








 95

 

      
a. Desert Tortoise Present Scenario              b. Desert Tortoise High Scenario 
 

    
c. Bighorn Sheep Present               d. Bighorn Sheep High Scenario 
 
Figure 24. The impact of the Pisgah CREZ on important connectivity areas for desert tortoise (c and d) 
and bighorn sheep (a and b) is evident in a comparison of the present and high renewable energy 
development scenarios. Pisgah is labeled in green, high connectivity areas are indicated in yellow. 
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Fortunately, RETI estimates the Pisgah development timeframe to be “mid-long”  
which should allow development planners and conservation organizations the 
time needed to study its potential ecological impacts in greater detail. Given the 
placement and potential effects of the projects within the Pisgah CREZ to desert 
tortoise and bighorn sheep movement, RETI should consider reevaluating the 
environmental score of Pisgah-A used in its original analysis to better reflect 
impacts to connectivity. Should the Pisgah-B sub-CREZ be considered further for 
development, it will be critical to include connectivity analyses such as this one in 
the environmental assessment. 
 

10.4 Conserving Connectivity on Public and Private Lands 
 
Our research group identified areas likely to contribute to the maintenance of 
connectivity for both the bighorn sheep and desert tortoise (see Figure 22). 
Because the majority of land in the West Mojave is owned and managed by 
federal and state agencies, it is not surprising that most of the areas important to 
connectivity of both bighorn sheep and desert tortoise fall within public holdings 
(see Figure 25a and 25b). Most of the large-scale renewable energy 
development proposed for the West Mojave has been proposed for public lands 
with lesser degrees of protection (e.g. BLM holdings); thus, public land use 
decisions will become increasingly important to the maintenance of connectivity 
in the region. Public holdings that encompass areas important to combined 
connectivity may thus be important and efficient targets for groups hoping to 
influence public land management choices to benefit connectivity. 
 
Some areas of important connectivity lie on private land (see Figure 25a and 
25c). Although conservation organizations own and manage much smaller 
quantities of land in the West Mojave, their holdings comprise an important 
complement to existing protected areas. Private lands that have been identified 
as important to connectivity may thus be efficient targets for groups hoping to 
acquire land or facilitate conservation easements in order to control land use and 
protect connectivity and ecological integrity in the West Mojave. Although some 
of the private land identified in Figure 25b is urbanized and thus not likely 
appropriate for conservation, certain areas north of Los Angeles encompass land 
that is identified as important to connectivity for both bighorn sheep and desert 
tortoise. Conservation organizations may consider focusing on two areas that are 
largely undeveloped and especially necessary to connectivity: 1) the area west of 
Palmdale and Lancaster, east of Victorville, and south of Edwards Air Force 
Base and 2) the area east of Bakersfield, west of Tehachapi, and north of Frazier 
Park. 
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(a) Areas of Combined Benefit 

 

    
(b) Areas of Combined Connectivity        (c) Areas of Combined Connectivity 

on Public Lands               on Private Lands 
 

Figure 25. (a) Areas important to connectivity of both bighorn sheep and desert tortoise; (b) 
public and (c) private holdings in the West Mojave study region. Areas in yellow are those which 
are likely to contribute to the maintenance of connectivity for both bighorn sheep and desert 
tortoise in the high renewable energy development scenario. In (b) private lands are blocked out, 
showing areas of high combined connectivity on public lands. In (c) public lands are blacked out, 
showing areas of high combined connectivity on private lands. 
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11.0 Recommendations 

In the West Mojave, vast expanses of land are owned and managed by federal 
and state governments. An effective balance between the economic and energy 
needs of the state and environmental integrity of the region will likely rely on 
sound renewable energy development planning. While some land-use planning 
processes are well underway, others are just beginning, and the information and 
recommendations provided in this report may be a timely addition to their work. 
 
Non-government conservation organizations serve other functions. They may act 
as private and public sector watchdogs, constituent representatives, special 
interest advocates, and as sources of information for environmental policy. 
Importantly, conservation organizations also work to preserve ecology through 
land acquisition and the facilitation of easements on other private land. Though 
their influence is much smaller in scope than that of government agencies, the 
land managed by conservation organizations forms an important compliment to 
federal and state holdings. 
 
Recognizing the difference in goals, reach, and approaches used by these two 
groups, this project divides recommendations to specifically target each group 
(Sections 11.1 and 11.2). Recommendations concerning additional avenues for 
future research are also included (see Section 11.3). 
 

11.1 Recommendations for the 
  Renewable Energy Development Process 

Based on our analyses of desert tortoise and bighorn sheep connectivity in the 
West Mojave, our research group recommends that renewable energy planners 
and developers: 
 

1. Consider reevaluating the environmental impact of the sub-CREZs and 
projects contained in the Pisgah CREZ. Because of the multiple impacts of 
the Pisgah CREZ to desert tortoise movement and sheep movement and 
gene flow, the RETI process may consider reevaluating the environmental 
score of Pisgah-A and its associated projects. Should Pisgah-B become 
more economically viable, RETI should definitely include a more detailed 
connectivity analysis than was included in the other CREZ analyses (see 
Section 6.2.3.2). 
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2. Refrain from developing all of the large-scale renewable energy projects 
surrounding the San Gabriel population. The San Gabriel population is an 
important source of migrants for the rest of the metapopulation. In the face 
of climate change, the population may also serve as an important genetic 
refugia. This is an important consideration for future development too (that 
is, if there is a metapopulation of concern, conduct connectivity analyses 
specifically with that metapopulation to make sure its important source 
populations are not getting cut off). 

 
3. Consider relocating or reconsidering projects that fall within designated 

critical habitat areas or highly suitable sheep habitat. Specifically, consider 
relocating or not developing those projects that limit connectivity between 
desert tortoise critical habitat, and consider limiting the amount of 
development surrounding the Cache Peak area in the west, which could 
serve as an important location for bighorn sheep recolonization. 

 
4. Incorporate connectivity analyses more specifically into regional and local 

planning processes. Because this network of large-scale projects will span 
across a vast area, analyzing the cumulative impacts that renewable 
energy development might have on ecological processes− such as 
connectivity− over long time horizons is an important consideration. 
Incorporating an analysis such as the one developed by this project can 
help inform decision-makers about which locations are ideal to develop or 
to conserve. 

 
A more detailed discussion of the specific planning processes is available 
in Section 6.2.3.2. Specifically, the following stages of the planning 
processes in the West and in California are ideal arenas for integrating 
connectivity analyses: 

 
o Western Renewable Energy Zones Initiative Phase 1 

identification of Renewable energy zones and Phase 2 
identification of transmission corridors; 
 

o BLM Programmatic Environmental Impact Statements (PEISs), 
creation of Best Management Practices associated with the 
PEISs, and project application processing. As one of the major 
landholders and managers in the West Mojave region, we also 
recommend that the BLM work with other natural resource 
agencies such as the National Park Service to maintain 
connectivity between and among existing protected areas 
important for ecological persistence. 
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o Renewable Energy Transmission Initiative (RETI) Phase 2 
transmission analysis. Incorporating connectivity analyses into 
the RETI process is specifically important given that it is likely to 
provide a foundation for identifying renewable energy zones for 
the Desert Renewable Energy Conservation Plan and will also 
inform the Western Renewable Energy Zone planning process; 
and 
 

o Renewable Energy Action Team (REAT) Desert Renewable 
Energy Conservation Plan and Best Management Practices for 
renewable energy development. 

 

11.2 Recommendations for Conservation Organizations 

Conservation organizations that may be interested in this project include, but are 
not limited to The Nature Conservancy, Natural Resources Defense Council, 
Desert Managers Group, Mojave Desert Land Trust, Desert Tortoise Council, 
and Bighorn Institute.  
  
Based on our results, our research group recommends that organizations such 
as these: 
 

1. Promote good land use practices on public lands to ensure conservation 
of connectivity. Our research group identified areas likely to contribute to 
the maintenance of connectivity for both the bighorn sheep and desert 
tortoise (see Figure 22); most of these areas lie within lands held by 
federal, state, or other public agencies (see Figure 25). Conservation 
organizations can help protect connectivity in these areas by advocating 
for land use practices which minimize impacts to connectivity. 

 
2. Prioritize existing land holdings encompassing high levels of constricted 

connectivity. The landholdings of conservation organizations provide an 
important complement to federal and state protected areas, and protecting 
connectivity on these lands is equally important.  

 
3. Consider purchasing additional private land to conserve connectivity. A 

substantial portion of the West Mojave is privately owned (see Figure 25). 
The areas important to future connectivity that can be acquired are visible 
underneath the layer of publicly-held lands. These areas can be efficient 
targets for land acquisitions, conservation easements, or other 
conservation efforts (Sutherland 2004). Acquiring local assessors data will 
be helpful in determining specific land ownership and value in these 
particular areas.” 
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4. Provide expertise for similar analyses and expand upon our research. By 
incorporating other species of concern or flagship species, more areas 
important to connectivity could be highlighted. More specific suggestions 
for directions that future research might take can be found below (Section 
11.3). Specifically, conservation organizations have the ability to provide 
important feedback to the Renewable Energy Action Team (REAT) and 
Desert Renewable Energy Conservation Plan, as well as to the 
Renewable Energy Transmission Initiative, to provide expertise and 
experience on ecology-related issues such as connectivity. These 
organizations could work to monitor and participate in REAT’s land 
designations and provide feedback to RETI’s siting decisions to ensure 
that areas of critical connectivity are conserved. 
 

5. Focus particular attention on potentially problematic large-scale renewable 
energy development that could interfere with high traffic connectivity 
areas. The sub-CREZ Pisgah-B is a prime example. Conservation 
organizations should monitor any economic re-analysis of Pisgah-B so 
that they can act if Pisgah-B is found be economically competitive. 

 
6. Create a database of previously disturbed lands. Most planning 

organizations, including RETI, recognize the value of siting renewable 
energy development on previously disturbed lands, instead of pristine 
lands, in order to minimize ecological impacts (RETI Stakeholder Steering 
Committee 2009). However, data on what land has been previously 
disturbed is largely unavailable. By creating this database, planning could 
be much more effective. 

 
7. Inform and support local communities during the planning process. Much 

of the final planning stages are done at the local, community level 
(Sutherland 2004). Informing communities of both the need for renewable 
energy development as well as the need for conservation of ecological 
processes such as connectivity can help the public become more informed 
participants during the public feedback periods for these planning 
processes. 

 

11.3 Future Directions for Research 

As with any study, we recognize there are limitations to our analysis. We have 
identified the following opportunities to improve the current research, and to 
expand the scope of this analysis. Future research should:  
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1. Evaluate additional species. Our methodology can and should be 
replicated with other species to help create a more complete picture of the 
cumulative impacts of large-scale renewable energy development in the 
West Mojave. For example, a connectivity analysis for one or more plant 
species would complement the existing research by providing insights into 
the connectivity needs for plants and their respective pollinator species. 
 

2. Consider other energy development scenarios. Our study considered only 
two of an almost infinite possible combination of renewable energy 
development scenarios. As described above, project siting is of critical 
importance in preserving connectivity throughout the West Mojave. Many 
of the concerns discussed above stem from the specific choice of 
developments used in the Low and High development scenarios. Had the 
number or combination of CREZs in each scenario differed, the impacts to 
connectivity would also differ. As it becomes more clear which projects are 
most likely to get built, this analysis could be recreated to provide a more 
realistic picture of the impacts of such development. 

 
3. Vary the conductive values of different energy types. Our connectivity and 

gene flow analyses assumed all renewable energy development is 
completely impermeable to species movement. In fact, varying large-scale 
renewable energy technologies are likely to differ in permeability for 
different species. Recreating this analysis with a more accurate depiction 
of specific projects (e.g. fenced vs. unfenced) will yield a more accurate 
depiction of species movement and gene flow throughout the region. 

 
4. Study specific developments in more detail. Future analyses should 

expand upon the more general conclusions made by this research by 
examining connectivity in more detail in areas where specific 
developments are found to be of particular concern. The Pisgah-B sub-
CREZ area is a prime example (see Section 11.1). Recreating this 
analysis with and without projects of concern could provide insight into the 
specific impacts of that project to habitat quality, species movement, and 
gene flow. 

 
5. Recreate the analysis using more robust climate, vegetation, and urban 

modeling. Although future (2050) temperature and vegetation models 
exist, they are generally available only at resolutions too coarse (1 km vs. 
300m) to be applied to our connectivity and gene flow modeling. As a 
result, our analysis incorporated a simple climate model. In addition, given 
the lack of high resolution climate modeling to predict changes in 
vegetation, we assumed no real change in vegetation for our future 
scenarios. Finally, our analysis did not include key elements of planned 
development such as future roads, inter-CREZ transmission lines, long-
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distance transmission lines, a proposed Inland Port in Antelope Valley, 
and planned rail projects. Future analyses should incorporate more 
detailed climate, vegetation, and urban development data to improve the 
predictive ability of the model. Future studies could also examine the 
sensitivity of the model to varying climate change and urban development 
scenarios. 

 
6. Reconstruct the analysis with larger desert bighorn sheep and desert 

tortoise data sets. Although the models developed by this project are 
legitimized through model testing (see Section 8.3.5.1.3) results could be 
refined by using larger sets of data. For the Desert Tortoise, future 
connectivity modeling could employ focal nodes that correspond to 
recently defined genetically distinct tortoise populations (Murphy et al. 
2007, Hagerty 2008). This would allow the desert tortoise connectivity 
model to be verified with genetic data and allow a desert tortoise gene 
flow analysis. 

 
7. Conduct on-the-ground research to confirm these results. Although this 

analysis uses proven methods to model habitat fragmentation, species 
movement, and gene flow, field studies that confirm these results could 
provide additional proof of the importance of specific areas to species 
movement. For example on-the-ground studies could confirm whether or 
not bighorn sheep use the corridors identified by this research. 

 
8. Perform population viability analyses given different development and 

climate change scenarios. Population viability analyses could provide a 
complement to the existing genetic analysis to help predict which species, 
if any, will become extinct given the various scenarios. 

 
9. Re-evaluate the low development scenario. Due to limited time and the 

format of the RETI GIS data, we were only able to model CREZs in their 
entirety. Thus, instead of modeling the specific sub-CREZs (Imperial 
North-A, Victorville-A) identified in the low development scenario, the 
entire CREZ (Imperial North A and B, Victorville A, B, and C) was 
modeled. Note that this does not affect the results of our high-
development scenario as, in this scenario, every CREZ was fully 
developed and modeled. 

 
 



 104

References 

Aguilar, R., Ashowrth, L. Galetto, L. & Adrian Aizen, M. (2006). Plant reproductive susceptibility to 
habitat fragmentation: Review and synthesis through a meta-analysis. Ecology Letters 
(2006) 9: 968-980. 

 
Amos, W. & Balmford, A. (2001). When does conservation genetics matter? Heredity 87: 

257-265.  
 
Andersen M.C., Watts, J.M., Freilich, J.E., Yool, S.R., Wakefield, G.I., McCauley, J.F. & 

Fahnestock, P.B. (2000). Regression-tree modeling of desert tortoise habitat in the 
central Mojave desert. Ecological Applications 10(3): 890-900.  

 
Araujo, M.B., Cabeza, M., Thuiller, W. & Hannah,L. (2004). Would climate change drive species 

out of reserves? An assessment of existing reserve-selection methods. Global Change 
Biology 10: 1618-1626. 

 
Bachelet, D., Neilson, R.P., Lenihan, J.M. & Drapek, R.J. (2001). Climate change effects on 

vegetation distribution and carbon budget in the United States. Ecosystems 4(3): 164-
185. 

 
Bailey, R.G. (1995). Metadata for BA322ABF: Mojave Desert Ecoregion Boundary. Available 

online at: http://www.mojavedata.gov/master/vector/ext/bndmoj.htm 
 
Baxter, P.C., Wilson, D.S., & Morafk, D.J. (2008). The effects of nest date and placement of eggs 

in burrows on sex ratios and potential survival of hatchling desert tortoises, Gopherus 
agassizii. Chelonian Conservation and Biology 7: 52-59. 

 
Beier, P. & Loe, S. (1992). A checklist for evaluating impacts to wildlife movement corridors. 

Wildlife Society Bulletin 20(4): 434-440. 
 
Beier, P. & Noss, R.F. (1998). Do habitat corridors provide connectivity? Conservation Biology 

12(6): 1241-1252.  
 
Bender, D., Tischendorf, L. & Fahrig, L. (2003). Using patch isolation metrics to predict animal 

movement in binary landscapes. Landscape Ecology 18: 17-39.  
  
Bennett, A.F. (2003). Linkages in the landscape: The role of corridors and connectivity in  

 wildlife conservation. The Word Conservation Union: The IUCN Forest Conservation 
Programme.  

 
Bleich, V.C., Wehausen, J.D. & Holl, S.A. (1990). Desert-dwelling mountain sheep: Conservation 

implications of a naturally fragmented distribution. Conservation Biology 4(4): 383-390. 
 
Boarman, W., Jennings, B. & Sazaki, M. (1997). The effect of roads, barrier fences, and culverts 

on desert tortoise populations in California, USA. Proceedings: Conservation, 
Restoration, and Management of Tortoises and Turtles—An International Conference 54-
58.  

 
Boarman, W.I. & Sazaki, M. (2006). A highway’s road-effect zone for desert tortoises (Gopherus 

agassizii). Journal of Arid Environments 65: 94-101. 
 



 105

Bruinderink, G.G., Van Der Sluis, T., Lammertsma, D., Opdam, P. & Pouwels, R. (2003). 
Designing a coherent ecological network for large mammals in northwestern Europe. 
Conservation Biology: 17(2): 549-557. 

 
Bureau of Land Management. Renewable energy project applications in California [Data file]. 

Retrieved from http://www.blm.gov/ca/gis/index.html#lands 
 
Bureau of Land Management. (2005). Final programmatic environmental impact statement on 

wind energy development on BLM-administered lands in the western United States. 
Available online at http://www.windeis.anl.gov/documents/fpeis/index.cfm. 

 
Bureau of Land Management (2006). California Desert Conservation Area 30th Anniversary: 

1976-2006.  
 
Bureau of Land Management (2009). Desert Tortoise Management. Available online at 

http://www.blm.gov/nv/st/en/fo/lvfo/blm_programs/more/desert _tortoise 
management.html 

 
Bureau of Land Management Barstow (2009). Bird Check List. Available online at 

http://www.blm.gov/ca/st/en/fo/barstow/birds.html 
 
Bureau of Land Management California Desert District (2005). West Mojave Plan: A habitat 

conservation plan and California desert conservation area plan amendment [Electronic 
Version]. Available online at http://www.blm.gov/ca/pdfs/ cdd_pdfs/wemo_pdfs 
/plan/wemo/ Vol-1-Chapter1_Bookmarks.pdf 

 
Bureau of Land Management California Desert District (2009). Solar Energy Projects. Available 

online at http://www.blm.gov/pgdata/content/ca/en/fo/cdd/ alternative_energy/ 
SolarEnergy.html 

 
Bureau of Land Management & U.S. Forest Service. (2008a). Final programmatic environmental 

impact statement for geothermal leasing in the western United States. Available online at 
http://www.blm.gov/wo/st/en/prog/energy /geothermal /geothermal_nationwide.html  

 
Bureau of Land Management & U.S. Forest Service. (2008b). Record of decision and resource 

management plan amendments for geothermal leasing in the western United States. 
Available online at http://www.blm.gov/wo/st/en/prog/ 
energy/geothermal/geothermal_nationwide.html  

 
Cain, J., Krausman, P., Morgart, J., Jansen, B. & Pepper, M. (2008). Responses of desert 

bighorn sheep to removal of water sources. Wildlife Monographs 171: 1-32.  
 
California Air Resources Board. (2009). ARB’s Climate Change Program. Available online at 

http://www.arb.ca.gov/cc/cc.htm 
 
California Department of Fish and Game. (2005). California Wildlife Habitat Relationships System 

Version 8.1. Department of Fish and Game California Interagency Wildlife Task Group. 
Available online at http://www.dfg.ca.gov/biogeodata/cwhr/ 

 
California Department of Fish and Game (2008). California Natural Diversity Database. Available 

online at http://www.dfg.ca.gov/biogeodata/cnddb 
 



 106

California Department of Fish and Game (2009a). Threatened and Endangered Species. 
Available online at http://www.dfg.ca.gov/wildlife/nongame/t_e_spp/ 

 
California Department of Fish and Game (2009b). Linking California's desert mountain ranges: 

Metapopulations of bighorn sheep. Available online at http://209.85.173.132/ 
search?q=cache:sViJ7FnfzKYJ:www.dfg.ca.gov/rap/summary_desert.html+desert+bighor
n+sheep+flagship&hl=en&ct=clnk&cd=4&gl=us 

 
California Department of Fish and Game (2009c). California 08- 09 Mammal hunting regulations 

booklet. Available online at http://www.dfg.ca.gov/regulations/08-09-mammal-regs.pdf/. 
 
California Department of Fish and Game. (2009c). California wildlife habitat relationships system. 

Bighorn sheep (Electronic version). Available online at http://www.dfg.ca.gov /biogeodata/ 
cwhr/cawildlife.aspx 

 
California Department of Forestry and Fire Protection [computer file]. (2002). Multi-source Land 

Cover Data (v02_2) Metadata Record. Edition 2002_2. Sacramento, CA. Available online 
at http://frap.cdf.ca.gov/data.html 

 
California Department of Forestry and Fire Protection [computer file]. (2003). Census 2000 Block 

Data (Migrated) Metadata Record. Edition 03_1. Sacramento, CA. Available online at 
http://frap.cdf.ca.gov/data.html 

 
California Department of Forestry and Fire Protection [computer file]. (2005). Development 

Footprint (DEVELOP05_1). Metadata Record. Edition 05_1. Sacramento, CA. Retrieved 
from http://frap.cdf.ca.gov/data/frapgisdata/select.asp 

 
California Energy Commission. (2007). Staff Final Report: California Energy Demand 2008-2018 

Staff Revised Forecast. Available online at http://www.energy.ca.gov/ 
2007publications/CEC-200-2007-015/CEC-200-2007-015-SF2.PDF  

 
California Spatial Information Library [computer file]. (2002). Tiger2k. June 7, 2002 version. 

Metadata Record. Sacramento, CA. Available online at http://www.atlas.ca.gov/ 
download.html 

 
Conrey, R.C.Y. & Mills L.S. (2001). Do highways fragment small mammal populations? Road 

Ecology Center eScholarship Repository. 
 
Coulon, A., Cosson, J.F., Angibault J.M., Cargnelutti, B., Galan, M., Morellet, N., Petit, E., 
 Aulangnier, S., & Hewison, A.J.M. (2004). Landscape connectivity influence gene flow in 

a roe deer population inhabitating a fragmented landscape: an individual-based 
approach. Molecular Ecology 13: 2841-2850. 

 
Cumming, S. & Vernier, P. (2002). Statistical models of landscape pattern metrics, with  
 applications to regional scale dynamic forest simulations. Landscape Ecology 17: 
 433-444.  
 
Davidson, Caryn. (2002). Desert Tortoise. Joshua Tree National Park. Available online at 

http://www.nps.gov/archive/jotr/nature/animals/reptiles/tortoise/tortoise.html 
 
Dyer, S., O’Neill, J., Wasel, S. & Boutin, S. (2001). Avoidance of industrial development by  
 woodland caribou. Journal of Wildlife Management 65(3): 531-542. 
 



 107

Edwards, T., Schwalbe, C.R., Swann, D.E. & Goldberg, C.S. (2004). Implications of 
anthropogenic landscape change on inter-population movements of the desert tortoise 
(Gopherus agassizii). Conservation Genetics 5: 485-499.  

 
Epps, C.W., Bleich, V.C., Wehausen, J.D., & Torres, S.G. 2003. Status of bighorn sheep in 

California. Desert Bighorn Council Transactions 47: 20-35.  
 
Epps, C.W., McCullough, D.R., Wehausen,J.D., Bleich, V.C. & Rechels, J.L. (2004). Effects of 

climate change on population persistence of desert-dwelling mountain sheep in 
California. Conservation Biology 18: 102-113. 

 
Epps, C.W., Palsboll, P.J., Wehausen. J.D., Roderick, G.K., Ramney, R.R. & McCullough, D.R. 

(2005a). Highways block gene flow and cause a rapid decline in genetic diversity of 
desert bighorn sheep. Ecology Letters 8: 1029-1038. 

 
Epps C.W., Wehausen, J.D., Blech, V.C. & Torres, S.G. (2005b). Status of bighorn sheep in 

California. Desert Bighorn Council Transactions 47: 26-35. 
 
Epps, C.W., Palsboll, P.J., Wehausen, J.D., Roderick, G.K. & McCullough, D.R. (2006). Elevation 

and connectivity define genetic refugia for mountain sheep as climate warms. Molecular 
Ecology 15: 4295-4302.  

 
Epps, C.W., Wehausen, J.D., Bleich, V.C., Torres, S.G., & Brashares, J.S. (2007). Optimizing 

dispersal and corridors models using landscape genetics. Journal of Applied Ecology 44: 
714-724. 

 
Ewers, R.M., & Rodgriguez, A.S.L. (1994). Estimates of reserve effectiveness are confounded by 

leakage. Trends in Ecology and Evolution 23: 113-116. 
 
Forman, R.T.T. & Alexander, L.E. (1998). Roads and their major ecological effects. Annu. Rev. 

Ecol. Syst. 29: 207-31. 
 
Frankham, R. (2005). Genetics and extinction. Biological Conservation 126: 131-140. 
 
Gabrielson, G. & Smith, E. (1995). Physiological responses of wildlife to disturbance. Wildlife and 

Recreationists. 95-107. 
 
Garrison, Bob. (2008). Desert Ambassadors. California Desert Managers Group. 
 
Hagerty, B.E. 2008. Ecological Genetics of the Mojave Desert Tortoise. University of Nevada, 

Reno.  
 
Hargis, C., Bissonette, J., & David, J. (1998). The behavior of landscape metrics commonly used 

in the study of habitat fragmentation. Landscape Ecology 13:167-186.  
 
Hicks, L.L. & Elder, J.M. (1979). Human disturbance of Sierra Nevada bighorn sheep. Journal of 

Wildlife Management 43(4): 909-915. 
 
Hulme, P.E. (2005). Adapting to climate change: is there scope for ecological management in the 

face of a global threat? Journal of Applied Ecology 42: 784-794. 
 
Huxel, G.R. & Alan Hastings. (1999). Habitat loss, fragmentation, and restoration. Restoration 

Ecology 7(3): 309-315. 



 108

 
Jenness, J.S. (2004). Calculating landscape surface area from digital elevation models. Wildlife 

Society Bulletin 32(3): 829-839. 
 
Jump, A. & Peñuelas, J. (2006). Genetic effects of chronic habitat fragmentation in a wind-

pollinated tree. Proceedings of the National Academy of Sciences. 103(21): 8096-8100.  
 
Krausman, P.R. (2000). An introduction of the restoration of bighorn Sheep. Restoration Ecology 

8(4S): 3-5. 
 
Kristan, W.B. & Boarman W.I. (2003). Spatial pattern of risk of common raven predation on desert 

tortoises. Ecology 84(9): 2432-2443. 
 
Kuvlesky, W. P., Brennan, L. A., Morrison, M. L., Boydston, K. K., Ballard, B. M., & Bryant, F. 

(2007). Wind energy development and wildlife conservation: Challenges and 
opportunities. Journal of Wildlife Management 71(8): 2487-2498. 

 
Lenihan, J.M., Drapek, R., Bachelet, D. & Neilson, R. (2003). Climate change effects on 

vegetation distribution, carbon, and fire in California. Ecological Applications 13:1667-
1681. 

 
Manor, R., & Saltz, D. (2005). Effects of human disturbance on use of space and flight  
 distance of mountain gazelles. Journal of wildlife management 69(4): 1683-1690.  
 
Marlow, R. (2000). Desert Tortoise. California Wildlife Habitat Relationships System ver. 82. 

California Department of Fish and Game. 
 
McCarthy, R., Yang, C., & Ogden, J. (2006). California energy demand scenario projections to 

2050. Institute of Transportation Studies & California Energy Commission. 
 
McNeely, J. A., Miller, K.R., Reid, W.V., Mittermeier, R.A., & Werner, T.B. (1990). Conserving the 

World’s Biological Diversity. IUCN, World Resources Institute, Conservation International, 
WWF-US & the World Bank, Washington, DC. 

 
Mills, L. S. & Allendorf, F.W. (1996). The One-migrant-per-generation rule in conservation and 

management. Conservation Biology 10(6): 1509-1518.  
 
Moilanen, A. & Kujala, H. (2004). Zonation: Spatial conservation planning framework and 

software user manual (Version 2.0) [computer software]. Available online at 
http://www.helsinki.fi/science/metapop/Software.htm 

 
Murphy, R.W., Berry, K.H., Edwards, T. & McLuckie, A.M. (2007). A genetic assessment of the 

recovery units for the Mojave populations of the desert tortoise, Gopherus agassizii. 
Chelonian Conservation and Biology 6(2): 229-251. 

 
National Audoban Society. (1979). The Audubon Field Guide to North American Reptiles and 

Amphibians. New York: Knopf.  
 
National Park Service. (2008a). Death Valley Visitor Guide [Electronic Version]. Available online 

at http://www.nps.gov/deva/planyourvisit/upload/Visitor%20Guide%202008.pdf 
 
National Park Service (2008b). Joshua Tree National Park: Things to know before you come. 

Available online at http://www.nps.gov/jotr/planyourvisit/things2know.htm 



 109

 
National Park Service (2009). Joshua Tree National Park. Available online at 

http://www.nps.gov/jotr/  
 
Neel, M., McGarigal, K., & Cushman, S. (2004). Behavior of class-level landscape metrics  
 across gradients of class aggregation and area. Landscape Ecology 19: 435-455. 
 
Office of the Governor of California. (2008, November 17). Governor Schwarzenegger Advances 

State’s Renewable Energy Development [Press Release]. Sacramento, CA. 
 
Omernik, J. M. (1987). Ecoregions of the conterminous United States. Annals of the Association 

of American Geographers 77(1):118-125. 
 
Papouchis, C.M., Singer, F.J., & Sloan, W.B. (2001). Responses of desert bighorn sheep to  
 increased human recreation. The Journal of Wildlife Management 65(3): 573-582. 
 
Pellmyr, O. & Seagraves, K.A. (2003). Pollinator divergence within an obligate mutualism: Two 

yucca moth species (Lepidoptera; Prodoxidae: Tegeticula) on the Joshua tree (Yucca 
brevifolia; Agavaceae). Entomological Society of America 96(6): 716-722.  

 
Phillips, S.J., Dudik, M., & Shapire, R.E. (2004). A maximum entropy approach to species 

distribution modeling. Proceedings of the 21st International Conference on Machine 
Learning. 

 
Phillips, S.J., Anderson, R.P., & Schapire, R.E. (2006). Maximum entropy modeling of species 

geographic distributions. Ecological Modeling 190: 231-259. 
 
Rathke, B., & Jules, E. (1993). Habitat fragmentation and plant-pollinator interactions. Current 

Science 65: 273-277. 
 
Renewable Energy Transmission Initiative (RETI) Stakeholder Steering Committee. (2009). 

Renewable Energy Transmission Initiative Phase 1B Final Report. Document # RETI 
1000-2008-003-F. 

 
Saunders, D. A., Hobbs, R. J., & Margules, C. R. (1991). Biological consequences of ecosystem 

fragmentation - A review. Conservation Biology 5(1): 18-32. 
 
Schwarzenegger, A. (2008). Executive Order S-13-08 [Electronic version]. Available online at 

http://gov.ca.gov/executive-order/11036/ 
 
Sears A., & Anderson, S. (1991). Correlation between birds and vegetation in Cheyenne, 

Wyoming. National Institute for Urban Wildlife.Wildlife Conservation in Metropolitan 
Environments. 75-80. 

 
Sher, Chapter 516, Statutes of 2002, Senate Bill 1078. US Senate. Renewable energy:  
 California Renewables Portfolio Standard Program. Available online at 
 http://www.energy.ca.gov/portfolio/documents/SB1078.PDF 
 
Sleeter, B.M. & Raumann, C.G. (2006). Land-cover trends in the Mojave Basin and  

range ecoregion. U.S. Geological Survey. 
 
Soule, M.E. & Terborgh, J. (1999). Conserving nature at regional and continental scales: A 

scientific program for North America. BioScience 49(10): 809-817.  



 110

 
Southerland, M. T. (2004). Environmental impacts of dispersed development from federal 

infrastructure projects. Environmental Monitoring and Assessment 94: 163-178. 
 
Tang, S., & Gustafson, E. (1997). Perception of scale in forest management planning:  
 Challenges and implications. Landscape and Urban Planning 39: 1-9.  
 
Taylor, P.D., Fahrig, L., Henein, K. & Merriam, G. (1993). Connectivity is a vital element of 

landscape structure. OIKOS 68(3): 571-573. 
 
Theobald, D. M., Miller, J. R. & Hobbs, N. T. (1997). Estimating the cumulative effects of 

development on wildlife habitat. Landscape and Urban Planning 39(1): 25-36. 
 
Thomas, et al. (2004) Extinction risk from climate change. Nature 427: 145-148.  
 
Tischendorf, L., Bender, D.& Fahrig, L. (2003). Evaluation of patch isolation metrics in mosaic 

landscapes for specialist vs. generalist dispersers. Landscape Ecology 18: 41-50. 
 
Trombulak, S. C., & Frissell, C. A. (2000). Review of ecological effects of roads on terrestrial and 

aquatic Communities. Conservation Biology 14(1): 18-30. 
 
Tsoutsos, T., Frantzeskaki, N. & Gekas, V. (2005). Environmental impacts from the solar energy 

technologies. Energy Policy 33: 289-296. 
 
U.S. Department of Agriculture. (1994). State Soil Geographic (STATSGO) Data Base. Data use 

information. Miscellaneous publication 1492. Available online at 
http://dbwww.essc.psu.edu/dbtop/doc/statsgo/statsgo_db.pdf. 

 
U.S. Department of Energy and Bureau of Land Management. (2008). Summary of public scoping 

comments received during the scoping period for the solar energy development 
programmatic environmental impact statement. Available online at 
http://solareis.anl.gov/documents/docs/Scoping_Summary_Report_Slar_PEIS_Final.pdf 

 
U.S. Department of Energy and Department of the Interior. (2008). Notice of intent to prepare a 

programmatic environmental impact statement to evaluate solar energy development, 
develop and implement agency-specific programs, conduct public scoping meetings, 
amend relevant agency land use plans, and provide notice of proposed planning criteria 
(FR Doc. E8–11912). U.S. Government Printing Office. 

 
U.S. Department of the Interior. (2009). Renewable Energy Development by the Department of 

Interior (Secretary of the Interior Secretarial Order No. 3285). Washington, DC: U.S. 
Government Printing Office. Available online at http://www.doi.gov/news/ 
09_News_Releases/SOenergy.pdf 

 
U.S. Environmental Protection Agency [computer file]. (2003). Level III Ecoregions of the 

continental United States. Metadata Record. Corvallis, OR. Available online at 
http://www.epa.gov/wed/pages/ecoregions/level_iii.htm 

 
U.S. Fish and Wildlife Service Region 8, California and Nevada. (2008). Draft revised recovery 

plan for the Mojave population of the desert tortoise (Gopherus agassizii).  
 
U.S. Fish and Wildlife Service. (2009). Endangered species program. Available online at 

http://ecos.fws.gov/tess_public/SpeciesReport.do  



 111

United Nations Intergovernmental Panel on Climate Change. (2000) IPCC Special Report on 
Emissions Scenarios. 

United Nations Intergovernmental Panel on Climate Change. (2007). Climate Change 2007: 
Synthesis Report. 

 
Wang, J. (2004). Application of the One-migrant-per-generation rule to conservation and 

management. Conservation biology 18(2):332-343.  
 
Weng, Y-C. (2007). Spatiotemporal changes of landscape pattern in response to urbanization. 

Landscape and Urban Planning 81: 341-353. 
 
White House. (2009). The Agenda: Energy & Environment. Available online at 

http://www.whitehouse.gov/agenda/energy_and_environment/ 
 
Wiken, E., (1986). Terrestrial ecozones of Canada: Ottawa. Environment Canada Ecological 

Land Classification Series 19: 26. 
 
Wilcove, D., Rothstein, D., Dubow, J., Phillips, A. & Losos, E. (1998). Quantifying threats to  
 imperiled species in the United States. BioScience 48(8): 607-615. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 112

Appendix A. Desert Bighorn Present Sheep Probability of Occurrence 
Desert bighorn sheep probability of occurrence for present as modeled by 
MaxEnt. 
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Appendix B. Desert Bighorn Future Sheep Probability of Occurrence 
Desert bighorn sheep probability of occurrence for the future (2050) as modeled 
by MaxEnt. The model assumes a 2 °C increase in temperature due to climate 
change. 
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Appendix C. Desert Tortoise Present Sheep Probability of Occurrence 
Desert tortoise probability of occurrence for present as modeled by MaxEnt.  
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Appendix D. Desert Tortoise Future Sheep Probability of Occurrence 
Desert tortoise probability of occurrence for the future (2050) as modeled by 
MaxEnt. The future assumes a 2 °C increase in temperature due to climate 
change. 
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Appendix E. Desert Bighorn Sheep Connectivity Map (Present) 
Present connectivity for bighorn sheep as modeled by Circuitscape. 
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Appendix F. Desert Bighorn Sheep Connectivity Map (Future Baseline)  
Future baseline connectivity (incorporating climate change) for bighorn sheep as 
modeled by Circuitscape. 
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Appendix G. Desert Bighorn Sheep Connectivity Map  
                      (Future Low Renewable Energy Development Scenario) 
 
Bighorn sheep connectivity in the future as modeled by Circuitscape, given 
climate change and low levels of large-scale renewable energy development. 
Energy projects are assumed to be impermeable and are shown in black. 
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Appendix H. Desert Bighorn Sheep Connectivity Map  
(Future High Renewable Energy Development Scenario) 

 
Bighorn sheep connectivity in the future as modeled by Circuitscape, given 
climate change and high levels of large-scale renewable energy development. 
Energy projects are assumed to be impermeable and are shown in black. 
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Appendix I. Desert Tortoise Connectivity Map (Present) 
 
Present connectivity for desert tortoise as modeled by Circuitscape. 
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Appendix J. Desert Tortoise Connectivity Map (Future Baseline) 
 
Future baseline connectivity (incorporating climate change) for desert tortoise as 
modeled by Circuitscape. 
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Appendix K. Desert Tortoise Connectivity Map 
   (Future Low Renewable Energy Development Scenario) 
 
Desert tortoise connectivity in the future as modeled by Circuitscape, given 
climate change and low levels of large-scale renewable energy development. 
Energy projects are assumed to be impermeable and are shown in black. 
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Appendix L. Desert Tortoise Connectivity Map 
  (Future High Renewable Energy Development Scenario) 
 
Desert tortoise connectivity in the future as modeled by Circuitscape, given 
climate change and high levels of large-scale renewable energy development. 
Energy projects are assumed to be impermeable and are shown in black. 
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Appendix M. Desert Bighorn Sheep Resistance Distances Across All 69 Populations (Present) 
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Coso Mtns 0.0
South White Mtns -1.0 0.0
Deep springs Range 12.1 -1.0 0.0
Dry Mtn/Last Chance Range 10.2 -1.0 2.5 0.0
Grapevine Mtns 26.1 -1.0 17.4 14.3 0.0
Inyo Mtns 9.7 -1.0 3.1 1.4 18.1 0.0
Tin Mtn 9.9 -1.0 4.1 0.6 17.7 1.7 0.0
Funeral Mtn 21.6 -1.0 20.6 18.1 28.7 18.7 17.8 0.0
Panamint Butte/ Hunter Mtn 9.2 -1.0 4.3 1.2 18.3 1.3 0.5 18.1 0.0
South Panamint Mtns 5.2 -1.0 12.7 10.6 26.3 10.2 10.2 19.5 9.4 0.0
Black Mtns 22.7 -1.0 27.7 25.5 39.7 25.4 25.2 4.3 24.8 17.9 0.0
Nopah Mtns 23.2 -1.0 29.9 27.8 43.0 27.6 27.5 29.6 26.9 17.8 20.6 0.0
Argus Range 1.4 -1.0 12.1 10.1 26.0 9.6 9.8 21.0 9.1 3.9 21.6 22.1 0.0
Slate Range 7.5 -1.0 15.2 13.1 28.7 12.7 12.8 20.8 12.1 1.6 18.1 17.3 6.3 0.0
Quail Range 8.1 -1.0 15.5 13.5 29.1 13.1 13.2 20.7 12.5 1.9 17.4 16.3 6.8 1.0 0.0
Owlshead Mtns 8.7 -1.0 16.0 14.0 29.6 13.6 13.7 20.9 13.0 2.3 17.2 16.4 7.5 2.2 0.8 0.0
Avawatz Mtns 10.8 -1.0 18.1 16.1 31.6 15.8 15.8 22.6 15.1 5.0 18.4 15.9 9.6 4.2 2.9 3.1 0.0
Kingston/ Mesquite Mtns 21.1 -1.0 27.9 25.8 41.1 25.5 25.5 28.5 24.9 15.6 20.3 3.0 19.9 15.1 14.1 14.2 13.5 0.0
Clark Mtns 25.5 -1.0 32.3 30.3 45.6 30.0 30.0 33.3 29.4 20.1 25.4 9.7 24.3 19.5 18.5 18.7 18.0 1.2 0.0
Unnamed 1 8.8 -1.0 16.2 14.1 29.7 13.8 13.8 21.2 13.2 2.8 17.6 16.0 7.5 1.9 0.4 1.5 1.9 13.7 18.2 0.0
Eagle Crags 8.7 -1.0 16.2 14.2 29.8 13.8 13.9 21.5 13.2 3.2 18.4 17.0 7.5 1.8 1.4 2.5 3.7 14.7 19.1 1.3 0.0
San Rafeal Peak 83.4 -1.0 88.7 87.2 102.8 86.8 87.1 97.3 86.6 81.9 96.6 95.3 82.9 81.8 81.9 82.6 83.8 92.9 97.1 82.1 81.6 0.0
Cache Peak 23.5 -1.0 28.1 26.8 42.4 26.4 26.8 38.1 26.3 23.3 38.6 38.3 23.4 23.6 23.9 24.6 26.2 36.0 40.3 24.3 23.8 72.5 0.0
San Gabriel Mtns 67.0 -1.0 73.6 71.8 87.3 71.4 71.6 79.7 71.0 63.4 76.9 73.7 66.2 62.7 62.5 63.1 63.7 70.9 74.7 62.5 62.1 98.3 71.2 0.0
Soda Mtns 13.3 -1.0 20.6 18.6 34.1 18.2 18.3 25.0 17.6 7.6 20.7 17.5 12.1 6.8 5.6 6.0 3.8 14.8 19.2 4.7 6.1 85.9 28.4 65.3 0.0
Cady Mtns 16.0 -1.0 23.3 21.2 36.7 20.9 21.0 27.4 20.3 10.5 22.8 17.5 14.9 9.7 8.8 9.2 8.2 14.3 17.7 8.1 8.9 87.0 30.6 63.9 7.6 0.0
Newberry Mtns 26.3 -1.0 33.4 31.4 46.9 31.1 31.1 37.5 30.5 21.2 32.8 26.6 25.2 20.3 19.7 20.1 19.8 23.2 26.3 19.3 19.6 93.2 39.3 64.5 20.5 13.1 0.0
Ord Mtns 26.4 -1.0 33.5 31.5 47.0 31.2 31.3 37.6 30.6 21.3 32.9 26.8 25.3 20.4 19.8 20.3 19.9 23.4 26.5 19.4 19.7 93.2 39.4 64.4 20.7 13.4 0.7 0.0
North Bristol Mtns 22.6 -1.0 29.7 27.7 43.1 27.3 27.4 33.1 26.7 17.3 27.7 19.8 21.5 16.4 15.6 16.0 15.3 15.9 18.7 15.2 15.8 92.3 36.7 67.3 15.6 3.7 14.1 14.5 0.0
Old Dad Peak/ Kelso Mtns 23.3 -1.0 30.3 28.2 43.7 27.9 28.0 33.2 27.3 17.9 27.2 17.6 22.1 17.1 16.3 16.6 15.8 13.2 15.8 15.8 16.5 93.3 37.5 68.8 16.3 8.7 16.6 16.9 5.9 0.0
New York Mtns 26.9 -1.0 34.0 31.9 47.3 31.6 31.6 36.7 31.0 21.6 30.7 20.7 25.8 20.8 20.0 20.3 19.6 16.3 18.0 19.5 20.2 96.9 41.1 72.4 20.2 12.9 20.1 20.4 10.3 6.7 0.0
Castle Peak 28.4 -1.0 35.4 33.4 48.8 33.1 33.1 38.2 32.5 23.0 32.1 22.1 27.2 22.3 21.4 21.8 21.0 17.6 19.3 21.0 21.7 98.4 42.6 73.8 21.6 14.4 21.6 21.9 11.8 8.4 1.5 0.0
Piute Range 29.6 -1.0 36.6 34.6 50.0 34.2 34.3 39.5 33.6 24.2 33.6 24.0 28.4 23.5 22.6 23.0 22.3 19.7 21.6 22.2 22.8 99.3 43.7 74.5 22.8 15.1 21.8 22.1 12.4 9.6 6.5 5.9 0.0
Hackberry Mtns 27.6 -1.0 34.6 32.6 48.0 32.3 32.3 37.6 31.7 22.2 31.8 22.5 26.4 21.5 20.6 21.0 20.3 18.2 20.4 20.2 20.8 97.3 41.7 72.4 20.8 12.7 19.5 19.8 9.8 7.3 7.4 8.7 6.5 0.0
Woods Mtns 25.5 -1.0 32.5 30.5 45.9 30.2 30.2 35.5 29.6 20.1 29.6 20.3 24.3 19.4 18.5 18.9 18.1 16.1 18.2 18.1 18.7 95.2 39.6 70.4 18.7 10.6 17.7 18.0 7.5 4.8 5.4 7.0 6.8 2.3 0.0
Providence Mtns 23.9 -1.0 30.9 28.9 44.3 28.5 28.6 33.9 27.9 18.5 28.1 19.0 22.7 17.7 16.9 17.2 16.5 14.8 17.1 16.5 17.1 93.6 38.0 68.8 17.0 8.6 15.9 16.2 5.2 3.0 5.3 7.0 7.4 4.1 0.9 0.0
Granite Mtns 24.0 -1.0 31.1 29.0 44.5 28.7 28.8 34.2 28.1 18.7 28.5 19.8 22.9 17.9 17.1 17.4 16.7 15.7 18.2 16.6 17.2 93.7 38.1 68.7 17.2 7.9 15.6 15.9 3.8 4.4 7.9 9.5 9.9 7.1 4.7 1.8 0.0
Clipper Mtns 31.4 -1.0 38.4 36.4 51.8 36.1 36.1 41.8 35.5 26.1 36.3 28.1 30.2 25.3 24.5 24.9 24.2 24.1 26.7 24.1 24.6 100.2 45.1 74.0 24.8 16.2 19.1 19.5 13.9 14.3 16.7 18.1 17.2 15.0 13.6 12.3 12.5
Marble Mtns 29.8 -1.0 36.9 34.9 50.3 34.5 34.6 40.3 33.9 24.5 34.9 26.9 28.7 23.7 23.0 23.4 22.7 23.0 25.6 22.5 23.1 98.6 43.6 72.2 23.3 14.6 16.9 17.2 12.4 13.3 16.1 17.5 17.0 14.6 13.1 11.5 11.3
Old Woman Mtns 32.7 -1.0 39.7 37.7 53.1 37.4 37.4 43.0 36.8 27.4 37.5 29.3 31.5 26.6 25.8 26.2 25.6 25.3 27.8 25.4 25.9 101.5 46.4 75.2 26.1 17.7 20.5 20.8 15.6 15.5 17.3 18.6 16.9 15.1 14.3 13.5 14.2
Sacramento Mtns 38.0 -1.0 45.1 43.0 58.5 42.7 42.8 48.3 42.1 32.7 42.8 34.3 36.9 31.9 31.1 31.5 30.9 30.3 32.7 30.7 31.3 107.0 51.8 80.9 31.4 23.2 26.5 26.9 20.9 20.4 21.7 22.9 20.4 19.3 18.8 18.4 19.3
Dead Mtns 54.7 -1.0 61.7 59.7 75.1 59.4 59.4 64.8 58.8 49.4 59.0 49.9 53.6 48.6 47.8 48.1 47.5 45.7 47.8 47.3 48.0 124.2 68.7 98.9 48.0 40.0 45.6 46.0 37.4 35.5 34.8 35.5 29.8 32.0 32.5 33.1 35.1
Chemuevi Mtns 63.0 -1.0 70.0 68.0 83.5 67.7 67.7 73.4 67.1 57.7 67.9 59.5 61.8 56.9 56.1 56.5 55.9 55.5 58.0 55.7 56.3 131.8 76.7 105.5 56.4 48.2 50.9 51.2 46.1 45.9 47.4 48.6 46.5 45.1 44.5 43.9 44.6
Whipple Mtns 73.0 -1.0 80.0 78.0 93.4 77.7 77.7 83.4 77.1 67.7 77.9 69.7 71.8 66.9 66.1 66.5 65.9 65.7 68.2 65.7 66.2 141.7 86.7 115.2 66.5 58.2 60.4 60.8 56.2 56.2 57.8 59.1 57.2 55.7 54.9 54.2 54.9
Turtle Mtns 43.6 -1.0 50.7 48.7 64.1 48.4 48.4 54.1 47.8 38.4 48.6 40.4 42.5 37.6 36.8 37.2 36.6 36.5 39.0 36.4 36.9 112.3 57.4 85.8 37.1 28.8 31.1 31.4 26.9 26.9 28.6 29.9 28.2 26.5 25.7 25.0 25.6
Riverside Mtns 98.6 -1.0 105.7 103.6 119.1 103.3 103.4 109.1 102.7 93.4 103.8 95.9 97.5 92.5 91.8 92.2 91.6 92.0 94.6 91.4 91.9 166.8 112.2 139.6 92.2 84.0 84.6 84.9 82.5 82.9 85.0 86.3 84.9 83.1 82.1 81.2 81.6
Big Maria Mtns -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
Little Maria Mtns 67.4 -1.0 74.4 72.4 87.9 72.1 72.2 78.1 71.5 62.2 72.9 65.3 66.3 61.4 60.6 61.0 60.5 61.6 64.3 60.2 60.7 135.1 80.8 107.1 61.1 53.0 51.8 52.1 52.0 52.9 55.4 56.7 55.7 53.8 52.6 51.4 51.7
Iron Mtns 62.7 -1.0 69.7 67.7 83.2 67.4 67.5 73.4 66.8 57.5 68.2 60.7 61.6 56.7 55.9 56.3 55.8 56.9 59.7 55.5 56.0 130.4 76.0 102.2 56.5 48.3 46.8 47.1 47.4 48.4 50.9 52.2 51.3 49.4 48.1 46.9 47.1
Coxcombe Mtns 47.0 -1.0 54.0 52.0 67.5 51.7 51.7 57.5 51.1 41.7 52.3 44.5 45.8 40.9 40.2 40.6 40.0 40.7 43.4 39.8 40.2 115.1 60.5 87.7 40.6 32.4 32.1 32.5 31.1 31.8 34.1 35.4 34.3 32.4 31.2 30.2 30.4
Palen Mtns 43.4 -1.0 50.5 48.5 64.0 48.2 48.2 54.3 47.6 38.3 49.4 42.4 42.3 37.4 36.7 37.2 36.7 38.8 41.7 36.4 36.7 110.4 56.5 81.0 37.4 29.5 25.1 25.4 29.3 31.0 34.0 35.4 35.1 33.0 31.4 29.9 29.8
McCoy Mtns 64.7 -1.0 71.7 69.7 85.2 69.4 69.4 75.4 68.8 59.5 70.2 62.7 63.5 58.6 57.9 58.3 57.8 58.9 61.7 57.5 57.9 132.3 78.0 104.1 58.4 50.3 48.8 49.1 49.4 50.4 52.9 54.2 53.3 51.4 50.1 48.9 49.1
Chuckwalla Mtns 76.8 -1.0 83.9 81.8 97.3 81.5 81.6 87.5 80.9 71.6 82.3 74.8 75.7 70.8 70.0 70.4 69.9 71.0 73.7 69.6 70.1 144.5 90.2 116.4 70.5 62.4 61.1 61.4 61.5 62.4 64.8 66.2 65.2 63.3 62.1 60.9 61.1
Eagle Mountains 64.1 -1.0 71.1 69.1 84.6 68.8 68.8 75.0 68.2 58.9 70.0 63.0 62.9 58.1 57.4 57.8 57.4 59.4 62.3 57.0 57.4 130.8 77.1 101.1 58.0 50.2 45.9 46.2 50.0 51.7 54.6 56.0 55.7 53.6 52.0 50.5 50.4
Pinto Mtns 42.4 -1.0 49.5 47.5 63.0 47.2 47.2 53.4 46.6 37.3 48.4 41.6 41.3 36.5 35.8 36.2 35.8 38.0 40.9 35.4 35.8 109.1 55.5 79.3 36.5 28.6 23.9 24.2 28.5 30.3 33.4 34.8 34.5 32.4 30.8 29.2 29.1
Sheephole Mtns 40.9 -1.0 48.0 46.0 61.4 45.6 45.7 51.8 45.0 35.8 46.9 40.0 39.8 34.9 34.2 34.7 34.2 36.4 39.3 33.8 34.2 107.6 53.9 77.8 34.9 27.0 22.3 22.6 27.0 28.8 31.9 33.3 33.0 30.9 29.2 27.7 27.6
Sheephole Mtns 32.9 -1.0 40.0 38.0 53.4 37.7 37.7 43.8 37.1 27.7 38.8 31.9 31.8 26.9 26.2 26.6 26.2 28.3 31.2 25.8 26.2 100.3 46.1 71.8 26.8 18.6 13.8 14.2 18.5 20.5 23.6 25.1 24.9 22.7 21.0 19.4 19.2
Bullions Mtns 25.8 -1.0 32.9 30.9 46.3 30.5 30.6 36.8 29.9 20.6 31.9 25.2 24.6 19.8 19.1 19.5 19.1 21.7 24.7 18.7 19.0 93.1 38.9 64.7 19.7 11.5 4.3 4.7 11.9 14.3 17.7 19.2 19.2 16.9 15.1 13.4 13.1
Queen Mtn 41.9 -1.0 49.0 47.0 62.4 46.6 46.7 52.8 46.0 36.8 47.9 41.1 40.8 35.9 35.2 35.7 35.2 37.5 40.4 34.9 35.2 108.5 54.9 78.5 35.9 28.1 23.2 23.4 28.1 30.0 33.0 34.5 34.2 32.1 30.4 28.9 28.7
Little San Bernardino Mtns 41.0 -1.0 48.0 46.0 61.5 45.7 45.7 51.9 45.1 35.8 47.0 40.2 39.8 35.0 34.3 34.8 34.3 36.6 39.6 33.9 34.3 107.4 53.9 77.1 35.0 27.2 22.3 22.5 27.2 29.1 32.2 33.6 33.4 31.2 29.6 28.0 27.9
San Gorgonio Mtns 42.9 -1.0 50.0 48.0 63.5 47.6 47.7 54.2 47.1 38.0 49.6 43.6 41.8 37.1 36.5 37.0 36.7 40.2 43.3 36.2 36.4 106.7 55.1 71.1 37.5 30.8 23.6 23.6 31.7 33.8 37.1 38.6 38.7 36.5 34.7 33.0 32.8
San Jacinto Mtns 92.4 -1.0 99.4 97.4 112.9 97.1 97.2 103.6 96.5 87.4 99.0 92.8 91.3 86.5 85.9 86.4 86.1 89.3 92.4 85.6 85.8 156.3 104.6 121.1 86.9 80.0 73.5 73.5 80.7 82.8 86.0 87.5 87.5 85.3 83.6 81.9 81.7
Santa Rosa Mtns 94.3 -1.0 101.4 99.4 114.9 99.1 99.1 105.6 98.5 89.4 100.9 94.7 93.2 88.5 87.9 88.4 88.1 91.3 94.4 87.5 87.8 158.4 106.6 123.2 88.9 82.0 75.5 75.5 82.6 84.7 87.9 89.4 89.4 87.2 85.5 83.8 83.6
Orocopia Mtns 61.5 -1.0 68.6 66.6 82.1 66.3 66.3 72.5 65.7 56.4 67.5 60.6 60.4 55.6 54.9 55.3 54.9 57.0 59.9 54.5 54.9 128.3 74.6 98.4 55.6 47.7 43.3 43.6 47.5 49.3 52.2 53.7 53.3 51.2 49.6 48.1 48.0
W. Chocolate Mtns 63.6 -1.0 70.6 68.6 84.1 68.3 68.4 74.5 67.7 58.4 69.5 62.6 62.4 57.6 56.9 57.3 56.9 59.0 61.8 56.5 56.9 130.3 76.6 100.5 57.6 49.7 45.4 45.7 49.5 51.2 54.2 55.6 55.3 53.1 51.6 50.1 50.0
N. San Bernardino Mtns 50.1 -1.0 57.0 55.1 70.6 54.7 54.8 61.7 54.2 45.3 57.5 52.1 49.0 44.5 43.9 44.5 44.4 48.9 52.2 43.7 43.7 109.8 61.0 66.3 45.4 40.1 34.0 33.8 41.6 43.6 47.0 48.5 48.8 46.6 44.7 43.1 42.8
S. Bristol Mtns 29.1 -1.0 36.1 34.1 49.6 33.8 33.9 39.6 33.2 23.8 34.3 26.5 27.9 23.0 22.2 22.6 22.0 22.6 25.3 21.8 22.3 97.7 42.7 71.1 22.6 13.8 15.2 15.5 11.8 13.3 16.2 17.7 17.4 15.0 13.3 11.6 11.3
Rodman Mtns 8.9 -1.0 15.5 13.3 29.0 13.0 13.0 21.7 12.2 0.4 21.0 21.6 7.6 6.0 6.3 6.7 9.2 19.5 24.0 7.1 7.4 85.3 26.6 67.2 11.8 14.7 25.2 25.4 21.3 21.9 25.6 27.1 28.2 26.3 24.1 22.5 22.7
Unnamed 2 25.7 -1.0 32.8 30.8 46.2 30.4 30.5 36.8 29.8 20.5 32.0 25.6 24.5 19.7 19.0 19.5 19.1 22.1 25.2 18.6 18.9 92.7 38.7 64.1 19.8 11.9 1.6 2.0 12.7 15.2 18.7 20.1 20.3 18.0 16.2 14.4 14.1  
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Appendix M. Desert Bighorn Sheep Resistance Distances Across All 69 Populations (Present continued) 

 

C
lip

pe
r M

tn
s 

M
ar

bl
e 

M
tn

s 

O
ld

 W
om

an
 M

tn
s 

Sa
cr

am
en

to
 M

tn
s 

D
ea

d 
M

tn
s 

C
he

m
ue

vi
 M

tn
s 

W
hi

pp
le

 M
tn

s 

Tu
rtl

e 
M

tn
s 

R
iv

er
si

de
 M

tn
s 

B
ig

 M
ar

ia
 M

tn
s 

Li
ttl

e 
M

ar
ia

 M
tn

s 

Ir
on

 M
tn

s 

C
ox

co
m

be
 M

tn
s 

Pa
le

n 
M

tn
s 

M
cC

oy
 M

tn
s 

C
hu

ck
w

al
la

 M
tn

s 

Ea
gl

e 
M

ou
nt

ai
ns

 

Pi
nt

o 
M

tn
s 

Sh
ee

ph
ol

e 
M

tn
s 

Sh
ee

ph
ol

e 
M

tn
s 

B
ul

lio
ns

 M
tn

s 

Q
ue

en
 M

tn
 

Li
ttl

e 
Sa

n 
B

er
na

rd
in

o 
M

tn
s 

Sa
n 

G
or

go
ni

o 
M

tn
s 

Sa
n 

Ja
ci

nt
o 

M
tn

s 

Sa
nt

a 
R

os
a 

M
tn

s 

O
ro

co
pi

a 
M

tn
s 

W
. C

ho
co

la
te

 
M

tn
s 

N
. S

an
 B

er
na

rd
in

o 
M

tn
s 

S.
 B

ris
to

l M
tn

s 

R
od

m
an

 M
tn

s 

U
nn

am
ed

 2
 

Clipper Mtns 0.0                               
Marble Mtns 5.3 0.0                              
Old Woman Mtns 9.0 11.1 0.0                             
Sacramento Mtns 16.6 18.2 8.2 0.0                            
Dead Mtns 39.3 39.7 36.6 36.7 0.0                           
Chemuevi Mtns 41.3 42.8 33.1 29.7 64.0 0.0                          
Whipple Mtns 51.3 52.8 43.3 44.0 75.7 38.4 0.0                         
Turtle Mtns 21.6 23.1 13.1 17.2 47.2 32.9 36.5 0.0                        
Riverside Mtns 78.8 79.7 72.4 76.5 104.7 89.2 84.0 66.5 0.0                       
Big Maria Mtns -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 0.0                      
Little Maria Mtns 50.1 50.1 45.6 51.3 76.8 70.1 73.9 46.4 67.9 -1.0 0.0                     
Iron Mtns 45.7 45.6 41.4 47.4 72.5 67.0 71.7 43.6 72.3 -1.0 11.6 0.0                    
Coxcombe Mtns 27.6 28.1 21.1 29.8 55.3 52.2 60.3 30.2 80.8 -1.0 43.4 36.4 0.0                   
Palen Mtns 30.5 29.0 29.5 36.0 57.8 58.9 67.1 37.9 85.4 -1.0 45.7 39.7 33.2 0.0                  
McCoy Mtns 47.7 47.6 43.5 49.4 74.5 68.8 73.3 45.3 72.2 -1.0 8.9 5.7 40.1 41.8 0.0                 
Chuckwalla Mtns 59.6 59.5 55.2 61.0 86.3 80.0 83.9 56.3 79.3 -1.0 11.6 21.1 52.9 54.8 17.1 0.0                
Eagle Mountains 51.1 49.7 49.9 56.2 78.2 78.7 86.4 57.4 101.9 -1.0 59.0 53.9 53.7 32.9 54.0 67.4 0.0               
Pinto Mtns 30.1 28.5 29.4 35.8 57.3 58.8 67.1 37.9 85.6 -1.0 46.1 40.5 34.2 8.7 42.1 55.1 23.1 0.0              
Sheephole Mtns 28.6 27.0 28.0 34.4 55.8 57.6 65.9 36.7 85.0 -1.0 46.3 40.6 33.1 7.8 42.4 55.3 28.3 3.3 0.0             
Sheephole Mtns 20.4 18.4 20.5 27.0 47.9 50.8 59.9 30.5 82.4 -1.0 47.6 42.4 27.9 17.6 44.4 56.9 40.4 17.8 15.8 0.0            
Bullions Mtns 15.6 13.2 16.8 23.0 42.8 47.2 56.6 27.2 80.2 -1.0 46.7 41.7 27.0 18.7 43.7 56.0 40.3 18.1 16.3 3.6 0.0           
Queen Mtn 29.9 28.3 29.4 35.8 57.1 59.0 67.4 38.2 86.6 -1.0 48.1 42.5 34.9 11.3 44.2 57.1 29.3 4.4 1.7 17.7 17.6 0.0          
Little San Bernardino Mtns 29.0 27.4 28.5 34.9 56.2 58.1 66.5 37.3 85.5 -1.0 46.7 41.2 34.0 10.0 42.8 55.7 25.5 1.3 1.8 17.0 16.9 1.3 0.0         
San Gorgonio Mtns 35.7 33.7 36.4 42.5 62.3 66.6 75.7 46.4 98.3 -1.0 63.5 58.4 46.2 33.9 60.3 72.8 52.9 30.8 29.4 28.5 22.7 29.3 26.4 0.0        
San Jacinto Mtns 84.2 82.3 84.7 90.8 110.9 114.6 123.6 94.3 145.2 -1.0 109.3 104.1 93.4 78.7 105.9 118.5 94.5 74.6 73.6 76.1 71.8 73.4 68.0 57.0 0.0       
Santa Rosa Mtns 86.1 84.2 86.5 92.7 112.8 116.4 125.4 96.1 146.9 -1.0 110.9 105.7 95.1 80.3 107.4 120.0 95.5 76.1 75.1 77.9 73.7 74.9 69.6 59.5 1.8 0.0      
Orocopia Mtns 48.8 47.4 47.7 54.0 75.9 76.7 84.5 55.5 100.8 -1.0 58.7 53.5 51.9 30.3 54.0 67.2 7.6 21.2 25.3 37.8 37.7 26.1 21.6 49.9 91.1 92.0 0.0     
W. Chocolate Mtns 50.7 49.3 49.5 55.8 77.8 78.4 86.2 57.2 102.0 -1.0 59.4 54.3 53.5 32.3 54.6 67.9 3.4 22.9 27.6 39.8 39.8 28.5 24.4 52.2 93.6 94.6 3.9 0.0    
N. San Bernardino Mtns 46.5 44.5 47.5 53.5 72.7 77.7 87.1 57.8 110.5 -1.0 76.7 71.7 58.4 48.7 73.6 86.0 68.3 46.3 44.9 41.0 34.2 45.2 43.3 28.4 81.5 83.9 65.5 67.7 0.0   
S. Bristol Mtns 8.5 3.3 13.2 19.9 40.5 44.6 54.5 24.9 80.7 -1.0 50.4 45.9 29.0 28.1 47.9 59.9 49.0 27.5 26.0 17.1 11.4 27.2 26.4 32.2 81.0 82.9 46.6 48.5 43.1 0.0  
Rodman Mtns 30.1 28.6 31.4 36.8 53.4 61.7 71.7 42.4 97.4 -1.0 66.2 61.5 45.8 42.3 63.5 75.6 62.9 41.3 39.8 31.8 24.6 40.8 39.8 42.0 91.4 93.4 60.4 62.4 49.3 27.8 0.0 
Unnamed 2 17.3 15.0 18.7 24.8 44.1 49.2 58.7 29.3 82.8 -1.0 49.9 45.0 30.2 23.2 46.9 59.2 44.1 22.0 20.4 11.5 1.4 21.3 20.5 22.6 72.4 74.3 41.5 43.5 33.5 13.2 24.6 0.0
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Appendix N. Desert Bighorn Sheep Resistance Distances Across All 69 Populations (High Renewable Development Scenario) 
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Coso Mtns 0.0
South White Mtns -1.0 0.0
Deep springs Range 11.6 -1.0 0.0
Dry Mtn/Last Chance Range 9.9 -1.0 2.4 0.0
Grapevine Mtns 23.9 -1.0 15.7 14.3 0.0
Inyo Mtns 9.3 -1.0 2.9 1.4 16.2 0.0
Tin Mtn 9.7 -1.0 4.0 0.6 15.8 1.9 0.0
Funeral Mtn 22.8 -1.0 20.6 18.1 26.3 18.9 17.9 0.0
Panamint Butte/ Hunter Mtn 9.0 -1.0 4.2 1.2 16.4 1.5 0.5 18.3 0.0
South Panamint Mtns 8.7 -1.0 13.5 10.6 25.2 11.1 11.0 20.5 10.1 0.0
Black Mtns 26.3 -1.0 29.1 25.5 38.8 27.0 26.7 5.0 26.3 20.4 0.0
Nopah Mtns 36.5 -1.0 40.7 27.8 51.5 38.5 38.4 36.5 37.8 29.7 24.0 0.0
Argus Range 1.4 -1.0 11.9 10.1 24.1 9.5 9.9 22.5 9.1 7.7 25.5 35.5 0.0
Slate Range 10.3 -1.0 16.3 13.1 27.9 14.0 14.0 22.4 13.2 3.2 21.0 29.4 9.2 0.0
Quail Range 11.6 -1.0 17.1 13.5 28.7 14.8 14.8 22.3 14.0 3.7 19.9 27.7 10.5 2.2 0.0
Owlshead Mtns 12.8 -1.0 18.1 14.0 29.6 15.9 15.8 22.7 15.0 4.7 19.4 27.6 11.7 4.2 1.4 0.0
Avawatz Mtns 15.9 -1.0 21.3 16.1 32.8 19.0 19.0 25.6 18.2 8.5 22.0 28.1 14.8 7.2 4.6 5.4 0.0
Kingston/ Mesquite Mtns 35.5 -1.0 39.9 25.8 50.8 37.7 37.6 36.7 37.0 28.8 25.1 4.9 34.6 28.4 26.6 26.6 26.7 0.0
Clark Mtns 40.9 -1.0 45.3 30.3 56.2 43.1 43.0 42.4 42.3 34.1 31.1 12.2 39.9 33.7 31.9 31.9 31.9 1.2 0.0
Unnamed 1 12.3 -1.0 17.8 14.1 29.4 15.6 15.6 22.9 14.8 4.8 20.1 27.4 11.2 3.3 0.6 2.5 2.5 26.1 31.4 0.0
Eagle Crags 12.3 -1.0 18.0 14.2 29.6 15.7 15.7 23.5 14.9 5.4 21.2 28.9 11.2 3.4 2.1 4.0 5.6 27.7 33.0 1.5 0.0
San Rafeal Peak 115.6 -1.0 118.3 87.2 131.0 116.9 117.5 129.2 117.0 116.1 131.3 139.3 115.7 116.5 116.7 117.9 120.2 138.0 143.1 117.0 116.3 0.0
Cache Peak 27.5 -1.0 65.2 26.8 49.4 35.1 36.4 67.2 59.7 114.2 251.9 33.0 114.1 1215.6 121.5 55.1 12.8 46.5 29.7 23.5 94.8 126.6 0.0
San Gabriel Mtns 122.5 -1.0 126.7 71.8 138.7 124.9 125.1 133.9 124.5 119.3 132.6 137.3 121.9 118.5 118.0 119.3 120.7 135.2 140.0 118.0 117.1 144.4 150.3 0.0
Soda Mtns 24.7 -1.0 30.1 18.6 41.5 27.8 27.8 34.0 27.0 17.4 30.0 34.4 23.7 16.1 13.6 14.5 10.2 32.5 37.6 11.6 14.5 128.5 18.1 128.2 0.0
Cady Mtns 41.4 -1.0 46.3 21.2 57.6 44.1 44.1 48.2 43.4 34.4 41.7 37.8 40.3 33.4 31.4 32.1 30.3 33.4 37.3 30.1 32.1 141.8 83.7 135.7 32.5 0.0
Newberry Mtns 84.9 -1.0 89.8 31.4 101.2 87.6 87.7 93.0 87.0 79.0 88.0 86.3 83.9 77.9 76.6 77.5 77.5 82.5 86.6 76.0 76.3 170.2 123.8 139.6 82.9 74.4 0.0
Ord Mtns 85.3 -1.0 90.2 31.5 101.7 88.1 88.1 93.5 87.4 79.5 88.5 86.8 84.4 78.4 77.1 78.0 78.0 83.1 87.2 76.5 76.8 170.6 124.3 139.9 83.4 75.1 0.7 0.0
North Bristol Mtns 44.6 -1.0 49.4 27.7 60.6 47.2 47.2 50.0 46.5 37.8 42.1 33.8 43.7 37.0 35.1 35.6 34.4 28.1 31.6 34.1 35.8 144.5 86.9 137.6 37.8 12.2 75.1 75.8 0.0
Old Dad Peak/ Kelso Mtns 43.1 -1.0 47.7 28.2 58.8 45.5 45.5 47.1 44.8 36.3 38.0 25.9 42.1 35.6 33.8 34.1 33.4 18.7 22.5 33.0 34.6 143.5 227.5 137.3 37.5 24.6 76.9 77.5 13.3 0.0
New York Mtns 47.8 -1.0 52.4 31.9 63.5 50.2 50.2 51.9 49.5 41.0 43.0 31.4 46.8 40.3 38.5 38.8 38.1 24.6 27.6 37.7 39.3 147.9 5.3 141.2 42.2 28.5 79.9 80.5 16.5 8.1 0.0
Castle Peak 50.3 -1.0 55.0 33.4 66.1 52.8 52.7 54.4 52.0 43.6 45.5 33.9 49.3 42.9 41.0 41.4 40.6 27.0 30.0 40.2 41.8 150.4 60.6 143.8 44.7 31.2 82.6 83.2 19.3 10.8 1.6 0.0
Piute Range 57.3 -1.0 62.0 34.6 73.1 59.8 59.7 61.6 59.0 50.5 53.0 42.0 56.3 49.8 47.9 48.4 47.6 35.4 38.6 47.2 48.7 156.9 78.2 149.6 51.6 36.8 86.8 87.4 24.4 18.1 16.9 19.7 0.0
Hackberry Mtns 49.1 -1.0 53.8 32.6 64.9 51.6 51.5 53.4 50.8 42.3 44.8 33.8 48.1 41.6 39.8 40.2 39.4 27.2 30.4 39.0 40.5 148.8 91.3 141.7 43.4 28.4 79.1 79.8 15.9 9.7 9.1 11.9 9.7 0.0
Woods Mtns 46.2 -1.0 50.9 30.5 62.0 48.7 48.7 50.6 48.0 39.5 41.9 30.8 45.3 38.8 36.9 37.3 36.5 24.2 27.4 36.1 37.7 146.1 88.5 139.1 40.5 25.6 76.9 77.6 13.0 6.6 6.0 8.8 11.6 2.3 0.0
Providence Mtns 44.7 -1.0 49.4 28.9 60.5 47.2 47.1 49.1 46.4 38.0 40.4 29.6 43.7 37.2 35.4 35.8 35.0 22.9 26.2 34.6 36.2 144.6 87.0 137.6 38.9 23.4 75.4 76.0 10.3 5.1 6.0 8.8 13.2 4.5 0.9 0.0
Granite Mtns 45.6 -1.0 50.3 29.0 61.4 48.1 48.0 50.1 47.3 38.8 41.6 31.3 44.6 38.1 36.2 36.6 35.7 24.8 28.2 35.4 37.0 145.3 87.8 138.2 39.6 22.5 75.6 76.3 8.4 7.6 9.5 12.3 16.8 8.3 5.3 2.0 0.0
Clipper Mtns 62.6 -1.0 67.3 36.4 78.5 65.1 65.1 67.3 64.4 55.9 58.9 48.9 61.6 55.1 53.3 53.8 53.0 42.5 45.9 52.5 54.1 161.4 104.6 152.7 57.0 41.4 86.6 87.3 28.8 25.8 27.0 29.8 31.8 24.3 22.4 20.8 21.1
Marble Mtns 62.1 -1.0 66.9 34.9 78.0 64.7 64.6 66.9 63.9 55.5 58.6 48.6 61.2 54.7 52.9 53.3 52.5 42.3 45.6 52.1 53.6 160.9 104.2 152.1 56.5 40.6 85.8 86.5 27.9 25.6 27.1 29.9 32.6 24.8 22.7 20.6 20.2
Old Woman Mtns 68.7 -1.0 73.4 37.7 84.6 71.2 71.2 73.6 70.5 62.1 65.3 55.6 67.7 61.3 59.5 60.0 59.2 49.3 52.7 58.7 60.2 166.6 110.5 156.3 63.3 48.6 87.3 88.0 37.1 33.2 33.8 36.6 35.1 29.3 28.9 28.6 30.0
Sacramento Mtns 88.5 -1.0 93.3 43.0 104.4 91.1 91.0 93.4 90.3 81.9 85.1 75.3 87.6 81.1 79.3 79.8 79.1 69.0 72.4 78.6 80.0 186.5 130.4 176.2 83.2 68.6 107.6 108.3 57.1 52.9 53.2 56.0 51.9 48.2 48.2 48.3 50.1
Dead Mtns 106.2 -1.0 110.9 59.7 122.0 108.7 108.6 110.7 107.9 99.5 102.1 91.4 105.2 98.7 96.9 97.3 96.5 84.8 88.1 96.1 97.7 205.5 148.3 197.5 100.6 85.8 133.4 134.0 73.6 67.8 67.0 69.8 55.7 60.2 61.7 63.0 66.2
Chemuevi Mtns 137.2 -1.0 141.9 68.0 153.1 139.7 139.7 142.2 139.0 130.6 134.1 124.6 136.2 129.8 128.0 128.5 127.8 118.5 121.8 127.3 128.7 234.4 178.9 223.0 132.0 117.6 152.3 153.1 106.6 102.8 103.3 106.1 103.7 98.7 98.4 98.3 99.9
Whipple Mtns 176.2 -1.0 181.0 78.0 192.2 178.8 178.7 181.4 178.0 169.7 173.5 164.6 175.3 168.9 167.1 167.7 167.0 158.6 162.0 166.4 167.7 272.6 217.7 259.7 171.2 157.2 186.2 186.9 147.0 143.5 144.2 147.0 145.4 140.0 139.5 139.2 140.6
Turtle Mtns 107.5 -1.0 112.2 48.7 123.4 110.1 110.0 112.7 109.3 101.0 104.8 95.8 106.5 100.1 98.4 98.9 98.3 89.8 93.2 97.7 99.0 203.9 149.0 191.0 102.5 88.5 117.6 118.4 78.1 74.7 75.5 78.2 76.9 71.3 70.7 70.4 71.7
Riverside Mtns 261.7 -1.0 266.5 103.6 277.7 264.3 264.3 267.5 263.6 255.3 260.1 252.4 260.8 254.5 252.8 253.4 252.8 246.8 250.3 252.1 253.3 355.5 302.7 338.4 257.3 244.4 257.5 258.3 236.0 233.4 234.6 237.3 236.9 231.0 230.1 229.6 230.7
Big Maria Mtns -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
Little Maria Mtns 175.1 -1.0 179.9 72.4 191.3 177.8 177.8 181.9 177.1 169.0 175.4 170.2 174.2 168.0 166.5 167.3 166.9 165.4 169.1 165.9 166.7 264.3 215.1 239.2 171.8 160.8 144.4 145.3 156.0 155.1 157.0 159.7 161.2 154.5 153.1 152.2 152.9
Iron Mtns 156.0 -1.0 160.8 67.7 172.2 158.6 158.7 162.9 157.9 149.9 156.7 151.9 155.1 148.9 147.5 148.2 147.9 147.2 151.0 146.9 147.6 244.3 195.8 217.7 152.9 142.3 120.3 121.2 138.1 137.5 139.5 142.2 144.1 137.3 135.8 134.7 135.4
Coxcombe Mtns 142.7 -1.0 147.5 52.0 158.9 145.4 145.4 149.4 144.7 136.6 142.8 137.3 141.8 135.6 134.1 134.8 134.5 132.4 136.1 133.5 134.3 232.5 182.8 208.6 139.3 128.0 113.8 114.7 122.8 121.7 123.5 126.3 127.8 121.0 119.7 118.7 119.5
Palen Mtns 106.6 -1.0 111.5 48.5 122.9 109.3 109.4 114.3 108.7 100.8 108.8 105.9 105.7 99.7 98.4 99.2 99.1 101.8 105.7 97.8 98.3 191.3 145.6 158.7 104.3 95.2 50.5 51.5 93.7 94.5 97.1 99.7 103.1 95.7 93.8 92.4 92.8
McCoy Mtns 166.6 -1.0 171.4 69.7 182.8 169.3 169.3 173.5 168.6 160.5 167.2 162.3 165.7 159.6 158.1 158.8 158.5 157.6 161.3 157.5 158.2 255.1 206.4 228.9 163.4 152.7 132.3 133.2 148.4 147.7 149.7 152.4 154.2 147.4 146.0 144.9 145.6
Chuckwalla Mtns 209.3 -1.0 214.1 81.8 225.5 212.0 212.0 216.1 211.3 203.2 209.7 204.6 208.4 202.2 200.7 201.5 201.2 199.8 203.5 200.1 200.9 298.2 249.2 272.8 206.0 195.2 177.5 178.5 190.5 189.6 191.5 194.2 195.9 189.2 187.7 186.8 187.5
Eagle Mountains 145.5 -1.0 150.3 69.1 161.8 148.2 148.2 153.3 147.5 139.7 148.0 145.4 144.6 138.6 137.3 138.2 138.1 141.4 145.4 136.8 137.2 228.6 184.2 193.3 143.4 134.8 88.2 89.2 133.8 134.6 137.3 140.0 143.6 136.1 134.1 132.7 133.1
Pinto Mtns 106.1 -1.0 110.9 47.5 122.4 108.8 108.9 114.0 108.2 100.3 108.7 106.2 105.2 99.3 97.9 98.8 98.8 102.2 106.2 97.4 97.8 189.2 144.8 153.7 104.1 95.5 47.8 48.8 94.6 95.5 98.2 100.9 104.5 97.1 95.1 93.6 94.0
Sheephole Mtns 102.5 -1.0 107.3 46.0 118.8 105.2 105.2 110.4 104.5 96.7 105.1 102.5 101.6 95.6 94.3 95.2 95.1 98.6 102.6 93.8 94.2 185.8 141.2 150.6 100.4 91.8 43.9 44.8 90.9 91.8 94.5 97.2 100.8 93.4 91.3 89.9 90.3
Sheephole Mtns 91.5 -1.0 96.4 38.0 107.8 94.2 94.3 99.3 93.5 85.6 93.9 91.3 90.6 84.5 83.2 84.1 84.0 87.3 91.3 82.6 83.1 176.8 130.6 145.6 89.2 79.9 26.4 27.6 79.2 80.4 83.2 85.9 89.6 82.1 80.0 78.5 78.8
Bullions Mtns 82.7 -1.0 87.5 30.9 99.0 85.4 85.4 90.6 84.7 76.8 85.4 83.3 81.7 75.7 74.4 75.3 75.2 79.4 83.4 73.8 74.2 168.0 121.7 137.2 80.5 71.2 7.0 8.3 71.5 73.1 76.0 78.7 82.7 75.1 72.9 71.4 71.7
Queen Mtn 105.2 -1.0 110.0 47.0 121.5 107.9 107.9 113.1 107.2 99.4 107.8 105.4 104.2 98.3 97.0 97.9 97.8 101.4 105.4 96.5 96.8 188.0 143.8 152.0 103.2 94.7 46.5 47.5 93.9 94.8 97.6 100.2 103.9 96.4 94.4 93.0 93.3
Little San Bernardino Mtns 104.1 -1.0 109.0 46.0 120.4 106.9 106.9 112.1 106.2 98.4 106.8 104.4 103.2 97.3 96.0 96.9 96.8 100.4 104.5 95.5 95.8 186.9 142.8 150.7 102.2 93.7 45.7 46.6 92.9 93.8 96.6 99.3 102.9 95.5 93.4 92.0 92.4
San Gorgonio Mtns 110.1 -1.0 114.9 48.0 126.4 112.8 112.8 118.4 112.1 104.5 113.6 112.2 109.2 103.5 102.2 103.2 103.3 108.5 112.6 101.8 101.9 187.9 147.7 142.7 108.9 102.2 53.0 53.7 102.1 103.1 106.1 108.8 112.8 105.2 103.1 101.6 102.0
San Jacinto Mtns 230.5 -1.0 235.3 97.4 246.9 233.2 233.3 238.8 232.6 225.0 233.9 232.1 229.7 223.9 222.6 223.6 223.6 228.4 232.5 222.2 222.4 309.3 268.4 265.7 229.2 222.0 174.6 175.5 221.7 222.6 225.5 228.2 232.1 224.6 222.5 221.0 221.4
Santa Rosa Mtns 227.6 -1.0 232.4 99.4 243.9 230.3 230.3 235.8 229.6 222.0 230.9 229.1 226.7 220.9 219.7 220.6 220.7 225.4 229.4 219.2 219.4 306.6 265.5 263.3 226.2 219.0 171.6 172.4 218.6 219.6 222.4 225.1 229.0 221.5 219.4 217.9 218.3
Orocopia Mtns 134.3 -1.0 139.2 66.6 150.6 137.0 137.1 142.2 136.4 128.5 136.9 134.4 133.4 127.5 126.2 127.1 127.0 130.4 134.4 125.6 126.0 217.4 173.0 181.7 132.3 123.8 76.6 77.6 122.8 123.7 126.4 129.1 132.6 125.2 123.2 121.8 122.2
W. Chocolate Mtns 142.3 -1.0 147.2 68.6 158.6 145.0 145.1 150.2 144.4 136.5 144.9 142.3 141.4 135.5 134.2 135.1 135.0 138.3 142.3 133.6 134.0 225.4 181.0 189.9 140.3 131.7 84.9 85.8 130.7 131.6 134.3 136.9 140.5 133.1 131.1 129.7 130.0
N. San Bernardino Mtns 133.1 -1.0 137.9 55.1 149.5 135.8 135.9 141.9 135.2 127.8 137.5 137.0 132.3 126.8 125.7 126.7 126.9 133.5 137.7 125.3 125.3 205.2 169.7 149.0 132.8 128.1 85.0 85.5 128.3 129.2 132.3 135.0 139.3 131.7 129.4 128.0 128.4
S. Bristol Mtns 70.7 -1.0 75.4 34.1 86.6 73.2 73.2 75.5 72.5 64.0 67.2 57.4 69.7 63.2 61.4 61.9 61.1 51.1 54.5 60.6 62.1 169.3 112.7 160.2 65.1 49.2 93.0 93.7 36.7 34.6 36.1 38.9 41.8 34.0 31.8 29.6 29.1
Rodman Mtns 11.9 -1.0 16.2 13.3 27.8 13.8 13.7 22.7 12.7 0.5 23.5 33.6 11.0 7.9 8.5 9.4 13.1 32.7 38.1 9.5 10.0 119.5 24.0 123.1 21.9 38.7 83.2 83.6 42.0 40.4 45.1 47.7 54.6 46.5 43.6 42.1 42.9
Unnamed 2 83.8 -1.0 88.7 30.8 100.1 86.5 86.6 91.9 85.9 77.9 86.7 84.9 82.9 76.8 75.5 76.4 76.3 81.1 85.2 74.9 75.2 169.1 122.8 138.4 81.7 72.8 2.6 3.9 73.4 75.2 78.2 80.9 85.0 77.4 75.2 73.6 73.9  
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Appendix N. Desert Bighorn Sheep Resistance Distances Across All 69 Populations (High Renewable Development Scenario Continued) 
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Clipper Mtns 0.0
Marble Mtns 14.0 0.0
Old Woman Mtns 27.8 32.8 0.0
Sacramento Mtns 51.6 55.7 28.8 0.0
Dead Mtns 78.2 79.7 75.8 72.2 0.0
Chemuevi Mtns 100.0 104.3 76.0 58.5 136.9 0.0
Whipple Mtns 140.6 144.7 117.0 118.7 182.0 113.5 0.0
Turtle Mtns 71.3 75.5 46.9 57.3 114.9 80.2 88.1 0.0
Riverside Mtns 232.4 235.6 212.9 223.4 276.2 243.0 223.5 185.1 0.0
Big Maria Mtns -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 0.0
Little Maria Mtns 158.1 159.6 147.0 163.6 203.9 197.3 213.0 146.5 224.7 -1.0 0.0
Iron Mtns 141.3 142.4 131.8 149.3 187.3 185.2 204.8 137.1 234.3 -1.0 41.5 0.0
Coxcombe Mtns 123.9 125.5 110.9 133.1 171.0 173.1 200.7 131.6 255.9 -1.0 106.5 69.0 0.0
Palen Mtns 101.5 101.2 98.7 118.6 148.5 160.9 191.1 122.7 251.9 -1.0 118.9 90.6 93.9 0.0
McCoy Mtns 151.3 152.5 141.4 158.7 197.3 193.9 212.3 145.0 236.7 -1.0 32.2 20.2 90.2 104.1 0.0
Chuckwalla Mtns 192.8 194.2 182.1 198.9 238.6 233.0 249.5 182.9 265.1 -1.0 42.9 73.5 139.3 151.3 59.7 0.0
Eagle Mountains 142.3 141.9 140.2 160.2 189.2 202.9 233.7 165.3 296.1 -1.0 166.2 140.5 143.9 66.7 151.3 198.1 0.0
Pinto Mtns 103.3 102.9 101.5 121.6 150.3 164.6 195.8 127.4 259.6 -1.0 132.4 106.0 106.7 25.8 118.2 164.8 37.7 0.0
Sheephole Mtns 99.6 99.1 97.8 117.9 146.6 160.9 192.3 123.8 256.3 -1.0 129.7 103.2 103.2 22.2 115.6 162.2 47.3 5.1 0.0
Sheephole Mtns 88.3 87.5 87.4 107.8 135.6 151.6 184.2 115.7 252.0 -1.0 132.3 106.8 100.9 31.3 119.2 165.1 74.4 33.7 28.3 0.0
Bullions Mtns 82.0 81.2 82.2 102.5 129.1 147.0 180.3 111.8 250.3 -1.0 134.4 109.7 103.4 37.3 121.9 167.4 77.1 36.6 32.1 7.3 0.0
Queen Mtn 102.8 102.2 101.1 121.2 149.7 164.3 195.7 127.3 260.1 -1.0 134.0 107.7 107.8 28.3 120.0 166.5 47.8 5.5 2.0 33.3 35.6 0.0
Little San Bernardino Mtns 101.8 101.3 100.1 120.2 148.7 163.3 194.7 126.3 259.0 -1.0 132.7 106.5 106.7 27.0 118.7 165.2 43.7 1.4 2.3 32.5 34.8 1.3 0.0
San Gorgonio Mtns 112.4 111.8 112.1 132.2 159.1 176.3 209.1 140.6 277.3 -1.0 158.4 133.3 130.3 59.4 145.4 191.2 85.5 45.3 42.9 52.6 47.5 42.2 39.5 0.0
San Jacinto Mtns 231.5 230.9 230.6 250.7 278.2 294.4 326.7 258.2 393.3 -1.0 271.5 246.1 244.5 170.7 258.1 304.1 186.5 152.5 151.6 169.1 167.2 150.8 147.3 143.4 0.0
Santa Rosa Mtns 228.4 227.8 227.5 247.6 275.1 291.2 323.4 254.9 389.9 -1.0 267.8 242.4 241.0 166.8 254.3 300.4 181.7 148.3 147.5 165.7 164.0 146.8 143.1 141.7 3.0 0.0
Orocopia Mtns 131.5 131.0 129.5 149.5 178.4 192.4 223.4 155.0 286.5 -1.0 157.9 132.0 134.2 55.9 143.4 190.1 22.2 29.3 35.2 63.0 65.6 35.5 30.8 73.3 172.6 167.5 0.0
W. Chocolate Mtns 139.3 138.9 137.2 157.2 186.2 200.0 230.9 162.5 293.6 -1.0 164.2 138.5 141.3 63.7 149.5 196.2 9.1 36.0 43.8 71.1 73.8 44.2 39.9 81.9 182.0 177.1 12.3 0.0
N. San Bernardino Mtns 139.4 138.8 139.8 159.9 185.8 204.4 237.8 169.3 307.8 -1.0 192.1 167.7 163.6 96.3 179.6 225.1 124.4 84.3 81.8 87.4 80.9 81.5 79.3 48.2 185.0 183.2 112.3 120.9 0.0
S. Bristol Mtns 25.1 10.9 43.0 65.6 89.0 114.2 154.5 85.4 244.9 -1.0 167.9 150.5 133.9 108.6 160.7 202.5 149.2 110.2 106.4 94.6 88.3 109.5 108.6 119.2 238.3 235.1 138.3 146.2 146.2 0.0
Rodman Mtns 60.0 59.6 66.2 86.0 103.6 134.7 173.8 105.1 259.4 -1.0 173.1 154.0 140.7 104.9 164.7 207.3 143.8 104.4 100.8 89.7 80.9 103.5 102.5 108.6 229.0 226.1 132.7 140.6 131.9 68.1 0.0
Unnamed 2 84.7 83.9 85.3 105.6 131.6 150.3 184.0 115.5 255.0 -1.0 141.4 117.2 110.8 46.9 129.2 174.5 84.8 44.4 40.3 22.2 2.1 43.1 42.2 50.4 171.7 168.7 73.2 81.4 83.0 91.1 82.1 0.0  
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Appendix O. Desert Bighorn Sheep Percent Change in Resistance Distances Across All 69 Populations (from Present to High Renewable Development) 
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Coso Mtns 0.00%
South White Mtns 0.00% 0.00%
Deep springs Range -4.03% 0.00% 0.00%
Dry Mtn/Last Chance Range -2.12% 0.00% -4.42% 0.00%
Grapevine Mtns -8.17% 0.00% -9.83% -10.63% 0.00%
Inyo Mtns -3.61% 0.00% -6.84% 13.51% -10.48% 0.00%
Tin Mtn -1.91% 0.00% -2.14% 2.74% -11.06% 13.76% 0.00%
Funeral Mtn 5.23% 0.00% -0.36% 0.17% -8.23% 1.17% 0.39% 0.00%
Panamint Butte/ Hunter Mtn -2.42% 0.00% -0.73% 6.34% -10.38% 19.89% 3.47% 0.77% 0.00%
South Panamint Mtns 65.40% 0.00% 6.30% 8.30% -4.36% 8.98% 7.89% 5.00% 6.48% 0.00%
Black Mtns 16.16% 0.00% 5.23% 5.98% -2.26% 6.50% 6.00% 17.43% 6.06% 13.90% 0.00%
Nopah Mtns 57.10% 0.00% 36.13% 39.08% 19.63% 39.85% 39.39% 23.10% 40.16% 67.33% 16.71% 0.00%
Argus Range 0.80% 0.00% -1.64% 0.57% -7.16% -0.71% 0.79% 6.71% 0.43% 96.73% 18.02% 60.99% 0.00%
Slate Range 37.69% 0.00% 7.36% 9.42% -2.74% 9.68% 9.31% 7.54% 8.81% 93.82% 16.13% 70.24% 46.54% 0.00%
Quail Range 43.18% 0.00% 9.89% 12.21% -1.43% 12.66% 12.17% 7.59% 11.87% 92.32% 13.94% 69.59% 52.84% 126.45% 0.00%
Owlshead Mtns 47.36% 0.00% 12.96% 15.62% 0.32% 16.19% 15.65% 8.62% 15.57% 100.64% 12.78% 68.46% 57.11% 94.49% 78.88% 0.00%
Avawatz Mtns 47.19% 0.00% 17.44% 20.33% 3.75% 20.90% 20.45% 13.43% 20.61% 70.57% 19.83% 76.63% 54.43% 70.18% 60.55% 76.25% 0.00%
Kingston/ Mesquite Mtns 68.66% 0.00% 43.15% 46.89% 23.58% 47.80% 47.30% 28.57% 48.33% 84.35% 23.54% 61.29% 73.63% 88.33% 88.57% 87.15% 97.78% 0.00%
Clark Mtns 60.37% 0.00% 40.09% 43.05% 23.31% 43.80% 43.37% 27.28% 44.16% 70.20% 22.38% 26.35% 64.03% 72.94% 72.09% 71.04% 77.65% 5.12% 0.00%
Unnamed 1 40.81% 0.00% 10.24% 12.51% -1.00% 12.94% 12.49% 7.98% 12.24% 70.34% 14.25% 70.46% 49.03% 72.06% 31.07% 70.18% 29.59% 90.09% 72.82% 0.00%
Eagle Crags 41.48% 0.00% 10.93% 13.35% -0.55% 13.75% 13.36% 8.91% 13.19% 70.96% 15.63% 69.74% 49.56% 93.09% 45.21% 59.64% 51.15% 88.28% 72.72% 21.58% 0.00%
San Rafeal Peak 38.67% 0.00% 33.43% 34.63% 27.46% 34.72% 34.83% 32.81% 35.11% 41.81% 35.93% 46.16% 39.51% 42.39% 42.43% 42.80% 43.45% 48.51% 47.45% 42.41% 42.48% 0.00%
Cache Peak 16.65% 0.00% ####### -21.09% 16.39% 33.03% 35.79% 76.49% ####### 390.40% 553.28% -13.78% 388.33% 5041.68% 408.33% 123.75% -51.11% 29.12% -26.43% -3.28% 298.24% 74.57% 0.00%
San Gabriel Mtns 82.69% 0.00% 72.27% 74.54% 58.91% 74.89% 74.81% 67.89% 75.43% 88.07% 72.28% 86.28% 84.27% 88.94% 88.79% 88.91% 89.48% 90.66% 87.46% 88.82% 88.49% 46.91% 111.15% 0.00%
Soda Mtns 85.73% 0.00% 45.73% 51.32% 21.76% 52.41% 51.90% 35.93% 53.27% 129.02% 44.52% 96.61% 95.26% 138.20% 143.02% 143.17% 169.36% 118.89% 95.43% 146.33% 138.39% 49.70% -36.23% 96.44% 0.00%
Cady Mtns 157.68% 0.00% 99.04% ####### 56.83% ####### ####### 75.81% ####### 226.86% 83.18% 115.78% 171.27% 245.83% 258.48% 248.95% 271.43% 133.45% 110.53% 271.27% 260.81% 62.91% 173.70% 112.33% 328.96% 0.00%
Newberry Mtns 222.51% 0.00% ####### ####### ####### ####### ####### ####### ####### 272.81% 168.33% 224.44% 233.28% 283.36% 289.48% 284.86% 291.53% 256.19% 229.56% 294.10% 290.16% 82.52% 215.14% 116.36% 303.54% 468.59% 0.00%
Ord Mtns 222.86% 0.00% ####### ####### ####### ####### ####### ####### ####### 272.81% 168.57% 223.97% 233.58% 283.32% 289.30% 284.66% 291.06% 255.23% 228.82% 293.81% 290.09% 82.95% 215.73% 117.35% 302.79% 460.07% 4.84% 0.00%
North Bristol Mtns 97.46% 0.00% 66.48% 71.64% 40.61% 72.75% 72.24% 50.99% 73.77% 119.37% 52.16% 70.96% 103.47% 124.92% 124.54% 122.45% 125.36% 76.12% 69.27% 125.24% 127.16% 56.64% 137.02% 104.33% 141.89% 233.07% 431.30% 423.52% 0.00%
Old Dad Peak/ Kelso Mtns 85.26% 0.00% 57.60% 62.01% 34.70% 63.02% 62.52% 41.93% 63.82% 103.15% 39.66% 47.28% 90.52% 107.95% 107.48% 105.55% 110.68% 41.48% 42.17% 108.56% 109.51% 53.78% 507.14% 99.47% 129.58% 184.63% 362.07% 357.42% 124.09% 0.00%
New York Mtns 77.35% 0.00% 54.44% 58.15% 34.25% 58.99% 58.56% 41.35% 59.61% 90.18% 40.20% 51.53% 81.49% 93.50% 92.48% 91.33% 94.50% 51.04% 53.36% 92.83% 94.15% 52.57% -87.06% 95.20% 109.19% 121.29% 297.46% 294.65% 61.12% 20.43% 0.00%
Castle Peak 77.19% 0.00% 55.26% 58.86% 35.45% 59.67% 59.26% 42.62% 60.28% 89.18% 41.77% 53.14% 81.11% 92.24% 91.25% 90.19% 93.11% 53.16% 55.35% 91.54% 92.81% 52.91% 42.30% 94.83% 106.82% 116.31% 282.57% 280.17% 62.72% 28.18% 5.02% 0.00%
Piute Range 93.69% 0.00% 69.30% 73.60% 46.21% 74.51% 74.10% 56.10% 75.37% 108.71% 57.77% 74.95% 98.10% 112.25% 111.96% 110.68% 113.80% 79.73% 78.52% 112.59% 113.33% 57.97% 79.05% 100.81% 126.21% 143.54% 298.12% 295.46% 96.73% 88.12% 158.52% 232.02% 0.00%
Hackberry Mtns 77.93% 0.00% 55.30% 58.99% 35.15% 59.82% 59.40% 42.17% 60.45% 90.45% 40.94% 50.41% 81.99% 93.75% 92.63% 91.45% 94.19% 49.04% 49.19% 92.93% 94.48% 52.96% 119.09% 95.70% 108.54% 123.30% 305.08% 301.94% 62.50% 32.97% 22.96% 37.08% 49.53% 0.00%
Woods Mtns 81.55% 0.00% 56.66% 60.69% 35.18% 61.60% 61.14% 42.60% 62.31% 96.36% 41.32% 51.81% 86.13% 100.25% 99.31% 97.87% 101.24% 50.54% 50.38% 99.81% 101.28% 53.40% 123.57% 97.56% 117.08% 142.14% 335.54% 331.53% 72.64% 36.45% 11.58% 25.69% 69.93% 0.50% 0.00%
Providence Mtns 87.44% 0.00% 59.90% 64.38% 36.65% 65.38% 64.89% 44.80% 66.21% 105.23% 43.79% 55.70% 92.65% 109.88% 109.30% 107.50% 111.52% 55.19% 53.62% 110.11% 111.41% 54.45% 129.12% 100.11% 128.66% 172.76% 373.49% 368.23% 97.70% 68.07% 11.95% 25.11% 78.36% 7.88% -3.04% 0.00%
Granite Mtns 89.77% 0.00% 61.83% 66.42% 38.09% 67.44% 66.94% 46.59% 68.30% 108.00% 45.90% 57.94% 95.05% 112.77% 112.19% 110.33% 114.03% 58.02% 55.05% 112.99% 114.45% 55.17% 130.61% 101.21% 130.84% 184.10% 385.60% 379.80% 119.93% 73.04% 20.18% 28.99% 69.30% 16.97% 13.54% 12.42% 0.00%
Clipper Mtns 99.66% 0.00% 75.24% 79.63% 51.37% 80.56% 80.14% 61.20% 81.46% 114.51% 62.38% 73.97% 104.01% 118.21% 117.77% 116.23% 118.48% 76.09% 71.90% 118.35% 119.68% 61.04% 131.86% 106.15% 129.86% 155.05% 352.95% 348.53% 106.62% 80.40% 61.98% 64.76% 84.68% 62.02% 64.63% 68.79% 68.66%
Marble Mtns 108.38% 0.00% 81.26% 86.19% 55.06% 87.23% 86.77% 66.02% 88.28% 125.95% 67.80% 80.82% 113.30% 130.32% 130.19% 128.29% 130.85% 83.98% 78.41% 131.00% 132.29% 63.24% 139.19% 110.56% 142.59% 178.41% 408.74% 402.41% 124.82% 92.20% 68.78% 70.73% 92.32% 69.52% 73.36% 78.82% 78.37%
Old Woman Mtns 110.36% 0.00% 84.86% 89.64% 59.18% 90.61% 90.21% 70.94% 91.66% 126.76% 73.99% 90.01% 114.93% 130.57% 130.66% 129.11% 131.77% 95.16% 89.78% 131.50% 132.19% 64.14% 138.11% 107.76% 142.60% 173.90% 326.09% 322.69% 137.48% 113.82% 95.60% 97.05% 108.23% 93.91% 101.75% 111.33% 111.76%
Sacramento Mtns 132.92% 0.00% ####### ####### 78.55% ####### ####### 93.22% ####### 150.34% 98.97% 119.46% 137.53% 154.07% 154.79% 153.26% 156.06% 127.90% 121.29% 155.84% 155.86% 74.31% 151.57% 117.81% 164.66% 196.09% 305.53% 303.20% 172.84% 158.74% 145.29% 144.79% 154.29% 149.88% 156.21% 163.00% 159.31%
Dead Mtns 94.10% 0.00% 79.57% 82.41% 62.37% 82.98% 82.74% 70.82% 83.56% 101.47% 72.99% 83.18% 96.44% 103.11% 102.77% 102.18% 103.45% 85.69% 84.11% 102.98% 103.55% 65.43% 115.83% 99.61% 109.55% 114.48% 192.20% 191.62% 96.89% 91.29% 92.67% 96.63% 86.62% 87.93% 89.47% 90.49% 88.37%
Chemuevi Mtns 117.77% 0.00% ####### ####### 83.40% ####### ####### 93.81% ####### 126.29% 97.55% 109.32% 120.24% 128.04% 128.08% 127.42% 128.67% 113.27% 110.03% 128.46% 128.72% 77.86% 133.06% 111.44% 133.79% 144.15% 199.24% 198.73% 131.35% 124.16% 118.19% 118.38% 122.96% 118.86% 121.38% 124.17% 123.69%
Whipple Mtns 141.53% 0.00% ####### ####### ####### ####### ####### ####### ####### 150.69% 122.70% 136.12% 144.03% 152.45% 152.80% 152.12% 153.43% 141.21% 137.39% 153.30% 153.26% 92.42% 151.18% 125.49% 157.66% 170.27% 208.05% 207.61% 161.38% 155.49% 149.39% 148.77% 154.07% 151.32% 153.87% 156.67% 156.03%
Turtle Mtns 146.30% 0.00% ####### ####### 92.48% ####### ####### ####### ####### 163.11% 115.54% 137.10% 150.66% 166.52% 167.44% 166.06% 168.63% 146.35% 139.26% 168.50% 168.23% 81.50% 159.78% 122.59% 175.97% 206.73% 278.75% 277.16% 190.62% 177.87% 163.58% 161.61% 172.96% 168.62% 174.96% 182.05% 180.37%
Riverside Mtns 165.45% 0.00% ####### ####### ####### ####### ####### ####### ####### 173.51% 150.55% 163.19% 167.57% 174.96% 175.43% 174.88% 175.98% 168.19% 164.54% 175.91% 175.67% ####### 169.87% 142.40% 179.04% 190.92% 204.39% 204.19% 186.08% 181.51% 176.10% 175.09% 179.17% 177.90% 180.25% 182.81% 182.67%
Big Maria Mtns 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Little Maria Mtns 159.88% 0.00% ####### ####### ####### ####### ####### ####### ####### 171.80% 140.79% 160.53% 162.93% 173.87% 174.72% 174.05% 175.86% 168.67% 163.16% 175.53% 174.80% 95.56% 166.27% 123.40% 181.00% 203.32% 178.99% 179.10% 199.92% 192.90% 183.59% 181.58% 189.27% 187.18% 191.20% 195.85% 196.04%
Iron Mtns 148.85% 0.00% ####### ####### ####### ####### ####### ####### ####### 160.81% 129.74% 150.16% 151.92% 162.87% 163.68% 163.07% 164.97% 158.46% 152.99% 164.49% 163.70% 87.37% 157.40% 113.05% 170.77% 194.21% 156.84% 157.17% 191.27% 183.97% 174.25% 172.27% 180.82% 178.08% 182.20% 187.10% 187.39%
Coxcombe Mtns 203.96% 0.00% ####### ####### ####### ####### ####### ####### ####### 227.31% 173.22% 208.28% 209.46% 231.50% 233.92% 232.34% 236.01% 225.19% 213.85% 235.77% 233.87% ####### 202.33% 137.83% 242.89% 295.41% 254.03% 253.31% 295.25% 282.93% 262.57% 256.43% 272.12% 273.52% 282.92% 293.65% 292.43%
Palen Mtns 145.46% 0.00% ####### ####### 92.13% ####### ####### ####### ####### 163.15% 120.46% 149.65% 149.84% 166.26% 167.63% 166.78% 169.69% 162.32% 153.65% 168.95% 167.47% 73.35% 157.54% 96.05% 178.84% 223.10% 100.84% 102.61% 220.18% 204.32% 185.41% 181.47% 193.63% 190.45% 198.87% 209.26% 211.86%
McCoy Mtns 157.68% 0.00% ####### ####### ####### ####### ####### ####### ####### 169.99% 138.27% 158.87% 160.82% 172.12% 173.01% 172.34% 174.24% 167.38% 161.67% 173.85% 173.05% 92.78% 164.58% 119.83% 179.70% 203.46% 171.06% 171.28% 200.43% 193.06% 183.22% 181.09% 189.29% 187.04% 191.28% 196.24% 196.52%
Chuckwalla Mtns 172.58% 0.00% ####### ####### ####### ####### ####### ####### ####### 183.87% 154.89% 173.64% 175.44% 185.80% 186.67% 186.02% 187.68% 181.42% 176.13% 187.43% 186.72% ####### 176.40% 134.39% 192.04% 212.54% 190.58% 190.64% 209.94% 203.82% 195.44% 193.47% 200.25% 198.80% 202.44% 206.60% 206.75%
Eagle Mountains 127.12% 0.00% ####### ####### 91.26% ####### ####### ####### ####### 137.11% 111.48% 130.72% 129.74% 138.72% 139.31% 139.01% 140.73% 138.03% 133.42% 139.98% 139.12% 74.77% 138.84% 91.16% 147.08% 168.73% 91.97% 92.98% 167.64% 160.47% 151.42% 149.81% 157.80% 154.20% 157.96% 162.70% 163.94%
Pinto Mtns 149.99% 0.00% ####### ####### 94.37% ####### ####### ####### ####### 168.90% 124.42% 155.52% 154.61% 172.21% 173.78% 172.87% 175.99% 169.23% 159.86% 175.22% 173.53% 73.34% 160.99% 93.74% 185.43% 234.09% 100.00% 101.86% 231.68% 214.71% 194.42% 189.98% 202.71% 199.92% 209.04% 220.29% 223.14%
Sheephole Mtns 150.63% 0.00% ####### ####### 93.38% ####### ####### ####### ####### 170.43% 124.05% 156.17% 155.44% 173.93% 175.59% 174.61% 177.87% 170.49% 160.64% 177.11% 175.34% 72.63% 161.84% 93.53% 187.68% 239.65% 96.72% 98.78% 236.93% 218.52% 196.76% 192.00% 205.19% 202.49% 212.32% 224.45% 227.57%
Sheephole Mtns 178.02% 0.00% ####### ####### ####### ####### ####### ####### ####### 208.66% 141.91% 186.31% 185.03% 214.35% 217.66% 215.71% 220.82% 208.68% 192.75% 220.32% 217.28% 76.34% 183.06% 102.89% 232.60% 329.29% 90.89% 94.22% 327.95% 291.88% 251.91% 242.27% 259.76% 261.77% 280.71% 304.40% 310.74%
Bullions Mtns 220.73% 0.00% ####### ####### ####### ####### ####### ####### ####### 272.55% 167.88% 230.03% 231.71% 283.12% 290.03% 285.59% 293.87% 266.00% 238.06% 295.15% 289.83% 80.54% 212.54% 112.24% 307.41% 518.60% 63.58% 76.01% 499.55% 409.76% 329.67% 310.61% 330.41% 343.24% 381.89% 432.09% 448.23%
Queen Mtn 151.02% 0.00% ####### ####### 94.56% ####### ####### ####### ####### 170.34% 124.97% 156.42% 155.73% 173.75% 175.36% 174.41% 177.56% 170.35% 160.72% 176.83% 175.12% 73.28% 161.96% 93.72% 187.11% 237.07% 100.64% 102.59% 234.11% 216.33% 195.40% 190.84% 203.47% 200.76% 210.20% 221.83% 224.91%
Little San Bernardino Mtns 154.31% 0.00% ####### ####### 95.89% ####### ####### ####### ####### 174.57% 127.24% 159.69% 159.21% 178.17% 179.89% 178.85% 182.11% 174.26% 164.10% 181.44% 179.67% 73.96% 164.78% 95.36% 191.79% 244.29% 104.81% 106.90% 241.04% 222.36% 200.31% 195.43% 208.41% 205.95% 215.94% 228.22% 231.40%
San Gorgonio Mtns 156.41% 0.00% ####### ####### 99.16% ####### ####### ####### ####### 175.37% 128.98% 157.57% 161.07% 178.88% 180.19% 179.06% 181.39% 170.19% 160.20% 181.43% 180.33% 76.18% 168.35% 100.60% 190.08% 231.53% 124.33% 127.97% 222.30% 205.00% 185.67% 181.74% 191.37% 188.32% 197.09% 207.59% 211.01%
San Jacinto Mtns 149.59% 0.00% ####### ####### ####### ####### ####### ####### ####### 157.43% 136.32% 150.25% 151.64% 158.75% 159.17% 158.81% 159.76% 155.65% 151.53% 159.62% 159.19% 97.87% 156.64% 119.42% 163.71% 177.44% 137.58% 138.65% 174.63% 168.96% 162.14% 160.82% 165.18% 163.20% 166.22% 169.75% 170.93%
Santa Rosa Mtns 141.23% 0.00% ####### ####### ####### ####### ####### ####### ####### 148.43% 128.77% 141.92% 143.14% 149.64% 149.98% 149.68% 150.59% 146.89% 143.15% 150.39% 150.00% 93.58% 149.11% 113.66% 154.53% 167.15% 127.28% 128.32% 164.52% 159.24% 152.94% 151.80% 156.07% 153.91% 156.67% 159.92% 161.04%
Orocopia Mtns 118.26% 0.00% ####### ####### 83.53% ####### ####### 96.29% ####### 127.89% 102.83% 121.85% 120.83% 129.44% 129.94% 129.70% 131.41% 128.91% 124.53% 130.57% 129.74% 69.46% 131.95% 84.60% 138.16% 159.51% 76.89% 78.07% 158.27% 150.95% 141.95% 140.50% 148.74% 144.60% 148.29% 153.03% 154.37%
W. Chocolate Mtns 123.90% 0.00% ####### ####### 88.62% ####### ####### ####### ####### 133.70% 108.43% 127.48% 126.49% 135.27% 135.82% 135.55% 137.25% 134.64% 130.15% 136.47% 135.63% 72.99% 136.25% 88.90% 143.70% 165.03% 86.91% 87.97% 163.89% 156.73% 147.78% 146.25% 154.26% 150.49% 154.19% 158.88% 160.15%
N. San Bernardino Mtns 165.87% 0.00% ####### ####### ####### ####### ####### ####### ####### 182.07% 139.38% 162.93% 169.95% 185.18% 185.97% 184.82% 185.99% 173.27% 164.09% 186.78% 186.47% 86.86% 178.13% 124.71% 192.58% 219.19% 149.93% 153.22% 208.46% 196.16% 181.33% 178.29% 185.50% 182.58% 189.40% 197.22% 199.65%
S. Bristol Mtns 143.16% 0.00% ####### ####### 74.63% ####### ####### 90.56% ####### 168.91% 95.96% 116.66% 149.63% 174.99% 176.32% 173.48% 177.19% 125.70% 115.23% 178.03% 178.45% 73.31% 163.64% 125.21% 188.17% 256.91% 513.56% 503.82% 210.02% 160.46% 122.50% 119.76% 140.52% 126.01% 138.06% 154.30% 158.47%
Rodman Mtns 35.01% 0.00% 4.61% 5.95% -4.22% 6.40% 5.60% 4.56% 4.36% 4.02% 11.94% 55.23% 44.39% 31.71% 34.39% 40.08% 41.84% 67.39% 58.70% 32.96% 35.06% 40.01% -9.65% 83.21% 85.80% 163.92% 229.67% 229.90% 97.23% 84.47% 76.31% 76.21% 93.51% 76.88% 80.61% 86.76% 89.17%
Unnamed 2 226.43% 0.00% ####### ####### ####### ####### ####### ####### ####### 279.61% 171.28% 231.80% 237.70% 290.67% 297.57% 292.75% 300.49% 266.75% 238.34% 302.69% 297.86% 82.33% 217.02% 115.84% 313.27% 513.78% 67.41% 93.24% 478.91% 394.38% 319.20% 301.66% 318.91% 329.37% 365.13% 410.64% 425.52%
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Appendix O. Desert Bighorn Sheep Percent Change in Resistance Distances Across All 69 Populations (from Present to High Renewable Development Continued) 
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Clipper Mtns 0.00%
Marble Mtns 163.50% 0.00%
Old Woman Mtns 208.61% 196.78% 0.00%
Sacramento Mtns 211.56% 206.29% 251.74% 0.00%
Dead Mtns 98.79% 100.97% 106.96% 96.56% 0.00%
Chemuevi Mtns 142.41% 143.43% 129.73% 97.06% 113.79% 0.00%
Whipple Mtns 173.97% 174.05% 170.30% 169.72% 140.47% 195.30% 0.00%
Turtle Mtns 230.81% 226.57% 257.22% 233.94% 143.24% 143.88% 141.04% 0.00%
Riverside Mtns 194.77% 195.81% 194.22% 191.98% 163.73% 172.28% 165.90% 178.25% 0.00%
Big Maria Mtns 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Little Maria Mtns 215.77% 218.73% 222.79% 218.98% 165.57% 181.36% 188.16% 215.63% 231.02% 0.00% 0.00%
Iron Mtns 209.15% 212.45% 217.99% 214.80% 158.36% 176.28% 185.58% 214.63% 223.87% 0.00% 256.57% 0.00%
Coxcombe Mtns 348.35% 346.53% 425.61% 346.98% 209.20% 231.78% 233.00% 335.79% 216.79% 0.00% 145.51% 89.47% 0.00%
Palen Mtns 233.09% 248.84% 234.16% 229.67% 157.20% 173.07% 184.65% 223.35% 194.92% 0.00% 159.92% 127.99% 182.62% 0.00%
McCoy Mtns 217.13% 220.53% 225.20% 221.23% 164.84% 181.75% 189.76% 219.86% 227.64% 0.00% 260.98% 253.98% 124.87% 149.10% 0.00%
Chuckwalla Mtns 223.53% 226.11% 230.04% 226.27% 176.48% 191.48% 197.38% 224.61% 234.26% 0.00% 271.16% 248.39% 163.47% 176.22% 249.77% 0.00%
Eagle Mountains 178.55% 185.25% 181.04% 185.06% 141.94% 157.86% 170.49% 187.85% 190.45% 0.00% 181.82% 160.72% 167.86% 103.15% 180.14% 194.02% 0.00%
Pinto Mtns 243.49% 260.64% 245.27% 239.72% 162.34% 179.73% 191.76% 235.71% 203.21% 0.00% 186.87% 161.57% 211.62% 196.35% 180.69% 199.17% 63.25% 0.00%
Sheephole Mtns 248.21% 267.08% 249.07% 242.54% 162.55% 179.59% 191.54% 237.01% 201.54% 0.00% 180.24% 154.00% 211.72% 183.43% 172.73% 193.34% 67.02% 55.76% 0.00%
Sheephole Mtns 333.60% 375.57% 325.95% 298.50% 182.91% 198.22% 207.51% 279.57% 206.01% 0.00% 177.77% 152.05% 262.21% 77.94% 168.55% 190.33% 84.27% 89.79% 78.96% 0.00%
Bullions Mtns 426.99% 514.21% 390.66% 345.89% 201.84% 211.38% 218.71% 311.39% 212.01% 0.00% 187.60% 163.12% 282.56% 98.96% 179.03% 198.75% 91.01% 102.56% 97.09% 99.69% 0.00%
Queen Mtn 243.72% 261.91% 243.66% 238.60% 162.25% 178.56% 190.36% 233.19% 200.22% 0.00% 178.71% 153.50% 208.80% 150.89% 171.42% 191.66% 63.01% 26.39% 17.36% 87.93% 102.60% 0.00%
Little San Bernardino Mtns 250.39% 269.36% 250.76% 244.32% 164.56% 181.19% 192.91% 238.73% 202.81% 0.00% 183.97% 158.59% 214.19% 169.71% 177.18% 196.48% 71.54% 14.51% 29.27% 91.24% 106.51% -0.09% 0.00%
San Gorgonio Mtns 214.96% 231.96% 207.64% 210.79% 155.43% 164.89% 176.08% 202.89% 182.18% 0.00% 149.19% 128.21% 182.20% 75.08% 141.15% 162.73% 61.79% 47.04% 46.17% 84.96% 109.02% 43.84% 49.49% 0.00%
San Jacinto Mtns 174.80% 180.48% 172.42% 176.08% 150.81% 156.90% 164.35% 173.81% 170.95% 0.00% 148.29% 136.28% 161.86% 116.71% 143.72% 156.70% 97.32% 104.34% 105.92% 122.28% 132.94% 105.35% ####### 151.67% 0.00%
Santa Rosa Mtns 165.19% 170.50% 162.95% 167.15% 143.86% 150.12% 157.95% 165.27% 165.50% 0.00% 141.44% 129.25% 153.30% 107.79% 136.72% 150.27% 90.17% 95.00% 96.43% 112.75% 122.54% 95.85% ####### 138.07% 65.70% 0.00%
Orocopia Mtns 169.42% 176.46% 171.33% 176.65% 134.95% 150.89% 164.28% 179.19% 184.20% 0.00% 169.01% 146.63% 158.68% 84.55% 165.60% 182.67% 193.69% 38.28% 39.44% 66.72% 73.73% 36.04% 42.39% 46.88% 89.46% 82.08% 0.00%
W. Chocolate Mtns 174.76% 181.53% 176.98% 181.49% 139.28% 155.08% 167.93% 184.14% 187.74% 0.00% 176.38% 154.97% 164.13% 97.04% 173.96% 189.09% 165.84% 57.11% 58.61% 78.52% 85.28% 54.83% 63.06% 56.97% 94.42% 87.20% 220.02% 0.00%
N. San Bernardino Mtns 199.66% 211.78% 194.15% 198.86% 155.80% 162.94% 172.99% 193.00% 178.56% 0.00% 150.39% 133.83% 180.23% 97.79% 143.97% 161.72% 82.12% 81.95% 82.39% 113.06% 136.53% 80.50% 83.34% 69.70% ####### ####### 71.48% 78.53% 0.00%
S. Bristol Mtns 196.53% 235.73% 227.01% 229.58% 119.91% 156.32% 183.73% 243.34% 203.32% 0.00% 232.75% 228.19% 361.92% 285.82% 235.71% 237.99% 204.82% 299.92% 309.39% 452.95% 674.77% 302.73% ####### 269.52% ####### ####### 197.15% ####### ####### 0.00%
Rodman Mtns 99.45% 108.48% 110.75% 134.08% 93.97% 118.18% 142.34% 147.80% 166.42% 0.00% 161.49% 150.43% 207.49% 147.86% 159.35% 174.19% 128.49% 152.68% 153.42% 182.51% 228.39% 153.77% ####### 158.88% ####### ####### 119.53% ####### ####### 144.74% 0.00%
Unnamed 2 389.27% 459.58% 355.89% 325.81% 198.56% 205.74% 213.68% 294.43% 208.11% 0.00% 183.38% 160.60% 266.25% 102.28% 175.28% 194.62% 92.35% 101.57% 98.02% 92.41% 51.70% 102.25% ####### 122.62% ####### ####### 76.60% 87.08% ####### 590.04% ####### 0.00%
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Appendix P: Additional general recommendations for 

 renewable energy development, urban 
 development, and conservation planning. 

 
The methodology developed by this project can be applied to environmental 
analyses of future urban and renewable energy development to integrate 
consideration of fragmentation, connectivity, and gene flow into the 
development process. General considerations to maintain ecological integrity 
in West Mojave and elsewhere include: 
 

1. Plan at a regional scale for cumulative impacts . Although the National 
Environmental Policy Act and the California Environmental Quality Act 
require review of site-specific project impacts, the cumulative impacts 
of multiple projects to a region are rarely analyzed in detail. By first 
examining the impacts of development at a regional scale, land 
managers will be better able to avoid landscape-scale impacts on 
habitat connectivity, reduce barriers to movement, and maintain 
genetic viability for species of concern. 

 
2. Evaluate long time scales in planning horizons. Climate change is 

anticipated to have significant impacts to species and habitats in 
ecosystems around the world. Long-range planning needs to account 
for how climate change will affect species movement patterns and 
habitat connectivity to assess probable future impacts of development.  
 
Additionally, ecological processes that depend on habitat connectivity, 
such as gene flow, can have significant time-lags. The consequences 
of genetically isolated population may not be realized for several 
generations. Planners and land managers should consider the longer 
time scales of ecological processes that affect species of concern  

 
Moreover, as California’s population, economy, or per-capita energy 
demand continues to grow, and if California is to reach its goal of 
reducing carbon dioxide emissions to 80% below 1990 levels, demand 
for renewable resources is likely to intensify. Without appropriate 
planning, this may result in significant impacts to habitat continuity, 
species movement, and gene flow in the West Mojave. 

 
3. Work to incorporate ecological processes such as connectivity into 

environmental considerations during the development process. Just as 
the cumulative, regional impacts are rarely analyzed in detail, impacts 
to ecological connectivity from habitat fragmentation are also rarely 
analyzed in detail. 
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4. Anticipate potential "leakage” or rebound effects. Limiting development 
in some areas may instead push it to another site and not actually stop 
the development, especially if demand is inelastic and there is a large 
supply of land (Ewers & Rodriguez, 2008). Anticipating these situations 
may help prevent accidental development in areas with even greater 
ecological value. This is particularly crucial when development on an 
ecologically poor section of public land is denied and inadvertently 
moved to an ecologically rich section of private land. 

 
5. Continue to investigate and support alternatives to large-scale 

renewable energy. Every watt of energy saved through energy 
efficiency or generated through distributed renewable energy sources 
simultaneously reduces the need for fossil fuels and for large-scale 
renewable energy development in the Mojave. Greater energy 
efficiency or distributed energy generation may prove just as effective, 
and have a smaller or insignificant ecological impact compared to 
large-scale renewable energy development. In addition, current 
planning efforts do not identify enough in-state renewable energy 
sources to meet the highest levels of potential demand. If additional in-
state capacity is not identified, the state might need to pursue 
additional out-of-state energy sources, distributed energy generation, 
or greater energy efficiency. 

 
6. Consider the Mojave’s variation in ecological assessments. The 

geology of California, including the base rock upon which its soils are 
built as well as the terrain topography, is diverse. This diversity creates 
similarly diverse habitats and species compositions. Compared to 
California, the basin-and-range mountains that cover much of Nevada 
has relatively little diversity in its base rock composition and 
topography and may thus offer an alternative location for renewable 
energy (Connie Vadheim, personal communication, October 2008). 

 
7. Incorporate connectivity into previous analyses. Neither the 

Geothermal Programmatic Environmental Impact Statements (PEIS) 
nor the Wind PEIS explicitly examine ecological connectivity in detail or 
the impacts that such developments might have on gene flow or 
metapopulations. In the Geothermal PEIS, the effects of habitat 
fragmentation were considered to be “minor” without performing a 
formal connectivity analysis. As discussed previously in this report 
(Section 6.3.3.2), the Wind PEIS included a discussion of potential 
impacts to various ecological processes, habitat fragmentation, and 
alterations to animal behavior. However, the impacts were mainly 
attributed to construction, not operation and maintenance, and there 
was no formal analysis of connectivity. To better inform decisions that 
will permanently alter the natural landscape, planners could 
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incorporate methodology employed by this project to better understand 
impacts on connectivity and gene flow.  

 
8. Expand upon our research. By incorporating additional species, more 

areas of concern could be highlighted. For an extended list of how , 
including plants such as the Joshua tree. More suggestions for 
directions that future research might take can be found below (Section 
11.4). 

 
9. Account for impacts to connectivity in Best Management Practices for 

renewable energy generation. The Renewable Energy Action Team is 
currently developing Best Management Practices (BMP) for renewable 
energy generation. These BMPs should include mitigation measures, 
such as: 

 
a. Minimize dispersed development. Compact development has a 

smaller disturbance zone and therefore less impact on 
connectivity (Theobald 1997). Co-locating large projects, or 
using a smaller number of large, space-efficient facilities could 
reduce the amount of transmission, roads, and other 
infrastructure needed between projects to minimize habitat 
fragmentation and impacts on habitat connectivity and gene 
flow. 

 
b. Consider modifying project location or design to preserve 

undisturbed lands and other areas important for ecological 
processes. Similarly, attempt to build on previously disturbed 
lands to minimize the impact to pristine habitat (Sutherland 
2004). Most planning organizations, including RETI, recognize 
the value of siting renewable energy development on previously 
disturbed lands instead of pristine lands in order to minimize 
ecological impacts (RETI Stakeholder Steering Committee 
2009). However, data on what land has been previously 
disturbed is lacking, and creating a dataset of previously 
disturbed habitat could help facilitate the use of such lands for 
development. 

 
c. If development is unavoidable, ensure that the surrounding area 

– or any other areas important for connectivity – are shielded 
from further development. Impacts from any one project on 
connectivity may not be great, but the cumulative impact from 
multiple developments may result in ecological collapse. 

 
d. Eliminate unnecessary fencing. Fencing creates an 

impenetrable barrier to movement for many species and 
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drastically reduces the permeability of development for such 
movement. 

 
e. Minimize the number of roads. Roads often involve grading and 

have significant impacts on ecological and hydrological 
processes. Roads can reduce biodiversity and mobility and 
increase the risk of invasion from exotic species (see Section 
6.2). Paved roads have been shown to effectively suppress 
desert tortoise populations located within 400 meters (see 
Section 5.4.2 
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Appendix Q. Contact Information for Updated Data, 
Analyses, Reports, and Publications 

 
The work contained herein represents the culmination of a two-year Masters 
Thesis Group Project. Several members of the project team will be pursuing 
additional work on this interesting and timely topic. For updated data, 
analyses, reports, and publications please contact: 
 
Tessa Eve Bernhardt 
GIS and Technical Analyst, West Mojave Project 
T.E.Bernhardt@gmail.com  
 

 


