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Hunters and other conservationists familiar with the eastern Mojave Desert lost one of their 

strongest supporters on 8 April 2021 with the unexpected passing of California Department of Fish 

and Game (CDFG) Wildlife Biologist Andrew Pauli. Andy was born on 18 May 1953 in Palo Alto, 

California, and attended Los Altos High School where he was an outstanding athlete, and starred 

in track and field and basketball. He held several scholastic records in the high jump, and was 

proud to have been among the last of the classic ‘western roll’ jumpers. Following high school, 

Andy attended Chico State University, where he earned a Bachelor of Science Degree in Biology. 

Andy was employed by CDFG for 33 years, and served in a variety of capacities in the eastern 

Sierra Nevada and the deserts of southeastern California prior to his retirement in 2010. He began 

his career as a Seasonal Aid with the Inland Fisheries Branch in 1977 working out of the Bishop 

Office, and continued as a Seasonal Aid in the Blythe Office, where he had been recruited both as 

an employee and to play for the office basketball team. Following his work in fisheries 

management, Andy continued as a Seasonal Aid with Federal Aid in Wildlife Restoration Project 

W-26-D (Wildlife Habitat Development), and shortly thereafter was hired as a Fish and Wildlife 

Assistant on that project, a position he occupied until 1986. He then promoted to Assistant Wildlife 

Manager-Biologist and filled the position of Colorado River Unit Wildlife Manager at Blythe. 

In 1989, Andy promoted to Associate Wildlife Biologist in the Desert Wildlife Management 

Unit (DWMU) in San Bernardino and Inyo counties, and he established an office at his home in 

Apple Valley. As part of his duties, Andy oversaw management of the Camp Cady Wildlife Area, 

and he remained an important contributor to the Department’s efforts to ensure water was available 

for all species of wildlife inhabiting the eastern Mojave Desert. Andy performed inspections and 

helped to maintain the many dozens of desert springs and water developments located in the 

DWMU on which mule deer and bighorn sheep especially were dependent. He very much enjoyed 

conducting annual brood counts to evaluate quail and chukar production, dove surveys, and being 

responsible for oversight of the mule deer hunt in Zone D-17, where he continued the long-standing 

tradition of conducting aerial hunter surveys on opening weekends; those data formed part of his 

important paper that described the distribution and societal value of recreational hunting in the 

eastern Mojave Desert. During his assignments as a member of the habitat development crew, as 

the Colorado River Unit Manager, and as the Desert Unit Manager, Andy was a regular participant 

in aerial surveys to assess bighorn sheep populations. Additionally, he participated in more than 

200 telemetry flights while keeping track of the dozens of bighorn sheep that had been collared for 

research or for translocations. Andy developed a close working relationship with wildlife 

protection personnel and his pleasing personality paved the way for increased hunter interest in, 

and an enhanced appreciation for, the eastern Mojave Desert, which included the first areas to be 

opened to the harvest of bighorn sheep in California since 1878: Old Dad Peak and the Marble 

Mountains. 

Throughout his career, Andy worked closely with members of the Society for the 

Conservation of Bighorn Sheep (SCBS) on numerous water development projects, all of which 

involved volunteers and provided hundreds of interested individuals with opportunities to enhance 

habitat for bighorn sheep and likely encouraged many life-long commitments to conservation. 

Following development of several of those wildlife water sources, bighorn sheep in the eastern 

Mojave Desert received increased interest among CDFG administrators, and Andy participated in 

numerous helicopter surveys while collecting data that resulted in the reintroduction of bighorn 

sheep to the Eagle Crags, Whipple Mountains, Argus Range, Sheephole Mountains, Bullion 

Mountains, and the northern Bristol Mountains, as well augmentations of bighorn sheep 

populations in the Avawatz Range and Chuckwalla Mountains. Andy also helped plan and 
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implement the annual Bighorn Sheep Hunter Clinic that hunters are required to attend, and 

participated in the first such clinic in 1987, which was held at Camp Cady. He participated in every 

such event until 2012, at which point the number of hunters fortunate enough to draw a bighorn 

sheep tag had outgrown the facilities available at Camp Cady. By that time, however, that venture 

had evolved into an annual event sponsored by the Society for the Conservation of Bighorn Sheep 

and the California Wild Sheep Foundation, and had become a tradition that lasted 25 years. During 

those Hunter Clinics Andy and many other individuals—most of whom volunteered their time—

generously shared detailed information on bighorn sheep occupying the hunt zones, access, 

geography, hunting techniques, equipment, desert safety, taxidermy, photography, and 

regulations; each of the clinics exceeded, by far, the minimum requirements dictated by the state 

legislature. In addition, Andy ensured the Camp Cady bunkhouse and associated facilities were in 

top condition for each clinic, and frequently participated in ‘show-me’ trips for hunters following 

each clinic.  

Andy Pauli was a dedicated sportsman, a true friend of hunters and other outdoorsmen, and 

he fulfilled his role as a wildlife biologist very capably. He did not have a penchant for notoriety, 

but his efforts on behalf of conservation were recognized widely. His work ethic, combined with 

his tremendous athletic ability and the outstanding eye-hand coordination led to his being among 

the initial CDFG employees approved as aerial net-gunners. In 1989, he was honored for his 

service on behalf of desert wildlife by the Society for the Conservation of Bighorn Sheep with the 

Bicket-Landells Award, which was established in honor of BLM Wildlife Biologist Jim Bicket 

and Helicopter Pilot Don Landells who died while conducting a bighorn sheep survey at Clark 

Mountain. In 1996, he served as Chair of the 40th meeting of the Desert Bighorn Council in 

Holtville, California. Upon retirement, Andy received the Society’s Service Above-Self Award, 

and the California Wild Sheep Foundation recognized his many contributions with its Above-and-

Beyond Award.  

Following retirement, Andy worked as a retired annuitant for several additional years, and he 

remained the “go-to” guy for successful bighorn sheep hunters needing their tags validated. During 

his career, Andy likely validated and scored the majority of bighorn sheep that as yet have been 

harvested in California. He also became the most popular CDFG representative at the annual 

conventions of the Wild Sheep Foundation—now known as Sheep Week®—where prospective 

hunters consistently sought his advice on hunting conditions and opportunities to harvest a desert 

bighorn sheep in California. Andy also had the privilege of validating at least 20 auction tags that, 

as of his retirement, had generated more than $2.6 million specifically for the conservation of 

bighorn sheep. True to his desire to recognize all of those playing important roles in the 

conservation of bighorn sheep, his first action following each auction was to seek out and thank 

the runner-up before locating and congratulating the winning bidder.  

Desert wildlife and bighorn sheep in particular—along with California’s sportsmen and the 

public in general—were the beneficiaries of Andy Pauli’s many contributions to conservation. He 

was a kind and generous person, a dedicated employee, a fine naturalist and avid sportsman, and 

he was widely respected by his peers. He was humble and unassuming, he readily and willingly 

accepted the sometimes less-than-glamorous tasks to which he was assigned, and he loved his 

family dearly. His positive attitude, pleasing personality, and many contributions to the 

conservation of desert wildlife should not be forgotten. Andy will be missed by all that worked 

with him, knew him, or loved him. In his absence the desert will be less than what it had become, 

but it will remain far more than it would have been had he not landed there.  

—FRIENDS AND COLLEAGUES OF ANDREW M. PAULI
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Abstract Translocation has been an important means of restoring bighorn sheep to historically 

occupied geographic areas. California did not become involved in the active management of 

bighorn sheep until 50 years following the initiation of translocations in other states or provinces. 

In this paper, we update a compilation of bighorn sheep translocations published in 1990. We also 

provide a detailed discussion of the constraints on the use of translocation, and the history that led 

to its implementation in four geographic areas (northeastern California, Sierra Nevada, desert 

mountain ranges, and the transverse ranges), note the limited use of captive animals for 

translocation stock, and include a history of captive bighorn sheep displayed for educational 

purposes. Importantly, we provide a retrospective review of this history broken into eight topics, 

and review the benefits associated with the delayed implementation of translocation in California. 

Desert Bighorn Council Transactions 56:1–32 

 

Key words Augmentation, bighorn sheep, California, conservation, desert bighorn sheep, 

history, Ovis canadensis, restoration, Sierra Nevada bighorn sheep, translocation 

 

Translocations have been important in the 

conservation of wildlife and, particularly, 

among species that had been extirpated from 

historical habitat. Three modes of 

translocation (introduction, reintroduction, 

and restocking) have been identified (IUCN 

1987); Hale and Koprowski (2018) described 

these, respectively, as the intended or 

unintended movement of an organism out of 

its native range, the intentional movement of 

an organism into native range from which it 

has been extirpated, and movement of 

members of a species to augment the number 

of individuals remaining in an original 

habitat. 

In North America, most translocations of 

bighorn sheep (Ovis canadensis) have been 

undertaken with the intent of reestablishing 
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those iconic ungulates in areas from which 

they had been extirpated (i.e., reintroduced to 

historical habitat), or to augment small, 

perhaps nonviable, populations (i.e., restock), 

but some populations have been established 

in habitat not formerly occupied by that taxon 

(i.e., moved, either intentionally or 

otherwise, beyond the native range of the 

species or subspecies). In this paper, we 

address reintroductions and restocking of 

bighorn sheep in California, USA. We use the 

terms reintroduction and restoration 

interchangeably, but use the term augment in 

lieu of restock. Regardless of context, 

translocations remain an essential component 

of wildlife management and conservation 

biology (Armstrong and Seddon 2008, 

Seddon 2010, Polak and Saltz 2011).  

Among large mammals, bighorn sheep 

are a leading example of translocations 

implemented as a conservation strategy 

(Hurley 2021), and translocations have 

occurred widely (Ramey 1993). From 1922 

to 2006, at least 1,460 separate projects 

resulted in the translocation of ≥21,500 

bighorn sheep in the United States and 

Canada, but only 477 bighorn sheep had been 

translocated in 43 management efforts in 

California (WSWG 2015); as of December 

2021, those numbers totaled 577 and 68, 

respectively. Translocations recently have 

become more frequent in Mexico, as 

conservationists and entrepreneurs recognize 

the ecological (Ceballos 1997, Medellin 

1998, Andrew et al. 1999, Sandwith 2012, 

Janke et al. 2019) and economic (Lee 2011, 

Gonzalez-Rebeles Islas et al. 2019, Sandoval 

et al. 2019, Brewer and McEnroe 2020) 

benefits associated with the restoration of 

bighorn sheep to historically occupied 

habitats. 

Several factors likely influenced early 

translocations of bighorn sheep. Primary 

among these were (1) availability of source 

stock (Brewer et al. 2014), and (2) 

subspecific boundaries identified at the time 

translocations were implemented (Cowan 

1940); later, a desire to maintain subspecific 

"purity" probably influenced the selection of 

source stock used to augment populations 

initially established by translocation or to 

reestablish nearby populations (Ramey 1993, 

Bleich et al. 2018). More importantly in 

California, however, was a belated 

realization that passive management had not 

yielded expectations in terms of population 

expansion or natural reestablishment of 

extirpated populations (Wehausen 1985, 

Wehausen et al. 1987a). As a result, what 

previously was thought to be the first 

translocation of bighorn sheep in California 

did not occur until 1971 (Blaisdell 1972, 

Weaver 1972a), some 50 years following the 

onset of translocations elsewhere in North 

America (WSWG 2015). 

Two prior accounts have summarized 

the dates, the total number of bighorn sheep 

moved during each event, the locations from 

which they were moved, and the locations at 

which they were released (Ramey 1993, 

WSWG 2015). Bleich et al. (1990) provided 

a more comprehensive summary that 

included demographic details of animals 

translocated during the first 20 years of 

restoration efforts in California. Our primary 

purpose here is to ensure that details 

associated with translocations of bighorn 

sheep in California over the past 50 years are 

accurate and available to future investigators. 

In doing so, we have made two minor 

corrections to information presented by 

Bleich et al. (1990), and added detailed 

demographic information for bighorn sheep 

that have been translocated since then. We 

also have expanded the chronology of 

translocations (Table 1) to include citations 

of the earliest documents describing or 

referring to details associated with each 

event. In addition, we provide a brief 

historical accounting of activities that led to 

these conservation actions, and we close with 

a retrospective review of the translocation 
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Table 1. Records of wild-caught bighorn sheep translocated to California, USA, from other jurisdictions (n = 11), or from and to 

locations within California (n = 565), and released in the wild in the state, 1971–2020. 

Year Month Source Population (County) Release Location (County) 
Female 

 

Male 

 

Purpose 

 

Referencem 

A Y L A Y L 

1971 10 Williams Lake, BC, Canada Lava Beds Nat. Mon. (Siskiyou) 8 0 0 1 1 0 Ra 1 

1973 12 Sheldon NWR, Nevada Lava Beds Nat. Mon. (Siskiyou) 0 0 0 1 0 0 Rb 2 

1979 3 Sawmill Canyon (Inyo) Wheeler Ridge (Inyo) 4 0 0 0 1 2 R 3,4 

1979 3 Mt. Baxter (Inyo) Wheeler Ridge (Inyo) 0 0 0 2 0 0 R 3,4 

1980 2 Lava Beds Nat. Mon. (Siskiyou) Warner Mtns (Modoc) 1 1 0 1 0 1 R 5 

1980 3 Mt. Baxter (Inyo) Warner Mtns (Modoc) 3 1 2 2 0 2 R 6 

1980 3 Mt. Baxter (Inyo) Wheeler Ridge (Inyo) 7 0 1 0 1 1 R 3,4 

1980 3 Mt. Baxter + Sawmill Canyon (Inyo) Mt. Langley (Inyo) 6 0 1 4 0 0 R 3,4 

1982 3 Sawmill Canyon (Inyo) Mt. Langley (Inyo) 5 0 1 3 0 0 R 3,4 

1982 4 Mt. Baxter (Inyo) Mt. Langley (Inyo) 0 0 0 6 0 0 R 3,4 

1982 4 Mt. Baxter (Inyo) Wheeler Ridge (Inyo) 0 0 0 4 0 0 R 3,4 

1983 7 Marble Mtns (San Bernardino) Whipple Mtns (San Bernardino) 8 0 2 1 1 0 R 3 

1983 7 Old Dad Peak (San Bernardino) Whipple Mtns (San Bernardino) 2 3 0 1 1 2 R 3 

1983 11 Lytle Creek (San Bernardino)c Prairie Fork (Los Angeles)c 11 6 1 1 2 1 R 3 

1983 12 Marble Mtns (San Bernardino) Eagle Crags (San Bernardino) 7 1 0 0 0 0 R 7 

1983 12 Marble Mtns (San Bernardino) Whipple Mtns (San Bernardino) 0 0 0 2 0 0 R 3 

1983 12 Old Dad Peak (San Bernardino) Eagle Crags (San Bernardino) 5 0 4 3 1 4 R 3 

1984 11 Marble Mtns (San Bernardino) Whipple Mtns (San Bernardino) 8 0 2 0 2 1 R 3 

1984 11 Old Dad Peak (San Bernardino) Whipple Mtns (San Bernardino) 6 2 2 4 1 1 R 3 

1984 11 Old Dad Peak (San Bernardino) Sheephole Mtns (San Bernardino) 7 0 0 3 0 1 A 3 

1985 7 Marble Mtns (San Bernardino) Whipple Mtns (San Bernardino) 11 1 2 2 2 1 R 3 

1985 7 Old Dad Peak (San Bernardino) Whipple Mtns (San Bernardino) 4 1 2 1 1 0 R 3 

1985 7 Old Dad Peak (San Bernardino) Sheephole Mtns (San Bernardino) 8 1 3 2 0 2 A 3 

1985 12 Cattle Canyon (Los Angeles)c San Rafael Mtns (Ventura) 15 1 0 4 1 0 R 3 

1986 3 Mt. Baxter (Inyo) Wheeler Ridge (Inyo) 2 1 0 0 1 0 R 3,4 

1986 3 Mt. Baxter (Inyo) Lee Vining Canyon (Mono) 13 0 2 3 4 5 R 3,4 

1986 9 Old Dad Peak (San Bernardino) Argus Range (Inyo) 16 3 2 5 0 2 R  3 
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Table 1. Continued.           

1987 1 Cattle Canyon (Los Angeles)c San Rafael Mtns (Ventura) 10 1 0 3 1 0 R 8d 

1987 3 Mt. Baxter (Inyo) Mt. Langley (Inyo) 0 0 0 2 0 0 R 3e 

1987 10 Old Dad Peak (San Bernardino) Eagle Crags (San Bernardino) 7 2 2 3 1 1 R 3 

1988 3 Mt. Baxter (Inyo) Lee Vining Canyon (Mono) 7 1 0 3 0 0 R 3 

1988 3 Lone Tree Canyon (Mono)f Silver Canyon (Inyo)f 4 1 1 0 2 2 R 3 

1989 12 Old Dad Peak (San Bernardino) Chuckwalla Mtns (Riverside) 28 9 0 2 4 0 A 3 

1992 10 Old Dad Peak (San Bernardino) Avawatz Range (San Bernardino) 0 0 0 5 0 0 A 9 

1992 11 Old Dad Peak (San Bernardino) Bullion Mtns (San Bernardino) 15 0 0 4 0 0 R 9 

1992 11 Old Dad Peak (San Bernardino) N Bristol Mtns (San Bernardino) 15 0 0 6 0 0 R 9 

1992 11 Old Dad Peak (San Bernardino) Sheephole Mtns (San Bernardino) 0 0 0 4 0 0 A 9 

1993 4 Hinkley (San Bernardino) Ord Mountain (San Bernardino) 0 0 0 0 1 0 Ag 9 

1999 8 Whipple Mtns (San Bernardino) Old Dad Peak (San Bernardino) 0 0 0 1 0 0 Ah 10, 11 

2001 3 Wheeler Ridge (Inyo) Mt. Williamson (Inyo) 0 0 0 1 0 0 A 12 

2002 3 Wheeler Ridge (Inyo) Lee Vining Canyon (Mono) 0 0 0 2 0 0 A 13 

2005 2 Wheeler Ridge (Inyo) Mt. Baxter (Inyo) 5 0 0 0 0 0 A 14 

2006 10 Old Dad Peak (San Bernardino) Eagle Crags (San Bernardino) 13 0 0 0 0 0 A 15 

2009 4 Wheeler Ridge (Inyo) Lundy Canyon (Mono) 3 0 0 0 0 0 A 16, 17 

2009 4 Mt. Langley (Inyo) Lundy Canyon (Mono) 2 1 0 0 0 0 A 16, 17 

2013 3 Sawmill Canyon (Inyo) Olancha Peak (Inyo) 10 0 0 1 0 0 R 18j 

2013 3 Mt. Baxter (Inyo) Olancha Peak (Inyo) 0 0 0 1 0 0 R 18j 

2013 3 Mt. Langley (Inyo) Olancha Peak (Inyo) 0 0 0 2 0 0 R 18 

2013 3 Mt. Langley (Inyo) Convict Creek (Mono) 2 1 0 0 0 0 A 18 

2013 3 Mt. Langley (Inyo) Mt. Gibbs (Mono) 3 0 0 0 0 0 Ai 18 

2014 3 Wheeler Ridge (Inyo) Big Arroyo (Tulare) 8 2 0 1 0 0 R 19 

2014 3 Mt. Baxter (Inyo) Big Arroyo (Tulare) 0 0 0 3 0 0 R 19 

2014 3 Sawmill Canyon (Inyo) Olancha Peak (Inyo) 4 0 0 0 0 0 R 19 

2015 3,4 Mt. Langley (Inyo) Cathedral Range (Madera) 9 1 0 0 0 0 R 20k 

2015 3 Mt. Baxter (Inyo) Laurel Creek (Tulare) 6 1 0 1 0 0 R 20 

2015 3 Sawmill Canyon (Inyo) Laurel Creek (Tulare) 0 0 0 3 0 0 R 20 

2015 4 Sawmill Canyon (Inyo) Mt. Gibbs (Mono) 3 0 0 0 0 0 Ai 20 
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Table 1. Continued.           

2015 3 Mt. Baxter (Inyo) Olancha Peak (Inyo) 0 0 0 2 0 0 R 20 

2015 3 Mt. Baxter (Inyo) Cathedral Range (Madera) 0 0 0 2 0 0 R 20 

2015 3 Wheeler Ridge (Inyo) Cathedral Range (Madera) 0 0 0 1 0 0 R 20 

2015 4 Mt. Langley (Inyo) Mt. Gibbs (Mono) 2 0 0 0 0 0 Ai 20 

2016 10 Wheeler Ridge (Inyo) Laurel Creek (Tulare) 0 0 0 4 0 0 R 21 

2016 11 Mt. Baxter (Inyo) Cathedral Range (Madera) 0 0 0 4 0 0 R 21 

2016 11 Sawmill Canyon (Inyo) Cathedral Range (Madera) 0 0 0 1 0 0 R 21 

2017 10 Mt. Baxter (Inyo) Cathedral Range (Madera) 0 0 0 1 0 0 R 22 

2017 10 Sawmill Cyn (Inyo) Cathedral Range (Madera) 0 0 0 1 0 0 R 22 

2018 3 Wheeler Ridge (Inyo) Olancha Peak (Inyo) 1 0 0 1 0 0 R 22 

2018 3 Mt. Baxter (Inyo) Big Arroyo (Tulare) 2 1 0 1 1 0 R 22 

2020 3 Wheeler Ridge (Inyo) Mt. Warren (Mono) 4 2 0 0 0 0 R 23l 

               
a Population restoration (i.e., reintroduction of a population to its historical range) 
b Population augmentation (i.e., translocated to augment a small, native population, or >15 years following an initial translocation in a restoration effort) 
c Prairie Fork, Lytle Creek, and Cattle Canyon are located in the San Gabriel Mountains 
d This information corrects an error that appeared in Bleich et al. (1990b) 
e This translocation was inadvertently omitted by Bleich et al. (1990b); one male returned to its native range in the Mt. Baxter population, and the other moved to 

the Mt. Williamson population 
f Lone Tree Canyon and Silver Canyon are located in the White Mountains of eastern California 
g This individual was a 'nuisance animal' captured at a rural Hinkley residence and was translocated to the Ord Mountains 
h This individual was a 'nuisance animal' that was translocated to Old Dad Peak, but returned to the Whipple Mountains within 3 months of its release 
i The Mt. Gibbs population was founded when 5 individuals originating from the translocation to Lee Vining Canyon emigrated to Mt. Gibbs in 1986 (see text); 

hence, these translocations are treated as augmentations of the Mt. Gibbs population 
j Information provided by Few et al. (2013) has been expanded with unpublished information on the precise capture locations 
k Information provided by Runcie et al. (2015) has been expanded with unpublished information on the ages of these females 
l Information provided by CDFW (2021) has been expanded with unpublished information on the ages of these animals 
m References: 1 Blaisdell 1972; 2 Blaisdell 1974; 3 Bleich et al. 1990b; 4 Bleich et al. 1996; 5 Sleznick 1980; 6 Camilleri & Thayer 1982; 7 Campbell 1984; 8 

Bleich et al. 2020; 9 Torres et al. 1993; 10 Torres et al. 2000; 11 Torres et al. 2019; 12 Wehausen 2001; 13 Wehausen & Stephenson 2004; 14 

Wehausen & Stephenson 2006; 15 Bleich & Weaver 2007; 16 Wehausen et al. 2009; 17 Wehausen et al. 2010; 18 Few et al. 2013; 19 Runcie et al. 

2014; 20 Runcie et al. 2015; 21 Greene et al. 2017; 22 Greene et al. 2018; 23 CDFW 2021 
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history in California. It is our intent that this 

information be available to future 

investigators before it suffers the fate of 

"generational amnesia" (Fisher 2021). 

 

A HISTORICAL REVIEW 

The vast majority of translocations carried 

out in California relied on the capture of wild 

animals that were relocated to (1) reestablish 

bighorn sheep in the northeastern part of the 

state; (2) reestablish or augment populations 

wholly within the Sierra Nevada; or (3) 

reestablish or augment populations in the 

transverse ranges and the Great Basin, 

Mojave, and Sonoran deserts. These efforts 

were initiated in 1971, 1979, and 1983, 

respectively (Table 1). An additional 

category includes two efforts to breed 

bighorn sheep in captivity for release in 

native habitat or to augment declining 

populations (Blaisdell 1971, Ostermann et al. 

2001). We also include information on 

bighorn sheep captured outside of California 

and displayed at zoos within that state for 

educational purposes. 

 

Administrative Planning 

A special report prepared for the Department 

of the Interior (Leopold et al. 1963) 

mentioned the possibility of restoring 

bighorn sheep to historically occupied habitat 

at Lava Beds National Monument (LBNM) 

in northeastern California, but planning for 

that action was well underway prior to 

implementation in 1971 (Blaisdell 1971). In 

addition, the Leopold Report emphasized a 

need to restore bighorn sheep to the southern 

Sierra Nevada. At that time, historical range 

of bighorn sheep from the southern Sierra 

Nevada to northeastern California was 

considered by Cowan (1940) to have been 

occupied by O. c. californiana, and that taxon 

was listed as 'rare' by the California Fish and 

Game Commission shortly after passage of 

the California Endangered Species Act 

(Leach et al. 1974). In all likelihood, that 

action further stimulated interest in 

cooperative efforts (Blaisdell 1972, Keay et 

al. 1987, Bleich et al. 1991) to reestablish 

bighorn sheep of that subspecies in historical 

habitat in the Warner Mountains, Modoc 

County, and the Sierra Nevada of Inyo and 

Mono counties. 

From 1968 to 1972 an intensive 

investigation was carried out across the range 

of desert bighorn sheep and in the Sierra 

Nevada (Weaver 1972a). That effort resulted 

in the first management plan for bighorn 

sheep in the Golden State, and included 

recommendations to reestablish bighorn 

sheep on historical ranges where feasible 

(Weaver 1973). The plan subsequently was 

revised, but continued to emphasize 

restoration of bighorn sheep to their historical 

distribution in the Sierra Nevada, the Great 

Basin, Mojave, and Sonoran deserts, and the 

transverse ranges of California (CDFG 

1983). 

 

Northeastern California 

The first translocation occurred in 1971 when 

10 bighorn sheep caught near Williams Lake, 

British Columbia, Canada were trucked to 

California and released in a 500-ha enclosure 

at LBNM to serve as breeding stock and 

produce offspring for release in historically 

occupied habitat in the state (Table 1). 

Ultimately, attempts to reestablish bighorn 

sheep at LBNM and in the Warner 

Mountains, Modoc County, were 

unsuccessful due to a series of mortality 

events. First were early issues within the 

captive herd: the poaching of 2 adult males 

that were replaced with one male from the 

Sheldon Reserve in Nevada (Table 1, Table 

2; Blaisdell 1974), deaths due to bluetongue 

virus (Blaisdell 1975), and losses of lambs to 

contagious ecthyma (Blaisdell 1982). After 

that captive population had increased to 42 

sheep and was capable of providing 

translocation stock, a 1980 effort to 

reestablish bighorn sheep in the Warner 
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Mountains went awry, and 6 of 10 animals 

died during the operation (Blaisdell 1982). 

One month later, 10 bighorn sheep were 

caught in the southern Sierra Nevada and 

translocated to the Warner Mountains (Table 

1; Camilleri and Thayer 1982) to augment the 

4 surviving individuals from LBNM that had 

been released in that range (Sleznick 1980). 

Despite the presence of a fence, all of the 

bighorn sheep remaining at LBNM died later 

in 1980 from respiratory disease contracted 

from domestic sheep that were grazed on 

adjacent National Forest lands (Blaisdell 

1982, Foreyt and Jessup 1982, Weaver and 

Clark 1988, Jessup et al. 2014). Following a 

considerable increase of the herd in the 

Warner Mountains, that entire population 

succumbed to respiratory disease in 1988 

following contact with domestic sheep 

(Weaver and Clark 1988). No additional 

translocations have been implemented in 

northeastern California.  

 

Sierra Nevada 

Counts of native herds on winter ranges in the 

southern Sierra Nevada beginning in 1977 

(Wehausen 1979, 1980) were used to plan 

translocations that began in 1979 (Table 1). 

In addition to being consistent with the 

recommendations of Weaver (1972b) and the 

overall objectives of California's bighorn 

sheep management plan (Weaver 1973), this  

 

 

Table 2. Total numbers of animals—by region and location—translocated during the first 15 years 

of each effort to restore populations of bighorn sheep in in California, 1971–2020. Augmentations 

occurring >15 years following initial translocations are not included (see text and Table 1). 

Region Location Number Released 

Northeastern California Lava Beds National Monument 11a  

 Warner Mountains 14  

   

Sierra Nevada Wheeler Ridge 27  

 Mount Langley 28  

 Lee Vining Canyon 38  

 Olancha Peak 22  

 Kern (Laurel and Big Arroyo) 34  

 Cathedral Range 20  

   

Desert Mountain Ranges Whipple Mountains 80 

 Eagle Crags 41 

 Sheephole Mountains 31 

 Argus Range 28 

 Chuckwalla Mountains 43 

 Bullion Mountains 19 

 North Bristol Mountains 21 

 Silver Canyon (White Mtns) 10 

   

Transverse Ranges Prairie Fork (San Gabriel Mtns) 22 

 San Rafael Mountains 36 
a 

Ten bighorn sheep from British Columbia were released in 1971; after 2 males were illegally killed, an additional 

male was captured in Nevada and released in the enclosure in 1973  
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action had administrative support because the 

putative subspecies (O. c. californiana) was 

listed as 'rare' under the California 

Endangered Species Act (Leach et al. 1974). 

Thus, efforts to translocate bighorn sheep—

since then recognized as a distinct subspecies 

(O. c. sierrae [Wehausen et al. 2005])—have 

been ongoing since 1979 (Table 1). Further, 

the taxon has been uplisted to 'endangered' by 

the California Fish and Game Commission, is 

listed as 'endangered' by the federal 

government (USFWS 2000a), and a recovery 

plan (USFWS 2007) has been completed. In 

addition to initial efforts that focused on 

restoring these unique ungulates to 

historically occupied habitat on public lands 

in Inyo and Mono counties, recovery efforts 

have resulted in translocations to historical 

habitat in Tulare and Madera counties on 

lands managed by the National Park Service 

(Table 1, Fig. 1; Wehausen 2018, 2020; 

CDFW 2021). 

 

 
Figure 1. Locations at which Sierra Nevada bighorn sheep (O. c. sierrae) were captured and 

released in the Sierra Nevada, California, 1979–2020. In 1980, 10 individuals (6 ♀, 4 ♂) were 

captured at Mt. Baxter and translocated to the Warner Mountains, Modoc County (not shown); all 

other translocations have occurred entirely within the Sierra Nevada. 
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The translocation of bighorn sheep within the 

Sierra Nevada in 1979 was the first 

restoration effort relying on bighorn sheep 

that originated solely within California. As 

such, it began the undermining of a 

bureaucratic barrier to such a proactive 

conservation approach. The next step in that 

progression was expansion of the 

translocation program to include desert 

bighorn sheep. 

 

Desert and transverse ranges 

In 1982 it was discovered that the populations 

at Old Dad Peak and the Marble Mountains, 

San Bernardino County, numbered >200 and 

>100, respectively, and both were considered 

large enough to serve as sources of 

translocation stock (Weaver 1984). Building 

on prior successful translocations in the 

Sierra Nevada, this information allowed 

restoration efforts to address desert bighorn 

sheep (O. c. nelsoni) beginning in 1983 

(Table 1, Fig. 2). Intensive aerial surveys 

employing a mark-resight estimator 

(Magnusson et al. 1978) that had been 

conducted for 6 years in the San Gabriel 

Mountains provided population estimates 

(DeForge 1980, Holl and Bleich 1983) 

adequate to initiate translocations within the 

transverse ranges the same year (Table 1, Fig. 

2). 

In addition to the translocations listed in 

Table 1, one additional 'translocation' of 

bighorn sheep within California has been 

reported, albeit poorly documented. Will 

Frakes resided near Camp Cady, San 

Bernardino County, where he maintained 

several bighorn sheep that he had captured in 

the Avawatz Range. He was forced to liberate 

those animals in 1911, following the 

California Fish and Game Commission's 

revocation of his permit to possess bighorn 

sheep for scientific purposes, but the location 

at which those animals were released has not 

yet been established (Saldana 1975). We 

have not included the release of these animals 

in the tables or figures because it was not a 

planned management action, but it is 

appropriate to mention it from a historical 

perspective. 

 

Captive propagation 

Bighorn sheep of the putative subspecies O. 

c. cremnobates in the peninsular ranges of 

Riverside, San Diego, and Imperial counties 

were listed as 'rare' under the California 

Endangered Species Act (CESA; Leach et al. 

1974). In 1984, that designation was changed 

to 'threatened' to conform with terminology 

in CESA as amended (USFWS 2007). The 

bighorn sheep occupying the peninsular 

ranges since have been synonymized with O. 

c. nelsoni (Wehausen and Ramey 1993). In 

1998, they were categorized as a 'distinct 

vertebrate population segment' that was listed 

as 'endangered' by the federal government 

(USFWS 1998), and a recovery plan 

(USFWS 2000b) has been completed. 

Prior to federal listing, a massive decline 

in bighorn sheep occupying the peninsular 

ranges occurred during the late 1970s 

(Wehausen et al. 1987b), with evidence of 

many lambs dying of disease. The Bighorn 

Institute (BI) developed a captive facility in 

the Santa Rosa Mountains, Riverside County. 

The BI facility initially was created to treat 

potentially moribund young captured at 

multiple locations within the peninsular 

ranges, but ultimately was expanded to 

include a captive breeding program 

(Ostermann et al. 2001). BI has released no 

captive-bred animals into the wild since 

2016. 

Animals that recovered or were born at 

the BI facility were released primarily to 

supplement the subpopulation identified as 

the "Santa Rosa Mountains North of 

Highway 74" (NSRM; USFWS 2000b), 

which had declined in number from an 

estimated 90 in 1977 (Wehausen et al. 1987b) 

to 40 in 1985 (Ostermann et al. 2001), or the 

very small number of bighorn sheep (N ≤ 12)   
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Figure 2. Locations at which desert bighorn bighorn sheep (O. c. nelsoni) were captured and 

released in the Great Basin, Mojave, or Sonoran deserts of California, 1983–2020. Total numbers 

of males and females translocated between mountain ranges are shown. Translocations of 

individual nuisance animals, one from Hinkley to the Ord Mountains and one from the Whipple 

Mountains to Old Dad Peak, also are illustrated. Not shown are the Santa Rosa and San Jacinto 

mountains, Riverside County, where animals (67 ♀, 60 ♂) were released by the Bighorn Institute 

to augment small populations (see text for details). 

 

 

thought at the time to comprise the 

subpopulation identified as the "San Jacinto 

Mountains" (SJM; USFWS 2000b, 

Ostermann et al. 2001). From 1985 to 2016, 

100 bighorn sheep (48 ♀, 52 ♂) ≥1-year-of-

age were released in the NSRM, and from 

1997 to 2011, 27 (19 ♀, 8 ♂) were released 

in the SJM. As of 2021, an estimated 95 

bighorn sheep occur in the NSRM, and 80 in 

the SJM (Rivkin 2021). 

 

Educational, display, or investigative 

purposes 

We are aware of a single instance in which 

bighorn sheep captured in California have 

been displayed outside of the state. A young 
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male and female (Catalogue Numbers 7278 

and 7279, respectively) were received by the 

National Zoo on 15 July 1908, and were on 

display before they died on 13 April 1910 and 

18 June 1910. According to Frakes (1908), 

these animals were captured on 30 June and 

2 July 1907, "… on the North end of Avawaz 

[sic] Mountain, near the summit; this 

mountain is on the South side of Death Valley 

… about 12 miles North west [sic] from 

Silver Lake, in San Bernardino Co. Cal." 

Efforts to capture bighorn sheep in the 

Avawatz Range with leghold traps had been 

underway for many years, but success was 

quite limited (Frakes 1906, 1907a, 1907b, 

1907c) and only two individuals were made 

available for display. 

Within California, "Rocky mountain 

sheep [sic]" were held in pastures or 

enclosures at Rancho Piedra Blanca, San Luis 

Obispo County, for an undetermined length 

of time between 1924 and 1953 (Barrett 

1967); we have been unable to ascertain the 

origin or disposition of those animals. Desert 

bighorn sheep (O. c. nelsoni) from the Sheep 

Range, Clark County, Nevada, were moved 

to the San Diego Zoo in 1947 and 1958 (n = 

3 and n = 2, respectively; Pournelle 1964); 

from the Sheep Range to San Diego Wild 

Animal Park—now San Diego Zoo Safari 

Park—in 1976 (n = 5; Sausman 1982, 1984; 

WSWG 2015); and from the Sheep Range to 

the Los Angeles Zoo in 1959 (n = 2; WSWG 

2015) and 1976 (n = 5; Sausman 1982, 1984). 

Desert bighorn sheep (O. c. nelsoni) 

from the Sheep Range, Clark County, 

Nevada, were moved to the San Diego Zoo in 

1947 (n = 3) and 1958 (n = 2; Pournelle 1964) 

to the San Diego Wild Animal Park (now the 

San Diego Zoo Safari Park) in 1976 (n = 5; 

Sausman 1982, 1984; WSWG 2015), and 

from the Sheep Range to the Los Angeles 

Zoo (n = 2) in 1959 (WSWG 2015) and again 

in 1976 (n = 5; Sausman 1982, 1984). 

Additionally, the Living Desert Reserve 

(LDR) held desert bighorn sheep originating 

in California as early as 1972 (Sausman 

1982, 1984), and that subspecies remains on 

display at that facility (Barkas 2015, CALM 

2022). Animals obtained from the San Diego 

Zoo, Los Angeles Zoo, or the Living Desert 

Reserve currently are displayed at the 

California Living Museum (CALM), Kern 

County, and a single male desert bighorn 

sheep (O. c. mexicana) obtained from the 

Arizona Desert Museum was received by that 

facility in 2021 (M. Maitland, CALM, 

personal communication). Aside from the 

animals translocated to LBNM from British 

Columbia or Nevada (Table 1)—none of 

which survived. These are the only bighorn 

sheep known to have been imported to 

California, and there has been no 

confirmation of any of them having been 

released into the wild. 

 

IN RETROSPECT 

Bighorn sheep translocations have, in 

general, suffered from a management 

technology that was developed and 

implemented before adequate understanding 

of some key issues had occurred. Thus, early 

translocations might be viewed as having 

been implemented under false premises. 

While the onset of translocations in 

California had the benefit of lagging half-a-

century behind implementation of this 

management practice in other states, 

California was not immune from a number of 

challenging issues. Here we provide a critical 

review of this past as an opportunity to 

chronicle important lessons learned. 

 

Choice of translocation stock 

There was an early reliance on a published 

taxonomy having a limited empirical basis 

(Cowan 1940), that had been questioned in a 

separate analysis of cranial measurements 

(Bradley and Baker 1967), and did not make 

sense biogeographically. No evolutionary 

background or geological timeline would 

lead to the conclusion that bighorn sheep 
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surviving in the southern Sierra Nevada 

could be more closely related to bighorn 

sheep 2,500 km to the north in western 

Canada than to native desert bighorn sheep 

25 km to the east, and it turned out that they 

weren’t (Ramey 1993, Wehausen and Ramey 

2000). In short, wildlife managers initially 

were more interested in establishing 

populations in vacant habitat in northeastern 

California and elsewhere than engaging in 

the science needed to answer the 

fundamentally important question of what the 

best source of stock would be. As a result, 

large regions of North America ultimately 

received forms of bighorn sheep that differed 

from those that had comprised the extirpated 

populations, and are best referred to as 

introductions, rather than reintroductions or 

restorations (Hale and Koprowski 2019). 

Large contiguous regions, including the 

entire state of Oregon and parts of 

southwestern Idaho and northern Nevada, 

were the recipients of bighorn sheep of 

Canadian origin, although the extirpated 

populations were cold-adapted desert 

bighorn sheep (Wehausen and Ramey 2000), 

of which some native populations yet persist 

(Jahner et al. 2019), and might have been 

used as appropriate translocation stock. In 

northern Nevada, bighorn sheep of Canadian 

origin are now hybridizing with desert 

bighorn sheep (Malaney et al. 2015).  

In California, this problem manifested 

when bighorn sheep were moved from 

western Canada to LBNM, and was further 

confounded when Sierra Nevada bighorn 

sheep were mixed with that stock, bringing 

together two lineages that had been separated 

for nearly 700,000 years (J. D. Wehausen, R. 

R. Ramey II, and C. W. Epps unpublished 

data). The same has occurred in Nevada, 

where Malaney et al. (2015) have explored 

the niche differences between the habitats 

occupied by sources of translocation stock 

and where that stock was released. 

Recommendations to use the most local 

stock because of potential adaptive characters 

date from the early 1990s (Wehausen 1991; 

Ramey 1993, 1995), and continue (Gille et al. 

2016). The demographic benefit of using 

translocation stock of similar ecotypes has 

been confirmed (Wiedmann and Sargeant 

2014, Bleich et al. 2018), and is now a 

general recommendation (Brewer et al. 

2014). 

 

Causes of extirpations 

Translocations began before the causes of 

extirpations were adequately understood, 

despite early recognition that introduced 

diseases were clearly involved (Rush 1927, 

Honess and Frost 1942, Jones 1950, Smith 

1954, Buechner 1960) and manifested largely 

in the form of respiratory disease. Although 

observations of a correlation linking 

domestic sheep to the disappearance of 

bighorn sheep (Grinnell 1928, Shillinger 

1937, Marsh 1938, Besser et al. 2013) were 

evident, a clearer understanding of the 

involvement of domestic sheep in this disease 

issue emerged only in the early 1980s, in part 

as a result of the 1980 die-off of all bighorn 

sheep in the LBNM enclosure (Goodson 

1982, Foreyt and Jessup 1982). That better 

understanding, however, was too late for 

bighorn sheep that had been released in the 

Warner Mountains in 1980, the loss of which 

was inevitable given the proximity of grazing 

allotments occupied by domestic sheep.  

The restoration of bighorn sheep to 

northeastern California was doomed from the 

beginning because of this disease issue. 

Further, as implementation of a 

recommendation in the Leopold Report of 

1963 (Leopold et al. 1963), the LBNM 

project was not well conceived. That report 

also included a discussion focused on 

potential restoration of bighorn sheep in the 

southern Sierra Nevada as an example of 

restoration goals that might be undertaken in 

national parks but added, “If restoration is 

achieved in the Sequoia-Kings Canyon 
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region, there might follow a program of 

reintroduction and restoration of bighorns in 

Yosemite and Lassen National Parks, and 

Lava Beds National Monument, within 

which areas this magnificent native animal is 

presently extinct” (Leopold et al. 1963:5).  

The LBNM project clearly was 

premature. It probably would not have taken 

place had it been delayed until the results of 

initial reintroductions of Sierra Nevada 

bighorn sheep were known, because of the 

better understanding of the threat posed by 

domestic sheep. The restoration of Sierra 

Nevada bighorn sheep did, however, benefit 

from the increased understanding of that 

threat. A translocation to Lee Vining Canyon 

(Table 1), as an attempt to return bighorn 

sheep to Yosemite National Park, was 

delayed until a nearby domestic sheep 

allotment on the Inyo National Forest could 

be purchased and re-allocated to bighorn 

sheep (Keay et al. 1987). Increased 

awareness of further threats associated with 

nearby domestic sheep allotments became 

one of two bases for petitioning for federal 

endangered species status for Sierra Nevada 

bighorn sheep in 1999, and that newly 

designated status led to considerable changes 

in domestic sheep grazing on federal land and 

other properties proximate to habitat 

occupied by bighorn sheep in the Sierra 

Nevada. Closures of higher-elevation 

domestic sheep grazing areas in habitat that 

might be visited by bighorn sheep, 

restrictions on domestic sheep grazing time 

on allotments perceived as problematic, and 

improvements in domestic sheep husbandry 

practices have been implemented to mitigate 

risk of interspecies contact and pathogen 

spillover (Clifford et al. 2009). 

Similar to the situation in Lee Vining 

Canyon, translocation of desert bighorn 

sheep to the Chuckwalla Mountains, 

Riverside County (Table 1) was delayed until 

the boundary of a domestic sheep allotment 

proximate to that mountain range had been 

modified by an amendment to the California 

Desert Conservation Area Plan (BLM 1991). 

Respiratory disease caused by pathogens 

most likely to be transmitted to bighorn sheep 

from domestic sheep (Wehausen et al. 2011, 

Besser et al. 2013, Cassirer, et al. 2018) 

remains among the most pressing challenges 

to the conservation of the native sheep of 

North America (Bleich 2009, Brewer et al. 

2014, Jex et al. 2016). 

 

Genetic diversity, gene flow, and founder 

effects 

A third issue involved a lack of recognition 

of important metapopulation processes in 

bighorn sheep as they affect gene flow and 

genetic diversity (Schwartz et al. 1996; 

Bleich et al. 1990a, 1996). Early guidelines 

for re-establishing populations of desert 

bighorn sheep did recognize the genetic 

importance of translocating enough animals, 

recommending at least 12 for enclosures and 

20 for free releases, but treated all 

populations as being isolated from one 

another (Wilson et al. 1973). The release of 

only 10 bighorn sheep at LBNM in 1971 

(Table 1) preceded those recommendations, 

and was too few to found successfully what 

was planned to be the nursery population for 

northeastern California. Subsequent sites 

receiving translocations in California have 

varied from 10 to 80 in total sheep released 

(Table 2), but those with lower numbers were 

in locations where gene flow between 

proximate populations was possible, and 

ultimately occurred. 

Silver Canyon in the White Mountains, 

Inyo County, was the site that received only 

10 total sheep, but it has a remarkable history 

that illustrates the importance of gene flow 

within a functional metapopulation. 

Following release, the Silver Canyon herd 

quickly declined due to deaths from 

mountain lion (Puma concolor) predation 

and bighorn sheep that returned back to their 

native range, leaving after 2 years a 
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population of only 2 females—one released 

there as a pregnant yearling and the other 

being her daughter that was born shortly after 

the translocation. That tiny population then 

increased exponentially for a number of years 

because native males in that mountain range 

continually found and bred them. Today it is 

a well-established population derived from 

that single pregnant yearling. This example 

may not be the exception in functional 

bighorn sheep metapopulations, where 

geographically separate home range patterns 

of females are likely the fundamental 

demographic building blocks of 

metapopulations (Bleich et al. 1996) and 

frequently may be matrilines initiated by 

single females. 

In contrast, the 1985 restoration of 

bighorn sheep to the San Rafael Mountains in 

Ventura County (Table 1) produced a 

completely isolated population that from a 

metapopulation perspective was ill-

conceived and would not have been 

implemented just a few years later. That 

population persists, but estimated genetic 

diversity at >1,900 single nucleotide 

polymorphism loci (SNPs) is notably lower 

than that for the source population in the San 

Gabriel Mountains (HE = 0.14 versus HE = 

0.19; Buchalski et al. 2016, CDFW 

unpublished data). Early reintroductions to 

Wheeler Ridge and Lee Vining Canyon in the 

Sierra Nevada (Table 1) also created 

genetically isolated populations. The few 

surviving native populations of Sierra 

Nevada bighorn sheep have a strong signal of 

a recent bottleneck and associated reduced 

genetic diversity compared with desert 

bighorn sheep (USFWS 2007). While this 

was not known during the first period of 

reintroductions in 1979–1988 (Table 1), the 

populations created during that period carry 

most of the genetic variation in the native 

herds (USFWS 2007).  

Increased knowledge of the genetic 

status of Sierra Nevada bighorn sheep 

(Johnson et al. 2011) has since placed a 

higher premium on retaining genetic 

diversity remaining in this subspecies. 

Reintroductions beginning with Olancha 

Peak in 2013 (Table 1) selected previously 

genotyped males with higher heterozygosity 

for translocation in initial releases as an 

attempt to maximize genetic diversity of 

offspring produced early on by the founding 

population. Similarly, translocations to 

Lundy Canyon in 2009 and Mount Gibbs in 

2013 and 2015 (Table 1) were of females 

exhibiting higher heterozygosity. Those 

released at Mount Gibbs were an experiment 

in genetic rescue of a herd with low and 

declining genetic diversity (Wehausen 2020). 

The Mount Gibbs herd began in 1986 when 3 

females released in Lee Vining Canyon that 

year and 2 lambs born that spring, left Lee 

Vining Canyon and moved to Mount Gibbs 

(Chow et al. 1993). Its subsequent genetic 

population structure reflected that small 

founding population and inadequate gene 

flow from the herd initiated in Lee Vining 

Canyon. Similar to the Silver Canyon herd, 

the Mount Gibbs herd also declined to a 

single female as the reproductive base for 

four years, 1993–1996 (Wehausen 2020). 

While the Mount Gibbs herd persisted only 

because two males from the Lee Vining 

Canyon herd migrated there in 1991, unlike 

the Silver Canyon herd it was not part of a 

fully functional metapopulation with regular 

visitation by males from elsewhere; thus, the 

need for a genetic rescue that has been 

remarkably successful (Wehausen 2020, 

2021). Translocations to Mount Gibbs and 

Lundy Canyon have been part of efforts over 

more than three decades to return bighorn 

sheep to Yosemite National Park and 

neighboring areas. The result of those various 

actions, however, has been a largely isolated 

cluster of small populations that face 

potential future challenges to genetic 

diversity if gene flow is not optimized via 

occupation of all potential habitat patches in 
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that region. From a metapopulation 

perspective, what is currently and critically 

missing in the center of that population 

cluster is occupation of the first re-populated 

habitat on the north side of Lee Vining 

Canyon. That habitat has been vacant since 

all females abandoned it in 1998 and moved 

north to Lundy Canyon, coincident with yet 

another episode of mountain lion predation 

(Wehausen 2018, 2020). 

 

Metapopulation processes: extinction and 

colonization 

A fourth confounding factor reflected 

translocation actions that took place before 

the emergence of the concept of extinction-

colonization dynamics in metapopulations 

(Hanski 1985), and its application to bighorn 

sheep (Schwartz et al. 1986; Bleich et al. 

199a0, 1996). Translocation became a 

dominant management tool for bighorn sheep 

to enhance the rate at which populations 

could be re-established, given past losses 

resulting from anthropogenic influences 

involving humans of European origin. This 

practice was greatly influenced by Geist’s 

(1971) concept that natural dispersal and 

colonization were largely lacking in bighorn 

sheep. Since then, natural colonization of 

vacant habitat patches has been documented 

in the Rocky Mountains (Singer et al. 2000), 

Nevada (Jahner et al. 2019), as well as in 

California (Prentice et al. 2019). 

In the past quarter century, there have 

been three natural colonizations of vacant 

habitat in the Sierra Nevada (Prentice et al. 

2019), all of which have shown evidence that 

they are likely to persist, despite one into an 

area not previously considered historical 

habitat. These natural colonizations include 

two habitat patches listed for re-occupation to 

meet recovery goals (USFWS 2007). 

Similarly, Prentice et al. (2019) listed 6 

locations that are natural colonizations of 

previously vacant habitat by desert bighorn 

sheep. Natural colonizations demonstrate that 

translocation is not the only way that vacant 

habitat can become re-occupied.  

These natural colonizations expose a 

past focus of managers that centered on 

translocation alone, and the absence of 

viewing restoration through a 

metapopulation lens. The continuing 

expansion of bighorn sheep distribution in 

California from natural colonizations has 

engendered a change in how vacant habitat 

patches are viewed relative to translocation 

as a management tool. This has been another 

step in an evolution that began with the initial 

recognition of the importance of the 

metapopulation concept for bighorn sheep in 

California (Schwartz et al. 1986; Bleich et al. 

1990a, 1996), which has expanded to bighorn 

sheep in general (Brewer et al. 2014). 

 

Mountain lion predation  

A fifth factor was the lack of awareness of the 

potentially substantial impact that mountain 

lion predation can have on bighorn sheep 

populations translocated to vacant habitat. 

Early discussions of mountain lion predation 

largely were anecdotal accounts of 

documented events, but data to address 

potential population-level impacts of such 

predation were lacking (DBC 1957, Blaisdell 

1961, Kelly 1980). It was later that results of 

intensive field studies began to confirm 

significant demographic influences of 

mountain lion predation in a variety of 

habitats occupied by bighorn sheep 

(Wehausen 1996, Hayes et al. 2000, Schaefer 

et al. 2000, Rominger et al. 2004, Festa-

Bianchet et al. 2006, Holl and Bleich 2009, 

2010; Johnson et al. 2013). Founding 

populations resulting from translocation can 

be particularly vulnerable because of their 

small size and lack of knowledge of the 

habitat, including the risk of predation 

(Rominger et al. 2004, 2009). In such 

situations, or where predation by mountain 

lions threatens the persistence of bighorn 

sheep, removal of those predators may be 
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needed to reestablish or to maintain viable 

predator-prey systems (Schaefer et al. 2000, 

Rominger et al. 2009, Holl and Bleich 2009, 

2010; Gammons et al. 2021). 

Based on experience in the southern 

Sierra Nevada (Wehausen 1996), there was 

considerable awareness of this threat in 1986 

when Sierra Nevada bighorn sheep were 

translocated to Lee Vining Canyon (Table 1), 

but it was not considered an issue because 

mule deer (Odocoileus hemionus) in that 

region were known to migrate to distant 

winter ranges (Bleich and Taylor 1998), and 

mountain lions were thought to be associated 

with deer (Bleich et al. 1991). Within two 

years, however, that fledgling herd had a 

reproductive base of only five females 

(Bleich et al. 1991) and it became apparent 

that lion predation could destroy that 

restoration project. In 1988, 11 additional 

sheep were translocated to Lee Vining 

Canyon (Table 1) and a control program was 

initiated (Bleich et al. 1991), after which one 

male mountain lion was removed during each 

of three consecutive years. Those actions 

converted a declining population into one 

increasing rapidly at rates as high as 25% per 

year (Chow et al. 1993). Only recently has it 

become clear that mountain lions can live 

through winter in that region eating no deer, 

and apparently survive by eating mostly 

rabbits and coyotes (J.L. Davis, personal 

communication). Given the earlier 

experience in Lee Vining Canyon, prior to 

translocation of bighorn sheep to a remote 

region along the Kern River in the southern 

Sierra Nevada (Big Arroyo and Laurel Creek; 

Table 1) professional trackers with trained 

dogs searched for evidence of mountain lions 

and found those areas suitable for 

translocation (Davis et al. 2012).  

Control of lion predation in Lee Vining 

Canyon lasted for only three years because 

California voters in 1990 passed an initiative, 

the Wildlife Protection Act, that made the 

mountain lion a specially protected mammal 

(Bleich and Pierce 2005). That initiative was 

approved at a time when mountain lions had 

recovered to high densities in California 

(Dellinger and Torres 2020). Following 

passage of the Wildlife Protection Act, eight 

years passed before a legal opinion 

determined that this Act had superseded prior 

state authority to engage in control of this 

predator to help what was then a species 

listed as threatened under the California 

Endangered Species Act. That legal opinion 

was obtained only because a fresh kill of a 

female bighorn sheep generated an 

immediate need to remove a lion to protect 

the few remaining sheep in Lee Vining 

Canyon. The regulatory insufficiency this 

exposed was the specific incentive to petition 

for federal endangered status to allow federal 

law to supersede state law. Legal protection 

provided by federal listing, however, came 

too late for the Lee Vining Canyon 

population, which already had abandoned 

that winter range and a large amount of 

associated high-elevation summer habitat, as 

described above. 

 

Feral equids 

A further and long-standing issue 

complicating restoration efforts has been that 

of sympatry between feral equids and 

bighorn sheep (Jonez et al. 1957), and 

competition has been implicated in the 

decline or extirpation of several populations 

of bighorn sheep in California (Weaver and 

Hall 1971, DeForge et al. 1981). Impacts 

incurred by bighorn sheep include resource 

competition and behavioral displacement by 

feral ass (Dunn and Douglas 1982, Ginnett 

and Douglas 1982, Marshal et al. 2008). 

Demographic status of bighorn sheep readily 

suffers when attempting to coexist with feral 

ass, and removal of those non-native equids 

from all areas that have potential for the 

restoration of desert bighorn sheep has been 

recommended (Seegmiller and Ohmart 

1981).  
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In California, reintroduction of bighorn 

sheep to the Eagle Crags, Whipple 

Mountains, and Argus Range occurred only 

after large numbers of feral ass were removed 

by the Department of Defense or the Bureau 

of Land Management (Campbell 1984; 

Kovach 1984, 1985). These actions did not 

occur without controversy, and federal 

legislation that confounds wildlife 

conservation will continue to plague similar 

large-scale efforts prior to reestablishing 

bighorn sheep in areas occupied by feral ass 

(Bleich 2005). Further, lack of geographic 

closure (i.e., physical barriers to movement) 

between areas from which feral ass have been 

removed and proximate areas in which they 

persist complicates such efforts (Gedir et al. 

2021).  

Removal of feral equids will remain a 

priority before implementing future 

translocations of bighorn sheep (CDFG 

1983), but the Wild Free Roaming Horses 

and Burros Act (U.S. Congress 1971) 

complicates restoration programs (Bleich 

2005), even in areas not designated Herd 

Management Areas (i.e., those geographic 

areas in which feral equids are to remain on 

the landscape). To help remedy this situation, 

specially designed fences that preclude 

access to water sources by feral equids, but 

allow access by bighorn sheep have been 

constructed (Bleich et al. 2020), and prevent 

usurpation of that resource by feral ass 

(Andrew et al. 1997). Such barriers were 

installed prior to translocation of bighorn 

sheep to the Whipple Mountains and the 

Eagle Crags, and use of those structures will 

continue, as appropriate, where feral equids 

are sympatric with bighorn sheep. 

 

Habitat enhancement 

It has become evident that habitat 

enhancements have meaningful implications 

for the success of restoration efforts, and that 

they are complicated immensely by federal 

legislation (Bleich 2005, 2016). The 

importance of reliable surface water to the 

persistence of bighorn sheep populations 

clearly is evident (Epps et al. 2004), but 

controversies similar to those associated with 

the management of feral equids have plagued 

efforts to enhance habitat prior to 

translocations. In the absence of legislation 

that recognizes the conservation value of 

habitat management in areas affected by 

wilderness designation, that situation will 

persist (Bleich 2005, 2016). One or more 

water sources were developed prior to 

implementing translocations to the 

Sheephole Mountains, Whipple Mountains, 

Bristol Mountains, and Chuckwalla 

Mountains, all of which occurred prior to 

passage of the California Desert Protection 

Act (CDPA) and the establishment of vast 

areas of legislated 'wilderness' in those 

mountain ranges (U.S. Congress 1994). 

Water developments also were installed prior 

to restoration of bighorn sheep in the Eagle 

Crags and the Bullion Mountains, but on 

lands managed by the Department of Defense 

and not subject to the CDPA. Habitat 

enhancement in the form of water 

development prior to translocations has been 

consistent with existing management 

direction for bighorn sheep in California 

(CDFG 1983), and will continue as necessary 

in the future. Nevertheless, it will be more 

challenging and controversial as a result of 

the CDPA and other similar legislation 

(Bleich 2016). 

Vegetation management is an efficient 

means of enhancing habitat for bighorn sheep 

(Bleich and Holl 1982), but has not been 

widely employed in the Sierra Nevada 

(USFWS 2007, Greene et al. 2012) or the 

transverse ranges (Holl et al. 2004, 2012; 

Bleich et al. 2008, 2019; Holl and Bleich 

2009, 2010); both are geographic areas in 

which manipulation of vegetation through the 

use of fire is apt to be of greatest benefit to 

bighorn sheep from the standpoints of 

nutrition and availability of suitable habitat 
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(Bleich et al. 2008, Greene et al. 2012). Had 

the impacts of fire suppression been fully 

appreciated prior to translocations to the 

Prairie Fork in the San Gabriel Mountains, 

Los Angeles County, or to the San Rafael 

Mountains, Ventura County (Table 1), those 

restoration efforts likely would have been 

reconsidered given fire management policies 

that had existed for decades (Bleich 2021). 

Further, efforts to implement vegetation 

management programs to help ensure success 

of future restoration efforts in the transverse 

ranges has been complicated by additional 

legislation (Bleich et al. 2019). Future 

proposals to translocate bighorn sheep should 

implement vegetation management programs 

prior to implementation of restoration 

projects; despite the value of such actions 

from a conservation perspective, doing so 

after the fact is difficult (Bleich et al. 2019). 

Fire increasingly is recognized as an 

important ecological component (Bleich 

2021) and, in the event of wildfire on public 

land, we further recommend implementation 

of 'let burn' policies that will help reestablish 

natural fire regimes and enhance habitat 

suitability for bighorn sheep (Bleich et al. 

2008, Holl and Bleich 2010, Holl et al. 2012). 

 

Evolution of translocation techniques  

Of great benefit has been an evolution of 

capture and release techniques since 

translocation of bighorn sheep first began, 

and California's experiences have paralleled 

those in other locations. Within the state, the 

earliest methods focused on capturing 

individual sheep in leg-hold traps (Frakes 

1907a, b, c), foot snares (DeForge 1980), or 

a drop-gate corral trap (Turner 1971, 1973). 

In the next phase, drop-nets and drug delivery 

systems were used to capture bighorn sheep 

without the use of aircraft (Jessup et al. 

2014). An attempt to use a corral trap for the 

purpose of translocating animals from 

LBNM to the Warner Mountains ended 

tragically with the loss of the majority of 

animals captured (Blaisdell 1982). Planned 

use of a permanent corral trap to capture 

bighorn sheep at Old Dad Peak was 

abandoned because of advances in capture 

methods supported by helicopters (Weaver 

1984).  

While the net-gun has become the 

dominant method of capture, many bighorn 

sheep were caught successfully in the San 

Gabriel Mountains, Sierra Nevada, or desert 

mountain ranges using drive-nets or drop-

nets before use of the net-gun became 

commonplace. Drive-nets and drop-nets were 

exceedingly efficient; 32 were captured with 

drive-nets in a single day at Sand Mountain 

in the Sierra Nevada in 1986, and 22 and 27 

were captured in single drops of the net in the 

San Gabriel Mountains in 1985 and 1987, 

respectively. Intensive investigations and 

evaluations have demonstrated that net-

gunning was the safest, least stressful, and 

most cost-efficient technique for capturing 

bighorn sheep under most prevailing 

conditions in California, (Kock et al. 1987a, 

b, c; Jessup et al. 1988, Bleich 1990). Drive-

nets, drop-nets, and net-guns will remain 

appropriate capture methods; it is doubtful, 

however, that corral traps will again be used 

in California. 

In addition to the evolution of capture 

methods, strategies for releasing bighorn 

sheep have evolved. Early releases of bighorn 

sheep in the Sierra Nevada were directly from 

vehicles, and use of that technique has 

continued where vehicular access to suitable 

habitat is available. Bighorn sheep were 

transported in crates designed to hold one or 

two animals, or placed in a large, enclosed 

transport box on a flatbed truck or in specially 

modified trailers that held numerous animals, 

and released directly from those crates or 

vehicles. 

During the first translocation of bighorn 

sheep in the San Gabriel Mountains, animals 

were placed in specially modified horse 

trailers that were hauled to a staging area, at 
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which time one or two animals were 

transferred to crates and then transported via 

helicopter to a remote location inside a 

federal wilderness area. In a similar manner, 

bighorn sheep were placed in small crates at 

Old Dad Peak, moved (inside the aircraft) to 

the Eagle Crags via U.S. Navy UH1-H 

helicopters, and released directly from those 

crates. Upon arrival of each load of animals 

at the remote locations in the San Gabriel 

Mountains and the Eagle Crags, bighorn 

sheep were released immediately from the 

crates, with the result that each subsequent 

arrival of the helicopter caused the animals 

released previously to disperse further and 

further from the release sites. The repeated 

disturbance associated with this methodology 

makes it unlikely it will be used in the future.  

Release of all animals, whether from 

vehicles or following aerial transport, since 

have been delayed until all individuals have 

been delivered to the release site. 

Simultaneous releases of animals released as 

a group, either directly from vehicles or 

transport crates, have been successful in the 

Sierra Nevada, Argus Range, Chuckwalla 

Mountains, Sheephole Mountains, Avawatz 

Mountains, White Mountains, and Bristol 

Mountains. Simultaneous releases of animals 

from crates following aerial transport have 

been used successfully in the Bullion 

Mountains, Eagle Crags, and Sierra Nevada. 

Simultaneous releases of animals following 

aerial transport also has been facilitated by 

holding all animals in small (10×10 m), 

temporary pens constructed prior to the 

translocations, until all translocation stock 

had been delivered (Thompson et al. 2001, 

Jessup et al. 2014, Bleich et al. 2019). This 

method was used successfully in the San 

Rafael and Chuckwalla mountains. 

There was no difference in measures of 

group cohesion between groups of animals 

released simultaneously from a vehicle or 

released simultaneously from a temporary 

enclosure, indicating the utility of using small 

enclosures when bighorn sheep were released 

following aerial transport (Thompson et al. 

2001). Use of small, temporary enclosures, or 

holding of animals in crates until all have 

been delivered and the helicopter has 

departed, remains a viable release method in 

California. 

Bighorn sheep also have been released 

into large enclosures in an effort to keep them 

from dispersing, of which the first was the 

doomed effort at LBNM. Bighorn sheep 

translocated to the Whipple Mountains 

initially were released into large enclosures 

and held for several months in an attempt to 

establish three separate demes in that 

mountain range (Weaver 1984, Berbach 

1987). Overgrazing of the more nutritious 

forage within the enclosures (Jessup et al. 

1989) resulted in malnutrition that affected 

body condition, survival, and reproductive 

success of those animals (Berbach 1987). 

This occurred because the very selective 

feeding by females at the end of gestation and 

early lactation to meet elevated nutritional 

requirements was not considered when 

planning the use of those enclosures. It is 

doubtful that large enclosures will be used 

again in California. 

 

The California advantage 

While the issues discussed above highlight 

situations where management decisions 

relative to translocations in California 

suffered from inadequate understanding of 

important issues, California did benefit from 

its delay in entering the bighorn sheep 

translocation era. First, with the exception of 

the LBNM project, no translocation stock has 

been moved into or out of California for 

release in the wild (WSWG 2015). Second, 

with the exception of the Sierra Nevada, 

California has not been dependent on what 

have been termed dilution (Bailey 1980) or 

second-order (Olson et al. 2013) 

translocations. Because of their precarious 

situation, a 1984 recovery and conservation 
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plan for Sierra Nevada bighorn sheep 

specifically called for the creation of 

additional large populations that could be 

used for translocation (SNBSIAG 1984). 

Although two reintroduced populations have 

been used in recent years as translocation 

stock, individuals from native herds have 

been included in all reintroductions (Table 1). 

Third, translocation of desert bighorn sheep 

in California has been quite limited, leaving 

much of the desert region and the transverse 

ranges unaffected by this practice (Fig. 2). As 

such, the Great Basin, Mojave, and Sonoran 

deserts have proved to be an important 

ecological laboratory that has allowed some 

very important metapopulation-level 

research to take place (Epps et al. 2005a, b, 

2006, 2007, 2010), and that could not happen 

in other states because the genetic structure, 

or the dynamics, of many populations had 

been confounded by translocations. The 

delay in the onset of translocations has 

allowed the documentation of several natural 

colonizations because enough vacant habitat 

patches remained available. Additionally, 

California has benefitted to a large degree 

from the paradigm that bighorn sheep exist 

largely as metapopulations, as well as from 

the evolution of translocation techniques, 

both within the state and in other 

jurisdictions. 

The California desert remains in this 

beneficial situation with opportunities for 

natural colonization of vacant habitat 

patches, but also with sources of appropriate 

translocation stock that remain unaffected by 

genetic introgression from animals 

translocated from distant locations or 

different ecosystems. Under prudent 

management, natural colonization events 

likely will continue, but the ability to 

maintain those opportunities increasingly is 

challenged. Indeed, the seemingly unending 

push for 'clean energy', and resulting 

development of commercial solar plants and 

other infrastructure, poses serious challenges 

to the conservation of California's desert 

ecosystems (Bleich 2005, 2012a, b; Leitner 

2009, Lovich and Enmen 2012). The 

importance of landscape-level processes was 

largely ignored in federal legislation 

affecting the deserts of California (U.S. 

Congress 1964, 1971, 1994), and that 

oversight has compounded the challenges 

with which bighorn sheep currently are faced. 

Had ecological and evolutionary processes 

been considerations at the time those laws 

were enacted, challenges to the persistence of 

populations of bighorn sheep, and associated 

metapopulation processes, and would have 

been primary concerns (Bleich 2015).  

Where appropriate, translocation 

remains a tool that can be used to enhance 

viability of individual, isolated populations in 

the San Gabriel Mountains. Further, 

translocation ultimately may result in 

establishment of a metapopulation in the San 

Rafael Mountains, and potentially elsewhere 

in the transverse ranges. Moreover, it may be 

used to accelerate the colonization process 

and enhance persistence of what, at one time, 

was a single, large desert metapopulation, but 

that currently exists as a series of 

metapopulation fragments (Epps et al. 

2005a). Translocation similarly remains an 

effective tool for use in the Sierra Nevada, 

where source stock also remains 

uncontaminated. 
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Abstract The San Andres Mountains in south-central New Mexico represent one of the largest, 

relatively undisturbed areas of the Chihuahuan Desert in the US and serve as crucial habitat for 

desert bighorn sheep (Ovis canadensis mexicana; hereafter bighorn sheep). However, the vast 

range of these mountains creates a challenge to managers monitoring bighorn sheep abundance. 

To inform aerial survey routes, GPS collars were placed on 13 bighorn sheep in December 2017 

to identify their daily locations at 1200 local time. We used these GPS locations to determine home 

range sizes and how habitat use varies between sexes and across reproductive seasons (lambing, 

pre-rut, rut, and post-rut) and to develop a resource selection function (RSF) model to determine 

areas selectively used by bighorn sheep at midday. Overall, male and female bighorn sheep in this 

region have similar home range sizes and use similar habitat regardless of sex or reproductive 

season, though females use open areas with steeper slopes more than males. The results of our 

RSF model suggest that topography plays a greater role in habitat selection than resource 

availability, though our data only reflect resource use during the middle of the day. More data is 

needed to determine how resource use may shift throughout the day. Given that both males and 

females generally use habitats with similar characteristics, regions identified as high occurrence 

can be used to refine aerial survey methods for greater efficiency and to focus habitat management 

efforts.  

Desert Bighorn Council Transactions 56:33–53 

 

Key words Desert bighorn sheep; habitat use; home range; New Mexico, USA; resource 

selection; San Andres National Wildlife Refuge 

 

The San Andres National Wildlife Refuge 

(SANWR) was established in New Mexico in 

1941 near the southern end of the San Andres 

Mountains, in part to preserve habitat for 

desert bighorn sheep (Ovis canadensis 

mexicana; Hoban 1990). At the time of the 

refuge’s establishment, the population 

consisted of only 33 animals, but by 1967, the 

population reached a high of 270 animals 

(Hoban 1990). However, direct comparison 

of these numbers should be taken with 

caution as survey methods have varied 

through the years. In 1978, a scabies 

(Psoroptes spp.) outbreak devastated the 

herd (Lange et al. 1980, Boyce and 

Weisenberger 2005). The herd continued to 

decline until only one female remained in 

1997 (Boyce and Weisenberger 2005). In 

1999, after no sign of scabies remained, 

biologists started to release bighorn sheep 

back into the refuge (86 total by 2005; Boyce 

and Weisenberger, 2005, E. Rominger, 
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personal communication) in conjunction with 

prescribed burns for habitat improvement 

(1999–2012) and predator control (2002–

2009). The most recent minimum population 

count in the San Andres Mountains is 178 

bighorn sheep from the 2021 aerial survey 

(New Mexico Department of Game and Fish, 

unpubl. data)  

To better inform aerial survey efforts, in 

December 2017, GPS collars were placed on 

13 bighorn sheep (10 females and 3 males) 

that recorded the location of individuals once 

daily (to achieve maximum battery life from 

the collar) at midday (1200 local time). 

Because GPS collar data existed for this herd, 

we capitalized on the opportunity to learn 

more about how these individuals use their 

landscape. The goal of this analysis was to 

assess habitat use and resource selection of 

bighorn sheep in SANWR derived from these 

midday GPS locations. Specifically, we: 1) 

analyzed bighorn sheep GPS collar data to 

create maps displaying habitat use and 

individual home ranges; 2) determined how 

habitat use varies between females and 

males, and across reproductive seasons; and 

3) developed a resource selection function 

(RSF) model to determine areas 

preferentially used by bighorn sheep within 

SANWR and its surrounding areas. We 

emphasize that the analyses conducted in this 

study only represent habitat use of San 

Andres bighorn sheep at midday due to 

limitations of the data available. Bighorn 

sheep select for different habitat features 

depending on time of day (Longshore et al. 

2013), so we recommend using caution when 

extrapolating the results of our study to 

habitat use during other times of the day or 

when comparing to other studies of bighorn 

habitat use.  

 

STUDY AREA 

The San Andres Mountains (Max Elevation 

2,715 m) cover about 2,059 km2 in south-

central New Mexico, and represent one of the 

largest contiguous, relatively undisturbed 

areas of the Chihuahuan Desert in the US 

(USFWS 1998).  

The SANWR (approximately 33°45' 

N, 106°40'W) is located ~50 km northeast of 

Las Cruces, New Mexico and covers 233 km2 

of the southern end of the San Andres 

Mountains (Fig. 1). The refuge and the 

entirety of the San Andres Mountains are 

surrounded by the White Sands Missile 

Range, an 8,859-km2 operated by the US 

Department of Defense. Three primary 

seasons occur in SANWR: warm wet (July-

October), cool dry (November-February), 

and warm dry (March-June) (Bender and 

Weisenberger 2005). The vegetation 

communities in this area are dominated by 

semidesert grassland, desert scrub, and 

coniferous and mixed woodland (Muldavin et 

al. 2000). 

 

METHODS 

Data collection and preparation 

The New Mexico Department of Game and 

Fish (NMDGF) captured and collared 10 

female and 3 male bighorn sheep with GPS 

telemetry collars in December 2017. GPS 

locations were collected once daily at 1200 

local time until 11 August 2020. Four 

bighorn sheep, 3 females and 1 male, died 

after capture in in February 2019 (female), 

March 2019 (female), February 2020 (male), 

and March 2021 (female). We collected at 

least 437 locations (average 733 locations) 

per animal. After removing locations that 

occurred after a mortality, the collars 

generated a total of 9,537 locations (2,541 

male locations and 6,996 female locations). 

We coded locations by individual, sex, and 

reproductive season (lambing, pre-rut, rut, 

and post-rut) because we expected habitat use 

to vary seasonally by sex (Dibb 2006, Bangs 

et al. 2005a). We defined lambing season as 

February to April, pre-rut as May to July, rut 

as August to October, and post-rut as 

November to January (Monson and Sumner 
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Figure 1. Location of San Andres National Wildlife Refuge, Las Cruces, New Mexico and the San 

Andres Mountain Range. 

 

1980). We used these biologically 

meaningful seasons, rather than seasons that 

correspond to changes in weather conditions 

to understand if bighorn sheep in the San 

Andres Mountains use different habitats 

depending on reproductive condition.  

We used a digital elevation model 

(DEM; 28.5 m resolution) of the study area to 

create the following terrain layers: percent 

slope, aspect, and curvature (planform and 

profile). Using the percent slope raster, we 

also delineated steep habitat patches, defined 

as habitat patches with a minimum area of 1 

ha and a percent slope ≥60%, which may be 

used by bighorn sheep to avoid predation 

(Bangs et al. 2005ab). We reclassified the 

percent slope raster into pixels that were 

either greater than or less than 60% and 

converted the resulting raster into a polygon 

shapefile, from which we extracted all 

polygons that were greater than 1 ha. From 

this shapefile, we generated a raster file that 

depicted the distance of every pixel in the 

study area from areas with steep patches. We 

also used a DEM to calculate terrain 

ruggedness using the Vector Ruggedness 
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Measure (VRM) developed by Sappington et 

al. (2007), which is also an important 

component of predator escape terrain. 

To understand the importance of 

vegetation type in determining bighorn sheep 

habitat use, we condensed a vegetation map 

of the San Andres Mountains (Muldavin et al. 

2000) into four vegetation types thought to 

differ in their relevance to bighorn sheep—

grassland, shrubland, forest, and other, which 

included barren and disturbed areas. We 

generated shapefiles that depicted each of the 

vegetation types individually. Because 

bighorn sheep may avoid areas with 

anthropogenic disturbance (Lowrey and 

Longshore, 2017), we also generated a 

shapefile that depicted disturbed areas, which 

in our study area generally referred to areas 

with roads or military disturbances. We also 

investigated the importance of surface water 

for habitat selection using two spring 

datasets. We obtained two spring datasets 

that had distinct advantages (Rawling 2005, 

Burkett et al. 2019). While the Burkett et al. 

(2019) dataset was more recent and therefore 

better represented springs active while the 

collars were operational (springs were visited 

between August 2016 and July 2018), it does 

not contain spring locations within the 

SANWR. To identify springs within the 

refuge, we used the dataset generated by 

Rawling (2005). We merged these two 

datasets to create a final spring dataset. 

Although we do not know if the springs 

within the SANWR actively contained water 

while the collars were deployed, this data is 

the best available. Distance to these 

landscape features (vegetation cover and 

springs) were generated for every pixel 

across the study area at 28.5 m resolution. All 

landscape level variables were created using 

ArcGIS 10.7.  

 

Home range estimates 

To estimate the home range of each 

individual bighorn sheep, we used the Home 

Range Tool in ArcGIS 10.7 (Rogers and Kie 

2011). Home range models were created 

using the kernel method and visualized using 

contour lines (isopleths) that show the 

density of the point locations (i.e., 99%, 95%, 

and 50%). The home range of each individual 

bighorn sheep was represented as the 95% 

fixed kernel isopleth. We used a two-tailed 

Mann-Whitney U test to determine if home 

range sizes differed between males and 

females.   

 

Habitat use comparison 

We determined the habitat characteristics 

underlying each location using ArcGIS 10.7 

(Table 1) and then compared the effects of 

sex, season, and their interaction on bighorn 

sheep habitat use during midday using 

aligned ranks transformation ANOVA (ART 

ANOVA) with the “art” function in the 

“ARTool” package in R (Kay et al. 2021). 

This is a nonparametric approach that allows 

for the testing of interactions between 

predictor variables (Wobbrock et al. 2011). 

We specifically compared use of the 

following habitat characteristics: 1). 

Topographic features (i.e., elevation, percent 

slope, aspect, profile and planform curvature, 

distance to steep habitat patches, and VRM); 

2). Vegetation features (i.e., distance to 

grasslands, shrublands, and woodlands); 3). 

Anthropogenic features (i.e., distance to 

disturbance); and 4). Water features (i.e., 

distance from active springs). Because we do 

not expect locations of individuals to be 

independent of each other, we used the 

individual, rather than location, as our 

experimental unit, and the measured 

variables were averaged by each collared 

bighorn sheep identity.   

 

Resource selection function 

To understand bighorn sheep habitat 

selection within the San Andres Mountains, 

we used a Resource Selection Function 

(RSF) model that compared third-order 
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selection of habitat used by bighorn sheep to 

available areas within the individual’s home 

range (Johnson 1980, Manly 2002). We 

tested for the independence of animal 

locations using the program ASSOCI (Weber 

et al. 2001). We used the assumption that 

bighorn sheep with simultaneous locations 

within 200 m of each other more than 50% of 

the time represent members of the same 

group (as in Anderson et al. 2017). This 

analysis revealed that the maximum 

association between any two individuals was 

only 21.9% (mean 2.4%), indicating that 

these individuals act independently of one 

another. We generated 95% minimum 

complex polygon (MCP) home ranges for 

each bighorn sheep in R using the package 

“adehabitatHR” (Calenge 2020). Within 

every individual MCP, we generated an equal 

number of random points (i.e., available 

points within the home range) for each 

location point. We extracted the raster values 

of each variable to each point (both used by 

bighorn sheep and available for use).  

 

Table 1. Descriptive statistics of habitat variables used by male and female bighorn sheep in the 

San Andres National Wildlife Refuge, New Mexico, 2017–2020. 

Response Variables Sex Mean SD Range 

Elevation (m) F 1791.5 100.9 1677-1960 

 M 1819.7 122.6 1734-1960 

Aspect (degrees) F 145.0 11.3 123-157 

 M 153.6 18.7 132-165 

VRM F 0.0031 0.0005 0.002-0.004 

 M 0.0028 0.0003 0.002-0.003 

Percent Slope F 53.99 3.61 47.3-59.7 

 M 47.42 3.75 43.9-51.4 

Distance from Steep Patches (m) F 115.57 41.14 71.7-212.0 

 M 206.75 52.10 146.7-239.5 

Profile Curvature F -0.041 0.051 -0.11-0.05 

 M -0.039 0.032 -0.08--0.02 

Planform Curvature F 0.060 0.024 0.02-0.09 

 M 0.055 0.013 0.05-0.07 

Distance from Grassland (m) F 38.69 13.24 12.5-56.8 

 M 54.78 3.92 50.2-57.1 

Distance from Shrubland (m) F 46.81 14.10 27.0-71.1 

 M 39.47 10.15 31.0-50.7 

Distance from Woodland (m) F 95.86 31.87 50.7-136.0 

 M 87.69 25.96 57.8-104.2 

Distance from Disturbance (m) F 1539.5 660.0 1082-3039 

 M 1339.0 386.6 1105-1785 

Distance from Active Spring (m) F 4937.6 2165.5 2138-7731 

 M 5313.7 1755.6 3336-6689 

 

We analyzed location data and random 

points using binary logistic regression. To 

infer RSF results at the population level, we 

used a generalized linear mixed-effects 

model (GLMM) to account for the random 

effect of individual. All predictor variables 

were standardized (mean: 0, standard 

deviation: 1) to maximize model 

convergence. Analysis was performed using 

the “lme4” package in R version 3.6.1 (Bates 
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et al. 2020). The equation below represents 

the general RSF model structure:  

 

RSF = glmer (Response variable ~ 

Predictor Variables + (1|Random Effect )) 

 

To capture nuances in habitat selection 

across sexes and for habitat use for females 

during the lambing season compared to all 

other seasons, we generated subsets of the 

data by sex and then for females only for 

lambing and non-lambing season. This 

resulted in 4 separate RSF models in addition 

to the general model created for all bighorn 

sheep (males, females, and females during 

and outside of lambing). We created a global 

model for each dataset using 11 predictor 

variables: elevation, percentage slope, profile 

and planform curvature, VRM, aspect, and 

distance from grassland, shrubland, 

woodland, disturbance, and active springs. 

We placed aspect values into the following 

classes: east facing slopes (0-179; coded as 0) 

and west facing slopes (180-359; coded as 1; 

as in Bangs et al. 2005b). We used an Akaike 

information criterion model selection process 

adjusted for small populations (AICc) to 

identify which habitat variables best 

predicted habitat use (Burnham and 

Anderson 2002). We compared the AICc of 

all candidate model combinations to identify 

which variables to include in the final model. 

For competing models (∆AICc < 2), we 

selected the model with the highest weight. 

Because we wanted to use model coefficients 

to interpret the strength of each variable on 

resource selection, we could not use model 

averaging (Burnham and Anderson 2002). To 

visualize the RSF model of all bighorn sheep 

geospatially, we created a heat map in 

ArcGIS using the raster calculator tool. We 

standardized each raster predictor to match 

that used in the GLMM. We multiplied the 

standardized raster values by the 

corresponding coefficient values and added 

the resulting rasters together with the 

intercept to create a raster depicting probable 

occurrence:  

 

RSF Raster = Intercept + 

(β1*“Standardized Raster1”) +…+ (Βi * 

“RasterSTi”) 

 

 We scaled the resulting RSF raster 

between 0 and 1 and determined the range of 

RSF values in which 95% of bighorn sheep 

locations occurred by extracting RSF raster 

values to location points (as in Lowrey & 

Longshore 2017). We used the minimum 

raster value that contained 95% of locations 

used by bighorn sheep to symbolize areas of 

probable occurrence. Areas depicted as low 

probability of occurrence represent the 

minimum RSF value that included 95% of the 

bighorn sheep locations, whereas areas 

depicted as a high probability of occurrence 

represent RSF values near 1.  

 

RESULTS 

Home range estimates 

There was no significant difference in 

home range size between males and females 

(Mann-Whitney U, n = 13, P = 0.2168; Fig. 

2). Average home range sizes for all bighorn 

sheep (n = 13), females (n = 10), and males 

(n = 3) were 147.76 km2 ± 54.11, 142.70 km2 

± 68.80, and 164.60 km2 ± 70.42 (mean ± 

SE), respectively. The home ranges of all but 

four collared bighorn sheep intersect the 

boundary of SANWR (Fig. 3). The home 

ranges of two females fall entirely to the 

north of the refuge, while the range of two 

others fall entirely to the south (Fig. 4). The 

home ranges of all collared males intersected 

the southern end of the refuge and did not 

overlap the most northern edge of the refuge 

(Fig. 4). The two females with the northern 

most locations have larger home ranges than 

those in more southern areas, with their 

ranges being 93% and 404% larger than the 

average range of a female. 
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Figure 2. Comparison of female and male desert bighorn sheep home range sizes in the San Andres 

National Wildlife Refuge, New Mexico, 2017–2020. 

 

 

 
Figure 3. Locations and home ranges of all collared desert bighorn sheep in the San Andres 

National Wildlife Refuge and surrounding areas, New Mexico, 2017–2020. 
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Figure 4. Female and male locations and home ranges of all collared desert bighorn sheep in the 

San Andres National Wildlife Refuge and surrounding areas, New Mexico, 2017–2020. 

 

Habitat use comparison 

Overall, we detected few differences in 

habitat characteristics between males and 

females or across reproductive seasons 

during midday; there were significant 

differences between males and females or 

across season for only three of the twelve 

habitat variables of interest (Tables 2 and 3). 

Likewise, we did not detect any significant 

interactions between sex and season on 

habitat selection (Tables 2 and 3). Females 

selected areas with steeper slopes than males 

across all seasons (Fig. 5A). Compared to 

males, females also tended to stay closer to 

steep patches during all seasons, but during 

rut, both sexes move farther from steep 

patches (Fig. 5B). Females also on average 

selected areas closer to grasslands than males 

(Fig. 5C). During pre-rut season, both sexes 

moved, on average, farther from grasslands 

(Fig. 5C). Again, it must be acknowledged 

that these analyses only reflect differences in 

habitat use at midday. 

 

Resource selection during midday  

All bighorn sheep. The RSF model of all 

bighorn sheep revealed that over 836.51 km2 

are considered probable habitat within the 

San Andres Mountain range based on the 

RSF values most frequently used by the 

bighorn sheep collared in this study (Fig. 6). 

Within the SANWR, 113.70 km2 are 

probable bighorn sheep habitat. 
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Table 2. Summary of aligned ranks transformation ANOVA for topographic characteristics for 

desert bighorn sheep (elevation, aspect, VRM, percent slope, distance from steep habitat patches) 

based on season and sex. Significant effects (α ≤ 0.05) are in bold text. 

Response Variable Source of Variation df F p 

Elevation Sex 1, 44 0.1650 0.687 

 Season 3, 44 0.2270 0.877 

 Sex x Season 3, 44 0.4255 0.735 

Aspect Sex 1, 44 3.4961 0.068 

 Season 3, 44 0.9566 0.421 

 Sex x Season 3, 44 0.7920 0.504 

VRM Sex 1, 44 1.7364 0.194 

 Season 3, 44 2.2535 0.095 

 Sex x Season 3, 44 0.5127 0.675 

Percent Slope Sex 1, 44 19.993 <0.001 

 Season 3, 44 1.9451 0.136 

 Sex x Season 3, 44 0.9761 0.412 

Distance from Steep Patches Sex 1, 44 21.310 <0.001 

 Season 3, 44 3.1098 0.036 

 Sex x Season 3, 44 0.7345 0.537 

Profile Curvature Sex 1, 44 0.0409 0.841 

 Season 3, 44 1.4699 0.236 

 Sex x Season 3, 44 0.4236 0.737 

Planform Curvature Sex 1, 44 0.0147 0.904 

 Season 3, 44 0.8598 0.469 

 Sex x Season 3, 44 1.7342 0.174 

 

 

Table 3. Summary of analysis of variance (ANOVA) for resource characteristics (distance from 

vegetation, disturbance, and springs) based on season and sex. Significant effects (α ≤ 0.05) are in 

bold text. 

Response Variable Source of Variation df F p 

Distance from Grassland Sex 1, 44 15.070 <0.001 

 Season 3, 44 2.8692 0.047 

 Sex x Season 3, 44 0.3593 0.783 

Distance from Shrubland Sex 1, 44 2.5660 0.116 

 Season 3, 44 1.4796 0.233 

 Sex x Season 3, 44 0.6815 0.568 

Distance from Woodland Sex 1, 44 0.1803 0.673 

 Season 3, 44 0.0713 0.975 

 Sex x Season 3, 44 0.6006 0.618 

Distance from Disturbance Sex 1, 44 2.1351 0.151 

 Season 3, 44 0.0745 0.973 

 Sex x Season 3, 44 0.1600 0.923 

Distance from Active Springs Sex 1, 44 0.1635 0.688 

 Season 3, 44 0.0088 0.999 

 Sex x Season 3, 44 0.2969 0.827 
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Figure 5. Habitat use based on sex and season for desert bighorn sheep in San Andres National 

Wildlife Refuge, New Mexico, 2017–2020. A) Percent slope, B) Distance to steep habitat patches, 

and C) Distance to grasslands. 

 

The probability of desert bighorn 

occurrence at midday was best predicted by a 

model using all predictor variables except 

aspect and distance to shrubland; however, 

there were two alternative candidate models 

that contained these variables (Table 4; Fig. 

7A). Our results indicate that bighorn sheep 

strongly select areas with steep slopes (β = 

0.91, 95% CI: 0.89, 0.93, SE = 0.01, P < 

0.001). Bighorn sheep also select areas with 

rugged terrain (β = 0.31, 95% CI: 0.29, 0.32, 

SE = 0.01, P < 0.001), near grasslands (β = -

0.23, 95% CI: -0.26, -0.20, SE = 0.02, P < 

0.001) and woodlands (β = -0.23, 95% CI: -

0.29, -0.18, SE = 0.03, P < 0.001), and away 

from road and military disturbance (β = 0.26, 

95% CI: , SE = 0.01, P < 0.001) and active 

springs (β = 0.40, 95% CI: 0.37, 0.43, SE = 

0.02, P < 0.001). Bighorn sheep are also 

selecting areas that have convex profile and 

planform curvatures (β = -0.15, 95% CI: -

0.17, -0.13, SE = 0.01, P < 0.001; and β = 

0.06, 95% CI: 0.04, 0.08, SE = 0.01, P < 

0.001, respectively) and low elevation (β = -

0.09, 95% CI: -0.12, -0.06, SE = 0.02, P < 

0.001).  

Males: The probability of male desert 

bighorn occurrence at midday was best 

predicted by a model using all predictor 

variables except aspect; however, there were 

five alternative candidate models that 

differed based on their inclusion of elevation, 

aspect, and distance to shrublands (Table 4; 

Fig. 7B). All predictor variables included in 

the best model had significant coefficient 

estimates except elevation (β = -0.05, 95% 

CI: -0.12, 0.01, SE = 0.03, P = 0.123) and 

distance to shrubland (β = -0.05, 95% CI: -

0.09, 0.0009, SE = 0.03, P = 0.057). Males 

most strongly select areas with steep slopes 

(β = 0.78, 95% CI: 0.74, 0.83, SE = 0.02, P < 

0.001), near woodlands (β = -0.77, 95% CI:  
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Figure 6. Heat map of probable bighorn sheep occurrence in the San Andres Mountains, New 

Mexico, 2017–2020. 

 

-0.91, -0.63, SE = 0.07, P < 0.001), and away 

from springs (β = 0.62, 95% CI: 0.57, 0.68, 

SE = 0.03, P < 0.001). Males are also 

selecting areas with rugged terrain (β = 0.30, 

95% CI: 0.26, 0.33, SE = 0.02, P < 0.001), 

near grasslands (β = -0.08, 95% CI: -0.14, -

0.02, SE = 0.03, P = 0.004), and away from 

disturbance (β = 0.49, 95% CI: 0.43, 0.56, SE 

= 0.03, P < 0.001). Males are selecting areas 

that have a convex profile and planform 

curvature (β = -0.11, 95% CI: -0.15, -0.06, SE 

= 0.02, P < 0.001, and β = 0.07, 95% CI: 0.04, 

0.11, SE = 0.02, P = 0.002, respectively). 

Females: The probability of female 

desert bighorn occurrence at midday was also 

best predicted by a model using all predictor 

variables except aspect (Table 4). There were 

three other candidate models that were 

considered competing models (∆AICc < 2) 

that differed based on their inclusion of 

distance to shrublands (Table 4). Within the 

best candidate model, all predictor variables 

except distance to shrubland (β = 0.02, 95% 

CI: -0.006, 0.05, SE = 0.01, P = 0.1184) had 

significant coefficient estimates (Fig. 7C). As 

with the model of all bighorn sheep, females 

strongly select areas with steep slopes (β = 

0.97, 95% CI: 0.94, 0.99, SE = 0.01, P < 

0.001). Females are also selecting for areas 

with rugged terrain (β = 0.32, 95% CI: 0.29, 

0.34, SE = 0.01, P < 0.001), near grasslands 

(β = -0.30, 95% CI: -0.34, -0.26, SE = 0.02, 

P < 0.001) and woodlands (β = -0.07, 95% 

CI: -0.14, -0.02, SE = 0.03, P = 0.012), and 

away from disturbance (β = 0.23, 95% CI: 

0.20, 0.26, SE = 0.01, P < 0.001) and active 
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Table 4. ∆AICc and relative strength (model weight) of generalized linear mixed models used to evaluate resource selection at midday 

of desert bighorn sheep in San Andres National Wildlife Refuge, New Mexico, 2017–2020. Only candidate models with ∆AICc < 2 are 

included in table.  

aElevation, bPercent Slope, cVector Ruggedness Measure, dProfile Curvature, ePlanform Curvature, fAspect, gDistance to Grassland, hDistance to Shrubland, iDistance to 

Woodland, jDistance to Disturbance, kDistance to Springs 
 

Candidate Models  df ∆AICc Model Weight 

All Bighorn    

eleva + slopeb + vrmc + procurvd + plancurve + grassg + woodi + disturbj + springk  11 0 0.411 

elev + slope + vrm + procurv + plancurv + grass + wood + disturb + spring + aspectf 12 1.03 0.263 

elev+ slope + vrm + procurv + plancurv + grass + wood + disturb + spring + shrubh 12 1.83 0.176 

Males    

slope + vrm + procurv + plancurv + shrub + wood + disturb + spring + grass + elev  12 0 0.245 

slope + vrm + procurv + plancurv + shrub + wood + disturb + spring + grass 11 0.37 0.203 

slope + vrm + procurv + plancurv + shrub + wood + disturb + spring + grass + elev + aspect 13 1.61 0.110 

slope + vrm + procurv + plancurv + shrub + wood + disturb + spring  10 1.67 0.106 

slope + vrm + procurv + plancurv + shrub + wood + disturb + spring + elev  11 1.68 0.106 

slope + vrm + procurv + plancurv + shrub + wood + disturb + spring + grass + aspect 12 1.98 0.091 

Females    

elev+ slope + vrm + procurv + plancurv + grass + wood + disturb + spring + shrub 12 0 0.290 

elev + slope + vrm + procurv + plancurv + grass + wood + disturb + spring + shrub + aspect 13 0.29 0.250 

elev + slope + vrm + procurv + plancurv + grass + wood + disturb + spring  11 0.41 0.236 

elev + slope + vrm + procurv + plancurv + grass + wood + disturb + spring + aspect 12 1.54 0.134 

Females during Lambing     

elev + slope + vrm + procurv + plancurv + grass + shrub + disturb + spring  11 0 0.408 

elev + slope + vrm + procurv + plancurv + grass + shrub + disturb + spring + aspect 12 1.68 0.176 

Females not during Lambing    

elev+ slope + vrm + procurv + plancurv + grass + shrub + wood + disturb + spring  12 0 0.650 

elev + slope + vrm + procurv + plancurv + grass + shrub + wood + disturb + spring + aspect 13 1.24 0.350 



  2021 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 56 

Strasburg and Smythe • Home Range and Habitat Use in the San Andres NWR  

45 

 

 

 
Figure 7. Coefficient plot for RSF model for desert bighorn sheep on the San Andres National 

Wildlife Refuge, New Mexico, 2017–2020. A) All bighorn sheep, B) Males, C) Females, D) 

Females during lambing season, E) Female outside of lambing season. Horizontal lines indicate 

95% confidence interval range. Significant positive coefficients indicate selection of a given 

habitat characteristic whereas negative coefficients indicate avoidance. For non-distance-based 

predictors (e.g., elevation, slope, VRM), a negative coefficient estimate indicates avoidance of 

high variable values and selection for low values. When a distance-based attribute (e.g., distance 

from springs) yields a negative coefficient, it signifies selection of short distances, that is areas 

near the attribute, whereas a positive coefficient signifies selection of distances far from that 

attribute. 

 

springs (β = 0.30, 95% CI: 0.26, 0.34, SE = 

0.02, P < 0.001). Females also select areas 

that have convex profile and planform 

curvatures (β = -0.18, 95% CI: -0.20, -0.15, 

SE = 0.01, P < 0.001; and β = 0.06, 95% CI: 

0.03, 0.08, SE = 0.01, P < 0.001, 

respectively) and low elevation (β = -0.13, 

95% CI: -0.17, -0.09, SE = 0.02, P < 0.001) 

as observed with all bighorn sheep.  

Females during lambing season. The 

probability of female desert bighorn 

occurrence during the lambing season at 

midday was best predicted by a model 

containing all predictor variables except 

aspect and distance to woodlands; however, a 
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candidate model containing aspect was a 

competing model (∆AICc < 2; Table 4; Fig. 

7D). As with the model of all females, 

females during lambing season strongly 

select areas with steep slopes (β = 1.03, 95% 

CI: 0.97, 1.08, SE = 0.03, P < 0.001). During 

lambing season, females are also selecting for 

areas with rugged terrain (β = 0.49, 95% CI: 

0.44, 0.52, SE = 0.02, P < 0.001), near 

grasslands (β = -0.32, 95% CI: -0.40, -0.24, , 

SE = 0.04, P < 0.001) and shrublands (β = -

0.10, 95% CI: -0.16, -0.04, SE = 0.03, P = 

0.001), and away from disturbance (β = 0.30, 

95% CI: 0.24, 0.35, SE = 0.03, P < 0.001) and 

active springs (β = 0.56, 95% CI: 0.47, 0.63, 

SE = 0.03, P < 0.001). Females also select 

areas that have convex profile but concave 

planform curvatures (β = -0.17, 95% CI: -

0.22, -0.13, SE = 0.02, P < 0.001; and β = -

0.04, 95% CI: -0.08, -0.00, SE = 0.02, p = 

0.040, respectively) and low elevation (β = -

0.16, 95% CI: -0.23, -0.09, SE = 0.04, P < 

0.001).  

Females outside of lambing season. As 

with the female model across all seasons, the 

probability of female desert bighorn 

occurrence at midday was also best predicted 

by a model using all predictor variables 

except aspect, but the global model 

containing all predictors was a competing 

model (Table 4; Fig. 7E) As with the model 

of all female bighorn sheep, females strongly 

select areas with steep slopes (β = 0.99, 95% 

CI: 0.96, 1.02, SE = 0.02, P < 0.001). 

Females are also selecting for areas with 

rugged terrain (β = 0.28, 95% CI: 0.25, 0.30, 

SE = 0.01, P < 0.001), near grasslands (β = -

0.29, 95% CI: -0.35, -0.24, SE = 0.03, P < 

0.001) and woodlands (β = -0.10, 95% CI: -

0.17, -0.03, SE = 0.04, P = 0.006), and away 

from disturbance (β = 0.20, 95% CI: 0.17, 

0.24, SE = 0.02, P < 0.001), active springs (β 

= 0.21, 95% CI: 0.16, 0.25, SE = 0.02, P < 

0.001), and shrublands (β = 0.07, 95% CI: 

0.04, 0.10, SE = 0.02, P < 0.001). Females 

also select areas that have convex profile and 

planform curvatures (β = -0.18, 95% CI: -

0.21, -0.15, SE = 0.02, P < 0.001; and β = 

0.09, 95% CI: 0.05, 0.11, SE = 0.01, P < 

0.001, respectively) and low elevation (β = -

0.13, 95% CI: -0.18, -0.09, SE = 0.02, P < 

0.001). 

 

DISCUSSION 

The San Andres Mountains serve as essential 

habitat for desert bighorn sheep, and since the 

creation of the San Andres NWR, NMDGF, 

and WSMR have worked to ensure their 

persistence within these mountains. Collaring 

and tracking the midday locations of a subset 

of these bighorn sheep allows the refuge and 

its partners to get a better sense of how San 

Andres bighorn sheep use their habitat, which 

can help inform where to survey for bighorn 

along the mountain range, and potentially 

where to focus habitat management efforts. 

Overall, these bighorn sheep tend to use areas 

of similar size with similar characteristics 

regardless of sex. Likewise, selection for 

areas near steep patches and grasslands shifts 

depending on the season for both males and 

females. Our RSF model revealed that, like 

with many bighorn populations, bighorn 

sheep in the San Andres Mountain most 

strongly select their habitat based on 

topography. Further monitoring is needed to 

determine drivers of habitat selection at 

different times of the day as these collars only 

collected locations at midday. Nonetheless, 

the results from this study should serve as a 

baseline for future bighorn sheep surveys and 

monitoring projects in these mountains. 

 

Habitat selection at midday is driven by 

land topography  

Because desert bighorn sheep use different 

resources depending on time of day 

(Longshore et al. 2013), it is important to 

acknowledge that resource use patterns 

identified in this study only reflect the 

behavior of these bighorn sheep during 

midday. Nonetheless, we found many 
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consistencies between resource use by 

bighorn sheep in the San Andres Mountains 

and those observed by others regardless of 

the time-of-day locations were recorded. This 

indicates, as expected, that these bighorn 

sheep use their habitat much like desert 

bighorn sheep in other regions. Across all 

RSF models, land topography, particularly 

slope and ruggedness, played the largest role 

in habitat selection by these bighorn sheep. 

This is not surprising as many others have 

found that land topography predicts desert 

bighorn sheep habitat use (Rubin et al. 2001; 

Alvarez-Cárdenas et al. 2001; Bangs et al. 

2005ab, Bleich et al. 2010, Hoglander et al. 

2015, Longshore et al. 2013). Interestingly, 

Longshore et al. (2013) found slope and 

terrain ruggedness to be less important for 

predicting habitat use of desert bighorn sheep 

in Joshua Tree National Park during the 

middle of the day compared to at dawn or 

dusk. They attribute this shift to differences 

in park use for recreation throughout the day, 

as they also observed shifts in habitat use 

based on slope during months when 

recreational activity is expected to increase 

(Longshore et al. 2013). The San Andres 

NWR is not open to the public, so shifts 

caused by human recreation are unlikely. 

Bighorn sheep in this region, however, 

tended to avoid areas near anthropogenic 

disturbance, as observed with other bighorn 

sheep (Krausman et al. 1989, Papouchis et al. 

2001, Bleich et al. 2010, Longshore et al. 

2013, Lowrey and Longshore 2017). Areas of 

disturbance in this region also tend to be on 

flatter terrain, so it is unclear if bighorn sheep 

are avoiding these areas because of 

anthropogenic disturbance or because they 

prefer habitats that are steep and rugged.  

Unlike the findings of others (Bleich et 

al. 2010, Longshore et al. 2013; Gedir et al. 

2020), bighorn sheep in this region tended to 

avoid areas near springs across all models. 

There are a few possible explanations for this 

trend. Most importantly, our RSF model 

shows how bighorn sheep are using their 

habitat during midday, which corresponds to 

the time of day when bighorn sheep are least 

likely to approach water sources. Instead, 

bighorn sheep tend to use waterholes early in 

the morning (from 0600 to 0800) or between 

1600 and dusk (Campbell and Remington 

1981). Additionally, these bighorn sheep may 

be using water sources not identified in the 

spring dataset used in this analysis. Given 

that water resources are particularly 

ephemeral in desert regions, it is difficult to 

confirm their constant presence during 

surface water assessments. It is possible that 

the spring locations used within this analysis 

do not hold water throughout the entire year, 

and thus do not accurately reflect water 

availability. There is also some evidence that 

desert predators may be more dependent on 

water sources (DeStefano et al. 2000) and 

visit them more consistently throughout the 

year (Harris et al. 2020) than desert 

ungulates, such that predation risk may be 

higher near water sources. Desert bighorn 

sheep may rely on obtaining water resources 

from their food, as they have been shown to 

select areas with forage with higher water 

content (Cain et al. 2017, Gedir et al. 2020), 

and some bighorn sheep populations do not 

increase visitations to waterholes during 

drought conditions (Whiting et al. 2010). 

Future analyses should focus on how 

resource use changes in response to yearly 

weather patterns, given that some bighorn 

sheep populations have been observed to 

shift to areas closer to water as temperatures 

increase (Rubin et al. 2001).  

 

Habitat use was not substantially 

influenced by sex  

Habitat selection based on sex has been 

observed in other bighorn sheep populations 

(Mooring et al. 2003; Bleich et al. 1997; 

Schroeder et al. 2010; Whiting et al. 2010), 

yet we only observed two major differences 

in male and female habitat use in our study. 
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We observed females staying closer to 

grasslands and using areas with steeper 

slopes than males throughout the year. Our 

RSF models also showed similar habitat use 

between males and females, though males 

strongly selected areas near woodlands. The 

differences in habitat characteristics that exist 

between sexes may be driven by sex 

differences in predator avoidance behavior 

(Berger 1991; Bleich et al. 1997). Grassland 

areas compared to woodlands provide higher 

visibility of the surrounding habitats, 

allowing females to visually detect predators, 

and the use of steep slopes may allow bighorn 

sheep to escape predators. The use of steeper 

slopes by females than males has been seen 

in other populations (Bleich et al. 1997) and 

reduced the probability of mountain lion 

predation on desert bighorn sheep in Arizona 

(Jones et al. 2022). The use of open habitat 

has been observed in bighorn sheep 

regardless of sex (Risenhoover and Bailey 

1985), but like Schroeder et al. (2010), we 

found that males, which strongly select 

woodland areas, use less open habitat than 

females. Their smaller body size, and 

therefore, higher vulnerability to mortality by 

predators (Kausman et al. 1989) and the 

seasonal presence of lambs (Berger 1991) 

may drive females to areas that facilitate 

escape from predators. Although some 

evidence indicates males are at higher risk of 

experiencing predator induced mortality than 

females (Mooring et al. 2004), it may be 

because males are more solitary and tend to 

use areas that do not offer protection 

(Mooring et al. 2004, Shaefer et al. 2000). 

Likewise, because males must outcompete 

each other to successfully mate, they may use 

areas with abundant forage to enhance their 

body condition rather than areas that 

minimize predation risk (Main and Coblentz, 

1990; Bleich et al., 1997; Mooring et al. 

2003). The males collared for this study were 

young and may use the landscape differently 

than more dominant, older males (Leslie and 

Douglas 1979), so future habitat analyses 

would benefit from additional males across 

age classes.    

 

Habitat use was not substantially impacted 

by reproductive season 

These bighorn sheep only displayed seasonal 

shifts in habitat use in response to two habitat 

characteristics—distance to grasslands and 

steep habitat patches. These bighorn sheep 

moved farther from steep habitat patches 

during rutting season and moved away from 

grasslands during pre-rut season. This 

suggests that during rut, bighorn sheep may 

be concerned more with breeding than 

avoiding predation. Pre-rut season (May to 

July) corresponds to the start of increased 

precipitation in the San Andres Mountains 

with majority of precipitation occurring 

between July and September (Bender et al. 

2012). Changes in precipitation can promote 

changes in forage quality and quantity, which 

may be responsible for the subtle shifts away 

from grasslands observed in this study during 

pre-rut. Desert bighorn sheep in the Fra 

Cristobal Mountains in south-central New 

Mexico also use similar habitat types across 

seasons (Bangs et al. 2005b); this observation 

combined with the results of our study 

suggest that seasonal changes in New Mexico 

are not severe enough to trigger shifts in 

habitat use.  

In our study, female bighorn sheep 

during the lambing season more strongly 

selected areas that offer protection from 

predators than when outside of the lambing 

season (i.e., steeper slopes, more rugged, 

away from disturbance, more open). This is 

common behavior in bighorn sheep, as many 

others have found shifts in habitat use during 

the lambing season (Berger 1991; Bangs et 

al. 2005a; Robinson et al 2020). Festa-

Bianchet (1988) also found that during 

lambing bighorn sheep migrate from areas of 

low elevation to areas of high elevation, but 

we did not observe that in this present study. 
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During the lambing season, proximity to 

water resources during midday appeared to 

be even less important for females. Although 

this is counterintuitive, the evidence 

suggesting female ungulates may have 

greater water requirements associated with 

lactation (Bowyer 1984, Mooring et al. 2003) 

has not been observed in bighorn sheep 

(Bleich et al. 1997). Likewise, Harris et al. 

(2020) demonstrated that water resource use 

among desert bighorn sheep is highly 

dependent on time of year, with bighorn 

sheep rarely visiting waterholes during the 

months that corresponded with the lambing 

season used in the present study. Lactating 

females spend more time foraging than 

nonlactating females (Ruckstuhl and Festa-

Bianchet 2010), indicating that they may gain 

their water requirements through their food. 

As mentioned previously, more work is 

needed to understand use of water sources by 

bighorn in this region as our findings only 

reflect water use during midday.  

 

Home range sizes did not differ between 

male and females  

We did not find any significant differences in 

home range size between sexes, which is 

inconsistent with the findings of others who 

show males having larger home ranges, on 

average, than females (Leslie and Douglas 

1979, Krausman et al., 1989). The lack of a 

significant difference in home range size 

between sexes could be due to the small 

sample of collared males (n = 3). 

Additionally, the three males used in this 

study at the time of collaring ranged in age 

from 2 to 3.5 years, and young males (2–4 

years of age) tend to have smaller home 

ranges (similar in size to those of females) 

than older males (Leslie and Douglas 1979). 

Likewise, the home range sizes of the two 

females with the northern most ranges are 

considerably larger than the average range of 

other females and the three males, which 

could indicate reduced resource availability 

in the northern part of the mountain range as 

home range size is negatively associated with 

resource availability (Leslie and Douglass 

1979). A larger sample size across more age 

classes and more thorough monitoring of 

resources across the mountain range could 

help explain patterns in home range size 

observed with the bighorn sheep in this 

region.  

 

Study limitations  

The data used within these analyses only 

depict midday locations and only three males 

were collared for this study. Furthermore, 

habitat selection in relation to water 

availability were contradictory to 

expectations as these bighorn sheep are 

consistently avoiding springs. This highlights 

the need for a more thorough analysis of how 

water use changes during the day and across 

seasons, and increased monitoring of water 

resources within the San Andres Mountains. 

As droughts have historically played a role in 

population fluctuation within this area 

(Bender and Weisenberger 2005, but see also 

Rominger et al. 2008 and Bender and 

Weisenberger 2009), ensuring water 

availability into the future may be vital. 

Additionally, the vegetation data used within 

the RSF also may not provide the best 

representation of forage availability and may 

instead only accurately represent habitat 

complexity. To better understand how 

vegetation influences habitat use, high 

temporal and spatial resolution vegetation 

data are necessary. Lastly, to better 

understand predator-bighorn sheep dynamics 

within this region, it is worthwhile to monitor 

mountain lion and other predator habitat use 

to determine if in fact predator occurrence is 

driving habitat use by bighorn sheep. With 

mountain lion predation thought to be a 

limiting factor for bighorn sheep in some 

areas of New Mexico (Munoz 1982, Logan 

and Sweanor 2001, Rominger et al. 2004), 

understanding if bighorn sheep habitat use in 
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this region is connected to predation pressure 

may generate important insights to ensure 

their conservation.  

 

CONCLUSIONS 

Management efforts over the last two 

decades have greatly increased the bighorn 

sheep population in the San Andres 

Mountains since its nadir in 1997. Although 

this analysis is limited by the number of 

bighorn sheep collared and the time of day at 

which the locations were taken, resource 

selection by bighorn sheep in the region 

aligns with that of bighorn sheep in other 

areas. Therefore, the results from our habitat 

use analysis should allow managers to 

identify areas that are used by bighorn sheep 

in the San Andres mountains to streamline 

survey efforts and focus habitat management. 
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CÁRDENAS, S. DÍAZ, P. GALINA-

TESSARO, AND S. GALLINA. 2001. The 

variables of physical habitat selection by 

the desert bighorn sheep (Ovis 

canadensis weemsi) in the Sierra del 

Mechudo, Baja California Sur, 

Mexico. Journal of Arid Environments 

49:357–374. 

ANDERSON, D.J., J.T. VILLEPIQUE, AND V.C. 

BLEICH. 2017. Resource section by desert 

bighorn relative to limestone mines. 

Desert Bighorn Council Transactions 

54:13–30. 

BATES, D., M. MAECHLER, B. BOLKER, AND 

S. WALKER. 2020. ‘lme4’ R package 

documentation. https://cran.r-

project.org/web/packages/lme4/lme4.pdf 

BANGS, P.D., P.R. KRAUSMAN, K.E. KUNKEL, 

AND Z.D. PARSONS. 2005a. Habitat use by 

desert bighorn sheep during 

lambing. European Journal of Wildlife 

Research 51:178–184. 

BANGS, P.D., P.R. KRAUSMAN, K.E. KUNKEL, 

AND Z.D. PARSONS. 2005b. Habitat use 

by female desert bighorn sheep in the Fra 

Cristobal Mountains, New Mexico, USA. 

European Journal of Wildlife Research 

51:77–83.  

BENDER, L.C., AND M.E. WEISENBERGER. 

2005. Precipitation, density, and 

population dynamics of desert bighorn 

sheep on San Andres National Wildlife 

Refuge. Wildlife Society Bulletin 

33:956–964. 

BENDER, L.C., AND M.E. WEISENBERGER. 

2009. Criticisms biologically 

unwarranted and analytically irrelevant: 

reply to Rominger et al. Journal of 

Wildlife Management 73:806–810. 

BENDER, L.C., B.D. HOENES, AND C.L. 

RODDEN. 2012. Factors influencing 

survival of desert mule deer in the greater 

San Andres Mountains, New Mexico. 

Human-Wildlife Interactions 6:245–260. 

BERGER, J. 1991. Pregnancy incentives, 

predation constraints and habitat shifts: 

experimental and field evidence for wild 

bighorn sheep. Animal Behaviour 41:61–

77. 

BLEICH, V.C., R.T. BOWYER, AND J.D. 

WEHAUSEN. 1997. Sexual segregation in 



  2021 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 56 

Strasburg and Smythe • Home Range and Habitat Use in the San Andres NWR  

51 

 

 

mountain sheep: resources or predation? 

Wildlife Monographs 134:1–50.  

BLEICH, V.C., J.P. MARSHAL, AND N.G. 

ANDREW. 2010. Habitat use by desert 

ungulate: predicting effects of water 

availability of mountain sheep. Journal of 

Arid Environments 74:638–645. 

BOWYER, R.T. 1984. Sexual segregation in 

southern mule deer. Journal of 

Mammalogy 65:410-417.  

BURKETT, D., M. HARTSOUGH, AND R. WU. 

2019. 2016-2018 White Sands Missile 

Range spring- draft final report. New 

Mexico ECO Inc. Las Cruces.  

BURNHAM, K.P., AND D.R. ANDERSON. 2002. 

Model selection and multimodel 

inference: a practical information 

theoretic approach. 2nd edition. Springer 

Science. New York.  

CAIN, J.W., J.V. GEDIR, J.P. MARSHAL, P.R. 

KRAUSMAN, J.D. ALLEN, G.C. DUFF, B.D. 

JANSEN, AND J.R. MORGART. 2017. 

Extreme precipitation variability, forage 

quality and large herbivore diet selection 

in arid environments. Oikos 126:1459–

1471. 

CALENGE, C. 2020. ‘adehabitatHR’ R 

package documentation. https://cran.r-

project.org/web/packages/adehabitatHR/

adehabitatHR.pdf 

CAMPBELL, B., AND R. REMINGTON. 1981. 

Influence of construction activities on 

water-use patterns of desert bighorn 

sheep. Wildlife Society Bulletin 9:63–65. 

DESTEFANO, S., S.L. SCHMIDT, AND J.C. 

DEVOS. 2000. Observations of predator 

activity at wildlife water developments in 

southern Arizona. Journal of Range 

Management 53:255–258. 

DIBB, A. 2006. Seasonal habitat use and 

movement corridor selection of Rocky 

Mountain bighorn sheep (Ovis 

canadensis), near Radium Hot Springs, 

British Columbia. Radium Hot Springs, 

British Colombia: Parks Canada Agency, 

Lake Louise, Yoho and Kootenay Field 

Unit. 

FESTA-BIANCHET, M. 1988. Seasonal range 

selection in bighorn sheep: conflicts 

between forage quality, forage quantity, 

and predator avoidance. Oecologia 

75:580–586. 

GEDIR, J.V., J.W. CAIN, T.L. SWETNAM, P.R. 

KRAUSMAN, AND J.R. MORGART. 2020. 

Extreme drought and adaptive resource 

selection by a desert mammal. Ecosphere 

11:e03175. 

HARRIS, G.M., D.R. STEWART, D. BROWN, L. 

JOHNSON, J. SANDERSON, A. ALVIDREZ, 

T. WADDEL, AND R. THOMPSON R. 2020. 

Year-round water management for desert 

bighorn sheep corresponds with visits by 

predators not bighorn sheep. PloS one 

15:e0241131. 

HOBAN, P.A. 1990. A review of desert 

bighorn sheep in the San Andres 

Mountains, New Mexico. Desert Bighorn 

Council Transactions 31:14–22. 

HOGLANDER, C., B.G. DICKSON, S.S. 

ROSENSTOCK, AND J.J. ANDERSON. 2015. 

Landscape models of space use by desert 

bighorn sheep in the Sonoran Desert of 

southwestern Arizona. The Journal of 

Wildlife Management 79:77–91. 

JOHNSON, D.H. 1980. The comparison of 

usage and availability measurements for 

evaluating resource preference. Ecology 

61:65–71. 

JONES, A.S., E.S. RUBIN, M.J. CLEMENT, L.E. 

HARDING, AND J.I. MESLER. 2022. Desert 

bighorn sheep habitat selection, group 

size, and mountain lion predation risk. 

The Journal of Wildlife Management. 

86:e221773.  

KAY, M., L.A. ELKIN, J.J. HIGGINS, AND J.O. 

WOBBROCK. 2021. ARTool: Aligned 

Rank Transform for Nonparametric 

Factorial ANOVAs, R package 

documentation. https://cran.r-

project.org/web/packages/ARTool/read

me/README.html  



  2021 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 56 

Strasburg and Smythe • Home Range and Habitat Use in the San Andres NWR  

52 

 

 

KRAUSMAN, P.R., B.D. LEOPOLD, R.F. 

SEEGMILLER, AND S.G. TORRES. 1989. 

Relationships between desert bighorn 

sheep and habitat in western 

Arizona. Wildlife Monographs 120:3–

66. 

LANGE, R.E., A.V. SANDOVAL, AND W.P. 

MELENEY. 1980. Psoroptic scabies in 

bighorn sheep (Ovis canadensis 

Mexicana) in New Mexico. Journal of 

Wildlife Diseases 16:77–82. 

LESLIE, D.M., AND C.L. DOUGLAS. 1979. 

Desert bighorn sheep of the River 

Mountains, Nevada. Wildlife 

Monographs 66:3–56. 

LONGSHORE, K.M., C. LOWREY, AND D.B. 

THOMPSON. 2013. Detecting short-term 

responses to weekend recreation activity: 

desert bighorn sheep avoidance of hiking 

trails. Wildlife Society Bulletin 37:689–

706. 

LOGAN, K.A., AND L.L. SWEANOR. 2001. 

Desert puma: evolutionary ecology and 

conservation of an enduring carnivore. 

Island Press. Washington, D.C. 

LOWREY, C., AND K.M. LONGSHORE. 2017. 

Tolerance to disturbance regulated by 

attractiveness of resources: a case study 

of desert bighorn sheep within the River 

Mountains, Nevada. Western North 

American Naturalist 77:82–98. 

MAIN, M.D., AND B.E. COBLENTZ. 1990. 

Sexual segregation among ungulates: a 

critique. Wildlife Society Bulletin 

18:204–210. 

MANLY, B.F., L. MCDONALD, D. THOMAS, 

T.L. MCDONALD, AND W.P. ERICKSON. 

2002. Resource Selection by Animals. 2nd 

Edition. Springer Press. Netherlands.   

MONSON, G., AND L. SUMNER. 1980. The 

desert bighorn: its life history, ecology, 

and management. University of Arizona 

Press. Tucson.   

MOORING, M.S., T.A. FITZPATRICK, J. 

BENJAMIN, I.C. FRASER, T.T. NISHIHIRA, 

D.D. REISIG, AND E.M. ROMINGER. 2003. 

Sexual segregation in desert bighorn 

sheep (Ovis canadensis mexicana). 

Behaviour 140:183–207. 

MOORING, M.S., T.A. FITZPATRICK, T.T. 

NISHIHIRA, AND D.D. REISIG. 2004. 

Vigilance, predation risk, and the Allee 

effect in desert bighorn sheep. The 

Journal of Wildlife Management 68:519–

532. 

MULDAVIN, E., Y. CHAUVIN, AND G. HARPER. 

2000. The vegetation of White Sands 

Missile Range, New Mexico. Volume I. 

Las Cruces: White Sands Missile Range, 

US Fish and Wildlife Service, The Nature 

Conservancy, University of New Mexico. 

Report 14–16-002-91-233. 

MUNOZ, R. 1982. Movements and moralities 

of desert bighorn of the San Andres 

Mountain New Mexico. Desert Bighorn 

Council Transactions. 26:107–108. 

PAPOUCHIS, C.M., F.J. SINGER, AND W.B. 

SLOAN. 2001. Responses of desert 

bighorn sheep to increased human 

recreation. The Journal of Wildlife 

Management 65:573–582. 

RAWLING, G.C. 2005. Geology and 

hydrologic setting of selected springs on 

The San Andres National Wildlife 

Refuge. Las Cruces: New Mexico Bureau 

of Geology and Mineral Resources. 

Report 493. 

RISENHOOVER, K.L., AND J.A. BAILEY. 1985. 

Foraging ecology of mountain sheep: 

implications for habitat management. The 

Journal of Wildlife Management 49:797–

804. 

ROBINSON, R.W., T.S. SMITH, J.C. WHITING, 

R.T. LARSEN, AND J.M. SHANNON. 2020. 

Determining timing of births and habitat 

selection to identify lambing period 

habitat for bighorn sheep. Frontiers in 

Ecology and Evolution. 8:97.  

ROGERS, A.R., AND J.G. KIE. 2011. HRT: 

Home Range Tools for ArcGIS, User’s 

Manual. Centre for Northern Forest 



  2021 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 56 

Strasburg and Smythe • Home Range and Habitat Use in the San Andres NWR  

53 

 

 

Ecosystem Research. Ontario Ministry of 

Natural Resources. Peterborough. 

ROMINGER, E.M., H.A. WHITLAW, D.L. 

WEYBRIGHT, W.C. DUNN, AND W.B. 

BALLARD. 2004. The influence of 

mountain lion predation on bighorn sheep 

translocations. The Journal of Wildlife 

Management 68:993–999. 

ROMINGER, E.M., E.J. GOLDSTEIN, AND M.A. 

EVANS. 2008. Biological and statistical 

errors make inferences circumspect: 

response to Bender and Weisenberger. 

The Journal of Wildlife Management 

72:580–582. 

RUCKSTUHL, K.E., AND M. FESTA-BIACHET. 

2010. Do reproductive status and lamb 

gender affect foraging behavior of 

bighorn ewes? Ethology 104:941–959. 

RUBIN, E.S., W.M. BOYCE, C.J. STERMER, 

AND S.G. TORRES. 2001. Bighorn sheep 

habitat use and selection near an urban 

environment. Biological Conservation 

104:251–263. 

SAPPINGTON, J.M., K.M. LONGSHORE, AND 

D.B. THOMPSON. 2007. Quantifying 

landscape ruggedness for animal habitat 

analysis: a case study using bighorn 

sheep in the Mojave Desert. The Journal 

of Wildlife Management 71:1419–1426. 

SCHROEDER, C.A., R.T. BOWYER, V.C. 

BLEICH, AND T.R. STEPHENSON. 2010. 

Sexual segregation in Sierra Nevada 

bighorn sheep, Ovis canadensis sierrae: 

ramifications for conservation. Arctic, 

Antarctic, and Alpine Research 42:476–

489. 

U.S. FISH AND WILDLIFE SERVICE [USFWS]. 

1998. San Andres National Wildlife 

Refuge Final Comprehensive 

Conservation Plan. 

WHITING, J.C., R.T. BOWYER, J.T. FLINDERS, 

V.C. BLEICH, AND J.G. KIE. 2010. Sexual 

segregation and use of water by bighorn 

sheep: implications for conservation. 

Animal Conservation 13:541–548. 

WEBER, K.T., M. BURCHAM, AND C.L. 

MARCUM. 2001. Assessing independence 

of animal location with association 

matrices. Journal of Range Management 

54:21–24. 

WOBBROCK, J.O., L. FINDLATER, D. GERGLE, 

AND J.J. HIGGINS. 2011. The aligned rank 

transform for nonparametric factorial 

analyses using only ANOVA procedures. 

Proceedings of the ACM Conference on 

Human Factors in Computing Systems 

2011:143–146. 

 

 

 



2021 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 56 

 

 

Wehausen and Epps • Population Extinction and Conservation Planning 

54 

 

Population Extinction and Conservation 

Planning for Desert Bighorn Sheep in 

California. 
 

John D. Wehausen1,3 and Clinton W. Epps2, 

1University of California, White Mountain Research Center, 3000 East Line St., Bishop, CA 

93514, USA. 
2Department of Fisheries and Wildlife, Oregon State University, 104 Nash Hall, Corvallis, OR 

97331, USA. 
 
3Current address: Sierra Nevada Bighorn Sheep Foundation, PO Box 1183, Bishop, CA 93515, 

USA 

 

Abstract Extinction of populations has been a common phenomenon across the distribution of 

bighorn sheep in the United States and has been a major conservation challenge for all states 

involved. The long-stated causes of those extinctions as competition and diseases from domestic 

sheep and past unregulated hunting have been restated repeatedly, but never questioned. In this 

paper we explore multiple aspects of the extinction history of desert bighorn sheep in the eastern 

portion of their range in southern California, including the evidence of prior populations, spatial 

and temporal patterns of rainfall, and the testing of the robustness of a published logistic regression 

extinction model that identified 4 variables associated with extinction probability: past domestic 

sheep grazing, maximum elevation, average annual rainfall, and the existence of reliable drinking 

water. We tested that model by sequentially basing the analysis on fewer habitat patches and found 

the model to be very robust. We also found evidence that spatial variation in rainfall, coupled with 

a long drought period in the 20th century, likely accounted for many extinctions – a factor not 

historically listed as a cause of extinctions. Our analyses also corroborated long held management 

approaches for desert bighorn that viability of populations can be enhanced by preventing contact 

with domestic sheep and providing reliable drinking water. Finally, an important finding was that 

habitat patches vary greatly in their ability to support persisting populations of desert bighorn 

sheep, variation that from a perspective of metapopulation conservation needs to be incorporated 

into planning. 
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Key words desert bighorn sheep, colonization, extinction, metapopulation, precipitation, 

elevation, disease, water, Ovis aries, Ovis canadensis. 

 

Desert bighorn sheep (Ovis canadensis 

nelsoni) naturally occur in a geographically 

discontinuous pattern. In much of their range 

they can be thought of as living on islands of 

habitat in a sea of desert valleys that lack 

sufficient topographic relief. Habitat islands 

played a major role in conservation biology 

when it emerged as a scientific discipline, 

building in part on a foundation of island 

biogeography (Wilcox 1980). The issue of 
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the extinction of populations in habitat 

patches was an early focus of conservation 

biology (Terborgh and Winter 1980) as it was 

for island biogeography (MacArthur and 

Wilson 1967), and part of that was 

recognition of the influence of size and 

quality of habitat patches. 

Underlying the theory of island 

biogeography was the concept that variation 

in species diversity among islands reflected 

balances between extinction and colonization 

rates that differed among islands as a function 

of key variables (MacArthur and Wilson 

1967). Metapopulation theory was built on 

the same concept of a balance between 

extinction and colonization rates (Levins 

1969), but for a single species distributed 

among many disjunct habitat islands (Hanski 

1996). The distribution of desert bighorn 

sheep readily fits the metapopulation model 

(Schwartz et al. 1986; Bleich et al. 1990a, 

1996) and the landscape can be modeled as 

patches containing steeper slopes that offer 

low resistance to movement and regions with 

low slopes that present high resistance to 

movement (Epps et al. 2007). Both sexes 

occasionally cross regions of high resistance 

between habitat islands as long as those 

regions are not too wide (Epps et al. 2007). 

The insertion of metapopulation concepts 

into the population biology and conservation 

of desert bighorn sheep (Schwartz et al. 1986, 

Bleich et al. 1990a, 1996) was an important 

paradigm shift that has not yet been fully 

incorporated into conservation planning. 

A fundamental principle of 

metapopulation theory is that colonization 

rates must exceed extinction rates for a 

metapopulation to persist (Sjögren-Gulve 

and Ray 1996). Extinction of populations has 

long been a focus of those concerned about 

the conservation of bighorn sheep. Across 

most of the range of the species, beginning in 

the later 19th century population extinction 

rates greatly exceeded colonization rates due 

to influences of humans of European origin, 

especially diseases from their domestic 

livestock (Buechner 1960, Wehausen et al. 

2011). This led to a major decline in 

distribution and overall population size 

(Buechner 1960). Since the mid-20th century 

conservation efforts for this species have 

focused on reversing that declining trend 

largely through the use of translocation to 

restore extirpated populations (Ramey 1993).  

Any metapopulation can be expected to 

consist of a set of habitat patches that vary in 

amounts and quality of habitat. Extinction 

probabilities can be expected to vary among 

patches with differences in habitat quality 

and quantity (Hanski 1996). Patch location 

also matters; patches on metapopulation 

margins interact with fewer neighbors 

compared to more central patches and thus 

receive fewer immigrants. Conservation 

planning for desert bighorn sheep 

metapopulations needs to recognize variation 

in and drivers of extinction probability and 

the relative roles that different patches play in 

demographic metapopulation dynamics. For 

instance, habitat patches with low extinction 

probabilities may on the long term be net 

exporters of migrants (sources), while those 

at the other end of the spectrum with the 

highest extinction probabilities may be net 

importers of migrants (sinks) with high 

frequencies of extinction and re-colonization, 

depending on location. Documented wide 

variation in gene flow between habitat 

patches of desert bighorn sheep (Epps et al. 

2007) supports this expectation. In short, 

treating all habitat patches in a 

metapopulation as equally important may 

compromise conservation efforts, in part 

through a lack of efficiency in choices of 

conservation actions. 

California has proven to be an ideal 

region for studying metapopulation aspects 

of desert bighorn sheep (Epps et al. 2004, 

2005, 2006, 2007, 2010, 2018; Creech et al. 

2014). One study (Epps et al. 2004) examined 

the long-term pattern of extinctions by 
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applying a logistic regression analysis to 

evaluate numerous potential covariates. Four 

population-level covariates emerged as 

statistically significant extinction correlates: 

past domestic sheep grazing (-), maximum 

elevation (+), average annual precipitation 

(+), and existence of reliable surface water 

(+). That model predicted great variation in 

extinction probabilities among habitat 

patches; mountain ranges in which bighorn 

sheep populations were more likely to persist 

had higher maximum elevation, more 

rainfall, reliable surface water, and no past 

domestic sheep grazing (Fig. 1). 

 

 
Figure 1. Extinction risk categories of Epps et al. (2004) in Data Run 1 involving 4 data corrections 

for habitat patches in the focal region. Names of numbered habitat patches are in Table 1. 
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Given the long history of extinction of 

bighorn sheep populations in California and 

the central role of extinction relative to 

conservation concerns (Weaver 1972, 1974; 

Wehausen et al 1987), the extinction model 

of Epps et al. (2004) has the potential to serve 

as an important foundation of conservation 

planning in that state. Among the uses might 

be a relative ranking of different habitat 

patches by quality. In this paper we further 

explore multiple questions concerning 

population extinction in California that have 

bearing on the potential use of the extinction 

model of Epps et al. (2004) in conservation 

planning. First, we investigated the statistical 

robustness of the Epps et al. (2004) extinction 

model to data base changes. That included 

tailoring the model to serve as a basis of 

conservation planning for desert bighorn 

sheep in a specific region of California. 

Second, we used our final extinction model 

to project across that region how extinction 

probabilities of habitat patches might be 

reduced by management actions. Third, we 

elucidated geographic variation in rainfall 

that correlated with the historical pattern of 

extinctions and accounted for the persistence 

of rainfall as a predictor of extinction 

probability. Fourth, we similarly elucidated 

the temporal rainfall pattern that exposed a 

major drought period correlated with the 

timing of many extinctions. Fifth, we 

examined the extinction data base relative to 

maximum numbers of bighorn sheep 

documented prior to extinction. 

 

STUDY AREA 

While our analyses initially included all 

desert bighorn habitat in southern California, 

we ultimately narrowed our focus to a subset 

of habitat patches in the eastern part of the 

historical distribution of this animal because 

of a need for conservation planning in that 

region. Our focal region did not include the 

Peninsular Ranges where bighorn sheep and 

their habitat are already managed under an 

endangered species recovery plan (U.S Fish 

and Wildlife Service 2000). North of the 

Peninsular Ranges, our focal region also 

excluded other habitat on the western edge of 

the distribution of desert bighorn sheep. 

Habitat there differs due to much higher 

rainfall and taller, denser vegetation that is 

fire dependent (Holl and Bleich 2010) to 

provide the visually open habitat that bighorn 

sheep need (Krausman et al. 1999). 

Specifically, the San Bernardino and San 

Gabriel Mountains and historic habitat 

patches in Ventura County were not included 

in our focal region. That focal region (Fig. 1) 

nevertheless included 67 habitat patches 

(Table 1) that encompassed great variation 

from Sonoran Desert in the south to Mojave 

Desert in the middle to Great Basin Desert in 

the north, including alpine habitat in the 

Panamint and White Mountains. The range of 

maximum elevations among mountain ranges 

was 549 - 4277m and the range of average 

annual rainfall was 89 - 572mm.  

 

METHODS 

We began with the same data base used by 

Epps et al. (2004) that broke the historic 

range of desert bighorn sheep in southern 

California into habitat patches in which 

bighorn sheep populations had persisted and 

those that had experienced population 

extinction in the 20th century or earlier, as 

listed in Torres et al. (1994). Some of these 

patches were based on sometimes 

questionable 20th century records of past 

sightings and population estimates 

(Wehausen 1999), and some were inferred 

entirely from observed trailing created by 

bighorn sheep populations prior to their 

extinction (Wehausen et al. 1987).  

Epps et al. (2004) developed data for 

numerous variables for all habitat patches 

used, some of which depended on 

consultation with individuals with intimate 

knowledge of those ranges. That consultation 

led to one range (Mule Mountains) being  
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Table 1. Desert bighorn sheep habitat patches in the focal region of southeastern California and 

their identification numbers on Figure 1. 

Habitat Patch  ID No. Habitat Patch  ID No. 

North White Mtns 1 Castle Mts/Piute Range 35 

South White Mtns 2 Dead Mtns 36 

Deep Springs Range 3 Newberry Mtns 37 

Inyo Mtns 4 Ord Mt 38 

Dry Mtn/Last Chance Range 5 Rodman Mtns 39 

Tin Mt. 6 Bullion Mtns 40 

Panamint Butte/ Hunter Mtn 7 Sheephole Mtns 41 

Grapevine Mtns 8 South Bristol Mtns 42 

Funeral Mtn 9 Marble Mtns 43 

Black Mtns 10 Clipper Mtns 44 

Tucki Mt 11 Sacramento Mtns 45 

South Panamint Mtns 12 Old Woman Mtns 46 

Argus Range 13 Chemehuevi Mtns 47 

Coso Mtns 14 Turtle Mtns 48 

Cache Peak 15 Whipple Mtns 49 

Slate Range 16 Riverside Mtns 50 

Eagle Crags 17 Big Maria Mtns 51 

Quail Mts 18 Little Maria Mtns 52 

Owlshead Mtns 19 McCoy Mtns 53 

Granite Mtns 20 Palen Mtns 54 

Avawatz Mtns 21 Granite Mtns 55 

Soda Mtns 22 Iron Mtns 56 

Nopah Mtns 23 Coxcomb Mtns 57 

Kingston/Mesquite Mtns 24 Pinto Mtns 58 

Clark Mt 25 Queen Mtn 59 

Cady Mtns 26 Little San Bernardino Mtns 60 

North Bristol Mtns 27 Eagle Mtns 61 

Old Dad Peak/ Kelso Mtns 28 Orocopia Mtns 62 

Granite Mtns 29 Chuckwalla Mtns 63 

Providence Mtns 30 Mule/Palo Verde Mts 64 

Woods Mtns 31 W. Chocolate Mtns 65 

Hackberry Mtns 32 E. Chocolate Mtns 66 

New York Mtns 33 Cargo Muchacho Mtns 67 

Castle Peaks 34   

 

 

added as an extinct habitat patch in which 

past trailing had been observed (Epps et al. 

2004).   

The Soda Mountains illustrate the value 

of using trailing as evidence of a past bighorn 

sheep population. The construction of 

Interstate Highway 15 removed access to the 

only water source near the southern end of the 

Soda Mountains, and that barrier likely 

caused the extirpation of that population; but, 

bighorn sheep trails that once led to that water 

source were still clearly visible 45 years after 

access to that water was terminated. Given 

that history, Epps et al. (2004) treated the 
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Soda Mountains as only the habitat north of 

I-15, thus lacking water.    

We ran 7 new versions of the logistic 

regression analysis of Epps et al. (2004) 

using different data sets and refer to these as 

Data Runs 1-7 (Table 2), all limited to the 

four covariates retained in the final Epps et 

al. (2004) model. The first of these (Data Run 

1) can be considered the baseline model and 

simply corrected errors discovered in the data 

base used by Epps et al. (2004): (1) north and 

south White Mountains patches changed to 

having had past domestic sheep; (2) south 

White Mountains changed to having suffered 

past extinction; and (3) Sacramento 

Mountains changed to having suffered 

extinction – a determination made after the 

data compilation used by Epps et al. (2004). 

Data Run 2 altered some population 

definitions and one extinction classification 

to evaluate sensitivity to those choices. This 

entailed combining some adjacent mountain 

ranges known to or likely to be used by a 

single population (Woods and Hackberry; 

Rodman, Ord, and Newberry; Palo Verde and 

Mule; Riverside County Granite and Palen; 

Table 1, Fig. 1). Translocated bighorn sheep 

were released in the Sheephole and 

Chuckwalla Mountains in 1984 and 1989, 

respectively (Bleich et al. 1990b). At the time 

of those releases it was not clear if very small 

populations might still persist in those ranges. 

Epps et al. (2004) classified the Sheephole 

Mountain as an extinct population, but the 

Chuckwalla Mountains as persisting. In this 

rerun the Chuckwalla Mountains were 

changed to extinct.   

For Data Runs 3-5, we started with the 

data base from Data Run 2 but sequentially 

removed populations with habitat 

characteristics that did not represent most of 

the desert habitat across our focal region. In 

Data Run 3 the northern White Mountains 

were removed as the only population with 

extensive alpine habitat and altitudinal 

migration. That model also removed the San 

Gabriel Mountains and three historic 

locations further northwest in the Transverse 

Range (Caliente Peak, Cuyuma Mountain, 

and San Rafael Peak). In contrast to our focal 

desert bighorn habitat, that region has greater 

rainfall and resultant tall vegetation (forests 

and chaparral) that is dependent on fire to be 

suitable for bighorn sheep (Holl and Bleich 

2010). Data Run 4 also removed habitat 

patches in the San Bernardino Mountains 

because of greater rainfall, as well as the 

Peninsular Ranges which were not part of our 

focal region, but also because they represent 

a different habitat type in which bighorn 

habitat occurs only on lower eastern slopes of 

mountain ranges. Desert bighorn habitat 

exists there because of a strong rain shadow 

effect, but is continuously connected to 

higher, unsuitable habitat that receives too 

much rainfall. Data Run 4 was the first of a 

series of runs (4-7) limited to our focal 

region. Data Run 5 removed 5 remaining 

habitat patches that had past domestic sheep 

grazing (Southern White Mountains, Deep 

Springs, Coso Range, Argus Range, and 

Cache Peak) to limit the analysis to just three 

habitat variables (maximum elevation, 

rainfall, and surface water) in our focal 

region. 

Data Runs 1-5 resulted in a sequential 

attrition of habitat patches used in analyses 

from 80 to 57 (Table 2), a 29% decrease. Data 

Run 6 changed the Chuckwalla Mountains 

back to not suffering extinction and added 

back 4 mountain ranges removed by the 

population re-definition in Data Run 2 

(Hackberry, Ord, Rodman, and Palen). These 

changes allowed a comparison with Data Run 

1 limited to the focal region without the 

influence of past domestic sheep grazing. 

Data Run 6 simply approached this question 

from the standpoint of habitat patches 

available to bighorn sheep that were either 

vacant or occupied prior to known natural re-

colonizations or active management 

programs for sheep near the end of the 20th  
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Table 2. Results of extinction analysis Data Runs. Effects tests for all variables tested in these 

model reruns retained statistical significance (P<0.0001). N is the resulting number of habitat 

patches used in each rerun. Values tabulated for each of the four variables are relative weights 

from AICc analysis derived from models of all variable combinations. Those weights measure the 

relative importance of each variable in each Data Run. Data Runs 1-5 involved sequential 

cumulative removals of habitat patches, thus the declining N values. Data Run 6 altered model 5 

by reversing some population redefinitions begun in model 2 to allow comparison with Data Run 

1 and to approach these analyses as simply treating habitat patches (mountain ranges) as occupied 

or vacant prior to known natural re-colonizations, reintroductions, and water development projects. 

Data Run N R2 Dom. 

Sheep 

Max. Elev. Rainfall Water 

1. 4 data base corrections 80 0.47 1.000 0.967 0.964 0.616 

2. 5 population 

redefinitions 

75 0.47 1.000 0.944 0.961 0.377 

3. North White Mts. & 4 

Transverse Range patches 

removed 

70 0.44 0.999 0.975 0.783 0.450 

4. Additional removal of 

patches in Peninsular 

Ranges & San Bernardino 

Mts. 

62 0.39 0.999 0.975 0.636 0.444 

5. Additional removal of 

remaining ranges with 

past domestic sheep 

grazing 

57 0.32 - 0.975 0.641 0.449 

6. Patch definitions same 

as in Data Run 1 

61 0.31 - 0.869 0.711 0.697 

 

 

century. Because past domestic sheep 

grazing was not included as a variable, Data 

Run 6 yielded a predictive equation that 

assigned a relative habitat quality level to 

each patch based only on the 3 habitat 

variables, and it did this using only data from 

the focal planning region. That model was 

considered the most appropriate one to use 

for planning purposes relative to that region. 

That was the model we used to ask how 

extinction probabilities might change with 

habitat management. That final analysis 

projected how extinction probability would 

change if every patch contained reliable 

water. That analysis (Data Run 7) involved 

changing the input data relative to water for 

patches that lacked water and applying the 

predictive equation from Data Run 6. 

Analyses were conducted in JMP start 

(Sall and Lehman 1996) using the same 

logistic regression analysis used in Epps et al. 

(2004) except that the covariates were limited 

to the 4 variables that emerged from that 

analysis. For model selection we used 

QAICc, a modified version of Akaike’s 

information criterion (AIC) that corrects for 

small sample size (Burnham and Anderson 

1998). We used hierarchical partitioning to 

assess the independent and joint effects of 

each variable in a single model (Chevan and 

Sutherland 1991) for comparison among 

models. Hierarchical partitioning serves as an 

additional control for multicolinearity and 
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uses a measure of model fit to separate the 

independent and joint contributions of each 

parameter by comparing the fit of all models 

containing a particular parameter to all 

corresponding models without that 

parameter. We used the likelihood-ratio chi-

squared statistic for each model as the 

measure of fit to be hierarchically partitioned 

(Chevan and Sutherland 1991, MacNally 

1996). The likelihood chi-squared statistic 

compares the log-likelihood of the model to 

that of the reduced model with predictor 

variables removed (Sall and Lehman 1996). 

Larger values indicate a better fit. Thus, we 

considered models with varying numbers of 

covariates in this process.  

After testing the robustness of the 

extinction model, we examined geographic 

and temporal variation in rainfall to better 

understand how rainfall variation influenced 

the extinction model results. We plotted cool 

season (October-April) rainfall for 1895-

2010 for the longest data set in the region 

(Parker, Arizona) along with 15-year running 

means to look for long term trends that might 

correlate temporally with 20th century 

extinctions. Wehausen (2005) found for 

populations representative of much of our 

focal region that October-April rainfall was 

the driver of considerable year-to-year 

variation in desert bighorn sheep diet quality 

and reproductive success during the cool 

season when lamb production and rearing 

occurs. Consequently, we focused on rainfall 

in that season in contrast to annual 

precipitation used by Epps et al. (2004) 

averaged for 1961-1990. 

Finally, to better understand the 

extinction data base, we compiled evidence 

from various sources listed in Wehausen et 

al. (1987) and Wehausen (1999) of past 

occupation for habitat patches historically 

listed as extinct populations, looking for the 

most bighorn sheep observed prior to being 

categorized as extinct. Evidence for past 

occupation of patches was known to vary 

greatly (Wehausen et al. 1987) and the basis 

and validity of early subjective population 

estimates has been questioned (Wehausen 

1999). In contrast to subjective population 

estimates, the maximum number of bighorn 

sheep observed might represent meaningful 

data. Therefore, we investigated whether the 

distribution of those maximum numbers 

produced any pattern that might reflect more 

than data noise. 

 

RESULTS 

Model Robustness 

For Data Runs 1-6 we found that all 4 

variables retained in the original extinction 

model remained statistically significant in 

every subsequent model in which they were 

included (Table 2). As in the original 

analysis, variable weightings in these models 

exhibited the following hierarchy of 

importance (highest to lowest): past domestic 

sheep, maximum elevation, rainfall, and 

reliable surface water (Table 2).  

 

Causes of Past Extinction 

In Data Run 6, that removed influence of past 

domestic sheep grazing, the relative 

weightings of the three habitat variables 

became more equal, with surface water about 

the same as rainfall, and those two variables 

were only slightly less important than 

maximum elevation (Table 2). While this 

model had the lowest overall R2 value of 0.31 

(Table 2), that value was twofold greater than 

it was for models that included only those 

three habitat variables for Data Runs 1-4 (R2 

= 0.126 – 0.140). The higher overall R2 

values for Data Runs 1-4 (Table 2) were 

clearly driven by the important role of past 

domestic sheep grazing in those analyses, 

reflecting a high association of past domestic 

sheep grazing with extinction. 

Rainfall was another important variable 

in that extinction model and also appears to 

explain many additional past extinctions in 

an apparent interaction between geographic 
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variation in precipitation and temporal 

variation in the 20th century. At the southern 

end of the distribution of desert bighorn 

sheep in California, a long, approximately 

north-south interior corridor chronically 

experiences lower rainfall (Fig. 2). That 

 

 
 

Figure 2. Spatial variation for 1971 – 2000 average October – April precipitation in the focal 

desert region of southern California with historic bighorn sheep habitat patches classified as 

holding native populations or as having experienced population extinction in the 20th century. 
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region suffered many 20th century extinctions 

and the rainfall factor in our logistic 

regression models results from that 

geographic variation in rainfall. The 20th 

century extinctions in that drier region also 

coincided with a 30-year drought period. The 

longest rainfall record in that region was 

collected at Parker, Arizona, on the 

southeastern edge of the California desert. 

There, October-April rainfall averaged 

9.35cm during 1895-1941, but only 5.72 cm 

during the 1942-1972 drought period and 

only 4.67cm during the 1946-1961 peak 

drought period (Fig. 3). Those drought levels 

 

 
Figure 3. 1895-2010 October-April rainfall for Parker, Arizona with 15-year running mean. 

 

 

were, respectively, 61% and 50% of the 

previous 47-year average. We examined long 

term rainfall records from throughout the 

California desert region and found this mid 

twentieth century dry period to be evident in 

every one, but we present only the longest of 

those data sets (Fig. 3).  

 

Past Data for Extinct Populations 

The maximum number of bighorn sheep 

recorded as having been seen prior to 

populations being classified as extinct 

exhibited a U-shaped distribution with the 

bottom of the U at 6-10 bighorn sheep seen 

(Fig. 4). The 2 peaks were at >20 and 0 

bighorn sheep seen; thus, for 25% of the 

habitat patches classified as having been 

extinct, no bighorn sheep were ever recorded, 

and for 46% of those habitat patches the most 

bighorn sheep ever recorded was only 5. 

 

Model Projections 

Data Run 6 was used to project how 

extinction probabilities might change as a 

result of conservation actions. Data Run 6 

already represented the situation in which 

conservation action had eliminated the threat 

of nearby domestic sheep (Fig. 5), but Data 

Run 7 projected a hypothetical situation in 

which domestic sheep had been eliminated 

and every habitat patch that historically 

lacked water had been manipulated to have 

water reliably available to bighorn sheep. 
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Figure 4. Frequency distribution of the greatest number of bighorn sheep recorded prior to 

extinction for desert bighorn sheep populations in our focal region in southeastern California 

considered to have gone extinct in the twentieth century. 

 

 

The elimination of domestic sheep grazing 

somewhat improved overall extinction 

probabilities, generating an 8.9% decline in 

the average extinction probability category 

(Fig. 5, 6). While this improvement was 

limited by the small number of patches 

classified as having past domestic sheep 

grazing, it was also affected by changes in the 

predictive equation based only on the 3 

habitat variables. While all of the patches 

with past domestic sheep grazing were 

assigned the lowest extinction probability, 

that equation shifted some other habitat 

patches to higher extinction probabilities 

when evaluated only on the basis of the 3 

habitat variables. When that same equation 

was used in Data Run 7 to project extinction 

probabilities in a hypothetical situation of 

universal availability of surface water, all 

changes were to lower extinction 

probabilities and there was a notably greater 

overall shift in predicted extinction 

probabilities (Fig. 6, 7); the average 

extinction probability category decreased 

26.6% compared with Data Run 1. 

 

DISCUSSION 

Our analyses found that the extinction model 

of Epps et al. (2004) was remarkably robust 

to corrections, other data changes, and 

reductions in patches analyzed. All 4 

covariates retained statistical significance 

through the various test runs and also retained 

the same order of importance: domestic 

sheep, maximum elevation, rainfall, and 

reliable surface water. Of those covariates, 

the first and last are amenable to management 

through conservation actions. When we 

shifted the analyses to project the results of 

such conservation actions, we found greater 

overall change in extinction probabilities 

from providing reliable water than 

eliminating the threat of domestic sheep. This 

finding should be viewed as nothing more 

than a reflection of this specific database that 

contained considerably more patches lacking 
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Figure 5. Extinction probability categories predicted by the Data Run 6 equation based 

only on 3 habitat variables: maximum elevation, average annual rainfall, and presence of 

reliable water (no domestic sheep grazing). 



2021 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 56 

 

Wehausen and Epps • Population Extinction and Conservation Planning 

66 

 

 
Figure 6. Distribution of habitat patch extinction probabilities in the focal region for Data Run 1, 

Data Run 6 (no domestic sheep grazing), and Data Run 7 (no domestic sheep grazing and universal 

reliable water). Extinction probability classes are: 0-20% (1), 21-40% (2), 41-60% (3), 61-80% 

(4), and 81-100% (5). 

 

water than patches that once experienced 

domestic sheep grazing. 

We also elucidated important geographic 

variation in rainfall (Fig. 2) in our focal 

region that was the source of the rainfall 

factor in our model results, and thus appears 

to explain many extinctions. We also found a 

major mid 20th century drought period (Fig. 

3) that correlated with the timing of many of 

those extinctions. Together these rainfall 

patterns appear to explain many 20th century 

extinctions. Finally, when evaluating the 

frequency distribution of maximum numbers 

of bighorn sheep recorded in populations that 

subsequently experienced extinction, we 

found an unexpected U-shaped pattern (Fig. 

4). As discussed below, that pattern suggests 

that some populations treated as extinct 

(Torres et al. 1994, Epps et al. 2004) may not 

have supported reproducing, year-round 

populations of bighorn sheep in the early 20th 

century. 

 

Domestic sheep as an extinction factor 

Diseases transmitted from domestic sheep 

have long been recognized as associated with 

die-offs and extinctions of bighorn sheep 

populations (Grinnell 1928, Marsh 1938, 

Goodson 1982); thus, the important role of 

historical domestic sheep grazing as a 

variable in the Epps et al. (2004) extinction 

model was expected. This variable retained 

importance in the model for our focal area 

because of past grazing of domestic sheep in 

the northwestern corner of that region. 

Rainfall in that region is relatively high (Fig.  
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Figure 7. Extinction probability categories predicted by the Data Run 7 equation based on only 2 

habitat variables: maximum elevation and average annual rainfall (no domestic sheep grazing and 

universal reliable water). 
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2), which made it more attractive for 

livestock grazing. 

In the late 19th and early 20th centuries, 

domestic sheep were grazed (i.e., “trailed”) in 

large numbers along a circuit that began in 

the California central valley in winter, moved 

eastward through Tehachapi and Walker 

Passes in early spring for spring grazing in 

the western Mojave Desert, then northward 

through the Owens Valley to summer grazing 

pastures in the high Sierra Nevada and White 

Mountains, with the reverse in the fall 

(Austin 1906). In the White Mountains alone 

an estimated 40-50 thousand domestic sheep 

were grazed every summer (Wehausen 1986, 

1988). This suggests a high intensity of 

spring grazing in the western Mojave Desert 

in that region, and readily explains the loss of 

almost all bighorn sheep populations on the 

Sierra Nevada and desert sides of the routes 

traveled by the bands of domestic sheep. 

Bighorn sheep survived in only 3 areas along 

that corridor, 2 in the Sierra Nevada and 1 in 

the northern White Mountains. 

 

Rainfall as an extinction factor 

Long-standing explanations for the 

widespread extinctions of bighorn sheep 

populations have been unregulated hunting, 

competition from domestic sheep, and 

diseases from domestic sheep (Buechner 

1960). With more recent emergence of a 

considerably more refined understanding of 

the role of introduced respiratory disease 

(Cassirer et al. 2018), it is tempting to 

conclude that diseases from domestic 

livestock may explain essentially all 

extinctions of bighorn sheep populations. 

Our findings, however, paint a more complex 

picture for our focal region of desert bighorn 

sheep in California.  

While rainfall variation was important in 

the Epps et al. (2004) extinction model, its 

geographic variation was not presented. Here 

we have mapped that variation which 

exposed a corridor of lower rainfall (Fig. 2) 

that coincides with many 20th century 

extinctions in our focal region. Dick Weaver, 

a pioneering bighorn sheep biologist for 

California Dept. of Fish and Game, clearly 

recognized the more marginal nature of this 

habitat when he wrote “We cannot be 

complacent with this new knowledge, or we 

will find that the bighorn will continue to 

decline and one by one, the more marginal 

areas will cease to support bighorn 

populations” (Weaver 1974:64). Those 

extinctions also coincided with a long mid 

20th century drought period (Fig. 3), which 

Weaver (1972, 1974) considered the likely 

cause. The geographic and temporal rainfall 

details we have added help explain the 

apparent important role of rainfall in the Epps 

et al. (2004) extinction model. That model 

likely would have been quite different had the 

30-year drought period not occurred. That 

drought may account for more extinctions 

than domestic sheep grazing in our focal 

region, with each of those 2 extinction factors 

concentrated in different sub-regions. 

 

Extinction Data 

We found that 25% of the patches classified 

as having experienced extinction lacked any 

past recorded observations of bighorn sheep, 

and that for nearly half of the patches 

classified as experiencing extinction in our 

focal region the most bighorn sheep ever 

recorded was 0-5 (Fig. 4). While evidence of 

historical occupation by bighorn sheep 

consists of more than past recorded 

observation of bighorn sheep, in our focal 

region past trailing has been recorded for 

only 4 of the 7 patches classified as 

extinctions that lack any past observations of 

bighorn sheep (Wehausen et al. 1987, Epps et 

al. 2004). This reinforces fundamental 

questions raised previously (Wehausen 1999) 

about the quality of this historical data base.  

While Figure 4 might be interpreted as 

evidence that there is too much noise in past 

data to clearly identify where bighorn sheep 
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populations once existed and where they did 

not, the distinct U pattern needs explanation. 

It is not clear that such a pattern would arise 

from a data base largely lacking reliable 

information. That graphic may actually have 

a high signal to noise ratio with the left side 

simply representing numerous patches that 

are marginal habitat only occupied 

periodically when environmental conditions 

are more favorable, perhaps never or rarely 

supporting other than small bighorn sheep 

populations and, thus, offering little past 

opportunity for bighorn sheep sightings. This 

interpretation is consistent with many 

extinctions occurring in the zone of low 

rainfall that Weaver suggested was marginal 

habitat. The robustness we found for the Epps 

et al. (2004) extinction model suggests that 

the potential inclusion of a small number of 

habitat patches that perhaps have never 

supported a bighorn sheep population (i.e., 

containing animals of both sexes, year round, 

and attempting reproduction) may not be 

important to our results. This analysis can be 

viewed instead as an evaluation of the 

relative quality of islands of mountainous 

habitat that topographically are potentially 

suitable for bighorn, regardless of whether 

they are reliably known to have ever been 

used by more than a small number of bighorn 

sheep. From a conservation planning 

standpoint, such an analysis is useful. 

 

Model Limitations and Uses 

While one conclusion from a large amount of 

research on respiratory disease in bighorn 

sheep has been that it is a polymicrobial 

disease (Casirrer et al. 2018), a great deal of 

recent focus has been on the bacterium 

Mycoplasma ovipneumoniae as a likely 

frequent disease initiator mostly introduced 

from domestic sheep (Besser et al. 2012). 

Within our focal region, past domestic sheep 

grazing was only entered into the data base in 

the region of the historic grazing circuit 

discussed above. However, in 2013 a major 

respiratory disease outbreak occurred 

considerably further south in the eastern 

Mojave Desert (Dekelaita et al. 2020) and a 

recent survey of antibodies to Mycoplasma 

ovipneumoniae in serum samples from 

captured bighorn sheep going back 4 decades 

found a long history of widespread exposure 

to this bacterium (Shirkey et al. 2021). Those 

serological data, however, cannot determine 

what bacterial strains have been involved – 

strains that vary greatly in virulence (Besser 

et al. 2017; Kamath et al. 2019). While there 

is large variation in the demographic 

consequence of respiratory disease spillover 

events in bighorn sheep, Cassirer et al. (2018) 

found that on average populations lost about 

half their members. The source of the 

Mycoplasma ovipneumoniae strain that 

caused the eastern Mojave Desert epizootic 

beginning in 2013 is unknown, but in our 

focal region it is not known to have caused 

any population extinctions. It may take 

repeated spillover events involving multiple 

bacterial strains before extinctions will be 

seen — repeated events that likely occurred 

along the early grazing circuit discussed 

above. As such, our extinction model may be 

robust relative to this newer information, or 

may reflect the role of multiple stressors; for 

instance, Dekelaita et al. (2020) observed that 

captured bighorn sheep found to have been 

infected with Mycoplasma ovipneumoniae 

had lower survival when an index of forage 

quality was lower. Regardless of the 

complication posed by the recent disease 

episode, it is worth asking what can be 

learned from our extinction analyses, perhaps 

especially from Data Runs 6 and 7 that 

included only habitat variables.  

While the basic extinction model of Epps 

et al. (2004) stood up to our series of tests, it 

is important to recognize that there was 

nevertheless considerable variation not 

explained in all of the data runs (Table 2), 

undoubtedly because more variables are 

involved. This suggests that some caution is 
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in order relative to application of our findings 

to conservation planning. We consider our 

results to justify these basic applications to 

conservation: (1) extinction probabilities of 

desert bighorn sheep can be reduced by 

preventing contact with domestic sheep; (2) 

extinction probabilities can be reduced by 

providing reliable water where it is lacking, 

and (3) habitat patches vary considerably 

with respect to their ability to support long-

persisting bighorn sheep populations — 

variation that should be recognized in 

conservation planning. The first of these is a 

long-established conservation principle for 

bighorn sheep. The second similarly has been 

a long-established management practice, but 

not without some controversy (Broyles 

1995). We further discuss the second and 

third applications.  

An important question relative to the 

zone of lower rainfall in Figure 2 is the 

influence of the more limited rainfall on 

forage growth, thus nutrient availability 

(Wehausen 2005) relative to the influence of 

limited rainfall on reliable surface water. 

Rainfall was more important than the 

existence of surface water in all our models 

(Table 2). If there is not enough rainfall to 

produce sufficient nutrients to support a 

population through periods of poor rainfall 

that are inevitable in this ecosystem (Fig. 3), 

is the effort and cost of adding reliable water 

justified? Put differently, what is the 

influence on population vital rates of reliable 

surface water compared with the influence of 

rainfall on nutrient availability on vital rates? 

Might reliable surface water increase 

survivorship of key sex and age classes 

enough to better sustain a population through 

periods of low reproductive success known to 

be associated with low rainfall (Wehausen 

2005)? As always, this question reduces to 

the interactions of vital rates to determine 

rates of population change (lambda). To what 

extent will added drinking water increase 

average lambda? Data are beginning to 

develop relative to whether providing water 

might make a difference in this zone. Prentice 

et al. (2019) listed 6 previously vacant habitat 

patches in our focal region that have been 

naturally colonized. Two are in the southern 

Sonoran Desert region of low rainfall in 

patches that had the highest extinction 

probability level (5) in Figures 1 and 5, but 

less extreme extinction probabilities in Data 

Run 7 (Fig. 7) where water was added. One 

of the patches (Iron Mountains) has received 

a water catchment system and a small 

bighorn sheep population has now persisted 

there for decades. The other patch with 

evidence of recolonization (Little Maria 

Mountains) has no added water and it is not 

clear that a year round population has 

established itself in that range. These 2 

situations are highlighted here as examples of 

how a larger research design might be used to 

seek an answer to this fundamental question. 

It is also important, however, to note that it is 

probably impossible to provide reliable water 

in most situations because those systems rely 

on rainfall and can dry up in lengthy drought 

periods such as occurred in the 20th century 

(Fig. 3). 

The previous discussion has implications 

relative to the third application of our model 

results, the need to recognize the great 

variation in quality among habitat patches in 

our focal region. That focal region once was 

one large metapopulation that has been 

broken into metapopulation fragments 

largely due to major freeways that impede 

gene flow (Epps et al. 2005), and those 

fragments have been treated as management 

zones (Torres et al. 1994). From a 

conservation planning perspective, it is 

important to recognize the variation among 

habitat patches within those management 

zones in the context of the metapopulation 

dynamics of extinction and colonization. 

Populations in the best habitat patches need 

to be recognized and provided the highest 

protection as the core populations that under 
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ideal conditions will produce the most 

emigrants that colonize or augment patches 

of lower quality. However, those core 

populations can be the ones with the greatest 

conservation challenges. This is because 

ranges with greater elevations and rainfall 

that support better resource bases of forage 

and water also attract both feral and non-feral 

non-native ungulate competitors: donkeys 

and cattle. Those competitors can have 

significant negative effects on bighorn sheep 

populations via competition for forage and 

water, and potentially through introduced 

diseases (Weaver 1959, Gallizioli 1977, 

Douglas and Norment 1977, Dunn and 

Douglas 1982, Ginnett and Douglas 1982, 

Wolfe et al. 2010). The best habitat patches 

may not receive the most optimal 

conservation attention because of the 

political difficulty of dealing with those 

competitors. Instead conservation attention 

may be focused on lower quality habitat 

patches that are too dry to support domestic 

or feral livestock. From a metapopulation 

standpoint this may be a suboptimal 

conservation strategy. In the management 

zone between interstate highways 40 and 10 

in the southern part of our focal region, the 

Old Woman Mountains (Fig. 1, Table 1) is a 

prime example of a high quality, core habitat 

patch that is strategically located, but has not 

received adequate conservation priority 

because of cattle grazing.  

Creech et al. (2014) explored strategies 

for allocating conservation effort in part of 

our focal region using network analysis to 

identify the habitat patches with the greatest 

value relative to connectivity in the 

metapopulation. That analysis did not, 

however, recognize habitat differences 

among potential patches. Connectivity is 

important in metapopulation dynamics, but 

requires bighorn sheep to use those travel 

networks, and the most such travelers will 

come from the best habitat patches. We see a 

need for blending connectivity analysis with 

recognition of variation in patch quality in 

identifying the patches most in need of 

conservation attention. This will require 

segregating habitat patches into multiple 

classes relative to their potential to support 

persisting populations and what limits that 

potential. 
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INTRODUCTION 

The position of Burro Committee Chair has 

been vacant since 2019, and this is therefore 

the first DBC burro report since 2017. This 

report includes a broad overview of feral 

burro management in the U.S., a summary of 

current population estimates and trends, and 

the challenges that exist in management of 

burros. In this report, I focus on the six states 

that are inhabited by desert bighorn sheep, 

and that have feral horses and/or burros on 

public lands (Arizona, California, Colorado, 

Nevada, New Mexico, and Utah). The report 

therefore does not include Texas or Mexico. 

Because burro and horse management are 

closely related in several important ways, this 

report also includes information on feral 

horses.   

 
BRIEF BACKGROUND 

In the U.S., burros and horses are protected 

and managed under the Wild and Free-

Roaming Horses and Burros Act of 1971. 

This law stipulates that the Bureau of Land 

Management (BLM) and the U.S Forest 

Service (USFS) have the responsibility to 

manage herds in their respective jurisdictions 

within areas where horses and burros were 

found in 1971. A key component of this law 

is that the BLM and USFS are mandated to 

manage horses and burros in a manner that 

maintains a thriving natural ecological 

balance on public lands. After passage of the 

Act, the BLM designated Herd Areas (HAs) 

as areas where burros and horses existed in 

1971, and then identified Herd Management 

Areas (HMAs) as those HAs which were 

determined to be able to support horses and 

burros in a sustained manner. Similarly, the 

USFS established horse or burro territories. 

For each HMA or USFS territory, the 

Appropriate Management Level (AML) was 

identified as the number of horses and burros 

that could be supported while maintaining a 

thriving ecological balance, and AMLs are 

typically represented by a range of low and 

high AML.   

 

CURRENT POPULATION ESTIMATES  

At a national level, the 2020 abundance 

estimate for horses and burros combined on 

BLM-administered HMAs is 95,114 animals, 

far exceeding the AML of 26,770 animals 

(https://www.blm.gov/whb). This same 

pattern is observed in the six states included 

in this report, with each exceeding AML for 

both horses and burros on BLM-administered 

HMAs (Table 1, https://www.blm.gov/whb).   

It is important to note that the numbers 

shown in Table 1 are only those reported by 

the BLM for BLM-administered HMAs. In 

many areas, horses and burros have spread 

outside the HMAs, and these animals are not 

regularly surveyed by the BLM. In addition, 

horses and burros are also found on 34 active 

horse and burro territories on USFS lands, 

with 24 of these jointly managed with the 

BLM (https://www.fs.fed.us/wild-horse-

burro/aboutus.shtml#collapse2). The 

combined horse and burro AML on these 

territories is 2,253 animals, while the actual 

2014 estimate was 6483 animals. Finally, the  
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Table 1. AML and 2020 abundance estimate for burros and horses on BLM-administered HMAs, 

by state. 

 High AML 

Burros 

2020 Burro 

Estimate 

High AML 

Horses 

2020 Horse 

Estimate 

Arizona 1,436 6,989 240 558 

California 465 3,539 1,735 8,702 

Colorado 0 0 812 2,116 

Nevada 824 4,554 11,987 46,974 

New Mexico 0 0 83 200 

Utah 170 430 1786 5,316 

 

 

 
Figure 1. Annual BLM estimates of total horses and burros (combined) on HMAs during 2001-

2020. 

 

 

above numbers don’t include Tribal lands, 

which in some cases are inhabited by large 

numbers of burros and horses. For example, 

based on surveys conducted in 2016, there 

were an estimated 38,223 horses and an 

unidentified number of burros in the Navajo 

Nation (Wallace et al. 2017).   

 

ABUNDANCE TRENDS 

Numbers of burros and horses have increased 

substantially in the past 20 years. 

Nationwide, the number of animals on BLM-

administered HMAs decreased from 2001 to 

2007, but numbers have steadily increased 

since 2007 (Fig. 1; BLM 2001-2009). The 

same pattern of increasing numbers of burros 

and/or horses is observed in each of the six 

states, with each state experiencing a 

substantial increase in either horse or burro 

numbers during the last decade, with current 

numbers far exceeding AML (Fig. 2). 

BLM has, in the past, removed large 

numbers of animals from the range. Between 

1980 and 1990, over 90,000 animals were 

removed from the range, and placed in 

holding facilities. Many of these animals 

were placed in private adoptions, with nearly 

80,000 animals adopted in the 1980s (BLM 

2020). By 2000, an additional 80,000 animals 

were removed from the range, followed by 
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Figure 2. Burro and horse abundance during 2001 – 2020, and AML, on BLM-administered 

HMAs, by state. 

 

removal ~ 74,000 animals between 2001 and 

2007, bringing the on-range population of 

horses and burros combined to nearly AML, 

at about 28,000 animals (BLM 2020). 

However, at the same time that more animals 

were brought into holding, off-range holding 

costs increased and adoptions decreased. 

Today there are over 49,000 animals in off-

range holding pastures and paddocks (BLM 

2020). Between 2011 and 2019, BLM’s 

annual obligated budget related to the 

program (directly or indirectly) was about 

$80 million annually, and most of this budget 
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goes towards caring for and feeding animals 

in off-range holding (BLM 2020).  

 

WORKING TOWARDS AML: 

ACTIONS AND OBSTACLES 

The BLM has continued to use the tools and 

funding available to them in an attempt to 

reduce numbers. A large focus has been on 

increasing adoptions and supporting research 

on fertility control. For example, the 

Adoption Incentive Program was started in 

2019, and provides up to $1000 per animal to 

the adopting party (BLM 2020). Sales “with 

limitations” are also possible, and are often 

coordinated with partners who provide 

training for the horses and burros before they 

are sold. The limitations, or restrictions, 

include continued protection for the animals 

after the sale. BLM can also use a “Transfer 

Program”, by which horses and burros can be 

transferred to Federal, State, and local 

agencies as work animals. After such 

transfers, the animals lose protection under 

the Act (BLM 2020). The BLM is currently 

prohibited from selling animals without 

limitations due to existing appropriations act 

language (BLM 2020).  

The BLM and other organizations have 

continued to research fertility control 

methods. Most of the temporary fertility 

control options are in the form of vaccines, 

and most need to be administered multiple 

times for maximum effectiveness. This 

creates logistical and monetary challenges 

with free-ranging horses and burros. 

Permanent sterilization techniques are also 

being studied, and permanent sterilization of 

mares, in particular, would be the most direct 

way to reduce herd growth rates, but 

permanent sterilization has raised concern 

about herd genetics as well as behavioral and 

social changes in the herds. The BLM is 

continuing to invest heavily in research on a 

variety of different vaccines, as well as the 

effect of fertility control methods on 

population dynamics and social behavior of 

horses and burros.   

The BLM also continues to promote and 

fund research on monitoring techniques to 

improve accuracy and cost-effectiveness of 

HMA surveys, which are typically conducted 

every 3 years. Much of this research is done 

in collaboration with the U.S. Geological 

Survey (USGS). 

The BLM is currently limited in the 

ability to use all management options 

available under the Act. For example, 

although the Act does not prohibit euthanasia 

of animals, the BLM is currently prohibited 

by the Department of Interior appropriations 

acts from euthanizing healthy horses and 

burros (BLM 2020). At the same time, the 

majority of their annual budget is used for 

care of animals in off-range holding, and 

BLM reports that funds, resources, and off-

range holding facilities are not available to 

bring more animals off range. If nothing 

changes, the BLM estimates that there could 

be over 2.8 million horse and burros on 

BLM-administered HMAs by 2040 (BLM 

2020).  

 

THE CONTINUING PROBLEM 

Each HMA was assigned an AML that was 

determined to be the appropriate number of 

horses and burros that the HMA was able to 

support in a sustainable fashion. One can 

think of this as the carrying capacity of the 

HMA. Obviously, the challenge has been to 

bring the numbers of horses and burros down 

to AML. However, an additional 

consideration is that the AMLs listed above 

likely no longer represent the ecological 

carrying capacity of each HMA, because 

habitat has in many cases been degraded. If 

AMLs were evaluated and assigned under 

today’s conditions, they would likely be 

lower than those listed in Table 1. 

The negative consequences of too many 

horses and burros are numerous and include 

overgrazing, damage to vegetation, 
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competition with native species, human 

safety (e.g., via collision with vehicles), and 

inhumane conditions for the horses and 

burros themselves. Many herds are growing 

at about 20% each year, and this level has 

been determined to not be sustainable and to 

have negative effects on ecosystems as well 

as the animals themselves (National 

Academy of Sciences 2013). A summary of 

these impacts is beyond the scope of this 

report; however, the movie “Horse Rich and 

Dirt Poor” (https://youtu.be/q6h242vy_q8), 

supported by the DBC, provides a good 

summary of the challenges and the dilemma.  

 

WHERE TO NEXT? 

During recent years, discussions have 

continued among many partners, and venues 

have been held to encourage discussion of 

this important issue. For example, the Free 

Roaming Equids and Ecosystem 

Sustainability Summit (FREES), coordinated 

by the Utah State University Extension, has 

facilitated discussions and working groups to 

forge a way forward. There is now consensus 

among many (including horse and burro 

advocates) that something needs to be done 

to reduce numbers, but the way to accomplish 

this is still a divisive topic. 

In 2018, BLM provided a report to 

congress, entitled Management Options for a 

Sustainable Wild Horse and Burro Program. 

At the request of Congress in the 

Consolidated Appropriations Act of 2019, 

BLM submitted a report to Congress in 2020, 

outlining their strategy for improving 

management of wild horses and burros. 

Specifically, the report was to identify 

“factors for success, total funding 

requirements, and expected results”, and the 

report also served as a reporting requirement 

to allow the BLM to obligate the full amount 

of its appropriations (BLM 2020). The report 

was intended to show the resources required 

to address the program’s challenges, while 

still operating within the program’s non-

lethal management constraints; specifically 

by showing what it would cost to achieve 

AML through fertility control and removals 

to off-range holding or adoption. The report 

presented a step-wise strategy, including a 

first 4-5 year phase focused on stabilizing on-

range growth, followed by a 5-15 year phase 

to reach AML nationally, and then a long-

term phase to maintain AML. The proposed 

strategy relies heavily on large annual 

removals and increases in adoptions (via 

increased training of animals, incentives for 

adoption, etc.), supplemented by 

implementation of fertility control programs. 

In the report, BLM presents estimates of what 

this would cost, with annual estimates of 

hundreds of millions of dollars in the future, 

just for holding unplaced animals. 

Furthermore, the report states that BLM is 

continuing to evaluate how the various pieces 

of the strategy might best be implemented. It 

is acknowledged that short-term fertility 

control (as opposed to permanent 

sterilization), alone, will not be enough, and 

that it must be accompanied by large-scale 

removals from the range. The report also 

states that fertility control will likely become 

more of a cost-effective strategy once AML 

is achieved. The effectiveness of fertility 

control was not fully quantified in the report 

because fertility control techniques are still 

being developed, identified, and tested (BLM 

2020). The strategy proposes that it may take 

20 years to reach AML nationally.   

In the report, BLM acknowledged that a 

number of large challenges exist in 

implementing this strategy, including 

funding, the need for additional resources 

such as staff and contractors for 

implementing removals and taking care of 

off-range animals, the need for additional off-

range pastures and paddock space, the need 

to obtain National Environmental Policy Act 

(NEPA) compliance for new methods and 

techniques, and the effectiveness of fertility 

control measures (and the ability to 
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administer them on the range). In addition, an 

underlying concern is that true AML 

(carrying capacity) may be lower than 

currently established and, according to the 

strategy, habitat restoration would not be 

implemented until an HMA reaches AML.  

The negative effects that uncontrolled 

horse and burro numbers have on ecosystems 

and native species will only get more serious 

the longer numbers are allowed to grow. The 

Wild Sheep Working Group of the Western 

Association of Fish and Wildlife Agencies 

(WAFWA) noted the negative effects that 

over-abundant horses and burros have on 

wild sheep, and listed effective management 

of feral horses and burros as an important 

management strategy (Brewer et al. 2014). 

The Wildlife Society also developed an issue 

statement calling for the reduction of horse 

and burro numbers, including the use of 

euthanasia as a possible tool 

(https://wildlife.org/wp-content/uploads/201 

4/05/PS_FeralHorsesandBurros.pdf). 

However, numbers continued to grow, 

prompting WAFWA to adopt a resolution in 

2017, calling for the removal of 

appropriations language that restricts BLM’s 

ability to use all management tools provided 

by the act, and urging BLM to also use all 

available tools to also remove excess animals 

that exist outside of established HMAs 

(WAFWA 2017).   

In 2018, the President’s Budget Proposal 

removed appropriations language that 

restricted BLM from using all management 

options authorized under the Act. The 

Presidents’ request implemented a 2016 

recommendation from the National Wild 

Horse and Burro Advisory Board, a Federal 

advisory committee comprised of 

stakeholders representing a diverse range of 

interests. However, the budget proposal was 

modified to exclude euthanasia by the Senate 

Natural Resources Committee after 

concerted lobbying by equid enthusiasts. In 

September 2020, the Wildlife Society 

submitted written and oral testimony to the 

National Wild Horse and Burro Advisory 

Board, once again urging the BLM to reduce 

the numbers of horse and burros as quickly as 

possible (https://wildlife.org/the-wildlife-

society-calls-to-reduce-wild-horse-and-

burro-populations/).   
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Desert Bighorn Council Transactions 56:83–86 

 

POPULATIONS 

Estimates of Arizona’s desert bighorn sheep 

(Ovis canadensis mexicana and O. c. nelsoni) 

populations have remained relatively stable 

over the several years statewide. Ram:100 

ewes:lamb ratios averaged 53:100:36 in 2019 

(n = 2,071). Arizona currently has an 

estimated population of 5,000–5,500 desert 

bighorn sheep based on survey data. 

The desert bighorn sheep population in 

the Kofa Mountains (Units 45A, 45B, and 

45C) in southwestern Arizona has finally 

reached the threshold where it can be 

considered recovered. The 2019 aerial survey 

resulted in a population estimate of 899 

bighorns, exceeding the estimate of 800 in 

2000. The Black Mountains (Units 15A, 15B, 

15C, and 15D) of northwestern Arizona 

experienced a disease outbreak which 

resulted in a 53% decrease in the number of 

bighorn sheep observed on a survey in 2016 

and 2017. Even though Unit 15D is 

somewhat isolated from the rest of the Black 

Mountains by Highway 68, the disease 

crossed the highway and impacted that 

portion of the population. Aerial surveys in 

2018-19 showed population levels are slowly 

recovering.   

Rocky Mountain bighorn sheep (O. c. 

canadensis) continue to prosper in Arizona. 

This population is estimated at 1,200 

animals. Ram:100 ewes:lamb ratios aver-

aged 52:100:37 in 2019 (n = 619). For both 

Rocky Mountain and desert bighorn sheep, 

Arizona surveys about one third of the 

populations annually, although some areas of 

specific concern or recent translocations are 

surveyed annually. No aerial surveys were 

conducted in 2020 due to human safety 

concerns associated with Covid-19. 

 
RESEARCH 

Predation Risk Study 

The 2013-2017 research completed in Units 

16A and 33 on mountain lion and bighorn 

sheep habitat and predation risk associated 

with those habitats resulted in a manuscript 

published in the Journal of Wildlife 

Management the first quarter of 2022. 

 

Disease Monitoring/Corridor Studies 

Region 6 staff obtained permission through 

an MRDG/EA to complete several capture 

efforts in January 2020 within FS Wilderness 

on the Tonto National Forest to monitor for 

disease and track movements in response to 

fires. Special conditions included restricting 

helicopter landings to less than 30 in a 1-year 

period. As a result, the Department collared 

16 RMBS and 13 DBS across 4 wilderness 

areas and only landed 21 times.  

Seventeen collars were deployed in 2020 

on desert bighorn sheep in or around the 

Yuma Proving Grounds in southwest Arizona 

to determine whether development and 

security fencing obstruct movement between 

2 neighboring mountain ranges. If it is, 

translocations may be initiated to ensure gene 

flow continues. 
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Ten collars were deployed on RMBS in 

2020 in and around the towns of Morenci and 

Clifton, Arizona, to evaluate connectivity 

between the “city sheep” and the bighorn 

herds occupying nearby habitat. Surprising 

movements by one ewe were documented, 

and it was determined that the “city” ewes 

and rams do indeed travel between the 

existing herds outside of town. 

 

Galiuro FireScape Project 

In 2016, the Safford District of the United 

States Forest Service began implementing the 

Galiuro FireScape, an 8-year plan to treat 

137,000 acres of USFS land in the Galiuro 

Mountains (Units 31/32) with prescribed fire. 

The long-term goal of the Galiuro Firescape 

is the return of the historical natural fire 

regime. The treatment area was divided into 

8 burn units, one unit treated each year. As of 

February 2021, over 60,000 acres have been 

treated. 

In conjunction with this project, the 

Department augmented populations of desert 

bighorn sheep in areas with suitable 

conditions in Aravaipa and Redfield canyons 

in 2016 (n = 31); 2 rams and 8 ewes were 

fitted with GPS-transmitting collars to 

evaluate the post-release success of 

populations and response to the prescribed 

burns. The Department collared an additional 

9 rams and 1 ewe in November 2019 using a 

contracted helicopter crew to capture them 

via net-gun. The collars deployed in 2016 

reached the end of their life expectancy 

before prescribed burns were completed in 

currently utilized habitat.  

This timeframe has allowed for the 

accumulation of GPS data identifying the 

home range and habitat use by bighorns in 

occupied habitat before any prescribed burn 

efforts. Unused desert bighorn sheep habitat 

and a potential corridor between the 2 

existing desert bighorn sheep populations 

have been identified.  

The existing collars will gather post-

treatment home range data and habitat use, 

thereby allowing for the comparison of pre- 

and post-treatment habitat use by bighorn 

sheep in the Galiuro ecosystem.  

The data collected from these collars has 

also revealed that the gap between the 

Aravaipa and Redfield bighorn sheep 

populations has closed from 30 km to 11 km. 

Current and anticipated data collected from 

the collared animals is helping direct the 

implementation of the Galiuro Firescape. As 

the burn units between and adjacent to the 2 

populations continue to be treated, it is 

possible that connections between the herds 

and an expansion into restored habitat may 

occur, negating the need for future 

translocations into the Galiuro Mountains. In 

addition, this study could be developed into a 

model to predict other areas where prescribed 

fire may be used to improve habitat quality 

for bighorn sheep. 

 

HABITAT 

The Department works with private 

organizations (primarily the Arizona Desert 

Bighorn Sheep Society (ADBSS) and the 

Wild Sheep Foundation) and federal agencies 

to achieve habitat improvements for bighorn 

sheep. Many of these projects are part of the 

Department’s Habitat Partnership Committee 

program and are funded with Special Big 

Game Tag funds generated through the sale 

of 3 bighorn sheep tags.   

In 2020, COVID-19 -related restrictions 

precluded bighorn surveys and translocations 

planned for that year. The funding set aside 

for those projects was shifted to delivery of 

water to catchments normally filled by 

rainwater to sustain Arizona’s bighorns 

through the extreme drought conditions 

experienced that year.  

Because of unusually dry conditions in 

Region 4 in 2018, we expended a record 

amount of effort to keep water available for 

wildlife. Regional staff, Regional volunteers, 
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and the Department’s Development Branch 

hauled 432,392 gallons to wildlife waters 

during the first nine months of 2018; 48,500 

gallons alone were delivered by helicopter to 

bighorn sheep waters. The wet winters of 

2018 and 2019 temporarily alleviated those 

efforts, but in 2020, a historic drought hit 

Arizona, and a minimum of 380,000 gallons 

were delivered to wildlife water sources in 

Region 4 alone. This is just 50,000 less than 

was hauled in 2018. While many of these 

wildlife waters do not benefit, or solely 

benefit, bighorn sheep, many of them do. We 

also hauled more water via helicopter in 2020 

than in years past. Without considerable 

support from the Bighorn Sheep Special Tag 

fund to cover the expensive contracting of 

helicopter time, many bighorn sheep waters 

in Region 4 would have gone dry. The 

Region continues to increase storage and 

improve collection at many critical waters so 

that future water-hauling needs are reduced.  

 
HARVEST 

Bighorn sheep permits remain the most 

sought-after hunting permits in Arizona. In 

2020, 24,064 individuals applied for the 120 

available desert and Rocky Mountain bighorn 

sheep permits.   

During the 2020 season, 119 hunters 

participated (including 2 auction tag-

holders), harvesting 117 rams in 618 days of 

hunting. Hunt success was 98%. The age of 

harvested rams ranged from 3 to 12 (x̄ = 8), 

and horns green-scored from 83 4/8 to 183 

3/8 (x̄ = 162 B&C). 

Continuing a long history, the Arizona 

Game and Fish Commission awarded the 

Special Big Game Tags for bighorn sheep (2 

tags per year) to ADBSS in 2020, with a third 

tag to the Arizona Big Game Super Raffle 

(AZBGSR). Each year, ADBSS has 

traditionally partnered with the Wild Sheep 

Foundation to auction 1 tag and auctions the 

second at their fundraising banquet, raising 

$540,000 USD in 2020. The third is raffled 

through AZBGSR, raising $202,675 USD in 

2020. Each year, 100% of the proceeds of all 

3 tags come back to the Arizona Game and 

Fish Department to fund the conservation and 

management of bighorn sheep in Arizona. 

Since its inception (1984-2020), the Arizona 

Bighorn Sheep Special Tags have brought in 

$11,999,529 USD to support bighorn sheep 

in Arizona. 

 

TRANSLOCATIONS 

Due to human safety concerns associated 

with Covid-19, no translocations occurred in 

2020.  

In 2019, monsoon patterns resulted in 

the herd dispersal that was scheduled to be 

the source for a follow-up translocation into 

the Picacho Mountains, where 30 desert 

bighorns were placed in 2018. No desert 

bighorn were moved in 2019 as a result. 

Efforts to relocate RMBS from the 

Morenci Mine area in Units 27S and 28N 

continued in 2019 with drop-net and darting 

operations resulting in the capture of 27 

bighorn sheep. These bighorns were 

translocated to East Clear Creek in Units 4A 

and 5A to continue the effort to repopulate 

suitable habitat there.  

This brings the total of bighorn sheep 

moved in Arizona to 2,499. 

  

Santa Catalina Mountains Project 

Department personnel flew helicopter 

surveys in the Catalina Mountains over 2 

days in September 2019 for 6.6 hours. A total 

of 41 bighorn sheep were observed, including 

17 rams (1 Class I, 7 Class II, 8 Class III, 1 

Class IV), 19 ewes, 2 lambs, and 3 yearlings. 

This represents the most bighorns observed 

since the reintroduction of bighorn sheep to 

this range in 2013.  

In 2019, there was 1 active GPS collar, 

but it did not upload during the survey. Of the 

41 bighorns observed, 32 were not marked. 

This makes a mark-recapture population 

estimate impossible to calculate. Using 
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observation rates from similar habitat types, 

a population estimate of 66–82 bighorn sheep 

was generated.  

This unit was scheduled to be surveyed 

in 2021 then moved to a 3-year rotation, but 

a large wildfire burned through the Pusch 

Ridge Bighorn Management Area in June 

2020. While bighorn surveys were not 

conducted in 2020 due to Covid-19 related 

flight restrictions, it may be deemed 

necessary to survey the unit at least biennially 

to monitor the effects of the wildfire on the 

small population. 

To date, 110 bighorns have been 

released into the Catalina Mountains, 92 of 

which were collared with satellite GPS 

collars. No future releases of bighorn are 

being considered at this time. There have 

been 63 confirmed mortalities: 29 from 

predation by mountain lions; 1 from capture 

myopathy; 5 from (suspected) pneumonia; 1 

from possible EHD/Bluetongue; 1 from 

predation by an unknown felid, likely a 

bobcat; 2 from collision with vehicles, 2 from 

falls, and 22 from natural or unknown causes.  

 

 

 

 

BIGHORN SHEEP AND DOMESTIC 

SHEEP AND GOAT INTERACTIONS 

The Department regularly responds to reports 

of domestic sheep or goats in areas that create 

the potential for interactions with bighorn 

sheep. In October 2020, a domestic goat was 

captured via net gun within occupied bighorn 

sheep habitat in Unit 37A using a helicopter 

that happened to be in the area for a collaring 

project. Both nasal cavities and throat were 

swabbed before turning it over to the 

authorities. In January 2021, a mouflon sheep 

was darted in an area of Unit 36A relatively 

close to an area frequented by roving bighorn 

sheep. The mouflon was also swabbed and 

tested for disease before being transported to 

a licensed exotic animal facility. In all, the 

Department tested 50 samples collected 

either from mortalities found in the field (n = 

5), feral domestic sheep/goats (n = 2), or 

hunter harvested (n = 43) bighorn sheep in 

2020, and the mouflon darted in 2021. M. ovi. 

was detected in 15 of the bighorn sheep 

samples, confirming presence in 9 units and 

the 18 units where M. ovi.has previously been 

confirmed or is suspected to be present. Test 

results from the domestic goat and exotic 

sheep removed from Southeastern AZ 

showed they were negative for M. ovi. 
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Desert Bighorn Council Transactions 56:87–95 

INTRODUCTION 

The California Department of Fish & 

Wildlife (CDFW) manages two subspecies of 

bighorn sheep in California: Sierra Nevada 

bighorn sheep (Ovis canadensis sierrae) and 

desert bighorn sheep (Ovis canadensis 

nelsoni). The Sierra Nevada bighorn sheep 

(SNBS) taxon is federally listed as 

endangered and is managed under a recovery 

plan. Desert bighorn sheep (DBS) 

management in California is divided into 

Peninsular desert bighorn sheep (PBS), 

recognized as a Distinct Population Segment 

of desert bighorn sheep, and also listed as 

federally endangered and managed under 

their recovery plan; and all other DBS, which 

include all non-Peninsular O.c. nelsoni 

populations. As of 2022, there are an 

estimated 500 SNBS, 900 PBS, and 

approximately 5,000 DBS across California’s 

Great Basin, Mojave, and Sonoran deserts, 

and Transverse Ranges (Appendix; Table 1).  

 

 

 

POPULATIONS 

Sierra Nevada Bighorn Sheep 

Direct ground surveys yielded a minimum 

count of 547 SNBS across 14 herds in 2020. 

The count included 263 adult and yearling 

females, which remains below the recovery 

goal of 305 females. Reintroductions during 

2013-2015 occupied the remaining herd units 

necessary to meet the geographic recovery 

goals. In 2016, the population exceeded 600 

individuals but declined in 2017 and 2019 

because of heavy snow and increased 

mountain lion (Puma concolor) predation 

(Gammons et al. 2021). Many herds that 

experienced declines related to the severe 

winters are rebounding during milder 

winters, but herds that experience heavy 

predation by mountain lions remain 

suppressed. 

 

Peninsular Ranges Desert Bighorn Sheep 

In 2016, a helicopter survey generated 

estimates of a PBS population comprising 

884 individuals, with 25 ewes in each of nine 

recovery regions. The first time that the 

mailto:Regina.Vu@wildlife.CA.gov


2021 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 56 

 

Vu et al. • California Status Report 

88 

 

recovery criterion for down-listing PBS from 

endangered to threatened status (USFWS 

2000) has been met since listing in 2000. 

Subsequent demographic monitoring 

suggests a positive trend in survival and 

recruitment, with a stable or increasing 

population. However, severe drought over 

the winters of 2020–2021 and 2021–2022 

may have impeded that positive demographic 

trajectory towards recovery. A helicopter 

survey is planned for autumn 2022 to 

determine if the recovery criterion of 25 ewes 

per recovery region and an average of 750 

individuals range-wide has been maintained. 

In April of 2020, U.S. Customs and 

Border Protection (CBP) started construction 

on a border barrier fence that, if completed, 

would eliminate all PBS movement between 

lamb-rearing habitat in the Jacumba 

Wilderness in the U.S. from summer forage 

and water sources within Mexico. 

Construction activities occurred during the 

peak of the lamb-rearing season, and many 

construction staging areas and roads were 

built within a sensitive lamb-rearing habitat 

and movement corridors. Before the project 

was discontinued in December 2020, the 

bollard fence was built across 33% of PBS 

movement corridors between the U.S. and 

Mexico. Currently, PBS can move between 

the U.S. and Mexico along the western 

portion of their home range; however, the 

viability of the Jacumba herd is at risk if 

fence construction resumes without 

mitigation allowing movements.   

Obstacles to connectivity and impacts 

from human disturbance are ongoing threats, 

especially in northern recovery regions 1–3 

(1. San Jacinto Mountains, 2. Northern Santa 

Rosa Mountains, and 3. Central Santa Rosa 

Mountains), where anthropogenic impacts 

from the urbanized Coachella Valley are 

greatest. An increase in PBS movement 

between recovery regions 1 and 2, and 2 and 

3 has been observed, with a commensurate 

uptick in PBS-vehicle collisions. 

Additionally, disturbance to and loss of 

essential bighorn habitat continues due to an 

increase in recreational trail use (legal and 

illegal) and urban development. With the 

onset of the COVID-19 pandemic, local trails 

are being used at a higher frequency and the 

construction of illegal social trails has 

become more common. Various trails are in 

areas identified as escape terrain, movement 

corridors, lambing, or nursery habitat across 

all three recovery regions. PBS also 

increasingly utilize the urban environment 

for food and water. This interaction results in 

additional PBS mortalities due to ingestion of 

poisonous non-native plants, entrapment and 

drowning in pools and canals, and vehicle-

collisions. Construction of a barrier fence to 

exclude PBS from the urban interface will 

begin in 2022 in La Quinta. However, the 

alignment of that fence removes 112 acres of 

prime and lambing habitat, forcing PBS to 

seek alternate lambing habitat. 

Long-term drought due to climate 

change poses a significant threat to PBS 

recovery. A recent study examining 34 years 

of remotely sensed data within the Peninsular 

Ranges demonstrated a substantial decline in 

vegetation cover (Hantson et al. 2021). That 

work demonstrated the greatest decline in 

vegetation within PBS habitat in the South 

Santa Rosa and Vallecito Mountains. In 

addition to that decline in vegetation cover, 

water availability for PBS has declined. 

Natural water sources in the South Santa 

Rosa Mountains have become unreliable. In 

contrast, artificial water sources (guzzlers) in 

the Vallecito Mountains, installed by Anza-

Borrego Desert State Park in the 1980s have 

been allowed to lapse into disrepair. Three 

radio-collared ewes died of dehydration in 

the Vallecito Mountains because a broken 

pipe between the rain collection mat and the 

water storage tank went unnoticed until 2020. 
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Other Desert Bighorn 

DBS have historically occupied over 60 

mountain ranges across southeastern 

California. Helicopter surveys were 

conducted across seven populations in 2019. 

However, limitations from COVID-19 and a 

lapsed helicopter contract in 2020 and 2021 

prevented helicopter surveys in both of those 

years. As a result, survey efforts with remote 

game cameras at water sources were 

increased to provide an alternative means for 

continued monitoring of populations by 

mark-resight estimate. Since 2015, CDFW 

has surveyed, and updated population 

estimates for approximately 60% of DBS 

populations. In 2020 and 2021, CDFW 

captured and collared or recollared DBS via 

helicopter net-gun in 18 populations. Disease 

sampling and testing revealed exposure to 

Mycoplasma ovipneumoniae (M. ovi.) in each 

sampled population, suggesting widespread 

presence across the California desert.  

Mortality events were observed in the 

South Bristol and San Gorgonio populations. 

In the South Bristol Mountains, high 

recruitment had driven a near-doubling of the 

population, from an estimated 46 adult ewes 

in the summer of 2017, to an estimated 84 

adult ewes in the summer of 2019. However, 

between the fall of 2019 and the summer of 

2020, a 30% loss of collared DBS in the 

northern end of the range was documented. 

Summer surveys in 2020, however, still 

yielded an estimated 76 adult ewes. During 

Fall 2020, captures in that population 

revealed a previously undetected strain of M. 

ovi. in the South Bristol population, which 

may relate to the mortality event in that 

population, though attribution of causality 

remains unclear. In the San Gorgonio 

population, mortalities were first detected in 

December 2018, and total losses are 

estimated at approximately 30% of that 

population. M. ovi. was detected in only one 

of twelve sampled carcasses, suggesting an 

as-yet unidentified pathogen may have driven 

the mortality event. 

 

RESEARCH 

Sierra Nevada Bighorn Sheep 

Research focused on identifying behaviors, 

conditions, and threats that drive the 

demography of this endangered subspecies. 

SNBS are alpine specialists that accumulate 

fat reserves during summer when forage is 

abundant, and those reserves influence 

reproduction and survival (Stephenson et al., 

2020). Spitz et al. (2020) identified habitat 

conditions that predict migratory behavior, 

and bighorn responded to predation risk and 

forage quality at different scales. Migratory 

behavior varies from alpine residents to 

traditional migrants that winter at low 

elevations (Spitz et al. 2018, Denryter et al. 

2021). Bighorn that winter at high elevations 

rely on fat reserves to survive harsh winter 

conditions. Whereas individuals that migrate 

to low elevations during winter are at much 

greater risk of predation by mountain lions. 

 

Peninsular Ranges Desert Bighorn Sheep 

PBS are tested for exposure to a range of 

pathogens as part of the regular monitoring of 

the population. Of particular concern is 

polymicrobial, epizootic pneumonia, 

identified as a source of mortality and 

decreased lamb survival in PBS throughout 

their range. Due to the polymicrobial nature 

of this disease, archived samples from PBS 

have been tested for multiple potential 

pathogens and M. ovi. Investigations by Drs. 

Jessica N. Sanchez and Christine K. Johnson 

of the University of California Davis, in 

collaboration with CDFW, have found that 

most PBS are exposed to or infected with 

multiple pathogens throughout their lives. 

Most of the pathogens examined in this study 

were widespread geographically, although 

there was variation in risk of exposure among 

recovery regions. M. ovi. seropositivity was 

associated with lamb recruitment and 
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researchers found trends suggestive of adult 

survival is associated with temperature and 

precipitation, potentially compounding 

impacts of disease and other mortality factors 

like urbanization or predation. Results from 

this research will be shared with stakeholders 

involved in bighorn sheep management and 

submitted for peer-reviewed publication.  

Since 2009, CDFW has documented 

lamb-rearing habitat used by GPS-collared 

ewes throughout the Peninsular Ranges. In 

collaboration with CDFW, California State 

University, San Marcos, conducted a study 

that quantitatively described the postpartum 

habitat use of 28 ewes in four geographically 

distinct ewe groups from 2009-2017 (Hines 

2019). Hines’ (2019) found three of the four 

ewe groups moved farther from water and 

predator corridors while moving closer to 

alluvial fans when choosing a lamb-rearing 

habitat. Vegetation and water-rich cactus are 

more abundant in alluvial fans than in steep 

terrain and may be an important source of 

nutrition and water during lactation. The 

results for the fourth ewe group differed due 

to an artificial water source installed in 1987 

near lamb-rearing habitat. Ewes have high 

site fidelity for lamb-rearing areas and may 

not respond quickly enough to anthropogenic 

changes within traditional nursery grounds, 

such as artificial water sources that may 

attract predators, roads that may result in 

collisions, and housing and energy 

developments that may reduce available 

foraging habitat. Most importantly, this study 

demonstrated that while several trends 

tracked across all ewe groups, most had 

unique patterns of change between the pre- 

and postpartum periods. To preserve and 

protect lamb-rearing habitat, it is essential to 

understand the similarities and differences 

among ewe groups within the Peninsular 

Ranges. 

 

 

 

Other Desert Bighorn 

Research on surface water utilization’s 

impact on DBS movement patterns showed 

that day length, maximum daily temperature, 

minimum daily temperature, solar radiation, 

and the interaction between day length and 

minimum temperature explained the distance 

DBS were located from the nearest source of 

water. It also showed that maximum daily 

temperature was the most predictive variable 

for the percent of individuals visiting water, 

with visitations increasing approximately 

30% between 30 and 40°C (Glass et al. 

2022). This data provides valuable insights 

for the management of water for DBS.  

With help from CDFW, Dr. Christina 

Aiello and Oregon State University have 

continued their research on movement 

patterns related to habitat and interstate 

highways, which began in 2018 and ended in 

October of 2021. Over the study period, no 

interstate crossings were observed through 

collar data or remote cameras. However, 

variable patterns of highway approaches by 

collared DBS at specific locations will help 

with decisions related to future developments 

along interstate corridors that could impact 

DBS connectivity. These data are currently 

being analyzed to identify fine-scale habitat 

preferences and habitat effects on movement, 

including the highway barrier effect.  

In 2020, 102 DBS were captured across 

eight ranges across the Central Mojave, and 

50 were implanted with rumen implant 

transmitters (RITs) that track heart rate and 

body temperature as an indicator of health. 

An intensive ground effort monitored these 

individuals to collect nine or more fecal 

samples from each monitored animal 

throughout 2021. The project will continue in 

2022 in the Central Mojave and 2023 

captures in the Northern Mojave. A vast 

amount of genetic, microbiome, heart rate, 

body temperature, nutritional, movement, 

and observational data will be used to 

examine how ecological and host 
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evolutionary processes combine to shape 

disease dynamics in DBS metapopulations 

and across population networks. 

An investigation of archived serosurvey 

samples from Mojave Desert DBS captures 

showed some populations with M. ovi. 

antibodies as early as 1986. Although pre-

2013 strain-type data are unavailable, the 

samples from 2013 on showed widespread 

infection of a strain of M. ovi. across the 

region (Shirkey et al. 2021). Continued work 

has shown M. ovi. exposure dating back to the 

earliest available samples from 1984.  

 

HABITAT IMPROVEMENT 

PROJECTS 

CDFW continues to partner with volunteers 

and coordinate with land management 

agencies to improve and maintain the habitat 

for DBS sheep by maintaining and installing 

artificial water sources. In the absence of 

CDFW habitat crews, the Society for the 

Conservation of Bighorn Sheep (SCBS), with 

the support of the California Chapter of the 

Wild Sheep Foundation, continues to be a 

pillar in the day-to-day activities needed to 

keep sources functioning for wildlife. From 

April 2019 through March 2021, SCBS has 

coordinated and assisted with water hauls, 

installed new water sources on private and 

Department of Defense land, and has been 

responsible for countless maintenance 

activities.  

 

HARVEST 

Since 1987, licensed hunters have been able 

to apply for a license tag to hunt DBS in 

California. Obtaining a license tag through 

the general lottery is limited to hunters who 

have not been previously drawn and is 

considered a once-in-a-lifetime opportunity. 

Fundraising tags are also available for 

purchase, and these license tags are not 

limited by being a previous recipient of any 

license tag. For the 2019-2020 hunt season, 

CDFW offered 26 general and 3 fundraising 

license tags among 7 hunt zones; hunter 

success was 100%. For the 2020-2021 hunt 

season, CDFW offered 27 general and 3 

fundraising license tags among 8 hunt zones; 

hunter success was 90%. 
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Appendix 

Table 1. Extant and Extirpated populations of bighorn sheep in California. Due to the varying precision of 

population estimates, we present them categorically as size classes. 

Metapopulation 

(Fragment) 

Population Population 

Status1 

2021 

Size Class 

Estimate 

Data Source 

/Year of Most 

Recent Data 
Peninsular Ranges San Jacinto* N 51–100 CDFW 20165,6 

Recovery Regions North Santa Rosa* N 25–50 CDFW 20165,6 
 Central Santa Rosa* N 101–150 CDFW 20165,6 
 South Santa Rosa* N 51–100 CDFW 20165,6 
 Coyote Canyon* N 51–100 CDFW 20165,6 
 North San Ysidro* N 51–100 CDFW 20165,6 
 South San Ysidro* N 25–50 CDFW 20165,6 
 Vallecito* N 151–200 CDFW 20165,6 
 Carrizo Canyon* N 251–300 CDFW 20165,6 

Western Transverse 
Range 

San Rafael Peak R 101–150 CDFW 20195 

 Caliente Peak E 0 No new data 

San Gabriel San Gabriel N 401–450 CDFW 20115,7 

Sonoran W. Chocolate (Gunnery) N 51–100 CDFW 20095 
 E. Chocolate (Colorado R.) N 51–100 CDFW 20045 
 Orocopia/Mecca Hills* N 51–100 CDFW 20192,5 
 Chuckwalla A 51–100 CDFW 20165 
 Cargo Muchacho E 0 No new data 
 Palo Verde E 0 No new data 

South Mojave Newberry/Ord/Rodman* N 401–500 CDFW 20202,6,7 
 Bullion R 51-100 DOD 20212,7 
 Sheep Hole* A 51-100 CDFW 20212,6,7 
 San Gorgonio* N 51–100 CDFW 20194,5 

 N. San Bernardino 

(Cushenbury) 
N <25 CDFW 20196,7 

 Little San Bernardino N 51–100 CDFW 20192,5 
 Queen N 51–100 Longshore et al. (2009) 
 Pinto E 0 No new data 
 Eagle* N 51–100 C. Epps 2002–20033,4 
 Coxcomb N <25 C. Epps 2002–20033,4 
 Granite/Palen N <25 C. Epps 2002–20033,4 
 McCoy T 0 No new data 
 Little Maria C <25 C. Aiello 20212,3,4 
 Big Maria T <25 C. Aiello 20212,3,4 
 Riverside T <25 C. Aiello 20212,3,4 
 Iron C <25 CDFW 20167 
 Turtle N 51–100 C. Epps 2001–20033,4 
 Whipple R 25–50 CDFW 19995 
 Old Woman* N 25–50 CDFW 20186,7 
 Chemehuevi N 25–50 C. Epps 2002–20033,4 
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Table 1. Continued. 
 Sacramento E <25 C. Aiello 20212,3,4 
 Clipper* N 201–250 CDFW 20192,5,6 
 South Bristol* C 151–200 CDFW 20202,6,7 
 Marble* N 151–200 CDFW 20206,7 

Central Mojave Cady* N 101–150 CDFW 20202,5,6,7 
 South Soda* C 51–100 CDFW 20192,6,7 
 North Bristol* R 51–100 CDFW 20175,6,7 

 Old Dad/ 

Kelso/Marl/Club* 
N 101–150 CDFW 20202,5,6,7 

 Granite* N 51–100 CDFW 20192,5,6 
 Providence* N 51–100 CDFW 20215 
 Wood/ Hackberry* N 51–100 CDFW 20192,5,6 
 Castle/Hart/Piute* N 101–150 CDFW 20192,5,6 
 Dead* N <25 CDFW 20212,5 

North Mojave Granite/Quail E 0 No new data 
 Owlshead T 0 CDFW 20085 
 Eagle Crags R 25–50 T. Campbell 2010 
 Argus/Slate R 51–100 R. Osgood 20034 
 Coso C <25 Epps et al. (2010) 
 Black Mountains & 

Greenwater* 
N 25–50 CDFW & NPS 20184,5 

 South Panamint* N 51–100 CDFW & NPS 20184,5 
 Tucki N 25–50 No new data 
 Panamint Butte/Hunter N 51–100 No new data 
 Funeral* N 51–100 CDFW & NPS 20184,5 
 Tin N 51–100 J. Wehausen 20063 
 Grapevine N 51–100 NPS 20174,7 
 Dry Mountain/Last Chance N 51–100 CDFW 20174,7 
 Inyo N 51–100 J. Wehausen 20085 
 Deep Springs C <25 S. Hetzler 20004 
 North White* N 301–400 CDFW 20202,6,7 
 South White* R 25–50 CDFW 20197 
 Clark* N 51–100 CDFW 20165 
 Kingston/Mesquite* N 151–200 CDFW 20185 
 Nopah* N 101–150 CDFW 20195,6,7 
 Resting Spring N <25 CDFW 20195 
 North Soda T 0 G. Sudmeier 20109 
 Avawatz* A <25 CDFW 20185 

Sierra Nevada Twin Lakes E 0 SNBS Report 2017 
 Green Creek E 0 SNBS Report 2017 
 Cathedral Range R <25 CDFW 20207 
 Mt. Warren R <25 CDFW 20207 
 Mt. Gibbs R 51-100 CDFW 20207 
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Table 1. Continued. 
 Convict Creek/McGee 

Creek 
C <25 CDFW 20207 

 Wheeler Ridge R 51–100 CDFW 20207 
 Coyote Ridge E 0 SNBS Report 2017 
 Taboose Creek C <25 CDFW 20207 
 Sawmill Canyon N 51–100 CDFW 20207 
 Bubbs Creek C 25–50 CDFW 20207 
 Mt. Baxter N 51-100 CDFW 20207 
 Mt. Williamson N <25 CDFW 20207 
 Mt. Langley R 25-50 CDFW 20207 
 Olancha Peak R 51-100 CDFW 20207 
 Big Arroyo R 25-50 CDFW 20207 
 Laurel Creek R <25 CDFW 20207 

Northeastern 
California 

Truckee River E 0 No new data 

 Skedaddle/Smoke Cr. E 0 No new data 
 Warner E 0 No new data 
 Lava Beds/Mt. Dome E 0 No new data 
 Mt. Shasta E 0 No new data 
 Goosenest E 0 No new data 
 Bogus Mt. E 0 No new data 

1N = native; C = natural re-colonization (population may have been re-established by remnants of a 

previous population or re-colonized by nearby populations); A = augmented; R = reintroduced; E = 

extirpated; T = transient range, seasonal use 
2Population status has been revised since 2019 
3Partially based on genotypic capture-recapture estimates from non-invasive genetic data 
4Field observations of animals or sign 
5Helicopter survey/capture 
6Mark/resight population estimates 
7Direct counts from ground and/or camera observations 

*Mycoplasma ovipneumoniae (M. ovi.) has been detected in this population
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Status of Bighorn Sheep in Colorado, 2021 
Alyssa Kircher1, Brad Weinmeister2, and Genevieve Fuller3 

1Colorado Parks and Wildlife, 2300 S Townsend Ave., Montrose CO 81401 
2Colorado Parks and Wildlife, 151 E 16th Street, Durango, CO 81301 

3Colorado Parks and Wildlife, 711 Independent Ave., Grand Junction, CO 81501 

 

Desert Bighorn Council Transactions 56:96–97 

POPULATION STATUS 

The overall trend of Colorado’s bighorn 

sheep herds have remained stable over the 

last 2 years. The estimated post-hunt 

population of Rocky Mountain bighorn sheep 

(Ovis canadensis canadensis), the 

predominant bighorn in Colorado, was 6,905 

in 2020. This was similar to the 2019 estimate 

of 6,940. Over the last couple of years, 

Colorado’s Desert bighorn (Ovis canadensis 

nelsoni) populations have also been stable. 

The 2020 post-hunt population estimate for 

all herds was 550 and unchanged from the 

2019 estimate (Fig. 1). This follows an 

increase in population size that began in 

2005. Colorado’s desert bighorn population 

is made up of 3 different populations: the 

Black Ridge herd (Game Management Unit 

[GMU] S-56) in Mesa County near Grand 

Junction, the Uncompahgre/Dominguez herd 

(GMU S-62) on the northeast corner of the 

Uncompahgre Plateau, northeast of 

Montrose, and the Dolores River herd 

(GMUs S-63 and S-64) along the Dolores 

River from Dove Creek to Bedrock. The 

Black Ridge herd has remained stable at 200 

bighorns. The Uncompahgre herd is stable to 

increasing at 165. The Dolores River 

population (comprising the Upper and 

Middle Dolores herds) has also been stable to 

increasing with a post-hunt population 

estimate of 185 in 2020.   

 

HARVEST STATUS 

Conservative hunter harvest is taking place in 

all of the Colorado desert bighorn herds. The 

Black Ridge herd (S-56) currently has 4 ram 

licenses, with license allocation at 2% of the 

population and a 3-year average hunter 

success rate of 92%. The 3-year average 

growth rings measured from the harvested 

rams in S-56 was 5.8, which has been slightly 

decreasing in recent years. Five ram licenses 

were allocated in the Uncompahgre bighorn 

herd (S-62) at 3% of the population, with a 3-

year average hunter success rate of 93%. The 

average rams harvested in S-62 have 6.4 

growth rings measured on a 3-year average. 

The Dolores River population license 

allocation is 5 ram licenses per year which is 

2.7% of the population estimate. Licenses in 

the Dolores River population are allocated to 

GMUs S-63 (two licenses) and S-64 (three 

licenses) separately. The 3-year harvest 

success rate was 80% with the 3- year 

average growth rings measured from 

harvested rams being 5.6.   

 

COLLABORATIVE PROJECTS AND 

MANAGEMENT 

DENCA Recreation Study 

A study was initiated in the Dominquez-

Escalante National Conservation Area 

(DENCA) with the goal of determining 

outdoor recreation impacts and disturbances 

on desert bighorn sheep. This is a 

collaborative effort with New Mexico State 

University and graduate student, Ashley 

Evans, Colorado Parks and Wildlife, and the 

BLM. Field work began this past December 

with 30 ewes captured, ear tagged, and 

collared with GPS collars. Additionally, 78 
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camera traps have been installed throughout 

the study area to quantify trail use by 

recreational users and wildlife. Moreover, 

stress hormones are being measured using 

fecal glucocorticoid metabolites from 

opportunistically collected fresh fecal pellets 

from marked individuals. These three 

methods will allow individual sheep behavior 

to be monitored in response to outdoor 

recreation. 

 

DESERT BIGHORN HERD 

MANAGEMENT PLAN 

The Colorado Parks and Wildlife 

Commission adopted the state’s first desert 

bighorn management plan. The plan was for 

the Dolores River Herd (DBS-61) and 

identifies a post-hunt population 

management objective of 175-275. The 

current population estimate is 185. Also set 

in the plan was a ram management objective 

of maintaining a 3-year average length of the 

longest horn on harvested ram. This was set 

at 28-33” with the current average of 31”. 

This will keep management similar to current 

management, which is what hunters and the 

public wanted. All Desert bighorn 

populations including the Dolores River Herd 

are classified as tier 1 herds in Colorado. Tier 

1 Herds receive the highest priority for 

research and management. This was 

emphasized in the management plan. 

 

 

 
Figure 1. Desert bighorn sheep population estimate and ram license numbers from 1985 to 2020. 
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Status of Bighorn Sheep in Nevada, 2019 – 

2020 

Mike Cox 
 

Nevada Department of Wildlife, 6980 Sierra Center Parkway, Suite 120, Reno, NV 89511, USA 

 

Desert Bighorn Council Transactions 56:98–104 

 

POPULATION ESTIMATES AND 

MONITORING 

There are approximately 75 desert bighorn 

herds currently in Nevada. Estimates for each 

herd are generated from deterministic 

spreadsheet models that reconstructs 

population dynamics based on known 

production/recruitment every other year, 

known harvested ram ages, and estimated 

adult survival.   

The 2020 statewide desert bighorn 

population estimate was 9,500 an 8% decline 

from the 2019 estimate of 10,300 (Fig. 1). 

This was the first year since 2004 that the 

statewide growth rate (lambda) was below 

1.0. This large decline was due to several 

factors including drought drastically 

reducing forage quality and quantity 

lowering survival rates, some guzzlers went 

dry for extended period resulting in some 

animals dying of dehydration and continued 

high lamb mortality in some herds from 

chronic pneumonia from pathogen spillovers 

that occurred in the last 6 years.  

Since 2018, statewide helicopter surveys

 

 
Figure 1. Nevada bighorn sheep population estimates by subspecies, 1965 – 2020.
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for desert bighorn conducted in August – 

October have been abbreviated both in 

number of herds surveyed and reduced 

survey effort per herd. The 2020 survey total 

of approximately 3,200 individuals was the 

fewest classified since 2007 (Fig. 2). The 

lamb:ewe ratio of 21:100 in 2020 was the 

lowest lamb ratio ever recorded in the history 

of Nevada helicopter surveys. Likely factors 

that contributed to this low lamb ratio was 

multi-year drought conditions across most of 

Nevada, pneumonia-related lamb mortality in 

several large herds, and density-dependent 

reaction to multi-year high animal densities 

on contracted summer range. The 50 

rams:100 ewes was the lowest ram ratio 

recorded since 1990. 

Based on historical accounts, 

archeological/paleontological evidence, and 

geospatial analyses of areas of adequate 

bighorn habitat features and resources, it is 

estimated that state’s bighorn population in 

1860 exceeded 30,000 (Cox et. al. 2001). It 

was first acknowledged in the 2001 Nevada 

Bighorn Sheep Management Plan that the 

entire state of Nevada, the heart of the Great 

Basin, was a single but diverse 

metapopulation of desert bighorn sheep 

(Ramey 1993, Ramey 2000, Wehausen and 

Ramey 2000). The plan also recognized the 

decades of successful transplants of Rocky 

Mountain and California bighorn sheep and 

the need to continue to manage these herds in 

concert with expanding desert bighorn 

distribution (Fig. 3). 

 

 

 
Figure 2. Helicopter composition surveys, via directed search method, 1990 – 2020 including 

sample size, ram ratio, and lamb ratio per 100 ewes  
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Figure 3. 2020 Occupied Bighorn Sheep Habitat in Nevada by subspecies and origin (remnant, 

reintroduced, or pioneered). 

 

The last desert bighorn translocation 

occurred in Fall 2015. The lack of adequate 

distance to domestic sheep, lack of barriers to 

long-distance bighorn movement and forays, 

distribution of public land domestic sheep 

operations and private land farm flocks, and 

continued detection of stray domestic sheep 

away from permitted areas have stymied 

translocations. There are still many 

unoccupied historic bighorn habitat areas in 

Nevada. There are some opportunities and 

efforts to mediate these risks that are 

currently in play, but additional land-use 

planning and negotiations must ensue and be 

completed before viable and successful 

translocation sites are available. 

 
HARVEST 

A total of 315 desert bighorn tags in 2020 

were available to residents and nonresidents 

(90:10 split) through a restricted tag draw 

process in addition to 5 “specialty” tags (2 
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auction and 3 raffle tags). A total of 11,204 

residents and 12,012 nonresidents applied for 

280 and 30 tags, respectively. In the last 

decade the total number of applicants for ram 

tags have doubled. In 2020 statewide hunter 

success was 95%, with long-term average 

hunter success over the last 2 decades was 

89%. Since the first year of the any ram 

regulation in 1996, the average age  

of harvested rams has been 6.4 years. The 

2020 average ram age was 6.9. The average 

number of 170+ B&C rams harvested 

annually is 16 since 2010, with 18 rams of 

this caliber harvested in 2020.  

Nevada’s annual desert bighorn ram 

harvest totals since the first legal hunting 

season in 1952 through 2017 is a classic 

exponential growth curve (total harvest has 

leveled off last 3 years) all the while 

maintaining strong age structure in the 

harvest and quality hunting experiences (Fig. 

4). The fruits of the past bighorn restoration 

labors continue to result in an increase of ram 

tags available from reintroduced herds. In 

2020, 54% of the statewide desert bighorn 

ram tags were from reintroduced and 

pioneering herds compared to remnant herds.   

Since 2014, limited bighorn ewe hunts 

have existed to reduce herds to population 

objectives associated with various carry 

capacity metrics. In 2020, 2 herds had ewe 

hunts with a total of 111 tags for resident and 

nonresidents. There were 4 herds with ewe 

hunts through 2018. A new herd (highest 

elevation herd on Mt. Jefferson in central 

Nevada) was selected in early 2021 to hold 

its first ewe hunt. Average hunter success has 

been 67% since 2014. 

 

 

 

Figure 4. Desert Bighorn Ram Harvest from the first legal hunting season in 1952 through 2020 

in Nevada.  
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M. OVI. EXPOSURE AND HERD 

PERFORMANCE 

Polymicrobial upper respiratory disease 

events and die-offs continue to impact 

Nevada’s desert bighorn herds. With the 

broad and connected distribution of bighorn 

populations, the ability to isolate or stop 

pathogen transmission among bighorn herds 

is extremely difficult. NDOW completed 

statewide pathogen surveillance of all 

bighorn herds in 2020 with the program 

beginning in 2011. Only a handful of bighorn 

herds have not been exposed to the key 

“trigger” pathogen of concern, Mycoplasma 

ovipneumoniae (M. ovi.; Fig. 5). Varied 

demographic responses have been 

documented involving 1 to 6 years of 

compromised lamb recruitment and adult 

mortality levels from 5-30% (Fig. 6). Many 

covariates may contribute to herd response in 

the face of M. ovi. exposure: M. ovi. strain, 

forage quality and quantity water availability, 

time since initial M. ovi. spillover, and others. 

 

 

 

Figure 5. Exposure to M. ovi. in desert bighorn herds. Exposure was detected by either ELISA or 

PCR through live animal or hunter harvest sampling.  
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Figure 6. Herd Performance trend in each desert bighorn herd since M. ovi. spillover or last decade 

if no M. ovi. exposure. Outline of each herd polygon designates whether the herd was a Remnant 

(no outline), Reintroduced (black), or Pioneered (yellow). 

 

WATER HAULS 

Due to a multi-year drought in the Mojave 

and Great Basin Desert areas of Nevada, 

water hauls to critical and heavily-used water 

developments were conducted in August, 

October and November 2020. It was not only 

the reduced annual rain amounts, but the 

most impactable part of climate change was 

timing of moisture. For two consecutive 

summers, there was no monsoonal moisture 

that is typically received at the critical time in 

mid-summer. Long-term weather patterns 

would typically recharge tanks during winter, 

herds would drink down guzzlers through 

mid-July and then summer monsoonal rains 

would recharge them again to meet water 



2021 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 56 

 

Cox • Nevada Status Report 

104 

 

needs of bighorn herds through summer and 

early fall. Both helicopter and ground water 

transfer were used depending on access to a 

guzzler site. Helicopters would sling a 

“pumpkin” filled with water from a portable 

water source into remote sites and dump 

water onto the guzzler apron multiple times 

to fill storage tanks. Sites that had vehicle 

access would transfer water by pumping it 

from a water truck directly into the guzzler 

storage tank. Water hauls delivered water to 

27 guzzlers involving 14 bighorn herds. 

Seven guzzlers had 2 separate water hauls 

because they were drunk dry by bighorn 

within a couple months. A total of 104,300 

gallons were delivered in the summer and fall 

2020. 

 

BIGHORN SHEEP RESEARCH 

Utah State University (USU) has nearly 

completed a statewide disease ecology 

research project led by Dr. Kezia Manlove 

and her 2 graduate students Kylie Sinclair 

and Lauren Ricci to assess relationships and 

patterns from data collected in Nevada on 

pathogen profiles, M. ovi. strain types, 

demographic responses, home ranges, forays, 

various covariates, and possible predictor 

variables. One important aspect of their 

research was movement analyses to explain 

the drivers and consequences of bighorn 

foray movements in pathogen transmission, 

spillover impacts, and herd recovery. They 

used Hidden Markov Models (HMMs) to 

describe probabilities of animals switching 

from “home-ranging” to “foraying” 

behaviors based on almost 800 bighorns 

fitted with GPS collars since 2005 generating 

over 1.4 million fixes. A vector ruggedness 

measure was included to go beyond the 

standard HMMs to better predict bighorn 

behavioral state in their steep escape terrain. 

They also analyzed the effect of demography 

and “viewshed” (slope, aspect, and 

ruggedness) on movements. From their 

analyses they Identified stationary, normal 

and distance foraging, and foray states. Over 

9,500 unique forays were detected. 

The USU team also analyzed a circuit 

model to predict connectivity between desert 

bighorn herds as part of their movement 

analyses. A circuitscape represents an 

electrical circuit landscape with resistance to 

flow between suitable habitats. They used 

circuitscapes to measure and visually 

represent landscape connectivity between 

herds to identify potential corridors and 

barriers to movement. Resistance to 

movement is commonly calculated as the 

inverse of suitability. To complete the model, 

they used (i) a step selection function fit on 

foraying GPS locations to create a habitat 

suitability surface, (ii) created a resistance 

surface as a negative function of habitat 

suitability, and (iii) used core herd home 

ranges as termini in the circuit to measure 

connectivity between herds.  
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SYNOPSIS 

The desert bighorn population estimate 

declined in New Mexico for the first time 

since 2000 (Fig. 1). This decline is associated 

with high lion predation in the Fra Cristobal, 

Sacramento, Hatchet, Peloncillo, and San 

Andres populations and the presence of M. 

ovi in multiple herds outside the Bootheel 

metapopulation. A translocation that sourced 

bighorn from the Caballo population and 

augmented the Sacramento herd occurred in 

October 2020, following their 2018 

establishment. This translocation coincided 

with capture operations in the Peloncillo, 

Little Hatchet, and Ladron mountains to 

collect disease samples and radio collar 

extant sheep. Helicopter surveys were not 

flown in 2020 because of the Covid-19 

pandemic. 

 

POPULATION STATUS 

Bootheel Metapopulation  

The Peloncillo (140-160) population has 

remained relatively stable since 2016 and has 

been aided by lion control efforts and 

translocations from Red Rock. Translocation 

efforts have resulted in the release of 70 

sheep in the Peloncillo Mountains over the 

last 10-years. This relatively active 

management strategy has still only doubled 

the population estimate at best over 10 years. 

Three radio-collared sheep died in 2019 (2 

lion, 1 unknown), and five occurred in the 

first half of 2020 (3 lion, 2 unknown). Eight 

additional GPS collars were deployed in this 

herd in October 2020.  

The Little and Big Hatchets seem to be 

decreasing [160-205 (75-90 Little, 85-115 

Big)]. The VHF radio collars from 2014 in 

the Big Hatchets are no longer functioning. 

Ten sheep were captured in the Little Hatchet 

Mountains in October 2020 and equipped 

with GPS radio collars to facilitate 

monitoring of this portion of the population. 

Similar to the Peloncillo, 81 bighorn were 

released in the Big Hatchets in the last 10 

years, coinciding with the population 

estimate increasing by 1.5x. Spring lamb:ewe 

ratios were 53:100 and 48:100, respectively 

during aerial surveys in May 2019. 

Helicopter surveys were not flown in 2020 

for the first time in decades. 

 

Fra Cristobal & Caballo Metapopulation 

Estimates in the Fra Cristobal (150-200) 

Range continued to decrease. There were 4 

mortalities of radio-collared sheep in the Fras 

in 2019, 3 lion-caused and 1 unknown cause. 

Data from Armendaris staff and their 

monitoring of radio-collared lions provided 

evidence for a minimum of 15 bighorn kills 

(5 ewes, 4 rams, and 6 lambs/unidentified) in 

2019 and 10 bighorn kills in 2020 (2 ewes, 4 

rams, 4 lamb/unidentified). The disease 

outbreak in 2018 was not as evident as in 

2019, and 2020 and observations of sick 

sheep were rare. One possible sign of disease 

was the lower than average minimum lamb  
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Figure 1. New Mexico statewide desert bighorn population trend from 1980 to 2020 (solid black line). 

Transplanted desert bighorn sheep (bars) and mountain lion removals (double grey line) are also 

displayed. 

 

count and lamb:ewe ratio (n = 12 lambs, 

21:100) in 2019 which may indicate some 

continued disease consequences. 

Additionally, we know lion predation was 

another source of lamb mortality in 2019 and 

2020 and variable predation rates could also 

explain the trends in lamb ratios and 

abundance. The December 2020 survey 

resulted in a minimum of 26 lambs (48:100). 

Radio collars started to cease functioning 

throughout 2020.  

The Caballo population estimates (220-

250) suggest a stable to increasing population 

in this range despite the confirmation of M. 

ovi. in this herd. Twenty-four sheep were 

removed from Redhouse Mountain for an 

augmentation in the Sacramento Mountains 

in 2020. Disease sampling from this capture 

confirmed M. ovi. exposure in this 

population. It was also detected in a sample 

from a hunter-harvested ram in 2019. No 

known mortalities occurred among the 4 

VHF collars. Twenty-five lambs were 

observed in the 2019 survey (28 lambs:100 

ewes). 

 

Ladron Mountains 
No surveys were conducted in the Ladron 

Range during 2019-2020. One radio-collared 

ewe died in 2019 and one in 2020. Eleven 
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new GPS collars were fitted to Ladron ewes 

in October 2020. This capture's disease 

sampling results indicated that sheep as far 

south as M-mountain had been exposed to M. 

ovi.. The western edge of this population’s 

distribution has expanded to include the Bear 

Mountains.  
 

San Andres Mountains 

A survey here in 2019 resulted in a minimum 

known number of 174 bighorn. There were 2 

mortalities of radio-collared sheep in 2019 

(2/13 = 15.4%) and 1 (1/12 = 8.3%) in 2020; 

all from lion predation. This population 

estimate has decreased since the last 

reporting period, contributing factors include 

the translocation removal (n = 34) and 

suspected increase in lion predation 

following trends among radio-collared adult 

mortality. 

 

Sacramento Mountains  

A ground survey in autumn 2019 was not 

successful at finding all radio-collared 

animals, but resulted in observation of 10 

ewes, 5 lambs, and 2 rams. The Sacramento 

population was augmented in 2020 with 24 

sheep (20 ewes, 4 rams) from the Redhouse 

portion of the Caballo Mountains. Four 

mortalities were known during this 

timeframe including two ewes that were 

illegally harvested (mistaken for Barbary 

sheep). A 2021 helicopter survey revealed the 

fact that no lambs were recruited in the 2020 

cohort or the 2021 cohort and therefore the 

population for 2020 was revised down to 40-

50 and declined further to 35-40 in 2021. 

High lion predation in 2021 appears to be the 

primary cause of this decline. Through 2021, 

there were 20 mountain lions removed within 

a few miles of the release site. The 2021 

helicopter survey counted only 2 mule deer 

while searching bighorn habitat from San 

Andres Canyon to immediately north of US 

82. During much of the year this bighorn 

sheep range is virtually without alternative 

prey. 

MOUNTAIN LION CONTROL  

In 2019 (n = 26) and 2020 (n = 28), 54 lions 

were removed from desert bighorn habitat. 

These control efforts occurred across 6 desert 

bighorn occupied ranges. NMDGF 

contractors removed an average of 4.5 lions 

per range per year. Related lion removals 

include 4 lions taken on private property in 

the Ladron Mountains and one sport harvest 

lion known to have been removed within the 

Ladron Mountains. There were 14 lions 

removed from the core-habitat of the newly 

started Sacramento bighorn sheep herd. 

 

DISEASE 

Mycoplasma ovipneumoniae has emerged as 

a significant pathogen of concern for bighorn 

sheep in recent years. Current research 

emphasizes the monitoring of this bacteria 

whenever possible as the consequences of 

spillover can lead to pneumonia events that 

include morbidity, mortality (sometimes 

across all age classes), and long-term 

consequences like chronically low lamb 

recruitment. Though other pathogens may 

contribute to pneumonia, M. ovi. is 

considered the primary pathogen found 

during respiratory disease events in bighorn 

populations. Therefore, NMDGF has 

expanded monitoring of M. ovi. status in  

desert bighorn herds through sampling and 

will continue monitoring potential disease 

events using radio-collared animals and 

annual surveys.  

Desert bighorn populations that are M. 

ovi. positive are Fra Cristobal, Caballo, 

Ladron, San Andres, and Sacramento. Only 

one strain type (Kofa) has been detected thus 

far. This bacterium is assumed to have 

arrived during the 2002 translocation of 

bighorn sheep from the Kofa National 

Wildlife Refuge. Disease sampling at Red 

Rock and from the Bootheel metapopulation 

(Peloncillos and Hatchets) occurred during 

this timeframe and their status continues to be 

M. ovi. negative. 
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RED ROCK CAPTIVE FACILITY 

This facility is censused annually via a 2-day 

ground survey. In May 2019, the census 

resulted in 72 (32 females, 13 lambs, 27 

rams) bighorn observed and in May 2020, 

104 (39 females, 29 lambs, and 36 rams) were 

documented. A translocation is planned for 

the autumn of 2021. Lions can breach the 

fenced facility, so there are removal efforts 

when tracks are found in or adjacent to the 

pens. Three lions were taken in 2019, and 1 

lion was removed in 2020.  

 

 

HUNTING 

Desert bighorn ram licenses in New Mexico 

continue to be “once-in-a-lifetime” unless 

they are acquired through the annual auction 

or raffle. Each year, there were 29 desert 

bighorn ram licenses. Trophy opportunity is 

premier, with 25% and 48% of harvested 

rams measuring above Boone and Crockett 

minimum record book standards in 2019 and 

2020, respectively. The desert auction tags 

raised $325,000 for New Mexico bighorn 

during this timeframe, and raffle proceeds 

contributed an estimated $137,000 in funding 

(Table 1). 

  

Table 1 Total funds generated from enhancement authorizations and scores from desert bighorn 

sheep rams hunted on auction, raffle, and public (top score only) licenses. An * indicates official 

B&C scores. 

 2017 2018 2019 2020 

Auction $145,000 $270,000 $175,000 $150,000 

Raffle $37,000 $62,000 $62,000 $75,000 

Auction Score 188 0/8* 175 0/8 185 1/8 185 0/8 

Raffle Score 163 0/8 177 0/8 166 0/8 174 5/8 

Public Score 181 2/8 185 0/8 185 6/8 180 0/8 

*indicates official B&C scores. 

DNH indicates “Did Not Harvest” 

 

 

 

 



2021 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 56 

 

Hernández • Texas Status Report 

109 

 

Status of Desert Bighorn Sheep in Texas, 

2019 – 2021 
 

Froylán Hernádez 
 

Texas Parks and Wildlife Department, 109 S. Cockrell, Alpine, Texas 79830, USA 

 

Desert Bighorn Council Transactions 56:109–114 

 

POPULATIONS 

Before 2008, desert bighorn populations in 

Texas were rising. Since, the Texas 

population has seemingly leveled off (Fig. 1). 

Annual aerial desert bighorn surveys were 

conducted in August 2019. In August 2020, 

annual aerial desert bighorn surveys were 

suspended after only 35 hrs of flight time due 

to a fatal helicopter crash, which claimed the 

lives of Dr. Bob Dittmar (TPWD, 

Veterinarian), Dewey Stockbridge (TPWD, 

Wildlife Biologist) and Brandon White 

(TPWD, Wildlife Technician). Afterwards, 

only a selected few mountain ranges were 

accessed through ground counts. As a result, 

the 2021 aerial surveys were incomplete, and 

a few mountain ranges had not been surveyed 

at the time of print. 

During the 2019 survey, 1112 bighorns 

were observed with a lamb ratio (lambs per 

100 ewes) of 48:100. In 2020, only Black 

Gap WMA/S. Brewster County was aerially 

surveyed (incomplete aerial survey) before 

the crash. Several options to survey other 

populations were explored, including 

privately funded and privately conducted 

aerial surveys. However, due to logistical 

constraints, the decision was made to proceed 

with ground counts. The purpose of the 

ground counts was primarily to access 

populations using herd composition and lamb 

recruitment as herd health indicators. The 

only mountain ranges accessed through 

ground counts include 9 Point Mesa, 

Elephant Mountain WMA, and Sierra Diablo 

Mountains. 

 

 
Figure 1. Statewide desert bighorn survey results for Texas. 2002 – 2021. 
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HARVEST 

There were 35 permits issued for the 

reporting period (2019-2021; Table 1). In the 

2019-2020 hunting season, 17 permits were 

issued, including 2 public, one auction, and 

14 private landowner permits. Of those 17 

hunting permits, 15 were filled (harvested), 

and 2 were unsuccessful (1 failed to harvest 

after multiple attempts, 1 was not hunted). 

The 2019-2020 hunt season resulted in an 

88% success rate. For the 2020-2021 hunt 

season, 18 permits were issued, of which 15 

were issued to private landowners and 3 

issued to the state (2 public, 1 auction). The 

2020-2021 hunt season resulted in a 94% 

success rate (one of the permits was not 

hunted). Average age and score for rams 

harvested during TPWD guided/outfitted 

were 10 yrs old and 171 inches, respectively. 

 

 

Table 1. 2019-2021 Desert Bighorn permit issuance and harvest. 

Permit year Private  Public Auction Total Permits Permits Used Success 

2019-2020 14 2 1 17 15 88% 

2020-2021 15 2 1 18 17 94% 

TOTAL 29 4 2 35 32 91% 

 

 

WATER DEVELOPMENT 

Six (6) new water catchment guzzlers were 

constructed in strategic locations, which will 

benefit desert bighorn and other wildlife. 

These water guzzlers were built on public 

land, and private property within expansive 

mountain ranges. This added a potential 

30,000 total gallons of water for those 6 

guzzlers across the landscape. In addition to 

the new guzzlers, and in collaboration with the 

Mule Deer Foundation, 4 new guzzlers were 

constructed on the fringes of desert bighorn 

habitat. Furthermore, 2 earthen tanks were 

reworked, and repairs were performed on 

existing water guzzlers, which are within 

bighorn ranges. 

Even though supplemental water benefits 

native wildlife, whether mammals or birds, it 

also raises the question of whether there are 

unintended consequences, such as benefitting 

undesirable species, including aoudad 

(Ammotragus lervia), also known as Barbary 

sheep. These artificial man-made watering 

sources could be congregation points that 

could serve as disease transmission points. 

Additionally, there are discussions now that 

these water sources could also influence 

predation.   

 

RESTORATION 
In December 2019, 74 desert bighorn (44 M, 

30 F) were captured on Elephant Mountain 

WMA and translocated to Black Gap WMA. 

Of those 74, 52 (28 M, 24 F) were fitted with 

radio telemetry collars to facilitate post-

release monitoring and add to ongoing Black 

Gap WMA desert bighorn population 

investigations. Additionally, 2 types of release 

methods were employed: hard- and soft-

release (Table 2). The soft-released bighorns 

were kept in the acclimation enclosure (524 ac 

pen) for 2 weeks before the gates were opened, 

allowing the bighorns to “trickle out” into the 

wild.  

The animals from both release types 

integrated with resident bighorns soon after 

their respective release. Though 2019 

translocation efforts initial results were very 

encouraging, a disease event began to take its 

toll in February 2020. There had been at least 

21 collared mortalities attributed to infectious 

pneumonia due to Pasteurella-type pathogens. 

Prompted by reports of domestic sheep/goats 
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observed along an area of the Rio Grande 

River, near an area where mortalities appear to 

be concentrated, staff canoed along an 11-mile 

stretch of the river in search of domestic 

livestock. Staff were also searching for 

bighorns to check for clinical signs. No 

domestic sheep/goats were observed. 

However, in several areas along the river, 

there was clear sign (e.g., evident browse line, 

tracks, etc.) of domestic animal use.    

 

 

Table 2. Capture and translocation summary for desert bighorn sheep in Texas, 2019. 

            Collared   

Source Release Site 

Release 

Type Rams  Ewes Total Rams Ewes Total 

EMWMA BGWMA  Hard 20 16 36 14 14 28 

EMWMA BGWMA  Soft  24 14 38 14 10 24 

    TOTAL 44 30 74 28 24 52 

 

RESEARCH 

The telemetry-collaring of desert bighorn, 

whether for translocations purposes or disease 

investigations, also served for 2 Master of 

Science (MS) projects. One MS project, which 

was recently completed, was conducted at 

Black Gap WMA. The other, in the Van Horn 

Mountains, is currently in its final phase and 

will be completed Dec 2021. Research 

highlights from those projects follow. 

 

Black Gap WMA 

Comparing different release methods of 

desert bighorn sheep: survival and cause 

specific mortality 

In winter 2017–18, 30 residents (8 M, 22 

F) and 70 translocated desert bighorn sheep 

(36 M, 34 F) were radio-collared and released 

at Black Gap Wildlife Management Area. Of 

the 70 translocated, 28 (12 M, 16 F) were 

hard-released (i.e., immediately released onto 

landscape) and 42 (24 M, 18 F) soft-released 

(i.e., released into an 470-acre enclosure 

before into the landscape). From December 

2017–December 2019, survival and cause-

specific mortality were monitored. Objectives 

to monitor survival were to 1) compare 

survival of desert bighorn sheep following 

translocation among 3 treatments (residents, 

hard-, soft-release) and 2) compare cause-

specific mortality of desert bighorn sheep 

among 3 treatments (residents, hard-, and soft-

released). The 3 treatments were set up to 

collect data in the same location on an equal 

temporal scale throughout the duration of the 

study. Resident desert bighorn sheep had the 

greatest overall 2-year survival estimate (S = 

0.87), followed by hard-released (S = 0.78), 

and then soft-released (S = 0.62). A total of 26 

mortalities (13 M, 13 F) was recorded. Of 

those mortalities, 4 were residents (15%), 6 

were hard-released (23%), and 16 were soft-

released (62%). A total of 9 mortalities of 

desert bighorn sheep was attributed to 

mountain lions (Puma concolor) (34%), 8 

were non-predation (i.e., desert bighorn sheep 

carcass was found intact with no obvious signs 

of predation) (31%), 7 were undeterminable 

(i.e., desert bighorn sheep carcass was too 

heavily scavenged or in too poor of condition 

to determine the cause of mortality) (27%), 1 

mortality with the presumable cause of blue 

tongue (4%), and 1 hunter harvest (4%). Of 

the 9 mountain lion mortalities (5 M, 4 F), 7 

were soft-released (78%), and 2 were hard-

released (22%) (Fig. 2).
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Figure 2. Mortality causes among different release methods of radio-collared resident and 

translocated desert bighorn sheep at Black Gap Wildlife Management Area, December 2017–

December 2019. 

 

 

Comparing release methods of translocated 

desert bighorn sheep: social behavior 

The social integration of translocated 

desert bighorn with resident animals is 

suggested to improve survival through 

predator avoidance and provides opportunities 

for translocated individuals to “learn” the 

habitat from resident desert bighorn. Research 

has documented the integration of 

translocated desert bighorn with resident 

populations in other regions. This portion of 

the project analyzed the effect of the release 

method on social integration. The objective 

was to investigate the social integration of 

desert bighorn sheep among soft- and hard-

release methods and residents.  

Results revealed five distinct herds based 

on their annual range (Fig. 3). The 

composition of herds varied considerably, 

ranging from all herd members being the same 

treatment to herds composed of all 3 

treatments. Kernel density (ranges) estimates 

for herds varied in size from 13.55 km2 to 

313.89 km2, with various amounts of 

intersection between the individual herds. 

Herd 1 was located northeast of BGWMA 

along the lower canyons of Reagan Canyon 

Ranch and the Rio Grande River. Herd 2 

occupied the central areas on BGWMA 

property, along the black spine ridge, and 

throughout the Bourland Canyon area. Herd 3 

primarily occupied the southern border of 

BGWMA, throughout the Horse Canyon area. 

This herd had the largest Kernel density 

(313.89 km2). Herd 4 occupied areas to the 

east and north, both within and outside 

BGWMA property, which primarily 

encompasses Big Canyon, Dove Mountain, 

and the southern Maravillas Canyon. Herd 5 

existed in a central area on BGWMA along the 

Black Spine Ridge, and north of the property 

on and around Dove Mountain. The release 

method explained the most variance for social 

herding behavior. Previous research has 

shown that social integration was critical for 

reintroduced populations to establish 

successfully. In this study, the release method 

best explained social herding, and animals had 

a stronger tendency to herd with individuals of 

the same release method.
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Figure 3. Ranges of 5 desert bighorn herds at Black Gap Wildlife Management, June 2018–June 

2019. 

 

 

Van Horn Mountains 

Estimating niche breadth of aoudad, desert 

bighorn sheep, and mule deer in a co-

occupied landscape 

Desert bighorn sheep and mule deer 

(Odocoileus hemionus) have experienced 

widespread declines in distribution and 

abundance in the Texas Trans-Pecos. While 

translocation efforts have been successful in 

reviving these species, the ongoing expansion 

of aoudad populations across the region have 

raised concern for native species survival. 

Similarities in physiology and native range 

suggest potential niche overlap, and 

consequently potential competition, between 

aoudad, desert bighorn, and mule deer. A 

study to investigate the niche breadth, among 

other things, of these three species in the Van 

Horn Mountains, Texas, was initiated to 1.) 

Compare habitat selection behavior, 2.) 

Quantify niche breadth and dissimilarity, and 

3.) Spatially project niche optima onto the 

landscape. Specifically, environmental niche 

hypervolume was modeled using among-

individual variance in selection coefficients 

derived from integrated step selection 

analyses. Aoudad and desert bighorn 

demonstrated a strong selection for a narrow 

breadth of escape terrain metrics (i.e., 

specialist behavior). Spatial projections of 

aoudad and desert bighorn revealed a high 

degree of overlap along concentrated regions 

of optimal habitat. Mule deer demonstrated a 

weaker selection for a wider breadth of escape 

terrain metrics (i.e., generalist behavior). As a 

result, optimal mule deer habitat distribution 

was more diffuse and only overlapped 

marginally with aoudad and desert bighorn. 
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These spatial projections provide scientists 

and managers information regarding where 

interactions between aoudad and native 

species are most likely to occur, and to what 

degree this interaction occurs across the 

landscape. 

 

DISEASE MONITORING AND EVENTS 

Two (2) disease events occurred in two 

distinct bighorn populations. One event 

occurred in the Van Horn Mountains, and the 

other at the Black Gap WMA (referenced 

above). 

 

Van Horn Mountains  

At least 20 collared bighorn sheep were lost 

from the Van Horn Mountains herd from 

November 2019 through March 2021. These 

appear to be due to a Pasteurella-type 

pneumonia mortalities. Staff conducted a 

terrestrial and aerial reconnaissance at the 

onset of the event in search of animals 

showing clinical signs or acting abnormally. 

Though several bighorn groups were observed 

during the outing, the animals observed 

appeared healthy. None showed clinical signs 

associated with pneumonia infections (e.g., 

coughing, nasal discharge, open-

mouth/labored breathing, etc.). Unfortunately, 

COVID-19 safety precautions implemented 

by the Department and landowner prevented 

field investigations Mar-Apr. 

 

Respiratory pathogens detected include 

Mannheimia and Trueperella. In addition, 

Mycoplasma ovipneumoniae (M. ovi.) was 

detected, and there were 2 intermediate M. ovi. 

positives on nasal, and 1 lung PCR. 

 

Black Gap WMA 

Most mortalities at Black Gap were attributed 

to bacterial pneumonia. Bacteria culured from 

the lungs inlcude Bilbersteinia, Mannheimia 

and Trueperella. M. ovi. was detected (PCR 

lung or nasal swab) in the majority of the 

mortalities. Blue tongue was also detected in 

6 mortalities, but only 1 of those 6 was M. ovi. 

positive in the lung. It appears BT contributed 

in part to the death of these 6 bighorns. 

 
EMERGING THREATS AND 

CHALLENGES 

In addition to the novel disease issues, Texas 

faces challenges posed by aoudad. Aoudad 

hunting has been growing in popularity, and 

hunts that at one time were relatively 

inexpensive, are now going for $5,000-

$7,000. This is a substantial among of 

supplemental and potentially year-around 

income. Because of high densities, aoudad are 

also a seemingly “endless” resource. 

Additionally, data suggests they can be a 

potential disease threat. Through our disease 

monitoring and surveillance program, M.ovi 

has been detected in a few aoudad within the 

last couple of years. And we are optimistic that 

the collaborative project with Texas A&M 

will shed light on the disease transmission 

potential. So, in addition to the high densities, 

the disease risk is also concerning. 

 

CLOSING 

Undoubtedly, 2 disease events took a toll on 

the desert bighorn populations in Texas. 

However, TPWD is committed to expanding 

the disease monitoring and surveillance 

program and continuing activities and projects 

that will further restoration efforts.  

 

Fortunately, the Texas Parks and Wildlife 

Department has cemented excellent relations 

with hunters and outdoor enthusiasts, 

dedicated landowners, committed individuals, 

loyal volunteers, and great conservation 

organizations who share a passion for wildlife. 

TPWD will continue to work collaboratively 

with all interested parties to ensure that 

Texas's restoration, management, research, 

and hunting of desert bighorn keeps moving 

forward. 
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QUANTIFYING BIRTH SITE SELECTION FOR BIGHORN SHEEP USING UNMANNED AERIAL 

VEHICLES 

MARCUS E. BLUM, University of Nevada, Reno, 1664 N Virginia St, MS 186, Reno, NV, USA, 89557 

JONATHAN GREENBERG, University of Nevada, Reno, 1664 N Virginia St, MS 186, Reno, NV, USA, 89557 

TOM DILTS, University of Nevada, Reno, 1664 N Virginia St, MS 186, Reno, NV, USA, 89557 

MIKE COX, Nevada Department of Wildlife, 6980 Sierra Center Pkwy #120, Reno, NV, USA, 89511 

KELLEY M. STEWART, University of Nevada, Reno, 1664 N Virginia St, MS 186, Reno, NV, USA, 89557 

Desert bighorn sheep (Ovis canadensis nelsoni) have evolved to select habitat types in precipitous terrain during 

certain times of year. These behavioral adaptations allow individuals to increase their survival, and the likelihood of 

recruiting young into the population by staying in rugged terrain to evade predators. While terrain ruggedness and 

slope are commonly associated with bighorn lambing habitat, little is known about the effects of aerial and ground 

cover on selection of parturition sites or lamb rearing habitat. Recent studies demonstrated the importance of ground 

cover in the uphill and downhill directions in selection of birth-sites by bighorn sheep, however, measurements 

collected at these sites do not fully represent sightability or shrub-cover within the immediate area. We captured female 

bighorn sheep from January 2016 through June 2018 in west central Nevada. We also captured neonatal young and 

determined location of birth sites as well as information on survival. Following lambing season, we plotted all birth 

site locations from captured lambs and conducted unmanned aerial vehicle flights using a Mavic Pro. Imagery obtained 

from the transects were used to generate point clouds and develop viewsheds from birth sites and random locations. 

These viewsheds were used to quantify the relationship between aerial and ground cover with selection of birth sites. 

These methods offer a new, more accurate representation of vegetative cover in bighorn sheep habitat that inform our 

understanding of landscape features that contribute to selection of birthing areas for bighorn sheep. 

 

EVALUTING WATER USE OF DESERT BIGHORN SHEEP AND AOUDAD IN THE SIERRA VIEJA 

MOUNTAINS, TEXAS 

JOSE L. ETCHART, Texas Parks and Wildlife Department, PO Box 291068, Socorro, TX 79929. 432-207-2110, 

jose.etchart@tpwd.texas.gov 

CARLOS E. GONZALEZ, Department of Natural Resource Management, Sul Ross State University, PO Box C-21, 

Alpine, TX 79832. 432-837-8632 carlos.gonzalez- gonzalez@sulross.edu 

LOUIS A. HARVESON, Department of Natura Resource Management, Sul Ross State University, PO Box C-21, 

Alpine, TX 79832. 432-837-8225 louis.harveson@sulross.edu 

JAMES W. CAIN III, U.S. Geological Survey New Mexico Cooperative Fish and Wildlife Research Unit, New 

Mexico State University, Department of Fish Wildlife and Conservation Ecology, 2980 South Espina, Knox Hall 

132, Las Cruces, New Mexico 88033. 575-993-9875 jwcain@nmsu.edu 

The distribution and size of aoudad (Ammotragus lervia) populations are increasing in west Texas and could impede 

restoration efforts for desert bighorn sheep (Ovis canadensis ssp.). In January 2014, desert bighorn sheep were 

transplanted from the Elephant Mountain Wildlife Management Area (n = 61) to the Sierra Vieja Mountains. Using 

camera traps, we monitored the use of wildlife water developments by desert bighorn sheep and aoudad between 

March 2014 and February 2017. A total of 27 wildlife species were identified utilizing water developments. Desert 

bighorn sheep accounted for 0.84% (n = 301 photos) of independent events, ranking tenth amongst 28 species 

documented utilizing the water sources. Peak use for desert bighorn occurred in May and June, and the peak time of 

day for use was at 1300-1400 hrs (n = 27 photos). Aoudad accounted for 16.09% (3,064 photos) of independent visitation 

events at water sources. Aoudad ranked second amongst the 28 species that we documented utilizing the water sources, 

with peak use occurring in October (n = 47 photos), September (n = 220 photos), and April (n = 278 photos) of 2014, 

2015, and 2016, respectively. Peak water utilization by aoudad occurred at 1900-2000 hrs (n = 389 photos). Caution 

is advised when using man-made water sources for desert bighorn sheep restoration in areas also inhabited by aoudad. 

Construction of water developments could increase the likelihood of desert bighorn sheep and aoudad coming into 

proximity, increasing the probabilities of disease transmission and possible resource competition. 

 

THE EFFECTS OF WILDLAND RECREATIONAL DISTURBANCE ON DESERT BIGHORN SHEEP IN 

WESTERN COLORADO 

ASHLEY D. EVANS, New Mexico State University, Department of Fish Wildlife and Conservation Ecology, 2980 

South Espina, Knox Hall 132, Las Cruces, New Mexico 88003; (315) 730-1880.adevans@nmsu.edu 

mailto:louis.harveson@sulross.edu
mailto:jwcain@nmsu.edu
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JAMES W. CAIN III, U.S. Geological Survey New Mexico Cooperative Fish and Wildlife Research Unit, New 

Mexico State University, Department of Fish Wildlife and Conservation Ecology, 2980 South Espina, Knox Hall 

132, Las Cruces, New Mexico 88033; (575) 646-3382 jwcain@nmsu.edu 

BRAD BANULIS, Colorado Parks and Wildlife, 711 Independent Ave., Grand Junction, Colorado, 81505 

NEIL PERRY, Bureau of Land Management, Uncompahgre Field Office, 2465 South Townsend Ave, Montrose, 

Colorado, 81401 

CHUCK ANDERSON, Colorado Parks and Wildlife, 317 W Prospect Rd, Ft. Collins, Colorado, 80526 

In recent decades, outdoor recreation in the United States has increased dramatically, with continued increases in both 

the number of outdoor recreation participants and the amount of time spent recreating projected in coming years. 

Recreational disturbance has been shown to impact ungulate populations by altering activity budgets, increasing 

physiological stress, reducing optimal habitat, and causing avoidance of heavily trafficked areas. Desert bighorn sheep 

(Ovis canadensis nelsoni) are susceptible to the effects of long-term disturbance due to their life history characteristics 

including low recruitment rates, naturally fragmented and isolated distributions, and habitat specialization. Our goal is 

to determine the impacts of human recreation in the Dominguez- Escalante National Conservation Area on bighorn 

sheep. We will conduct behavioral observations to calculate activity budgets and foraging efficiency, and fecal 

glucocorticoid metabolites will be used to quantify physiological stress. We will use the GPS locations of 30 collared 

adult females to determine movement rates, space use, and habitat selection at varying spatial and temporal scales. The 

impacts of recreation at the population level will be measured using pregnancy rates, recruitment rates, and adult ewe 

survival. The results of this study can be used throughout the American Southwest to inform management decisions 

regarding the type, intensity, and seasonality of recreation in desert bighorn habitat to mitigate negative effects on this 

species. (Results will not be presented; field work began February 2021). 

 

POTENTIAL OVERLAP OF AOUDAD, DESERT BIGHORN SHEEP, AND MULE DEER IN THE TRANS-

PECOS REGION, TEXAS 

OLIVIA GRAY, Borderlands Research Institute, Sul Ross State University, Alpine, TX 79832, USA. 

ocg20bv@sulross.edu 

CARLOS E. GONZALEZ, Borderlands Research Institute, Sul Ross State University, Alpine, TX 79832, USA.  

carlos.gonzalez-gonzalez@sulross.edu 

JUSTIN FRENCH, Borderlands Research Institute, Sul Ross State University, Alpine, TX 79832, USA. 

justin.french@sulross.edu 

LOUIS A. HARVESON, Borderlands Research Institute, Sul Ross State University, Alpine, TX 79832, USA. 

louis.harveson@sulross.edu 

Since the introduction of aoudad (Ammotragus lervia) into Texas, concern has grown about the ecological 

ramifications of the species across its recipient range. Current knowledge indicates a potential dietary overlap between 

aoudad and native ungulates such as desert bighorn sheep (Ovis canadensis) and mule deer (Odocoileus hemionus). 

However, little is known about the dietary composition of these species in co-occupied landscapes. Understanding 

dietary overlap amongst these species can distinguish potential avenues of resource competition and shed light on native 

ungulate’s response to aoudad invasion. This project will investigate the dietary composition of co-existing aoudad, 

desert bighorn, and mule deer to address concerns of dietary overlap and potential for resource competition. Utilizing 

satellite collars on individuals of each species, we will obtain Global Positioning System coordinates to locate 

individuals and obtain fecal samples. Fecal samples will aid in the identification of vegetation consumed by ungulates 

by observing plant structures within the feces. Sampling will take place monthly over 12 months, with five fecal samples 

collected per species each month. Samples of vegetation within the study area will be used to make reference images 

to identify plant species in fecal samples. I will compare fecal and vegetation samples to determine dietary 

composition. In addition, I will investigate temporal resource partitioning by examining cycles of resource use and 

determining whether they are similar or diverge among species. Information gained by this study will aid the 

management of ungulates by clarifying the nature and impacts of interactions between aoudad and native ungulates. 

 

AOUDAD: AN INCREASING CHALLENGE IN DESERT BIGHORN SHEEP RESTORATION 

FROYLÁN HERNÁNDEZ, Texas Parks and Wildlife Department, 109 S. Cockrell, Alpine, TX 79830, USA. 

froylan.hernandez@tpwd.texas.gov 

mailto:ocg20bv@sulross.edu
mailto:g20bv@sulross.edu
mailto:carlos.gonzalez-gonzalez@sulross.edu
mailto:justin.french@sulross.edu
mailto:froylan.hernandez@tpwd.texas.gov
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The success TPWD’s desert bighorn sheep restoration program is currently experiencing has not come easy. There have 

always been obstacles and challenges. And one emerging challenge that has been growing within the last several years 

is the Barbary sheep, or aoudad. Though aoudad populations are struggling in their north African native ranges, aoudad 

have done well in Texas. It is not uncommon to encounter herds of 50+ animals, and many groups easily surpassing 

100. During October 2018 aoudad surveys, many groups of more than 200 animals were observed. These heavy 

concentrations or high densities can potentially negatively impact the habitat and thereby native ungulate species, 

including desert bighorn. These impacts may create competition for resources, including “usable space”. Furthermore, 

they could pose a potential disease threat. Recently, TPWD initiated an aoudad disease monitoring and surveillance 

program to look for pathogens and/or diseases that could pose risks to desert bighorn sheep. Preliminary results are 

finding a pathogen in the same group of pathogens that leads to bighorn die-offs in some western states. Therefore, to 

protect the habitat, as well as the native wildlife populations that inhabit the land, aoudad populations need to be 

drastically reduced. But recognizing the growing popularity of aoudad hunting, this level of reduction will be difficult 

to achieve. Aoudad hunting continues to be a supplemental source of income for some landowners, which adds to the 

challenge. Until the detrimental impacts of high aoudad densities are better understood, it will be difficult to make 

progress. 

 

GENETIC EVIDENCE OF HYBRIDIZATION BETWEEN DESERT AND ROCKY MOUNTAIN BIGHORN 

SHEEP IN NEVADA 

JOSHUA P. JAHNER, Department of Biology, University of Nevada, Reno, NV 89557. jpjahner@gmail.com. 

MARJORIE D. MATOCQ, Department of Natural Resources and Environmental Science, University of Nevada, 

Reno, NV 89557. mmatocq@cabnr.unr.edu. 

MIKE COX, Nevada Department of Wildlife, and Wildlife Sheep Working Group, Western Association of Fish and 

Wildlife Agencies, Reno, NV 89511. mcox@ndow.org. 

THOMAS L. PARCHMAN, Department of Biology, University of Nevada, Reno, NV 89557. tparchman@unr.edu. 

Over the past century, dozens of bighorn sheep populations have been reestablished via translocation, representing one 

of the most noteworthy conservation success stories in the history of North American wildlife management. In Nevada, 

translocations reestablished three bighorn sheep subspecies in relatively close proximity, allowing for the possibility 

of hybridization among genetically differentiated lineages. We generated DNA sequencing data for more than 1,000 

California, desert, and Rocky Mountain bighorn sheep across Nevada to ask whether subspecies are genetically 

differentiated and if hybridization has occurred following the past 50 years of translocations. We find pronounced 

genetic differentiation among all subspecies and identify putative hybrids between desert and Rocky Mountain bighorn 

sheep. Surprisingly, one desert- Rocky hybrid herd is geographically distant from other desert bighorn herds, 

suggesting long individual movements across the landscape can result in meaningful genetic impacts that can 

complicate management decisions. 

 

A DBSC 2019 UPDATE: ARIZONA AND NEVADA MAINTAINING DESERT BIGHORN SHEEP HABITAT 

CONNECTIVITY AND PREVENT SHEEP-VEHICLE COLLISIONS: INTERSTATE-11’S BOULDER 

CITY BYPASS 

CHAD LOBERGER, Arizona Game and Fish, 5000 W. Carefree Hwy, 85086 (928) 863-8683 cloberger@azgfd.gov 

JEFF GAGNON, Arizona Game and Fish, 5000 W. Carefree Hwy, 85086 (928) 814-8925 jgagnon@azgfd.gov 

HALEY NELSON, Arizona Game and Fish, 5000 W. Carefree Hwy, 85086 (623) 236-7353 hnelson@azgfd.gov 

COLIN BEACH, Arizona Game and Fish, 5000 W. Carefree Hwy, 85086 (623) 201-9100 cbeach@azgfd.gov 

SCOTT SPRAGUE, Arizona Game and Fish, 5000 W. Carefree Hwy, 85086 (623) 236-7252 ssprague@azgfd.gov 

A new section of Interstate-11, located south of Boulder City, Nevada near the Hoover Dam, opened August 9, 2018. 

This road passes through prime habitat for a disease recovering herd of desert bighorn sheep (Ovis canadensis nelsoni). 

Prior to completion, the Arizona Game and Fish Department (AGFD) worked collaboratively with the Nevada 

Department of Transportation (NDOT), Regional Transportation Commission of Southern Nevada (RTC), National 

Park Service (NPS), Nevada Department of Wildlife (NDOW) and others to mitigate habitat fragmentation and prevent 

desert bighorn sheep-vehicle collisions. The completed roadway includes 10 miles of wildlife exclusionary fencing, 

24 escape ramps, two doublewide crossing guards, two wildlife only concrete box culverts, and five desert bighorn sheep 

crossing structures: four large bridges and one overpass. Throughout the project (pre, during, and post-construction), 

AGFD has had GPS collars on sheep to gather movement data. In addition, since construction completion, AGFD has 

installed 40 Reconyx cameras to monitor the southern fence terminus, one doublewide cattle guard, two wildlife 

culverts, and all passage structures. Pre, during, and post-construction GPS movement data suggest sheep are able to 

mailto:jgagnon@azgfd.gov
mailto:hnelson@azgfd.gov
mailto:cbeach@azgfd.gov
mailto:ssprague@azgfd.gov
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access resources on either side of the completed roadway. As of January 2021, Reconyx cameras have documented 

10,131 sheep, including 5,360 ewes, 2,779 rams, and 1,992 juveniles using the structures to safely cross under or over 

I-11. The number of documented juveniles, which were observed throughout the year, suggests that structure use is 

being passed to the next generation and the herd’s population may be increasing. No sheep-vehicle collisions have been 

documented. 

 

A PROPOSAL FOR THE CONSERVATION OF THE BIGHORN SHEEP (OVIS CANADENSIS) IN THE 

INTERNATIONAL BORDER OF BAJA CALIFORNIA- CALIFORNIA 

DANIEL GREGORIO MALDONADO AGUILAR, Faculty of Economics and International Relations, Autonomous 

University of Baja California, Calzada University # 14418, Tijuana International Industrial Park, Tijuana, BC, 

22427. +52 (646) 947-7339, gregorio.maldonado@uabc.edu.mx 

ALEJANDRO MUNGARAY LAGARDA, Faculty of Economics and International Relations, Autonomous 

University of Baja California, Calzada University # 14418, Tijuana International Industrial Park, Tijuana, BC, 

22427. +52 (664) 979-7505 

PATRICIA MOCTEZUMA HERNANDEZ, Faculty of Economics and International Relations, Autonomous 

University of Baja California, Calzada University # 14418, Tijuana International Industrial Park, Tijuana, BC, 

22427. +52 (664) 979-7505 

NATANAEL RAMÍREZ ANGULO, Faculty of Economics and International Relations, Autonomous University of 

Baja California, Calzada University # 14418, Tijuana International Industrial Park, Tijuana, BC, 22427. +52 

(664) 979-7505 

The bighorn sheep (Ovis canadensis) in the mountanous habitat of La Rumorosa- Jacumba between the states of Baja 

California, Mexico and Califronia, United States, has seen its home range reduced in recent years by the development 

of human infrastructure. The highways, the wind farms and aqueducts are some examples that cause habitat 

fragmentation in this area. While the U.S. Bureau of Land Management has been managing the Jacumba Wilderness, 

La Rumorosa has not seen a specific program of natural resource management. For the development of a Conservation 

Area in this zone it is important to have an integral vision of the local residents and which activities they develop in 

the area without leaving aside the needs of species like the bighorn sheep that needs resources at both sides of the 

border. The latest studies of the bighorn sheep in La Rumorosa by the UABC, San Diego Zoo, among other institutes 

provide the basis for the creation of an integral conservation program in the area. A conservation area can help 

raise awareness of the needs of the bighorn sheep and other species, while providing a protection system to mitigate the 

impact of human infrastructure in the area and reduce the fragmentation of their habitat. Certain activities can also be 

carried out to maintain the program and the local populations, such as ecotourism. 

 

DO WATER DEVELOPMENTS INFLUENCE THE DISTRIBUTION OF PUMA KILLS? 

CHARLES H. PRUDE, Turner Biodiversity - Armendaris Ranch, Turner Enterprises Inc., Upham Road, Engle, New 

Mexico 87901. 915-539-8533 hunter.prude@tedturner.com 

JAMES W. CAIN III, U.S. Geological Survey New Mexico Cooperative Fish and Wildlife Research Unit, New 

Mexico State University, Department of Fish Wildlife and Conservation Ecology, 2980 South Espina, Knox Hall 

132, Las Cruces, New Mexico 88033. 575-993-9875 jwcain@nmsu.edu 

GRANT HARRIS, U.S. Fish and Wildlife Service, Southwest Region, 500 Gold Ave. SW, Albuquerque, New Mexico 

87102; Grant_Harris@fws.gov 

BRIAN JANSEN, Arizona Game and Fish Department, 9140 E 28th St, Yuma, AZ 85365; bighorns101@yahoo.com 

Man-made water sources have been developed for wildlife in arid regions since the mid- 1900s. Although wildlife is 

generally considered to benefit from water development, there is very little known about how the provisioning of water 

influences predator-prey dynamics. It is possible that the increased abundance of prey and or the habitat features 

surrounding water developments increase predation risk by puma (Puma concolor). To examine this, puma kill data 

was compiled from seven study areas in the Chihuahuan and Sonoran deserts to determine the influence of water 

developments on puma habitat use and kill site locations. The proximities of ungulate kill sites to man-made water 

sources were compared with areas available within puma home ranges. Mixed effects logistic regression was used to 

determine if the probability of a site being a kill location was related to the proximity to water sources and or other 

habitat characteristics. While pumas did not appear to be exploiting the predictable prey visitation to man-made water 

sources, they were capitalizing on the restricted distribution of prey within 5 km of water sources. At the home range 

scale, puma used areas proximate to water sources that likely have increased prey abundance and higher probabilities 

mailto:hunter.prude@tedturner.com
mailto:jwcain@nmsu.edu
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of encountering prey for hunting. Within the home range, pumas select fine scale habitat features, such as woody 

cover, that enhance their ability to stalk, ambush, and effectively kill prey. 

 

INFLUENCE OF THE DENSITY OF MULE DEER IN THE PREDATION BY PUMA IN A 

REINTRODUCED POPULATION OF BIGHORN SHEEP AT COAHUILA, MEXICO 

HUGO SOTELO-GALLARDO, Hostales 117, Colonia Las Callejas Residencial. Monterrey, Nuevo León, México. 

64988; phone: 811-074-1278; e-mail: ugosotelo@hotmail.com 

Recent studies have suggested that puma predation has important effects on population dynamics in reintroduced 

groups and native populations of bighorn sheep in areas sympatric with mule deer. The study was based on 69 bighorn 

sheep (28 M, 41 F) captured using a hand-held net gun fired from a helicopter; 43 sheep (3 M, 40 F) were fitted with 

radio telemetry collars and released in 3 periods between the years 2009, 2012 and 2014. We investigated puma 

predation on bighorn sheep through micromorts and the estimation of the density of mule deer through physical count of 

and relative puma abundance index through count tracks and signs in the years of 2009 to 2016. We analyzed the 

variables using a multiple regression model, finding an association between the variables and the pressure it exerts in 

the bighorn sheep population. Additionally, for the 2014 release, we evaluated and compared the puma predation rate 

in 12 bighorn sheep (2 M, 10 F) and 10 adult females of mule deer using a non-parametric Wilcoxon 95% I.C. The 

impact of predation in both populations of herbivores is evaluated through the estimation of densities of bighorn sheep 

and mule deer. The bighorn sheep being the prey most selected and the one most affected as the population with the 

lowest density. 

 

DESERT BIGHORN SHEEP POPULATION DYNAMICS IN THE SAN ANDRES MOUNTAINS OF NEW 

MEXICO 

MIRANDA STRASBURG, Department of Biology, Miami University, 212 Pearson Hall, Oxford, OH 45056. 989-284-

1354 strasbm3@miamioh.edu 

LINDSAY SMYTHE, US Fish and Wildlife Service, San Andres NWR, 5686 Santa Gertrudis Drive Las Cruces, NM 

88012. 575-382-5047 lindsay_smythe@fws.gov 

San Andres National Wildlife Refuge provides essential habitat for desert bighorn sheep (Ovis canadensis), but even 

after its establishment, bighorn sheep population numbers have fluctuated in the region due to extreme drought and 

disease outbreaks. Using population estimates from yearly aerial surveys and vital rate estimates from similar bighorn 

sheep populations, we modeled population dynamics of desert bighorn sheep in the San Andres Mountains. We 

constructed a stage-based projection matrix for female bighorn sheep using three life-history stages— lamb, yearling, 

and adult— as these are the stages estimated during monitoring surveys for this population. We modeled population 

growth under two reproduction scenarios, low and high, to understand how recruitment influences population stability. 

Under the low reproduction scenario, we observed dramatic decreases in ewe abundance over time with this effect being 

mitigated under the high reproduction scenario. Likewise, under the high reproduction scenario, the finite rate of 

increase approaches 1 indicating a nearly stable population. Elasticity and sensitives analyses revealed that ewe 

survival has the greatest impact on population growth. Indeed, if ewe survival is increased by 5%, the population is 

expected to grow. Given that ewes play the largest role in population growth and stability, future monitoring 

efforts in this region should focus on ewe survival. 

 

RESOURCE SELECTION OF DESERT BIGHORN SHEEP IN THE SAN ANDRES MOUNTAINS OF NEW 

MEXICO 

MIRANDA STRASBURG, Department of Biology, Miami University, 212 Pearson Hall, Oxford, OH 45056. 989-284-

1354 strasbm3@miamioh.edu 

LINDSAY SMYTHE, US Fish and Wildlife Service, San Andres NWR, 5686 Santa Gertrudis Drive Las Cruces, NM 

88012. 575-382-5047 lindsay_smythe@fws.gov 

The San Andres Mountains in south-central New Mexico represent one of the largest, contiguous, relatively 

undisturbed Chihuanhuan Desert landmasses in the United States, and as such, serve as crucial habitat for desert 

bighorn sheep (Ovis canadensis). However, their vast range creates a challenge to managers attempting to monitor 

bighorn sheep abundance in the region. To help inform aerial survey routes, in 2017-2018, GPS collars were placed 

on 13 bighorn sheep (10 ewes and 3 rams) to identify their daily locations midday. We used these GPS locations 1) to 

determine how habitat use varies between ewes and rams, and across seasons; and 2) to develop a resource selection 

function model to determine areas preferentially used by bighorn sheep within the region. Overall, these bighorn sheep 
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tended to use similar habitat regardless of sex, though ewes use steeper habitat closer to grasslands than rams. These 

bighorn sheep also display some shifts in habitat use depending on season. During rut, these bighorn sheep move away 

from escape terrain to areas that are less rugged and less steep, which suggests that breeding influences how these 

bighorn sheep use their habitat. The results of our resource selection function model suggest that topography generally 

plays a greater role in habitat selection than resource availability, though further analysis and monitoring is needed to 

verify if this is the case. Although these locations only represent a small snapshot in time, they provide some useful 

insights for how these bighorn sheep use their habitat. 

 

EVALUATING AOUDAD AS A PNEUMONIA RISK TO BIGHORN SHEEP 

LOGAN THOMAS, Texas A&M University, 660 Raymond Stotzer Pkwy, College Station, TX 77843, 913-634-6570, 

Logan201@tamu.edu 

WALTER COOK, Texas A&M University, 660 Raymond Stotzer Pkwy, College Station, TX 77843, 979-845-5068, 

wcook@cvm.tamu.edu 

Aoudad (Ammotragus lervia) and Desert Bighorn sheep (Ovis canadensis nelsoni) interact directly and indirectly 

through shared diet and habitat use patterns, which likely limits Desert Bighorn sheep populations. These known 

interactions warranted investigation of whether Aoudad can harbor, shed, and transmit Mycoplasma ovipneumoniae 

(M. ovi.) and various Pasteurellacea species, which are major etiological agents in Bighorn sheep pneumonia 

epizootics. We conducted a captive study with wild-caught Aoudad and inoculated them with isolated M. ovi. from 

cultured nasal swabs (M. ovi. group, n=6), nasal washes from M. ovi.-positive domestic sheep (Ovis aries) (wash 

group, n=5), or were not inoculated to serve as fencelinecontrols (n=3). Throughout the study, 83-100% of the 

M. ovi. group and 50-100% of the wash group shed M. ovi. in nasal and/or tonsil swabs collected at frequent intervals 

after inoculation. We continued to detect M. ovi. even after seroconversion with no significant differences in shedding 

rates between experimental groups. Pasteurella detection varied from 0-100% in both experimental groups and was 

significantly higher in the M. ovi. group at one timepoint and significantly higher in the wash group at a later timepoint. 

M. ovi. and M. ovi.-specific antibodies were detected in two control animals, suggesting that shedding by experimental 

animals was at transmissible levels. Clinically, four M. ovi. group, three wash group, and one control animal displayed 

gross and/or histological signs of M. ovi.-induced pneumonia upon necropsy. Taken together, our results suggest 

Aoudad pose a disease risk to Bighorn sheep through their ability to transmit pneumonic pathogens. 

 

CHARACTERIZATION OF DESERT BIGHORN SHEEP MICROBIOMES IN TEXAS 

RACHAEL C. WIEDMEIER, Department of Biological Sciences, Texas Tech University, Lubbock, TX, 79409, 

USA. rachael.wiedmeier@ttu.edu 

EMILY A. WRIGHT, Department of Biological Sciences, Texas Tech University, Lubbock, TX, 79409, USA. 

emily.a.wright@ttu.edu 

BOB DITTMAR, (deceased), Texas Parks and Wildlife Department, Austin, TX, 78744, USA 

ROBERT D. BRADLEY, Department of Biological Sciences, Texas Tech University, Lubbock, TX, 79409, USA.  

robert.bradley@ttu.edu 

WARREN C. CONWAY, Department of Natural Resources Management, Texas Tech University, Lubbock, TX, 

79409, USA. warren.conway@ttu.edu 

CALEB D. PHILLIPS, Department of Biological Sciences, Texas Tech University, Lubbock, TX, 79409, USA. 

caleb.phillips@ttu.edu 

Bighorn sheep (Ovis canadensis) inhabit the western United States, northwestern Mexico, and some of southwestern 

British Columbia and Alberta. Many herds have encountered die-off events thought to be caused by a group of bacterial 

species referred to as the pneumonia complex, which are transmissible to bighorn sheep from domestic sheep (Ovis 

aries) and goats (Capra hircus). Transmission may also occur from aoudad (Ammotragus lervia), a non-native invasive 

species in Texas that are sympatric with desert bighorn sheep (O. c. nelsoni) in the Trans Pecos Ecoregion. Microbiome 

dispersal occurs among other species through social behavior and shared resource and may be a mechanism by which 

pathogens and other diseases are transmitted between aoudad and bighorn sheep. However respiratory microbiomes 

are unknown for bighorn sheep and aoudad in Texas. Characterizing healthy microbiome composition is important to 

understanding transmission risks as well as the baseline from which diseased state microbiomes depart. While studies 

have shown some members of the pneumonia complex are often found in healthy bighorn sheep, it is unknown how 

their presence influences overall microbial community structure. Here, nasal and throat microbiomes of bighorn sheep 

and aoudad are being characterized for populations across Texas to help inform baseline information for disease 

surveillance and response for bighorn sheep in Texas. 
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HABITAT SELECTION OF AOUDAD, DESERT BIGHORN SHEEP, AND MULE DEER IN A CO-

OCCUPIED LANDSCAPE 

DANIEL C. WILCOX, Borderlands Research Institute, Sul Ross State University, Alpine, TX, 79830, USA. 

daniel.wilcox57@gmail.com 

CARLOS E. GONZALEZ, Borderlands Research Institute, Sul Ross State University, Alpine, TX, 79830, USA. 

carlos.gonzalez-gonzalez@sulross.edu 

JUSTIN FRENCH, Borderlands Research Institute, Sul Ross State University, Alpine, TX, 79830, USA. 

justin.french@sulross.edu 

LOUIS A. HARVESON, Borderlands Research Institute, Sul Ross State University, Alpine, TX, 79830, USA.  

louis.harveson@sulross.edu 

FROYLÁN HERNÁNDEZ, Texas Parks and Wildlife Department, Alpine, Texas, 79830, USA. 

froylan.hernandez@tpwd.texas.gov 

SHAWN GRAY, Texas Parks and Wildlife Department, Alpine, Texas, 79830, USA. shawn.gray@tpwd.texas.gov 

Desert bighorn sheep (Ovis canadensis) and mule deer (Odocoileus hemionus) have experienced widespread declines in 

distribution and abundance in the Texas Trans-Pecos. While translocation efforts have been successful in reviving these 

species, the ongoing expansion of aoudad (Ammotragus lervia) populations across the region have raised concern for 

native species survival. However, little is known regarding the implications of aoudad invasions on recipient ecological 

communities. We initiated this study to fill gaps in the knowledge of aoudad’s role in desert bighorn sheep and mule deer 

occupied landscapes. Specifically, the objectives of this study are to investigate overlap in habitat use and selection 

between the three species and how these dynamics change spatiotemporally. We used satellite collars and integrated step 

selection analyses to examine movement and habitat associations of 39 bighorn sheep, 48 mule deer, and 40 aoudad in the 

Van Horn Mountains, Texas. Results reveal similarities in habitat associations between the three species across broad 

spatial and temporal scales. This data suggests aoudad may present competitive pressure to desert bighorn sheep and mule 

deer in the Texas Trans-Pecos. 

 

MODELLING AOUDAD POPULATION GROWTH IN TEXAS 

DANIEL C. WILCOX, Borderlands Research Institute, Sul Ross State University, Alpine, TX, 79830, USA. 

daniel.wilcox57@gmail.com 

CARLOS E. GONZALEZ, Borderlands Research Institute, Sul Ross State University, Alpine, TX, 79830, USA. 

carlos.gonzalez-gonzalez@sulross.edu 

JUSTIN FRENCH, Borderlands Research Institute, Sul Ross State University, Alpine, TX, 79830, USA. 

justin.french@sulross.edu 

LOUIS A. HARVESON, Borderlands Research Institute, Sul Ross State University, Alpine, TX, 79830, USA.  

louis.harveson@sulross.edu 

FROYLÁN HERNÁNDEZ, Texas Parks and Wildlife Department, Alpine, Texas, 79830, USA. 

froylan.hernandez@tpwd.texas.gov 

SHAWN GRAY, Texas Parks and Wildlife Department, Alpine, Texas, 79830, USA. shawn.gray@tpwd.texas.gov 

Aoudad (Ammotragus lervia) have experienced rapid population growth since their introduction to Texas in the mid 

1900’s. The expansion of aoudad into desert bighorn sheep and mule deer occupied territories has stimulated concern 

regarding potential niche overlap and competition between these three species. If resource competition is present, the 

aoudad’s propensity for rapid population growth suggests a possible competitive advantage across invaded ranges. 

However, little is known regarding aoudad population dynamics in Texas. Data collected on invasive aoudad 

populations in Spain suggest the species possesses a suite of reproductive superiorities over desert bighorn sheep and 

mule deer. The objectives of this study are to: 1.) model aoudad population growth in Texas given the presence of these 

superior reproductive characteristics, and 2.) compare aoudad population growth scenarios to desert bighorn sheep and 

mule deer population growth models in Texas. Our results suggest aoudad can possess a reproductive potential far 

superior to desert bighorn sheep and mule deer. The implications of this study extend into projecting future aoudad 

population sizes as well as guiding management quotas for potential animal control efforts. 

 

ENVIRONMENTAL-DRIVEN CHANGES IN DESERT BIGHORN SHEEP (OVIS CANADENSIS NELSONI) 

MOVEMENT PATTERNS 
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GRETE WILSON-HENJUM, Utah State University, 5200 Old Main Hill, Logan, UT 84322. (301) 821-5495. 

grete.wilson-henjum@usu.edu 

KEZIA MANLOVE, Utah State University, 5200 Old Main Hill, Logan, UT 84322. (406) 600- 2369. 

kezia.manlove@usu.edu 

KATHLEEN LONGSHORE, U.S. Geological Survey, 160 N Stephanie St, Henderson, NV 89074. (360) 528-9099. 

longshore@usgs.gov 

Bighorn sheep (Ovis canadensis) face repeated spillover of the respiratory pathogen Mycoplasma ovipneumoniae 

from domestic livestock. To understand and constrain spillover risk, land managers model bighorn sheep seasonal space 

use — consisting of core home range and foray movements — to assess risk of bighorn-to-bighorn or bighorn-to-

domestic sheep contacts. The most widely used of these models was built using data from Rocky Mountain bighorn sheep 

(O.c. canadensis) populations in Idaho, Oregon, and Washington. These areas are characterized by consistent seasonal 

precipitation and subsequent vegetation patterns, which in turn might drive consistent bighorn sheep space use from 

one year to the next. In contrast, desert bighorn sheep (O.c. nelsoni) live in xeric environments characterized by high 

annual variance in precipitation and vegetation availability. Given this, we hypothesized that desert bighorn sheep 

movement patterns might exhibit higher annual variation in response to local variance in environmental context. We 

examined this hypothesis by modeling movement patterns over two years for six desert bighorn herds across southern 

Nevada. Local precipitation and vegetation availability varied among ranges and annually within herds, allowing us 

to compare how environmental context drive changes in movement patterns within and across herds. Our findings will 

help inform the broader suite of models assessing risk of contact with reservoir M. ovi.pneumoniae hosts in regions 

occupied by desert bighorn sheep. 

 

ASSESSMENT OF GENETIC VARIATION IN AOUDAD: IMPLICATIONS FOR BIODIVERSITY 

AND SUSCEPTIBILTY TO SCRAPIE 

EMILY A. WRIGHT, Department of Biological Sciences, Texas Tech University, 2901 Main Street, Lubbock, TX 

79409. 214-991-2397 emily.a.wright@ttu.edu 

RACHAEL C. WIEDMEIER, Department of Biological Sciences, Texas Tech University, 2901 Main Street, 

Lubbock, TX 79409. 605-391-3535 rachael.wiedmeier@ttu.edu 

EMMA K. ROBERTS, Department of Biological Sciences, Texas Tech University, 2901 Main Street, Lubbock, TX 

79409. 512-550-6343 emma.k.roberts@ttu.edu 

FROYLÁN HERNÁNDEZ, Texas Parks and Wildlife Department, 109 South Cockrell Street, Alpine, TX 79830.  

432-244-9620 froylan.hernandez@tpwd.texas.gov 

JOSEPH P. BAYOUTH, Department of Biological Sciences, Texas Tech University, 2901 Main Street, Lubbock, TX 

79409. 806-407-7515 joseph.bayouth@ttu.edu 

WARREN C. CONWAY, Department of Natural Resources Management, Texas Tech University, 2903 15th Street, 

Lubbock, TX, 79410. 936-462-0265 warren.conway@ttu.edu 

ROBERT D. BRADLEY, Department of Biological Sciences and Museum of Texas Tech University, Texas Tech 

University, 2901 Main Street, Lubbock, TX 79409. 806-781-5796 robert.bradley@ttu.edu 

It appears that aoudad (Ammotragus lervia), an African exotic, was transplanted into the Texas landscape multiple times. 

Two mitochondrial markers (cytochrome-b, Cytb; displacement loop, D-loop) and one nuclear gene (prion protein gene 

exon 3, PRNP) were used to assess genetic variation and provide genotypic characterization of susceptibility to prion 

disease (e.g., scrapie) among populations in Texas, California, and New Mexico. Genetic profiles identified 

twodisparate populations with genetic divergences of 5.23% and 12.59% for Cytb and D-loop, respectively; and 

provide evidence that the two subspecies in Texas may be A. l. lervia and A. l. sahariensis. In contrast to observations 

from other ungulates (e.g., Odocoileus, Ovis, and Capra), there was a lack of variation in PRNP in individuals of both 

putative subspecies, which is similar to that observed in Axis, Capreolus, and Dama. Further, all Texas aoudad are 

characterized by a PRNP genotype of A136, R154, and Q171, the most common genotype among domestic sheep and 

goats. The PRNP genotype displayed by both putative subspecies has been demonstrated to confer moderate 

susceptibility to scrapie and given the 100% sequence identity to Texas desert bighorn sheep (Ovis canadensis), there 

exists the potential for disease transmission, albeit a low risk of cross-species transmission in natural systems. Given 

the similar habitat requirements and sympatry of both species in the Trans-Pecos Region of Texas, aoudad may serve 

as a prion disease vector to bighorn sheep; therefore, it may be necessary to implement surveillance of scrapie in Chronic 

Wasting Disease zones in the Trans-Pecos Region. 
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INSTRUCTIONS FOR CONTRIBUTIONS TO THE  

DESERT BIGHORN COUNCIL TRANSACTIONS 

 

GENERAL POLICY: Original papers relating to desert bighorn sheep ecology and management are 

published in the Desert Bighorn Council Transactions. All papers presented at the Council’s meetings 

are eligible for publication. There are 3 types of papers published in the Transactions: technical papers; 

state reports; and opinions, comments, and case histories or notes. Technical papers are peer reviewed. 

State reports are edited for syntax and style. Opinions, comments, and case histories and notes provide 

for philosophical presentations and the presentation of ideas and concepts. These papers are also peer 

reviewed. Additional papers may be published when reviewed and approved by the Editorial Board. 

Papers must be submitted to the Editor within 1 year of the Council’s annual meeting to be considered 

for the current edition of the Transactions. 

 

SUBMISSION AND COPY: Electronic submissions as word processing (e.g., word) files are preferable. 

However, if for some reason authors are unable to submit electronically, please use good quality white 

paper 215 × 280 mm (8.5 × 11 inches), or size A4. Double space throughout, with 3-cm margins. Do 

not hyphenate at the right margin. Type the name and complete address of the person who is to receive 

editorial correspondence in the top left corner of page 1. On succeeding pages, type the senior author’s 

last name in the top left corner and the page number in the top right corner. The author’s name and 

affiliation at the time the study was performed follows the title. Present address, if different, should be 

indicated in a footnote on the first page. Keep 1 copy. Submit 4 good copies. 

 

STYLE: Proceed from a clear statement of purpose through introduction, study area, methods, results, 

and discussion. Sequence of contents: title, authors, abstract, key words, introduction, study area, 

methods, results, discussion, literature cited, tables, and figures. Follow the CBE Style Manual 

Committee 1994. The former guidelines for the Wildlife Society Bulletin are the preferred style and are 

available from the editor on request. See a recent volume of the Desert Bighorn Council Transactions 

for examples. 

 

TITLE: The title should be concise, descriptive, and ≤10 words. Use vernacular names of organisms. 

 

FOOTNOTES: Use only for author’s address if there are multiple addresses for authors and in tables. 

 

ACKNOWLEDGEMENTS: Include acknowledgements at the end of the paper, before Literature Cited, 

as a titled paragraph. 

 

SCIENTIFIC NAMES: Vernacular names of plants and animals should be accompanied by the 

appropriate scientific names (in parentheses) the first time each is mentioned. 

 

ABSTRACT: An abstract of about 1–2 typed lines per typed page of text should accompany all articles. 

The abstract should be an informative digest of significant content. It should be able to stand alone as 

a brief statement of problems examined, the most important findings, and their use. 

 

REFERENCES: Authors are responsible for accuracy and completeness and must use the style in 

Guidelines for Authors and Reviewers of Wildlife Society Bulletin manuscripts. Avoid unnecessary 

references. Order multiple references consecutively by date. Show page numbers for quotations, 
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paraphrases, and for citations in books or bulletins unless reference is to the entire publication. Cite 

unpublished reports only if essential. Include source, paging, type of reproduction, and place for 

unpublished reports are filed parenthetically in the text.  

 

LITERATURE CITED: Use small caps for authors’ last names, initials for given names. Do not put a 

space between first and last initials. Do not abbreviate titles of serial publications; follow Guidelines 

for Authors and Reviewers of Wildlife Society Bulletin manuscripts. Show issue number or month 

only if pagination is not consecutive throughout the volume. Use en-dash instead of a hyphen to 

separate page numbers. 

 

TABLES: Prepare tables in keeping with the size of the pages. Tables should be self-explanatory and 

referenced in the text. Short tables with lists of pertinent comments are preferred to long tables. Start 

each table on a separate page and continue onto 1 or more pages as necessary. Double space throughout. 

Omit vertical lines. Identify footnotes by roman letters. Do not show percentages within small samples 

(N or n < 26). 

 

ILLUSTRATIONS: Illustrations and drawings must be submitted as an electronic file suitable for no 

larger than 215 x 280 mm (8.5 x 11 inches) final layout. Make all letters and numbers large enough to 

be ≥1.5 mm tall when reduced. Lettering size and style when reduced should be the same in all figures. 

Submit prints of good contrast either as high resolution image files (e.g., jpeg, tif) or as a hard copy on 

glossy paper. Type captions on a separate page in paragraph form.  

 

SUBMISSION AND PROOF: All papers will be reviewed for acceptability by the Editorial Board and 2 

outside reviewers. Submit papers to Submit papers to Carlos E. Gonzalez at cgon1064@sulross.edu 

If hard copies must be submitted, they should be mailed to Carlos E. Gonzalez, 400 Harrison, Sul Ross 

State University, Alpine, RAS 114, TX 79832, USA. When papers are returned to authors for 

revision, please return revised manuscripts within the time allotted. Galley proofs should be returned 

within 72 hours. 

 

TRANSMITTAL LETTER: When the manuscript is submitted, send a letter to the Editor, stating the intent 

to submit the manuscript exclusively for publication in The Transactions. Explain any similarities 

between information in the manuscript and that in any other publications or concurrent manuscripts by 

the same author(s), and furnish a copy of such manuscripts or publications. 
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DESERT BIGHORN COUNCIL MEETINGS 1957–2021 
 

Year Location Chairperson Secretary Treasurer Transactions 

Editor 

1957 Las Vegas, NV M. Clair Albous 
   

1958 Yuma, AZ Gale Monson & 

Warren Kelly 

 
  

1959 Death Valley, CA M. Clair Albous Fred Jones Fred Jones 
 

1960 Las Cruces, NM Warren Kelly Fred Jones Fred Jones 
 

1961 Hermosillo, MX Jon Akker Ralph Welles 
 

Ralph Welles 

1962 Grand Canyon, AZ James Blaisdell Charles Hansen & 

L. Fountein 

Charles Hansen Charles Hansen 

1963 Las Vegas, NV Al Jonez Charles Hansen Charles Hansen Jim Yoakum 

1964 Mexicali, MX Rudulfo Corzo Charles Hansen Charles Hansen Charles Hansen 

& D. Smith 

1965 Redlands, CA John Goodman John Russo John Russo Jim Yoakum 

1966 Silver City, NM Cecil Kennedy John Russo John Russo Jim Yoakum 

1967 Kingman, AZ Claude Lard John Russo John Russo Jim Yoakum 

1968 Las Vegas, NV Ray Brechbill John Russo John Russo Jim Yoakum 

1969 Monticello, UT R. & B. Welles W. G. Bradley W. G. Bradley Jim Yoakum 

1970 Bighop, CA William Graf W. G. Bradley W. G. Bradley Jim Yoakum 

1971 Santa Fe, NM Richard Weaver Tillie Barling Tillie Barling Jim Yoakum 

1972 Tucson, AZ George Welsh Doris Weaver Doris Weaver Charles Hansen 

1973 Hawthorne, NV Warren Kelly Doris Weaver Doris Weaver Juan Spillet 

1974 Moab, UT Carl Mahon Lanny Wilson Lanny Wilson Juan Spillet 

1975 Indio, CA Bonnar Blong Lanny Wilson Lanny Wilson Charles Hansen 

1976 Bahia Kino, MX Mario Luis Cossio Peter Sanchez Peter Sanchez Charles Hansen 

1977 Las Cruces, NM Jerry Gates Peter Sanchez Peter Sanchez Charles Hansen 

1978 Kingman, AZ Kelly Neal Peter Sanchez Peter Sanchez Charles Hansen 

1979 Boulder City, NV Bob McQuivey Peter Sanchez Peter Sanchez Charles Hansen 

1980 St. George, UT Carl Mahon Peter Sanchez Peter Sanchez Charles Hansen 

1981 Kerrville, TX Jack Kilpatric Peter Sanchez Peter Sanchez Charles Hansen 

1982 Borrego Sprs., CA Mark Jorgensen Rick Brigham Rick Brigham Charles Hansen 

1983 Silver City, NM Andrew Sandoval Rick Brigham Rick Brigham Charles Hansen 

1984 Bullhead City, AZ Jim deVos, Jr. Rick Brigham Rick Brigham Charles Hansen 

1985 Las Vegas, NV David R. Pulliam, Jr. Rick Brigham Rick Brigham Charles Hansen 

1986 Page, AZ Jim Guymon Bill Dunn Bill Dunn Paul Krausman 

1987 Van Horn, TX Jack Kilpatric Bill Dunn Bill Dunn Paul Krausman 

1988 Needles, CA Vernon Bleich Don Armentrout Don Armentrout Paul Krausman 

1989 Grand Junction, CO Jerry Wolfe Don Armentrout Don Armentrout Paul Krausman 

1990 Hermosillo, MX Raul Valdez Don Armentrout Don Armentrout Paul Krausman 

1991 Las Cruces, NM Bill Montoya Don Armentrout Don Armentrout Paul Krausman 

1992 Bullhead City, AZ Jim deVos, Jr. Stan Cunningham Stan Cunningham Paul Krausman 

1993 Mesquite, NV Kathy Longshore Charles Douglas Charles Douglas Walter Boyce 

1994 Moab, UT Jim Guymon Charles Douglas Charles Douglas Walter Boyce 

1995 Alpine, TX Doug Humphries Charles Douglas Charles Douglas Ray Boyd 
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Year Location Chairperson Secretary Treasurer 
Transactions 

Editor 

1996 Holtville, CA Andy Pauli Charles Douglas Charles Douglas Ray Boyd 

1997 Grand Junction, CO Dale Reed & Van 

Graham 

Steve Torres Charles Douglas Raymond Lee 

1998 Las Cruces, NM Eric Rominger & 

Dave Holdermann 

Darren Divine Charles Douglas Raymond Lee 

1999 Reno, NV Rick Brigham & 

Kevin Hurley 

Darren Divine Charles Douglas Allan Thomas & 

Harriet Thomas 

2000 Bullhead City, AZ Ray Lee & Jim deVos Darren Divine Charles Douglas Jon Hanna 

2001 Hermosillo, Sonora, 

Mexico 

Carlos Castillo & Jim  

deVos 

Darren Divine Charles Douglas Jon Hanna 

2002 Palm Springs, CA Mark Jorgenson Darren Divine Charles Douglas Jon Hanna 

2003 St. George, UT Jim Karpowitz Darren Divine Darren Divine Brian Wakeling 

2005 Alpine, TX Clay Brewer Esther Rubin Stacey Ostermann Brian Wakeling 

2007 Las Vegas, NV Ross Haley Esther Rubin Stacey Ostermann-

Kelm 

Brian Wakeling 

2009 Grand Junction, CO Scott Wait Esther Rubin Kathleen Longshore Brian Wakeling 

2011 Laughlin, NV Brian Wakeling Esther Rubin Kathleen Longshore Brian Wakeling 

2013 Las Cruces, NM Eric Rominger & 

Patrick Morrow 

Esther Rubin Kathleen Longshore Brian Wakeling 

2015 Borrego Springs, CA Ben Gonzales & 

Regina Abella 

Amber Munig Kathleen Longshore James W. Cain 

2017 St. George, UT Rusty Robinson & 

Justin Shannon 

Amber Munig Kathleen Longshore James W. Cain 

2019 Mesquite, NV Steven Kimble & Mike 

Cox 

Erin Butler Kathleen Longshore James W. Cain 

2021 Virtual Froylán Hernández 

and Clay Brewer 

Erin Butler Kathleen Longshore James W. Cain 

and Carlos E. 

Gonzalez 

 

 

 

 

 

 


