sage-grouse populations were being estimated with varying levels 
of uncertainty. This type of measurement uncertainty, which is distinctly different from the annual 
variability in demographic rates due to extrinsic environmental stochasticity and other factors, impairs our 
ability to generate precise predictions of population dynamics with any degree of confidence. 
Nevertheless, an analysis of the sensitivity of our models to this measurement uncertainty can be an 
invaluable aid in identifying priorities for detailed research and/or management projects targeting specific 
elements of the species’ population biology and ecology. 
 
To conduct this demographic sensitivity analysis, we identify a selected set of parameters from Table 1 
whose estimate we see as considerably uncertain. We then develop proportional minimum and maximum 
values for these parameters (see Table 3).  
 

Table 3. Uncertain input parameters and their stated ranges for use in demographic sensitivity 
analysis for the Colorado population of greater sage-grouse. Highlighted rows indicate those 
demographic parameters that show the highest sensitivity, S, as listed in the far right-hand column 
of the table. See accompanying text for more information. 

 Estimate  
Model Parameter Minimum Baseline Maximum S 

Maximum Age 9 10 11 -0.01269 
% Yearling Females Reproducing 34.83 38.7 42.57 -0.11957 
% Adult Females Reproducing 46.89 52.1 57.31 -0.27038 
Clutch Size 6.08 6.75 7.43 -0.39531 
% Female Chick Mortality 68.13 75.7 83.27 1.273304 
% Male Chick Mortality 67.05 74.5 81.95 -0.00098 
% Yearling Female Mortality 21.6 24.0 26.4 0.080039 
% Yearling Male Mortality 32.85 36.5 40.15 0.000976 
% Adult Female Mortality 37.8 42.0 46.2 0.253294 
% Adult Male Mortality 56.7 63.0 69.3 0.006833 

 
For each of these parameters we construct two simulations, with a given parameter set at its prescribed 
minimum or maximum value, with all other parameters remaining at their baseline value. With the ten 
parameters identified above, and recognizing that the aggregate set of baseline values constitute our single 
baseline model, the table above allows us to construct a total of 20 additional, alternative models whose 
performance (defined, for example, in terms of average population growth rate) can be compared to that 
of our starting baseline model.  
 
For the entire suite of sensitivity analysis models, we will consider a generic population of 6,700 
individuals and a carrying capacity of 13,500 individuals. This population is large enough to be relatively 
immune from excessive demographic uncertainty that is characteristic of small populations. Furthermore, 
carrying capacity is large enough to allow for significant population growth and to observe proper 
demographic dynamics. 
 
The proportional sensitivity of a given simulation model, S, is given by 
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S = [(λMin – λMax) / (0.2* λBase)] 

 
Where λ = er is the annual rate of population growth calculated from the simulation and subscripts Min, 
Max and Base refer to simulations that include the minimum, maximum, and baseline values of the 
appropriate parameter, respectively. Using this formulation, model parameters with large S values show 
strong differences in λ when values are manipulated (modified from Heppell et al., 2000).  
 
The results of the sensitivity analysis are shown in tabular form in Table 4 and graphically in Figure 3. 
Those lines with the steepest slope – namely, juvenile (chick) female mortality, clutch size, and adult 
female mortality – show the greatest degree of response in terms of population growth rate to changes in 
those parameters and, hence, the greatest sensitivity. These parameters can then be targeted in subsequent 
field activities for more detailed research and / or demographic management. 
 
Table 4. Greater Sage-grouse PVA. Output from demographic sensitivity analysis models. See text for additional 
information on model construction and parameterization. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Baseline 0.024 (0.134) 0.000 10181 (3044) 0.9926 
Maximum Age – Minimum 0.024 (0.135) 0.000 10230 (3218) 0.9923 
Maximum Age – Maximum  0.027 (0.135) 0.000 10505 (2874) 0.9929 
% Yearlings Breeding – Minimum 0.013 (0.136) 0.000 8987 (3578) 0.9914 
% Yearlings Breeding – Maximum 0.037 (0.136) 0.000 11412 (2361) 0.9932 
% Adult Females Breeding – Minimum -0.004 (0.136) 0.000 5913 (3598) 0.9865 
% Adult Females Breeding – Maximum 0.050 (0.135) 0.000 12077 (1837) 0.9940 
Litter Size – Minimum -0.017 (0.133) 0.000 3822 (2927) 0.9828 
Litter Size – Maximum 0.063 (0.139) 0.000 112360 (1646) 0.9940 
Juvenile Female Mortality – Minimum 0.138 (0.134) 0.000 13310 (564.8) 0.9933 
Juvenile Female Mortality – Maximum -0.120 (0.175) 0.226 41 (73) 0.7415 
Juvenile Male Mortality – Minimum 0.024 (0.126) 0.000 10289 (3012) 0.9933 
Juvenile Male Mortality – Maximum 0.024 (0.147) 0.000 10172 (3095) 0.9909 
Yearling Female Mortality – Minimum 0.032 (0.136) 0.000 11132 (2625) 0.9929 
Yearling Female Mortality – Maximum 0.016 (0.137) 0.000 9149 (3472) 0.9917 
Yearling Male Mortality – Minimum 0.024 (0.134) 0.000 10291 (3029) 0.9928 
Yearling Male Mortality – Maximum 0.024 (0.137) 0.000 10126 (3169) 0.9922 
Adult Female Mortality – Minimum 0.050 (0.134) 0.000 12077 (1826) 0.9940 
Adult Female Mortality – Maximum 0.000 (0.136) 0.000 6420 (3707) 0.9880 
Adult Male Mortality – Minimum 0.024 (0.132) 0.000 10365 (3135) 0.9932 
Adult Male Mortality – Maximum 0.023 (0.139) 0.000 10198 (3116) 0.9915 
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Simulating the Impacts of Human Activity on Sage-grouse Population Dynamics 
 
Once the baseline demographic parameters are established, additional work must be devoted to 
determining the mechanisms through which specific human activities within greater sage-grouse habitat – 
namely housing development, surface mining, harvest, oil and natural gas development, and mitigation of 
reproductive success – may influence the bird’s population dynamics in the future. Each individual 
activity is discussed in detail below. 
 
 
Risk Analysis I: Impacts of Habitat – Centric Activities (Housing and Surface Mining) on 

Greater Sage-grouse Population Dynamics 
 
Housing Development: Model Input 
Regions considered: Meeker/White River; Middle Park; Northern Eagle / Southern Routt Counties 

The primary assumption in our analysis is that the construction of new homes will reduce the amount of 
suitable sagebrush habitat available to sage-grouse. This can be modeled in VORTEX through a gradual 
reduction in habitat carrying capacity, K. 
 
Human population projections through 2020, and associated estimates of average household size, were 
used to estimate the increase in new housing units across each affected region. Additional data on 
sagebrush habitat distribution were used to estimate the proportion of individual land parcels of different 
size classes that would occur within habitat considered optimal for greater sage-grouse. Using these 
estimates, two different levels of housing intensity were developed: Level 1, where only land parcels less 

Figure 3. Demographic sensitivity analysis of a generic Colorado greater sage-grouse population. 
Those curves with the steepest slope indicate the model parameters with the greatest overall sensitivity. 
See accompanying text for additional information on model construction. 
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than 40 acres in size were considered; and Level 2, where parcels up to 320 acres were considered to 
impact sagebrush habitat.  
 

 % Reduction in K, 50 Years 
Region Level 1 Level 2 

Meeker / White River 3.4% 23.5% 
Middle Park 8.2 31.2 
Northern Eagle / Southern 

Routt Counties 
  

Eagle 8.0 85.2 
Routt 6.7 57.3 

 
These reductions in carrying capacity are implemented in VORTEX as a linear decline in K over 50 years. 
For example, a Level 1 reduction in carrying capacity for Middle Park would result in a total reduction in 
K of 8.2%, from 1,784 to 1,638. 
 
Surface Mining: Model Input 
Regions considered: Middle Park, Northern Eagle / Southern Routt Counties, Northwestern Colorado, 
Piceance / Parachute / Roan 

As with new housing development, the primary assumption in our analysis here is that surface mining for 
gravel, oil shale and similar resources will reduce the amount of suitable sagebrush habitat available to 
Sage-grouse. This can be modeled in VORTEX through a gradual reduction in habitat carrying capacity, K. 
 
GIS analysis methods were used to identify sage-grouse habitat areas that could be targeted for surface 
mining activities, and linear rates of habitat carrying capacity loss were calculated over the 50-year period 
of the PVA model. Two levels of activity were considered, with increasing extent of disturbance to sage-
grouse habitat (see table below). Low levels of activity in the Meeker / White River region were initially 
considered, then removed from the analysis due to their negligible impact. Detailed analysis of the 
Northwestern Colorado region indicates that mining activity is relevant only for zones 3C, 4B, 5, and 6. 
 

 % Reduction in K, 50 Years 
Region Level 1 Level 2 

Middle Park 15.0 26.0 
Northern Eagle / Southern 

Routt Counties 
  

Eagle 17.0 35.0 
Routt 17.0 35.0 

Northwestern Colorado   
3C 6.0 10.0 
4B 6.0 10.0 
5 6.0 10.0 
6 6.0 10.0 

Piceance / Parachute / Roan 11.0 40.0 
Results of Housing and Surface Mining Risk Analysis 
 
Table 5 and Figure 4 show the combined results of the housing and surface activities analysis for the 
affected populations: Meeker / White River, Middle Park, Northern Eagle / Southern Routt Counties, and 



Colorado Greater Sage-grouse Conservation Plan 
 

Colorado Greater Sage-grouse PVA: P. Miller et al. 2006  Page 17 
 

K-20 
 

Appendix K 
Population Viability Analysis Report 

Piceance / Parachute / Roan (the extent of sagebrush habitat loss was so small in the Northwestern 
Colorado region as to be essentially negligible). All four regions show some degree of greater sage-grouse 
population decline in the presence of the activities, with the lowest level seen in Meeker / White River 
and the greatest level of decline in Northern Eagle / Southern Routt Counties. In Middle Park, the relative 
contributions of housing and surface mining to population decline appear to be roughly equal as 
evidenced by the gradual increase in the magnitude of the decline from scenarios in which both housing 
and surface activities are at a low level (H1 – M1) to when both are at a high level (H2 – M2). On the 
other hand, in the Northern Eagle / Southern Routt Counties region the impacts of housing appear to be 
more severe since the high-level H2 housing scenarios show a more precipitous population decline. 
Interestingly, this appears to be at least partly linked to the more rapid decline seen in the much smaller 
Eagle subpopulation, which then contributes to the overall greater instability of the larger metapopulation. 
In addition, the high-level housing scenarios included a significant rate of habitat decline, with more than 
85% of available greater sage-grouse habitat being lost over the time period of the simulation. This 
magnitude of decline, when combined with the small population sizes and their inherent demographic 
instability, works to put the larger metapopulation at a marked risk of extinction if conditions of habitat 
alteration reach predicted levels. 
 
The extent of sagebrush habitat loss was so small in the Northwestern Colorado region as to be essentially 
negligible. As a result, this activity had no measurable impact on the predicted dynamics of a simulated 
Northwestern Colorado population. These results are not graphically depicted here. 
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Table 5. Greater sage-grouse PVA. Output from analysis of habitat – centric activities models. See text for 
additional information on model construction and parameterization. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Middle Park     
Baseline 0.022 (0.138) 0.000 1370 (400) 0.9531 
Housing 1 – Mining 1 0.025 (0.139) 0.000 1122 (273) 0.9502 
Housing 1 – Mining 2 0.025 (0.139) 0.000 979 (214) 0.9462 
Housing 2 – Mining 1 0.023 (0.139) 0.000 802 (175) 0.9427 
Housing 2 – Mining 2 0.023 (0.140) 0.000 667 (121) 0.9366 

Meeker / White River     
Baseline 0.019 (0.160) 0.016 208 (83) 0.6619 
Housing 2 0.021 (0.160) 0.022 198 (84) 0.6718 

Northern Eagle / Southern 
Routt Counties 

    

Baseline 0.031 (0.167) 0.000 988 (471) 0.8980 
Housing 1 – Mining 1 0.030 (0.168) 0.000 276 (55) 0.8156 
Housing 1 – Mining 2 0.031 (0.168) 0.000 646 (261) 0.8921 
Housing 2 – Mining 1 0.030 (0.172) 0.000 255 (82) 0.8217 
Housing 2 – Mining 2 0.024 (0.177) 0.014 87 (19) 0.7854 

Piceance / Parachute / Roan     
Baseline 0.025 (0.139) 0.000 1202 (342) 0.9422 
Mining 1 0.025 (0.139) 0.000 1084 (296) 0.9404 
Mining 2 0.023 (0.141) 0.000 778 (176) 0.9329 

 
 
It may be important to note that the overall risks of population extinction under these habitat modification 
scenarios are perhaps an underestimate of the true risks. All of our modeling scenarios do not include 
significant levels of density dependence in either reproduction or mortality, other than the rather harsh 
“truncation” form of density dependence imposed when a simulated population exceeds the stated 
carrying capacity. The decision to exclude it from the modeling effort was based on the fact that specific 
data on the mode of action of density dependence is not available for greater sage-grouse. In these 
models, population growth continues at a relative constant average rate until K is exceeded, at which time 
individuals from the population are randomly removed across all age-sex classes until the population 
returns to a value at or slightly below K. In other words, the growth rate can remain high, even when the 
population is at K and the population has been reduced to relatively small numbers through the activity of 
something like housing development or surface mining activities. Some biologists may argue a contrary 
view – where the underlying intrinsic population growth declines to near 0.0 when the population reaches 
carrying capacity. This reduction in growth can lead to accompanying increases in demographic 
instability over time, especially when the population has been reduced to a small remnant as we are seeing 
in the Northern Eagle / Southern Routt Counties complex. Reduced average growth rates and instability in 
these rates can conspire to increase risk of further population decline and perhaps even extinction. 
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Therefore, the absence of density dependence in this system may result in an artificially high level of 
apparent stability and, consequently, population security. This characteristic of our simulations may 
perhaps be investigated in more detail and evaluated for its robustness at a later date. In the meantime, we 
can conclude that the reduction of available sagebrush habitat through housing development and surface 
mining activities can greatly reduce the size of associated greater sage-grouse populations.  
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Figure 4. Average projected size of simulated greater sage-grouse populations in the presence of habitat – centric human activities (housing 
development = H, surface mining = M). Numerical designations “1” and “2” refer to low or high levels of development ntensity, respectively, as described 
in the section on model inputs. See accompanying text for additional information on model construction and results

Middle Park

0 10 20 30 40 50

Av
er

ag
e 

Po
pu

la
tio

n 
Si

ze

0

400

800

1200

1600

2000

Baseline
H1 - M1
H1 - M2
H2 - M1
H2 - M2

Meeker / White River

0 10 20 30 40 50
0

50

100

150

200

250

300

Baseline
H2

North Eagle / South Routt

Year of Simulation

0 10 20 30 40 50

Av
er

ag
e 

Po
pu

la
tio

n 
Si

ze

0

300

600

900

1200

1500

Baseline
H1 - M1
H1 - M2
H2 - M1
H2 - M2

Piceance / Parachute / Roan

Year of Simulation

0 10 20 30 40 50
0

400

800

1200

1600

Baseline
M1
M2 



Colorado Greater Sage-grouse Conservation Plan 
 

Colorado Greater Sage-grouse PVA: P. Miller et al. 2006  Page 21 
 

K-24 
 Appendix K 

Population Viability Analysis Report 

Risk Analysis II: Impacts of Local Harvest/ Hunting on Greater Sage-grouse Population 
Dynamics 

 
Harvest: Model Input 
Region considered: North Park 

The primary assumption in an analysis of harvest is that such a process will directly impact the mortality 
rates of affected age-sex classes. Detailed data on harvest composition (based on wing receipts) are 
available from Jackson County (North Park) dating back to 1970. These data were used in conjunction 
with high male lek count data in the same area to derive an estimate of the percentage of the total sage-
grouse population that was harvested by hunters during the time period 2000 – 2004. From 2000 to 2003, 
the average harvest was approximately 3.3% of the estimated total population, while in 2004 the harvest 
increased dramatically to nearly 15% of the population. Moreover, additional analysis indicates that the 
average composition of the harvest from 1974 to 1998 does not appear to deviate significantly from the 
age-sex structure of the wild population. In other words, there appears to be little evidence to suggest a 
noticeable bias in the age or sex of the birds that are harvested. 
 
Based on these historic data, the potential impacts of long-term additional hunting-based mortality was 
investigated by adding 1%, 2%, 4%, or 8% mortality to all age-sex classes of greater sage-grouse during 
each year of the simulation. Note that an often vigorous debate exists on the mechanism of hunting 
mortality in game species such as greater sage-grouse. For many species, hunting mortality is typically 
thought to be compensatory; in other words, hunting is a method for removing individuals from a 
population that would otherwise die from other natural causes, so that the actual hunting mortality does 
not impose an additional burden on the population. For other species, hunting may largely act in an 
additive fashion, thereby increasing the overall mortality rate of affected cohorts above that observed in 
an unaffected population. As is the case with most natural phenomenon, the “truth” for greater sage-
grouse likely falls between these two extremes. The hunting models described here do not by definition 
ascribe to a specific level of compensation and/or additivity, but instead merely serve as a tool to 
stimulate discussion of hypotheses and associated assumptions. 
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Results of Harvest Risk Analysis 
 
Table 6 and Figure 5 present the results of our harvest analysis on a simulated North Park population of 
greater sage-grouse. Note that even the imposition of an additional 1% increase in mortality across all 
age-sex classes can lead to a qualitative change in the growth character of our simulated population – 
from one that increases at approximately 2.5% per year to one that declines at 0.1 to 0.2% per year.  
 
Table 6. Greater sage-grouse PVA. Output from North Park harvest models. See text for additional information on 
model construction and parameterization. 

Scenario rs (SD) PE50 N50 (SD) GD50 

K Small     
Baseline 0.026 (0.136) 0.000 6697 (1634) 0.9903 
1% Harvest -0.001 (0.139) 0.000 4454 (2253) 0.9855 
2% Harvest -0.030 (0.143) 0.000 1820 (1482) 0.9700 
4% Harvest -0.089 (0.163) 0.030 147 (242) 00.8253 
8% Harvest -0.225 (0.233) 0.996 1 (1) 0.1814 

K Large     
Baseline 0.024 (0.135) 0.000 11379 (3272) 0.9929 
1% Harvest -0.002 (0.139) 0.000 6624 (4140) 0.9876 
2% Harvest -0.029 (0.144) 0.000 2467 (2649) 0.9718 
4% Harvest -0.089 (0.164) 0.032 156 (208 0.8286 
8% Harvest -0.224 (0.236) 0.994 1 (1) 0.5887 

 
It is clear from these analyses that even a seemingly small increase in mortality – if applied equally to all 
age-sex classes at the same time – can have dramatic effects on the growth potential and long-term 
viability of affected populations.  
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It may be argued that the marked declines in population size seen in all harvest scenarios is at least 
partially caused by the restrictions imposed by the addition of a carrying capacity in our North Park 
population models. This carrying capacity, estimated to be about 8300 individuals, might be low enough 
to drive populations to decline as they encounter the restriction to grow beyond the ceiling. To further 
investigate this hypothesis, a second set of models was developed that effectively removed this restrictive 
ceiling by increasing carrying capacity K from 8300 to 15,000 individuals. As seen in the bottom panel of 

K Small

K Large

0 10 20 30 40 50

A
ve

ra
ge

 P
op

ul
at

io
n 

Si
ze

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

Baseline
1% Harvest
2% Harvest
4% Harvest
8% Harvest

Year of Simulation

0 10 20 30 40 50

A
ve

ra
ge

 P
op

ul
at

io
n 

S
iz

e

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

11000

12000

Figure 5. Average projected size of simulated North Park greater sage-grouse populations under different levels 
of harvest. Harvest is defined here as the identified percentage increase in annual mortality rates across all age 
classes of both sexes. The top panel shows population projections in the presence of a restrictive carrying 
capacity, set as 8300 individuals, while the bottom panel shows the same projections when that restrictive 
carrying capacity is lifted, thereby allowing essentially unrestricted population growth throughout the duration of 
the simulation. See accompanying text for more information on model construction and results. 
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Figure 4, the removal of this restriction allowed the baseline (unharvested) population to nearly double in 
size over the 50 years of the simulation. However, the harvested populations showed a nearly identical 
trajectory in the presence of added mortality: significant decrease in growth potential and, in the most 
extreme cases, rapid population decline to extinction. Therefore, the imposition of a carrying capacity 
does not seem to be a major factor in predicting how a simulated greater sage-grouse population will 
respond to additional hunting-based mortality. 
 
A very important assumption in these analyses is that our simulated harvest represents, effectively, 100% 
additive mortality on top on natural mortality acting on the population. In other words, we are assuming 
that all those birds that are removed from the population through harvest would have otherwise survived 
during the year, and many of them would have reproduced. We are therefore simulating the most extreme 
harvest scenario, in contrast to one where there is some level of compensatory mortality that would serve 
to reduce the overall magnitude of added mortality on the population. There is considerable controversy 
on the degree of compensatory v. additive mortality in game species such as greater sage-grouse (see 
Johnson and Braun 1999 for a review of this topic); while the controversy rages, the analyses presented 
here provide more general cautionary insights into the sensitivity of sage-grouse populations to slight 
increases in mortality rates – particular of juvenile and adult females. 
 
 
Risk Analysis III: Impacts of Oil and Natural Gas Development on Greater Sage-grouse 

Population Dynamics 
 
Oil and Natural Gas: Initial Model Input 
Regions considered: North Park, Northwestern Colorado, Piceance / Parachute / Roan 

Scientific evaluation of the effects of oil and gas development on greater sage-grouse in Colorado does 
not currently exist. Until such research can be completed, we must rely on recent studies from Holloran 
(2005) and Lyon and Anderson (2003) conducted in Wyoming. 
 
Essentially, Holloran identified two levels of demographic impact on sage-grouse populations in 
Wyoming, as a function of the density of wells within a 3-km (2-mile) distance from a lek. Holloran 
(2005) found that male lek attendance was affected by increasing oil and gas development: leks with 5-15 
wells within 3km (2 miles) were lightly impacted, while those with >15 wells within 3km were heavily 
impacted. Since the PVA model assumes that only 10% of males breed, male activity reduction is not 
likely to strongly influence model performance. However, Holloran also found that annual survival of 
adult nesting females declined 20.4% (73.4% pretreatment to 53.0% post treatment) in development 
areas. He also found a 6.4% decline in annual survival (91.8% pretreatment to 85.4% post-treatment) for 
nesting yearling females. In addition, Lyon and Anderson (2003) found that female nest initiation rates 
declined in disturbed areas from 89% to 65%, a 24% decline. 
 
In an attempt to estimate oil and gas impacts on greater sage-grouse, we increased adult female mortality 
by 20%, increased yearling female mortality by 6.4%, and decreased nest initiation by 24% where oil and 
gas development reaches Holloran’s heavy impact criteria (>15 wells within 3km).  Holloran used leks 
where well density was >5 as treatment leks. Leks with less than that level of development were used as 
controls, where impacts were assumed to be minimal. For our analysis, we raised this control level from 5 
to 8 wells/lek. Considering only current infrastructure, North Park is already at 8 wells/lek. As North Park 
populations remain stable, we believe this upward adjustment in the bottom impact threshold is warranted 
and supported by current trend data in North Park. Impacts at levels of development between the control 
and 15 wells/lek were considered to be less than those above 15 wells/lek, though intermediate levels of 
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demographic impacts to female sage-grouse were not reported by Holloran (2005) or Lyon and Anderson 
(2003). For development densities between our control level of 8 wells/lek and the high impact threshold 
of 15 wells/lek, we imposed a gradual increase in demographic impact, applying an annual increment of 
additional mortality and decreased nest initiation each year until the high threshold was reached.  The 
heavy impact parameters were applied each year once the heavy impact threshold was crossed. 
 
To cover a range of possible scenarios, we evaluated three levels of future development (1000, 5000, 
20,000 additional wells) in addition to currently active wells.  The first two scenarios (1000, 5000) were 
used for the North Park population (we eliminated 20,000 because forecasts indicate that even 5,000 was 
a very high estimate for this area), while all three were used for Northwestern Colorado and Piceance / 
Parachute / Roan. The future development scenarios for each population are intended to represent 
reasonable low, medium and high levels of potential development over the 50-year life of the PVA model. 
They do not represent published estimates of development but are selected only to provide a picture of 
what impacts might be at each level of development. We attempt to keep the scenarios plausible however, 
by comparing with estimates of foreseeable development for the three areas developed by BLM and 
others, especially in Northwestern Colorado and Piceance / Parachute / Roan. The medium and high 
levels in North Park substantially exceed current estimates (~100 wells in the next 20 years). We assumed 
that existing and new wells would operate through the full life of the model. Holloran (2005) found that 
existing facilities continued to impact populations after construction, so both existing and potential new 
wells were combined in each portion of this analysis. 
 
To evaluate development intensity, we randomly plotted wells for each development scenario and then 
counted the number of wells (current and future) within each 3-km (2-mi) lek buffer. These counts were 
then averaged across each population or zone. Current active wells were plotted in a GIS within each of 
the three target populations. Well placement for the various scenarios was then added to the existing well 
layer. New wells were randomly placed within greater sage-grouse overall range in each population area 
in the North Park and Piceance / Parachute / Roan populations. In the Northwestern Colorado population, 
half of the wells were randomly placed in Zones 2 and 3b, both areas with substantial current oil and gas 
activity. The remaining wells were randomly placed in the remaining Zones, except Zone 7.   
 
For the purposes of this PVA, we assumed that the density of new wells will increase linearly over time.  
We also assumed that sage-grouse demographic responses will also react linearly over time between the 
thresholds > 8 wells per lek and >15 wells/lek as described in the table above.  The model assumes that 
impacts of development increase linearly from no impact below the control threshold (8 wells/lek) to the 
high impact measures once the high threshold is reached (15 wells/lek). That is, no impact is assessed 
from 0 to 8 wells, annually increasing impacts (heavy impact rates/number of years between control and 
high threshold) from 9 to 15 wells, and heavy impacts above 15 wells. Therefore, sage-grouse 
demographic rates will change linearly over time as well until the critical well density threshold is 
reached (15 wells/lek). Once the heavy impact development level is reached, heavy impact demographic 
parameters will continue to be applied throughout the remaining course of the 50-year simulation. 
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A representative set of “trajectories” for the three demographic rates affected is shown in Figure 5 below, 
considering only adult female mortality in the Piceance / Parachute / Roan region.  

 
The year at which each threshold is reached under each development scenario was derived from the GIS 
well plots for each population and Northwestern Colorado zone. These threshold points are presented in 
Table 7. The body of the table indicates the number of years required to reach the appropriate threshold 
for each population and development scenario. 
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mortality of Greater sage-
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Table 7. Time thresholds for impacts from oil and natural gas well development on greater 
sage-grouse population demographics. The first value gives the number of years before 
an impact begins, while the second value indicates the number of years before maximum 
impact is reached. “—” indicates that the appropriate impact threshold is not reached 
within the 50-year span of the PVA model. See text for additional information on model 
parameterization. 

 Proposed Well Density 
Region 1000 5000 20,000 

North Park 1 / 20 1 / 4  
Piceance / Parachute / Roan 13 / 30 3 / 6 1 / 2 
Northwestern  25 / 50 6 / 13 

1 — / — 30 / — 8 / 20 
2 — / — 15 / 30 4 / 8 
3A — / — 40 / — 10 / 20 
3B 5 / 30 10 / 30 3 / 8 
3C — / — 20 / 50 5 / 13 
4A — / — 40 / — 10 / 20 
4B — / — 45 / — 11 / 20 
5 — / — 40 / — 10 / 20 
6 — / — 40 / — 10 / 20 
7    

 
 
Oil and Natural Gas: Initial Risk Analysis Results 
 
The results of our analysis of oil and natural gas development, and its impact on local populations of 
greater sage-grouse, are depicted in Table 8 and Figure 7. In all three regions where such development is 
either currently underway or to begin soon, our simulations suggest that the impact may be severe on the 
future viability of nearby greater sage-grouse populations. The onset of development leads to strongly 
negative population growth, rapid population decline and, in all cases but one (lower levels of 
development in Northwestern Colorado), nearly certain extinction of local grouse populations within 50 
years.  
 
This rather dramatic result is clearly the result of imposing strong demographic consequences on greater 
sage-grouse populations that live and breed near current or proposed oil and natural gas development 
areas. The data of Holloran (2005) indicate a marked reduction in survival and breeding success of greater 
sage-grouse in close proximity to oil and natural gas development areas; these data have been used 
essentially unmodified in this analysis, and clearly represent an unsustainable situation.  
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Table 8. Greater sage-grouse PVA. Output from initial oil and natural gas analysis models. See text for additional 
information on model construction and parameterization. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Piceance / Parachute / Roan     
Baseline 0.025 (0.139) 0.000 1202 (342) 0.9422 
1000 Wells -0.120 (0.245) 0.907 1 (2) 0.4616 
5000 Wells -0.220 (0.260) 1.000 — — 
20,000 Wells -0.260 (0.257) 1.000 — — 

Northwestern Colorado     
Baseline 0.030 (0.081) 0.000 15739 (1872) 0.9956 
5000 Wells -0.011 (0.089) 0.000 4604 (1798) 0.9925 
20,000 Wells -0.011 (0.163) 0.072 48 (29) 0.5142 

North Park     
Baseline 0.025 (0.135) 0.000 6582 (1794) 0.9903 
1000 Wells -0.191 (0.230) 0.988 1 (1) 0.4636 
5000 Wells -0.252 (0.238) 1.000 — — 
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Figure 7. Average projected size of simulated greater sage-grouse populations in the presence of oil and natural 
gas development in selected regions of Colorado. See accompanying text for more information on model 
construction and results.  
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It is possible that the “raw” data presented in Holloran (2005) represent a worst-case scenario with respect 
to local greater sage-grouse population viability, for two primary reasons: 

1.  The natural gas fields Holloran studied were in the most intense development phase, where 
activity is at its highest and, consequently, impacts on local grouse populations may be most 
severe. Such development lasts a finite period of time – perhaps only 5 to 10 years – before the 
field transitions into a production phase where activity is reduced and subsequent impacts on local 
grouse populations may actually decline. The simulations presented here effectively assume that 
this development phase remains in effect throughout the 50-year duration of the simulation – 
thereby possibly over-estimating the long-term impact of the well field on sage-grouse dynamics. 

2.  Through environmental conditions beyond his control, Holloran actually collected data on the 
impacts of oil and natural gas field development on greater sage-grouse during a period of marked 
drought. While the detailed mechanisms of drought’s impact on local grouse populations is not 
fully understood, it is possible that the measured effects in the presence of oil and natural gas 
development were compounded by the coincident drought – thereby leading to an overestimate of 
the true impacts of well-field development on local grouse populations.  

 
 
Oil and Natural Gas: Revised Model Input 
Regions considered: Northwestern, Piceance / Parachute / Roan 

 
For several reasons we conducted a second, revised oil and natural gas development modeling exercise.  
First, the scenario we used in our initial analysis was oversimplified in comparison to actual well field 
development.  That is, the amount of disturbance to sage-grouse can be expected to vary greatly over the 
process of oil or natural gas exploration, drilling, and production.  The initial model data input were 
derived from the development phase, which creates the most disturbance for sage-grouse. 
 
Second, even though the data on which we based the model input (Holloran 2005) are from the phase of 
development when the most disturbance to sage-grouse can be expected to occur, sage-grouse populations 
in the area continue to exist and are not currently demonstrating a population “crash” as depicted in our 
model results (Figure 7).  This suggests our model oversimplifies the relationship between GrSG 
populations and oil and gas development. 
 
Third, oil and gas development and greater sage-grouse co-exist in several landscapes (including North 
Park), so we know that not all situations are as extreme as we initially modeled. 
 
Fourth, the initial oil and natural gas modeling exercise showed dramatic impacts from oil and natural gas 
development (Figure 7).  The results from this modeling exercise are not very instructive regarding the 
relative potential impacts of oil and gas development, because all model versions showed such extreme 
effects.  Even if the extreme impacts are to be expected at one end of the impact “continuum”, valuable 
information regarding management of greater sage-grouse and oil and gas development may be derived 
from exploring other areas of the impact continuum, before the impacts are so severe. 
 
Therefore, it was decided to revise certain elements of the risk analysis pertaining to the impacts of oil 
and natural gas development.  We constructed a more complicated, but hopefully more realistic model 
that accounts for changes in the level of disturbance to sage-grouse over the process of oil and gas well 
field development (termed “Progressive Well Field Development and Mitigation” analyses).  Our revised 
models also allow us to explore how sage-grouse might respond to differing levels of disturbance (termed 
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“Alternate Disturbance Levels” analyses), and how best to manage for sage-grouse population viability in 
areas where oil and/or natural gas development is likely. 
 
These additional analyses were specifically designed to help us address the following questions: 
 

• How would the demographic behavior of our simulated populations of GrSG respond if 
we modify the oil and gas development model to more accurately reflect the progression 
of impacts, reclamation, and mitigation at and/or near individual well pad sites, throughout 
the oil and natural gas development process?  We assume that reclamation and mitigation 
provide effective demographic responses in the population. 

• To what extent will the demographic behavior of our simulated populations of greater sage-grouse 
change if we assume a less severe direct impact to GrSG demographics through oil and gas 
development, even in the absence of mitigation? 

 
We focused on the Piceance / Parachute / Roan and Northwestern Colorado regions as they effectively 
represented what we believe to be, on a comparative scale, high-intensity and low-intensity development 
scenarios, respectively. 
 
 
Description of Modified Input Parameters 
 
Progressive Well Field Development and Mitigation (Region considered: Piceance / Parachute / Roan)- 
As displayed graphically in Figure 6, we originally assumed that once the maximum level of demographic 
disturbance due to well-field development was reached, this high level of disturbance would persist 
throughout the duration of the simulation. This demographic profile is repeated specifically for adult 
female mortality in (A) of Figure 8. However, it was recognized that a shift in activity from well-field 
development to production, in conjunction with a concerted effort in well-field reclamation by responsible 
authorities, could lead to a reduction in demographic disturbance in nearby greater sage-grouse 
populations. This recognition was then simulated through a more complex description of those 
demographic variables thought to be most acutely impacted by this activity, namely, yearling and adult 
female breeding success (% birds successfully breeding in a given year), and yearling and adult female 
mortality rates.  
 
In order to describe these more complex demographic profiles, we have derived the following parameters 
that describe the general trajectories of breeding success and mortality over the duration of the 
simulations: 
 

R0 The magnitude of change in the specified demographic variable following the onset of well-field 
development; 

T1 The time period over which the specified demographic variable changes following the onset of 
well-field development; 

D The duration of time that the demographic disturbance is at a maximum, i.e., when well-field 
development is most intense; 

T2 The time period over which the specified demographic variable changes (rebounds) following 
the shift in activity from well-field development to well-field production; 

R1 The magnitude of change (rebound) in the specified demographic variable following the shift in 
activity from well-field development to well-field production. 
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In all initial simulations, we assume that well-field development results in an increase in demographic 
disturbance directly in accordance with the data from Holloran (2005). This is portrayed in Figure 8 by an 
increase in adult female mortality from the pre-development rate of 42% to the maximum rate of 62% – 
just as we assumed in our initial analyses. Therefore, R0 = 20%. In all Piceance / Parachute / Roan 
simulations, we have estimated that a total of 16,000 wells (2,000 pads, 8 wells/pad) will be developed 
over the next decade. Moreover, we now assume that the beginning of demographic disturbance occurs 
when the well-pad density reaches 1 pad/km2 within a 2-mile radius of an active lek, and reaches its 
maximum when the density reaches 2 pads/km2 within the same radius. This translates into upper and 
lower disturbance triggers of 24 and 50 wells/lek, respectively. These new triggers are rather different 
from the thresholds identified in earlier PVA work (8 and 15 wells/lek), but are considered to be 
considerably more realistic and defensible. 
 
Based on this assessment, we assume that the onset of demographic disturbance from this development 
begins at year 4 and reaches its maximum level at year 8; therefore, T1 is set at 4 years. Duration D is 
plausibly set at either 5 or 10 years in order to explore the sensitivity of our models to variation in this 
variable. Return time T2 is either set to the initial period T1 or, more pessimistically, set to 2T1 to simulate 
a more difficult and longer effort required to mitigate well-field development in the shift to production.  
The demographic recovery/rebound (R1) was set equal to R0, or was considered incomplete (due, for 
example, to difficulties in returning the well-field landscape to a more undisturbed setting), in which case 
we set R1 = 0.5R0.  
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Figure 8. Revised oil and natural gas development risk analysis: generalized adult female greater sage-grouse mortality profiles associated with different 
timing and mitigation scenarios in Progressive Well Field Development and Mitigation analyses in the Piceance / Parachute / Roan region of Colorado. In 
(A), mitigation is absent and the maximum impacts of well development persist through the duration of the simulation. In (B), well development leads to a 
mortality increase to the maximum impact over time period T1 (4 years), over which time the well density increases from 24 to 50 wells/2-mile radius of an 
active lek. The maximum impact persists for duration D (5 years), after which time the shift to well production and associated landscape reclamation lead 
to a reduction in impact over time period T2 (4 years). Finally, the mortality rate declines by magnitude R1, in this case equivalent to the original magnitude 
R0, representing the onset of well development. (C) T1 = T2 = 4 years; D = 10 years. (D) T1 = 4 years, D = 5 years, T2 = 8 yeas. (E) T1 = 4 years, D = 10 
years, T2 = 8 years. (B) through (E) are repeated as in (F), with only partial demographic recovery following reclamation as R1 = 0.5R0. See accompanying 
text for more details. 
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Upon inspection of Figure 8, we can see that (B) represents a “best-case” scenario – where duration D is 
short, return time T2 is also short, and demographic recovery is full (R1 = R0). On the other end of the 
spectrum, (E) represents a “worst-case” scenario where duration and return times are long. Even more 
pessimistic is the corresponding scenario combining (E) and (F) – where duration and return times are 
long and recovery is only partial (R1 = 0.5R0). It is particularly interesting in this analysis to try to tease 
apart the relative contributions of these individual parameters to the demographic performance of an 
impacted greater sage-grouse population. In other words, if well-field mitigation and reclamation is to 
occur, what would be most beneficial to the long-term viability of associated sage-grouse populations – 
minimizing duration D, minimizing return time T2, or maximizing the extent of demographic recovery R1? 
Through a process akin to demographic sensitivity analysis, we can begin to shed some light on these 
questions in the context of designing optimal management strategies that strive for environmental 
responsibility and economic necessity. 
 
Alternate Disturbance Levels (Regions considered: Northwestern Colorado and Piceance / Parachute / 
Roan) - To explore how sage-grouse might respond to varying levels of disturbance during development 
(and recognizing that the initial analysis was based on data from the most intensive disturbance period of 
well field development), a replicate set of models was constructed for Piceance / Parachute / Roan in 
which the impacts of oil and natural gas development were reduced by 50% relative to the original 
models constructed directly from Holloran’s observations (Figure 9). Specifically, we increased adult 
female mortality by 10%, increased yearling female mortality by 3.2%, and decreased nest initiation by 
12% when oil and gas development reaches the critical threshold of 50 wells/lek. 
 
Oil and natural gas development in the Northwestern Colorado metapopulation is expected to be less 
intense than that currently expected in the Piceance / Parachute / Roan region. Specifically, we assume 
that 50% of the total level of development will occur in Zones 2 and 3B, lower levels occurring in Zones 
3A and 3C, and the remainder taking place in the remaining Zones with the exception of Zone 7 where no 
activity is assumed to take place. Therefore, we included energy development only in Zones 2, 3A, 3B 
and 3C. Using the same quantitative triggers as used in PPR, we estimate that the lower well-density 
threshold will be reached in 26 years for Zones 2 and 3B, and in 44 years for Zones 3A and 3C (Figure 
10). Maximum thresholds are reached at 50 years (end of the simulation) for Zones 2 and 3B, while the 
maximum is not reached within this time period for Zones 3A and 3C. Under this assumption, and given 
the 50-year time period for simulation in this analysis, we do not have the opportunity to investigate well-
field mitigation as we did in the Piceance / Parachute / Roan analysis. Nevertheless, the Northwestern 
Colorado scenarios will provide a valuable contrast to the PPR analyses with respect to the impacts of 
differing levels of development on populations of considerably different sizes. 
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Figure 9. Revised oil and natural gas development risk analysis: Alternate Disturbance Levels applied to generalized adult greater sage-grouse female 
mortality profiles from Progressive Well Field Development and Mitigation analyses in the Piceance / Parachute / Roan region of Colorado. In contrast to the 
graphs given in Figure 8, base demographic impacts in the Alternate Disturbance Levels analysis are assumed to be 50% lower than those directly observed 
by Holloran (2005). In (A), mitigation is absent so the maximum impacts of well development persist through the duration of the simulation. In (B), well 
development leads to a mortality increase to the maximum impact over time period T1 (4 years), over which time the well density increases from 24 to 50 
wells/2-mile radius of an active lek. The maximum impact persists for duration D (5 years), after which time the shift to well production and associated 
landscape reclamation lead to a reduction in impact over time period T2 (4 years). Finally, the mortality rate declines by magnitude R1, in this case equivalent 
to the original magnitude R0, representing the onset of well development. (C) T1 = T2 = 4 years; D = 10 years. (D) T1 = 4 years, D = 5 years, T2 = 8 yeas. (E) 
T1 = 4 years, D = 10 years, T2 = 8 years. (B) through (E) are repeated as in (F), with only partial demographic recovery following reclamation as R1 = 0.5R0. 
See accompanying text for more details. 
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Oil and Natural Gas: Revised Risk Analysis Results 
 
Progressive Well Field Development and Mitigation (Region considered: Piceance / Parachute / Roan)- 
The results of our basic well-field development and mitigation analysis are presented in Table 9 and 
Figures 11 and 12. As was seen in the initial analyses for this region, the simplified treatment of well-
field development and production leads to an extremely rapid rate of population decline and extinction 
within 30 years of the onset of well-field construction (Figure 11, (A) line). When mitigation and 
reclamation are included in the simulations, and in particular under the assumption of full demographic 
recovery through this activity, extinction risks can decline significantly and growth rates (particularly in 
the time period following the onset of mitigation and reclamation) can become much more robust. For 
example, under the most optimistic conditions of well-field mitigation and reclamation (D and T2 low, 
with full demographic recovery) population growth rates may remain highly negative for the first 15 to 20 
years but can rebound to average more than 2.5% for the remaining 30 to 35 years of the simulation 
(Figure 11, (B) line). 
 
Figures 11 and 12 can help us separate the relative contributions of each phase of well-field evolution and 
mitigation activities to the viability of impacted greater sage-grouse populations. The top panel of Figure 
11 indicates that the largest extent of population recovery as determined by average population size 
occurs when duration D (the duration of the most intense disturbance) is low (B and D lines). This effect 
is seen even more dramatically when we use extinction probability as a measure of population 
performance (Figure 12). The greatest level of impact is demonstrated when the extent of demographic 
recovery, R1, is incomplete (Table 9, R1 = 0.5R0). Under these conditions, growth rates remain highly 
negative and extinction probabilities remain very high, even if other aspects of well-field mitigation are 
pursued aggressively. 
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Figure 10. Revised oil and natural gas development risk analysis: Alternate Disturbance Levels applied to 
generalized adult greater sage-grouse female mortality profiles in selected subpopulations of the Northwestern 
Colorado region. Base demographic impacts are assumed to be directly taken from those observed by Holloran 
(2005), while in the Alternate Disturbance Levels, impacts are 50% less (“reduced impact”) than those reported in 
Holloran (2005). Note that the maximum demographic disturbance levels seen in the Piceance / Parachute / Roan 
region are not reached before the end of the 50-year simulation for any Northwestern Colorado area, thereby 
making a detailed analysis of well-field mitigation impractical. See accompanying text for more details. 



Colorado Greater Sage-grouse Conservation Plan 
 

Colorado Greater Sage-grouse PVA: P. Miller et al. 2006  Page 37 
 

K-40 
 Appendix K 

Population Viability Analysis Report 

 
Table 9. Greater sage-grouse PVA.: output from the analysis of well-field development and mitigation 
options in Piceance / Parachute / Roan region. See Figure 8 and text for additional information on model 
construction and parameterization. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Full Recovery (R1 = R0)     
No mitigation -0.205 (0.266) 1.000 — — 
D Low; T2 Low -0.033 (0.195) 0.058 374 (385) 0.6956 
D High; T2 Low -0.081 (0.243) 0.366 112 (196) 0.5485 
D Low; T2 High -0.049 (0.211) 0.132 233 (304) 0.6181 
D High; T2 High -0.107 (0.256) 0.542 59 (137) 0.4951 

Partial Recovery (R1 = 0.5R0) 
    

No mitigation -0.205 (0.266) 1.000 — — 
D Low; T2 Low -0.139 (0.248) 0.838 4 (11) 0.4023 
D High; T2 Low -0.164 (0.260) 0.924 1 (7) 0.3571 
D Low; T2 High -0.145 (0.252) 0.852 4 (12) 0.4607 
D High; T2 High -0.172 (0.263) 0.948 1 (4) 0.3835 
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Figure 11. Average projected size of 
simulated greater sage-grouse populations 
in the Piceance / Parachute / Roan region, 
in the presence of varying scenarios of oil 
and natural gas well-field development and 
mitigation. Total well development includes 
the construction of 16,000 wells spread 
over 2,000 well pads. Labels (B) – (E) refer 
to profiles identified in Figure 8. See Figure 
8 and text (“Progressive Well Field 
Development and Mitigation”) for 
accompanying information on model 
construction and parameterization. 
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Given this information, we may conclude that with respect to maintaining viability of greater sage-grouse 
populations in the presence of oil and natural gas extraction, the impacts of well-field development and 
production are most effectively mitigated by, in order of decreasing efficacy, 

• Maximizing the extent of sage-grouse demographic recovery to near levels observed before the 
onset of well-field development (R1 = R0); 

• Minimizing the time period of maximum demographic impact (D); 
• Minimizing the time period over which demography recovery is achieved (Ts).  

 
The relative feasibility of these activities on the ground is outside the expertise of this author. 
Nevertheless, it is hoped that this analysis can stimulate discussion among those parties both involved in 
the undertaking and concerned with the consequences of these activities so that effective protection of 
nearby greater sage-grouse populations can be achieved. 
 
Alternate Disturbance Levels – Even when the demographic impacts are reduced by 50% from Holloran’s 
(2005) original estimates, the simulated Piceance / Parachute / Roan population is heavily impacted by oil 
and natural gas development and production (Table 10 [first 2 rows of data], Figure 13 [left panel]). The 
initial population decline is less severe under the assumption of reduced demographic disturbance, and the 
population growth rate shows significant improvement over the original simulations, but the underlying 
growth rate remains highly negative and the ultimate outcome of the simulations are very similar. 

  
 
 
 
 
 
 
 
Table 10. Greater sage-grouse PVA: output using revised assumptions of the impact of oil and natural gas 
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Figure 12. Extinction probabilities for 
simulated greater sage-grouse populations 
in the Piceance / Parachute / Roan region, 
in the presence of varying scenarios of oil 
and natural gas well-field development and 
mitigation. Total well development includes 
the construction of 16,000 wells spread 
over 2,000 well pads. Labels (B) – (E) refer 
to profiles identified in Figure 8. See Figure 
8 and text  (“Progressive Well Field 
Development and Mitigation”) for 
accompanying information on model 
construction and parameterization. 
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development. Data are the outcome of different well-field development and mitigation scenarios in Piceance / 
Parachute / Roan region (Progressive Well Field Development and Mitigation), where the base impacts of well-field 
development are reduced by 50% (Alternate Disturbance Levels) from the initial analyses that used the direct 
observations of Holloran (2005). See Figure 9 and text for additional information on model construction and 
parameterization. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Original impact (Holloran 2005) -0.205 (0.139) 1.000 — — 
Modified impact (50% of original) -0.102 (0.208) 0.478 15 (25) 0.5766 
Mitigation Options (using modified impact from above)   

D Low; T2 Low – Full Recovery -0.001 (0.151) 0.000 918 (479) 0.8808 
D High; T2 High – Full Recovery -0.020 (0.163) 0.006 517 (426) 0.7918 
D Low; T2 Low – Partial Recovery -0.049 (0.167) 0.042 162 (188) 0.7525 
D High; T2 High – Partial Recovery -0.058 (0.175) 0.080 102 (124) 0.6999 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When oil and natural gas development occurs in selected Zones of the Northwestern Colorado region, 
overall greater sage-grouse metapopulation viability is high over the time period of the simulations 
presented here (Table 11, Figure 14). The consequences of the delayed onset of demographic disturbance 
following oil and natural gas development is clear in Figure 14, as is the lower overall impact of 
development under the Alternate Disturbance Levels analysis. As expected, the consequences of oil and 
natural gas activity begin to show themselves around year 30 of the simulation, in accordance with the 
onset of demographic disturbance in Zones 2 and 3B at year 26. While the disturbance does not lead to a 
measurable risk of metapopulation extinction in the 50-year timeframe of the simulations presented here, 
population size does indeed decline markedly in the latter portions of the simulation. Oil and natural gas 
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Figure 13. Average projected size of simulated greater sage-grouse populations in the Piceance / Parachute 
Roan region under revised assumptions of the impact of oil and natural gas development. The left panel 
illustrates Alternate Disturbance Levels: the original estimated impact compared with the modified impact (50% 
of the original). The right panel illustrates alternative scenarios of well-field development and mitigation, using 
the modified base impact level from the left panel. See Figures 8 and 9 and text for accompanying information 
on model construction and parameterization. 
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development activity, it is clear, is predicted to have an impact in this region, with the possibility that the 
overall greater sage-grouse regional population may decline to levels below those currently estimated.  
 

Table 11. Greater sage-grouse PVA: output using revised assumptions of the impact of oil and natural gas 
development. Data are the outcome of different well-field development and mitigation scenarios in the 
Northwestern Colorado region (Progressive Well Field Development and Mitigation), where the base impacts 
of well-field development are reduced by 50% (Alternate Disturbance Levels) from the initial analyses that 
used the direct observations of Holloran (2005). See Figure 9 and text for additional information on model 
construction and parameterization. Population size and extinction probability are given for the entire 
metapopulation.  See text for additional information on model construction. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Original impact (Holloran 2005)     
No well development 0.030 (0.081) 0.000 15824 (1824) 0.9956 
10,000 wells 0.016 (0.083) 0.000 10809 (2526) 0.9951 

Modified impact (50% of original)     

No well development 0.030 (0.081) 0.000 15824 (1824) 0.9956 
10,000 wells 0.022 (0.082) 0.000 13484 (2384) 0.9954 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The PVA analyses presented here may be seen as preliminary, particularly because they are based on data 
collected from Wyoming under a single development phase (Holloran 2005), and may be subject to 
refinement at a later date. Nevertheless it is important to recognize that in our models oil and natural gas 
development are expected to impact two important demographic parameters: adult female breeding 
success and mortality.  Those two parameters are precisely the demographic parameters that appear to be 
primary drivers of population growth as determined in the sensitivity analysis of the PVA. Therefore, 
while the exact degree of impact is unknown at the present time, it remains quite likely that this type of 
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activity, with its direct impacts on sage-grouse demographic rates, can have a much more severe impact 
on the stability and future viability of local sage-grouse populations than those activities such as housing 
development, which we believe act solely to reduce the quantity and/or quality of available sagebrush 
habitat.  
 
 
Risk Analysis IV: An Assessment of Increasing Reproductive Success Through 

Reproductive Mitigation as a Greater Sage-grouse Management Tool 
 
Reproductive Success Mitigation: Model Input 
Regions considered: All 

In addition to the anthropogenic activities in Risk Analyses I - III, our PVA model considers the impact 
that increasing reproductive success could have on improving greater sage-grouse population 
demographics. Mitigation activities that might increase sage-grouse reproductive success can include 
improving habitat quality and/or availability, population augmentation, or predator mitigation. It is 
important to consider that “predator mitigation” does not by necessity mean “predator control” in the 
typical sense. Mitigation can also be at least partially achieved through, for example, habitat 
modifications that make predation on nesting sage-grouse less likely. 
 
The choice was made to simulate reproductive mitigation through improving reproductive success, since 
past research (e.g., Duebbert and Kantrud 1974; Garretson and Rohwer 2001) has demonstrated that such 
activity can be highly beneficial during the breeding season for waterfowl species. Unfortunately, 
analogous data do not exist for greater sage-grouse, and studies on European species have targeted adult 
survival. 
 
In light of the data cited above, we elected to simulate three different levels of reproductive mitigation by 
increasing the percentage of breeding-age greater sage-grouse that successfully reproduce in a given year 
by 5%, 10%, or 15%. These values were added to the baseline measures for both yearlings and adults. For 
example, the baseline value of 38.7% of yearling females breeding was increased to 43.7%, 48.7%, and 
53.7%. Reproductive mitigation was simulated in the large majority of models that included one or more 
human activities in order to evaluate its utility as a management action that could possibly ameliorate the 
negative impact of other activities on the landscape. 
 
Reproductive Mitigation Results: (1) Housing and Surface Mining; (2) Harvest (3) Initial Oil and 

Natural Gas Development Model 
 
The results of our reproductive mitigation models for housing, surface mining, and the initial oil and 
natural gas development analysis are shown in Table 12 and Figure 15. The efficacy of reproductive 
mitigation as a management tool for greater sage-grouse depends on the primary type of human activity 
that takes place within sage-grouse habitat, and on the underlying growth dynamics of the grouse 
populations. For example, in Middle Park where housing and surface activities are of primary concern 
and the current population is already thought to be close to its habitat carrying capacity, reproductive 
mitigation appears to have relatively little overall impact. This is because, as we have learned before, 
housing development and surface mining activities act to reduce carrying capacities, while leaving the 
underlying greater sage-grouse population demography unchanged (in the absence of density-dependent 
phenomena). The increase in reproductive success through various mitigation activities only serves to 
hasten the approach of the simulated population to carrying capacity, after which time the population’s 
trajectory is constrained by the gradual decrease in available habitat. 
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In contrast, consider the case of Meeker / White River where the population has an opportunity to grow to 
a carrying capacity that is currently rather large compared to today’s population size. In this instance, an 
increase in reproductive success through mitigation activities can have a dramatic effect on the growth 
potential of the simulated greater sage-grouse population. Over the first 20 years of the simulation, the 
population can increase in size by as much as about 50% compared to the baseline trajectory, in the 
absence of housing development and reproductive mitigation. At later stages of the simulation, the 
model’s growth potential is ultimately constrained by the gradual reduction in habitat carrying capacity – 
but reproductive mitigation models still show final population sizes that are at least as large as the 
baseline model. Under these conditions, reproductive mitigation can have a considerable impact potential. 
 
The effects of reproductive mitigation can be much more pronounced under moderate levels of harvest 
mortality, as demonstrated in North Park in Table 12 and Figure 15. When reproductive mitigation is 
strong, the population can grow to a level that is larger than that predicted in the baseline model where 
harvest is absent. Even under low levels of reproductive mitigation,  the final size of the harvested 
population is nearly three times that of a population where reproductive mitigation is absent. Of course, 
under conditions of higher harvest mortality, the benefits gained from reproductive mitigation are not as 
pronounced. The practice of reproductive mitigation, however, is shown here to have significant potential 
to improve the viability of greater sage-grouse populations in the presence of certain types of detrimental 
human activities on the landscape.  
 
When reproductive mitigation is assessed in the context of our initial assumptions around the impacts of 
oil and natural gas development, the situation remains much less optimistic. As exemplified by the 
Piceance / Parachute / Roan example given in Table 12 and Figure 15 the increase in reproductive success 
achieved through mitigation does not sufficiently compensate for the significant declines in survival and 
breeding success that result from oil and natural gas development. Overall population sizes may be 
considerably higher in the early stages of the simulation, particularly under assumed conditions of strong 
reproductive mitigation, but the general trend in population trend remains strongly negative, with high 
extinction risks by the end of the 50-year simulation. 
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Table 12. Greater sage-grouse PVA: output from analysis of reproductive mitigation models. “H2” and “M2” 
refer to high levels of habitat loss through housing and surface mining activities, respectively, in Middle Park 
and Meeker / White River. “20,000 Wells” refers to a given level of oil and natural gas activity in the 
Piceance / Parachute / Roan region (in the initial oil an gas risk analysis), and “2%” in North Park refers to 
specific level of harvest mortality through hunting. Reproductive mitigation is simulated through a 5%, 10% 
or 15% increase in the number of yearling and adult females that breed in a given year. See text for 
additional information on model construction and results. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Middle Park     
Baseline 0.022 (0.138) 0.000 1370 (400) 0.9351 
Housing 2 – Mining 2 0.023 (0.140) 0.000 667 (121) 0.9366 
Housing 1 – Mining 2 +5% 0.064 (0.140) 0.000 725 (71) 0.9410 
Housing 2 – Mining 1 +10% 0.103 (0.140) 0.000 741 (50) 0.9408 
Housing 2 – Mining 2 +15% 0.140 (0.142) 0.000 752 (38) 0.9374 

Meeker / White River     
Baseline 0.019 (0.160) 0.016 208 (83) 0.6619 
Housing 2 0.020 (0.162) 0.010 165 (62) 0.6347 
Housing 2 +5% 0.061 (0.153) 0.000 208 (32) 0.6937 
Housing 2 +10% 0.099 (0.154) 0.000 219 (22) 0.7024 
Housing 2 +15% 0.139 (0.153) 0.000 224 (16) 0.7007 

North Park     
Baseline 0.026 (0.136) 0.000 6697 (1634) 0.9903 
2% -0.030 (0.143) 0.000 1820 (1482) 0.9700 
2% +5% 0.010 (0.145) 0.000 5379 (2208) 0.9870 
2% +10% 0.048 (0.145) 0.000 7237 (1306) 0.9903 
2% +15% 0.084 (0.148) 0.000 7829 (825) 0.9907 

Piceance / Parachute / Roan     
Base line 0.025 (0.139) 0.000 1202 (342) 0.9422 
20,000 Wells -0.260 (0.257) 1.000 — — 
20,000 Wells +5% -0.204 (0.251) 0.998 1 (2) 0.5559 
20,000 Wells +10% -0.152 (0.243) 0.916 1 (5) 0.3953 
20,000 Wells +15% -0.107 (0.216) 0.530 17 (44) 0.5612 
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Figure 15. Average projected size of simulated greater sage-grouse populations in the presence of region-specific human activities and with varying 
levels of reproductive mitigation. “H2” and “M2” refer to high levels of habitat loss through housing and surface mining activities, respectively, in Middle 
Park and Meeker / White River. “20000 Wells” refers to a given level of oil and natural gas activity in the Piceance / Parachute / Roan region, and “2%” 
in North Park refers to specific level of harvest  mortality through hunting. Reproductive mitigation is simulated through a 5%, 10% or 15% increase in 
the number of yearling and adult females that breed in a given year. See accompanying text for additional information on model construction and 
results 
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Reproductive Success Mitigation 
Revised O&G; Regions considered: 

In addition to investigating well-field mitigation and reclamation, another set of models was developed 
for both Piceance / Parachute / Roan and Northwestern Colorado that included increasing reproductive 
success as a complementary tool for greater sage-grouse management. As in earlier models, female 
breeding success was increased in selected models by 5%, 10%, or 15% in accordance with an assumed 
level of intensity of any of a number of alternative management activities such as improvements in habitat 
quality / availability, population augmentation, and predator mitigation. 
 
Reproductive Mitigation: Results for Revised Oil and Natural Gas Development Model 
 
Piceance / Parachute / Roan 
 
Progressive Well Field Development and Mitigation - The combined effects of well-field mitigation / 
reclamation and additional reproductive mitigation activities are shown in Table 13 and Figure 16. If full 
demographic recovery is possible with aggressive well-field mitigation, significant increases in growth 
rate can be achieved with as little as a 5% increase in greater sage-grouse reproductive success through 
additional mitigation (Figure 16A). If well-field mitigation is less aggressive, larger increases in 
reproductive success through additional mitigation are required to offset the impacts of well-field 
disturbance. At the other end of the well-field mitigation spectrum, where only partial demographic 
recovery is possible, high levels of increased reproductive success are required to offset well-field 
disturbance (Figure 16C, D).  
 
Figure 16 shows very explicitly the interactions among the various mitigation activities. When well-field 
development is extended (D increases), the size of the population decreases further and remains at a lower 
level for a longer period of time. These two processes act to greatly increase the risk of population 
extinction in the absence of additional mitigation. The additional mitigation activities greatly diminish 
these risks. Once again, the impact of only partial demographic recovery is clearly demonstrated, as well 
as the need for aggressive reproductive mitigation in the face of incomplete well-field mitigation.  
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Table 13. Greater sage-grouse PVA: output from combined analysis of Progressive Well Field Development and 
Mitigation and reproductive mitigation activities in Piceance / Parachute / Roan region. See Figure 8 and text for 
additional model information. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Full Recovery (R1 = R0)     
D Low; T2 Low     

+0% Reprod. success -0.033 (0.195) 0.058 374 (385) 0.6956 
+5% 0.018 (0.170) 0.000 1242 (398) 0.8674 
+10% 0.059 (0.167) 0.000 1484 (146) 0.9222 
+15% 0.096 (0.165) 0.000 1526 (77) 0.9422 

D High; T2 High     
+0% Reprod. success -0.107 (0.256) 0.542 59 (137) 0.4951 
+5% -0.030 (0.211) 0.106 480 (484) 0.6582 
+10% 0.020 (0.186) 0.006 1238 (444) 0.8168 
+15% 0.065 (0.176) 0.000 1514 (108) 0.9087 

Partial Recovery (R1 = 0.5R0) 
    

D Low; T2 Low     
+0% Reprod. success -0.139 (0.248) 0.838 4 (11) 0.4023 
+5% -0.078 (0.205) 0.270 47 (67) 0.6240 
+10% -0.026 (0.167) 0.018 358 (351) 0.8061 
+15% 0.019 (0.158) 0.000 1091 (433) 0.9118 

D High; T2 High     
+0% Reprod. success -0.172 (0.263) 0.948 1 (4) 0.3835 
+5% -0.113 (0.239) 0.590 13 (28) 0.4872 
+10% -0.050 (0.195) 0.122 154 (208) 0.6602 
+15% 0.001 (0.165) 0.004 769 (483) 0.8502 
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Figure 16. Average projected size of simulated greater sage-grouse populations in the Piceance / Parachute / Roan region in the presence of 
Progressive Well Field Development and Mitigation and additional levels of reproductive mitigation. Reproductive mitigation is simulated through a 
5%, 10% or 15% increase in the number of yearling and adult females that breed in a given year. Left-side panels A and B include full demographic 
recovery following well-field development, while right-side panels C and D include only partial recovery. See Figure 8 and text for accompanying 
information on model construction and parameterization. 
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Alternate Disturbance Levels – If we assume the base impacts to be set at the reduced level (50% of 
initial analysis, which was based on Holloran 2005), the benefits of well-field mitigation are enhanced by 
reproductive mitigation (Table 14; Figure 17, right panel; compare with trajectories in Figure10). If full 
demographic recovery is possible through well-field mitigation and reclamation, just a 5% increase in 
reproductive success through mitigation activities can dramatically increase the growth rate to as high as 
0.042, in contrast to a negative growth rate in the absence of reproductive mitigation (Figure 17). Even if 
demographic recovery is only partial, low levels of reproductive mitigation are sufficient to offset the 
impacts of well-field development. As expected, this enhancement through mitigation is much more 
effective when the underlying base impact of oil and natural gas development is assumed to be lower than 
that estimated initially by Holloran (2005).  
 
Table 14. Greater sage-grouse PVA: output from combined analysis of Progressive Well Field Development and 
Mitigation and additional reproductive mitigation in Piceance / Parachute / Roan region, along with Alternate 
Disturbance Levels of oil and natural gas development. See Figure 9 and text for additional information on model 
construction 

Scenario rs (SD) PE50 N50 (SD) GD50 

Full Recovery (R1 = R0)     
D Low; T2 Low     

+0% Reprod. success -0.001 (0.151) 0.000 918 (479) 0.8808 
+5% 0.042 (0.147) 0.000 1413 (210) 0.9383 
+10% 0.081 (0.048) 0.000 1500 (116) 0.9488 
+15% 0.119 (0.148) 0.000 1519 (91) 0.9504 

D High; T2 High     
+0% Reprod. success -0.020 (0.163) 0.006 517 (426) 0.7918 
+5% 0.024 (0.153) 0.000 1302 (341) 0.9108 
+10% 0.065 (0.150) 0.000 1486 (142) 0.9446 
+15% 0.104 (0.150) 0.000 1524 (90) 0.9490 

Partial Recovery (R1 = 0.5R0) 
    

D Low; T2 Low     
+0% Reprod. success -0.049 (0.167) 0.042 162 (188) 0.7525 
+5% -0.001 (0.147) 0.000 806 (462) 0.8994 
+10% 0.043 (0.145) 0.000 1333 (274) 0.9451 
+15% 0.081 (0.145) 0.000 1467 (160) 0.9501 

D High; T2 High     
+0% Reprod. success -0.058 (0.175) 0.080 102 (124) 0.6999 
+5% -0.011 (0.153) 0.002 613 (433) 0.8680 
+10% 0.033 (0.147) 0.000 1292 (323) 0.9357 
+15% 0.073 (0.146) 0.000 1467 (152) 0.9487 
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Figure 17. Average projected size of simulated greater sage-grouse populations in the Piceance / Parachute Roan region in the presence of 
Progressive Well Field Development and Mitigation and additional reproductive mitigation, along with Alternate Disturbance Levels of oil and natural gas 
development. Reproductive mitigation is simulated through a 5%, 10% or 15% increase in the number of yearling and adult females that breed in a given 
year. Left-side panels A and B include full demographic recovery following well-field development, while right-side panels C and D include only partial 
recovery. See Figure 9 and text for accompanying information on model construction and parameterization. 
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Northwestern Colorado 
 
An increase in greater sage-grouse reproductive success through mitigation activities may be an option to 
offset the consequences of demographic disturbances brought on by oil and natural gas development in 
the region. The predicted consequences of this activity are presented in Table 15 and Figure 18. As in the 
case of the Piceance / Parachute / Roan analyses, even modest increases in reproductive success through 
mitigation activities can lead to significant increases in metapopulation growth rate and final population 
size, even if the base impact of oil and natural gas development as defined by Holloran (2005) is in place 
(top panel, Figure 18). A small set of additional models was constructed that were meant to investigate 
the efficacy of an increase in greater sage-grouse reproductive success over a restricted geographic area – 
namely, only those Zones where the bulk of regional oil and natural gas development activity is predicted 
to occur (Zones 2, 3A, 3B, and 3C). In general, a 10% increase in reproductive success across the 
restricted area is as effective in increasing population size as a 5% increase in reproductive success 
applied to the entire region. The relative merits of each of these tactics would be necessary in order to 
more logically determine the most beneficial course of action in planning a reproductive mitigation plan, 
should one be deemed valuable. 
 

Table 15. Greater sage-grouse PVA: output from combined analysis of Progressive Well Field 
"Development and Mitigation and additional reproductive mitigation in the Northwestern Colorado region, 
under Alternate Disturbance Levels of oil and natural gas development. Population size and extinction 
probability are given for the entire metapopulation. “Restricted” reproductive mitigation refers to 
increases in reproductive success in greater sage-grouse through mitigation activities in only those 
Zones that see comparatively high levels of oil and natural gas development activity (specifically, Zones 
2, 3A, 3B, and 3C), as opposed to the same levels of increased success realized in all Zones comprising 
the Northwestern Colorado region. See text for additional information on model construction. 

Scenario rs (SD) PE50 N50 (SD) GD50 

Base Holloran impact     
No well development 0.030 (0.081) 0.000 15824 (1824) 0.9956 
10,000 wells 0.016 (0.083) 0.000 10809 (2526) 0.9951 
+5% reprod. success 0.056 (0.084) 0.000 14631 (1694) 0.9956 
+10% 0.096 (0.085) 0.000 16285 (1096) 0.9956 
+5% restricted reprod. success 0.035 (0.085) 0.000 13112 (2213) 0.9955 
+10%  0.055 (0.085) 0.000 14630 (1922) 0.9956 

Reduced Holloran impact     

No well development 0.030 (0.081) 0.000 15824 (1824) 0.9956 
10,000 wells 0.022 (0.082) 0.000 13484 (2384) 0.9954 
+5% reprod. success 0.064 (0.082) 0.000 16217 (1300) 0.9958 
+10% 0.103 (0.083) 0.000 17136 (827) 0.9959 
+5% restricted reprod. success 0.042 (0.083) 0.000 15278 (1813) 0.9957 
+10%  0.062 (0.083) 0.000 16179 (1329) 0.9957 
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Figure 18. Average projected size of 
simulated greater sage-grouse 
populations in the Northwestern 
Colorado region, under reproductive 
mitigation Alternate Disturbance 
Levels of oil and natural gas 
development. “Rest.” mitigation 
refers to increases in reproductive 
success through mitigation activities 
in only those Zones that see 
comparatively high levels of oil and 
natural gas development activity 
(specifically, Zones 2, 3A, 3B, and 
3C), as opposed to the same levels 
of increased success realized in all 
Zones comprising the Northwestern 
Colorado region. See text for 
additional information on model 
construction. 
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Future Directions for Additional Analysis 
 
Density dependence in demographic rates 
The inclusion of density dependence in survival and/or reproduction in greater sage-grouse could possibly 
alter some of the qualitative results of the PVA models discussed in this document, in particular the 
analysis of housing development and surface mining activities where habitat loss is considerable and 
greater sage-grouse populations soon occupy saturated sagebrush habitats. While there is scant evidence 
to suggest that strong density dependence is operating to modulate demographic rates in greater sage-
grouse, the controversy remains vigorous. Additional modeling, including some form of density 
dependent demographics, could be initiated to demonstrate its effects and stimulate more thoughtful 
discussion on its mode of operation and intensity. 
 
Revised oil and natural gas scenarios 
Because of the issues in model parameterization discussed herein, we feel that the oil and natural gas 
development models presented in this document may overestimate the long-term impact of this activity on 
nearby greater sage-grouse populations. Efforts are currently underway to thoroughly assess these models 
for their realism and to modify them accordingly so that we can come up with a more rigorous analysis of 
the impact of this activity on the landscape. 
 
Impacts of disease 
West Nile virus (WNV) is clearly a disease of great concern to grouse biologists in North America, but 
the data needed to rigorously evaluate its potential impact is lacking. VORTEX can, by itself, simulate 
fairly complex disease dynamics and their impacts on wildlife population demography. However, we 
have chosen to delete this option from our current analyses. The Conservation Breeding Specialist Group 
has also developed OUTBREAK, a much more sophisticated simulation model of wildlife disease 
epidemiology, that can be of tremendous value in studying disease processes in threatened wildlife 
populations. Future greater sage-grouse modeling efforts could be devoted to a deeper evaluation of 
WNV and its possible affects. 
 
 
Conclusions 
 
We may conclude our analysis of greater sage-grouse population viability by returning to the original set 
of questions that provided the foundation for our study. 
 

• Can we build a series of simulation models with sufficient detail and precision that can 
accurately describe the dynamics of greater sage-grouse populations distributed across 
Colorado? 
Our retrospective demographic analysis indicates that we are indeed capable of building such 
models. It is extremely important to remember, however, that reliance on the absolute outcome 
predicted by any one modeling scenario must always be interpreted with extreme caution due to 
the inherent uncertainty in model input parameterization. A comparative analysis between models, 
in which a single factor (or at most two factors) is studied while all other input parameters are held 
constant, provides a much more robust environment in which alternative management scenarios 
can be evaluated for their effectiveness in increasing the viability of the target species. 
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• What are the primary demographic factors that drive growth of greater sage-grouse 
populations in Colorado? 

Our demographic sensitivity analysis indicates that models of greater sage-grouse population 
dynamics are most sensitive to variability in female juvenile (chick) survival, the proportion of 
females that successfully reproduce per year, and clutch size per successful female.  

• How vulnerable are small, fragmented populations of greater sage-grouse in Colorado to 
extinction under current management conditions? How small must a population become 
to increase its risk of extinction to an unacceptable level? 
A formal analysis of this question is not yet part of this larger modeling effort; consequently, this 
question has yet to be fully determined.  The analyses presented here, however, provide some 
preliminary insight into this issue. For example, the rather small Meeker / White River population 
has an intrinsically higher risk of population decline and extinction even under conditions of 
equivalent underlying demographic rates used as model input. The higher levels of instability we 
see are directly tied to the smaller size of this population and the resulting higher levels of annual 
random variation in survival and reproductive rates. Overall, the relatively low levels of 
environmental variability included in these PVA models leads to a comparatively higher level of 
population stability and, by extension, a lower probability of population extinction. 

• What are the predicted impacts of current and potential future levels of housing 
development on selected greater sage-grouse populations in Colorado? 
This activity, manifest largely through reductions in available sagebrush habitat, appears to have 
comparatively minor impact on the long-term demographic viability of greater sage-grouse 
populations in Colorado as long as underlying population demographic rates remain robust. 
However, the reduced population sizes that result from the gradual erosion of available habitat 
cannot be ignored and, in combination with other anthropogenic factors, could lead to longer-term 
increases in risk of population decline. 

• What are the predicted impacts of current and potential future levels of mining and other 
surface activities on selected greater sage-grouse populations in Colorado? 
This activity, manifest largely through reductions in available sagebrush habitat, appears to have 
comparatively minor impact on the long-term demographic viability of greater sage-grouse 
populations in Colorado as long as underlying population demographic rates remain robust. 
However, the reduced population sizes that result from the gradual erosion of available habitat 
cannot be ignored and, in combination with other anthropogenic factors, could lead to longer-term 
increases in risk of population decline.  

• What are the predicted impacts of current and potential future levels of hunting on 
selected greater sage-grouse populations in Colorado? 
Through field-based evaluations of population status, current levels of greater sage-grouse harvest 
in North Park appear sustainable. However, our analyses presented here provide evidence to 
suggest that even relatively low levels of additional harvest mortality – if sustained for long 
periods of time (i.e., one to two decades) can lead to marked increases in the risk of significant 
population decline. A more complete understanding of the demographic consequences of harvest, 
such as the degree of compensation that acts in a harvested greater sage-grouse population, is 
recommended before specific adjustments to harvest quotas are made. 

• What are the predicted impacts of current and potential future levels of petroleum and 
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natural gas development on selected greater sage-grouse populations in Colorado? 
Oil and natural gas development, manifest through direct impacts on demographic performance of 
individual birds, may have major and severe consequences for greater sage-grouse populations in 
Colorado. This conclusion is based on models that use data from research studies on greater sage-
grouse in nearby habitats. Consequently, it is important to thoroughly and critically review this 
available literature and to determine the applicability of these biological studies to Colorado’s 
greater sage-grouse populations. 

• Can reproductive mitigation improve the viability of greater sage-grouse populations in 
Colorado in the face of other anthropogenic processes? 
Improving reproductive success through alternative mitigation activities could possibly lead to 
significant increases in greater sage-grouse demographic performance. However, these benefits 
can only be realized under certain conditions, particularly where specific human activities appear 
to directly affect population demographic rates to a relatively small degree. In other cases, the 
observed benefits do not appear to offset the declines in performance brought about by human 
activities on the landscape.  

 
As before, we conclude our revised analysis by returning to those original questions that guided the 
development of the scenarios described herein. 
 

• How would the demographic behavior of our simulated populations of greater sage-
grouse respond if we modify the model to more accurately reflect the progression of 
impacts, reclamation, and mitigation at and/or near individual well pad sites, throughout 
the oil and natural gas development process? 

Our analysis of projected oil and natural gas development activity in the Piceance / Parachute / 
Roan region suggests that well-field mitigation can potentially be effective in reducing the 
demographic disturbance to greater sage-grouse populations occupying nearby sagebrush habitats. 
These mitigation measures must be conducted aggressively, however, in order for disturbance to 
be minimized. Most importantly, mortality and reproductive rates must rebound to as close to their 
original rates as practical as the field shifts to a production phase and reclamation of the 
surrounding habitats is undertaken. Secondarily, the duration of maximum well-field related 
disturbance must be minimized.  

The degree to which additional mitigation measures – such as increased reproductive success 
through various mitigation activities – must be undertaken is closely related to the intensity of 
well-field mitigation. Under conditions of aggressive well-field mitigation, lower levels of 
reproductive mitigation may be required to further increase the long-term viability of nearby sage-
grouse populations. 

 

• To what extent will the demographic behavior of our simulated populations of greater 
sage-grouse change if we assume a less severe direct impact of oil and natural gas 
development, even in the absence of mitigation? 

Our analyses indicate that even if the impacts on greater sage-grouse demography are reduced in 
magnitude by 50%, the extent of demographic disturbance of oil and natural gas development is 
sufficient to cause significant population decline soon after development begins. However, this 
lower overall demographic impact means that given levels of both well-field mitigation and 
increases in reproductive success through mitigation can have much greater benefit to the long-
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term viability of impacted grouse populations. Consequently, a more thorough understanding of 
the detailed demographic impacts of oil and natural gas development in Colorado is critical to the 
formulation of a specific well-field mitigation strategy.  
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Appendix I: 
Population Viability Analysis and Simulation Modeling 
 
Phil Miller 
Conservation Breeding Specialist Group (IUCN / SSC) 
 
 
Introduction 
Thousands of species and populations of animals and plants around the world are threatened with 
extinction within the coming decades. For the vast majority of these groups of organisms, this threat is the 
direct result of human activity. The particular types of activity, and the ways in which they impact 
wildlife populations, are often complex in both cause and consequence; as a result, the techniques we 
must use to analyze their effects often seem to be complex as well. But scientists in the field of 
conservation biology have developed extremely useful tools for this purpose that have dramatically 
improved our ability to conserve the planet’s biodiversity.  
 
Conservation biologists involved in recovery planning for a given threatened species usually try to 
develop a detailed understanding of the processes that put the species at risk, and will then identify the 
most effective methods to reduce that risk through active management of the species itself and/or the 
habitat in which it lives. In order to design such a program, we must engage in some sort of predictive 
process: we must gather information on the detailed characteristics of proposed alternative management 
strategies and somehow predict how the threatened species will respond in the future. A strategy that is 
predicted to reduce the risk by the greatest amount – and typically does so with the least amount of 
financial and/or sociological burden – is chosen as a central feature of the recovery plan.  
 
But how does one predict the future? Is it realistically possible to perform such a feat in our fast-paced 
world of incredibly rapid and often unpredictable technological, cultural, and biological growth? How are 
such predictions best used in wildlife conservation? The answers to these questions emerge from an 
understanding of what has been called “the flagship industry” of conservation biology: Population 
Viability Analysis, or PVA. And most methods for conducting PVA are merely extensions of tools we all 
use in our everyday lives. 
 
 
The Basics of PVA 
To appreciate the science and application of PVA to wildlife conservation, we first must learn a little bit 
about population biology. Biologists will usually describe the performance of a population by describing 
its demography, or simply the numerical depiction of the rates of birth and death in a group of animals or 
plants from one year to the next. Simply speaking, if the birth rate exceeds the death rate, a population is 
expected to increase in size over time. If the reverse is true, our population will decline. The overall rate 
of population growth is therefore a rather good descriptor of its relative security: positive population 
growth suggests some level of demographic health, while negative growth indicates that some external 
process is interfering with the normal population function and pushing it into an unstable state.  
 
This relatively simple picture is, however, made a lot more complicated by an inescapable fact: wildlife 
population demographic rates fluctuate unpredictably over time. So if we observe that 50% of our total 
population of adult females produces offspring in a given year, it is almost certain that more or less than 
50% of our adult females will reproduce in the following year. And the same can be said for most all 
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other demographic rates: survival of offspring and adults, the numbers of offspring born, and the 
offspring sex ratio will almost always change from one year to the next in a way that usually defies 
precise prediction. These variable rates then conspire to make a population’s growth rate also change 
unpredictably from year to year. When wildlife populations are very large – if we consider seemingly 
endless herds of wildebeest on the savannahs of Africa, for example – this random annual fluctuation in 
population growth is of little to no consequence for the future health and stability of the population. 
However, theoretical and practical study of population biology has taught us that populations that are 
already small in size, often defined in terms of tens to a few hundred individuals, are affected by these 
fluctuations to a much greater extent – and the long-term impact of these fluctuations is always negative. 
Therefore, a wildlife population that has been reduced in numbers will become even smaller through this 
fundamental principle of wildlife biology. Furthermore, our understanding of this process provides an 
important backdrop to considerations of the impact of human activities that may, on the surface, appear 
relatively benign to larger and more stable wildlife populations. This self-reinforcing feedback loop, first 
coined the “extinction vortex” in the mid-1980’s, is the cornerstone principle underlying our 
understanding of the dynamics of wildlife population extinction. 
 
Once wildlife biologists have gone out into the field and collected data on a population’s demography and 
used these data to calculate its current rate of growth (and how this rate may change over time), we now 
have at our disposal an extremely valuable source of information that can be used to predict the future 
rates of population growth or decline under conditions that may not be so favorable to the wildlife 
population of interest. For example, consider a population of primates living in a section of largely 
undisturbed Amazon rain forest that is now opened up to development by logging interests. If this 
development is to go ahead as planned, what will be the impact of this activity on the animals themselves, 
and the trees on which they depend for food and shelter? And what kinds of alternative development 
strategies might reduce the risk of primate population decline and extinction? To try to answer this 
question, we need two additional sets of information: 1) a comprehensive description of the proposed 
forest development plan (how will it occur, where will it be most intense, for what period of time, etc.) 
and 2) a detailed understanding of how the proposed activity will impact the primate population’s 
demography (which animals will be most affected, how strongly will they be affected, will animals die 
outright more frequently or simply fail to reproduce as often, etc.). With this information in hand, we 
have a vital component in place to begin our PVA. 
 
Next, we need a predictive tool – a sort of crystal ball, if you will, that helps us look into the future. After 
intensive study over nearly three decades, conservation biologists have settled on the use of computer 
simulation models as their preferred PVA tool. In general, models are simply any simplified 
representation of a real system. We use models in all aspects of our lives; for example, road maps are in 
fact relatively simple (and hopefully very accurate!) 2-dimensional representations of complex 3-
dimensional landscapes we use almost every day to get us where we need to go. In addition to making 
predictions about the future, models are very helpful for us to: (1) extract important trends from complex 
processes, (2) allow comparisons among different types of systems, and (3) facilitate analysis of processes 
acting on a system. 
 
Recent advances in computer technology have allowed us to create very complex models of the 
demographic processes that define wildlife population growth. But at their core, these models attempt to 
replicate simple biological functions shared by most all wildlife species: individuals are born, some grow 
to adulthood, most of those that survive mate with individuals of the opposite sex and then give birth to 
one or more offspring, and they die from any of a wide variety of causes. Each species may have its own 
special set of circumstances – sea turtles may live to be 150 years old and lay 600 eggs in a single event, 
while a chimpanzee may give birth to just a single offspring every 4-5 years until the age of 45 – but the 
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fundamental biology is the same. These essential elements of a species’ biology can be incorporated into 
a computer program, and when combined with the basic rules for living and the general characteristics of 
the population’s surrounding habitat, a model is created that can project the demographic behavior of our 
real observed population for a specified period of time into the future. What’s more, these models can 
explicitly incorporate random fluctuations in rates of birth and death discussed earlier. As a result, the 
models can be much more realistic in their treatment of the forces that influence population dynamics, 
and in particular how human activities can interact with these intrinsic forces to put otherwise relatively 
stable wildlife populations at risk. 
 
Many different software packages exist for the purposes of conducting a PVA. Perhaps the most widely-
used of these packages is VORTEX, developed by the IUCN Conservation Breeding Specialist Group 
(CBSG) for use in both applied and educational environments. VORTEX has been used by CBSG and other 
conservation biologists for more than 15 years and has proved to be a very useful tool for helping make 
more informed decisions in the field of wildlife population management.  
 
Strengths and Limitations of the PVA Approach 

When considering the applicability of PVA to a specific issue, it is vitally important to understand those 
tasks to which PVA is well-suited as well as to understand what the technique is not well-designed to 
deliver. With this enhanced understanding will also come a more informed public that is better prepared 
to critically evaluate the results of a PVA and how they are applied to the practical conservation measures 
proposed for a given species or population. 
 
The dynamics of population extinction are often quite complicated, with numerous processes impact the 
dynamics in complex and interacting ways. Moreover, we have already come to appreciate the ways in 
which demographic rates fluctuate unpredictably in wildlife populations, and the data needed to provide 
estimates of these rates and their annual variability are themselves often uncertain, i.e., subject to 
observational bias or simple lack of detailed study over relatively longer periods of time. As a result, the 
elegant mental models or the detailed mathematical equations of even the most gifted conservation 
biologist are inadequate for capturing the detailed nuances of interacting factors that determine the fate of 
a wildlife population threatened by human activity. In contrast, simulation models can include as many 
factors that influence population dynamics as the modeler and the end-user of the model wish to assess. 
Detailed interactions between processes can also be modeled, if the nature of those interactions can be 
specified. Probabilistic events can be easily simulated by computer programs, providing output that gives 
both the mean expected result and the range or distribution of possible outcomes. 
 
PVA models have also been shown to stimulate meaningful discussion among field biologists in the 
subjects of species biology, methods of data collection and analysis, and the assumptions that underlie the 
analysis of these data in preparation for their use in model construction. By making the models and their 
underlying data, algorithms and assumptions explicit to all who learn from them, these discussions 
become a critical component in the social process of achieving a shared understanding of a threatened 
species’ current status and the biological justification for identifying a particular management strategy as 
the most effective for species conservation. This additional benefit is most easily recognized when PVA is 
used in an interactive workshop-type setting, such as the Population and Habitat Viability Assessment 
(PHVA) workshop designed and implemented by CBSG. 
 
Perhaps the greatest strength of the PVA approach to conservation decision-making is related to what 
many of its detractors see as its greatest weakness. Because of the inherent uncertainty now known to 
exist in the long-term demography of wildlife populations (particularly those that are small in size), and 
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because of the difficulties in obtaining precise estimates of demographic rates through extended periods 
of time collecting data in the field, accurate predictions of the future performance of a threatened wildlife 
population are effectively impossible to make. Even the most respected PVA practitioner must honestly 
admit that an accurate prediction of the number of mountain gorillas that will roam the forests on the 
slopes of the eastern Africa’s Virunga Volcanoes in the year 2075, or the number of polar bears that will 
swim the warming waters above the Arctic Circle when our great-grandchildren grow old, is beyond their 
reach. But this type of difficulty, recognized across diverse fields of study from climatology to gambling, 
is nothing new: in fact, the Nobel Prize-winning physicist Niels Bohr once said “Prediction is very 
difficult, especially when it’s about the future.” Instead of lamenting this inevitable quirk of the physical 
world as a fatal flaw in the practice of PVA, we must embrace it and instead use our very cloudy crystal 
ball for another purpose: to make relative, rather than absolute, predictions of wildlife population 
viability in the face of human pressure.  
 
The process of generating relative predictions using the PVA approach is often referred to as sensitivity 
analysis. In this manner, we can make much more robust predictions about the relative response of a 
simulated wildlife population to alternate perturbations to its demography. For example, a PVA 
practitioner may not be able to make accurate predictions about how many individuals of a given species 
may persist in 50 years in the presence of intense human hunting pressure, but that practitioner can speak 
with considerably greater confidence about the relative merits of a male-biased hunting strategy compared 
to the much more severe demographic impact typically imposed by a hunting strategy that prefers 
females. This type of comparative approach was used very effectively in a PVA for highly threatened 
populations of tree kangaroos (Dendrolagus sp.) living in Papua New Guinea, where adult females are 
hunted preferentially over their male counterparts. Comparative models showing the strong impacts of 
such a hunting strategy were part of an important process of conservation planning that led, within a few 
short weeks after a participatory workshop including a number of local hunters (Bonnaccorso et al., 
1998), to the signing of a long-term hunting moratorium for the most critically endangered species in the 
country, the tenkile or Scott’s tree kangaroo (Dendrolagus scottae).  
 
PVA models are necessarily incomplete. We can model only those factors which we understand and for 
which we can specify the parameters. Therefore, it is important to realize that the models often 
underestimate the threats facing the population, or the total risk these threats collectively impose on the 
population of interest. To address this limitation, conservation biologists must try to engage a diverse 
body of experts with knowledge spanning many different fields in an attempt to broaden our 
understanding of the consequences of interaction between humans and wildlife. 
 
Additionally, models are used to predict the long-term effects of the processes presently acting on the 
population. Many aspects of the situation could change radically within the time span that is modeled. 
Therefore, it is important to reassess the data and model results periodically, with changes made to the 
conservation programs as needed (see Lacy and Miller (2002), Nyhus et al. (2002) and Westley and 
Miller (2003) for more details). 
 
Finally, it is also important to understand that a PVA model by itself does not define the goals of 
conservation planning of a given species. Goals, in terms of population growth, probability of persistence, 
number of extant populations, genetic diversity, or other measures of population performance must be 
defined by the management authorities before the results of population modeling can be used.  
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Relative ranking of threat factors for the Greater sage-grouse (Deibert 2005) 

 

On January 12, 2005, the U.S. Fish and Wildlife Service (Service) published a not 
warranted decision for the greater sage-grouse, meaning that the bird will not be listed as a 
threatened or endangered species under the Endangered Species Act of 1973, as amended at this 
time.  This decision culminated from review of the scientific literature, unpublished data and 
other information from other Federal agencies, States, private industry and individuals, and 
information on all Federal, State, or local conservation efforts currently underway or planned for 
either the greater sage-grouse or its habitats.  The available information was extensive and 
covered all aspects of the species biology, sagebrush ecosystems, and potential threats to both.  
Despite the volume of information, substantial gaps and uncertainty remain in the scientific 
community’s knowledge of all the factors that may affect sage-grouse populations across such a 
wide geographical range encompassing major ecological differences in sagebrush habitats.  
Further, scientific knowledge of how the species may respond to those factors over time is 
incomplete.  For these reasons, the Service requested input from a panel of scientific experts 
outside the agency to assist in making a reasonable projection of the species’ potential extinction 
risk.  The panel consisted of experts in sage-grouse biology and ecology, sagebrush community 
ecology, and range ecology and management.   The panel’s resulting estimates of extinction risks 
were one tool used by the Service to make their final determination.   

 
 
One of the initial exercises in estimating the risk of extinction was to identify threats to 

the species and its habitat.  An initial list of threats was generated from the synthesis of 
biological information the Service prepared as part of the listing analysis.  This list was modified 
through a discussion among the panelists.  To better understand the impact of these threats to the 
survival of the species, each expert assigned a relative rank to each threat within each of three 
different geographical areas.  These included the eastern and western portion of the range of the 
greater sage-grouse and the whole range of the species (Figure 1).  Dividing the range of the 
species into an eastern and western region for the purposes of the expert panel exercises was 
intentional to facilitate understanding of the importance of the various threats to the species at 
different geographical scales.  This geographical separation was only used to assess potential risk 
factors to the species, and was not based on distinctions between populations of sage-grouse.  
The separation was used only for purpose of the panel exercise.   
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The following bar chart is the result of the threat ranking described above.  It is being 

presented here only as a tool to facilitate discussion amongst those involved in conservation 
planning efforts for sage-grouse and sagebrush ecosystems.  While it reflects the opinion of 
experts in sage-grouse and sagebrush ecology, these rankings were identified at large scales. 
These rankings are not assumed to be applicable to every location.  Therefore it is very important 
to use local information when planning conservation efforts.   
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Key:    = Rangewide        = Western              = Eastern 

• Infrastructure includes fences, roads, powerlines, communication towers, and pipelines, developed for any 
purpose 

• Agriculture includes activities primarily associated with farming. 
• Grazing includes all activities primarily associated with grazing. 
• Weather refers to short time events, including but not limited to late season snowstorms, drought, etc.  

Climate change refers to long-term, permanent weather changes, usually occurring over a period of 100 years 
of more.  

• Conifer invasion primarily refers to pinyon/juniper 
• Human refers to an increased human presences in sagebrush ecosystems from  recreational, residential, and 

resource development activities . 
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Table M-1.  Common and scientific names of birds, mammals, reptiles, and insects 
referred to in the CCP. 

Birds 
Common Name Scientific Name 

American crow Corvus brachyrhynchos 
American kestrel Falco sparverius 
Attwater's prairie chicken Tympanuchus cupido attwateri 
black-billed magpie Pica pica 
Clark’s nutcracker Nucifraga columbiana 
common raven Corvus corax 
Cooper's hawk Accipiter cooperii 
ferruginous hawk Buteo regalis 
golden eagle Aquila chrysaetos 
greater prairie chicken Tympanuchus cupido 
greater sage-grouse Centrocercus urophasianus 
great-horned owl Bubo virginianus 
grey partridge Perdix perdix 
Gunnison sage-grouse Centrocercus minimus 
gyrfalcon Falco rusticolus 
lesser prairie-chicken Tympanuchus pallidicinctus 
merlin Falco columbarius 
northern bobwhite Colinus virginianus 
northern goshawk Accipiter gentiles 
northern harrier Circus cyaneus 
ring-necked pheasant Phasianus colchicus 
red-tailed hawk Buteo jamaicensis 
scrub jay Aphelocoma californica 
sharp-tailed grouse Tympanuchus phasianellus 
Swainson's hawk Buteo swainsoni 

Mammals 
Common Name Scientific Name 

badger Taxidea taxus 
bobcat Felis rufus 
cheetah Acinonyx jubatus 
cottontail rabbit Sylvilagus  spp. 
coyote Canis latrans 
elk Cervus elaphus 
ground squirrel Spermophilus spp. 
jackrabbit Lepus spp. 
mule deer Odocoileus hemionus 
pronghorn antelope Antilocapra americana 
raccoon Procyon lotor 
red fox Vulpes vulpes 
Richardson's ground squirrel Spermophilus richardsonii 
striped skunk Mephitis mephitis 
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Table M-1.  Common and scientific names of birds, mammals, reptiles, and insects 
referred to in the CCP. 
weasel Mustela spp. 

Reptiles 
Common name Scientific Name 

gopher snake Pituophis catenifer 
prairie rattlesnake Crotalus viridis 

Insects 
Common name Scientific Name 

alfalfa weevil Hypera postica 
fruit flies Drosophila spp. 
Mormon cricket Anabrus simplex 
Russian wheat aphid Diuraphis noxia 
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Table M-2.  Common and scientific names of herbaceous and woody plants referred to in 
the CCP. 

Herbaceous Plants 
Common Name Scientific Name 

alfalfa Medicago spp. 
annual wheatgrass Eremopyrum triticeum 
arrowleaf balsamroot Balsamorhiza sagittata 
balsamroot Balsamorhiza spp. 
basin wildrye Leymus cinereus 
black henbane Hyoscyamus niger 
blue grama Bouteloua gracilis 
bluegrass Poa spp. 
bulbous bluegrass Poa bulbosa 
bull thistle Cirsium vulgare 
cheatgrass Bromus tecorum 
Canada thistle Cirsium arvense 
chicory Chichorium intybus 
Chinese clematis Clematis orientalis 
coast tarweed Madia sativa 
common burdock Arctium minus 
common dandelion Taraxacum officinale 
common mullein Verbascum thapsus 
common tansy Tanacetum vulgare 
corn chamomile Anthemis arvensis 
Dalmatian toadflax Linaria dalmatica 
dame’s rocket Hesperis matronalis 
diffuse knapweed Centaurea diffusa 
Dyer’s woad Isatis tinctoria 
elk sedge Carex garberi 
field bindweed Convolvulus arvensis 
flax Linum spp. 
fleabane Erigeron spp. 
globemallow Sphaeralcea spp. 
halogeton Halogeton spp. 
hawksbeard Crepis spp. 
hoary cress Cardaria spp. 
hound’s tongue Cynoglossum officinale 
Indian Paintbrush Castilleja spp. 
jointed goatgrass Aegilops cylindrical 
knapweed Centaurea 
leafy spurge Euphorbia esula 
lupine Lupinus spp. 
mariposa lily Calochortus spp. 
mayweed chamomile Anthemis cotula 
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meadow knapweed Centauera debeauxii 
milkvetch Astragalus spp. 
musk thistle Carduus nutans 
needlegrass Stipa comata 
orange hawkweed Hieracium aurantiacum 
oxeye daisy Leucanthemum vulgare 
penstemon Penstemon spp. 
pepperweed Lepidium spp. 
perennial pepperweed Lepidium latifolium 
plumeless thistle Carduus spp. 
prickly lettuce Lactuca serriola 
purple loosestrife Lythrum salicaria 
Rocky Mountain bee plant Cleome serrulata 
rush skeletonweed Chondrilla juncea 
Russian knapweed Centaurea repens 
Russian olive Elaeagnus angustifolia 
salsify Tragopogon spp. 
scentless chamomile Matricaria spp. 
scotch thistle Onopordum acanthium 
small burnet Sanguisorba minor 
spotted knapweed Centaurea stoebe 
sweet clover Melilotus spp. 
whitetop Cardaria spp. 
wild caraway Carum carvi 
yellow starthistle Centaurea solstitialis 
yellow toadflax Linaria vulgaris 

Woody Plants 
(quaking) aspen Populus tremuloides 
Basin big sagebrush Artemisia tridentata tridentata 
big sagebrush Artemisia tridentata 
bitterbrush Purshia spp. 
black sagebrush Artemisia nova 
chokecherry Prunus virginiana 
curl-leaf mountain mahogany Cercocarpus ledifolius 
Douglas fir Pseudotsuga menziesii 
Engelmann spruce Picea engelmannii 
fringed sagebrush Artemesia frigida 
Gambel oak Quercus gambelii 
greasewood  Sarcobatus spp. 
horsebrush  Tetradymia spp. 
juniper Juniperus spp. 
(little) Utah juniper Juniperus osteosperma 
lodgepole pine Pinus contorta 
low sagebrush Artemisia arbuscula 
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Table M-2.  Common and scientific names of herbaceous and woody plants referred to in 
the CCP. 
Mormon tea Ephedra viridis 
mountain big sagebrush Artemisia tridentata  vaseyana 
mountain mahogany Cercocarpus spp. 
mountain snowberry Symphoricarpos oreophilus 
piñon pine Pinus edulis 
piñon- juniper Pinus edulis- Juniperus communis 
ponderosa pine Pinus ponderosa 
rabbitbrush Chrysothamnus spp. and/or Ericameria spp. 
Rocky Mountain juniper Juniperus scopulorum 
rubber rabbitbrush Ericameria nauseosa (Chrysothamnus) 
sagebrush Artemisia spp. 
saltbush Atriplex spp. 
saltcedar Tamarix ramosissima 
Saskatoon serviceberry Amelanchier alnifolia 
serviceberry Amelanchier spp. 
shadscale (saltbrush) Artiplex confertifolia 
silver sagebrush Artemisia cana 
small rabbitbrush Chrysothamnus viscidiflorus 
snakeweed and broom snakeweed Gutierrezia sarothrae 
snowberry Symphoricarpos oreophilus 
spiny hopsage Grayia spinosa 
squaw apple Peraphyllum ramosissimum 
squawbush Peraphyllum ramosissimum 
sticky rabbitbrush Chrysothamnus spp. 
tamarisk Tamarix spp. 
winterfat Krascheninnikovia lanata (Ceratoides) 
Wyoming big sagebrush Artemisia tridentata wyomingensis 
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DEFINITIONS OF ACRONYMS USED IN THE CCP 
 

and  
 

DESCRIPTIONS OF “RESPONSIBLE PARTIES” 
LISTED IN CONSERVATION STRATEGY 
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Acronym or 

Responsible Group Definition 

AIC Akaike Information Criteria, the maximum log-likelihood for a model
AM Adaptive management 
APD application for permit to drill 
APHIS Animal and Plant Health Inspection Service (USDA) 
ASAP as soon as possible 
BLM Bureau of Land Management 
BMPs Best management practices 
CBM Coal bed methane 
CBSG Conservation Breeding Specialist Group 
CCA Colorado Cattlemen’s Association 
CCAA Candidate Conservation Agreement with Assurances 
CCI Colorado Counties, Inc. 
CCP Colorado Greater Sage-grouse Conservation Plan (this plan) 
CDA Colorado Department of Agriculture 
CDOT Colorado Department of Transportation 
CDOW Colorado Division of Wildlife 
CDPHE Colorado Department of Health and Environment 
CDWR Colorado Division of Water Resources 
CFB Colorado Farm Bureau 
CGFC Colorado Game and Fish Commission (now the CDOW) S 
CHIP Cooperative Habitat Improvement Program (CDOW program)  
C.I. Confidence interval (e.g., 95% confidence interval) 
Cities City or Town Governments 
CNHP Colorado Natural Heritage Program 

COA Conditions of approval (protection or mitigating measures necessary 
for approval of permits and authorization) 

COGCC Colorado Oil and Gas Conservation Commission 
Colorado Hawking 

Club 
State falconry club; affiliated with the North American Falconers’ 

Association  

County Governments 
Includes several aspects of county governments, such as land use 

planning, pest control agents, weed control, and county 
commissioners. 

CREA Colorado Rural Electric Association 
CRP Conservation Reserve Program (FSA Program) 

CSCP Colorado Species Conservation Partnership Program (CDOW 
program) 

CSFS Colorado State Forest Service 
CSP Conservation Security Program (NRCS program) 
CSTG Columbian sharp-tailed grouse 
CSU Extension Colorado State University Extension Service 
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Acronym or 
Responsible Group Definition 

CVCP Colorado Vegetation Classification Project, a GIS data set used by 
CDOW 

CWF Colorado Wildlife Federation 

DAU Data Analysis Unit (a geographic area used by CDOW in big game 
management plans) 

Developers Housing developers 

DNA Deoxyribonucleic acid; molecule that carries the genetic information 
in a cell 

DNR Colorado Department of Natural Resources 
DPOR Colorado Division of Parks and Outdoor Recreation 
DRMS Colorado Division of Reclamation, Mining and Safety 
EA Environmental Assessment 
EBI Environmental Benefits Index 
EIS Environmental Impact Statement 
EQIP Environmental Quality Incentives Program (NRCS program) 
ESA Endangered Species Act 
FAN Final Abandonment Notice 
FLMPA Federal Land Management Policy Act 
FO Field office (BLM) 
FRP Federal recovery plan 
FRPP Farm and Ranchland Protection Program (NRCS program)   
FSA Farm Services Agency 
FSM Forest Service Manual 
FTE Full-time equivalent (one person working full-time) 

GBCP Gunnison Basin Conservation Plan  (see GBCP 1997 in Literature 
Cited) 

GIS geographic information system 
GOCO Great Outdoors Colorado 
GRP Grasslands Reserve Program (NRCS program) 
GrSG greater sage-grouse 
GSFO Glenwood Springs Field Office (BLM) 
GuSG Gunnison sage-grouse 
HB House Bill 
HEP Habitat Evaluation Procedure (a USFWS program) 
HPP Habitat Partnership Program  (CDOW program) 
HIS Habitat Suitability Index, a measure of habitat, used in HEP 

Industry Oil, gas, mining, or utility industries, depending on context; see also 
Utility Companies 

KFO Kremmling Field Office (BLM) 
Land Trusts Non-profit corporations that protect conservation resources 
LIP Landowner Incentive Program (USFWS program) 
LUP Land use plans  



Colorado Greater Sage-grouse Conservation Plan 
 

N-4 
Appendix N 

Acronyms and Responsible Parties 

Acronym or 
Responsible Group Definition 

LWGs Local work groups 
MFRI Mean fire return interval 
MOU Memorandum of Understanding  
MP Middle Park GrSG Population  
MPCP Middle Park Conservation Plan (see MPCP 2001 in Literature Cited)  
MPSGC Middle Park Sage-grouse Committee 
mtDNA Mitochondrial DNA 
MUSY Multiple Use – Sustained Yield Act (USFS) 
MWR Meeker – White River GrSG Population  

MZ Management Zone: an abbreviation for the management zones that 
exist in the NWCO GrSG population area 

N/A Not applicable  
NAGP North American Grouse Partnership 
NEPA National Environmental Policy Act 
NESR Northern Eagle – Southern Routt Counties GrSG population 

NESRCP Northern Eagle – Southern Routt Counties Conservation Plan (see 
NESRCP 2004 in Literature Cited) 

NFMA National Forest Management Act 
NFS National Forest System (managed by the USFS) 

NGOs Non-governmental organizations, including local land trusts, The 
Nature Conservancy, and other non-profit groups  

NOI Notice of intent 
NOS Notice of staking 
NP North Park GrSG population  

NPCP North Park Greater Sage-grouse Conservation Plan (See NPCP 2001 
in Literature Cited) 

NPHPP North Park Habitat Partnership Committee 
NPS National Park Service 
NPSGWG North Park Sage Grouse Working Group  
NRCS Natural Resources Conservation Service 
NSO No surface occupancy ( a stipulation on some oil and gas leases) 
NWCO Northwest Colorado GrSG Population 

NWCOCP Northwest Colorado Conservation Plan (see NWCOCP 2006 in 
Literature Cited) 

NWR National Wildlife Refuge 
NWRC National Wildlife Research Center (part of APHIS) 
NWRS National Wildlife Refuge System (USFWS) 
O&G Oil and Gas 
OMP Owl Mountain Partnership 
Other Research 

Institutions Non-university research institutions 
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PECE Policy for Evaluation of Conservation Efforts When Making Listing 
Decisions (USFWS) 

PEIS Programmatic Environmental Impact Statement 
PPR Parachute – Piceance – Roan GrSG Population 
PPRCP Parachute – Piceance – Roan Conservation Plan (see PPRCP 2008) 
Private Landowners Non-public landowners/managers 
PVA Population viability analysis 
RCP Gunnison Sage-grouse Rangewide Conservation Plan 
RD&D Research, Development, and Demonstration (a type of BLM lease) 
RFD Reasonable Foreseeable Development  
RMP Resource Management Plan (used by BLM) 
ROW Right-of-way 
RPA Forest and Rangeland Renewable Resource Planning Act (USFS) 
SC Colorado Greater Sage-grouse Conservation Plan Steering Committee 
SCD Soil Conservation District(s) 
SLB Colorado State Land Board 
SMP Suggested Management Practices 
SRM Society for Range Management 
SWA State Wildlife Area 
TNC The Nature Conservancy 
UCEPC Upper Colorado Environmental Plant Center 
UP Uncompaghre Project 
USDA United States Department of Agriculture 
USDI United States Department of the Interior 
USFS United States Forest Service 
USFWS United States Fish and Wildlife Service 
USGS United States Geological Survey 

Utility companies Includes local Rural Electric Associations, Excel Energy, and all 
other utility companies within the range of GrSG 

Universities Specifically, researchers and research programs at universities 
WAFWA Western Association of Fish and Wildlife Agencies 
Water Conservation 

Districts 
Non-profit organizations that coordinate funds to conserve local 

natural resources 
WHIP Wildlife Habitat Incentives Program (NRCS program) 
WNV West Nile Virus 
WRFO White River Field Office (BLM) 
WRIS Wildlife Resource Information System  
WRP Wetland Reserve Program (NRCS program) 
WRRA White River Resource Area (a BLM management area) 
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