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Editor's Note – Post Hoc Ergo Propter Hoc 
  
 "Twenty-seven lawyers in the room, anybody know 'post hoc, ergo propter hoc'?"… "After it, therefore 
because of it. It means one thing follows the other, therefore it was caused by the other, but it’s not always true. In 
fact, it’s hardly ever true." – President Josiah Bartlet, played by Martin Sheen in The West Wing, second episode, 
which first aired on 6 October 1999. 
 Cause and effect.  In research, we apply experimental treatments to determine the effects on some response 
variable that result from the treatment of some action, perhaps a management activity.  We employ controls and 
sophisticated analyses to isolate effects and infer rationales or explanations for what we observe.  Yet logical and 
plausible relationships are often inferred from correlative ones.  This approach has been successful and we have 
advanced wildlife science beyond what was once only an art by using it.  Hippocrates (460 BC–370 BC) is the first 
person known to have examined relationships between human disease and environmental relationships, and he is 
sometimes described as the father of epidemiology.  Epidemiological studies are retrospective, relying on data 
compiled from a variety of sources, on which correlative relationships are examined to determine if causative 
relationships are plausible.  Much of modern medical knowledge has been based, at least in part, on epidemiological 
studies.  Similarly, wildlife research often uses comparisons among unrelated data sets to help us identify plausible 
causative relationships. When wildlife scientists look at retrospective data sets, we often call these "fishing 
expeditions" or "data dredging."  We should be cautious, and for good reason. In 2005, John P. A. Ioannidis from 
the University of Ioannina School of Medicine in Ioannina, Greece published a paper entitled "Why most published 
research findings are false" in the PLoS medical online journal.  His critique is not only of retrospective, but also of 
designed studies.  This paper has been cited over 660 times in the 5 years since its initial publication, and he points 
out several failings, which he terms corollaries: 
 
1. The smaller the studies conducted in a scientific field, the less likely the research findings are to be true,  
2. The smaller the effect sizes in a scientific field, the less likely research findings are to be true, 
3. The greater the number and the lesser the selection of tested relationships in a scientific field, the less likely 

the research findings are to be true, 
4. The greater the flexibility in designs, definitions, outcomes, and analytical modes in a scientific field, the 

less likely the research findings are to be true, 
5. The greater the financial and other interests and prejudices in a scientific field, the less likely the research 

findings are to be true, and 
6. The hotter a scientific field (with more scientific teams involved), the less likely the research findings are to 

be true. 
 
 Should we therefore shun those papers that dredge our historical data sets?  I believe not.  Many important 
relationships have first been noted through these retrospective evaluations.  But we should not accept these 
relationships as absolute fact until time and additional studies affirm them.  The trick then is to learn from what we 
observe and design well developed studies with the appropriate power to detect real effects.  Retrospective research 
should pose testable hypotheses for future research that should hold if the relationships observed are indeed true. 
 I recall a conversation I had with Harley Shaw, my first supervisor with the Arizona Game and Fish 
Department and respected mountain lion, bighorn sheep, and turkey biologist.  He noted that a particular paleo-
biological explanation for wildlife distribution was dangerous because it was a popular notion that gained notoriety, 
but was virtually untestable.  Its popularity outweighed its applicability.  As a young biologist, that gave me 
something to think about. 
 The first paper in this volume is an example of the type of retrospective analysis that generates more 
questions than it answers.  The authors (which include me) examine our historical bighorn sheep management 
activities and try to determine those that are good, those that are bad, and those that may be ugly. This is an 
important dialogue in which to engage for both scientists and administrators.  Our management, while influenced by 
social desires, must be based on solid science. 
  
 Yet that is what the Desert Bighorn Council Transactions have been fostering for over 50 years. 
 

-- Brian Wakeling 
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Dedications 
 
 Lives are precious things, and what we choose to spend them on speaks to our values and the things we 
most hold dear. In our lives, we are fortunate to encounter special people that make a difference professionally 
and personally. There have been several special people that made a difference in bighorn sheep management 
that have ended their mortal careers since the last Desert Bighorn Council Transactions went to press. We 
dedicate this volume to their memories. 

 
BONNAR BLONG 

1923–2009 
 
 Bonnar Blong, a long time member of the Desert Bighorn Council (DBC), passed away on 
18 February 2009 in Idyllwild, California.  Bonnar was the chairman of the 1965 DBC meeting in 
Indio, California, and is well known for his work with bighorn sheep inhabiting the Santa Rosa 
Mountains of that state. 
 After serving in the Marine Corps during World War II, Bonnar received his B.S. from 
Washington State University in 1949; he was then employed by the California Department of Fish 
and Game (CDFG) for 34 years.  Since his retirement in 1984, he continued to contribute to 
conservation decisions, particularly regarding bighorn sheep in the Santa Rosa and San Jacinto 
mountains.  Bonnar was, perhaps, best known for 1 of the earliest papers describing desert bighorn 
sheep and waters.  During his career, he published several additional papers in professional 
journals, including California Birds, Journal of Wildlife Management, Desert Bighorn Council 
Transactions, and Transactions of the Western Section of The Wildlife Society. 
 In 1953, Bonnar established the waterhole counts that formed the long-term data set used 
in 2 important papers on the population biology of bighorn sheep.  In 1976, while attending the 
DBC meeting in Bahia Kino, Sonora, Bonnar invited participation in July waterhole counts; many 
Mexican biologists accepted the invitation. 

Bonnar was an early advocate of habitat conservation.  He realized that development 
would ultimately affect the welfare of bighorn sheep.  He was a strong advocate of private land 
acquisition in the Santa Rosa Mountains, and helped acquire nearly 120 km2 of private land there.  
When CDFG developed the system of wildlife management units, Bonnar was the first wildlife 
manager-biologist assigned to the San Jacinto Wildlife Management Unit.  In 1974 he was 
promoted to Associate Wildlife Biologist, and assumed supervision of 3 wildlife management 
units, including the San Jacinto Unit, in southeastern California. 
 It did not matter if Bonnar was your employee (he worked for Dick Weaver at 1 point) or 
your boss (Vern Bleich worked for Bonnar at another), everyone worked with him.  He was a team 
player, a teacher, and a mentor.  The first thing he taught everyone was that the job, and life, is 
supposed to be fun.  He was an outdoorsman, a dog man, a fisherman, and a hunter.  The finest 
compliment that either of us can pay to Bonnar is, "We learned a lot from Bonnar Blong." 
 Prior to the availability of helicopters, Bonnar was making strenuous treks into mountain 
ranges in an effort to learn more about bighorn sheep distribution and water source use.  On 1 
occasion, he and 1 of his peers, accompanied by 2 dogs (and all carrying backpacks) hiked into the 
San Gorgonio Wilderness and confirmed there were, indeed, bighorn sheep in that area.  At the 
time, neither the U.S. Forest Service nor CDFG had any record of that population.  Bonnar made 
additional trips into backcountry areas using a burro named Jose, who could carry more field gear 
than could his dogs (Bones, Willie, and others). 
 Bighorn sheep were not Bonnar's only responsibility, and he did a great deal of work with 
mule deer.  He initiated, and then oversaw, the first study of life history on desert mule deer in 
southeastern California.  Indeed, that was the first time that any of those animals had been captured for research purposes in 
California, and virtually nothing was known of their ecology.   
 Bonnar's efforts to acquire wildlife habitat resulted in establishment of the San Jacinto Wildlife Area, which restored an 
historic wetland for waterfowl habitat and waterfowl hunting.  Working with federal agencies, he also helped establish 3 wildlife 
conservation areas in the Santa Rosa Mountains to conserve habitat for desert bighorn sheep. 

Bonnar's passing is a great loss, and it is unfortunate that more people did not get to know him.  There will never be another 
Bonnar Blong. 

 – Richard A. Weaver and Vernon C. Bleich 

While preparing for the 1976 
Santa Rosa Mountains Waterhole 
Count, Bonnar posed near a 
swimming pool that is 
occasionally used as a water 
source by bighorn sheep in 
Rancho Mirage, Riverside 
County, California. 



 

 

GEORGE WELSH 
1925–2009 

 
 George Welsh was born in Illinois in 1925, and after interesting and 
challenging youthful years, he graduated from what is now Colorado State 
University in 1957 with a B.S. in Wildlife Management.  
 He worked for the Arizona Game and Fish Department from 1957 to his 
retirement in 1983, spending 24 years of that time in Kingman, where as a biologist 
and manager, he focused on desert bighorn sheep. He developed management and 
survey techniques, including pioneering the use of helicopters for bighorn sheep 
survey work, and identified potential water development (guzzler) sites, and 
performed feral animal control. 
 He married his wife Margaret, a very special lady, in 1980. They were 
together until George passed on, and had it not been for Margaret, he would have 
passed away sooner than he did. 
 After retirement in 1983, George started his Wildlife Perceptions 
consulting firm, where he wrote management plans for desert bighorn sheep and elk 
for the nearby Hualapai Indian Tribe.  
 Through his career, George was active in several bighorn sheep groups: he 
was Chair of the Desert Bighorn Council in 1972, served on the Technical Staff, 
and remained an active committee member; he was a Charter and Life member of 
the Arizona Desert Bighorn Sheep Society; he was a member of the Fraternity of 
the Desert Bighorn of Las Vegas, Nevada.  
 In 1984, George received the Desert Bighorn Council's Ram Award for 
outstanding achievement for his “24 years of dedicated service, intensive studies, 
published papers, and pioneering helicopter census techniques.” He also was 
granted the John Russo Award in 2004 by the Arizona Desert Bighorn Sheep 
Society for “continuing the legacy of pioneer desert bighorn sheep biologist John Russo.” 
 George was a class act. He was a gentleman who was laid back and not full of himself or his accomplishments, had a great 
sense of humor (and a joke or ditty for almost every situation), loved jazz – especially tenor saxophone, was a hunter and serious 
target shooter and reloader, collected fine knives and firearms, and was adept at cooking with everything from Dutch ovens to woks. 
He was intrigued by astronomy – everything from black holes to expanding nebulae.  And he was known and remembered for his 
knowledge of wildlife and their habitat. 
 He was a great friend to more than a few people. He will be remembered for who he was and what he accomplished. And he 
left the legacy of several large footprints on the path of wildlife conservation. 
 

– Rick Brigham 
 
 
 

George Welsh received the Desert Bighorn 
Council's Ram Award in 1984. 
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Invited Paper 
The restoration of desert bighorn sheep in 

the Southwest, 1951–2007: 
factors influencing success 

 
Brian F. Wakeling,1 Raymond Lee,2 David Brown,3 Ron Thompson,1  

Melanie Tluczek,3 and Mara Weisenberger4 

 
1 Arizona Game and Fish Department, Game Branch,  

5000 West Carefree Highway, Phoenix, AZ 85086, USA 
 

2 Wild Sheep Foundation, 720 Allen Avenue, Cody, WY 82414, USA 
 

3 Arizona State University,  
1001 South Mill Avenue, AZ 85281, USA 

 
4 U. S. Fish and Wildlife Service, San Andres National Wildlife Refuge,  

5686 Santa Gertrudis Drive, Las Cruces, NM 88012, USA 
 
Abstract   The restoration of desert bighorn sheep (Ovis canadensis) to abundant populations 

at the end of the twentieth century following historic low numbers during the first 
half of the same century is a testament to the North American Model of Wildlife 
Conservation.  Hunters, wildlife conservation organizations, and wildlife 
management agencies invested tens of millions of dollars in translocations, water 
developments, disease mitigation, and predation management over the past 
several decades.  Nonetheless, despite continued efforts to further increase 
numbers, several individual desert bighorn sheep populations have recently 
declined and some have been extirpated.  We evaluate the relative influence of 
management activities on several populations and suggest insights into the 
efficacy and limitations of restoration and management activities.  We 
recommend management considerations and suggest hypotheses for researchers 
and managers to consider during future restoration and management actions. 

 
Desert Bighorn Council Transactions 50:1–17 

 
Key words desert bighorn sheep, Ovis canadensis, predation, restoration, translocation, water 

development 
 
 The restoration of desert bighorn 
sheep (Ovis canadensis) from historic low 
numbers between 1900 and 1950 to 
population numbers that are substantially 

higher, support regulated hunting, and 
provide wildlife viewing opportunities is a 
direct result of focused management efforts 
funded and supported by hunters, wildlife 



2 2009 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 50 

Wakeling et al. • Southwest desert bighorn sheep restoration 
 

conservation organizations, and wildlife 
management agencies. Beginning in the late 
1930s, restoration efforts included the 
establishment of national wildlife refuges, 
reducing the number of competing 
ungulates, developing hundreds of waters, 
and translocating thousands of desert 
bighorn sheep.  Tens of millions of dollars 
have been spent on management and 
research activities including population 
surveys, investigating and mitigating 
diseases, redesign of highways and other 
impediments, and attempts to reduce losses 
due to predation.  The primary funding 
source for most of these actions has been 
directly tied to hunting and donations from 
hunting organizations.  As an example, 
Arizona has expended about $6.5 million 
since 1984 on bighorn sheep management 
funded through the sale of special big game 
license tags offered by the Arizona Game 
and Fish Commission and marketed by the 
Arizona Desert Bighorn Sheep Society 
(ADBSS), Wild Sheep Foundation, and the 
Arizona Big Game Super Raffle. 
 While these efforts have succeeded 
in increasing total numbers of desert bighorn 
sheep, several populations have recently 
declined in the Southwest.  Putative 
explanations for population declines have 
included droughts, disease episodes, and 
increased predation. Our objective was to 
examine population index trends for several 
southwestern desert bighorn sheep 
populations and compare those trends with 
factors that may be influencing bighorn 
sheep numbers.  We then suggest additional 
testable hypotheses for future evaluation. 

Study Areas 
 
 To evaluate the effects of past 
management efforts in the Southwest, we 
analyzed historical data for the state of 
Arizona, along with comparable data for 9 
populations having long term survey and 
hunt information.  These areas include: the 

Kofa National Wildlife Refuge in Arizona 
(KNWR), San Andres National Wildlife 
Refuge in New Mexico (SANWR), Cabeza 
Prieta National Wildlife Refuge in Arizona 
(CPNWR), the Black Mountains in 
Arizona’s Game Management Unit  (Unit) 
15 (BM), Eagletail Mountains in Arizona’s 
Unit 41 (ET), Catalina Mountains in 
Arizona’s Unit 33 (CM), Silver Bell 
Mountains in Arizona’s Unit 37A (SB), Fra 
Cristobal Range on the Armendaris Ranch in 
New Mexico (FCR), and Tiburon Island in 
Mexico’s Gulf of California (TI) (Figure 1). 
 
Methods 
 
 To test the effects of known and 
suspected influences on desert bighorn 
sheep population levels, we obtained data 
from the Arizona Game and Fish 
Department, KNWR, SANWR, and 
Armendaris Ranch from 1951–2007 on 
annual mule deer (Odocoileus hemionus) 
harvests, desert bighorn sheep observed on 
surveys, desert bighorn sheep harvests, 
desert bighorn sheep translocations, 
numbers of developed waters, and mountain 
lion (Puma concolor) harvests (both hunter 
and agency removal).  We obtained annual 
regional Palmer Drought Severity Indices 
(PDSI; Palmer 1965) for March from the 
National Climatic Data Center.  We also 
recorded known disease outbreaks.   
 We used linear and forward-stepwise 
multiple linear regression (Zar 1996) 
techniques to infer the relative correlative 
properties among PDSI, mule deer harvests, 
water developments, and mountain lion 
harvests with desert bighorn sheep observed 
and harvested. 
 
Results 
 
 Desert bighorn sheep populations in 
Arizona seem to have increased between 
1951 and 1993, based on the annual number 



2009 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 50 3 

Wakeling et al. • Southwest desert bighorn sheep restoration 

 
 
Figure 1.  Desert bighorn sheep populations trends were evaluated in Arizona; the Kofa National Wildlife 
Refuge, Arizona; San Andres National Wildlife Refuge, New Mexico; Cabeza Prieta National Wildlife 
Refuge, Arizona; Black Mountains, Arizona, Eagletail Mountains, Arizona; Catalina Mountains, Arizona; 
Silver Bell Mountains, Arizona; Fra Cristobal Range, New Mexico; and Tiburon Island, Mexico. 
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observed and harvested (Figure 2).   
Beginning in the 1990s, however, Arizona 
changed annual survey effort to survey 
individual populations only once every third 
year excepting those populations of 
management concern, which were still 
surveyed annually.  Desert bighorn sheep 
harvests declined between 1999 and 2005, 
but increased after that date.  Annual desert 
bighorn sheep observations were positively 
influenced with the number of mule deer 
harvested and the number of waters 
developed with ADBSS assistance, yet 
negatively related to the total number of 
waters developed within desert bighorn 
sheep habitat (Table 1).  Desert bighorn 
sheep harvests were positively related to 
ADBSS waters (Table 1).  There was no 
apparent relationship with the other 
variables obtained for statewide population 
comparisons. 
 Desert bighorn sheep observations 
followed the same basic trend on KNWR as 
observed for the state of Arizona, although 
the decline in total observations did not 
involve changes in survey methodology 
(Figure 3).  Harvests declined concurrent 
with reductions in observations.  Mountain 
lions, a rare occurrence on the KNWR 
before 2000, increased in abundance after 
that date (Germaine et al. 2000, Naidu 
2009).  No mountain lions were removed by 
hunter harvest near KNWR during the years 
of our study, but 4 have been recently 
removed administratively.   
 Desert bighorn sheep observations 
on KNWR were positively related to the 
number of developed waters (Table 1), and 
desert bighorn sheep harvest was positively 
influenced with the number of developed 
waters and mule deer harvest (Table 1).  The 
remaining variables did not correlate with 
observations or harvests. 
 Patterns in desert bighorn sheep 
observations and harvest at SANWR 
differed in timing from what was observed 

in Arizona (Figure 4); desert bighorn sheep 
at SANWR suffered from a debilitating 
scabies outbreak in the late 1970s (Lange et 
al. 1980), eliminating desert bighorn sheep 
hunting since that time.  Desert bighorn 
sheep populations have begun to increase 
recently concurrent with translocations and 
mountain lion removal, yet no statistically 
meaningful relationships could be developed 
among variables at SANWR. 
 Desert bighorn sheep populations on 
CPNWR have sustained increasing harvests, 
while experiencing a population decline 
between 1997 and 2004 (Figure 5).  Survey 
observations have followed a similar trend 
with an increase in observations in 2006 and 
2007.  Desert bighorn sheep observations 
were positively related to developed waters 
(Table 1), whereas desert bighorn sheep 
harvests were positively related to 
developed waters and negatively influenced 
by March PDSI values (Table 1).  The 
remaining variables did not correlate with 
bighorn sheep observations or harvest. 
 Desert bighorn sheep observations 
and harvest in BM (Figure 6) demonstrated 
a pattern similar to that observed on KNWR 
(Figure 2).  Mountain lion-caused mortality 
increased after the early 1990s (Cunningham 
et al. 1992) to accounting for almost 75% of 
all documented mortality (Arizona Game 
and Fish Department 2010).  Total 
developed waters were negatively related to 
desert bighorn sheep observations and 
harvest (Table 1).  No other variables were 
statistically correlated with desert bighorn 
sheep observations or harvests. 
 Within ET, desert bighorn sheep 
observations and harvest declined in the late 
1970s and early 1980s, but then increased 
following a translocation into this 
population (Figure 7).   No meaningful 
statistical relationships could be developed 
among desert bighorn sheep observations, or 
harvest and other variables in this 
population. 
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Figure 2.  Desert bighorn sheep observations and 
harvest within Arizona, 1951–2007. 
 
 

 
Figure 3.  Desert bighorn sheep observations and 
harvest on the Kofa National Wildlife Refuge, 
Arizona, 1955–2007. 
 

 
Figure 4.  Desert bighorn sheep observations and 
harvest from San Andres National Wildlife 
Refuge, New Mexico, 1941–2006. 

 
Figure 5.  Desert bighorn sheep observations and 
harvest on Cabeza Prieta National Wildlife 
Refuge, Arizona, 1955–2007. 
 

 
Figure 6.  Desert bighorn sheep observations and 
harvest in the Black Mountains, Arizona, 1955–
2007. 
 

 
Figure 7.  Desert bighorn sheep observations and 
harvest in the Eagletail Mountains, Arizona, 
1958–2007. 
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Table 1. Correlations among desert bighorn sheep observations and harvest with annual mule deer harvest, 
desert bighorn sheep translocations, number of developed waters, and mountain lion harvest in 10 desert 
bighorn sheep population, 1951–2007. 
 
Populationa Regression equationb Adjusted r2 P 
Arizona BSO = 1437.6 - 27.9 TDW + 0.1 MDH + 24.7 DWA 0.649 <0.001 
Arizona BSH = 25.3 + 0.5 DWA  0.829 <0.001 
BM BSO = 5932.4 - 246.7 TDW  0.337 0.004 
BM BSH = 80.9 - 2.9 TDW 0.301 0.007 
CM BSO = -27.7 + 0.2 MDH  0.457 0.002 
CM BSH = -1.4 + 0.1 MDH  0.579 <0.001 
CPNWR BSO = -747.4 + 61.6 TDW  0.381 <0.001 
CPNWR BSH = -8.8 - 0.2 MPDSI + 0.8 TDW  0.544 <0.001 
ET BSO = No statistical relationship   
ET BSH = No statistical relationship   
FCR BSO = No statistical relationship   
KNWR BSO = -203.8 + 22.0 TDW  0.358 <0.001 
KNWR BSH = -12.6 + 0.7 TDW + 0.1 MDH  0.809 <0.001 
SANWR BSO = No statistical relationship   
SANWR BSH = No statistical relationship   
SB BSO = No statistical relationship   
SB BSH = No statistical relationship   
TI BSO = No statistical relationship   
 
a Populations modeled include: Arizona = Arizona's statewide desert bighorn sheep population, BM = Black 

Mountains, CM = Catalina Mountains, CPNWR = Cabeza Prieta National Wildlife Refuge, ET = Eagletail 
Mountains, FCR = Fra Cristobal Range, KNWR = Kofa National Wildlife Refuge, SANWR = San Andres 
National Wildlife Refuge, SB = Silver Bell Mountains, and TI = Tiburon Island 

 
b Variables in the regression equations include: BSH = desert bighorn sheep harvest, BSO = desert bighorn sheep 

observations, DWA = waters developed with Arizona Desert Bighorn Sheep Society Assistance, MDH = mule 
deer harvest, MPDSI = March Palmer Drought Severity Index, TDW = total developed waters 

 
 
Table 2.  Number of desert bighorn sheep captured, translocated, and dying during the capture effort by 
decade within the Southwest, 1950–1990. 
 
Years Captured Released Mortalities 
1951-1960 
1961-1970 
1971-1980 
1981-1990 

38 
18 
50 

627 

19 
7 
46 

582 

12 
5 
4 

27a 

 
a   During the decade of 1981–1990, mortality rate dropped even further from 6.2% in the first 5 years to 1.3% in the 

latter 5 years 
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 Desert bighorn sheep observations in 
CM declined after the early 1980s until 
disappearing in the late 1990s (Figure 8).  
Hunting had ceased by the early 1990s.  
Although many causes for the decline have 
been speculated, no conclusive 
determination has been made.  Deer harvest 
positively influenced desert bighorn sheep 
observations and desert bighorn sheep 
harvest (Table 1).  No other variables 
statistically correlated with observations or 
harvest of desert bighorn sheep. 
 Within SB, desert bighorn sheep 
observations and harvest were influenced by 
disease outbreak in the early 2000s (Jansen 
et al. 2006).  The observations and harvest 
increased from low levels during 1963–
1991, but were reduced substantially 
following the disease outbreak in 2003 
(Figure 9).  No meaningful statistical 
relationships could be developed among 
desert bighorn sheep observations, desert 
bighorn sheep harvest, or other variables in 
this population. 
 FCR was limited in the amount of 
desert bighorn sheep observations with no 
harvest data (Figure 10).  Population 
observations have increased over time 
concurrent with mountain lion removal.  TI 
has had increasing observations over time, 
with a reduction following initial 
translocations from the population (Figure 
11).  TI observations increased after the 
initial reduction.  However, no meaningful 
statistical relationships were detected among 
desert bighorn sheep observations, desert 
bighorn sheep harvest, or other variables in 
either of these populations. 
 
Discussion 
 
 Mule deer and desert bighorn sheep 
harvests.—Harvest data are arguably the 

 
Figure 8.  Desert bighorn sheep observations and 
harvest within the Catalina Mountains, Arizona, 
1963–2007.  
 

 
Figure 9.  Desert bighorn sheep observations and 
harvest in the Silver Bell Mountain, Arizona, 
1963–2007. 

 
Figure 10.  Desert bighorn sheep observations in 
the Fra Cristobal Range, New Mexico, 1994–2008. 
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Figure 11.  Desert bighorn sheep observations on 
Tiburon Island, Mexico, 1975–2006. 
 
most consistent long-term index for many 
big game species in the Southwest because 
harvest recommendations are adjusted 
annually to reflect the perceived sustainable 
harvest, whereas survey methodologies and 
indices may change depending on budgets, 
logistics, and technological advances.  Mule 
deer harvests have decreased within all 
populations we studied since the early 
1980s, whereas most bighorn sheep harvests 
seemed to have peaked in the late 1990s to 
early 2000s, declining in most cases since 
then.  Mule deer harvest was positively 
related to desert bighorn sheep harvest or 
observations in 2 of the study populations, 
with no statistically meaningful relationships 
in the other populations.  Although in some 
instances there may be a relationship in 
harvest trends between the species, this 
relationship is not consistent across the 
Southwest.  Factors that influence the 
abundance of mule deer may not be the 
same as those that influence the abundance 
of bighorn sheep. 
 Water development.—Water de-
velopments did not have a consistent 
influence on desert bighorn sheep harvest or 
observations.  Desert bighorn sheep harvest 
was positively related to developed waters in 
3 areas, whereas it was negatively related to 
developed waters in 1.  Observations of 
desert bighorn sheep during surveys was 

positively related to numbers of water 
developments in 3 areas, yet negatively 
influenced in another.  Statewide within 
Arizona, desert bighorn sheep observations 
were positively related to the number of 
waters developed with ADBSS assistance, 
yet negatively related to total water 
developments. We do not have a plausible 
explanation for the difference in 
relationships.  
 Water developments have been a 
major component of most desert bighorn 
sheep management programs.  In the 1940s, 
wildlife agencies determined that water for 
wildlife was lacking in desert mule deer and 
bighorn habitat, and that developing 
permanent waters was the most practical 
means of improving conditions in those 
areas where food and habitat were adequate 
(Wright 1959).  Agencies initiated the 
construction of water developments in 1945, 
and in 1950, studies were initiated on the 
effects of constructed waters. By the 1950s, 
most water sources had been modified to 
benefit livestock, and desert bighorn sheep 
use was generally confined to natural rock 
pools called tinajas.  Many springs, formerly 
reliable, were no longer so.  Wright (1959) 
reported that “there are fewer watering 
places today than there were at the 
beginning of the 18th Century.”  Russo 
(1956) recommended developing waters to 
benefit bighorn sheep in their natural habitat 
to prevent competition and reduce mortality.   
 However, the efficacy of water 
developments in increasing desert bighorn 
sheep numbers remains contentious (e.g., 
Broyles 1995, Rosenstock et al. 1999, Dolan 
2006).  The argument against water 
developments states that desert wildlife is 
adapted to xeric conditions and their 
numbers were historically robust without 
artificial waters.  Alternatively, the 
argument for water developments states that 
habitat alteration and fragmentation have 
created conditions that differ substantially 
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from those when historical populations 
existed, and artificial water sources are 
important and useful desert bighorn sheep 
management tools. 
 Water developments seem to have 
differing values to desert bighorn sheep 
depending on their location and surrounding 
habitat characteristics (Hansen 1980, 
Cunningham 1989).  Waddell et al. (2007) 
found that desert bighorn sheep used 1 water 
source in the KNWR to a greater extent 
during the warmer months, with little to no 
documented use during the months of 
December–February.  Desert bighorn sheep 
water use patterns are difficult to infer 
range-wide from a single study at a single 
water source, yet Waddell et al. (2007) 
suggests some seasonal periodicity in water 
use may occur with desert bighorn sheep. 
While lacking substantive quantification, 
other studies have suggested that desert 
bighorn sheep may exist for periods of 
several months without the need for free 
water if other factors, such as humidity and 
forage succulence, are favorable (Mendoza 
1976, Watts 1979, Krausman and Leopold 
1986).  TI population abundance was 
substantially higher than that observed 
within other desert bighorn sheep 
populations, yet no specific water 
developments for desert bighorn sheep have 
been constructed on the island.  Turner 
(1973) documented that desert bighorn 
sheep require about 4% of their body weight 
daily in water, yet desert bighorn sheep 
plainly need not drink daily nor at certain 
times of the year.  It is also conceivable that 
certain predators may be more reliant on 
free water, especially at certain times of the 
year, than desert adapted ungulates.  
However, we could detect no statistical 
relationship in which mountain lion harvest 
was related to desert bighorn sheep 
observations or harvest. 
 Water developments do not seem to 
always prevent bighorn sheep population 

declines during times of drought.  Forage 
quality or quantity influence recruitment 
rates and population declines in ungulates 
regardless of water availability (Wehausen 
et al. 1987, Bender and Weisenberger 2005).  
Precipitation, but not free water, improves 
the production and nutritional quality of 
vegetation, which in turn benefits ungulate 
recruitment and population trends (Short 
1981, DeYoung et al. 2000, Wakeling and 
Bender 2003).  
 Translocations.—Although many 
populations of desert bighorn sheep 
throughout the Southwest were reestablished 
through translocations, they did not 
statistically influence our study populations.  
Populations in ET and TI were both reduced 
substantially in population indices following 
translocations from these sites, yet the TI 
population seems to have recovered to levels 
prior to translocation initiation whereas the 
ET population did not.  Other factors 
purportedly confounded relationships in ET, 
including drought, forage quantity and 
quality, and predation.   
 Translocation, conducted according 
to established protocols that identify suitable 
habitat (e.g., Hansen 1980, Cunningham 
1989) and using effective capture protocols 
(e.g., Remington and Fuller 1989), was the 
single most important tool in restoring desert 
bighorn sheep populations.  Translocation of 
free-ranging desert bighorn sheep for 
management purposes occurred in the U.S. 
as early as 1922.  However, it was not until 
the mid-1950s that translocations were 
commonly used by wildlife management 
agencies, and particularly for desert bighorn 
sheep.  In Arizona, for example, the first 
transplant efforts occurred during the 
summer of 1955.  This joint Arizona Game 
and Fish Department-Texas Parks and 
Wildlife Department project was designed to 
capture desert bighorn sheep in the KNWR 
for release in Aravaipa Canyon in Arizona 
and in the Black Gap Wildlife Management 
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Area in Texas.  The results were not 
encouraging; in 5 years of effort, only 22 
desert bighorn sheep were successfully 
released. 
 Through time, capture methods 
improved.  The corral traps of the 1960s, 
gave way to tranquilizer drugs being fired 
from helicopters in the 1970s, to the net gun 
of the 1980s, to the professional capture 
crews of the 1990s.  The development of a 
technique using drop nets and baits during 
the mid-1980s enhanced capture efforts in 
areas where this technique was feasible.  
These improvements led to greater numbers 
of desert bighorn sheep being captured for 
translocation and fewer mortalities resulting 
from the effort (Table 2). 
 Despite the lack of statistical 
relationship, many states' hunting 
opportunities for desert bighorn sheep have 
benefitted substantially from translocations.  
In 2007, the Arizona Game and Fish 
Department conducted its one hundredth 
bighorn sheep transplant, having moved 
some 1,874 bighorn sheep (Wakeling 2007).  
More than 33% of the hunting permits 
offered in Arizona today are for populations 
reestablished through translocations.  
California wildlife officials estimated that 
the state originally had 50 native herds.  
Over time, 29 of these were extirpated.  
Translocation efforts have led to 9 
reintroduced herds, with 3 others being 
augmented.  Desert bighorn sheep in 
Colorado were first released in 1979.  Today 
a population of 340 animals supports a 
harvest of 4 rams; with 6 permits being 
issued for 2009.  Nevada had 23 remnant 
herds in 1960.  Since then, Nevada has 
reestablished 36 herds through the 
translocation of 1,773 animals; more than 
half of Nevada's hunting permits are for 
these populations.  From 1987–2006, New 
Mexico moved 361 sheep (170 since 2001).  
These translocations, coupled with predator 
and habitat management, have allowed the 

state's population to grow to >450 animals.  
Texas lost its entire native desert bighorn 
sheep population by 1900.  An aggressive 
translocation program has led to the 
establishment of several herds; the total 
population is now estimated at about 1,500 
desert bighorn sheep, with 15 hunting 
permits offered in 2009.  Like other western 
states, Utah nearly lost its desert bighorn 
sheep, and by the 1960s only a small 
population remained.  An aggressive 
translocation program (first reintroduced 
desert bighorn sheep in 1973) released some 
700 animals and Utah’s current population 
of 3,100 animals is primarily due to 
translocations. Between 1984 and 2003, 
hunter harvest increased from 5 to 43 desert 
bighorn sheep rams. 
 Mexico has also been using 
translocations to repopulate historic habitats.  
Sonora initiated this process with the 
establishment in the mid-1970s of a 
population on TI.  Chihuahua has received 
transplants, as has Coahuila, and Nuevo 
Leon.  This year Chihuahua issued its first 2 
hunting permits for desert bighorn sheep.  
Since 1996, TI has been a source population 
for over 500 animals translocated to 
mainland Mexico.  In Baja California Sur, a 
similar program translocated desert bighorn 
sheep from the peninsula to Carmen Island 
in the mid-1990s.    
 Predators and predation 
management.—Although Russo (1956) 
found little evidence of mountain lions in 
BM, and virtually none in other Arizona 
desert bighorn sheep ranges, increased 
predation by mountain lions has been 
documented in the last decade within 
KNWR and BM.  Mountain lion predation 
has the ability to reduce bighorn sheep 
populations in some situations (Wehausen 
1996, Rubin et al. 2002) and was suggested 
to have played a role in the extirpation of 
CM desert bighorn sheep.  Kamler et al. 
(2002) found the incidence of predation on 
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translocated bighorn sheep has been 
increasing in Arizona, and Wakeling and 
Riddering (2007) determined these losses 
were not due to differences in habitat 
suitability at release locations.  Mountain 
lion-induced population changes are now 
well documented in the Southwest 
(Rominger et al. 2004; McKinney et al. 
2006a, b).  Nevertheless, in our analyses we 
found no statistically meaningful 
relationships between mountain lion harvest 
and desert bighorn sheep population indices. 
 Within the Fra Cristobal Mountains 
in New Mexico, Kunkel (2008) found a 
direct relationship between the number of 
mountain lions removed and the number of 
desert bighorn sheep females present (r2 = 
0.56, P = 0.06), whereas inverse 
relationships were detected between 
mountain lion-caused mortality rate with 
mountain lions removed (r2 = 0.77, P = 
0.02) and ewe population trend  (r2 = 0.44, P 
= 0.06).  Despite an aggressive mountain 
lion removal program, >50% of the 
mountain lions that used the Fra Cristobal 
Mountains during 1999–2006 were not 
captured (Kunkel et al. 2008).  In addition, 
new immigrants replaced those mountain 
lions that had been removed at the rate of 
about 1.8/year.  The abundant mule deer in 
this mountain range was suspected to serve 
as a substantial attractant to mountain lions 
in the area (Truett 2008), which has been 
supported in other studies (e.g., McKinney 
et al. 2010). 
  With putative evidence that 
mountain lion abundance and predation on 
desert bighorn sheep have increased, the 
factors that influence that increase are 
imperfectly understood.  Reproducing 
populations of mountain lions were 
historically rare or absent in many desert 
bighorn sheep ranges, and changes in water 
distributions, habitat conditions, and 
isolation mechanisms have occurred, yet are 
not well documented quantitatively.  

However, statistically meaningful 
relationships were detected in only 3 
instances.  Water developments had low 
explanatory ability (Arizona [r2 = 0.160, P = 
0.001], KNWR [r2 = 0.044, P = 0.069], and 
SA [r2 = 0.059, P = 0.028]). 
 Predation of desert bighorn sheep by 
mountain lions typically is sporadic and can 
vary over time and space.  The selection of 
desert bighorn sheep as prey and population-
level influence of predation may be a 
function of individual mountain lion 
behavior (Wehausen 1996, Harris et al. 
2009).  However, mountain lions may 
permanently inhabit areas occupied by 
desert bighorn sheep where sympatric mule 
deer provide a primary food source and/or 
where permanent water sources exist.   
 State management programs for 
mountain lions and other predators have 
become increasingly expensive and 
controversial, and knowledge based on 
sound biological data is increasingly critical 
for meeting the public’s demands for 
conservation and management actions.  
Present management prescriptions to 
alleviate lion predation on desert bighorn 
sheep typically incorporate reactive 
measures enacted subsequent to apparent 
desert bighorn sheep population declines.  
Future management prescriptions should 
proactively involve measures such as 
predator management when considering 
reintroductions or supplemental 
translocations of desert bighorn sheep.  Such 
actions, however, should also consider 
changes in mountain lion abundance and 
distribution, and other wildlife population 
objectives. 
 Disease.—Disease has been 
implicated in several desert bighorn sheep 
population reductions.  Disease resulted in 
the extirpation of the SANWR desert 
bighorn sheep population (Boyce and 
Weisenberger 2005) and severely reduced 
the SB desert bighorn sheep population.  
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Scabies was widespread in the U.S. in the 
late 1800s, with the most recent outbreak 
occurring in 1978 at SANWR when all 5 of 
the rams harvested that year had mites and 
lesions.  That population declined from an 
estimated 200 animals in 1975 to 70 in 1979 
(Lange et al. 1980, Sandoval 1980, Hoban 
1990).  The last native desert bighorn sheep 
on SANWR died in 2003.  Infectious 
keratoconjunctivitis ostensibly contracted 
from domestic goats was the apparent cause 
of the decline in the SB population (Jansen 
et al. 2006). 
 Sinusitis due to the sheep bot fly 
larvae seems chronically persistent in some 
desert bighorn sheep populations, but does 
not routinely influence population levels.  
Contagious ecthyma (CE) has been found in 
high incidences in some populations, yet 
primarily influences recruitment rather than 
mortality.  CE was detected in the SB 
population at the same times as the 
infectious keratoconjunctivitis. Elevated 
titers for epizootic hemorrhagic disease and 
blue tongue virus are common in desert 
bighorn sheep populations, which indicate a 
common exposure to these disease agents.   
 Respiratory infections seem to be the 
most debilitating diseases acquired by desert 
bighorn sheep.  Pneumonia may be 
stimulated by stress, although exposure to a 
mammalian bacterial vector host is the most 
common form of transmission.  The most 
common host seems to be domestic sheep or 
goats (e.g., Foreyt and Jessup 1982, Jessup 
1985, Callan et al. 1991), although cattle 
may also pose a risk (e.g., Wolfe et al. 
2010).  Wild ungulates may also act as a 
host in some instances. 
 Summary.—Looking at the entire 
body of data, and the few statistically valid 
relationships, it seems that the biggest factor 
in desert bighorn sheep population increases 
during the 1950–2000 period were the result 
of translocations and the biggest losses were 
due to disease. It also seems that water 

developments, coupled with reduced 
ungulate competition, may have contributed 
to a numerical increase in desert bighorn 
sheep numbers until about 2000, after which 
predation and other mortality causes resulted 
in population declines. Whether increases in 
the predation rate by mountain lions is 
related to the increase in water 
developments is currently unsupported, yet 
merits further experimentation as does the 
effect of droughts on population recruitment 
and mortality.  
 Our analyses may have overlooked 
an intrinsically important factor: people and 
their support infrastructure.  The states with 
the largest desert bighorn sheep populations 
are Nevada and Arizona.  Both states’ 
human populations have increased over 30 
fold in the past century: in Nevada from 
82,000 in 1910 to 2.7 million in 2010; while 
in Arizona from 204,000 in 1910 to 6.4 
million in 2010.  The fact that we have more 
desert bighorn sheep in these states today 
than we had in 1910 is an incredible 
accomplishment in the face of this human 
flood.  What we have been able to document 
in this paper is that disease and predation 
may (but not always) reduce desert bighorn 
sheep populations, while translocations and 
water developments may (but not always) 
increase them.  Historical relationships are 
changing due to predator and desert bighorn 
sheep abundance, habitat fragmentation and 
isolation, and other anthropogenic 
influences.   
 
Research and Management Im-
plications: Suggested Hypotheses 
 
 All research should pose questions.  
Retrospective analyses of data such as ours, 
which was not collected for the specific 
purpose to which it is applied, nor for which 
was the collection designed, can lead to 
weak or erroneous conclusions (Ioannidis 
2005).  However, observed or implied 
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relationships should be noted, and testable 
hypotheses developed.  Weinberg 
(1993:204) noted, "…in order for a theory 
to be regarded as satisfactory it not only 
must agree with the results of experiments 
that have been done but also must make 
predictions that are at least plausible for 
experiments that in principle could be 
done."  We therefore offer the following 
hypotheses for future investigation.  We 
recognize the inadequacy of the structure of 
these hypotheses, yet we encourage future 
research efforts to address the concepts they 
contain. 
   Translocations have proven to be 
the most effective method of establishing 
populations, yet removal of animals from a 
source population has the potential to 
negatively influence its trajectory.  
Quantitative data regarding when a 
population can best sustain removal and how 
many can be removed are unknown and in 
need of further analysis.  Further, genetic 
data as to when supplemental translocations 
may be warranted is lacking.  Evaluation of 
supplemental translocation costs and 
benefits remains difficult (e.g., Wakeling 
2003, 2004).   
 
H1 = There is a threshold, as a proportion of 

the total population or a minimum 
number in the source population, 
below which translocations will have 
no effect on the source population 
trend. 

 
H2 = Quantitative decision points may be 

developed at which a supplemental 
translocation is likely to provide 
sufficient benefit to warrant cost 
based on genetic measures of 
variation, numerical population 
estimates, and/or release population 
trend. 

 

 Water developments have played a 
major role in habitat enhancement efforts.  
Desert bighorn sheep use these 
developments, as do other species including 
predators.  Little research has been 
conducted to determine the role of enhanced 
water availability on the presence, 
distribution, and abundance of either desert 
bighorn sheep or their predators.  In 
addition, managed water availability may 
influence predator distribution.  Further 
attention should be given to the source 
population from which desert bighorn sheep 
translocations are obtained as those that 
come from habitats where mountain lions 
occur may be able to avoid predators more 
than those that come from areas in which 
mountain lion predation may be a novel 
event. 
 
H3 = Seasonal (e.g., winter) removal of 

water in and surrounding desert 
bighorn sheep habitat may change 
predator distribution and abundance 
more than desert bighorn sheep 
distribution and abundance. 

 
H4 = Water availability may be provided 

differentially to desert bighorn sheep 
and predators (e.g., easily accessible 
to desert bighorn sheep, restricted to 
mountain lions) in a manner that is 
not detrimental to other wildlife 
species dependent on those water 
sources. 

 
H5 = Desert bighorn sheep from source 

populations with mountain lions 
should have lower post-release 
mortality from mountain lion 
predation than bighorn sheep from 
source populations without mountain 
lions. 

 
 Disease is probably the greatest 
threat to desert bighorn sheep populations.  
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The risk of disease transmission effects not 
only the reestablishment of desert bighorn 
sheep populations, but often places extant 
populations at risk as well.  The ability to 
determine the risk of disease transmission 
during a translocation also remains more of 
an art than a quantitative science (but see 
Dubay et al. 2002, Cassaigne et al. 2010). 
Reestablishment of desert bighorn sheep 
populations into historical range often places 
these populations at risk of exposure to 
domestic livestock that may have created the 
original extirpation. 
 
H6 = Based on disease prevalence, 

virulence, and vector proximity and 
knowledge of source and release 
location herd exposure, an effective 
rapid risk assessment may be 
developed to evaluate when 
supplemental translocations are 
suitable. 

 
 Desert bighorn sheep management is 
complex for a variety of factors.  The 
present situation is similar to what has been 
observed in other game species that were 
once at low numbers, only to be restored 
through the efforts of wildlife management 
agencies and interested hunters (Porter et al. 
In press).  The challenge of increasing desert 
bighorn sheep population numbers when at 
low levels can be met through relatively 
straightforward management actions.  
However, as population numbers attain what 
more closely approximates the carrying 
capacity of existing habitats, multiple factors 
interact to limit λ.  Future successes will 
require new knowledge of limiting factors. 
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Abstract Adequate management of a species requires complete knowledge of its ecology, 

including both nocturnal and diurnal behavior. Knowledge of the movement 
behavior of bighorn sheep can provide insight for understanding spatial 
population processes as the combined result of individual behavior, physiological 
constraints, and fine-scale environmental influences. However, because of past 
difficulties in tracking radio-collared animals in the dark, little is known about 
nocturnal movements of many ungulates, including desert bighorn sheep (Ovis 
canadensis nelsoni). The use of GPS collars that supply sequential location 
records over a 24-hour period has provided new opportunities for recording 
movements of animals. We report findings from a preliminary analysis of data on 
nocturnal movements of desert bighorn sheep wearing GPS collars in the Muddy 
Mountains, Nevada. The study is part of a larger research project on movement 
patterns aimed at assessing the connectivity of bighorn sheep populations that 
comprise the metapopulation in southern Nevada. We recorded nighttime 
locations at 2100 and 0400 PST and calculated a total of 8,758 nocturnal 
movement distances for 12 ewes and 16 rams. Nocturnal movements were 
characteristic of all individuals. Bighorn sheep varied in the magnitude of 
movement from night to night and there were significant differences among 
individuals in the mean distance moved. Females had a greater proportion of short 
movement distances when compared to males; males had the greatest proportion 
of long distance movements. Movement distances were affected by sex, season, 
and percent of the moon’s surface illumination. Mean movement distances of 
males were greater than those of females. For both males and females, mean 
movement distances were shortest during the late spring months (April-June) and 
greatest during summer (July–September). Mean movement distances were 
greatest when the moon was brightest for all seasons except late spring, when 
movement distances for both sexes were shortest. We also describe movement 
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distances >1 km (19% ewes, 81% rams) relative to movements within or between 
50% core use areas, and nighttime intermountain and intra-mountain travel.  

 
Desert Bighorn Council Transactions 50:18–37 

 
Key words nocturnal movement distance, movement behavior, Ovis canadensis nelsoni, 

ungulates, Mojave Desert 
 

Knowledge of the movement 
behavior of animals can provide insight for 
understanding spatial and temporal 
population processes as the end result of 
individual behavior, physiological 
constraints and fine-scale environmental 
influences (Patterson et al. 2007). Desert 
bighorn sheep (Ovis canadensis nelsoni) are 
considered to be mostly diurnal (Monson 
1964). However, results of nocturnal studies 
show that although sheep are less active, the 
behaviors they exhibit at night are similar to 
those observed during the day. Nocturnal 
behaviors include foraging, drinking water, 
movement (walking or running), bedding 
(lying down), and social interactions 
(Simmons 1969, Miller et al 1984, 
Krausman et al. 1985, Alderman et al. 
1989). Of these activities, the least is known 
about movement. In particular, little is 
known about how far bighorn sheep travel at 
night or what factors may affect these 
movements because prior to the advent and 
use of GPS collars, it was difficult to follow 
radiocollared animals in the dark. Recently, 
however, advances in technology have 
transformed the study of animal movement 
by allowing researchers to track movements 
of individual animals throughout a 24 hour 
period. 

Ungulates respond to the resource 
patchiness characteristic of their habitats at 
different spatial scales (Johnson et al. 2001, 
Boyce 2003). Movements reflecting this 
response by desert bighorn sheep include 
shorter distance movements associated with 
localized foraging, drinking water, social 
interactions, and searching for bedding sites, 

shifts between core use areas within home 
ranges (Alvarez-Cárdenas et al. 2001, Bangs 
et al. 2005), seasonal elevational or 
latitudinal migrations (Simmons 1980, 
Jaeger 1994), and extra-home range or 
dispersal movements (Schwartz et al. 1986, 
Epps et al. 2007). Most nocturnal 
movements recorded for desert bighorn 
sheep have been associated with localized 
foraging and movements to water sources 
(Simmons 1969, Miller et al. 1984, 
Krausman et al. 1985, Alderman et al. 
1989), although there are records of sheep 
crossing highways at night some distance 
from their preferred habitat (Monson 1964). 

Animal movement is the result of a 
complex interaction between life history, 
physiology, behavior, and habitat (Patterson 
et al. 2007). Nocturnal movements of desert 
bighorn sheep may be influenced by 
temperature, brightness of the Moon 
(percent of surface illuminated), and an 
animal’s physiological or behavioral state 
(e.g., seasonal mating behavior). The extent 
to which nocturnal movement is influenced 
by these factors appears to vary among 
populations. Wilson (1968) reported that 
bighorn sheep in Utah rarely moved about 
on dark nights but occasionally moved on 
moonlit nights. Nocturnal movements on the 
Cabeza Prieta Wildlife Refuge occurred on 
both moonlit and moonless nights and were 
considered to be a method by which bighorn 
could avoid solar radiation and minimize 
water needs while foraging (Simmons 
1969). Miller et al. (1984) observed 
nocturnal activity of bighorn sheep in the 
Plomosa and New Water Mountains
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Figure 1. Location of the Muddy and Black Mountains, Nevada 
 
of western Arizona and concluded that sheep 
had a non-seasonal movement habit that was 
not directly related to summer temperatures. 
Alderman et al. (1989) found that the 
percent of time bighorn sheep spent moving 
at night in the Little Harquahala Mountains 
was highest during summer months, which 
corresponded with the timing of seasonal 
mating behavior, but also found no 
correlation between nocturnal foraging 
activities and mean temperature.  None of 
these studies were able to examine how 
these variables may affect the distance 
bighorn sheep move at night. 

As part of a larger study designed to 
assess connectivity of bighorn sheep 
populations that comprise the 

metapopulation in southern Nevada, we 
examine nocturnal movements of desert 
bighorn sheep in the Muddy Mountains. We 
calculate movement distances from GPS 
locations recorded after sunset and before 
sunrise to analyze nocturnal movements in 
relation to sex, season, and brightness of the 
moon (percent surface illuminated by 
sunlight). We also describe long distance 
movements (>1 km) relative to movements 
within or between 50% core use areas, 
nighttime intermountain travel and intra-
mountain travel. 
 
 
 
 



2009 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 50 21 

Longshore et al. • Nocturnal movements of bighorn sheep 
 

Study Area 
 

The Muddy Mountains (located between 
35º00'N and 37 º00'N, 114º00'W and 115 
º30'W) are about 42 km northeast of Las  

 
Vegas, Nevada (Figure 1). The mountains 
are separated on the east from the Virgin 
Mountains by the Overton Arm of Lake 
Mead and on the north by the Muddy River. 
The western boundary is delimited by 
California Wash, an interior drainage basin. 
Adjacent to the Muddy Mountains on the 
east side of the range are the Black 
Mountains, which parallel the shoreline of 
Lake Mead. The Muddy Mountains are 
nearly contiguous with the Black Mountains, 
but are separated by North Shore Road 
(State Highway 167). Bighorn sheep are 
commonly seen crossing the highway and 
moving from one mountain range to the 
other. Due to the proximity of the 2 ranges, 
bighorn sheep within the study area are 
considered to comprise a single population 
estimated at 850 individuals (P. Cummings, 
Nevada Department of Wildlife, 
unpublished data).  

Climate is typified by temperature 
extremes and sporadic precipitation. Seasons 
are well-defined with maximum summer 
temperatures above 37.8º C and minimum 
winter temperatures frequently below 
freezing (Swearington 1981). Annual 
precipitation falls mostly as rain, but occurs 
as snow at the highest elevations. Vegetation 
is typical of the Mojave Desert and can be 
grouped into 4 major plant associations - 
creosote bush (Larrea tridentate), shadscale 
scrub (Atriplex confertifolia), sagebrush 
(Artemisia tridentata) and a mixed cliff 
semi-shrub association (Swearington 1981). 
Elevation ranges from about 450 m at the 
northeast end of the range to 1,656 m on 
Muddy Peak. 

 
 

Methods 
 
To determine movement patterns of 

bighorn sheep in the Muddy Mountains and 
identify movement corridors to nearby 
mountain ranges, we fitted 16 rams and 12 
ewes with GPS collars (Gen 3 Telonics Inc., 
Mesa, AZ) in December 2007. Collars were 
programmed to collect 8 points a day with a 
programmed release date of 12 December 
2008. Location points resulting from 
satellite error (<0.5% of total) were removed 
before analyses. The validity of outliers 
(possible errors) was confirmed by 
documenting that previous and subsequent 
locations were within reasonable (about 1.0 
km) proximity to the outlier; locations 
outside these criteria were removed. Collars 
retrieved from the field were found within 
10 m of the reported satellite coordinates.  

We derived nocturnal movement 
distances between locations 7 hours apart 
(2100 and 0400 PST) using Hawth’s Tools 
(Beyer 2004) plotted in ArcGIS 9.2 (ESRI, 
Redlands California).  We did not consider 
the distance between movements recorded 
over the 7 hours to represent the actual 
distance moved by an animal because the 
path it travelled may have been more 
convoluted. Instead, we considered each 
movement distance to describe the minimum 
distance moved during that time period. We 
separated the study period into 4 
biologically relevant seasons and 3 lunar 
phases. Seasons consisted of late winter 
(January-March), when the majority of 
lambs are born, late spring (April-June), 
summer (July-September), which coincides 
with the rut, and fall-early winter season 
(October-December). We divided the 
Moon’s brightness, measured by the U.S. 
Naval Observatory (www.usno.navy.mil) as 
the fraction of the Moon’s surface 
illuminated by the sun, into 3 groups.  The 
dark lunar phase consisted of 0 to 33% 
surface illumination, lunar mid phase 

http://www.usno.navy.mil/�
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consisted of 34 to 66% illumination, and the 
bright lunar phase consisted of 67 to 100% 
illumination. Within a season, the numbers 
of nights in each phase were not equal. Of 
the three phases, lunar mid phase occurred 
on the fewest nights with only 19, 10, and 
12 nights in the late winter, late spring, 
summer, and fall-early winter, respectively. 
In contrast, the dark phase occurred on 37, 
44, 46, and 47 nights and the bright phase 
occurred on 35, 37, 34, and 37 nights in the 
late winter, late spring, summer, and fall-
winter seasons, respectively.  In dividing the 
seasons into monthly intervals, we found 
that several months lacked the lunar mid 
phase due to the low frequency of 
occurrence of this phase of illumination.  To 
attain a balanced data set for repeated-
measures analysis of individual movements 
in all months and all seasons, we removed 
the mid lunar phase from all analyses and 
focused on the two extremes of illumination 
represented by the dark and light phases. 

A mixed-model repeated-measures 
ANOVA (PROC MIXED; SAS, 6.07) was 
used to analyze the dependent variable, 
movement distance. One ram died from an 
unknown cause during the middle of the 
study on 2 August 2008. We excluded it 
from the analysis because repeated measures 
ANOVAs require a balanced data set.  Thus, 
each individual was represented equally in 
all monthly time periods (Wallace and 
Green 2002). The identity of each of the 
remaining 27 sheep was modeled as a 
random effect and the repeated measure 
within sheep subjects was month of the year.  
Although it was possible to use day or week 
as the repeated unit of measurement in our 
analyses, we were interested in patterns of 
movement over longer time intervals and did 
not find value in estimating the extra 
parameters associated with daily or weekly 
movements.  In all analyses we used the 
SAS autoregressive order 1 repeated-
measures covariance structure (best model 

fit) and tested fixed effects of sex, season, 
and lunar phase with Type III estimable 
functions and Satterthwaite approximations 
of degrees of freedom.   

As we were interested in explaining 
night movements greater than might be 
expected during localized foraging behavior, 
we defined movement distances >1 km as 
long distance movements (see Rahimi and 
Owen-Smith 2007). Movements that crossed 
the highway between the Muddy and Black 
Mountains were categorized as 
intermountain movements. Movements not 
categorized as intermountain were 
designated as intra-mountain movements.  

Hawth’s Tools in ArcGIS 9.2 were 
used to calculate the fixed kernel percent 
volume contours for each animal each 
season. Percent volume contours are 
generated directly from all diel animal 
locations and represent the areas of 
probability of occurrence, with a 100% 
contour representing the entire home range 
for that time period (Worton 1989). A single 
parameter smoothing factor (h) of 600 was 
used based on the species’ average daily 
travel distances. Fifty percent volume 
contours (core use areas) were mapped for 
each animal each season, and we identified 
relationships between these core use areas 
and nighttime intermountain travel, 
movements to water, and intra-mountain 
travel.  

 
Results  

 
During the one-year period from December 
2007 to December 2008, we recorded 
nighttime locations and calculated a total of 
8,758 movement distances of the 27 collared 
sheep between the hours of 2100 and 0400. 
Nocturnal movements were characteristic of 
all individuals. Distances ranged from less 
than 10 m (error associated with GPS 
locations) to 4,108 m for females and 7,164 
m for males. The distribution of nocturnal 
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movement distances differed between the 
sexes (Figure 2). Of all female movements, 
47% were less than 50 m and 1% were >1 
km.  For males, 29% of movements were 
less than 50 m and 4.75% were >1 km. All 
males and females exhibited nocturnal 
movements greater than 1 km. With the 
exception of 2 months for males, mean 
monthly movement distances during lunar 
mid phase were always intermediate 
between mean distance of lunar dark and 
lunar bright phases for both sexes (Figure 3). 
The exception for males occurred in July 
and August of the summer season, when 
males moved significantly farther during 
nights with intermediate illumination (mid 
phase) than they moved on nights under 
lunar dark and lunar bright phase.  The 
overall greater mean distance during lunar 
mid phase in summer was caused by 9 of the 
15 rams moving 1.3 to 3.5 times farther than 
they moved during the lunar dark phase. 
Because nights with lunar mid phase 
(intermediate illumination) did not occur as 
frequently as the other phases and were 
unequally distributed through the months  
(4,111,  1,279,  and  3,368  distance 
movements for lunar dark, mid, and bright 
phases respectively) we focused the 
remaining analyses on dark and bright lunar 
phases.  

 In a mixed-model repeated-measures 
ANOVA (Table 1) which accounted for 
repeated measures of individual sheep 
across months of the year, all main effects 
(sex, season, and bright and dark lunar 
phases) were significant as well as several of 
the interaction effects. Males moved further 
than females throughout the year (Table 2). 
However, the significant interaction  of  sex 
and season indicated that the mean distance 
moved and the range of long distance 
movements changed differently for males 
and females among seasons. Average 
distance moved per night was lowest during 

Table 1.  Mixed-model repeated-measures 
ANOVA for minimum distance moved at night 
with month designating the twelve repeated 
measurements of each individual.  The 
interactions of Sex × Moon and Sex × Season × 
Moon were not significant and were not included 
in the final model. 
 
Source of 
variation    

Degrees 
freedom   

 
F-test 

 
P 

Sex                         1 35.90 <0.0001 
Moon                            1 43.62 <0.0001 
Season                        3 38.01 <0.0001 
Month                           11 1.04 0.3071 
Season × Moon                   3 3.41 0.0216 
Sex × Season                   3 15.11 <0.0001 
 
 

 
Figure 2.  Frequency histogram of distance of 
desert bighorn sheep nocturnal movements within 
the Muddy and Black Mountains of southern 
Nevada, 2008. 
 
late spring for males and females (Table 2). 
Distance moved was greatest in the summer, 
with a   disproportionate   increase   in the 
movement of males compared to females 
(Table 2; 400 m and 149 m, respectively). 
Female movement distances remained high 
through fall-early winter.  Nocturnal 
movements of males were reduced to 
intermediate levels for both sexes from 
October–March (fall through late winter). 
The effect of lunar illumination on 
movements also differed by season, but not 
sex, as indicated in the interaction of moon 
and season (Table 1). Mean nocturnal
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a 

 
b 

 
Figure 3.  Mean nocturnal distance moved +/- 1 
SE for desert bighorn sheep (a) females and (b) 
males during each lunar phase in each of four 
seasons in the Muddy Mountains, Nevada. 2008. 
Movement distances are derived from GPS 
locations recorded at 2100 and 0400 PST.  Note 
that only the 0-33% illumination and 67-100% 
illumination phases of the moon were analyzed in 
the repeated-measures ANOVA (see Methods). 
 
movements during the bright phase were 
always significantly greater than the dark 
phase in all seasons except late spring, when 
average movement of both males and 
females did not differ with respect to percent 
illumination (Figure 3).  Although individual 
sheep varied in the magnitude of movement 
night to night and there were significant 
differences among individuals in the mean 
distance moved, the response of individuals 

Table 2.  Seasonal nighttime movement distance 
parameters for desert bighorn sheep within the 
Muddy Mountains, Nevada, 2008. 
 

Season Sex 
x̄  movement 
distance (m) SE a Range 

Jan–Mar 
Apr–Jun 
Jul–Sep 
Oct–Dec 
Jan–Mar 
Apr–Jun 
Jul–Sep 
Oct–Dec 

M 
M 
M 
M 
F 
F 
F 
F 

195 
153 
400 
242 
124 
83 
149 
143 

7 
6 
20 
12 
10 
4 
8 
8 

20–2313 
20–4701 
20–7164 
20–3881 
20–4108 
20–1386 
20–2604 
20–3414 

a 20 meter minimum movement distance due to GPS 
error 

 
to lunar illumination was remarkably 
consistent through all 4 seasons.  Comparing 
the mean distance moved by each individual 
during lunar phase 1 and phase 3 in each of 
the 4 seasons, only one of the 12 females, in 
1 season, moved farther in lunar phase 1 
compared to lunar phase 3.  For males, of 
the 12 cases in which an individual moved 
further in lunar phase 1 than phase 3, 1 
movement occurred in season 1, 2 
movements occurred during season 2, 3 
movements occurred during season 3, and 4 
were in season 4.  
 Sheep occasionally exhibit long 
distance movements that skew the 
distribution of movements to the right 
(Figure 1, Figure 4).  The increases in mean 
distance moved at night during summer and 
during periods of high lunar illumination 
during other seasons could be caused by an 
increased frequency of long distance 
movements or an increase in the distance of 
all nocturnal movements. Examination of 
coefficients of variation (CV) for distance 
moved with respect to season, individual 
and lunar phase indicates that despite a 
range of CV values from 88 to 167, there is 
no pattern of increased variability associated 
with differences in mean distance moved 
among sexes, seasons, or percent lunar 
illumination (Table 3).  The significant 
increases in mean distance moved revealed 
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in the ANOVA are caused by overall 
increases in distance of all movements, not 
just an increase in the longest distances 
traveled. A greater percentage of males 
(81%) moved long distances compared to 
females (19%). Most long distance 
movements by males (72 % of male total) 
occurred during summer. Most long distance 
movements by females occurred during 
summer and fall-early winter (40% and 
35%, respectively). As a percentage of their 
total long-distance movements, males more 
often traveled outside their 50% core use 
areas than females (mean 46% [SD ± 22] 
males vs. 29% [SD ± 28] females) (Table 4). 
Females were more likely to travel outside 
their core use areas during winter. Only 7 
male and 2 female long distance movements 
occurred during spring months. Females 
remained near or within their core areas 
more often than males except during the 
summer season (yearly mean, 54% [SD ± 
22] males vs. 71% [SD ± 28] females). 
Intermountain movements occurred more 
often during summer for both sexes. For 
male bighorn sheep, 1  movement  occurred  
during  late spring, 3 occurred during 
summer and 1 occurred fall-early winter. 
For females, 2 intermountain movements 
occurred during summer and 1 occurred 
during fall-early winter. Five individuals (3 
males, 2 females) accounted for the 8 
intermountain movements. All of these 
movements took place outside the animals’ 
core areas. Eight animals (5 males and 3 
females) maintained core areas in both the 
Muddy and the Black Mountains. 
 
Discussion  

 
 Nocturnal movements in the Muddy 
Mountains were common for both male and 
female desert bighorn sheep. Individual 
bighorn sheep varied in the magnitude of 
movement from night to night and there 

were significant differences among 
individuals in the mean distance moved. 
Female sheep had a greater proportion of 
short movement distances when compared 
to males, and males had proportionally 
greater long distance movements. However, 
most movements were less than 200 m. 
Although these shorter-distance movements 
may have been associated with other 
behaviors (e.g., social interactions and 
movements to water sources or bed sites), it 
is likely that most movements were 
associated with localized foraging. 
Ruminant physiology requires constant 
intake of forage (Van Soest 1983) and 
bighorn sheep have been observed foraging 
in all studies of nocturnal activity (Simmons 
1969, Miller et al 1984, Krausman et al. 
1985, Alderman et al. 1989).  
 Movement distances were affected 
by sex, season, and percent lunar 
illumination. Not unexpectedly, mean 
movement distances of males were greater 
than those of females. Although males move 
less when foraging (Ruckstuhl 1998), they 
move over larger home ranges, suggesting 
that overall movement distances are greater 
compared to females (Simmons 1980). 
Average movement distances of both males 
and females were shortest during April-June 
(spring). Alderman et al. (1989) attributed 
reduced levels of movement during spring in 
the Little Harquahala Mountains to the 
"protective nature of females for their 
lambs," because nocturnal movements may 
expose individuals to a higher risk of 
predation, particularly when predators hunt 
at night (Rettie and Messier 2001; Rahimi 
and Owen-Smith 2007). In southern Nevada, 
peak birthing time often occurs during late 
winter or early spring months (January-
March), although births can occur 
throughout the year (Leslie and Douglas 
1979, Haas 1997, Rubin et al. 2000). If 
females move shorter distances at night
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Figure 4. Examples of long distance nocturnal movements (> 1 km) by desert bighorn sheep in the Muddy 
Mountains, Nevada, 2008. Movement distances are derived from GPS locations recorded at 2100 and 0400 
PST. 
 
during the period when lambs are most 
vulnerable, the shortest mean movement 
distances might be expected to occur during 
January-March when lambs are neonates. 
The presence of lambs does not explain why 
the mean movement distance for males is 
also shortest during this period. The mean 
movement distances of males and females 
during April-June may be the result of 
increased forage availability caused by 
growth of winter annuals. In studies of 
diurnal activity patterns, the proportion of 
time sheep spend moving in southern 
Nevada is generally lowest during periods 
when forage availability is highest (K. 

Longshore unpubl. data). However, shorter 
movement distances may be a response to a 
combination of factors (e.g., higher forage 
availability plus the absence of behaviors 
that affect animals during the rut).  
Mean movement distances for both males 
and females were greatest during July-
September (season 3). For some ungulates, 
nocturnal movements during summer 
months are considered to be a behavioral 
adaptation to avoid high midday 
temperatures as radiant heat loads may 
constrain time available for foraging (Hayes 
and Krausman 1993, Owen-Smith 1998, 
Rettie and Messier 2001, Rahimi and Owen-
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Table 3. Coefficients of variation (CV; variance/mean) for nocturnal movement distances with respect to 
season, sex and lunar bright and dark phase for desert bighorn rams and ewes in the Muddy and Black 
Mountains of Nevada, 2008. Lunar dark phase consists of 0 to 33% illumination, lunar bright phase 3 consists 
of 67 to 100% illumination. Mid phase (intermediate illumination) was excluded from the analysis because 
nights with this phase did not occur as frequently as the other phases and were unequally distributed through 
the months.  
 

Season Sex Lunar Phase N Mean 
Coeffecient 
of Variation Median 

Jan–Mar  
Jan–Mar 
Jan–Mar 
Jan–Mar 
Apr–Jun 
Apr–Jun 
Apr–Jun 
Apr–Jun 
Jul–Sep 
Jul–Sep 
Jul–Sep 
Jul–Sep 
Oct–Dec 
Oct–Dec 
Oct–Dec 
Oct–Dec 

F 
F 
M 
M 
F 
F 
M 
M 
F 
F 
M 
M 
F 
F 
M 
M 

1 
3 
1 
3 
1 
3 
1 
3 
1 
3 
1 
3 
1 
3 
1 
3 

384 
331 
405 
396 
503 
426 
628 
521 
522 
398 
616 
463 
511 
408 
541 
426 

99.0 
176.8 
153.2 
251.1 
83.9 
85.8 
140.5 
166.6 
112.8 
202.1 
345.3 
411.3 
112.7 
185.7 
225.7 
276.8 

164.3 
155.8 
111.1 
88.8 
136.2 
108.9 
99.6 
105.1 
162.5 
146.5 
167.4 
139.9 
156.2 
143.9 
146.8 
135.4 

45.0 
78.5 
94.6 
180.4 
47.5 
57.1 
92.0 
114.4 
49.6 
84.2 
94.0 
149.4 
48.1 
80.1 
106.6 
146.0 

 
 
Table 4. Summary of long-distance ( > 1 km) intra-mountain nighttime movements within each season for 
desert bighorn rams and ewes relative to core areas in the Muddy and Black Mountains of Nevada, 2008. 
Percent values are percent of movements in each category out of total long-distance movements each season. 
Cores represent those areas containing a 50% probability of occurrence. 
 

Season Sex 
Outside 
core (%) 

 Inside 
core 
(%) 

Core to 
core 
(%) 

Inside to 
outside 

core (%) 

Outside to 
inside core 

(%) 
Total # of 

movements 
Mean core 
area (±SD) 

Jan–Mar M 15 38 0 31 15 13 376 (175) 
Apr–Jun M 57 0 0 14 29 7 330 (142) 
Jul–Sep M 44 14 7 17 18 154 1178 (826) 
Oct–Dec M 66 5 7 12 10 41 661 (317) 
Jan–Mar F 9 18 9 18 46 11 344 (185) 
Apr–Jun F 0 50 0 0 50 2 483 (129) 
Jul–Sep F 50 15 10 15 10 20 594 (218) 
Oct–Dec F 56 11 6 6 22 18 521 (216) 
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Smith 2007). Krausman et al. (1985) found 
the relationship between amount of activity 
and temperature to be high during 
crepuscular and diurnal hours, but low for 
nocturnal hours. In the Muddy Mountains, 
the disproportionately greater increase in 
mean movement distance of males 
compared to females may be related to 
behaviors associated with the rut (Miller et 
al. 1984, Alderman et al. 1989).  

Animals may try to decrease risk 
associated with longer distance movements 
by moving during lunar phases when risk 
may be lowest (bright phase). Increased 
visibility during periods of high illumination 
might also influence an animal’s ability to 
negotiate rough terrain. Bighorn sheep in the 
Muddy Mountains moved furthest when the 
percent illumination was highest during all 
seasons except April–June, when movement 
distances were shortest. Previous 
observations of bighorn sheep activity at 
night suggest that short distance movements 
associated with foraging occur during all 
lunar phases (Monson 1964, Simmons 
1969). Our results suggest that while lunar 
brightness may not affect short distance 
movement, it may influence longer distance 
movements. During summer months males 
exhibited long distance moves during mid-
level illumination. However, if moonlight 
affects risk levels, males appear to disregard 
this risk during season 3, which corresponds 
with the timing of the rut.  

A number of long distance 
movements have been recorded for desert 
bighorn sheep (see Epps 2007) but records 
of nocturnal movements are relatively rare 
(but see Monson 1964).  These movement 
distances indicate potential costs in terms of 
energy expenditures and risks of predation 
(Rettie and Messier 2001). We considered 
movement distances >1 km as a significant 
distance to travel at night and therefore 
unlikely to be associated with localized 
foraging. Both male and female bighorn 

sheep in the Muddy Mountains exhibited a 
number of long distance movements 
throughout the year. Most of these long 
distance movements occurred during 
summer months. Whether sheep from the 
Muddy Mountains are subject to greater 
rates of predation during these types of 
nocturnal long distance movements is 
unknown. A large proportion of these 
movements occurred within or between core 
use areas, representing familiar habitat, but 
some of the movements appeared to be 
exploratory movements, particularly those 
greater than 4 km and that occurred off the 
mountain range. Although none of our GPS 
collared animals died from predation, there 
is a possibility that some long range 
movements may have been instigated by 
predators. Mountain lions have been known 
to cause shifts in habitat use (Wehausen 
1996) and there have been occasional, but 
relatively rare, sightings of mountain lions 
in these ranges.  

The data presented here are part of a 
larger study designed to examine habitat use 
and assess connectivity of bighorn sheep 
populations that comprise the 
metapopulation in southern Nevada. Our 
nocturnal movement distances were 
recorded over a 7 hour period. When we 
designed the study we focused our efforts on 
collecting location data during daylight 
hours. We expected bighorn sheep to exhibit 
some movement at night but were surprised 
at the extent of the movements. We 
considered each movement distance to 
describe the minimum distance moved 
during that time period, thus our results are 
most likely an underestimate of actual 
distances travelled (Reynolds and Laundré 
1990). For greater accuracy in determining 
distances moved, we suggest further studies 
of nocturnal movements focus on collecting 
data at ≤4 hour periods (Reynolds and 
Laundré 1990). 
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The study of animal movements as 
movement ecology is a newly emergent 
field, and much of the recent focus has 
centered on development of methods to 
model movements and how to contend with 
data error (Patterson et al. 2007, Nathan 
2008). However, an understanding of how 
movements affect life history is incomplete 
without a thorough understanding of the 
autecology of the particular species being 
studied. For bighorn sheep, lack of 
information about nocturnal movements 
could bias our ecological interpretation of 
movements and lead to incorrect 
conclusions about spatial-temporal patterns 
of habitat use.  
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Abstract  As a preliminary step in the preparation of wild sheep management guidelines, the 
representative assigned to Wild Sheep Working Group II by each of 19 member 
states, provinces, or territories in the Western Association of Fish and Wildlife 
Agencies inhabited by wild sheep (Ovis canadensis, Ovis dalli) ranked 7 threats 
to conservation of those ungulates in their particular jurisdiction.  Statistical 
analysis indicated significant concordance among respondents when all responses 
were considered simultaneously (P < 0.001) and when responses from states, 
provinces, or territories inhabited by desert or Rocky Mountain bighorn sheep 
were considered separately.  There was, however, little agreement among 
representatives from areas inhabited by thinhorn sheep (P ≈ 0.23).  Further, when 
within-group and between-group rankings were considered simultaneously, the 
null hypothesis of no agreement among participants representing areas inhabited 
by desert or Rocky Mountain bighorn sheep was not rejected (P < 0.001).  
Categories of threat considered in this analysis were preliminary in nature and not 
mutually exclusive, thereby confounding interpretation of results.  I suggest 
further refining the list of management challenges with which wild sheep are 
faced, combining those issues into fewer categories of risk, and considering those 
threats in the context of the type of wild sheep rather than on the basis of political 
jurisdiction. 
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During Spring 2007, representatives 

of agencies that are members of the Western 
Association of Fish and Wildlife Agencies 
(WAFWA) prepared a document (Wild 
Sheep Working Group 2007) addressing 
domestic sheep and goats and disease risks 
that they present to wild sheep (Ovis 
canadensis, O. dalli) in North America.  
Subsequently, the WAFWA directors 
requested the preparation of an additional 

document to provide recommendations 
regarding the conservation of wild sheep.  
That document is intended to have a wider 
scope and an emphasis on all aspects of wild 
sheep management in the western United 
States and Canada, similar to the guidelines 
developed by the WAFWA Mule Deer 
Working Group (2003).  As a first step in 
developing wild sheep management 
guidelines, participants from 19 states, 
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provinces, or territories developed an initial 
list of threats and challenges to the 
conservation and management of wild 
sheep.  This paper presents an analysis of 
the level of concordance of threats to wild 
sheep as perceived among the individual 
representatives of each participating agency 
in the United States or Canada. 
 
Methods 
 
 A representative of each of the 
participating agencies, identified collectively 
as Wild Sheep Working Group II 
(WSWGII), initially developed a lengthy list 
of threats and challenges to wild sheep 
management and conservation in Canada 
and the United States.  The preliminary list 
was substantial, and participants then used 
an adaptation of the Delphi process (Helmer 
1967) to pare that list to 7 primary threats or 
challenges (Table 1).  Each member of 
WSWGII was then asked to rank those 
challenges from 1 (greatest perceived threat) 
to 7 (least perceived threat) within his or her 
own jurisdiction.  I examined those rankings 
and used Kendall’s Coefficient of 
Concordance for Assessing Agreement 
Corrected for Tied Ranks (Wc; Siegel 1956) 
to test the null hypothesis that there was no 
agreement in the rankings when the 
responses of all 19 agency representatives 
were considered simultaneously. 

I  next categorized each geographic 
area as inhabited primarily by thinhorn 
sheep (O. dalli; Alaska, British Columbia, 
Yukon), Rocky Mountain bighorn sheep (O. 
c. canadensis; Alberta, Colorado, Idaho, 
Montana, Nebraska, North Dakota,  Oregon, 
South Dakota, Washington, Wyoming), or 
predominantly by desert bighorn sheep (O. 
c. mexicana, O. c. nelsoni; Arizona, 
California, Nevada, New Mexico, Texas, 
Utah).  I acknowledge the existence of 
thinhorn sheep and Rocky Mountain bighorn 
sheep in British Columbia, but for the 

purposes of this exploratory analysis, elected 
to place that province in the thinhorn 
category.  Similarly, I acknowledge the 
existence of Rocky Mountain bighorn sheep 
in Arizona, Nevada, New Mexico, and Utah, 
but elected to place those states in the desert 
bighorn sheep category.   Although desert 
bighorn sheep also occur in western 
Colorado, I categorized that state as 
inhabited primarily by Rocky Mountain 
bighorn sheep.   Categories (thinhorn, Rocky 
Mountain, desert) for jurisdictions 
containing more than one type of wild sheep 
were based on the type of sheep that I most 
frequently identify with each area. 
 After categorizing the states, 
provinces, and territories as described, I 
again used Kendall’s Wc to test the null 
hypothesis of no agreement in perceived 
threats or challenges among the jurisdictions 
occupied primarily by each type of wild 
sheep.  Finally, in an attempt to further 
understand relationships among the rankings 
of perceived threats, I used the procedure of 
Schucany and Frawley (1973) to compute a 
Multigroup Coefficient of Concordance 
(W), and tested simultaneously for 
agreement in rank orders within and 
between categories of the areas occupied by 
the types of wild sheep after the null 
hypothesis was rejected within categories. 
 
Results 
 
 Rankings of perceived threats to wild 
sheep conservation varied considerably.  
Overall, disease and habitat quality ranked 
very high, and participants ranked 
competition with exotic ungulates and lack 
of funding among the lowest of concerns 
(Table 2).  Although there was substantial 
variability among areas when the 7 
categories were considered simultaneously, I 
rejected the null hypothesis that there was 
no agreement among the 19 respondents in  
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Table 1.  Threats and challenges to the conservation of wild sheep evaluated by respondents from 19 states, 
territories, and provinces that are members of the Western Association of Fish and Wildlife Agencies and 
inhabited by wild sheep, February 2009.   
 
Threat or challenge Description 
Habitat Quality  Issues related to vegetative succession, invasive plants, fragmentation, or water 

availability 
  
Competition  Competition with wild or feral ungulates or livestock on wild sheep ranges 
  
Predation  
  
Disease  Issues primarily involving contact with domestic sheep or goats 
  
Connectivity   Viability, connectivity and management (barriers, translocation histories subspecies 

mixing) of populations 
  
Funding  Adequacy of funding and personnel dedicated to wild sheep management 
  
Development   Effects of infrastructure, recreation, and aircraft 
 
 
Table 2.  Ranking of perceived threats (1 = greatest threat) to mountain sheep based on the total of ratings by 
19 participants from states, provinces, or territories inhabited primarily by thinhorn sheep, Rocky Mountain 
bighorn sheep, or desert bighorn sheep in the United States and Canada. 
 
Category of threat Overall ranka Thinhorn sheep Rocky Mountain bighorn sheep Desert bighorn sheep 
Habitat quality 1 3 2 1 
Competition 6 6 6 5 
Predation 3 4 5 2 
Disease 2 2 1 3 
Connectivity 5 7 3 4 
Funding 7 5 7 7 
Development 3 1 4 6 
 
a Based on pooled rankings (Siegel 1956). 
 
their rankings (Wc = 0.52, χ2 = 59.28, df = 6, 
P < 0.001). 

I then evaluated responses within 
each category (i.e., thinhorn sheep, Rocky 
Mountain bighorn sheep, desert bighorn 
sheep).  I failed to reject the null hypothesis 
of no agreement among representatives from 
areas inhabited primarily by thinhorn sheep 
(Wc = 0.39, χ2 = 8.19, df = 6, P ≈ 0.23).  In 
contrast, I determined that concordance of 
rankings by states inhabited by desert sheep 
was significant (Wc = 0.43, χ2 = 15.59, df = 
6, P ≈ 0.02), and thereby rejected the null 
hypothesis that there was no agreement 
among representatives from those areas.  

Similarly, I rejected the null hypothesis that 
there was no agreement among respondents 
from states inhabited primarily by Rocky 
Mountain bighorn sheep (Wc = 0.66, χ2 = 
39.60, df = 6, P < 0.001).  After determining 
that there was some agreement in rank 
orders provided by respondents from areas 
inhabited by Rocky Mountain bighorn sheep 
and desert bighorn sheep, I failed to reject 
the null hypothesis of no agreement among 
participants representing areas inhabited by 
those taxa when within-group and between-
group rankings were considered 
simultaneously (W = 0.276, Z = 5.24, P < 
0.001). 
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Discussion 
 
 Overall, I concluded there was at 
least some agreement among the 19 
respondents when rankings were considered 
simultaneously, but there was virtually no 
agreement on the ordering of perceived 
threats among the state and provinces 
inhabited by thinhorn sheep.  In contrast, 
when within-group and between-group 
rankings were considered simultaneously, at 
least some representatives of states inhabited 
primarily by desert bighorn sheep ranked the 
7 threats similarly, and at least some 
representatives of areas occupied by Rocky 
Mountain bighorn sheep did also.  Further, I 
concluded there was some agreement both 
within and between representatives of those 
jurisdictions inhabited primarily by Rocky 
Mountain bighorn sheep or desert bighorn 
sheep. 
 Significant concordance should not 
be construed to imply correct orderings, nor 
does a significant test statistic necessarily 
imply agreement within groups.  A 
significant test statistic is best interpreted as 
"…meaning that the observers or judges are 
applying essentially the same standard in 
ranking the objects under study.  Often their 
pooled ordering may serve as a 'standard,' 
especially when there is no relevant criterion 
for ordering the objects" (Siegel 1956).  
Thus, significant values of test statistics 
indicate that the judges (i.e., representatives 
of the states, provinces, and territories) 
interpreted the relative threats in a similar 
manner.  Indeed, the results indicated at 
least partial concordance among the 
representatives in their orderings of 
challenges to wild sheep management 
(Legendre 2005).  Further examination of 
results that include significant partial 
concordance coefficients based on a 
posteriori tests would help to group 
participants that ranked the perceived threats 
in the same way (Legendre 2005), but that 

analysis was precluded by small sample size 
and a concomitant lack of statistical power. 
 The generally high rank of disease as 
a significant threat to the conservation of 
wild sheep (Table 2) was not surprising, and 
likely reflects the  amount of consideration 
given that topic in recent literature (e.g., 
Garde et al. 2005; Schommer and Woolever 
2001, 2008; Wild Sheep Working Group 
2007; Clifford et al. 2009).  Similarly, 
threats to habitat quality also were ranked 
high by participants, and particularly as they 
relate to areas inhabited by desert bighorn 
sheep (Table 2).  Issues of habitat quality 
included concerns about vegetative 
succession, invasive species, water 
development, and habitat fragmentation 
(Table 1).  It is possible that vegetative 
succession was an important concern among 
participants from areas inhabited by Rocky 
Mountain bighorn sheep (e.g., Wakelyn 
1987, Smith et al. 1999, DeCesare and 
Pletscher 2006), and water availability may 
have been an important concern among 
participants from areas inhabited by desert 
bighorn sheep (e.g., Rosenstock et al. 2001, 
Bleich 2005, Dolan 2006).   

Overall, predation and development 
ranked as moderate, but equally onerous, 
threats to wild sheep conservation (Table 2).  
Predation was perceived to be of the greatest 
importance among participants from areas 
inhabited by desert bighorn sheep when 
compared to areas occupied primarily by 
thinhorn sheep or Rocky Mountain bighorn 
sheep, perhaps a result of recently available 
information (e.g., Sawyer and Lindzey 2002, 
Rominger et al. 2004, Arizona Game and 
Fish Department 2007).  In contrast, 
development was perceived as a much 
greater threat among states inhabited 
primarily by thinhorn sheep, perhaps 
reflecting increased energy exploration and 
exploitation in those areas (Demarchi and 
Hartwig 2004, Canadian Association of 
Petroleum Producers n.d.).  It is unclear why 
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development ranked almost last in terms of 
being problematic for desert bighorn sheep, 
especially when recently enhanced rates of 
permitting and construction of alternative 
energy projects are considered (Leitner 
2009). 

Impacts to connectivity were ranked 
last in importance among threats in areas 
inhabited primarily by thinhorn sheep (Table 
2), perhaps a reflection of the remoteness 
and, thus far, relative lack of human 
influences in those areas.  Given that 
development was of greatest concern in 
thinhorn sheep areas, it was surprising that 
connectivity did not receive a higher 
ranking.  That issues of connectivity ranked 
lower among states inhabited primarily by 
desert sheep than among those states and 
provinces inhabited primarily by Rocky 
Mountain bighorn sheep similarly was 
perplexing, given the amount of recent 
literature regarding the importance of 
connectivity to metapopulation function 
among desert sheep (Schwartz et al. 1986; 
Krausman and Leopold 1986; Bleich et al. 
1990, 1996; Epps et al. 2005a, 2005b, 2006, 
2007).  This enigma is further emphasized 
given the pending development of vast areas 
for solar energy production in the Mojave 
and Sonoran deserts (Leitner 2009). 

It is unclear why habitat 
fragmentation was included as an aspect of 
habitat quality when impacts of 
fragmentation are inversely related to degree 
of connectivity, but it could reflect an 
interpretation based on scale.  Indeed, actual 
habitat destruction may have been perceived 
by participants as a threat at a smaller, more 
local scale, and disruption of movement 
corridors may have reflected concerns at the 
level of the landscape.  Additionally, 
declining habitat quality associated with fire 
suppression in areas occupied primarily by 
Rocky Mountain bighorn sheep (Wakelyn 
1987, Smith et al. 1999, DeCesare and 
Pletscher 2006) may have been perceived as 

having had greater impacts to connectivity 
than the pending anthropogenic modification 
of vast intermountain areas in desert 
ecosystems.  Had issues of connectivity and 
fragmentation been considered to be 
synonymous, rankings of issues considered 
by the participants may have differed. 
 Competition with exotic ungulates, 
and funding ranked overall as the least 
problematic issues with which wild sheep 
are faced (Table 2).  Competition was more 
of an issue among participants from states 
inhabited by desert bighorn sheep, likely a 
reflection of the potential impacts of feral 
donkeys (Equus asinus) on forage or water 
resources (Seegmiller and Ohmart 1981), the 
effects of which are exacerbated during 
periods of extreme or extended drought 
(Marshal et al. 2008).  Despite its overall 
lowest ranking as a challenge to the 
conservation of wild sheep, funding ranked 
ahead of both competition and connectivity 
as an important issue in areas inhabited by 
thinhorn sheep.  Moreover, concern about 
the impacts of inadequate funding within 
those areas was greater than in areas 
occupied primarily by desert bighorn sheep 
or Rocky Mountain bighorn sheep. 
 
Management Implications 

 
The 7 primary categories of threats 

and challenges to wild sheep conservation 
considered in this analysis were developed 
by WSWGII from several dozen that 
initially were considered.  Unfortunately, the 
resulting categories were not mutually 
exclusive, and the analyses presented herein 
were, as a result, somewhat confounded.  
Thus, there is a need to further refine the list 
of challenges with which wild sheep 
managers are faced, and to combine closely 
related issues into fewer categories.  Doing 
so will make it easier to envision 
commonalities among threats and 
challenges, and lead to more meaningful and 
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consistent management recommendations, 
but the decision to do so ultimately is left to 
participants in WSWGII that have been 
charged with the preparation of the 
guidelines.  I further suggest that it will be 
helpful if the challenges are revisited in the 
context of the type of wild sheep (thinhorn, 
Rocky Mountain, desert) affected, rather 
than among North American wild sheep as a 
whole. 
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Abstract Between 2000 and 2006, the population of desert bighorn sheep (Ovis canadensis) 

at Kofa National Wildlife Refuge (KNWR) declined from about 800 to 400 
animals. This population decrease coincided with documentation of breeding 
mountain lions (Puma concolor) inhabiting KNWR. The implication was that 
mountain lion predation on bighorn sheep was culpable for contributing to the 
population decrease.  We evaluated the plausibility that predation alone could 
halve a population of bighorn sheep resembling that of the KNWR herd in 6 
years. Our methods relied on modeling a bighorn sheep population with a discrete 
growth logistic equation founded on demographic parameters measured at 
KNWR, and from expanding bighorn sheep populations elsewhere across the 
southwestern USA. Models evaluated 3 different finite rates of increase (λ). For 
each value of λ, we explored the influence of predation from 1–4 mountain lions, 
using 35 different predation scenarios, which accounted for uneven predation 
occurring across bighorn sheep age classes (12 models). With these same 
demographic parameters, we also quantified the number of years necessary for a 
halved population of bighorn sheep to recover to carrying capacity without 
predation. Results indicated that a bighorn sheep population could be halved in 6 
years with 3 mountain lions when λ = 1.07, in 4 mountain lions when λ =1.17, or 
in 10 years with 4 mountain lions and λ = 1.25. The bighorn sheep population 
could recover in 39 years (λ =1.07), 18 years (λ = 1.17), and 11 years (λ = 1.25).  
Hence, declines to sheep populations can happen quickly with predation, while 
recovery operates much slower. Our efforts do not determine the cause of bighorn 
sheep decreases at KNWR, nor do we report  that  predators  are responsible for it. 
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 Instead, models demonstrated the extent to which predation could have reduced 
the KNWR population of bighorn sheep. Mountain lion predation was capable of 
generating the decline. 

 
Desert Bighorn Council Transactions 50:40–53 

 
Key words bighorn sheep, Kofa National Wildlife Refuge, mountain lion, Ovis canadensis, 

population model, predation, Puma concolor 
 
 Kofa National Wildlife Refuge 
(KNWR) contains 1 of the largest desert 
bighorn sheep (Ovis canadensis) populations 
in the southwestern USA. Maintaining high 
numbers (> 800) of bighorn sheep at KNWR 
is a management goal shared by federal and 
state wildlife management agencies to 
facilitate the translocation of sheep for 
supplementing or establishing populations 
elsewhere (USFWS and AGFD 2007).  
When bighorn sheep populations are below 
management objectives at KNWR, it 
restricts these operations, hindering range-
wide bighorn sheep population management.  
Therefore, the rapid decline of the bighorn 
sheep population at KNWR from about 800 
to 400 animals between 2000 and 2006 
generated much concern among state and 
federal management agencies (USFWS 
2009).  
 Ungulate populations fluctuate 
naturally due to disease, climate change (i.e., 
drought), habitat conditions, harvest, 
predation, immigration and emigration, or 
combinations thereof (Sæther et al. 1997). 
Teasing apart causal relationships can be 
difficult. However, after a presumed lengthy 
absence, the recent documentation of 
breeding mountain lions (Puma concolor) at 
KNWR, coupled with the dramatic decline 
in the sheep population, suggested that 
predation might be the most significant 
variable to account for this demise (Smythe 
2008, Naidu 2009).  Granted, KNWR lacked 
formal surveys for mountain lions, so 
mountain lions may have had an intermittent 
presence at the Refuge prior to detection of 

the breeding population.  However, no 
verifiable mountain lion sign (e.g., tracks, 
feces, cached prey) were reported by Refuge 
staff or visitors in at least 30 years prior to 
formal documentation in 2001 (Smythe 
2008).   
 Other variables monitored at KNWR 
do not seem to account for the dramatic 
population decline. For example, harvest at 
KNWR is regulated to take only 15–25% of 
Class III and IV rams, a sustainable 
percentage (AGFD unpublished data).  
Regular monitoring of 56 radiocollared ewes 
since 2007 has not revealed any long-
distance movements out of the study area, 
making immigration unlikely (USFWS 
unpublished data).  Radiocollared ewes have 
been tested for a number of diseases and 
trace mineral deficiencies, with no specific 
disease or deficiency pattern yet identified, 
and no disease-related die-offs documented 
(USFWS unpublished data). This leaves 
predation and habitat conditions as the 
prominent factors, offering a unique 
opportunity to model predation as a 
significant factor in the population decline.  
 Our efforts accomplish 3 objectives.  
First, we determine, through modeling, 
whether predation alone could account for 
the dramatic decline of the bighorn sheep 
population of KNWR.   Second, by 
comparing and contrasting the results of 
these models differing by mountain lion 
numbers and bighorn sheep population 
trajectories, we provide guidance on the 
amount of predation required to halve this 
population, and evaluate if such levels are 



42 2009 DESERT BIGHORN COUNCIL TRANSACTIONS: VOLUME 50 

Harris et al. • Mountain lion predation can cause bighorn sheep decline 
 

biologically plausible. If predation could 
cause the population decline, it would 
warrant further examination into the role of 
predation with other important phenomena 
(i.e., climate), while adding support to 
management actions aimed at reducing 
predation on bighorn sheep. Third, with 
these same data, we modeled population 
recovery times.  These estimates generate a 
timeframe for expecting bighorn sheep 
population recovery.  
 
Methods 
 
 To model the effect of predation on 
the bighorn sheep population at KNWR, we 
initially established the carrying capacity 
(K) of the population.  We then calculated 3 
possible rates of bighorn sheep population 
increase (λ) based on demographic 
parameters.  Using each value of λ we 
analyzed the effect of predation from 1 to 4 
mountain lions over time (6 and 10 years).  
Since predation can occur unevenly across 
age classes, we evaluated 35 different 
scenarios for each level of predation.  
Results represent averages of the 35 
scenarios.  Finally, using the same 
parameters, we quantified the number of 
years necessary for the halved population to 
recover (approximate K). 
 Establishing K.—At KNWR, 
bighorn sheep population sizes have been 
estimated since 1981 using aerial surveys 
(Figure 1).  Surveys between 1981 and 1992 
were conducted annually (USFWS and 
AGFD 2007). Improvements in population 
estimation methodology were incorporated 
in 1995 by using a double-sighting 
helicopter survey method (Hervert et al. 
1998).  With this greater accuracy came cost 
increases, so population surveys were 
reduced to 3-year intervals starting in 1994. 
After 2006, with the dramatic decline in 
numbers of bighorn sheep on KNWR, the 

 
Figure 1. Population estimates of desert bighorn 
sheep over time at KNWR (black points).  The 
black line links these estimates with a third order 
interpolation. 
 

 
 
Figure 2: Per capita growth rate of the KNWR 
bighorn population )*1(

dt
dN

N
 against population 

size (N). Points receive a linear fit (y = 0.848 - 
0.001 * x , black center line with 95% confidence 
intervals (bounding black lines).  An estimate for 
K comes from the x-intercept of the fitted line (847 
bighorn [788 – 905; 95% confidence interval]). 
 
population surveys returned to a yearly 
schedule.  
 Since the bighorn sheep population 
estimates during 1982–1992 were 
consecutive (except 1983, which was 
estimated by averaging counts of 1982 and 
1984), and lacked documented presence of 
mountain lions or predation by mountain 
lions, we used these years to estimate K 
(Figure 2).   Data describing per capita 
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growth rate and population size for the Kofa 
bighorn sheep received a linear fit (y = 
0.848 - 0.001x). K is estimated from the x-
intercept of the fitted line (847 total bighorn 
sheep, 794–899; 95% confidence intervals 
(Gotelli 1998)).  
 Life history parameters.—One of the 
best ways to understand changes in 
population sizes is to model them with a life 
table (Leslie Matrix). An assumption of this 
approach is a stable-age distribution, where 
the proportion of individuals in each age 
class remains constant over time (Krebs 
2009).  To construct the life table, we 
needed to know bighorn sheep demographic 
ratios as well as estimates of age-specific 
survivorship and birthing rates for each age 
class of bighorn sheep, plus reproductive 
output. The latter is the per-capita surviving 
births in each age class, calculated by 
multiplying the per capita birth rate by the 
survivorship probability for age class zero 
(into which all newborns enter). The product 
yields the number of individuals in age class 
0-1 for the following year. 
 Demographic ratios.—To obtain 
ratios of male and female bighorn sheep 
along with proportions of age classes, we 
relied on bighorn sheep surveys conducted 
at KNWR and elsewhere within the 
southwestern USA.  At KNWR, surveys 
between 1981 and 2008 indicate a 
population (yearling and above) of 62% 
females and 38% males (61 males:100 
females).  The trend for more females in the 
population follows that of all populations of 
bighorn sheep in the southwest (59 males to 
100 females) and trends statewide of 57:100 
(Remington 1989).  Our analyses relied on 
60% of the population being female and 
40% male. Hence, a population of 800 
bighorn sheep has about 480 females and 
320 males. Bighorn sheep surveys on Kofa 
between 1981 and 2008 also reveal the 
following mean age ratios of females in the 
population: 83.6% (± 4.4% SD) adults, 7.5% 

(± 3.7% SD) yearlings, and 9% (± 2.2% SD) 
lambs.  Our analyses used these means.   
 Survivorship.—Models contained 5 
age classes of females: lambs, yearlings, 
young breeders (2–7 years of age), old 
breeders (8–12), and older breeders (13–15); 
and 4 classes of males: lambs, yearlings, 
young breeders (2–7), and old breeders (8–
13) (Jorgenson et al. 1997; Loison et al. 
1999, Festa-Bianchet et al. 2006). Each class 
has its own survivorship, representing the 
probability of a bighorn sheep surviving 
from age class x to age class x + 1.  
 From 1980–1986, the lamb:ewe ratio 
reported for KNWR was 0.22:1 (Remington 
1989). Similarly, the mean ratio from 1980–
2008 is 0.2:1 for KNWR (AGFD 
unpublished).  Ratios (survivorships) vary 
from a minimum of 0.13 to a maximum of 
0.36. These lamb:ewe ratios are comparable 
to those reported in other population of 
desert bighorn sheep (Witham 1983, 
McQuivey 1978, Wehausen 1996).  We used 
lamb survivorships of 0.25. 
 Survey data at KNWR between 1980 
and 2008 indicate a yearling survivorship of 
0.876 (AGFD unpublished data). When 
yearling survivorship was based on 34 ewes 
between December 2007 through December 
2008, rates for KNWR were estimated at 
0.902 (USFWS unpublished data).  
Jorgenson et al. (1997) report yearling 
survivorship of 0.833 ± 0.025 for Rocky 
Mountain bighorn sheep (Ovis canadensis 
canadensis).  Survivorship for prime aged 
bighorn sheep (ages 2–7) at Sheep River and 
Ram Mountain in Alberta Canada, were 0.92 
and 0.945 respectively (Jorgenson et al. 
1997; Loison et al. 1999). Older bighorn 
sheep (>7 yrs) had survivorship of 0.85–
0.86 (Jorgenson et al. 1997). 
 We did not rely solely on 
survivorship estimates or estimates of λ 
from KNWR, because survivorship 
estimates come from a time including 
predation, and the majority of population 
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Table 1.  Three sets of survivorship values of male and female bighorn sheep, based on data from sources 
reported in text, with slight modification to generate the respective values of λ, calculated from Leslie 
Matrices for female bighorn sheep. 
 
 Female  Male 
λ Lambs Yearling Age 2–7 Age 8–12 Age 13–15  Lambs Yearling Age 2–7 Age 8–13 
1.07 0.09 0.89 0.93 0.82 0.76  0.09 0.72 0.74 0.70 
1.17 0.09 0.92 0.95 0.91 0.88  0.09 0.69 0.70 0.65 
1.25 0.09 0.98 0.97 0.95 0.89  Modeled with females 
 
 
surveys at KNWR occurred when the 
population was at or near K, with a mean λ 
of 1.02.  Whether survivorship estimates 
from other locations also occur from 
situations with predation remains unclear 
(Jorgenson et al. 1997; Loison et al. 1999). 
Despite this, survivorship values chosen 
were based upon the above sources and 
guided by survivorship calculated from 
KNWR and additional references 
(Remington 1989, Festa-Bianchet et al. 
2006; Table 1). We modified survivorships 
in 3 different ways, such that Leslie-Matrix 
calculations resulted in 3 different values of 
λ.  These 3 sets of parameters and 
subsequent values of λ were used in the 
predation models.  All values of λ 
correspond to survivorship values gained 
from predation free and expanding bighorn 
sheep populations elsewhere (Remington 
1989, Gaillard et al. 2000; Table 1). The size 
of λ informs the consequences of mortality 
whether caused by predation or other factors 
(e.g., McCullough 1989, Bartmann et al. 
1992).  The higher the λ, the less effect 
predation has on reducing bighorn sheep 
numbers.  When the population is 
increasing, less bighorn sheep are dying 
from other causes, and more females are 
living to produce more young.  
 To estimate the total population size 
of bighorn sheep, we modeled the numbers 
of females and males (Table 1).  
Survivorship values for males are based on 
Jorgenson et al. (1997) and Festa-Bianchet 
et al. (2006).   
 Birth rate.—Our approach assumed 
sexual maturity of female bighorn sheep at 2 

years, although the minimum breeding age 
may be as young as 13 months (Berger 
1982). We modeled each female aged 2–16 
to produce a single lamb each year (Berger 
1982, Remington 1989, Jorgenson et al. 
1997) because females rarely have twins 
(Morgart and Krausman 1983).  A 
maximum age of 16 for females is consistent 
with other reported bighorn sheep 
populations (Loison et al. 1999).   
 As long as input parameters are 
biologically sensible, life history analyses 
can start with various proportions of age 
groups, and the population will arrive at a 
stable age distribution with appropriate 
proportions of age classes (Krebs 2009). As 
such, we began our simulation with 439 
females and 292 males, resulting in 731 
desert bighorn sheep. When including an 
additional 9% of the population (66) as 
lambs, it equates to a total population of 
about 800 bighorn sheep.  Within the female 
class (ewes), there were 90 yearlings, 205 
young breeders (ages 2–7), 117 old breeders 
(ages 8–13) and 27 older breeders (ages 14–
16). These starting totals excluded lambs, 
but the population totals reported included 
lambs (numbers of lambs added in during 
final steps).   
 Determining predation, trans-
location, and harvest rates.—There is much 
variation in reported mountain lion 
predation on bighorn sheep. At Mount 
Baxter in the Sierra Nevada, mountain lions 
averaged 3.76 bighorn sheep/year from 
1976–1988 (Wehausen 1996).   In the 
Peninsular Ranges of California, mountain 
lions preyed on 42 bighorn sheep in 7 years, 
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averaging 6/year (Hayes et al. 2000).  Ross 
et al. (1997) report 29 bighorn sheep 
predation events by mountain lions during 
the winters (November–April) of 1985–1986 
and 1993–1994.   Of these events, 13 were 
lambs, 9 were ewes, and 7 were rams, 
generating a mean of 7.25 kills/winter (4.4 
ewes/winter).  This may be extrapolated to 
~15 kills (~9 female sheep) per year.  The 2 
most extreme predation events reported by 
Fiesta-Bianchet et al. (2006) were the loss of 
15 adult and yearling ewes in 1 year at Ram 
Mountain and 3/year over 4 years at Sheep 
River (both in Alberta, Canada).  Logan and 
Sweanor (2001), relying on a sample of 126 
radiocollared mountain lions, found that 8 
mountain lions killed 10 bighorn sheep over 
10 years time. Four stomach and 832 fecal 
samples from mountain lions revealed a 
more accurate biomass estimate of prey 
consumed, with 92% of dietary biomass 
comprising mule deer and <1% bighorn 
sheep (Logan and Sweanor 2001). 
Hornocker (1970) found few bighorn sheep 
taken by predators despite spatial overlap (1 
of 46 mountain lions killed 2 bighorn sheep 
over 4 years from a population of 125 
bighorn sheep).   
 The use of real-time, satellite relayed 
GPS locations of mountain lions now allows 
researchers to recognize and locate nearly all 
large animal predation events. Four 
mountain lions received satellite GPS collars 
at KNWR from 2007–2009, and predation 
rates were calculated from kills found while 
monitoring these radiocollared animals.  On 
average, mountain lions ate 31 ungulates per 
year, with 45% of predation on deer and 
55% on bighorn sheep. Although lamb 
predation was documented, the number of 
lambs preyed on by mountain lions was 
multiplied by 0.25, to account for lambs’ 
low survivorship even in the absence of 
predation (hence, only 1 of every 4 lamb 
predation events were counted to calculate 
this predation total).  Overall, this generated 

a predation average of 15 bighorn sheep (8 
ewes and 7 rams) per year for each lion 
(USFWS unpublished).   
 A weakness of using predation rates 
calculated from radiocollared animals on 
KNWR is small sample size.  Few mountain 
lions have been radiocollared because of the 
difficulty in capturing these elusive animals 
in harsh terrain, and radiocollared mountain 
lions at KNWR were killed when their 
predation levels exceeded predefined 
management thresholds (when each lion 
killed more than 1 bighorn sheep in a 6-
month period). Hence, predation rates of 
mountain lions on bighorn sheep at KNWR 
are based on short time periods (2–6 months 
per mountain lion) and could have been 
higher (were lions to continue killing sheep). 
 Other studies documenting predation 
rates (referenced above) place the predation 
rates calculated at Kofa in context, and 
provide greater confidence in them being 
biologically reasonable. Mountain lion 
annual predation rate on bighorn sheep at 
KNWR mirrors high levels of predation on 
ewes reported elsewhere (Ross et al. 1997, 
Hayes et al. 2000, Fiesta-Bianchet et al. 
2006).  Therefore, our analyses relied on 
predation levels calculated at KNWR.  
 Bighorn sheep translocation and 
harvest.—With 1 of the largest bighorn 
sheep populations in the southwest, KNWR 
has served as a source population for 
translocating bighorn sheep to other 
locations, range-wide.  Females (and less 
often males) are removed from this 
population for management purposes.  The 
numbers of bighorn sheep removed by 
management from 2000–2005 were 
accounted for separately within the models. 
Translocations were discontinued after 2005 
and will not resume until the population 
reaches 800 bighorn sheep (USFWS and 
AGFD 2007).   
 Hunting of male bighorn sheep 
occurs annually on KNWR. On average, 12 
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male bighorn sheep were removed per year 
from 2000–2008.  The actual number of 
males harvested each year were used in the 
models. 
 Model development.—The assump-
tions within our models include: 
 

1) Constant K (e.g., droughts, disease 
have no effect). 

2) Density affects bighorn sheep 
survival and is logistic in form. 

3) Mountain lion predation on bighorn 
sheep does not exhibit a functional 
response. Hence, mountain lions do 
not switch prey, or change predation 
rates as absolute or relative prey 
abundance changes. 

4) Bighorn sheep do not change 
behavior with variation in K. 

5) Mountain lion predation is 
compensatory for lambs only. 

6) All ewes produce a single lamb, for 
which a quarter survive the year. 

 
These assumptions pertain to phenomena 
identified by ecologists as important drivers 
of population dynamics and predator-prey 
relationships (Roughgarden 1974, Fowler 
1981, Pimm 1991).  We make them for 2 
reasons.  First, our focus is predation. We 
neutralize the influence of other factors to 
determine the extent to which predation, 
when relatively isolated, can be a plausible 
determinant of the reported population 
decline.  If predation could cause the 
decline, under these assumptions, it then 
warrants further, more in-depth examination 
with the assumptions relaxed. Second, we 
lack any information describing prey 
switching by mountain lions, and behavioral 
responses by mountain lions to varying 
numbers of any prey, let alone declining 
bighorn sheep numbers (see Discussion). 
These deficiencies are not restricted to 
mountain lions, but to the best of our 

knowledge, such information remains 
widely absent for mammalian carnivores. 
 Our analyses of bighorn sheep 
populations are based from the following 
logistic model (Jensen 1995, Miller et al. 
2002): 
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Where,  
 

Nt+1 = vector of age classes at time t+1.  
Nt = vector of age classes at time t. 
K = carrying capacity. 

tNT )( = total number of bighorn sheep 
summed over all age classes at time t. 

M = Leslie matrix. 
I = Identity Matrix.  
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(and fi = fecundity of age class i, and si = 
survivorship of age class i) 
 
 Calculations rely on matrix algebra, 
with the model incorporating density 
dependence by the equation: 
 

K
TK tN )( )(−

 

 
 For example, when the population 
size is at carrying capacity (i.e., tNT )( = K), 
then population growth = 0, so population 
size at the next time step is simply the 
population size at the previous time step, 
and the population remains at K.  If the 
population size is very low with respect to 
K, the equation is approximately equal to 1.  
Population growth is maximized, and 
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subsequently decreases as the population 
size approaches K.  Were tNT )( above K, the 
equation becomes negative, so the 
population declines to K.  This equation, 
therefore, forces a population to K, where it 
stays. 
 We incorporated predation by 
removing bighorn sheep prior to the 
multiplication of the Leslie Matrix and the 
population vector.  For example, if we 
started with a population size of 600 bighorn 
sheep and wanted to model the removal of 
15 bighorn sheep by mountain lions, then 
585 bighorn sheep distributed in the 
appropriate age classes constituted the initial 
population vector (Nt).   
 Such modeling can occur in a 
number of ways. With our approach, we 
modeled females, excluded lambs, and then 
added in males and lambs later.   Hence, we 
modified K, only taking 60% of K (since 
60% of the population is females) and taking 
a further 9% to remove lambs.  Total K for 
this population is 847, so when K is 
modified to only account for females, it 
becomes 457.  We then modeled the 
population with λ = 1.07 and λ =1.17. When 
λ was set high (λ = 1.25) we modeled male 
and female bighorn sheep together. As 
above, lambs were excluded from 
calculations and subsequently included at 
the end (by adding in 9% of the resulting 
population sizes of males and females).   
 The model runs off a birth pulse.  
Female lambs are determined by the number 
of offspring produced by adult females in a 
previous year, multiplied by 0.5 (assuming 
equal sex ratio at birth), and then multiplied 
by lamb survivorship (0.25).  This is the 
number of surviving lambs that will become 
yearlings (i.e., recruits), and added into the 
numbers of bighorn sheep for a given year to 
obtain a total count of females. 
 To model numbers of males (when 
separate), the first cohort began with 84 
yearlings, 184 young males and 24 old 

males.  A vector describing the number of 
males in the population was then multiplied 
by the respective survivorship estimates/age-
class.  The number of male lambs moving 
into the yearling age-class was the same 
number of female lambs moving into their 
respective yearling age-class.  A total 
population size of bighorn sheep for a given 
year was calculated by adding in lambs with 
the total number of males and the total 
number of females, for that year.   
 For predation, there are many 
combinations of age classes from which 
mountain lions can remove bighorn sheep.  
This matters most for females, because 
removing young breeders has a greater 
impact on population growth than older 
breeders.  Therefore, we generated 35 
scenarios describing such combinations 
(e.g., increased predation on young females 
versus increased predation on old females, 
with mixtures of each). The distribution of 
predation across age classes matters much 
less on male bighorn sheep, so in these 
models, predation is spread evenly across 
age classes, and does not vary within a given 
scenario (except when modeled with 
females).  
 Population recovery.—We also 
examined the amount of time required for a 
depressed population to recover.  These 
analyses used the same demographic 
parameters above, but began with a 
population size of 217 female bighorn sheep 
(about the number of females in ½ of K). 
Predation, bighorn sheep removals by 
management, and harvest were excluded.  
Recovery occurred when the numbers of 
females neared K (about 457 females). 
 
Results 
 
 We report results at 6 and 10 years to 
mirror the time period in which the KNWR 
bighorn sheep population was halved, and to 
extrapolate results to the present.  We began 
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Table 2.  Estimated population sizes (± SD) of male, female, and lamb bighorn sheep, or female bighorn sheep 
only, over 6 and 10 years time, with varying amounts of predation and λ.  Table includes the number of years 
required for the population to be halved (reach 400 total bighorn sheep or 231 female bighorn sheep 
[excluding lambs]).  Analyses began with ~800 total bighorn sheep (or 439 female bighorn sheep) with values 
representing averages of 35 scenarios. 
 

 λ = 1.07  λ = 1.17 
Lions 

(#) 
Bighorn 
sheep 

killed/year 

 Total population  Females minus lambs  Total population  Females minus lambs 

 F M  6 yrs 10 yrs Yrs to 
reach 
400 

 6 yrs 10 yrs Yrs to 
reach 
231 

 6 yrs 10 yrs Yrs to 
reach 
400 

 6 yrs 10 yrs Yrs to 
reach 
231 

0 0 0  702 716 N/A  388 402 N/A  724 772 N/A  410 433 N/A 
1 8 7  615(5) 583(7) >30  346(1) 337(3) >30  659(4) 683(5) >30  377(1) 388(2) >30 
2 16 14  523(7) 443(15) 16(4)  303(4) 269(10) 20(7)  584(6) 572(9) >30  341(3) 335(6) >30 
3 24 21  429(10) 297(26) 8(0)  258(6) 196(18) 9(0)  503(8) 448(16) 17(6)  303(5) 273(11) 15(1) 
4 32 28  337(15) 143(43) 6(0)  213(10) 119(29) 7(0)  415(9) 295(28) 9(1)  261(8) 200(19) 9(1) 

 
 
Table 3.  Estimated population sizes (± SD) of male, female, and lamb bighorn sheep, or female bighorn sheep 
only, over 6 and 10 years time, with varying amounts of predation and λ.  Table includes the number of years 
required for the population to be halved (reach 400 total bighorn sheep or 231 female bighorn sheep 
[excluding lambs]).  Analyses began with ~800 total bighorn sheep (or 439 female bighorn sheep) with values 
representing averages of 35 scenarios. 
 

  λ = 1.25 
Lions (#) Bighorn sheep killed/year Total population 

 Male and female 6 years 10 years Years to reach 400 
0 0 762 796 N/A 
1 15 709(1) 726(2) >30 
2 30 646(3) 636(6) >30 
3 45 584(3) 530(12) 1/3 of scenarios reach 400 
4 60 517(15) 407(33) 12(2) 

 
 
by modeling the trajectory of the bighorn 
sheep population without predation, 
translocations or harvest.  The population 
quickly reached K, after 3 to 12 years (with 
the 3 varying values of λ). 
 Seventy-nine bighorn sheep (64 
females and 15 males) were removed from 
KNWR for translocation purposes from 
2001–2005 (2001: 7M, 20F; 2002: 2M, 19F; 
2005: 6M, 25F).  Harvest occurs only on 
rams, and 104 rams were harvested on 
KNWR between 2000 and 2008. Without 
predation, such removals would cause the 
total population to drop to 724 bighorn 
sheep after 6 years and 772 bighorn sheep 
after 10 years when λ is 1.17. Depending on 
λ, the bighorn sheep population takes 11–39 
years after the cessation of these removals to 
return to K, although values approach K 
considerably sooner. 

 Next, we incorporated predation, 
with all scenarios including translocations 
and harvest (Tables 2 and 3).Values 
represented averages from the 35 different 
predation scenarios (Figure 3).  These 
models indicated that the desert bighorn 
sheep population (males, females, and 
lambs) could be approximately halved in 6 
years with predation from 3 mountain lions 
when λ = 1.07, or with predation from 4 
mountain lions when λ =1.17  (Table 2, 
Figure 4).  Predation from 2 to 3 mountain 
lions can halve the bighorn sheep population 
in 10 years (when λ = 1.07 or 1.17 
respectively). When λ =1.25, it takes 10 
years for predation from 4 mountain lions to 
halve the population (males, females and 
lambs; Table 3).  
 Population recovery.—We modeled 
bighorn sheep population recovery by 
evaluating females (excluding lambs), with a 
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Figure 3.  Example of predation modeling, with 
predation on 16 female bighorn and 14 male 
bighorn per year (by 2 mountain lions) at KNWR 
(λ = 1.17).  The black line is the population 
trajectory for bighorn which includes harvest and 
translocation but not predation. Gray lines 
represent 35 different predation scenarios, 
varying by the number of bighorn removed from 
different age classes of females. The dashed black 
line indicates the average of the 35 scenarios. 
 
 

 
 
Figure 4 – Graphical results of predation 
modeling (λ = 1.17), with the modeled bighorn 
sheep population including males, females and 
lambs. Gray line represents the bighorn sheep 
population trajectory with no harvest, 
translocation, or predation. Black solid line 
represents bighorn sheep population trajectory 
with harvest and translocation, but without 
predation.  The bighorn population returns to 
carrying capacity after ~20 years.  Black, dashed 
lines indicate bighorn sheep population responses 
to mountain lion predation, simulated from 
averaging 35 different predation scenarios, 
spanning 1–4 mountain lions (number next to 
black dashed line). Each mountain lion removes 8 
female and 7 male bighorn sheep/year.  The 
bighorn sheep population can essentially be 
halved in 10 years with predation from 3 
mountain lions, or in 6 years with predation from 
4 mountain lions. Data correspond to values in 
Table 3. 

starting population size of 217 bighorn 
sheep, and with predation, translocation, and 
harvest ceased. The bighorn sheep 
population would essentially return to 425 
(32 female bighorn sheep below K) in 39 
years when λ = 1.07, 18 years when λ = 
1.17, and 11 years when λ = 1.25.  These 
form benchmarks of population recovery 
with varying growth rates. 
 
Discussion  
 
 Mountain lions inhabiting KNWR 
averaged 15 bighorn sheep predation 
events/year (USFWS unpublished data). 
Recent genetic analyses of feces on KNWR 
indicate that a minimum of 11 mountain 
lions used the KNWR between 2006 and 
2009 (Naidu 2009). Two additional 
radiocollared mountain lions were not 
detected by Naidu (2009), yet 4 of the 
detected mountain lions were removed 
through management actions.  This 
outcome, coupled with the decline in 
bighorn sheep at KNWR, and the modeling 
results herein, suggests that predation by 
mountain lions could form a strong 
contributing factor in causing the population 
decline of desert bighorn sheep at KNWR. 
 Predation rates.—Examining the 
predation rates of mountain lions on bighorn 
sheep reported elsewhere, exposed 3 
problems with extrapolating predation rates 
determined from 1 location to another. First, 
bighorn sheep populations differ in size. 
Seemingly, the larger the bighorn sheep 
population, the more likely a bighorn sheep 
will be preyed upon. Yet, rarely do studies 
provide the bighorn sheep population size 
when predation on them is reported.  
Second, different methods are used to find 
prey killed by mountain lions.  This biases 
our ability to quantify predators’ take on a 
given species, which in turn hinders making 
across-site comparisons.  Third, the vast 
majority of studies describing mountain lion 
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predation on bighorn sheep do not report the 
presence or density of alternative prey 
sources (notably deer).  
 Between 2000 and 2008, the mule 
deer population at KNWR did not elicit a 
similar population decline as bighorn sheep, 
but remained relatively stable at 812 animals 
(SD 156) (AGFD unpublished data). 
Developing models to include this variable 
could inform multiple hypotheses.  One, 
when 2 prey species share the same 
predator, an increased density in 1 of the 
prey species could increase the density of 
the predator. This could then decrease the 
density of the other species of prey — as 
there are now more predators around to kill 
(Holt 1977, Pimm 1991).  An alternative is 
that increases in 1 prey species could 
decrease predation on the other prey species, 
as more individuals of the former mean less 
relative numbers of the latter, and therefore 
less probability for a predator to kill them.  
 Essentially, ecologists have yet only 
a poor understanding of how a predator’s 
behavior and density changes with the 
changes in density of multiple prey species 
in the biotic community.  This grows 
complicated quickly, for even within 
KNWR some mountain lions resided in 
locations with deer abundances much higher 
than bighorn sheep, and vice versa.  Studies 
reporting predation rates by mountain lions 
would be more valuable when including 
information describing focal prey population 
sizes, the methods used to quantify 
predation rates, and the population size(s) of 
major alternative prey. This helps place the 
predation rates in context, and assists with 
extrapolating results elsewhere. 
 Density dependence and K.—
Density dependence refers to fluctuations in 
a species vital rates generated from changes 
in the population size. For example, 
survivorship rates are expected to rise when 
population numbers are low (e.g., more 
resource availability, less opportunity for 

disease transmission), and survivorship rates 
are expected to decline when population 
numbers are high.  Therefore, if the mean 
carrying capacity for bighorn sheep was 
identified as 847 animals, survivorship 
should decline when bighorn sheep numbers 
exceed that value and survivorship values 
should increase with bighorn sheep numbers 
below that value.  Moreover, when bighorn 
sheep survivorship is high, predation is 
likely to act more additively (since less 
sheep are dying from other causes, 
proportionately).  Conversely, predation 
would tend to be more compensatory as 
survivorship rates decline (with more deaths 
likely to occur from causes other than 
predation).  We lack robust data describing 
the additive-compensatory nature of 
predation on KNWR. 
 In arid environments, resource 
availability is strongly linked to yearly 
variation in precipitation, and can influence 
bighorn sheep numbers (Bender and 
Weisenberger 2005).  During severe dry 
periods, intraspecific competition also 
increases, resulting in depressed nutritional 
condition, recruitment, and survival.  For 
example, in 20 different bighorn sheep 
populations in the southwest, Marshal et al. 
(2009) reported that as the coefficient of 
variation for rainfall increased, density-
dependent effects were less evident because 
resource availability, and thus K, varied 
from year to year.  Consequently, resource 
availability, and thus K, should vary from 
year to year as habitat conditions improve or 
decline. To account for a varying K, 1 
solution would be to incorporate 
precipitation as a stochastic variable in the 
models, based on the observed range of 
precipitation in this area during the modeled 
period. 
 Like most modeling exercises, our 
analyses simplified a complicated biological 
system.  Deducing the causes of bighorn 
sheep population fluctuations would involve 
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a more complex model that incorporates 
variation in K and λ, while including other 
variables (e.g., climatic, behavioral). Some 
variables could account for environmental 
stochasticity, and all would tend to dampen 
or accentuate population increases and 
declines.  
 Such evaluations were beyond the 
scope of our study. Therefore, we did not 
determine what caused the KNWR bighorn 
sheep decline, nor did we conclude that 
predators were solely responsible for the 
decline.  Instead, our simplification 
advances insight and understanding on the 
role and characteristics of predation within 
this ecological system, with variation in 
other phenomena removed.  Our methods 
and results pertain to a simulated population 
of bighorn sheep resembling those 
inhabiting KNWR, but do not allow direct 
inference to this population. Interestingly, 
the KNWR bighorn population has remained 
stable from 2006–2009 and has not 
continued to decline, demonstrating that a 
variety of factors are at work (USFWS 
unpublished). 
 
Management implications 
 
 We sought insight into the 
relationships between bighorn sheep 
removal, population response and size. 
Results demonstrated that predation from 3–
4 mountain lions could halve a population of 
800 bighorn sheep in about 6 years, whereas 
removals that occurred solely from harvest 
and translocations could not.  Under the 
same parameters, it took about 11 to 40 
years for a halved population of bighorn 
sheep to rebound (return to about K).  
Seemingly, declines to bighorn sheep 
populations can happen relatively quickly, 
while population recovery operates more 
slowly.   
 Levels of harvest on males at KNWR 
after 2000 had little effect on the overall 

numbers of bighorn sheep over time. 
However, the bighorn sheep population of 
KNWR would be more resilient to predation 
were translocations not conducted.  A 
primary justification for maintaining large 
numbers of bighorn sheep at KNWR is for 
relocating animals to augment or establish 
populations elsewhere, as agencies presume 
that the sizes of many bighorn sheep 
populations remain flat or in decline across 
the southwest.  Understanding the dynamics 
of the regional sheep population (the grand 
total of bighorn sheep over time) strongly 
influences the type (and impetus) of 
management at local populations.   For 
example, if the regional population of 
bighorn sheep is rising (or stable), whereby 
some local populations are growing when 
other local populations are declining, then 
perhaps intensive management to curb 
bighorn sheep population declines at some 
individual populations can slacken.   
 Our results do not imply that other 
factors, such as reductions in habitat quality, 
disease or climatic events (i.e., drought), are 
not contributing to the KNWR bighorn 
sheep population decline.  Were these 
factors involved, they would probably act 
additively in reducing bighorn sheep 
numbers (Brown 1984, McKinney et al. 
2001, Epps et al. 2004).  Analyses herein 
illustrated that mountain lion predation was 
capable of generating the reported 
population decline of desert bighorn sheep at 
KNWR.    
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Populations 
 

Estimates of Arizona's desert 
bighorn sheep (Ovis canadensis mexicana 
and O. c. nelsoni) populations have 
stabilized or slightly increased over the past 
2 years statewide.  Desert sheep are 
estimated to number about 4,500.  Ram:100 
ewes:lamb ratios averaged 57:100:34 in 
2008 (n = 1,563) and 53:100:33 in 2009 (n = 
1,935).  Based on survey data, Arizona 
currently has an estimated population of 
4,500–5,000 desert bighorn sheep 

The desert bighorn sheep population 
in the Kofa Mountains (Units 45A, 45B, and 
45C) in southwestern Arizona has stabilized 
at about 400 animals (the population had 
been at about 800 in 2000).  Moderate 
increases have been observedin the Black 
Mountains (Units 15B West, 15C, and 15D) 
of northwestern Arizona.   

Rocky Mountain bighorn sheep (O. 
c. candensis) continue to prosper in Arizona.  
This population is estimated at about 800 
animals. Ram:100 ewes:lamb ratios aver-
aged 40:100:40 in 2008 (n = 577) and 
55:100:48 in 2009 (n = 209).  For both 
Rocky Mountain and desert bighorn sheep, 
Arizona surveys about one third of the 
population annually, although the Kofa and 
Black Mountain populations have been 
surveyed annually since declines were first 
noted. 

Research 
 
 Active research continues primarily 
on effects of roadways and mitigating 
features on permeability for desert bighorn 
sheep.  Publications have been limited 
recently, although 2 contract reports have 
been completed (Bristow and Crabb 2008, 
McKinney and Smith 2007).  Wakeling et 
al. (2009) also provided a collaborative 
review of the desert bighorn sheep 
restoration efforts in the Southwest.  Harris 
et al. (2009) used computer modeling to 
determine that mountain lion (Puma 
concolor) predation was capable of eliciting 
the numerical response in bighorn sheep 
observed in the Kofa and Castle Dome 
Mountains. 
 
Habitat 
 
 The Department works with private 
organizations (primarily the Arizona Desert 
Bighorn Sheep Society [ADBSS]) and 
federal agencies to achieve habitat 
improvements.  Many of these projects are 
solicited each year through the Department's 
Habitat Partnership Committees and are 
funded with Special Big Game License-Tag 
funds generated through the sale of 2 sheep 
tags.  In 2005, this law was amended to 
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allow for the sale of 3 Special Big Game 
License-Tags. 
 In 2008, the Department and ADBSS 
coordinated on individual projects for 
$217,849, and in 2009 we coordinated on 
projects for $287,139.  Projects involved 
building or maintaining water sources, 
habitat, sheep survey, and translocations.   
 
Translocations 
 
 Due primarily to the reduced 
abundance of desert bighorn sheep in 
Arizona, few were moved during 2008–
2009.  No bighorn sheep were translocated 
in 2008, and only 5 were translocated in 
2009.  On 17 November 2009, 5 desert 
bighorn sheep were captured near Saddle 
Mountain, south of Tonopah, Arizona, and 
relocated the same day to the Buckeye Hills 
south of Buckeye, Arizona.  All bighorn 
sheep were marked with GPS telemetry 
collars to monitor their movements and to 
determine if other bighorn sheep might form 
herds with them in this area of extreme low 
abundance.  This brings the total of bighorn 
sheep moved in Arizona to 1,879. 
 
Harvest 
 
 Bighorn sheep permits remain the 
most sought after hunting permits in 
Arizona, although demand has dropped 
substantially with the nationwide economic 
downturn.  In 2008, 9,017 individuals 
applied for the 93 available permits, whereas 
in 2009, 8,500 individuals applied for the 90 
available permits.  Arizona's inability to 
consistently provide an online application 
for which credit cards can be used to pay 
application fees influences demand for 
permits substantially. 
 During the 2008 season, 94 hunters 
participated (an extra permit was issued due 
to administrative error), harvesting 86 rams 
in 702 days of hunting.  Hunt success 

averaged 91.5%.  In 2009, 89 hunters 
participated, harvesting 87 rams in 533 days 
of hunting.  Hunt success averaged 97.8% in 
2009. 
 In 2008, age of harvested rams 
ranged from 2 to 12 (x̄ = 7.4), and horns 
green scored from 94 3/8 to 183 2/8 (x̄ = 
155 6/8 B&C).  In 2009, age ranged from 3 
to 11 (x̄ = 7.6) on harvested rams, and green 
scores on horns ranged from 100 to 187 (x̄ = 
156 7/8 B&C). 
 Continuing a long history, the 
Arizona Game and Fish Commission 
awarded the Special Big Game License Tags 
for bighorn sheep (2 tags per year) to 
ADBSS in 2008 and 2009, with a third tag 
in each year through the Arizona Big Game 
Super Raffle (AZBGSR).  Each year, 
ADBSS has traditionally auctioned 1 tag at 
the Wild Sheep Foundation Annual 
Convention and auctions the second at their 
fundraising banquet.  The third is raffled 
through AZBGSR. In 2008 and 2009, 
$341,950 and $312,250 were raised with 
these permits, respectively. 
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Desert bighorn sheep (Ovis 
canadensis) in Colorado appear to be stable 
or increasing across the state.  In 2008, there 
were about 340 desert bighorn sheep in 4 
herds in the state.  The Dominguez-
Escalante herd numbers about 150 animals.  
The Upper Dolores River herd comprises 
about 30 animals, and the Black Ridge herd 
has ≥90 animals.  The Middle Dolores River 
herd has about 30 animals, yet the general 
trend of the population is unknown. 

In 2007 and in 2008, 4 rams were 
harvested from these herds.  No ewe licenses 
were issued and none were harvested.  
Licenses increased to 6 ram licenses in 
2009.  Increases in license numbers are 
directly related to improved population 
estimates in the Black Ridge herd. 

The Colorado Division of Wildlife 
(CDOW) is continuing a multi-year study in 
the Black Ridge herd to document basic 
natural history information and obtain more 
accurate population estimates using mark-
resight surveys.  This project has 
dramatically improved population estimates, 
allowed for the reestablishment of a ram 
hunting season, and documented lambing 2 
months earlier than previously estimated.  
Habitat selection analysis and research into 
habitat selection is anticipated.  A predator-
control study is in the planning stages for the 
Middle Dolores herd. 

The Dominguez-Escalante herd 
generally uses an area recently classified as 
a National Conservation Area.  This herd is 
experiencing dramatically increasing 
recreational use, and it is anticipated that 
this increased use may influence the herd in 
the future.  Domestic sheep and goat use and 
disease exposure are 2 other primary 
concerns for this herd. 

The Upper Dolores River herd, while 
stable in recent years, experienced a severe 
decline in the late 1990s.  It is likely that 
disease and resulting poor reproduction and 
recruitment severely reduced the herd size.    
Recent observations have documented 
improving recruitment and reproduction.  
Detailed monitoring and inventory is 
impeded by a lack of funding. 

There is very little knowledge about 
the Middle Dolores River herd, primarily 
due to the inaccessibility of much of the 
herd’s range.  The proposed study to 
document the impacts of predation and 
predator-removal will provide data to 
influence the management of this herd. 

The Black Ridge herd is the subject 
of an ongoing research project, and is a 
stable to increasing population.  Re-
production and recruitment rates have been 
high during the years of the study.  Habitat 
quality and quantity may be a limiting factor 
for this herd.  Future research efforts will 
focus on habitat improvement projects and 
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documenting the impacts of these projects 
on the herd. 

In February 2009, CDOW completed 
the Statewide Bighorn Sheep Management 
Plan to develop and standardize policies, 
guidelines, procedures to maintain and 
increase bighorn sheep populations in 
Colorado.  The Plan summarized past, 
current, and planned work to improve 

inventory and population estimates, 
population and harvest management, capture 
and translocation efforts, habitat manage-
ment, and health monitoring and manage-
ment.  Interaction between domestic sheep 
and goats, mountain goats, and other 
bighorn sheep herds were also covered, as 
well as the impacts of predation.   
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Populations 
 
 Utah’s desert bighorn sheep (Ovis 
canadensis nelsoni) population is relatively 
stable. About 2,700 animals are estimated to 
occur within Utah’s borders. The overall 
population of the state is made up of 21 
separate populations.  Most of these 
populations are on public land and under the 
management authority of the State of Utah, 
except for 3 populations that are within 
National Parks boundaries and 1 population 
on Navajo tribal land.  Sixteen of the 21 
populations are stable, 3 are increasing, and 
1 is decreasing.   
 Utah’s Rocky Mountain bighorn 
sheep (O. c. canadensis) population is in-
creasing.  This is a result of multiple 
transplants into vacant habitat.  About 2,360 
animals are estimated to occur within Utah’s 
borders, which includes the California 
subspecies.  The overall population of the 
state is made up of 16 separate populations.  
Most of these populations are on public land 
and under the management authority of the 
State of Utah, except for 1 population that is 
within Dinosaur National Monument 
boundaries, 1 population on Ute tribal land 
and 1 population on Antelope Island State 
Park.  Five of the 16 populations are stable, 
7 are increasing, and 4 are decreasing.   
 
 
 
 

Research 
 
 Much of the recent research on 
bighorn sheep has been a product of 
cooperation between the Utah Division of 
Wildlife (UDWR) and Brigham Young 
University (BYU).  Multiple studies are 
wrapping up that include habitat use studies, 
disease studies, and a ram movement study.  
We just initiated a new study in cooperation 
with BYU, National Park Service (NPS) and 
the Bureau of Land Management (BLM) to 
look at desert bighorn sheep movement as it 
relates to off highway vehicle use and other 
recreational uses of public land. 
 
Translocations 
 
 Since 1973, we have transplanted 
732 desert bighorn sheep from sources 
within and outside the state of Utah.  We 
have also transplanted 899 Rocky Mountain 
bighorn sheep since 1966.  More recently 
desert bighorn sheep transplants include a 
2006 transplant of 20 sheep to the 
Kaiparowits Unit from Fallon, Nevada.  We 
moved 30 more sheep to that unit in 2007, 
15 from the San Rafael South Unit in Utah 
and 15 from the Escalante Unit in Utah.   In 
2008 we moved 30 sheep within the San 
Juan Unit to improve distribution.  More 
recent Rocky Mountain bighorn sheep 
transplants include a 2006 transplant of 56 
sheep to the Oquirrh-Stansbury Unit from 
Antelope Island State Park. We moved an 
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additional 54 sheep to that unit in 2008, also 
from Antelope Island State Park. In 2007 we 
transplanted 62 sheep from Sula, Montana 
and 18 sheep from Forbes, Colorado to the 
Wasatch Unit.  We also transplanted 24 
sheep from Sula, Montana to the Nebo Unit 

in 2007.  In 2009 we received 60 sheep from 
Augusta, Montana to found a new 
population in the Lake Canyon area of the 
Wasatch Unit. 
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Mexico's wild sheep 
 

Raymond Lee 
 

Wild Sheep Foundation 
720 Allen Avenue, Cody, WY 82414, USA 

 
 Desert Bighorn Council Transactions 50:61–65 
 
Brief History of Land and Wildlife 
Management in Mexico 
 
 In Mexico, while a region may be 
designated as a "protected area," it can also 
be overlaid by other land ownership claims.  
Land ownership in Mexico is taken 
extremely seriously, as this was one of the 
prime causes of the Mexican Revolution 
(1910–1917).  One form of land ownership 
common in bighorn sheep ranges (Ovis 
canadensis mexicana) is a communal system 
termed ejidos; here the land is held in 
common by the various ejiditarios.   
 In 1997, Mexico developed a 
program for the Conservation of Wildlife 
and the Diversification of Production in the 
Rural Sector.  This program led to the 
development of the System of Units for the 
Conservation, Management, and Sustainable 
Development of Wildlife (SUMA).  The 
basic unit of this system was the 
development management unit (UMA).  
Each UMA must have a resource 
management plan and a technician to 
monitor the natural resources.  Hunting 
permits are authorized under the UMA 
system to the landowners; thus, in many 
cases, to the ejidos. 
 Until quite recently, particularly for 
bighorn sheep, nearly all wildlife 
management authority in Mexico rested with 
the federal government in Mexico City.  
Recently, even management of bighorn 
sheep has been ceded to individual state 
wildlife management agencies.  While this 

tends to mirror their counterparts in the 
United States’ border states, this new level 
of management comes with associated 
benefits and challenges. 
 
Brief History of Bighorn Sheep 
Hunting In Mexico 
 
 Bighorn sheep have existed in 
Mexico for more than 10,000 years.  While 
pre-settlement numbers were quite large, the 
population did not fare well in the face of 
subsistence hunting and the various diseases 
contracted from domestic livestock.  
Bighorn sheep numbers declined to the point 
that the hunting of bighorn sheep in Baja 
California was ended in 1917, and was 
subsequently closed nation-wide in 1922. 
 This closure remained in effect until 
a series of experimental hunts were started 
in 1964.  The first regular annual hunting 
season for bighorn sheep was authorized in 
1969.  These seasons continued under 
various regulations and administrations.  
Hunting in Baja California was again closed 
by Presidential decree in 1990 due to a lack 
of knowledge of bighorn sheep distribution 
and numbers.  In 1992, following Mexico’s 
participation in the Convention in Trade of 
Endangered Species (CITES), all bighorn 
sheep hunting in Mexico was suspended 
because there was not enough biological 
information to justify the issuance of 
permits. 
 To address this issue, and to better 
determine the bighorn sheep distribution and 
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management opportunities, standardized 
helicopter surveys were initiated in Mexico 
in 1992.  The results of these surveys led to 
hunting being reopened in Baja California 
Sur and Sonora in 1994–1995.  
 
Why is Bighorn Sheep Hunting in 
Baja California so Special? 
 
 In the 1970s, as many as 113 permits 
were issued annually for Baja California.  
From 1980–1981 to 1989–1990, 605 permits 
were issued (ranging from 30 to 73 permits 
annually).  Hunt success averaged 82%.  
Nearly 60% of the hunters were Mexican 
nationals.  Reviewing the 15th edition of the 
Safari Club International record book; of 
those rams scoring between 170 and 180 
points, 46 came from Baja California and 21 
came from everywhere else.  Of those rams 
scoring between 180 and 190 points, 17 
came from Baja California and 2 came from 
everywhere else.  Of those rams scoring 
greater than 190 points, 3 came from Baja 
California and 0 came from everywhere 
else.  Of course, these records are despite 
Baja California being closed to hunting for 
the last 20 years!  
 
How do You get a Permit to Hunt 
Bighorn Sheep in Mexico? 
 
For Baja California – unfortunately, you 
simply don’t!  Despite a number of 
helicopter surveys that show that good 
numbers of bighorn sheep, politics and anti-
hunting sentiments have precluded re-
opening a season.  Systematic helicopter 
surveys were conducted in 1992, 1995, and 
1999.  The results of these surveys have 
been reported in the Transactions.  The most 
recent survey, in 2008, near Bahia de los 
Angeles, observed bighorn sheep at the 
same rate as in previous surveys, indicating 
that bighorn sheep distribution and 

abundance are similar to previous surveys 
and in previously surveyed areas.  
 Special Fundraising Permits.—
Perhaps the most well known method of 
obtaining bighorn sheep hunting permits in 
Mexico is through the special auction 
program.  The Wild Sheep Foundation 
(formerly FNAWS) has been the primary 
wild sheep conservation organization in the 
world.  One of the ways that the Foundation 
raises funds for wild sheep conservation 
efforts is through the auction of wild sheep 
hunting permits.  These permits typically 
allow a hunter prime hunting periods, for a 
generous length of time; but in no way 
guarantees a successful harvest. 
 The Wild Sheep Foundation has a 
Convention each year where a number of 
special fundraising permits are offered at 
auction.  For Mexico, a single permit has 
brought as much as $200,000 for the 
opportunity to hunt a desert bighorn sheep.  
These auctions give many philanthropists 
the opportunity to provide funds for wildlife 
conservation efforts. 
 Since 1996, 80 such permits have 
been auctioned for Tiburon Island, Sonora, 
and for El Vizcaino Biosphere Reserve and 
Carmen Island, Baja California Sur.  These 
permits have generated nearly $6,000,000.  
The local communities derive jobs and a 
source of self-respect from these programs. 
Bighorn sheep are now the principal source 
of income in some communities. 
 How about for Baja California Sur?  
As mentioned, 1 method is through the 
auction program of the Wild Sheep 
Foundation.  One place for which these 
permits are offered is the Biosphere 
Reserve, which straddles the Baja Peninsula.  
It is an interesting area that truly is where 
the desert meets the sea.  Within this 25,900 
km2 protected area are: the endangered 
peninsular pronghorn antelope; the primary 
birthing area for the Gray whale; 1 of the 
world’s largest salt-producing facilities; 
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amazing pre-historic cave murals; 
volcanoes; geothermal electric plants - and 
bighorn sheep. 
 The Biosphere was first formally 
surveyed by helicopter in 1996 and a large 
number of animals were observed.  Through 
great efforts, the federal government 
authorized 4 permits for the Biosphere that 
year.  Since the first permits became 
available in 1996, 47 permits have been sold 
for an average price of nearly $60,000 each.  
Currently 7 permits are available annually, 
with 5 being sold through the Wild Sheep 
Foundation and its Chapters.  Typically, 
$40,000–45,000 will get you a tag, with the 
hunt dates set in the order of highest bid. 
 The revenue from these permits is 
placed into a bank trust.  A technical 
committee was established to review 
proposals and allocate funds for wildlife 
conservation projects or social development 
projects in the local community. 
 The funds are used for a variety of 
projects and programs. "Eco-guardians" 
were hired to patrol the areas and to help 
ensure the safety and the food-water 
resources for the wildlife.  Physical barriers 
to traffic were built to reduce access for 
poachers.  The wildlife habitat was 
evaluated and the condition monitored; and 
some improvements (such as water 
developments and domestic grazing 
modifications) were made.  In addition, the 
people who worked in the hunting camp (the 
cooks, cleaners, guides, outfitters, 
wranglers, and others) were all from the 
local community. 
 As the conservation measures were 
put into place, the number of bighorn sheep, 
and the number of rams, in the Biosphere 
continued to increase.   Subsequent aerial 
surveys have been conducted, paid by the 
trust fund, to evaluate the age and sex 
structure of the population and recommend 
the number of permits to be authorized.  The 
age and scores of the rams harvested have 

also increased through time (with 3 rams 
green scoring over 180 points), which shows 
the conservative nature of the harvest 
strategy, and resulting in increased value for 
the permits.  The Biosphere is scheduled to 
be surveyed every 3 years, with 2009 being 
a survey year.   
 In 1995 and 1996, 30 bighorn sheep 
were captured in Baja California Sur and 
relocated to Carmen Island.  This 255 km2 
island, located a few kilometers east of 
Loreto, is privately owned and managed by 
the Mexican Foundation OVIS.  The 
bighorn sheep population grew quickly, with 
recent ground surveys estimating over 300 
animals in the population.  Beginning in 
2005, special hunting permits for Carmen 
Island have been auctioned at the Wild 
Sheep Convention.  In addition, in 2005, 10 
bighorn sheep from the island were captured 
and returned to the peninsula.  Carmen 
Island was authorized to issue 13 permits for 
2008–2009.  Some of these are used as 
"management" permits, where lower scoring 
rams are removed from the population.   
 There are other opportunities to hunt 
bighorn sheep in Baja California Sur.  Baja 
California Sur reopened in 1998–1999 with 
5 permits in 3 UMAs.  The following year 
permits jumped to 15 permits in 6 UMAs.  
In 2008–2009, 27 permits were issued for 
the 8 UMAs (the 2009–2010 permits 
numbers have not yet been determined). 
 How about for Sonora?  A similar 
program to that of the Biosphere was 
developed across the Sea of Cortez.  Here, 
an indigenous people – the Seris – make 
their living along the coast of Sonora, 
Mexico.  Tiburon Island is located 3 miles 
off the mainland, separated by a channel 
called "The Little Hell" due to the extreme 
currents and shifting bottom.  The island, 
Mexico’s largest, is some 24 km wide and 
48 km long and 1,150 km2, with mountains 
reaching nearly 1,200 m. 
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 The physical and natural features of 
the island made it appear to be an 
exceptional place to start a nursery for 
bighorn sheep.  In 1975, in a cooperative 
effort between the New Mexico Department 
of Game and Fish and the Mexican Wildlife 
Department, bighorn sheep were caught on 
the mainland and 19 were released on the 
Island.  The islands in the Sea of Cortez are 
designated as protected areas by the federal 
government.  In this case, by the Mexican 
Law of 1975, the natural resources of the 
island are to benefit the local indigenous 
peoples in the area, the Seris. 
  A similar hunting program as that in 
the Biosphere was implemented on Tiburon 
Island by the Wild Sheep Foundation.  
Working with the Autonomous University 
of Mexico to ensure the proper management 
of other wildlife and habitat values on the 
island, the first hunts were initiated.  
Subsequent aerial surveys have been 
conducted.  The most recent survey in 
November 2006 resulted in a record number 
of bighorn sheep observations (366 in 4 
survey hours), and a record number of older 
aged rams.  Also on a 3-year survey 
schedule, the Island should be surveyed in 
2009. 
 Over a dozen rams green scoring 
greater than 180 points have been harvested 
on the Island.  Since the first 2 permits in 
1998, 40 permits have been sold for an 
average price of nearly $90,000. Currently, 
$65,000–70,000 will get you a tag; again 
hunt dates are set in priority of the bid price.  
A limited number of permits (5–7) are 
available annually, with most sold by the 
Wild Sheep Foundation and its Chapters.  
 The bighorn sheep population on 
Tiburon Island has also been used to re-
populate other parts of Mexico.  Since 1995, 
over 500 animals have been relocated from 
the Island into historic bighorn sheep habitat 
in Sonora, Chihuahua, Coahuila, and Nuevo 
Leon. 

 Sonora has an interesting history of 
enclosure facilities.  These have occurred at 
the Centro Ecologico de Sonora, the 
CEMEX facility, and now with a number of 
private landowners.  Indeed, 50% of the 
estimated number of bighorn sheep in 
Sonora may now reside behind fences.  A 
total of 59 permits were authorized for 17 
enclosures for 2008–2009. 
 When Sonora reopened for bighorn 
sheep hunting in 1995–1996, there were 8 
permits for 7 UMAs.  This number steadily 
increased to 62 permits for 35 UMAs in 
2000–2001.  Permits have fluctuated since 
then to the 40 authorized permits for 2008–
2009; fewer in number than that authorized 
for hunting within the enclosures.  These 
permits are typically obtained and marketed 
by various outfitters.  The prices of a 
bighorn sheep permit in Sonora have varied 
considerably.  In the first few years, when 
only a handful of permits were available, the 
permits sold at a premium approaching 
$70,000, nearly the price of an auction 
permit, but without the accompanying 
benefits.  As the number of permits 
increased, and the size of the rams 
decreased, the prices also decreased. 
 How about for Chihuahua, Coahuila, 
Nuevo Leon?  La Guarida, a ranch in 
Chihuahua, was given 2 permits for 2009; 
Coahuila will probably open with a permit 
for 2010.  The program that put bighorn 
sheep on Tiburon Island 34 years ago is 
really paying off for the reintroduction 
efforts for bighorn sheep in Mexico, and for 
the subsequent hunting opportunities these 
populations may afford. 
 The 2 permits for Chihuahua were 
sold at the Western Hunting and 
Conservation Expo in Salt Lake City.  They 
brought $50,000 each.  The first hunter took 
a 169 6/8 (green score) ram with his bow.  
 Beginning in 2000, CEMEX’s 
Pilares facility in Coahuila received bighorn 
sheep from Sonora.  The captive population, 
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now over 150 bighorn sheep, is enclosed 
within the 5,700-ha breeding facility.  In 
2004, animals were introduced outside of 
the enclosure.  Pilares is part of the Maderas 
del Carmen Protected Area.  This 233,600-
ha trans-border region serves to manage 
bighorn sheep of Texas and Coahuila as a 
meta-population. 
 Nuevo Leon, the remaining state 
with historic bighorn sheep habitat, was to 
receive bighorn sheep from this fall’s 

capture on Tiburon Island.  These animals 
were to be placed in a private enclosure. 
 A benefit of the increased interest in 
the wild sheep of Mexico, and the economic 
returns from the hunting programs, is the 
opportunity for Mexican biologists to gain 
their wildlife management education 
working with wild sheep.  A review of 
recent literature shows a significant increase 
in the number of papers produced by 
Mexican biologists.  The future for wild 
sheep in Mexico looks bright! 
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DO WE NEED TO SURVEY EVERY YEAR?  USING COUNT DATA FOR BIGHORN SHEEP TO PROJECT 
POPULATION SIZE FORWARD ONE YEAR IN CALIFORNIA 
 
Mary M. Conner, California Department of Fish and Game, 407 West Line Street, Bishop, CA 93514, USA 
Thomas R. Stephenson, California Department of Fish and Game, 407 West Line Street, Bishop, CA 93514. USA 
Vernon C. Bleich, Department of Biological Sciences, Idaho State University, Pocatello, ID 83209, USA 
John D. Wehausen, White Mountain Research Station, University of California San Diego, East Lane Street, Bishop, 

CA 93514, USA 
Steve Torres, Wildlife Investigation Laboratory, California Department of Fish and Game, 1701 Nimbus Road, Rancho 

Cordova, CA 95670, USA 
 
In California, legislation requires estimation of the size of hunted populations on an annual basis. Rather than 
continuing to expend limited funds surveying only hunted populations, we proposed to model populations during 
alternating years.  Aerial population counts of desert bighorn sheep (Ovis canadensis) were conducted during 1991–
2007 on 13 ranges in Region 6 of southeastern California.  These surveys were expensive ($750/hour) and flying in 
helicopters is inherently dangerous.  A plan to survey every other year rather than every year, and project population 
size for non-flown years was instituted in 2008.  We used a count-based projection method, which requires a count of 
number of individuals in an entire population or subset of the population for multiple (not necessarily consecutive) 
years.  The key assumptions that cannot be incorporated in the model are that most variation is environmental and there 
are a minimum of 6 surveys.  Of the 13 ranges surveyed, 10 had data that met the required assumptions.  For these 
ranges, the projected counts and confidence intervals (CI) appeared reasonable, although some of the upper CIs for 
population growth rate (λ) were biologically unrealistic because they were too high (e.g., λ > 1.3).  Our analysis is in a 
preliminary stage; we still need to test for density dependence, serial autocorrelation, and outliers in each data set, and 
then incorporate or account for these factors in the model where necessary.  In addition, for count based projections, it is 
essential to standardize effort hours through survey protocols to ensure constant effort.  Finally, we note that count 
based data typically have high variance, which makes it difficult to detect trends, and does not include vital rate 
information.  If monitoring trends or increasing biological understanding of bighorn sheep population dynamics are 
management goals, a multiple data source approach that includes some monitoring of vital rates is more appropriate.  
However, for projecting population forward 1–2 years, we conclude survey count data are adequate and count-based 
projection methods are appropriate. 
 
 
STATUS OF THE CEMEX BIGHORN SHEEP RESTORATION PROGRAM IN COAHUILA AND 
CHIHUAHUA  MEXICO. 
 
Alejandro Espinosa T., CEMEX-Vice-presidency of Sustainability .Independencia 901 Ote. Colonia Cementos, C.P. 

64520, Monterrey, NL, MX 
Billy Pat McKinney, CEMEX-Vice-presidency of Sustainability .Independencia 901 Ote. Colonia Cementos, C.P. 

64520, Monterrey, NL, MX 
Andrew V. Sandoval, Borrego Cimarron Wildlife Consulting, P. O. Box 238, Chacon, New Mexico 87713-0238 USA 
 
CEMEX has made substantial progress towards the restoration of desert bighorn sheep (Ovis canadensis) on historical 
habitat in northeastern Mexico.  Major accomplishments include: (1) the completion of a general quantitative habitat 
evaluation of historical habitat in Coahuila and north Chihuahua, (2) cooperative agreement with La Guarida Ranch in 
Chihuahua, (3) cooperative agreement with OVIS A.C. in Sonora, and (4) collaboration with SEMARNAT for a 
wildlife interchange with New Mexico. Other activities in Coahuila and Chihuahua include the monitoring of free-
ranging bighorn sheep populations in Sierra Maderas del Carmen and the completion of helicopter surveys in the Sierra 
Pilares bighorn sheep propagation facility.  
 
 
MEXICO’S WILD SHEEP 
 
Raymond Lee, Wild Sheep Foundation, Cody, Wyoming, USA 
 
To fully appreciate the issues affecting the management of wild sheep (Ovis canadensis) in Mexico, it is necessary to 
understand the history of land and wildlife management as well as the history of wild sheep hunting in Mexico.  
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Following Mexico’s ratification of the Convention for the International Trade in Endangered Species (CITES) in 1992, 
wild sheep hunting opportunities were closed until Mexico could gain a better knowledge of its wild sheep abundance 
and distribution.  This necessity led to a series of standardized helicopter surveys beginning in the mid-1990s.  The 
results of these surveys led to the reopening of hunting opportunities in Sonora and Baja California Sur.   
 
The successful establishment of wild sheep populations on Tiburon and Carmen islands has allowed for the 
repopulation of many areas of historical range in northern Mexico.  Some of these reintroduced populations are doing so 
well that they now afford hunting opportunities.  While Baja California remains closed to hunting, despite a substantial 
population of wild sheep, Baja California Sur, Sonora, and Chihuahua are open for hunting, with 148 permits available 
in 2008–2009.  Soon the wild sheep population in Coahuila will support hunting as well. 
 
A benefit of the increased interest in the wild sheep of Mexico, and the economic returns from the hunting programs, is 
the opportunity for Mexican biologists to gain their education working with wild sheep.  A review of recent literature 
shows a significant increase in the number of papers produced by Mexican biologists.  The future for wild sheep in 
Mexico looks very bright! 
 
 
STATUS OF DESERT BIGHORN SHEEP IN NEVADA, 2007–2008 
 
Patrick Cummings, Game Division, Nevada Department of Wildlife, 4747 Vegas Drive, Las Vegas, NV 89108, USA 
 
Estimates of Nevada’s desert bighorn sheep (Ovis canadensis nelsoni) populations have generally increased over the 
last two years.  In 2008, the statewide desert bighorn estimate was 6,600, and reflected a 6% increase above the estimate 
derived in 2007.  Based on aerial surveys conducted over 41 mountain ranges, the 2008 sample yielded 60 rams and 39 
lambs per 100 ewes (n = 4,243).  In 2007, the sample equated to 64 rams and 42 lambs per 100 ewes (n = 2,939).  The 
Department conducted 4 translocations in 2007.  Bighorn sheep captured from the Muddy Mountains, Clark County (n 
= 25) and River Mountains, Clark County (n = 27) were translocated to the Delamar Mountains, Lincoln County.  In 
Nye County, bighorn sheep trapped from the Toquima Range (n = 24) were released in the White Pine Range, White 
Pine County.  In the western portion of the state, bighorn sheep captured on the Desatoya Mountains, Churchill County 
(n = 28) were translocated to the Wassuk Range, Mineral County.  In 2008, the Department conducted 4 translocations.  
Bighorn sheep captured from the River Mountains (n = 50), Muddy Mountains (n = 41), and McCullough Range, Clark 
County (n = 16) were released in the Delamar Mountains.  Bighorn trapped from the Toquima Range (n = 22) were 
translocated to the Tobin Range, Pershing County.  In water deficient habitats, water development construction and 
maintenance remain important components in a program to provide water for bighorn sheep as a means to broaden 
distribution and increase population levels.  The demand to hunt bighorn sheep in Nevada remains high.  In the 2007 
season, 172 tags were issued.  Hunter success was 87%.  The average age and B&C score was 6.4 years and 149 5/8.  In 
2008, hunter success among 173 participants was 88%.  The average age and B&C score was 6.3 years and 152 3/8.   
 
 
STATUS OF DESERT BIGHORN SHEEP IN NEW MEXICO, 2007–2008 
 
Eric M. Rominger, New Mexico Department of Game and Fish, 1 Wildlife Way, Santa Fe, NM 87507, USA 
Elise J. Goldstein, New Mexico Department of Game and Fish, 1 Wildlife Way, Santa Fe, NM 87507, USA 
 
Desert bighorn sheep (Ovis canadensis) in New Mexico were state-listed as an endangered species from 1980 until 
2008.  In 2008 desert bighorn sheep were downlisted from endangered species to a state-listed threatened species based 
on the combination of total population size and metapopulation size as delineated in the Plan for Recovery of Desert 
Bighorn Sheep in New Mexico.  The autumn 2008 statewide population estimate was 425–485; midpoint = 455.  This is 
up from a 2001 population estimate of just 166.  This recovery is attributed to a combination of translocations of wild 
bighorn sheep from Arizona and captive bred bighorn sheep from New Mexico and effective mountain lion control.  In 
addition, a rare self starting herd in the Caballo Mountains has contributed to this increase.  Significantly lowered adult 
mortality rates on desert bighorn sheep following intensive mountain lion control, has been documented.   
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STATUS OF DESERT BIGHORN SHEEP IN TEXAS, 2007–2008 
 
Calvin L. Richardson, Texas Parks and Wildlife Department, Desert Big Game Program Leader, 4500 W. Illinois 

Suite 203, Midland, Texas 79703, USA 
 
Desert bighorn sheep (Ovis canadensis) numbers in Texas have far exceeded the population levels of the early 1900s, 
with numbers currently estimated at about 1,500 animals.  During the 2007 surveys, 991 sheep were observed (20% 
increase), and a record 1,193 sheep were observed during the 2008 surveys (another 20% increase).  The 2007 survey 
indicated ram:ewe:lamb ratios of 64:100:39, while the 2008 survey yielded ratios of 61:100:35.  A record 13 permits 
were issued for the 2007–2008 hunting season, and the success rate was 100%.  Ten permits were issued to private 
landowners, and 3 hunts occurred on public land (1 Texas Grand Slam Permit, 1 auction permit to Dallas Safari Club, 
and 1 auction permit to Texas Parks and Wildlife Foundation). The Texas State Record ram (184 B&C) was harvested 
in the Beach Mountains in January 2007. For the 2008–2009 hunting season, a record 15 permits were issued with 11 
going to private landowners and 4 hunts occurring on public land (1 Texas Grand Slam Permit, 2 public hunter draw 
permits, and 1 auction permit to Wild Sheep Foundation).  A total of 98 desert bighorn sheep hunting permits have been 
issued since the Texas Legislature reinstated bighorn sheep hunting in 1988.  Habitat improvement projects resulting 
from the cooperative efforts of the Texas Bighorn Society, private landowners, and Texas Parks and Wildlife 
Department include a super-guzzler (2 aprons, 3 tanks, 2 water lines, 3 drinkers) installed at Sierra Diablo Wildlife 
Management Area (WMA) in March 2007, 2 guzzlers installed in the Baylor Mountains in March 2008, and 2 guzzlers 
installed in the Van Horn Mountains in March 2009.  WMA staff refurbished or maintained 22 guzzlers and 2 springs at 
Elephant Mountain WMA, Sierra Diablo WMA, and Black Gap WMA.  Mountain lion (Puma concolor) predation 
continues to be 1 of the limiting factors for desert bighorn sheep populations in Texas.  Aoudad sheep (Ammotragus 
lervia) continue to be observed in bighorn sheep habitat and in potential habitat, especially in the southern mountain 
ranges.  Although direct impacts to bighorn sheep habitat have been avoided to date, the rapidly growing wind-energy 
industry remains a looming threat to desert bighorn sheep in Texas.  We continue to work with partners in Texas and 
Mexico on the El Carmen-Big Bend Conservation Corridor Initiative, of which an important component is the 
restoration of an international desert bighorn sheep metapopulation that includes Black Gap WMA.  Additionally, we 
have initiated efforts in preparation for sheep restoration at Big Bend Ranch State Park, which will include water 
development, predator management, exotic-feral animal removal, soft-release pen construction, and coordination with 
private landowners and other partners in Texas and Mexico.  Bighorn sheep restoration in Texas continues to be funded 
by hunters through the Federal Aid in Wildlife Restoration Program, Wild Sheep Foundation, the Texas Grand Slam 
Hunt Program, and by partners such as the Texas Bighorn Society.  The private landowner remains the single most 
important factor in restoring and maintaining viable bighorn sheep populations in Texas.  
 
 
THE WESTERN ASSOCIATION OF FISH AND WILDLIFE AGENCIES WILD SHEEP WORKING GROUP 
 
Kevin Hurley, Wyoming Game and Fish Department, 4143 Cooper Lane, Cody, WY 82414, USA 
 
Formed in 1922, the Western Association of Fish and Wildlife Agencies (WAFWA http://www.wafwa.org/index.html) 
is an organization representing the fish and wildlife management agencies in 23 states, provinces, and territories in the 
western U.S. and Canada. Of those 23 jurisdictions, 19 (excluding HI, SK, KS, OK) have and manage a wild sheep 
(Ovis canadensis) resource. As has been done periodically for >20 years by WAFWA agency directors for other 
important fish and wildlife species (e.g., sage-grouse, mule deer, western native trout, mountain lions, prairie dogs, 
neotropical migrant birds), a Wild Sheep Working Group (WSWG http://www.wafwa.org/html/wswg.shtml) was 
established in January 2007 to provide a comprehensive, westwide assessment of all facets of wild sheep management. 
The history, composition, purpose, accomplishments to date, planned actions/strategies, expected outputs, and timelines 
of the WSWG will be presented to Desert Bighorn Council meeting attendees. 
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FURTHER PHYLOGENETIC ANALYSES OF NORTH AMERICAN WILD SHEEP 
 
John D. Wehausen, University of California, White Mountain Research Station, 3000 E. Line Street, Bishop, CA 

93514, USA 
Clinton W. Epps, Department of Fisheries and Wildlife, Oregon State University, Corvallis, OR 97331-4501, USA 
Rob R. Ramey II, Conservation Science Foundation, P.O. Box 386, Nederland, CO 80466, USA 
 
Since this research was discussed at the Desert Bighorn Council meeting two years ago, the primary author has added a 
significant number of samples to our DNA sequence data bases of two mtDNA genes (control region and ND5) for 
bighorn sheep (Ovis canadensis).  These additional samples have been chosen to fill in geographic gaps in the data for 
the desert and Rocky Mountain region.  Samples were chosen to allow comparison of phylogenetic analyses based on 
sequences and RFLP data.  The latter were developed in the 1980s by Rob Ramey and Gordon Luikart, and we were 
able to develop sequence data from a wide sampling of the same DNA samples they used.  Cranial morphometric 
analyses have documented 5 defensible groups of sheep in North America: 2 thinhorn and 3 bighorn.  However, 
phylogenetic analyses of mtDNA sequences indicate a complex evolutionary history that results in trees that do not 
coincide entirely with the morphometric data due in part to incomplete lineage sorting.  For instance, morphometrically 
there is one well-defined group of Rocky Mountain bighorn sheep, but there are two mtDNA clades of Rocky Mountain 
bighorn sheep.  To complicate this further, 2 of 3 mtDNA lineages of thinhorn sheep are on the bighorn sheep clade, 
including a group from the Brooks Range.  We will discuss how well RFLP data elucidated this pattern and the 
limitations of mtDNA analyses in general relative to taxonomic divisions, given potential cytonuclear dissociation as 
found here. 
 
 
ASSESSMENT OF PREDICTIVE HABITAT MODELS FOR BIGHORN SHEEP IN CALIFORNIA’S 
PENINSULAR RANGES 

 
Esther S. Rubin, Conservation and Research for Endangered Species, Zoological Society of San Diego, 15600 San 

Pasqual Valley Road, Escondido, California 92027-7000, USA 
Chris J. Stermer, Resource Assessment Program, California Department of Fish and Game, 1812 9th Street, 

Sacramento, CA 95814, USA 
Walter M. Boyce, Wildlife Health Center, University of California, One Shields Avenue, Davis, CA 95616, USA 
Steven G. Torres, Wildlife Investigation Laboratory, California Department of Fish and Game, 1701 Nimbus Road, 

Rancho Cordova, CA 95670, USA 
 
We developed predictive habitat models for a bighorn sheep (Ovis canadensis) population in the Peninsular Ranges of 
southern California using 2 geographic information system modeling techniques, Ecological Niche Factor Analysis 
(ENFA) and Genetic Algorithm for Rule-set Production (GARP). We used >16,000 GPS locations from 34 animals in 5 
subpopulations to develop and test ENFA and GARP models, and we then compared these models to each other and to 
the expert-based model presented in the United States Fish and Wildlife Service’s Recovery Plan for this population.  
Based on a suite of evaluation methods, both ENFA and GARP were found to provide useful predictions of habitat; 
however, models developed with GARP appeared to have higher predictive power.  Habitat delineations resulting from 
GARP models were similar to the expert-based model, affirming that the expert-based model provides a useful 
delineation of bighorn sheep habitat in the Peninsular Ranges.  All 3 models predicted a narrow north-south band of 
habitat with habitat connectivity from the northern extent south to the international border, indicating that the Recovery 
Plan’s recommendation of maintaining habitat connectivity throughout the range is an appropriate goal.  In addition, all 
3 models revealed several constrictions where this band of habitat is relatively narrow (≤ 10 km in some cases), 
emphasizing the vulnerability of habitat connection in this mountain range.  Habitat protection that minimizes future 
habitat loss and fragmentation will be necessary for maintaining these tenuous connections. 
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THE ROLE OF FIRE HISTORY IN HABITAT SELECTION IN CHAPARRAL ECOSYSTEMS:  
IMPLICATIONS FOR THE RESTORATION OF BIGHORN SHEEP POPULATIONS 
 
Heather E. Johnson, University of Montana, Wildlife Biology, 32 Campus Drive, Missoula, MT 59812, USA 
Vernon C. Bleich, Department of Biological Sciences, Idaho State University, Pocatello, ID 83209, USA 
Stephen A. Holl, Steve Holl Consulting, 7049 Pine View Drive, Folsom, CA 95630, USA 
Lora Konde, California Department of Fish and Game, 1220 S Street, Sacramento, CA 95814, USA 
Steven G. Torres, Wildlife Investigation Laboratory, California Department of Fish and Game, 1701 Nimbus Road, 

Rancho Cordova, CA 95670, USA 
Paul R. Krausman, Department of Ecosystem and Conservation Sciences, College of Forestry and Conservation, 

University of Montana, Missoula, MT 59812, USA 
 
Mature chaparral vegetation in the San Gabriel Mountains, California, resulting from long fire-return intervals (50–70 
yr), has resulted in reduced visibility and availability and quality of forage, all of which are important attributes of 
bighorn sheep (Ovis canadensis) habitat. Concomitantly, vegetation changes have decreased availability and quality of 
forage. We developed a resource-selection model to determine the effect of fire history on springtime habitat use by 
bighorn sheep, examined the hypotheses that habitat selection was associated with fire occurrence, and determined 
whether fire occurrence influenced the amount of potential habitat available to bighorn sheep. The best model indicated 
that bighorn sheep in the San Gabriel Mountains selected vegetation that had burned within 15 years and avoided areas 
that had not burned within that time frame. We then used our model to quantify potential changes in bighorn sheep 
habitat that have occurred over time based on fire conditions. On a relative basis, we identified 390 km2 of bighorn 
sheep habitat that existed in 2002 (when only 63 bighorn sheep were counted), 486 km2 in 1980 (when the bighorn 
sheep population was at its highest), and 422 km2 in 2004 (just after a series of large wildfires). We also estimated that 
615 km2 of suitable habitat would be available in a hypothetical situation in which the entire study area burned. Based 
on habitat selection patterns, our results suggest that restoration of bighorn sheep to their historical distribution in 
chaparral ecosystems will depend upon more frequent fires. 
 
 
EFFECTS OF FIRE AND RAIN ON BIGHORN SHEEP IN THE SAN GABRIEL MOUNTAINS, CA 
 
Stephen A. Holl, Steve Holl Consulting, 7049 Pine View Drive, Folsom, CA 95630, USA 
Vernon C. Bleich, Department of Biological Sciences, Idaho State University, Pocatello, ID 83209, USA 
 
During a 30-year period in southern California’s San Gabriel Mountains, population estimates of bighorn sheep (Ovis 
canadensis nelsoni) ranged from 740±49 (SE) in 1980, to 130 in 1995, and 292±69 in 2006.  These population changes 
were hypothesized to have been associated with fire history and mountain lion (Puma concolor) predation.  From 1976–
1989, the amount of winter-spring range <15 years post-fire was correlated (r = 0.8, P < 0.01) with population 
estimates, including a 29 percent population decline after 1982.  Population increases in bighorn sheep after 1995 were 
also correlated (r = 0.87, P < 0.01) with an increase in winter-spring range <15 years post-fire.  Consistent increases in 
lamb recruitment rates after wildfires were not observed; however, the exponential rates of increase (r = 0.133, 0.103) 
were higher on two burned ranges compared to unburned ranges (r = 0.027) during that period.  The bighorn sheep 
population decline during 1990–1995 was characterized by progressively fewer adult sheep counted each year.  
Similarly, estimated survival rates of adult mule deer (Odocoileus hemionus californicus) declined during 1990–1992 
(smean = 0.583) compared to 1985–1989 (smean = 0.85).  The reduction in adult mule deer survival was preceded by a 
chronic decline in mule deer associated with fewer acres burned and an abrupt decline in fawn recruitment during 1989-
1990 which was correlated (r = 0.775, P < 0.01) with below normal precipitation.   It is hypothesized that the decline in 
mule deer during 1982–1989 followed by lower fawn production, reduced preferred prey for mountain lions and they 
sought alternative prey, such as adult mule deer and bighorn sheep.  It is further hypothesized that this scenario was 
repeated in other mountain ranges during that period where bighorn sheep and mule deer were sympatric. 
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CONSIDERATIONS WHEN REPROVISIONING WATER DEVELOPMENTS FOR MOUNTAIN SHEEP IN 
DESERT ECOSYSTEMS 
 
Vernon C. Bleich, Department of Biological Sciences, Idaho State University, Pocatello, ID  83209, USA 
Glenn W. Sudmeier, Society for the Conservation of Bighorn Sheep, 14253 State Highway 138, Hesperia, CA 92349, 

USA 
George C. Kerr, Society for the Conservation of Bighorn Sheep, 2802 Avenida Simi, Simi Valley, CA  93065, USA 
 
Mountain sheep (Ovis canadensis) occur in a naturally fragmented population structure, and have been extirpated from 
much of their historical distribution.  Further, extant populations are subject to disruption of movement corridors, which 
exacerbates fragmentation, and persistence of mountain sheep is dependent upon maintenance of metapopulations.  
Water developments have been established to enhance the probability of persistence of the subpopulations that comprise 
metapopulations, with the intent of maintaining and enhancing metapopulation function.  Nevertheless, anthropogenic 
water developments sometimes become dry.  Suggestions are presented to help managers prioritize the order in which to 
reprovision water in the event that multiple developments become dry simultaneously.  Given that a metapopulation 
contains habitat patches of differing quality, and that large subpopulations are genetically more diverse, reprovisioning 
is best prioritized in terms of benefits to (1) small, isolated subpopulations that are most subject to stochastic events and 
least likely to receive immigrants; (2) large, well-connected subpopulations in which intervention might be expected to 
benefit many individuals and, thereby, provide more potential colonists than smaller, isolated subpopulations; and (3) 
small, well-connected subpopulations that are most apt to receive immigrants from nearby subpopulations. 
 
 
IDENTIFYING KEY VITAL RATES FOR ENDANGERED SIERRA NEVADA BIGHORN SHEEP 
RECOVERY  
 
Heather E. Johnson, University of Montana, Wildlife Biology, 32 Campus Drive, Missoula, MT 59812, USA 
L. Scott Mills, Department of Ecosystem and Conservation Sciences, College of Forestry and Conservation, University 

of Montana, Missoula, MT 59812, USA 
John D. Wehausen, University of California, White Mountain Research Station, 3000 E. Line Street, Bishop, CA 

93514, USA 
Thomas R. Stephenson, California Department of Fish and Game, 407 West Line Street, Bishop, CA 93514, USA 

 
To develop effective management strategies for endangered species recovery, it is critical to identify vital rates – 
survival and reproduction parameters – responsible for poor population performance. Because vital rate values vary 
among different stage classes, management efforts targeting the most influential stages will have the greatest potential 
for redirecting population trajectories. We evaluated vital rates most important in the dynamics of endangered Sierra 
Nevada bighorn sheep (SNBS; Ovis canadensis sierrae). Using time-series data from 1980-2007, we estimated vital 
rates of stage classes in 3 isolated populations, accounting for sampling error, variance, and co-variance. We used 
analytical sensitivity analysis, life-stage simulation analysis, and a non-asymptotic simulation approach to (1) identify 
rates that should be targeted for subspecies recovery, (2) assess vital rate patterns of SNBS relative to other ungulate 
populations, and (3) simulate management scenarios for boosting SNBS population performance. We found wide spatial 
and temporal variation in SNBS vital rates, resulting in population-specific dynamics that did not always follow 
theoretical expectations or those observed in other ungulates; suggesting that vital rate inferences from healthy 
populations may not be applicable to those that are declining or endangered. Additionally, we found that effective 
management activities appeared to be population-specific, a result that should be considered in the recovery strategy of 
this endangered subspecies. 
 
 
TRANS-HIGHWAY MOVEMENTS AND USE OF WILDLIFE CROSSING STRUCTURES BY DESERT 
BIGHORN SHEEP AT ARIZONA STATE ROUTE 68 
 
Kirby Bristow, Arizona Game and Fish Department, 5000 West Carefree Highway, Phoenix, AZ 85086, USA 
Michelle Crabb, Arizona Game and Fish Department, 5000 West Carefree Highway, Phoenix, AZ 85086, USA 
 
Highway construction can affect desert bighorn sheep (Ovis canadensis) populations by increasing habitat 
fragmentation and isolation which can impede access to critical habitats, increase effects of stochastic events and reduce 
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gene flow.  With rapid expansion of road networks in desert bighorn sheep habitat, and use of high animal fencing along 
roads to reduce wildlife-vehicle collisions, the need for proper design and placement of crossing structures becomes 
imperative to allow for animal movement. With the realignment and improvement of State Route 68 between Kingman 
and Bullhead City, Arizona, 3 design features (underpasses) were incorporated to facilitate movement of bighorn sheep.  
To evaluate the effectiveness of the underpasses we fitted 25 desert bighorn sheep with GPS radio telemetry collars and 
tracked movements for 23 months. To evaluate use of underpasses by all ungulates we installed 5 remote triggered 
cameras at each underpass.  We documented 24 crossing events by desert bighorn sheep (31 individuals).  Most (90%) 
of the crossings by bighorn occurred at the easternmost underpass.  There were three highway crossings by bighorn at 
the westernmost underpass and no crossings at the remaining underpass. Wild burros (Equus asinus, 52%), mule deer 
(Odocoileus hemionus, 4%), and humans (Homo sapiens, 37%) were seen more often than bighorn sheep at the 
underpasses. Proximity to steep terrain, sighting capabilities, underpass structure, and presence of other species may all 
be important factors affecting desert bighorn sheep use of highway underpasses. 
 
 
GIS MAPPING OF NORTH AMERICAN WILD SHEEP TRANSLOCATIONS 
 
Kevin Hurley, Wyoming Game and Fish Department, 4143 Cooper Lane, Cody, WY 82414, USA 
Richard Jones, Wildland Rangers, and Department of Biology, Northwest College, 231 West Sixth Street, Powell, WY 

82435, USA 
 
At the Tenth Biennial Symposium of the Northern Wild Sheep and Goat Council (1996 in Silverthorne, Colorado), a 
workshop was held to exchange, verify, and update transplant records for wild sheep (Ovis canadensis) in 18 central 
and northern states, provinces, and territories, excluding desert bighorn sheep states. Biologists from state-provincial-
territorial wildlife management agencies compared donor and recipient transplant records for wild sheep, as far back as 
records were available. Tabular summaries were included in the Tenth NWSGC Proceedings. In winter 2005–2006, 
transplant actions for each state-province were preliminarily entered into a Geographic Information System (GIS), to 
graphically depict inter- and intra-state-province-territory translocation of wild sheep. Individual maps were drafted for 
each state, province, and territory, as were composite maps for wild sheep translocations across central-northern U.S. 
and Canada. Once updated (via the WAFWA Wild Sheep Working Group), and upon inclusion of desert bighorn sheep 
translocations in the southwestern U.S., these GIS maps-databases should provide a valuable framework and an 
historical record for future genetic review, population implications, possible disease analysis, and other management 
strategies relative to wild sheep transplants across the western U.S. and Canada. 
 
 
CHEMICAL IMMOBILIZAITON IN BIGHORN SHEEP:  UPDATE ON NEW AND OLD DRUG 
COMBINATIONS 
 
Lisa L. Wolfe, Wildlife Research Center, Colorado Division of Wildlife, 317 W. Prospect, Fort Collins, CO 80526, 

USA 
Michael W. Miller, Wildlife Research Center, Colorado Division of Wildlife, 317 W. Prospect, Fort Collins, CO 

80526, USA 
 

Capturing and handling bighorn sheep (Ovis canadensis) presents wildlife personnel with a variety of challenges, some 
associated with this species’ drug sensitivity (Kreeger et al. 2002) and others associated with the rugged terrain and high 
altitude where bighorns often reside.  A variety of capture methods have been used with some success.  Kock et al. 
(1987) reported mortality rates of about 2% when capturing bighorns with the use of net gunning, 3% with drop nets, 
4% with drive nets, and 8% with chemical immobilization.  Although chemical immobilization was associated with the 
highest mortality rate, the landscape in some areas where bighorn sheep are captured may preclude use of a helicopter 
or allow for the set-up of a drop net.  New combinations and emergency procedures for bighorn sheep capture will be 
reviewed. 
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DIET ASSESSMENT OF THE AMERICAN PUMA (Puma concolor) AND THE BOBCAT (Lynx rufus) USING 
FECAL DNA ANALYSIS TO ADDRESS DESERT BIGHORN SHEEP (Ovis canadensis) PREDATION 
MANAGEMENT AT THE KOFA NATIONAL WILDLIFE REFUGE, ARIZONA, USA 
 
Ashwin Naidu, Conservation genetics laboratory, School of Natural Resources, University of Arizona, 325 Biosciences 

East, Tucson, AZ 85721, USA 
Melanie Culver, Arizona Cooperative Fish and Wildlife Research Unit (USGS), School of Natural Resources, 325 

Biosciences East, University of Arizona, Tucson, AZ 85719, USA 
Ron Thompson, Arizona Game and Fish Department, Game Branch, 5000 West Carefree, AZ 85086, USA 
Lindsay Smythe, U.S. Fish and Wildlife Service, Kofa National Wildlife Refuge 9300 E 28th St., Yuma, AZ 85365, 

USA 
 
Felid predation has been shown to depress and limit vulnerable prey populations, and this is a concern especially for 
bighorn sheep (Ovis canadensis) populations at the Kofa National Wildlife Refuge (Kofa NWR) in southwestern 
Arizona. As survey results from the years 2000 to 2008 show, the refuge bighorn sheep population estimates have been 
declining and are now down to about 50% of the population estimate in 2000. Refuge personnel have determined the 
presence of bobcats (Lynx rufus) and at least 5 individual pumas (Puma concolor) on the Kofa NWR using remote 
cameras in 2007, but their diet and abundance on the refuge are little known. 
 
To aid in the assessment of the possible impact of predation on bighorn sheep by pumas and bobcats on the Kofa NWR, 
we are carrying out mitochondrial and microsatellite DNA analyses on non-invasively collected felid fecal samples 
across the Kofa mountain complexes with the objectives of identifying individual pumas and bobcats, generating 
reliable estimates of their diet, and generating a minimum population estimate. 
 
Mitochondrial DNA analysis has been carried out on the fecal samples collected to date to confirm identity of puma and 
bobcat fecal samples. Upon further analysis of mitochondrial DNA obtained from bone fragments inside fecal matter of 
puma origin, the following species have been identified as being part of the diet of pumas on the refuge – mule deer 
(Odocoileus hemionus), domestic sheep (Ovis aries), bighorn sheep, American badger (Taxidea taxus) and gray fox 
(Urocyon cineroargenteus). Our immediate objectives include the identification of individual pumas using 
microsatellite DNA analysis and generation of their diet profiles based on samples belonging to each puma identified. 
Our long-term objectives are focused on the description and seasonal variation of diet in pumas, and a diet identification 
of bobcats on the refuge. 
 
 
RECOVERY OF AN ENDANGERED UNGULATE USING PREDATOR CONTROL AND CAPTIVE 
BREEDING 1979-2007 
 
Eric M. Rominger, Wildlife Management Division, New Mexico Department of Game and Fish, Santa Fe, NM 87504, 

USA 
Elise J. Goldstein, Wildlife Management Division, New Mexico Department of Game and Fish, Santa Fe, NM 87504, 

USA 
Darrel L. Weybright, Wildlife Management Division, New Mexico Department of Game and Fish, Santa Fe, NM 

87504, USA 
 
Desert bighorn sheep (Ovis canadensis) in New Mexico were listed as a state-endangered species in 1980 after the wild 
population declined to <100.  A state-run captive breeding facility at Red Rock Wildlife Area (RRWA) has provided 
353 desert bighorn sheep for translocation since 1979.  An additional 74 desert bighorn sheep were captured and 
translocated from the Kofa National Wildlife Refuge (KNWR) in Arizona.  Between 1979 and 2001 249 bighorn sheep 
were released into 6 mountain ranges.  However, despite an initial wild population estimate of 165, the release of 249 
bighorn sheep, and 22 years of reproduction, the state-wide population estimate in 2001 was <170.  A large data set 
implicated mountain lions (Puma concolor) as the principle mortality factor for desert bighorn sheep.  We used program 
MARK to calculate average annual cause-specific mortality rates due to mountain lion predation.  Between 1992 and 
2006, the mortality rate due to mountain lion predation, in populations without mountain lion control, was 0.16.  A 
predator control program, targeting mountain lions, within desert bighorn sheep ranges was initiated in 2001.  Between 
2001 and 2007, varying levels of mountain lion control were achieved and the state-wide desert bighorn sheep 
population increased to >400.  The mortality rate from mountain lion predation, in ranges where intensive mountain lion 
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removal was achieved, declined to 0.04 during this period.  During this period 128 desert bighorn sheep were released 
from RRWA and an additional 50 bighorn sheep were translocated from the KNWR.  The use of predator control, 
targeting mountain lions, resulted in a significantly higher survival rate of extant and translocated desert bighorn sheep 
and has resulted in a state-wide population that has been downlisted from endangered species status to threatened 
species status. 
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DESERT BIGHORN COUNCIL 
CONSTITUTION AND BYLAWS 

 
ARTICLE I - NAME 

 
Section 1 Name - The name of this organization shall be the DESERT BIGHORN COUNCIL, and shall be referred 
to as the “Council” in this document.  
 

Clause A Definition - For the purpose of this Council, the term “desert bighorn” is intended to include 
those bighorn sheep occurring in desert or semi-desert regions and belonging to the subspecies Ovis 
canadesis mexicana, nelsoni, cremnobates, weemsi, or californiana. 

 
ARTICLE II - PURPOSE AND OBJECTIVES 

 
Section 1 Purpose - To provide for the exchange of information on needs and management of desert bighorns 
through meetings and published transactions, by means of which new or important information, ideas, techniques, 
and problems can be presented and discussed by Council members. 
 

Clause A Objective - To stimulate studies in all phases of the life history, ecology, management and 
protection, recreational and related economic values of desert bighorns, including studies of species that 
may be seriously detrimental to desert bighorns. 

 
Clause B Objective - To provide a clearing house of information among all agencies, organizations, and 
individuals professionally engaged in work on desert bighorns - through appointment of work committees, 
preparation of bibliographies and abstracts, and related methods, when desirable.    

 
Clause C Objective - To function in a professional advisory capacity, where appropriate, on local, national, 
and international questions involving management, conservation, and protection of desert bighorns, and to 
adopt such measures as shall tend to promote advancement of knowledge concerning desert bighorns and 
the long-term welfare of these animals. 

 
Clause D Objective - To recognize and commend outstanding work in the profession. 

 
ARTICLE III - MEMBERSHIP 

 
Section 1 Membership - Membership is open to all who are engaged in management, protection, or scientific study 
of desert bighorns, and to those active in some phase of desert bighorn conservation. 
 

Clause A Privilege - Membership dues are due and payable in April of every odd numbered year and are 
good for two years.  Only those whose dues are paid in current status shall be permitted to vote during 
general business sessions at the Council meetings. 
Clause B Privilege - Paid members shall be entitled to one copy of the most current Transactions of the 
Council at a discounted rate. 

 
Section 2 Constitution and Bylaws - Any person may receive a copy of the Constitution and Bylaws upon request. 
 

ARTICLE IV - BOARD OF TRUSTEES 
 
Section 1 Powers - The exercise of the powers of this Corporation, with the right to delegate to officers and agents 
the performance of duties and the exercise of such powers, shall be vested in its Board of Trustees.  The Board of 
Trustees shall also act as the Technical Staff as is hereinafter described. 
 
Such Board of Trustees (Technical Staff) shall be elected at the Council meeting and shall serve for a term of six (6) 
years. 
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ARTICLE V - ELECTION OF OFFICERS 
 
Section 1 Officers - The Officers of the Council shall be a Chair, a Vice-Chair, a Secretary, and a Treasurer. 
 

Clause A Chair - The Chair shall have general direction of the Council Officers.  The Chair shall appoint, 
with the assistance of the Executive Committee (Article VIII, Section 3), Chairs of all regular and special 
committees, with the exception of the Chair for the Technical Staff (Article VIII, Section 9).  The Council 
Chair shall also preside at meetings of the Executive Committee and Council, and shall be an ex-officio 
member of all committees. 

 
Clause B Vice Chair - The Vice-Chair shall assist the Chair in duties where needed.  In the absence of the 
Chair, or in the event of Chair’s inability to act, the Chair’s duties shall be assumed by the Vice-Chair. 

 
Clause C Secretary - The Secretary shall serve as general business manager and shall issue notices of 
annual or special meetings and other materials distributed by the Council to its membership and shall 
record the minutes of the meeting.  A report concerning Council activities shall be made by the Secretary at 
the Council business meeting.  In the event neither the Chair nor Vice-Chair can serve in their capacity, the 
Secretary shall serve pro tempore. 

 
Clause D Treasurer - The Treasurer shall be responsible for receiving and dispersing all funds of the 
Council, as well as the Charles Hansen and Ralph Welles Scholarship Fund.  A report of the Council’s 
accounts shall be made by the Treasurer at the Council business meeting. 

 
Section 2 Term of Office - The Officers shall serve for approximately two (2) years, be installed at the Council 
meeting, take office immediately thereafter, and terminate their duties at the conclusion of the next Council meeting. 
 
Section 3 Vacancies - Vacancies among Officers shall be filled by the Chair, Vice-Chair, Secretary, or Treasurer, in 
the same order of successional responsibility previously indicated, for the unexpired term of office. 
 
Section 4 Nomination - The three (3) member Nominating Committee (Article VIII, Section 4) shall present a slate 
of no more than two (2) candidates for each elective position, namely Chair, Vice-Chair, Secretary, and Treasurer.  
 

Clause A Approval - Prior approval shall be obtained from said candidates. 
 

Clause B Announcement - The Nominating Committee’s list of nominees shall be sent to the Secretary, and 
shall be included in the meeting program. 

 
Clause C Floor Nominees - Additional nominations from the floor may be placed on the Nominating 
Committee’s slate at the time of the Council meeting.  Such nominees must formally accept the nomination 
while present on the floor.  No person can be nominated who is not present at the Council meeting. 

 
Section 5 Balloting - When more than one (1) nominee for an office has been nominated, written ballots shall be 
received from members present at the Council meeting by the Secretary and shall be counted by the Secretary and 
two (2) members appointed by the Chair.  Balloting for an individual nominee (a single candidate for an Office) may 
be taken by a show of hands, or indicated by voice. 
 

Clause A Alternate - If the office of Secretary is being contested, the Vice-Chair will fulfill the obligation 
of Balloting. 

 
Clause B Election - The nominee receiving the largest number of votes (a plurality) shall be declared 
elected.  No one may hold two (2) elective positions simultaneously in the Council. 

 
ARTICLE VI - MEETINGS 

 
Section 1 Council Meeting - The meeting of the Council shall be within the first two (2) weeks of April, on a 
biennial basis, during odd numbered years. 
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Clause A Location - The meeting location will rotate; with every other meeting being held in the states of 
Arizona, California, or Nevada.  The intervening meetings shall be held in the State voted on by the 
Council members during the business meeting held at the previous Council meeting.  The exact location for 
the meeting shall be determined by the Meeting Committee (Article VIII, Section 6). 

 
Clause B Meeting Notice - Notice of such meetings shall be given to the Secretary by November, at least 
six months prior to the annual meeting.  Council members shall be notified at least 90 days prior to the 
Council meeting. 

 
Clause C Quorum - The quorum shall be over 50 percent of the indexed membership, or 20 members, 
whichever is less. 

 
Section 2 Meeting Rules - The rules contained in the latest revision of Roberts’ Rules of Order shall govern the 
Council in all cases to which they are applicable, and in which they are not inconsistent with the Constitution and 
Bylaws, or the special rules of order of the Council. 
 

ARTICLE VII - MANAGEMENT OF FINANCES 
 
Section 1 Management - The Council shall be governed by an Executive Committee (Article VIII, Section 3). 
 
Section 2 Finance - Funds of the Council shall be received by the Treasurer, who will keep a record of all monies 
and produce the records for audit by the Executive Committee at the close of the fiscal year and prior to the business 
meeting, or at any time the Executive Committee deems necessary. 
 

Clause A Duties - The Treasurer shall collect dues and distribute membership cards.  
 

Clause B Payments - The Treasurer shall issue payment for all bills approved by the Chair.  All bank 
withdrawals require the signature of the Treasurer and the Council Chair or the Tech Staff Chair. 

 
Clause C Petty Cash - The Treasurer may keep a petty cash fund. 

 
Clause D Bond - The Treasurer need not be bonded. 

 
Clause E Funds - Funds shall be derived from dues, special assessments, work projects, and contributions.  
Royalties from the book, “The Desert Bighorn,” are obligated to the Hansen-Welles Scholarship Fund. 

 
Clause F Safekeeping - Funds shall be placed in a federally insured bank or savings and loan association. 

 
Section 3 Dues - Dues shall be set by the Executive Committee.  The fiscal year of the Council shall commence on 
April 1 of each calendar year and shall terminate on March 31 of the following year. 
 
Section 4 Publication - Dues will be apportioned between the various functions of the organization as appropriate to 
meet commitments of the Council. 
 
 
Section 5 Files - The Council shall maintain a file containing: Constitution and Bylaws, minutes of all meetings, 
correspondence pertinent to Council affairs, all committee reports, financial statements and records, and any other 
material judged by the Executive Committee as pertinent.  The files shall be housed and maintained by the Historian 
(see Article VIII, Section 11). 
 
Section 6 Resolutions and Public Statements - Council member(s) shall submit resolutions for consideration to the 
Resolution committee (Article VIII, Section 7).  These shall be accepted by the Committee and prepared for 
submission to the Council members.  Information regarding previous actions taken by the Council may be issued by 
the Secretary upon request. 
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ARTICLE VIII - COMMITTEES AND STAFF 
 
Section 1 Appointments - The Chair shall, with the help of the Executive Committee, appoint Chairmen of all 
regular standing and special committees, except that the Council Chair shall appoint the Chair and members of the 
Nominating Committee, also the Chair of the Technical Staff shall be elected by the membership of the Technical 
Staff. 
 
Section 2 Committee Decision(s) - Decision(s) of a committee shall be inviolate, and any desired revision or change 
would have to be appealed. 
 

Clause A Appeal - Any appeal to change a committee decision(s) shall have to come from the floor, in the 
form of a motion, at the Council meeting. 

 
Section 3 Executive Committee - Shall be composed of the Officers of the Council and the immediate past Chair of 
the Council. 
 

Clause A Obligation - The Executive Committee shall conduct its affairs to conform with the provisions of 
the Constitution and Bylaws.  The Executive Committee is authorized to act for the Council between 
meetings and shall report its interim actions to the members at the succeeding Council meeting.  Any action 
of the Executive Committee may be overridden by a two-thirds majority vote of the attending membership. 

 
Clause B Audit - The Executive Committee shall audit the financial records of the Treasurer at the close of 
the fiscal year and prior to the Council meeting. 

 
Section 4 Nominating Committee - Shall be composed of three (3) members of the Council appointed by the 
Council Chair. 
 

Clause A Obligation - (See Article V, Section 4, clauses A and B).  
 
Section 5 Meeting Committee - Shall be composed of three (3) members of the Council from within the state that 
the forthcoming meeting is to be held. 

 
Clause A Obligation - It shall be the responsibility of the Meeting Committee to make public contact 
through newspaper, radio, and television media for publicity.  It shall be the responsibility of the 
Committee to make necessary contacts to provide meeting places, accommodations, and any arrangements 
that will promote the success of a meeting.  It shall be the responsibility of the Committee to develop an 
interesting and informative program and agenda for the Council meeting.  Information pertaining to the 
arrangements and the program agenda shall be given to the Secretary 90 days prior to the meeting date.  A 
Promotions Coordinator will assist the Meeting Committee to help select, purchase, and maintain Council 
promotions merchandise. 

 
Clause B Restriction - Publicity shall be restricted to Council action, programming, awards, and 
announcements.  At no time will publicity be released that would discredit any person or organization, a 
member, state game and fish organization, federal agency, college, or university. 

 
Section 6 Constitution and  Resolutions Committee - Shall consist of the Chair, Secretary, and the immediate past 
Chair. 
 

Clause A Obligation - It shall be the responsibility of the Constitution and Resolutions Committee to draft 
changes and revisions in the Constitution and Bylaws and present these changes to the Council for vote at 
the Council meeting.  It shall be the responsibility of the Committee to draft resolutions in the accepted 
form and grammar, and present the resolution for Council consideration, discussion, and vote. 

 
Clause B Recommendations - Council members may recommend changes to the Constitution or the Bylaws 
by submitting such changes to the Secretary for committee consideration. Council members may 
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recommend adoption of resolutions by submitting such to the Committee no less than 24 hours prior to the 
Council business meeting. 

 
Clause C Acceptance - Resolutions will be limited to subjects directly related to the management, 
conservation, and protection of desert bighorn sheep or its habitat, or resolutions of gratuity or memorial.  
Constitution and Bylaw changes, and Resolutions, must be voted on and passed by a two-thirds vote of 
members present at the Council meeting. 

 
Section 7 Transactions Committee - Shall be composed of an Editor and two (2) assistants. 
 

Clause A Obligation  - It shall be the responsibility of the Transactions Committee to publish the 
Transactions of the Council meeting. 

 
Clause B Transactions - It shall be the responsibility of the Secretary and/or a Transactions Sales 
Coordinator to store excess copies of past Transactions; maintain records for standing orders, incoming 
orders, and payment for transactions; and to fill/send out Transaction orders. 

 
Section 8 Technical Staff - Shall be composed of not more than seven (7), nor less than five (5), members of the 
Council. 
 

Clause A Obligation - It shall be the Technical Staff’s responsibility to review and approve applications for 
funds collected in Hansen-Welles Memorial Fund.  The Technical Staff will be guided by the Council’s 
decision that these monies be donated to students or others for studies or research of the desert bighorn 
sheep.  In addition, the staff will inform Charles Hansen’s immediate family of all recipients of these funds. 

 
Clause B Obligation - The Technical Staff will provide or obtain advisor assistance for persons or agencies 
requesting information or help in desert bighorn sheep research and management, including review of 
environmental impact statements or other proposals which will impact desert bighorn sheep. 

 
Clause C Election - Technical Staff members shall be elected by the Council when necessary; and the Chair 
of the Technical Staff shall be elected by members of the Technical Staff.  In order to preserve continuity, it 
is desired that 4 members shall have served for at least 3 years. 

 
Clause D Term - The term of Technical Staff members shall be 6 years.  Technical Staff members can be 
re-elected for more than 1 term. 

 
Section 9 Awards Committee - Shall be composed of three (3) members of the Council. 
 

Clause A Obligation - It shall be the responsibility of the Awards Committee to evaluate and determine 
qualified Council members for consideration for the Council’s awards, or any other recognition deemed 
suitable to the cause. 

 
Clause B Criterion - Committee members shall follow the Council’s accepted “criterion and guide for 
determining the Desert Bighorn Council Award for outstanding work relating to desert bighorn sheep.” 

 
Section 10 Historian - The Council Historian shall be appointed by the Chair, with approval of the members at the 
Council business meeting. 
 

Clause A Obligation - It shall be the Historian’s responsibility to keep and house all Council records, 
except records two years old or less, which shall be kept by the Secretary.  The Secretary will, however, 
provide the Historian with copies of minutes of the Council business meeting and annual financial 
statements, which are less than two years old. 

 
Clause B Limitations - The Historian shall serve as long as the Historian is able and wishes to, subject to 
regular confirmation by the Chair and membership. 
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Section 11 Dissolution Committee - Shall be the Technical Staff. 
 
Clause A Obligation - (See Article IX, Section 1). 

 
Section 12 Miscellaneous Committees - Shall be appointed as needed to fulfill the desires of the Council in pursuing 
the objectives and purposes (Article II).  
 
Section 13 Accountability - All committees shall be accountable to the Council Chair. 
 
Section 14 Tenure - All committees shall serve until new committees are appointed in their stead, or until the duties 
assigned have been discharged, in conformance to Article V, Section 2. 
 

ARTICLE IX - DISSOLUTION 
 
Section 1 Dissolution - On dissolution of the Council, any assets remaining shall be distributed to a fund, 
foundation, or corporation organized and operated exclusively for the purpose specified in Section 501(c)3 of the 
Internal Revenue Code, as such section may be amended, superceded, or reformed. 
 

BYLAWS 
 
Section 1 Order of Business - The order of business at the Council business meeting, unless changed by a majority 
vote of members present, shall be as follows: 

1. Reading of the minutes of the previous meeting 
2. Reports of the Secretary and Treasurer 
3. Reports of the committees 
4. Election of Officers 
5. Old Business 
6. New Business 

 
Section 2 Enactment - Bylaws may be adopted, amended, or repealed at any Council business meeting by a majority 
vote of members present. 
 
Approved May 1, 2009  
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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. 
 
COPY: Use good quality white paper 215 × 280 mm (8.5 × 11 inches), or size A4.  Do not use 
"erasable," light weight, or mimeo bond paper.  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 xerographic copies.  Do not fold any copy. 
 
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. 
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KEY WORDS:  Place key words below the abstract.  Supply 6–12 key words for indexing: 
vernacular and scientific names of principal organisms, geographic area, phenomena and entities 
studied, and methods. 
 
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, 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 capital and lower case letters for authors’ last names, initials for given 
names.  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.    
 
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 tal l when reduced.  Lettering size and style when reduced should be the 
same in all figures.  Submit prints of good contrast on glossy paper.  Type captions on a separate 
page in paragraph form.  On the back of each illustration, lightly write the senior author’s name, 
figure number, and "Top." 
 
SUBMISSION AND PROOF:  All papers will be reviewed for acceptability by the Editorial Board 
and 2 outside reviewers.  Submit papers to Brian F. Wakeling, Arizona Game and Fish 
Department, Game Branch, 5000 West Carefree Highway, Phoenix, AZ 85086, 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 1957–2009 

 

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 Charles Hansen Charles Hansen   
   & L. Fountein 
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 Pullman, 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 
1996 Holtville, CA Andy Pauli Charles Douglas Charles Douglas  Ray Boyd 
1997 Grand Junction, CO Dale Reed &  Steve Torres Charles Douglas  Raymond Lee  
  Van Graham  
1998 Las Cruces, NM Eric Rominger &  Darren Divine Charles Douglas  Raymond Lee 
  Dave Holdermann      
1999 Reno, NV Rick Brigham & Darren Divine Charles Douglas Allan Thomas & 
  Kevin Hurley   Harriet Thomas 
2000 Bullhead City, AZ Ray Lee & Darren Divine Charles Douglas Jon Hanna 
  Jim deVos 
2001 Hermosillo, Sonora, Carlos Castillo & Darren Divine Charles Douglas Jon Hanna 
 Mexico Jim deVos 
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 
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