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I. PURPOSE OF THE PLAN 
 
A. General 
This document provides strategic direction for statewide management of bighorn sheep (Ovis 
canadensis) in Arizona. The Arizona Game and Fish Department (Department) manages bighorn 
sheep and their habitat to sustain or enhance bighorn populations. As a result of these efforts, 
Arizona bighorn populations have expanded into many historically occupied areas (Figure 1). 
Bighorn provide benefits to local communities by providing opportunity for public wildlife 
viewing, a source for translocations to initiate or supplement bighorn sheep populations 
throughout the western United States, and a sustainable resource for hunting. At one time, 
Arizona’s bighorn sheep populations were in decline and numbered about 1,000, but with active 
management have expanded to about 6,000. Additionally, several states including Utah, 
Colorado, and New Mexico have established or supplemented bighorn sheep populations with 
bighorn sheep from Arizona.   

 
Arizona’s wildlife resources demand prudent and increasingly intensive management to 
accommodate numerous and varied public demands and growing impacts from people such as 
habitat loss and fragmentation. This action plan provides important information for the 
formulation of sound management which includes: the current status of bighorn sheep herds, 
habitat potential for new bighorn sheep areas, issues and concerns, management goals, objectives 
and strategies to guide management of this important resource into the future. This plan is 
intended to guide managers and biologists, and also aid in the decision-making process of the 
Department and the Arizona Game and Fish Commission.  
 
B. Dates 
The statewide bighorn sheep plan is a ten year plan to be reviewed and updated as management 
strategies are implemented and priorities are met. This plan will be in effect from the date listed 
on the plan for a period of 10 years. This plan will be reviewed annually and updated as 
accomplishments are completed or new issues arise. 
 
II. SPECIES ASSESSMENT 
 
A. Natural History 
Arizona’s bighorn sheep population consists of both desert and Rocky Mountain subspecies. 
Though the Department acknowledges recent literature that suggests that the O. c. mexicana does 
not represent a distinct subspecies (Ramey 1995), in Arizona for the purposes of management, 
the Department will continue to recognize two separate desert subspecies: O. c. nelsoni and O. c. 
mexicana. Bighorn sheep populations are thought to have once been much larger in number and 
distribution than what is present today, with large declines likely occurring predominantly 
between 1860 and 1920. Although, the primary causes for these declines are not well understood, 
disease, drought, and possibly unregulated hunting were important factors. Currently, the impact 
of these factors has been reduced and bighorn sheep numbers have increased through a 
combination of habitat protection, an aggressive translocation program, and construction of 
numerous water developments. This plan recognizes that in spite of recent successes from an 
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aggressive translocation program and abatement of some depressing factors, there are additional 
opportunities to continue to expand the distribution of bighorn sheep into vacant and low density 
habitats that were occupied historically. 

 
Physical characteristics of bighorn sheep differ somewhat between desert bighorn sheep and 
Rocky Mountain bighorn sheep (RMBS). While it may be difficult to differentiate between the 
two sub-species by outward appearance, RMBS tend to be larger than desert bighorn sheep.  
Adult rams may weigh up to 300 pounds and ewes up to 190 pounds. For desert bighorn sheep, 
adult rams weigh 160 and 225 pounds and adult ewes average 110 pounds. Horns grow 
throughout life and typically reach maximum size for rams at 8 to 10 years of age. Females also 
have horns that are similar in size to yearling males. The biggest visual difference between the 
two sexes for both subspecies is size and shape of the horns. For desert bighorn sheep, ewe horns 
are generally 10 to 13 inches long with a circumference of three to six inches while adult ram 
horns generally measure up to 40 inches along the outside curl with a basal circumference 
between 13 and 17 inches. The horn core is honeycombed with chambers, or sinuses, which 
reduce the weight of the skull.   
 
Newborn bighorn lambs weigh from 8 to 10 pounds, have dark eyes and fuzzy, dark-gray hair, 
and are active within minutes of birth. As the lambs mature, their eyes take on the characteristic 
amber color of the adult’s eyes. After several months, they also take on the adult’s pale buff to 
dark, chocolate-brown coloration. This overall coat color is accentuated by a white muzzle, a 
white rump patch, light-colored eye rings, and a white edging on the rear legs. The tail is black, 
bordered in white. 
 
Bighorn sheep have a life expectancy of 10 to 12 years, but may attain an age of 17 years or 
older. Usually one, rarely two, lambs are born. Lambs typically stay with their mothers until two 
years of age. Young rams then leave the nursery herds of ewes and lambs and join a bachelor 
herd. Adults usually remain segregated according to sex except during the breeding season. 
Sexual maturity varies, both physiologically and behaviorally, between rams and ewes. Although 
rams as young as 6 months of age may be capable of breeding, they usually are precluded from 
breeding by the presence of older, dominant rams. Ewes do not breed until they are about two-
years old, and rams usually not until at least three years of age. In Arizona, the breeding season 
extends from early summer and into fall. The breeding season for desert bighorn sheep extends 
from early summer and into fall, but the peak breeding activity takes place in August. The 
gestation period is about six months, and most lambs are born in late winter or early spring. The 
breeding season for Rocky Mountain bighorn sheep usually occurs in November and December 
with lambs being born in April to June.  
 
Bighorn sheep are diurnal and are usually found in small groups, although herds of 50 or more 
are sometimes seen. When available, native grasses are important in the bighorn’s diet; however, 
in desert populations, shrubs, forbs, and cacti become very important. Pincushion, barrel, prickly 
pear, and saguaro cactuses provide needed moisture. Preferred plants vary with habitat quality, 
locality, and species availability. Mountain lions are the principal predator of adult bighorn 
sheep, while lambs are preyed upon by coyotes, bobcats, and golden eagles. 
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Figure 1. Current distribution (2015 update) of bighorn sheep by subspecies in Arizona overlaid 
with the historical distribution. 
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B. Population Status 

Desert Bighorn Sheep (DBS; Ovis canadensis nelsoni and Ovis canadensis mexicana) 
Currently there are about 5,000 DBS across numerous mountain ranges in Arizona, most of 
which are substantial enough in size to allow regulated harvest from these populations. The Bill 
Williams River in west-central Arizona, though not a physical barrier to movement, is 
recognized as the approximate division ranges of O. c. nelsoni and O. c. mexicana subspecies 
(Figure 2). In the 1970s, most desert bighorn sheep populations were found in the desert 
mountain regions proximate to the Colorado River and isolated mountains in the southern 
portion of Arizona. Desert bighorn sheep are the most widely distributed subspecies in Arizona.  
 
Objectives for and issues affecting desert bighorn sheep in specific mountain ranges are 
addressed in the Management Focus Area plan for that area. 
 
Rocky Mountain Bighorn Sheep (RMBS; Ovis canadensis canadensis) 
Currently there are about 1,200 RMBS in Arizona, of which most are in populations sufficient 
enough in size to allow regulated harvest from these populations. They are distributed between 
two main populations and three minor population (Figure 2): 1) Eagle Creek – Blue River 
population in Units 27 and northern 28, 2) West Clear Creek – Hellsgate population in Units 6A 
and northern 22, 3) Black River in Units 1 and 27, 4) South Fork in Unit 1, and 5) Black Mesa – 
Parker Creek population in Units 23 and 24A.  
 
Eagle Creek – Blue River population 
The Eagle Creek – Blue River population in Units 27 and northern 28 is comprised of sub-herds 
in the Eagle Creek drainage, San Francisco River drainage, and upper and lower Blue River 
drainage (Figure 1). The 2014 population estimate was about 1,000 bighorn sheep. Management 
concerns for this population continue to increase as a result of vehicle collisions on major 
roadways and within the Freeport–McMoRan Inc. Morenci Mine and nuisance issues in the 
towns of Clifton and Morenci. The Department’s management goal for this population is 
multifaceted and includes reducing and mitigating for RMBS-vehicle collisions proximate to the 
mine, to expand the sub-herds north of Eagle Creek, in part, by introducing RMBS into areas 
with low RMBS population density and vacant habitat, and to use this herd unit as a 
translocation source to expand into new, suitable habitat for this subspecies.  
 
Black River population 
The Black River population along the border of Units 1 and 27 was established by bighorn sheep 
from the Blue River population migrating into the area in the 1980s. There are an estimated 150 
RMBS in this population with seasonal variations and movement onto the Fort Apache and San 
Carlos Apache Indian Reservations. The Black River and White River combine to form the Salt 
River and this provides a migration corridor to Unit 23 and the likely origin of the Black Mesa-
Parker Creek population.  
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South Fork population 
In 2014, the Department initiated translocations of Rocky Mountain bighorn sheep from the 
Morenci Mine to the Little Colorado River/South Fork drainage in northern Unit 1, east of Greer, 
AZ. This area was presumed to be historically occupied by bighorn sheep. Measurements of a 
ram skull found in the canyon are not consistent with desert bighorn sheep morphometrics being 
much larger in scale. In 2012 a nearby domestic sheep allotment was converted to a cattle 
allotment, alleviating concerns about domestic and wild sheep interactions and potential disease 
issues. The Wallow Fire of 2011 also created more open habitat in the immediate area and 
generated more interest in returning sheep to the area.  As of July 2015, 48 RMBS have been 
released into South Fork. 
 
West Clear Creek – Hellsgate population 
The West Clear Creek – Hellsgate population in Units 6A and northern 22 (Figure 2) is currently 
estimated at about 150 to 200 bighorn sheep. This herd is a transplanted population from the 
Eagle Creek sub-herd. Additional translocations occurred and have aided in the expansion of this 
population to the east and to the west.  Moving to the east, RMBS from this population have 
been observed in the Mazatzal Wilderness near the Verde and East Verde rivers and in Hellsgate 
Wilderness along Tonto Creek. The Department with support from the Mogollon Sportsman’s 
Association and the Arizona Desert Bighorn Sheep Society have radio-collared a small number 
of ewes and rams to aid in documenting further movements of this populations. Moving to the 
west, RMBS have been observed just west of Interstate 17 on the edge of the Black Hills and 
moving towards Sedona and Oak Creek Canyon. The Department’s goal for this population is to 
allow for expansion into suitable habitat. A concern for the management of this population is the 
presence of two domestic sheep driveways that may pose threats if it continues to expand; the 
need for a risk assessment of these driveways is included in the Translocation section of this plan 
and is identified in the unit specific MFA plans. This population may be used as a translocation 
source in the future. 
 
Black Mesa – Parker Creek population  
The Black Mesa – Parker Creek population in Units 23 and 24A (Figure 2) was first documented 
in the early 2000s; at this time the only other RMBS population in Arizona was the Eagle Creek 
– Blue River population. It is assumed that these bighorn crossed through the Fort Apache or San 
Carlos Indian reservations and established themselves along Parker Creek (Latch et al. 2006). At 
one time, this population was of sufficient size to justify the issuance of one ram-permit hunt; 
however, after two years the hunt was discontinued as few rams were observed by hunters. With 
an increase in population, one permit was issued in 2015. Currently, the Department’s goal is to 
monitor this population but not encourage growth. One of Arizona’s most productive desert 
bighorn sheep populations is less than 50 air miles to the southwest, and the potential for 
hybridization between desert and RMBS is a management concern. 
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Figure 2. Current bighorn sheep distribution overlaid with Game Management Unit base map  
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C. Hunt History 
Totally protected by the territorial legislature in 1893, bighorn sheep were not legal game in 
Arizona until 1953, when it was determined that the limited hunting of mature rams was 
justified. Two limited hunts of 20 permits each were authorized that year, and 20 bighorn were 
harvested by hunters. Since then, permit numbers, the number of units open to hunting, the 
number of rams harvested, and hunt success have gradually increased. Now, around 100 rams, 
mostly desert bighorn, are taken each year. One of the management goals directed by this plan is 
to continue the expansion of bighorn sheep populations and distribution in Arizona. 
 
Hunt opportunity for bighorn sheep in Arizona is offered through a limited draw and is highly 
competitive. Bighorn sheep are managed as a once-in-a-lifetime subspecies in Arizona where 
one desert bighorn and one Rocky Mountain bighorn may be harvested by an individual. 
 
III. MANAGEMENT  
 
A. Population Surveys: Conduct surveys to determine population parameters including 

recruitment rates, ram to ewe ratios, and population trends. Sighting rates should be investigated 
whenever marked bighorn sheep are available for study. Population estimates will be derived 
using sighting rates whenever possible. 

 
1. Department personnel conduct fall surveys in each mountain range or geographic area 

having a bighorn sheep population. It is important that all survey protocols ensure to the 
extent possible that repeatability can be obtained. These surveys can include foot, 
horseback, and vehicle methods. Helicopter surveys should be conducted every third year to 
estimate population demographics including recruitment rates; ram to ewe ratios, age 
structure of ram population, and population trends. Surveys are conducted by helicopter 
between September 15 and December 1 for desert bighorn sheep and between June 1 and 
January 15 for RMBS. Helicopter surveys must be approved by the Regional Supervisor and 
the Big Game Management Supervisor. Interim monitoring may be conducted using 
remotely-triggered cameras, water hole monitoring, or ground surveys to document 
minimum numbers of rams by size class. If funds are sufficient and need is demonstrated, 
supplemental helicopter surveys and surveys of marginal sheep populations may be 
authorized through the Department’s budgeting process. 

 
2. Surveys will be designed to sample representative bighorn sheep range in each unit. Surveys 

should be mapped by flight area on topographic maps and using the Global Positioning 
Systems (GPS) to ensure repeatability in subsequent years. For both safety and efficiency 
purposes, the pilot and the survey crew will be properly trained and familiar with bighorn 
sheep survey methods. The survey time needed for each mountain range will be based on 
relative sheep density, ruggedness of terrain, vegetation, etc.  Generally, one hour of survey 
for every 10 square miles of habitat is an appropriate rate of survey coverage. 

 
3. Observed bighorn sheep will be classified as lambs (1-12 months), yearling ewes and rams 

(12-24 months), unclassified yearlings, ewes, and Class I, II, III, and IV rams. Animals that 
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cannot be positively classified will be recorded as "unclassified." Photographs taken during 
survey may be used to aid in classification (motion stabilized telephoto cameras are 
recommended). Each animal or group of animals observed will be recorded as one 
observation on Bighorn Sheep Survey Record. Those observations believed to be replicates 
will not be used in making calculations and summaries. Confidence intervals will be 
calculated for ram, lamb, and yearling to 100 ewe ratios for each herd unit. 

 
B. Harvest Data Collection:  Collect data on the ages and condition of harvested bighorn sheep. 
 

1. Bighorn sheep hunters will be required to check-out their animals with the Department 
according to Commission Order 7 and R12-4-308. Hunters will be encouraged to check any 
bighorn sheep taken through the Regional Office of their hunt area. Hunters may be 
requested to collect samples of blood, tissue, feces, rumen contents, ticks, or other samples 
deemed necessary by the Department. 

 
2. Field Operations and Game Program personnel will be familiar with check-out procedures. 

Only trained personnel will check out bighorn sheep. Bighorn sheep will be checked for 
general body condition, evidence of diseases including, but not limited to scabies, sinusitis, 
or any abnormalities. Left and right sides, frontal view, and back view photographs of each 
head should be taken. Checked bighorn sheep will be aged, the horns will be measured 
using the Boone and Crochet scoring method, and an aluminum plug with unique 
identifying information will be inserted in one horn. Abnormalities and other unusual 
characteristics will also be photographed. Data from all sheep checked will be recorded on 
the Bighorn Sheep Hunt Record. Copies of these forms will be forwarded to the Game 
Branch as sheep are checked in but at least within 5 days after the close of the bighorn sheep 
season. The original check in form will be sent to the region in which the hunt unit occurs. 
The Game Program will prepare a statewide hunt summary. 

 
3. Regional personal will enter check in forms for their region into the Game Data 

Management System. Cumulative hunt data will be summarized by regional personnel on 
Bighorn Sheep Management Summary Form. These data will be used to formulate future 
hunt recommendations. 

 
C. Hunt Recommendations: Use survey and hunt data to determine a prescribed annual harvest of 

bighorn sheep and formulate hunt recommendations to accomplish that harvest. 
 

1. Survey data will be summarized by Wildlife Managers and Regional Terrestrial Specialist 
responsible for game management on the Bighorn Sheep Management Summary Form and 
Hunt Recommendation Templates. Survey effort, design, and data manipulation will be well 
documented. 

 
2. A population estimate will be constructed for those herd units for which sufficient 

population data are available.  
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3. Hunt recommendations will be made in conformance with the Guidelines for Hunting 
Season Recommendations. Generally speaking, a population of 50 animals is considered to 
be sufficiently robust to support the annual harvest of sheep annually. Hunt 
recommendations should allow the harvest of 5-10% of the estimated ram population, which 
is generally 15-25% of the Class III and Class IV rams. 

 
4. Unit hunt recommendations and survey data must be submitted to the Big Game 

Management Supervisor for review in accordance with the Hunt Recommendations 
Guideline schedule. 

 
D. Population Objectives: Determine factors contributing to bighorn sheep population increases 

or declines. It is important to determine, to the extent possible, causes for both population 
increases or decreases so that these factors can be used to improve management of bighorn 
sheep populations to optimize robust populations throughout Arizona.  

 
1. Past recruitment rates will be compared with various population influences such as 

climatological data to test for possible correlations between precipitation patterns, drought 
indices, and recruitment rates. Analyses should be a cooperative effort among appropriate 
Department or other entities with relevant expertise. 

 
2. Specific disease investigations will be coordinated among appropriate Department personnel 

and work units and other interested parties. This could include other state agencies such as 
the Arizona Department of Agriculture, universities, private entities or regional 
organizations such as the Western Association of Fish and Wildlife Agencies Wildlife 
Health Committee. Cooperative investigations into bighorn sheep diseases will be a high 
priority for Department programs. 

 
3. The Wildlife Health program in Research Branch will maintain a file on all samples 

collected and tested and the results of pertinent disease investigations. These data may be 
available to others doing or interested in research on bighorn sheep diseases via an approved 
data-sharing agreement. 

 
4. When population viability is of concern, area-specific survival and cause-specific mortality 

will be monitored in a subset of collared animals. 
 
5. Predator removal for the benefit of bighorn sheep populations will be considered in units 

where the objective for the area-specific bighorn sheep population is to serve as a source 
herd or where the population is below objectives for the herd unit, as identified in the 
Management Focus Area plan (MFA) or Hunt Guidelines. Any request for specific predator 
management must be identified in the MFA for that specific game management unit. An 
assessment of other influences on bighorn sheep survival must be completed before predator 
management is recommended. Written landowner permission is needed for private or leased 
land before any predator management program can proceed. Area-specific planning must be 
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done in accordance with the Commission's Predation Management Policy (DOM A2.31). 
Area-specific plans will be developed by Field Operations personnel. 

 
6. Department personnel will identify the need for predator management in the area-specific 

MFA and submit their predator management recommendations to the Big Game 
Management Supervisor or their designee. The Terrestrial Wildlife Branch and Executive 
Staff will evaluate recommendations and set priorities on the basis of need, control methods 
to be used, and funds available. Approved recommendations will be forwarded to the 
USDA, Wildlife Services or another appropriate entity, for an action program.   

 
7. When the area-specific MFA and supporting documentation for predator management 

receives appropriate approval, the Regional Terrestrial Specialist responsible for game 
management, in conjunction with the Predator-Furbearer Biologist, will document all data 
pertaining to the predator management program including the number of predators removed 
before and after control. These personnel will also be responsible for preparing the 
environmental compliance documentation required for predator management activities. 

 
E. Translocations: One of the key goals for management of bighorn sheep in Arizona is to 

maintain the genetic integrity of the native subspecies, while expanding their distribution where 
possible using an aggressive translocation program. 

 
1. Potential bighorn sheep translocation sites will be determined according to the Evaluation of 

Bighorn Sheep Habitat described in "The Desert Bighorn Sheep in Arizona" (Cunningham 
1989) and the modified Cunningham-Brown Analysis for RMBS. Bighorn sheep habitat 
suitability models developed around actual bighorn sheep habitat use may be used in 
conjunction with the above evaluation to prioritize translocation sites. Transplants will be 
accomplished in accordance with the Game Animal Translocation Procedures (DOM I1.2). 
Any translocation must be identified in the area–specific MFA for both the source and 
recipient area. 

 
2. When Department personnel recommend that a particular bighorn sheep population can be 

used as a source for bighorn sheep, bighorn sheep may be translocated from this population 
to an area within the historical range of that subspecies. Populations may be considered as a 
source when the population exceeds a minimum of 40 adult and yearling ewes and with at 
least a stable and preferably expanding population. Removals for translocations will not 
reduce source herds to less than 30 adult and yearling ewes. The Big Game Management 
Supervisor must approve all translocation sites. Actual release location will be determined 
jointly by Field Operations and Game Program personnel. Out-of-state requests for bighorn 
sheep must be made in accordance with Department Policy and procedures. 

 
3. A current Environmental Assessment Checklist (EAC) must be completed and in place for 

each proposed capture and release site. The EAC will be initiated by the translocation 
proponent, unless a valid EAC is already in place, and must include information regarding 
subspecies to be translocated, a description of the capture and release locations, discussion 
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of the capture methodology, a risk assessment to include a review of potential diseases from 
both the capture and release locations, and planned monitoring of the released animals. 

 
4. Department personnel may capture bighorn sheep using helicopter and capture gun 

procedures (dart via chemical immobilization or net, as appropriate) or drop-net procedures 
which may be attempted throughout the year using suitable bait, such as apple mash. Other 
techniques may also be developed. Capture techniques are described in "The Desert Bighorn 
Sheep in Arizona" (Remington and Fuller 1989).  Each release will require a minimum of 
15 animals unless the release of a smaller number can be justified and approved by 
appropriate Department personnel. Preferably translocated groups will consist of about 65% 
ewes, 20% yearlings, and 15% medium aged rams (Classes II and III). 

 
5. Captured bighorn sheep will be transported to the release area by trailer, helicopter, or other 

appropriate means. Transportation procedures are outlined in "The Desert Bighorn Sheep in 
Arizona" (Remington and Fuller 1989). Animals may be "free" released or kept in 
temporary holding pen(s) at the release site and "soft" released from 4 to 24 hours after 
arrival. A subset of released bighorn sheep (i.e., a minimum of 4 to 6 ewes dependent upon 
the total number of released bighorn sheep) may be radio-marked for monitoring purposes. 

 
6. Released bighorn sheep will be monitored by Department personnel following the protocol 

identified in the implementation plan approved by the Regional Supervisor, Terrestrial 
Wildlife Branch Chief, and the Wildlife Management Division and Field Operations 
Division assistant directors. The need for supplemental releases shall be jointly determined 
by Field Operations and Game Program personnel with approval for this action following 
the same Department approval protocol as for any initial release. 

 
7. Augmentation can follow an initial reintroduction at intervals providing the best 

opportunity for successful establishment and to maximize future genetic diversity by 
reducing the severity of founder effect (starting a population with only a few individuals).  

 
8.  Translocated bighorn sheep will be monitored and surveyed according the schedule 

established in the implementation plan for that translocation.  
 
F. Habitat: Maintaining and enhancing bighorn sheep habitat is an essential component of 

effective management of bighorn sheep in Arizona. 
 

1. Habitats deemed important to bighorn sheep will be identified, rated, and ranked in 
importance according to the Evaluation of Bighorn Sheep Habitat described in "The Desert 
Bighorn Sheep in Arizona" (Cunningham 1989) and the modified Cunningham-Brown 
Analysis for RMBS. If an area is deemed to be high quality habitat but has limiting factors 
such as lack of water or the presence of domestic sheep, efforts will be made by Department 
personnel and cooperators to abate these limiting factors to the extent that a translocation 
can occur.  
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2. Any area considered for translocation will be evaluated to determine if livestock grazing 
conflicts with bighorn sheep translocation exist in the area. Based on existing science and 
Western Association of Fish and Wildlife Agencies (WAFWA) policy (Appendix A), areas 
with active management of domestic sheep and goats pose high risk to the establishment of 
bighorn sheep populations. If there is a conflict with any domestic livestock operation in an 
area considered for translocation, efforts will be made to proactively reduce the conflict 
level to the point that bighorn sheep translocated to the area will have a high probability of 
successfully establishing a robust population.  

 
3. Bighorn sheep watering requirements should be evaluated. If it can be demonstrated that 

bighorn sheep are watering with domestic or feral stock and that a conflict between these 
resources exist, an alternate source limited to bighorn sheep will be developed. Water 
development evaluations will be a joint effort of Game Program, Development Branch, 
Field Operations personnel with various land management agencies and interested bighorn 
sheep management organizations. 

 
4. Wild horses and burros should be maintained at the lowest numbers possible, or as identified 

in herd management area plans, to minimize impacts to bighorn sheep and their habitat. 
Resolution of conflicts with feral horses and burros should be pursued with the appropriate 
land management agency. No release of exotic ungulates will be permitted in bighorn sheep 
habitat. 

 
IV. ISSUES, CONCERNS, AND OPPORTUNITIES  
 
There are many challenges associated with managing bighorn sheep populations in Arizona. The 
following issues/actions should be priorities for managing current and future bighorn sheep 
herds. It is important to note that full implementation of the elements in this plan will be costly 
and that no single source of funding will be adequate to meet the opportunity to repatriate 
bighorn sheep in Arizona.  Funding for all elements of this plan can be obtained from sources 
such as the Habitat Partnership Committee (HPC), nongovernmental organizations contributions, 
Wildlife Restoration Act, donations, or any other funding source that becomes available.   
 
A. Disease 
Parasites and diseases can be a major concern for bighorn sheep management in Arizona. There 
are a multitude of bacteria, viruses, and parasites that can have little effect on the well-being of 
bighorn sheep and some that can cause wide-spread declines. Some of the more important of 
these are identified here.   
 
Parasites such as those that cause contagious ecthyma and psoroptic mange (Boyce and 
Weisenberger 2005) and respiratory diseases such as those caused by Pasteurellosis have resulted 
in large-scale population declines in short periods of time (Jessup 1985, Foreyt 1990). 
Pasteurellacae are a wide array of bacteria that have been associated with respiratory disease, 
death, and reduced fecundity in bighorn sheep (Miller et al. 2012). Currently, there are 23 known 
Pasteurellacae isolates from bighorn sheep, and of these, 3 appear to be associated with severe 
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disease. These include Pasteurella multocida, Mannheimia haemolytica (formerly P. 
haemolytica) and Bibersteinia trehalosi (formerly P. trehalosi). Within each species there are 
several biovariants and subtypes that may be further classified by virulence, or ability to produce 
leukotoxin, which may cause enzyme production, cell lysing, and extensive tissue damage during 
a pneumonia event (Miller et al. 2012). 
 
Pasteurella multocida is the most widely distributed of the 3 genera and has been associated with 
epidemic disease outbreaks in both domestic and wild mammals. P. multocida is rarely found or 
isolated from bighorn sheep and is not typically linked to disease outbreaks. However, it has 
been associated with large die-offs of Rocky Mountain bighorn sheep in the Hells Canyon area 
of Idaho, Washington, and Oregon (Weiser et al. 2003) and Colorado (Spraker et al. 1984). 
 
Mannheimia haemolytica and P. trehalosi appear to be the genera that primarily affect both wild 
and domestic ruminants and are the most studied in bighorn sheep. Both can cause pneumonia or 
septicemia; however, they are also considered common commensal organisms in the upper 
respiratory tract. As commensal organisms, they likely act as opportunistic pathogens to animals 
under environmental stress or with lowered immunities (Foryet and Jessup 1982, U-C Davis 
2007). 
 
Other bacterium such as Mycoplasma spp. that have been associated with respiratory disease in 
many different mammal and avian species, including domestic sheep (Weiser et al. 2012), may 
contribute or lead to pneumonia events in bighorn sheep by allowing the overgrowth of 
Pasteurellacae (Besser et al. 2008, Dassanyake et al. 2010, Besser et al. 2012, Weiser et al. 
2012). For example, research in bighorn sheep that were exposed to leukotoxin producing M. 
haemolytica did not develop fatal respiratory disease until after exposure to M. ovipneumonia 
(Dassanayake et al. 2010). 
 
As mentioned above, many mammals can carry one or more of these bacteria as commensal flora 
in their upper respiratory system (Dunbar et al 1990, Miller 2001, U-C Davis 2007). Exposure of 
naïve bighorn sheep to domestic sheep and goats carrying strains of these bacteria can have 
devastating results and examples of epizootic outbreaks of respiratory disease in relation to 
contact with domestic sheep or goats exist in the literature (Jansen et al. 2006, Jessup 1985, 
Foreyt 1990, Martin et al. 1996, Rudolph et al. 2003). Conversely, respiratory disease attributed 
to Pasteurellosis has occurred in the apparent absence of contact with domestic sheep or goats. 
 
It is believed that wild sheep to wild sheep interactions may also lead to respiratory disease when 
exposure of naïve bighorn sheep to other bighorn sheep carrying different strains of bacterium 
occurs (Monello et al. 2001, Weiser et al. 2003, U-C Davis 2007). Therefore proximity of 
bighorn sheep to domestic sheep grazing areas and the connectivity of habitats between other 
herds and seasonal ranges play a critical role in management of respiratory disease (Monello et 
al. 2001). For those reasons it is critical for future management that we understand the 
distribution and dynamics of disease and their pathogens in Arizona bighorn sheep. Because of 
the aforementioned disease concerns, the WAFWA Wild Sheep Working Group published the 
“Recommendations for Domestic Sheep and Goat Management in Wild Sheep Habitat” in 2007. 
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Those guidelines clearly outline steps that should be taken by state wildlife agencies, federal land 
management agencies, wild sheep conservation organizations, domestic sheep and goat 
producers/permittees, and private landowners to reduce conflicts between wild sheep and 
domestic sheep and goats. The guidelines were updated in 2010 and once again in 2012. The 
2012 WAFWA Wild Sheep Working Group recommendations for state wildlife agencies can be 
found in Appendix A of this plan. The complete and most updated version of the guidelines can 
be found at http://www.wafwa.org/html/wswg.shtml. 
 
The Department recognizes the economic value of the domestic sheep and other livestock 
industry, and it is not the intent of this plan or the Department to force domestic sheep or other 
livestock operators off of their ranges or out of business. Rather, the intent is to look for 
opportunities that will protect bighorn sheep populations while working with the domestic sheep 
and other livestock industry. 
 
Response and control of a disease outbreak will be conducted using standardized current 
protocols for sampling and testing (Foster 2004, WAFWA Wildlife Health Committee (WHC), 
UC-Davis 2007, and WAFWA Bighorn Sheep Herd Health Monitoring Recommendations 
2015). Accurate cause of death should be determined through a full necropsy when possible. All 
bighorn sheep that are exhibiting signs or symptoms of illness should be considered for removal 
from the population and the impacts of stressors on populations experiencing a disease outbreak 
should be determined and if possible lessened. The isolation of an affected sheep herd from other 
unaffected sheep herds should also be ensured. 
 
B. Predation 
Predators have played an important role in the evolution and development of adaptive strategies 
in bighorn sheep (Geist 1999). However, predation can be a serious limiting factor to bighorn 
herd establishment or expansion. In some states excessive predation has resulted in substantial 
herd reductions (Wehausen 1996, Creeden and Graham 1997, Rominger et al. 2004). Mountain 
lions are the most significant predators of adult bighorn sheep in Arizona, while coyotes, 
bobcats, and golden eagles are more likely to prey on bighorn sheep lambs and yearlings. 
 
Mountain lion populations should be managed at levels which will allow for the establishment of 
viable bighorn populations and allow bighorn population objectives to be met. That may require 
removal of mountain lions which are negatively impacting bighorn populations until herds are 
well established. In geographic areas where mountain lion harvest is typically low or nonexistent 
because of topography and access, and mountain lions are determined to be a cause of reduced 
population level, it is important to increase mountain lion harvest opportunity to assist in bighorn 
sheep population recovery. In some cases, the use of USDA Wildlife Services or other contracted 
personnel may be needed to help manage mountain lion populations. MFAs and predation 
management plans should specify conditions and triggers for implementing predator 
management in bighorn areas. 
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C. Habitat Degradation or Loss 
Bighorn sheep habitat can be degraded, fragmented, or lost to a variety of causes including 
human disturbance, mineral development, and natural succession. Reductions in the quality or 
quantity of habitat can result in corresponding losses to bighorn populations (Deforge 1972, 
Hamilton et al. 1982). Human disturbance in bighorn sheep habitat is an increasing concern in 
some areas of Arizona. Those disturbances include activities such as off-road vehicle use, 
development of wind and solar farms, development of highway corridors and powerlines, and 
others. Bighorn sheep may change frequently used areas and abandon certain habitats because of 
those disturbances. Human disturbance is also thought to be a possible stress inducer, which may 
lead to disease problems in some populations (DeForge 1981, Bunch et al. 1999). 
 
Mineral development for oil, gas, uranium, and other minerals in bighorn habitat, if not properly 
regulated and mitigated, can result in direct loss of habitat. Habitat managers for the Bureau of 
Land Management and U.S. Forest Service should carefully monitor and regulate those activities 
to avoid impacts on bighorn sheep. 
 
Plant succession can also dramatically affect habitat quality. Encroachment by pinyon-juniper 
and other shrubs has resulted in the fragmentation and loss of large expanses of bighorn habitat. 
Vegetative treatments including prescribed fire and fire management can restore and improve 
bighorn habitat to desired or favorable conditions. 
 
D. Water Developments 
Drought has severely impacted Arizona over the past two decades. The western half of the state 
is extremely arid, especially in habitats supporting DBS. To compound this problem, many 
natural water sources have been degraded or eliminated from a wildlife standpoint by human 
development, livestock or burro use, or have been eliminated by groundwater pumping for either 
agriculture or urban development. 
 
The Department has evaluated numerous of Arizona’s mountain ranges as to their suitability to 
support bighorn sheep. Many have the topography and the vegetative resources to support 
bighorn sheep but lack adequate available water. The protection and development of water 
sources is one of the management activities that can be used to expand both bighorn sheep 
distribution and population size.  
 
The Department actively engages in a program to provide water for bighorn sheep as a means to 
increase population levels and distribution in water deficient habitats. The protection and 
development of natural water sources or catchments is a high priority. The Department will 
pursue water developments in water deficient habitats to mitigate for habitat losses in other 
areas. Department personnel will evaluate water distribution across summer range to moderate 
impacts from failed water developments and focused predation. Additional water sources will be 
recommended for construction when appropriate.  It is essential that field personnel include 
priority actions such as development of new water sources or repair to existing sources in the 
area-specific MFA. 
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Maintenance of existing water developments is also a high priority. A combination of approaches 
may need to be employed to ensure that all waters are maintained. The local Wildlife Managers 
are responsible for monitoring waters in their districts. Conservation groups, volunteer labor, and 
other area biologists often assist in monitoring waters. The Department will, where feasible, 
augment water in those water developments that are deemed critical and deficient in available 
water. If water hauling is needed, the local Wildlife Manager will notify the appropriate 
Department personnel and then follow up to ensure the water development has been filled. It is 
important to evaluate new techniques such as remote sensing to assist in monitoring 
developments in remote areas to minimize the amount of travel and associated cost to identify 
when water hauling is necessary. Future designs should expand capacity to the point that 
evaporation, water loss due to maintenance issues, and other issues are minimized. 
 
The Department will use the best development design for a given site to provide adequate water 
in the most cost efficient and maintenance-free manner. Other factors will be considered when 
designing developments such as the merits of using one large development in an area versus 
several smaller units. In order to achieve water development objectives, the Department in 
cooperation with land management agencies will use employees, private contractors, 
conservation organizations, and volunteers for the installation of water developments. 
 
E. Translocations 
Translocating bighorn sheep is a primary tool for restoration and management of bighorn 
populations. Several issues need to be considered prior to releasing bighorns in new areas or into 
existing herds, and those issues are clearly stated in the 2012 WAFWA guidelines (Appendix A). 
Bighorn sheep should only be released in areas where there is a high probability of success as 
determined by habitat evaluations or GIS modeling. To the extent practicable, disease profiles 
should be established for the source stock and any existing herds where those sheep may be 
released. Sufficient numbers should be released to assure genetic diversity and to help new herds 
reach self-sustaining levels as soon as possible. Additionally, source stocks should come from 
the nearest available source with similar habitat and disease profiles as the release site animals. 
The exact release site for transplanted sheep depends on accessibility and weather conditions and 
will be determined closer to the time of release. 
 
As part of the Department’s reintroduction program, all bighorn sheep brought into Arizona from 
other states will be tested for pathogens and antibodies for disease and must meet health 
requirements established by the Department and the State Veterinarian. All bighorn sheep 
relocated from source herds within the state will also be monitored for those same diseases to 
more effectively manage disease issues. Moreover, to prevent disease introduction, only bighorn 
sheep herds with known disease profiles should serve as source stock for intra and inter-
jurisdictional translocations. Mixing of bighorn sheep from various sources will be evaluated and 
current protocols for sampling, testing, and responding to disease outbreaks will be used as a 
standard for Arizona translocations (Foster 2004, WAFWA Wildlife Health Committee [WHC], 
UC-Davis 2007, and WAFWA Bighorn Sheep Herd Health Monitoring Recommendations 
2015). 
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For all bighorn sheep used in relocation efforts, nasal and oro-pharyngeal swabs will be collected 
to test for Pasteurella spp. and Mycoplasma spp. additionally; blood samples will be collected 
for brucellosis testing, antibody testing for various diseases of concern, and serum banking. 
Bighorn sheep used for all relocation efforts will be treated with the appropriate antibiotics, 
wormers, and vaccinations prior to release. Sheep exhibiting signs or symptoms of contagious 
ecthyma or psoroptic mange will not be relocated and, instead, will be treated and released at the 
capture site. 
 
F. Movement Corridor Protection 
Bighorn sheep movement can be categorized into two general types. The first is daily movement 
where bighorn sheep move between watering areas, foraging areas and resting areas. These 
movements normally do not exceed more than a few miles in a day. The second is seasonal 
movements where bighorn move to other parts of a range or to other mountain ranges in response 
to changes in vegetation quality, water availability, weather, or reproductive activity. These 
movements can include several thousand feet in elevation change and a 20 or 30-mile movement 
to another mountain range. The impediment of either of these movements can be devastating to a 
bighorn sheep population. 
 
The Department will work to maintain bighorn sheep movement corridors. The Department’s 
HabiMap and Western CHAT will be used to identify and map important movement corridors. 
Any roads built in bighorn sheep habitat or movement corridors must be constructed in such a 
way as to allow continued bighorn movement. Some strategies could include under or over 
passes, ramps cut into steep side slopes, alternatives to continuous guard rails and/or fence 
specifications along roads that allow sheep movement. Appropriate Department personnel will 
work with land management agencies and the Arizona Department of Transportation to mitigate 
construction of roads and fences that inhibit bighorn sheep movement. 
 
G. Wilderness and Park Management 
Administration of wilderness areas, wildlife refuges, and national parks has presented problems 
for bighorn sheep conservation and restoration in Arizona and other states. Future wilderness 
designations,  park expansions, or monument designations should specifically allow for activities 
required for proper management of bighorn populations including the use of, and potential 
landing of, aircraft (e.g., helicopters, airplanes, or drones) for surveys, capture and translocation, 
research projects, and the ability to access and maintain water developments constructed 
specifically for bighorn sheep or other wildlife. It is critical to the future of bighorn sheep in 
those areas to maintain the use of those valuable management tools. Coordination and 
collaboration with federal agencies in completing any required National Environmental Policy 
Act (NEPA) or relevant compliance documents should follow legal requirements as not to 
interfere with the State’s mandated authority and public trust responsibility to manage wildlife in 
Arizona, including on federal lands. 
 
H. Competition 
Competition for forage and space by domestic livestock, feral animals, wild burros, and wild 
horses can impact bighorn populations (Bailey 1980). Competition is most likely to occur in 
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crucial habitats such as winter ranges and lambing areas and during periods of extreme weather 
such as droughts or heavy snow. Competition with livestock for forage is minimal for most 
bighorn populations in Arizona since bighorns use steep, rugged terrain generally not used by 
livestock. However, in some areas of Arizona, wild horses and burros use the same ranges as 
bighorn sheep making competition likely. Bighorn habitat should be monitored to assure proper 
range management and minimize competition. It is essential that the Department and 
collaborators strongly advocate that the appropriate land management agency maintain both feral 
burros and horses within appropriate areas and levels to minimize impacts to all wildlife, but 
with emphasis on bighorn sheep.  
 
I. Hybridization 
Hybridization between desert and Rocky Mountain bighorn sheep will be discouraged but 
recognizing that bighorn sheep have a propensity to make long-range movement (McCall and 
Brown 2011) and hence, co-mingling is a potential in areas where the two exist in proximity. 
Based on known distribution of both desert and Rocky Mountain bighorn sheep, the current 
distribution minimizes the potential for co-mingling of subspecies. In general, the desert 
subspecies occur proximate to the Colorado River and more arid mountain ranges in the 
southwest, central and southeastern portions of Arizona. Rocky Mountain bighorn sheep occupy 
more mesic, higher elevation areas in eastern and central Arizona. As indicated, translocations of 
wild sheep throughout western North America have resulted in greatly expanded occupancy by 
wild sheep and are foundational to the Department’s sheep management plan. Consideration of 
translocations of one bighorn sheep subspecies should be intensely evaluated in order to avoid or 
at least limit hybridization; however, informed decisions will be made by Department staff on 
any translocation that might lead to mixing of desert and Rocky Mountain bighorn. 
 
J. Contact with or Proximity to Domestic Sheep and Goats 
As indicated in Appendix A, there are guidelines adopted on management of interaction of 
domestic and wild sheep. This document will guide the Department’s management of issues 
where contact has been made between the domestic and wild sheep. Given the high potential for 
adverse impact to wild sheep when close contact has occurred between the two, priority for 
translocations will be given to areas where contact with domestic sheep is minimized.   
 
V. TRANSLOCATION PRIORITIES 
 
The Department has evaluated much of Arizona for potential release sites for both DBS and 
RMBS using the Evaluation of Bighorn Sheep Habitat described in "The Desert Bighorn Sheep in 
Arizona" (Cunningham 1989) and the modified Cunningham-Brown Analysis for RMBS.   
 
Prior to any translocations into new areas or augmentations to existing herds, disease, habitat, 
and public access issues will be evaluated or re-evaluated and addressed. Once an evaluation is 
complete and all issues addressed or mitigated for, the Big Game Management Supervisor and 
Regional Terrestrial Specialist responsible for game management will identify a source 
population and prioritize the translocation in the one to two year implementation schedule. 
Translocations priorities will be review and updated annually. Multiple translocations may be 
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necessary to maintain and establish sufficient numbers to reach the desired population level and 
to maximize genetic diversity. It is important that source herds and recipient herds are identified 
in the appropriate MFA for both areas.  
 
All source populations will be surveyed within a year of the translocation occurring; all 
translocations will be planned for implementation pending the results of this survey. 
 
One of the key issues related to translocation of bighorn sheep is the widespread presence of 
domestic sheep or goats in areas that have been identified as being potential habitat for bighorn 
sheep. Based on the most current information on the adverse impact of co-mingling of domestic 
sheep and goats and wild sheep (Appendix A: Recommendations for Domestic Sheep and Goat 
Management in Wild Sheep Habitat, WAFWA Wild Sheep Working Group), it is strategically 
most important to eliminate close contact between the two rather than experience catastrophic 
outcomes as has been experienced elsewhere. Conceptually, the items listed here are approaches 
that have been used elsewhere to minimize impacts to wild sheep from exposure to domestic 
sheep and goats.   
 
 Removal of domestic sheep and goats from the area where DBS or RMBS would be 

translocated to. 
- Purchase and/or retirement of allotments 
- Fence areas where domestic sheep and goats are allowed to occupy.  
- Mandatory non-use of allotments. 
- Evaluations, re-evaluations or Environmental Assessments of domestic sheep 

driveways on Federal lands. 
 Ensure the timely removal, including lethal options, for stray feral animals within areas 

occupied by DBS or RMBS. 
 Conversion of allotments from domestic sheep and goats to cattle operations. 
 Collaborative development of management plans to minimize contacts between these 

animal groups. 
 Develop and implement a process to remove DBS or RMBS that are known to have had 

contact with domestic sheep and goats as soon as practical, to reduce the potential for an 
exposed bighorn sheep to amplify the exposure to other bighorn sheep in the population. 

 
Once the identified strategies are addressed to the satisfaction of the Big Game Management 
Supervisor and the Regional Terrestrial Specialist responsible for game management will 
proceed with facilitating completion of all Department EAC requirements and steps identified in 
the Game Animal Translocation Procedures (DOM I1.2).  
 
The following strategies should be considered and addressed before proceeding with any 
translocation. 
 
Strategies for Addressing Potential Issues –   
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Strategy A. Monitor and pre-test all DBS populations for evidence of current or past 
respiratory disease. 

Strategy B. Complete an assessment of the impacts of wild burros, wild horses, and feral 
hogs relative to competition with the DBS population and degradation of DBS habitat.  

Strategy C. Complete an assessment for the need for predator management and incorporate 
the results of this assessment into the appropriate MFA for the area. 

Strategy D. Work with the state and federal land management agencies on grazing allotments 
in DBS areas to ensure effective separation between bighorn sheep and domestic sheep 
and goats.  

Strategy E.  Regional personnel should complete an inventory of domestic sheep and goats, 
including hobby herds and pack goat operations and continue to document areas of 
known domestics through opportunistic field observations.  

Strategy F. To accomplish Strategy B, develop partnerships with conservation and 
agricultural organizations to collect data on domestic sheep and goat locations.  

Strategy G. Promote double-fence construction/modification in bighorn sheep ranges with 
domestic sheep and goats by providing technical and financial assistance to private 
landowners through the Department’s Habitat Partnership Committee program or other 
landowner incentive program.  

Strategy H. Work with conservation organizations to develop cooperative programs to 
acquire domestic sheep and goat permits in areas without effective separation, or provide 
financial incentives or cost-share options towards mitigation such as alternative livestock 
and double fencing.  

Strategy I. Provide community outreach and education when establishing a bighorn sheep 
population near a community. 

 
A. Desert Bighorn Sheep – mexicana subspecies  
 
The Department has identified several areas to further review and evaluate for future potential 
DBS – mexicana populations. The source population location and disease profiles of both the 
source receiving populations will be evaluated to determine priority ranking for translocations. 
Strategies for addressing potential issues within each identified area are provided. Regional 
personnel will be responsible for working through these strategies unless otherwise noted.  
 
1. Region 4 – Areas of highest priority 

- Belmont Mountains (Unit 42) 
This area has not yet been evaluated using the Modified Cunningham-Brown 
model. An evaluation should be completed before consideration for future 
augmentation. 

- East Buckskin Mountains (Unit 44A)  
Modified Cunningham-Brown model score: 42 out of 63 

- Maricopa Mountains (Unit 39) for genetic improvement only (we believe population 
is re-building)  
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This area has not yet been evaluated using the Modified Cunningham-Brown 
model. An evaluation should be completed before consideration for future 
augmentation. 

- Black Mountains/ Ives Peak (Unit 44A) – lowered in priority as no new waters have 
been developed  

Modified Cunningham-Brown model score: 41 out of 63 
- Harquahala/Granite Wash/Harcuvar Complex (Unit 44A)  

Modified Cunningham-Brown model score: 40 out of 63 for the Harquahala 
Mountains and 36 out of 63 for the Harcuvar Mountains 

 
For long term consideration, the following mountain ranges were identified as candidates for 
future translocations: 

- Sierra Estrella Mountains and the Gila Bend Mountains (Unit 39)  
Modified Cunningham-Brown model score: 50 out of 63 for the Sierra Estrella 
Mountains and 44 out of 63 for the Gila Bend Mountains 

- Sand Tank/Sauceda Mountains (Unit 40A)  
This area has not yet been evaluated using the Modified Cunningham-Brown 
model. An evaluation should be completed before consideration for future 
augmentation. 

 
2. Region 5 – Areas of highest priority 

- Galiuro Mountains (includes Redfield and Aravaipa canyons) (Units 31 and 32)  
Modified Cunningham-Brown model score: 46 and 47, respectively, out of 63 

- Peloncillo Mountains (Unit 28)  
Modified Cunningham-Brown model score: 48 out of 63 

 
For long term consideration, the following mountain ranges were identified as candidates for 
future translocations: 

- Whitlock Mountains (Unit 28)  
Modified Cunningham-Brown model score: 37 out of 63 

- Picacho Mountains (Unit 37A)  
Modified Cunningham-Brown model score: 38 out of 63 

 
3. Region 6 – Areas of highest priority 

- Gold Field Mountains in (Unit 24B North)  
Modified Cunningham-Brown model score: 46 out of 63 

 
For long term consideration, the following mountain ranges were identified as candidates for 
future translocations: 

- Consider establishment of a population in the McDowell Mountains in Unit 25M, 
specifically as a watchable wildlife population with potential for archery hunting 
opportunities in the future.  

Modified Cunningham-Brown model score: 23 out of 63 
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B. Desert Bighorn Sheep – nelsoni subspecies  
 
The Department has identified several areas to further review and evaluate for future potential 
DBS – nelsoni populations. The source population location and disease profiles of both the 
source receiving populations will be evaluated to determine priority ranking for translocations. 
Strategies for addressing potential issues within each identified area are provided. Regional 
personnel will be responsible for working through these strategies unless otherwise noted.  
 
1. Kanab Creek in Units 12A, 12B, and 13A  
 
Portions of this area currently have DBS in low, dispersed numbers. Potential issues that need to 
be investigated prior to augmentation include water distribution, disease presence and profile, 
distance to nearest domestic sheep or goats (including hobby herds), and interactions with rural 
communities. 
 
Modified Cunningham-Brown model score: 55 out of 63, at Jumpup Canyon 
 
2. Units 15A and 15B East in November 2016 
 
Portions of this area currently have DBS in low, dispersed numbers. Potential issues that need to 
be investigated prior to augmentation include water distribution, disease presence and profile, 
distance to nearest domestic sheep or goats (including hobby herds), and interactions with rural 
communities. 
 
Modified Cunningham-Brown model score: 41 out of 63 for the Grand Wash Cliffs and 37 out of 
63 for the Music Mountains 
 
3. Grand Wash Cliffs in Unit 13B South 
 
Portions of this area currently have DBS in low, dispersed numbers. Potential issues that need to 
be investigated prior to translocation include water distribution, disease presence and profile, 
distance to nearest domestic sheep or goats (including hobby herds), and interactions with rural 
communities. 

 
Modified Cunningham-Brown model score: 53 out of 63 
 
4. Arrastra Wilderness, Poachie Mountains, and Hualapai Mountains 
 
Portions of this area currently have DBS in low, dispersed numbers. Potential issues that need to 
be investigated prior to augmentation include water distribution, disease presence and profile, 
and distance to nearest domestic sheep or goats (including hobby herds. 
 
Modified Cunningham-Brown model score: 43, 41, and 40, respectively, out of 63 
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5. Cerbat Mountains in Unit 15B  
 
This area is northeast of the Kingman. Potential issues that need to be investigated prior to 
augmentation include water distribution, disease presence and profile, distance to nearest 
domestic sheep or goats (including hobby herds), and interactions with rural communities. 
 
This area has not yet been evaluated using the Modified Cunningham-Brown model. An 
evaluation should be completed before consideration for future augmentation. 
 
6. Trout Creek in Units 18A and 18B 
 
This area is east of the Kingman. Potential issues that need to be investigated prior to 
augmentation include water distribution, disease presence and profile, distance to nearest 
domestic sheep or goats (including hobby herds), and interactions with rural communities. 
 
Modified Cunningham-Brown model score: 42 out of 63 
 
C. Rocky Mountain Bighorn Sheep 
 
The Department has identified five areas to further review and evaluate for future potential 
RMBS herds. One of the key issues related to translocation of RMBS is the widespread presence 
of domestic sheep in areas that have been identified as being potential habitat for RMBS. Based 
on the most current information on the adverse impact of co-mingling of domestic and wild 
sheep (Appendix A) it is strategically most important to eliminate close contact between the two 
rather than experience catastrophic outcomes as has been experienced elsewhere.  

 
The source population location and disease profiles of both the source receiving populations will 
be evaluated to determine priority ranking for translocations. Strategies for addressing potential 
issues within each identified area are provided. Regional personnel will be responsible for 
working through these strategies unless otherwise noted.  
 
1. Upper Blue River Potential Area (Unit 1) to include South Fork, Black River, Foote Creek, 

and Mother Hubbard/Turkey Creek areas  
 
Portions of this area currently have RMBS in low, dispersed numbers. The area is north of the 
Eagle Creek – Blue River population and adjacent to the Alpine, Nutrioso, Springerville, and 
Eagar communities. Potential issues that need to be investigated prior to translocation include 
vehicle collisions, distance to nearest domestic sheep or goats (including hobby herds), and 
interactions with rural communities. 
 
Modified Cunningham-Brown model score: 40 out of 63 

 
Necessary actions before consideration for translocation: 
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1. Assess the potential to create effective separation between domestic and RMBS.  
Create an acceptable domestic sheep management approach exploring all options to 
achieve effective separation – Regional wildlife program personnel in coordination 
with the Big Game Management Supervisor.  

2. Regional personnel should complete an inventory of domestic sheep and goats, 
including hobby herds, in the Upper Blue River Area and continue to document areas 
of known domestics through opportunistic field observations in the future. 

3. Obtain all necessary federal authorizations – Regional wildlife program personnel.   
4. Complete EAC documentation – Regional wildlife program personnel, Habitat 

Branch (PEP), and Terrestrial Wildlife Branch.  
 
2. Chevelon Canyon Potential Area (Units 4A and 4B) 
 
This area is northwest of the town of Heber and southeast of Winslow. Potential issues that need 
to be investigated prior to translocation include distance to nearest domestic sheep or goats and 
the path of the current domestic sheep driveway. 
 
Modified Cunningham-Brown model score: 50 of 63 (revised score below) 
 
According to the Modified Cunningham-Brown model, sites with domestic sheep or goats in the 
evaluation area may have warranted a 0 score for Exotic Ungulates. Chevelon Canyon received a 
score of 10. Although domestic sheep seldom venture into Chevelon Canyon itself, they do 
approach and reside on the rim of the Canyon. This is a concern and will need further research 
prior to initiating any translocation to the area.  

 
Necessary actions before consideration for translocation: 

1. Assess the potential to create effective separation between domestic and RMBS.  
Create an acceptable domestic sheep management approach exploring all options to 
achieve effective separation – Regional wildlife program personnel in coordination 
with the Big Game Management Supervisor . 

2. Regional personnel should complete an inventory of domestic sheep and goats, 
including mapping of the Heber-Reno domestic sheep driveway which summers 
above Chevelon Canyon, and continue to document areas of known domestics 
through opportunistic field observations in the future. 

3. Obtain all necessary federal authorizations – Regional wildlife program personnel.   
4. Complete EAC documentation – Regional wildlife program personnel, Habitat 

Branch (PEP), and Terrestrial Wildlife Branch. Timeline dependent on completing 
actions 1 and 2. 

 
3. Sycamore and Oak Creek Canyons Potential Area (Unit 6B) 
 
This area is north and west of the communities of Cottonwood and Sedona. Potential issues that 
need to be investigated prior to translocation include distance to nearest domestic sheep or goats 
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(including hobby herds), path of the current domestic sheep driveway, potential for bighorn 
sheep-vehicle collisions, and interactions with rural communities. 
 
Modified Cunningham-Brown model score: 55 and 42 out of 63 (revised scores below) 
 
According to the Modified Cunningham-Brown model, sites with domestic sheep or goats in the 
evaluation area may have warranted a 0 score for Exotic Ungulates. Oak Creek Canyon received 
a score of 6 and Sycamore Canyon received a score of 8. Because both sites have domestic sheep 
present, it may have been appropriate to have received scores of 0, and they should receive low 
consideration as release sites for RMBS until the proximity to domestic sheep or goats is 
mitigated.  The revised Modified Cunningham-Brown model scores are 47 for Sycamore Canyon 
and 36 for Oak Creek Canyon. 
 

Necessary actions before consideration for translocation: 
1. Assess the potential to create effective separation between domestic and RMBS.  

Create an acceptable domestic sheep management approach exploring all options to 
achieve effective separation – Regional wildlife program personnel in coordination 
with the Big Game Management Supervisor.  

2. Obtain all necessary federal authorizations – Regional wildlife program personnel.   
3. Complete EAC documentation – Regional wildlife program personnel, Habitat 

Branch (PEP), and Terrestrial Branch. Timeline dependent on completing actions 1 
and 2. 

4. Rregional personnel should complete an inventory of domestic sheep and goats, 
including mapping of the domestic sheep driveway which summers near Sycamore 
Canyon, and continue to document areas of known domestics through opportunistic 
field observations in the future.  

a. Evaluation area has four domestic sheep allotments and one domestic sheep 
driveway that permit nearly 12,000 domestic sheep in the area. These 
allotments are managed by the Coconino National Forest and Kaibab National 
Forest. Domestic sheep are driven north along Interstate 17 during May of 
each year. Then, domestic sheep are allowed to range throughout both forests 
on these allotments between June 1 and October 15 each year.  

b. Domestic sheep are held in holding pastures on Garland Prairie, located at the 
north end of Sycamore Canyon, during the summer and fall. It is common for 
bands of domestic sheep to elude capture in the fall and wander throughout 
the forest during the winter. Domestic sheep serve as a host of diseases for 
bighorn sheep. 

5. Provide community outreach and education when establishing a bighorn sheep 
population near a community. 

a. Potential nuisance concerns if RMBS take up residence in the towns of 
Sedona and Oak Creek.  Shortly after RMBS were released in West Clear 
Creek, a couple of young rams were observed in neighborhoods in Oak Creek 
resulting in nuisance calls to the Department.  
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4. Escudilla Mountain Potential Area (Unit 1) 
 
This area is north of the Eagle Creek – Blue River population and east of the communities of 
Alpine and Nutrioso. We estimate this area could hold at least 75 RMBS. Potential issues that 
need to be investigated prior to translocation include distance to nearest domestic sheep or goats 
(including hobby herds) and interactions with rural communities. 
 
Modified Cunningham-Brown model score: 40 out of 63 

 
Necessary Actions before consideration for translocation: 

1. Assess the potential to create effective separation between domestic and RMBS.  
Create an acceptable domestic sheep management approach exploring all options to 
achieve effective separation – Regional wildlife program personnel in coordination 
with the Big Game Management Supervisor.  

2. Obtain all necessary federal authorizations – Regional wildlife program personnel.   
3. Complete EAC documentation – Regional wildlife program personnel, Habitat 

Branch (PEP), and Terrestrial Wildlife Branch. Timeline dependent on completing 
actions 1 and 2. 

 
5. Black Mesa and Parker Creek in the Sierra Ancha Mountains Potential Area (Unit 23/24A)  
This area is north of Roosevelt Lake and south of the community of Young. The Department 
estimates this area could hold at least 75 bighorn sheep. Potential issues that need to be 
investigated prior to translocation include distance to nearest domestic sheep or goats, path of the 
current domestic sheep driveway, and potential for moving within proximity of DBS occupied 
areas resulting hybridization of populations. 
 
Modified Cunningham-Brown model score: 50 out of 63 

 
Necessary actions before consideration for translocation: 

1. Assess the potential to create effective separation between domestic and RMBS.  
Create an acceptable domestic sheep management approach exploring all options to 
achieve effective separation – Regional wildlife program personnel in coordination 
with the Big Game Management Supervisor.  

2. Regional personnel should complete an inventory of domestic sheep and goats, 
including mapping of the Heber-Reno domestic sheep driveway which summers near 
Chevelon Canyon, and continue to document areas of known domestics through 
opportunistic field observations in the future.  
a. The Heber-Reno domestic sheep driveway crosses through the area occupied by 

the Gisela RMBS population. Potential for disease transmission is a concern 
because of the proximity to this domestic sheep driveway and the likelihood of 
interchange between the Gisela and Black Mesa populations. 

3. Obtain all necessary federal authorizations – Regional wildlife program personnel.   
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4. Evaluate proximity to desert bighorn sheep populations and increased potential for 
hybridization of subspecies; this area is within about 30 air miles of the Unit 22 and 
24B desert bighorn sheep populations to the south. 

5. Complete EAC documentation – Regional wildlife program personnel, Habitat 
Branch (PEP), and Terrestrial Wildlife Branch. Timeline dependent on completing 
actions 1 and 2. 

 
In addition to these specific areas, other locations that warrant additional investigation are: San 
Francisco Peaks and Canyon Creek.  Without in depth assessments of these areas, both appear to 
have large expanses of suitable RMBS habitat.  
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