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KEYNOTE ADDRESS FOR THE 41STANNUAL MEETING
THE DIFFERENCE BETWEEN RHETORIC AND ACTION
JOHN H. ELLENBERGER, Colorndo Divisior7 of Wil&fi

Good morning ladies and gentleman. I appear before you today as the result of a strange set of
circumstances. Van Graham, one of the co-chaiyersons for this meeting left a note on my desk a few weeks
ago stating, "it looks like you're it for the keynote address." Evidently I was the last choice out of a lengthy
group of potential speakers. So in speaking to you today, I feel somewhat like the last athlete chosen in the
NBA or NFL draft, honored to have been selected, but always cawing the stigma of being the last person
chosen. I'm only kidding; I'm very happy to be able to speak to you this morning.
As we near the end of the 20th century we are entering a period of dramatic change and turmoil for
wildlife agencies and sport hunting. We can point to important successes in the past, but they seem to fall on
the deaf ears of a changing constituency that is demanding more and different programs and improved
performance from wildlife agencies. Wildlife agencies are being asked or forced to change due to changing
societal pressures and demands. As a result, agencies are writing new mission statements, producing new
long-range plans and reorganizing to meet these new demands. But how much are we really changing?
With the changes that are occurring in society, you would think that sport hunters, conservation
organizations, and wildlife agencies would be attempting to develop new partnerships, coalitions, and
associations. Sport hunters and environmentalists could be a powerful political force. if the! could join ranks.
Their common interest and concern for wildlife should pull them together, if there was some motivation and
bilateral respect for each other's differences of opinion. But the opposite seems to be occurring.
I'm reminded of two stories that characterize wildlife agencies, conservation organizations, and
hunters. The first example is taken from an article by Thomas Heberlein that appeared in the Wildlife
Society Bulletin several years ago:
"When I mas in college I worked part of one summer on a Great Lakes freighter. There was an
apocryphal s t o n told on the boat. It seems: some years back, the captain was in the wheel-house as the
boat was close to the south shore of Lake Superior just past Munsing, Michigan. He saw a light ahead dead on, made radio contact, and ordered it to move 10 degrees south. The radio cackled back, "you
move 10 degrees north." Incensed, the old man radioed back, "I am a captain. You move 10 degrees
south." The message came back "I am a seaman, second class. You move 10 degrees north." Figuring
the seaman didn't have any idea how difficult it was to quickly turn a f ~ ~ lloaded
ly
600-foot freighter, he
barked: "I am a Great Lakes freighter. You move 10 degrees south." The radio crackled again, "You
move 10 degrees north. I am a lighthouse!" Our current and highly successful system of scientific,
rational, government-centered wildlife management is something like a heavily loaded Great Lakes
freighter, constructed in the latter half of the nineteenth century with its course set in the first decades of
the twentieth."
Spencer Amend and Walt Gasson provided another characterization of natural resource agencies,
conservation organizations, and hunters.
"Had they possessed the means to do so, the dominant life forms in North America might have had a
meeting like this about 300 million years ago. They would have booked a nice hotel somewhere in the
middle of a Mesozoic forest, with lots of great places to eat and drink nearby. They would have sent
only the best and brightest of their various species. Indeed, it would have been a great honor to be

selected to attend. Perhaps they would have had committee gatherings a couple of days beforehand, with
separate committees for carnivores and herbivores in order to avoid unpleasant events involving
velociraptors or tyrannosaurs. They would have had, no doubt, splendid orations by renowned saurians.
Perhaps after some opening remarks by their esteemed leaders, even some dino-politicians would have
graced the podium. Then might have come a seemingly endless parade of technical papers: Impacts of
Predations on Triceratops; Food Habits of Northern Pterodactyls; and The Effects of Lightning-Caused
Fires on Stegosaur Foraging Habitat. A few days later, after some healy-duty foraging and schmoozing,
they would have picked up their briefcases and headed out, each for his or her own habitat, and all
ultimately for extinction. They might have had a tremendous meeting, but they couldn't deal with
change. Despite their successes dating back millions of years, they failed to grasp the emerging realities
of their own environment."
We must face the fact that our society and it's attitudes are changing. Hunters make up less than
10% of the nation's population. Also, nationwide surveys have shown that at least half of the U.S.
population is opposed to hunting. Women and urban residents have the most negative attitudes toward
hunting. Hunting animals for pleasure, especially trophy hunting as is the case with most bighorn sheep
hunting, is deemed by many as inappropriate and they feel there are better options available for esercise,
nature appreciation, food, and family values than sport hunting.
In addition, some traditional wildlife management techniques are no longer accepted by the general
public. Take for example, predator control. A recent occurrence here in the Grand Junction area concerning a
contest to promote the killing of coyotes to preserve mule deer generated a substantial negative response from
anti-hunting groups. Pressure on the sponsors of the event by the anti-hunting groups eventually caused
cancellation of the event.
Traditional methods of hunting are also being questioned. The recent ballot initiatives in western
states concerning spring bear hunting and the use of bait and dogs to hunt bears, and earlier referendums in
Colorado, show that we need to take a close look at the ethics of various hunting practices and public
acceptance of different hunting seasons.
Credibility of wildlife managers and agencies is being challenged by animal rights advocates. They
feel wildlife agencies create ecological imbalances as the result of producing large populations of game
animals with little attention to other species' needs. They feel wildlife managers are self serving, producing
hunting targets so licenses are sold to keep agencies funded and jobs secure.
And last but not least, burgeoning human populations and associated development are converting
wildlife habitat to suburban housing developments and shopping malls at an ever accelerating pace.
Colorado's current population is approximately 3.75 million people. This population is espected to double in
15 to 20 years if the present growth rate continues. It is difficult to comprehend the amount of habitat
destruction and degradation that will take place in that time after witnessing the changes that have occurred
over the past 30 years.
Increasingly sophisticated and affluent recreationists are taking to the hills with a dazzling array of
gadgets and motorized toys. These activities are making it increasingly difficult to maintain large chunks of
habitat in near pristine conditions that are needed to maintain wildlife species, especially those like bighorn
sheep that require large espanses of high quality habitat away from people and their activities. Without high
quality habitat we will be forced to intensively manage fragmented, remnant populations of sheep and other
species of wildlife, in habitat parcels that are analogous to zoos, with little opportunity for hunters and as a
result, less support for free ranging populations of wildlife.
In light of all these threats to wildlife and their habitats, as well as wildlife agencies and sport
hunters, you would think that these groups would be actively searching for new partnerships and coalitions to
provide more support for wildlife, wildlife habitats, and hunting as a part of scientific wildlife management.
But that is not always the case, and I would like to use a few examples to illustrate my point.

A series of articles in recent issues of High Country News illustrates 11on hunters are reacting to
criticism. Instead of looking at ways to make hunting more acceptable to the public. hunters are circling the
wagons and shooting inward at valuable proponents of hunting that are willing to objecti\.el!. examine and
criticize hunting activities that are deemed by some hunters and muc11 of the public to be unethical. Ted
Williams, formerly an information and education specialist for the Massachusetts Division of Fisheries and
Wildlife, examined the response of hunters and hunting organizations to criticism of hunting bears over bait.
The criticism was provided by Tom Beck, a hunter, who also happens to be a wildlife researcher for the
Colorado Division of Wildlife. Beck had written a commentary on hunting black bears over bait that was to
be used as the basis for an article in an issue of Outdoor Life magazine. Tom had been critical of bear baiting
and contended that continuing the activity invited much desenred criticism 60111 anti-hunting factions.
However, the Wildlife Legislative Fund, an Ohio based organization, felt that Beck had dangerously
expressed his opinions in Colorado and again in Idaho and had negativel!, influenced hunters and voters. The
Fund's directors felt he needed to be silenced. Outdoor Life decided not to publish the article by Beck as a
result of a letter writing campaign that was orchestrated by the Wildlife Legislative Fund. In Beck's words,
"to continually brand all criticism as anti-hunting rhetoric and all critics as anti-hunters only senres to paint
us into an ever smaller comer". This is not a good strategy for individuals and organizations that are seeking
broader support of their sport and activities. We desperately need to get hunters to accept the fact that other
points of view esist, and even if they don't agree with them, they are attitudes held by people who like and
want wildlife.
I personally experienced another situation that I feel would alienate potential partners and supporters
of sport hunting and wildlife management. I attended the national convention of an influential wildlife
consenration organization in Philadelphia this winter. This organization is a major proponent of hunting and
management of big game for hunting. However, its support for other consenration and environmental issues
does not seem to be nearly as strong. A guest speaker at one of the numerous luncheons at the meeting was
Senator Frank Murkowski form Alaska. He was introduced as a strong supporter of hunting and
conservation of big game. This is the same Senator Murkowski that is also in favor of dismantling or
weakening in~portantenvironmental laws such as the endangered species act. the clean air act. and clean water
act. He is also responsible for allowing and facilitating the unrestricted and unregulated logging of the
Tongass National Forest in his home state of Alaska. He regularly posts one of the worst enviromlental
17oting records in Congress. How does the representation of Senator Murkowski as a strong proponent of
consenration and environmental protection help forge new partnerships and coalitions will1 environmentalists
when his actions and voting record indicate the opposite? How can \Ireexpect to receive support for hunting,
preservation of wildlife and wildlife habitats from environmental organizations when we reinforce their image
of us as self-serving. near-sighted, narrow-minded shooters, more interested in the trophl~\ d u e of a ran1 than
the value of the habitat that produced the animal.
As wildlife agencies, consenration groups, and sport hunters let's not become the Great Lakes ore
freighter that ran aground because of its inability to change course. Let's not become the dinosaurs that went
extinct because we were not able to adapt to changing social environments. We must renew our efforts to
develop partnerships and coalitions with individuals, groups, and organizations that have not been our
traditional supporters. Without broad support we will not be able to sustain current programs or implement
new, aggressive programs to protect wildlife habitats or remove threats to wildlife. For example, how do we
as wildlife managers expect to implement programs such as removing domestic sheep from bighorn sheep
ranges to prevent transmission of Pnstzmlln if we don't have broad based support from a variep of publics?
Our opponents on this issue are v e n strong politically. There is no way we can expect to be successful
without broad based support from the general public.
Thank you v e y much. I hope you have a successful meeting and enjoy yourselves during your visit
to Grand Junction.
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DESERT BIGHORN SHEEP IN MEXICO
LUIS A. TARANGO, School of Renewable Natural Resources, Universih of Arizona, Biological Sciences
East 325, Tucson, Arizona 85721
PAUL R. KRAUSMAN, School of Renewable Natural Resources, University of Arizona, Biological
Sciences East 325, Tucson, Arizona 85721
Abstract: Desert bighorn sheep (Ovis cnnndensis) are valuable game animals in Mexico. Bighorn sheep
were abundant in their southernmost range in Mexico and were present in Coahuila and Chihuahua. However,
due to habitat loss, introduction of domestic livestock, overhunting, and poaching, desert bighorn sheep now
inhabit only 3 Mexican states: Sonora (Mexican bighorn sheep [O. c. mexicnnn]); Baja California
(Peninsular bighorn sheep [O.C. cremnobntes], Weems bighorn sheep [O.C. weemsi]); and Baja California
Sur (Weems bighorn sheep). We conducted phone interviews with wildlife biologists and a literature review
to describe the status and management of bighorn sheep in Mexico. Desert bighorn sheep populations in
Mexico are in need of further research; little has been published. Currently, harvesting is allowed in Sonora
and Baja California Sur, but prohibited in Baja California. The types of research to adequately manage desert
bighorn sheep in Mexico include diet, predation, movements, diseases, and habitat data. These data will
provide managers with better management tools for bighorns.

K q Words: abundance, Baja California, bighorn sheep, distribution, habitat, management, Sonora, status.
INTRODUCTION
In Mesico desert bighorn sheep are a valuable
game animal. Of the 6 mountain sheep races in
North America only the Mexican bighorn sheep,
Peninsular bighorn sheep, and Weems bighorn
sheep occur in Mexico (Manville 1980).
Historically, desert bighorn sheep occurred in
Chihuahua, Coahuila, Durango, Nuevo Leon,
Sonora, Baja California, and Baja California Sur,
Mesico (Cossio 1975). However, due to factors
such as habitat destruction (Araujo 1976),
introduction of domestic species (Villa 1959,
Mendoza 1976, Araujo 1976, Jaramillo-Monroy
and Castellanos-Vera 1992), overhunting (Villa
1959, Leopold 1959, Jaramillo-Monroy and
Castellanos-Vera 1992), and poaching (Cossio
1975, Mendoza 1976), desert bighorn sheep were
extirpated from Nuevo Leon, Coahuila, Durango,
and Chihuahua (Cossio 1975, Monson 1980).
Bighorn distribution is now restricted to Sonora
(Mexican bighorn sheep), Baja California
(Peninsular bighorn sheep, Weems bighorn
sheep), and Baja California Sur (Weems bighorn
sheep). The intrinsic economic value of these
animals makes them of particular interest for

federal and state wildlife management agencies.
The objectives of this paper were to determine the
kind of research being conducted in Mexico
related to bighorn sheep and to assess bighorn
sheep status and nlanagen~ent.
We acknowledge the people who provided us with
information regarding desert bighorn sheep
research in Mesico: (Eric Mellink, Centro de
Investigation Cientifica y de Educacion Superior
en Ensenada Baja California), (Raul Valdez, New
Mesico State University), (Sergio Alvarez, Centro
de Investigaciones Biologicas del Noroeste, Baja
California Sur), (Gerardo Lopez, Colegio de
Postgraduados, Campus San Luis Potosi), and
(Mario Cirett, Secretaria del Medio Ambiente
We also
Recursos Naturales y Pesca).
acknowledge personnel from CONACyT and
Colegio de Postgraduados that provided economic
support for the study.

METHODS
We conducted a literature review to determine
what had been published related to bighorns in
Mexico. The review included periods: 1897-1983
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and 1984-1995. For 1897-1983 we reviewed the
bibliography by Krausman et al. (1984). For
1984 to 1995, we searched: Journal of Wildlife
Management, Journal of Range Management,
Journal of Mamrnalogy, Desert Bighorn Council
Transactions, and Ecologica. We also reviewed
the 1996 issue of the Desert Bighorn Council
Transactions. Ecologica was only searched up to
1994. We assumed that these sources provided
most information on desert bighorn sheep studies
in Mexico. To complement our data, we also
contacted wildlife biologists. We tried to include
a wildlife biologist from each of the states where
desert bighorn occur. State and federal agencies'
reports and papers presented in annual
conferences were not included in this paper.

and Lopez-Saavedra 1993, 1994. Lopez et al.
1995, Lee and Mellink 1996): transplants
(Jimenez et al. 1996): and other general papers
(Sandoval 1985, Winkler 1987, Nabhan 1993).
For both periods 39 articles were published
between 1912 and 1996. Of these, 26 articles
(66.6%) were published in the period 1897-1983,
while 13 articles (33.3%) were published during
1984-1996. For both periods, research was
focused on distribution and abundance (46.1 %)
and management and techniques ( 15.4%). Less
research was directed towards transplants (5. I%),
physical characteristics (2.5%): welfare factors
(2.5%), disease and mortality (2.5%): behavior
(2.5%): habitat (2.5%): and general ecology
(2.5%).

RESULTS

POULA TION ES TIMATES

Krausman et al. (1984) reported 548 papers
related to desert bighorn sheep. Only 17 (3.1%)
were related to desert bighorn sheep in Mexico.
Krausman et al. (1984) reported papers on
distribution and abundance (Lumholtz 1912,
Merriam 1916, Burt 1938, Halloran 1954,
Leopold 1959, Davila 1960, Valdez 1982),
management and techniques (Gates 1972, Wilson
1975, Gonzales 1976), physical characteristics
(Gonzalez 1976); transplant (McDowell and
Gates 1 972), welfare factors (Dominguez 1 976),
disease and mortality (Fonseca 1979), behavior
(Fonseca and Gonzalez 1976), habitat (Guzman
196l), and general ecology (Monson and Sumner
1980). Other studies were related to distribution
and abundance (Villa 1959, Mendoza l976),
management and techniques (Arellano 1961,
Corzo 1963, Montoya and Gates 1973, and other
general papers (Davila 1961, Oliver 1970, Araujo
1976, Alvarez 1976).

We found 13 studies related to distribution and
abundance (DeForge et al. 1984, AlvidrezHernandez and Campoy-Fabela 1989, JaramilloMonroy et al. 1991, Jaramillo-Monroy and
Castellanos-Vera 1992, DeForge et al. 1993, Lee

Sonora - Based on direct sightings, and on
information gathered from local people, at 9
mountain ranges, Mendoza (1976) estimated the
Sonoran bighorn sheep population to be
approximately of 1,000 individuals. DeForge et
al. (1984) made an estimate of the population on
Tiburon Island of about 100-120 animals. For the
same area, Alvidrez-Hernandez and CampoyFabela (1989) estimated this population at 100
individuals. Currently the population estimate for
Tiburon Island is > 300 sheep (R. M. Lee,
Arizona Game and Fish Dept. pers. cornm.). Lee
and Lopez-Saavedra (1993) -conducted an
helicopter sunfey of the state and counted 155
groups in 25 mountain ranges. Using observation
proportions of 30-60% they estimated the
Sonoran population to be between 880 and 1,760
sheep. They concluded that the population could
support a hunting program of 30 permits. Lee and
Lopez-Saavedra (I 994) conducted a second aerial
survey for Sonora, they flew 14 different sites in
addition to many of the 25 sites surveyed in 1993.
Combining both surveys, the population estimate
for Sonora was 1,488 to 2,977 sheep. Lee and
Mellink (1996) reported on the population
estimate from surveys conducted in 11 mountain
ranges (ranges previously surveyed) in Sonora.
They pointed out the high densities at Sierra el
Viejo and Sierra Kun-Kaak. Because most of the
observations rates were higher in 1996 than in
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previous surveys, they indicated that in Sonora,
sheep populations are probably increasing.
Hunting in Sonora is allowed.
Baja California - Cossio (1975) reported that in
Baja California there were between 3,000 and
6,000 sheep. Alvarez (1976) estimated the
population of Baja California to be between 4,500
and 7,800. Cossio (1975) reported 1,500 to 3,000
desert bighorn in Bahia San Luis Gonzaga and El
Marmol.
In 1992, DeForge et al. (1993)
conducted an aerial survey over Bahia San Luis
Gonzaga. Using 40-60% observation proportions
their estimate was 780- 1,170 adult bighorns.
However, DeForge et al. (1993) indicated their
estimates could over or under estimate the sheep
population for the area. In 1995, Lee et al. (1995)
conducted a 3,000 km2 aerial survey concentrating
their efforts in rugged areas such as San Pedro
Martir, Sierra Santa Isabel, Sierra San Felipe,
Sierra Juarez, and Sierra las Tinajas. Lee and
Mellink (1996) compared the results from the
surveys of 1992 and 1995 and stated that there is
no evidence to say that there was a decrease of
sheep between 1992 and 1995. Hunting in Baja
California was banned in 1990 until further
investigations could be conducted. Lee and
Mellink (1996) recommended a hunting program
to harvest 9-12 rams as a conservative harvest
compared to the number of hunting permits issued
in the past.
Baja California Sur - Jaramillo-Monroy and
Castellanos-Vera (1992) estimated 500 to 700
sheep in Baja California Sur. They based their
estimate on data collected by technicians from
Secretaria de Agricultura y Recursos Hidraulicos
(SARH) and Secretaria de Desarrollo Urbano y
Ecologia (SEDUE) during 1976-1987. Sheep
were distributed along 3 important mountain
ranges of Baja Sur: Las Virgenes-La Refoma
(110- 160 sheep), La Giganta-Loreto (300-350),
and El Mechudo (30-50). In Baja California Sur
sheep hunting is allowed under the category of
special permits (SEMARNAP 1995). Although in
Baja California Sur sheep hunting is allowed, no
aerial surveys have been conducted for the area.
Furthermore, Jaramillo-Monroy and CastellanosVera (1992) suggested that bighorn sheep

populations have been declining throughout the
state.

MANA CEMENT
Wildlife species in Mexico are federal propert?,
and have been managed mainly by the federal
government through federal and state agencies
(e.g., SARH). In 1974, the federal government
authorized the Consejo Nacional de la Fauna
(CNF), an organization formed by big game
hunters whose objectives were to promote
conservation, to be in charge of the management
of desert bighorn sheep. The CNF was under the
supervision of federal and state agencies of
SARH. In 1982, Miguel de la Madrid created
SEDUE. Because of the creation of this new
secretariat, SEDUE was given the responsibiliq to
be in charge of the Department of Wildlife that
used to be within SARH (Mellink 1993).
President Carlos Salinas de Gortari, a few years
later, created the Secretaria de Desarrollo Social
(SEDESOL) in place of SEDUE. Ernesto Zedillo
formed the Secretaria del Medio Ambiente
Recursos Naturales y Pesca (SEMARNAP). CNF,
which was operating under the supervision of all
of these Secretariats, is no longer managing the
desert bighorn sheep populations in Mesico.
Presently, bighorn sheep in Baja California are
managed by SEMARNAP in coordination with
Fundacion Mexicana para la Conservacion del
Borrego Cimarron which was created in 1993
(Gerardo Lopez. Colegio de Postgraduados, pers.
comm.). The Fundacion Mesicana para la
Conservacion del Borrego Cimarron is supported
by the Foundation for North American Wild
Sheep (FNAWS) (Lee and Mellink 1996). In
Baja California Sur bighorns are managed directly
by SEMARNAP (Sergio Alvarez, Centro de
Investigaciones Biologicas del Noroeste, pers.
comm.). In Sonora, part of the bighorn
populations are managed by the National
Association of Diversified Ranchers (ANGADI).
This association obtained the concession for its
members to manage the game on their properties
(Mellink 1993). The ANGADI in Sonora is under
the supervision of SEMARNAP (Mario Cirett,
Secretaria del Medio Ambiente Recursos
Naturales y Pesca, pers. comrn.).

1997 DESERT B I G H O R N C O U N C I L TRANSACTIONS

DISCUSSION
There are few scientific studies on bighorn sheep
in Mexico. Most of the information (66.6%) was
published prior to 1983 and was mainly focused
on distribution and abundance (46.1%) and
management and techniques (15.4%). Scant
information exists for transplants, physical
characteristics, welfare factors, disease and
mortality, behavior, habitat, and general ecology.
More recently, surveys have provided information
on numbers and distribution (Lee and LopezSaavedra 1993, 1994). Although they counted
bighorns at 39 sites, most populations were < 100.
Only 5 areas supported > 100 individuals. The
population size at 7 sites was between 50 and 100,
while N_ at the remaining 17 bighorn areas was <
50. Simulation models using historical records of
bighorn sheep have shown that all southwestern
United States bighorn sheep populations declining
to N < 50 went extinct within 50 years, while
those having N > 100 continued to persist beyond
70 years; populations between 50 and 100
persisted for about 60 years (Berger 1990). If it is
true for naturally occurring populations, we may
expect that only 5 (17%) of the Sonoran
populations will persist beyond 70 years, while the
remaining 34 (83%) will disappear within 60
years. However, Krausman et al. (1996) could not
detect significant differences in estinction rates
between populations with 4 0 individuals and
populations with >50 individuals. Clearly, more
work needs to be conducted related to minimum
viable population size.
Although a great deal of information exists for
bighorn sheep populations in the United States, in
Mesico, the information that esists for bighorns is
scant and out of date. The studies that have been
conducted have only focused on population
estimates and structure of the population. The
main purpose of the population studies is to help
shape future management practices for desert
bighorn sheep, their conservation, and sustainable
harvesting programs. However, this effort, by
itself, is not sufficient to accomplish those
management objectives. The existence of a > 20year gap of bighorn sheep-related studies is

.

hampering management efforts. The presence of
small (< 100) bighorn sheep populations over 83
% of their range in Sonora suggests that intense
management efforts are necessar).. Because sheep
are slow colonists, managers need to focus their
efforts on the conservation of traditional habitats
(Bleich et al. 1990) and to maintain viable
populations, habitat management needs to be
implemented. Emphasis should be stressed in
protecting critical habitats and development of
larger blocks of suitable habitat (Bailey 1980).
Bighorn habitat must be protected in critical areas
(Bailey 1980). To better understand relationships
between sheep and their habitats, data are needed
on habitat use, diet and nutritional quality, and
habitat quantification.
Sandoval (1985) pointed out that wildlife
management in Mesico was still in its infancy.
Management for desert bighorn sheep and other
wildlife species are severely limited by econon~ic
constraints (Leopold 1959, Sandoval 1985,
Alcerreca et al. 1988). Conservation is not cheap,
but it is a necessity to maintain Mexico's natural
heritage. Hunting species without basic biological
data can severely affect wildlife populations. The
lack of sufficient and well trained federal and state
personnel to enforce laws has been another factor
that limits the management of desert bighorn
sheep in Mesico (Leopold 1959, Alcerreca et al.
1988). Furthermore, continued changes in federal
and state wildlife agencies also limit the
management of wildlife species. Political changes
cause resentment. and enhance lack of
communication and cooperation between federal
and state agencies (Sandoval 1985). This lack of
communication and cooperation limit the
continuation of ongoing wildlife management
programs.
Desert bighorn sheep management in Mexico
appears to be driven by hunting. According to
Caughley and Sinclair (1994) we can not provide
management for wildlife populations if we do not
understand them. We conclude that: 1) little has
been published on Mexican desert bighorn sheep
populations; 2) the information that exists for
desert bighorn sheep in Mexico is outdated; 3)
there is a lack of continuous systematic surveys of
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desert bighorn sheep; 4) continuous changes in the
agencies managing bighorn sheep is not
beneficial; and 5) biologists need to understand
more about the basic life history strategies of
desert bighorn sheep in Mexico including
minimum viable population size, diet, habitat
relationships, movements, predation, disease and
metapopulation dynamics.

conservation implications of a naturally
fragmented
distribution.
Conservation
Biology 4383-390.
Burt, W. H. 1938. Faunal relationships and
geographic distribution of mammals in
Sonora, Mesico. University of Michigan
Misc. Publish. 39:1-77.
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INTRODUCTION
Natural history studies or case studies are
important for problem solving and progress in
conservation biology (Shrader-Frechette and
McCoy 1993). For many species, empirical life
history data needed for computer simulation
modeling are lacking. Additionally, knowing the
distribution, demography, survival, and
recruitment of a population is fundamental to
understanding the causes for a population
decline and determining management options to
restore a population (Caughley and G u m 1996).
In this study, we investigated a small population
of desert bighorn sheep (Ovis ccrnodensis
cremnobates) to obtain baseline health and
demographic information and to develop
management recommendations aimed at
regaining population viability.
Peninsular bighorn sheep range from the San
Jacinto Mountains, California to the Santa
Rosalia area of Baja California, Mexico,
although the southern ex?ent of their range is not
well defined (Clark 1964, Jimenez et al. 1996).
Peninsular bighorn within the U S . were
estimated to number 1,171 as recently as 1979
(Weaver 1979), but helicopter surveys
conducted in 1996 by Bighorn Institute (BI) and
the California Department of Fish and Game

(CDFG) indicated that only approximately 280
adult bighorn remained. Peninsular bighorn
have been listed as threatened by the State of
California since 1972 and were proposed for
Federal listing as endangered in 1992. A ruling
on the proposed listing remains pending.
The San Jacinto Mountains (SJM) bighorn
population comprises the northernmost deme of
the Peninsular bighorn metapopulation and is a
geographically peripheral population. In 1969,
based on sight records and bighorn sign, it was
estimated that 80 bighorn inhabited the SJM
(Weaver and Mensch 1970). The population
estimate was increased to 280 bighorn (Weaver
1979) after volunteers counted 285 bighorn at a
1973 water hole count. From 1974 to 1977,
recruitment was high and the number of adult
bighorn observed during summer water hole
counts ranged fiom 94-131 (Society for the
Conservation of Bighorn Sheep 1984); however,
population numbers and recruitment declined
thereafter. While 94 adult bighorn and 10 lambs
were counted during a 1977 SJM waterhole
count, only 45 adult bighorn and no lambs were
counted in 1978 (Society for the Conservation of
Bighorn Sheep 1984). Since 1977, the number
of bighorn counted during annual waterhole
counts or helicopter surveys in the SJM has
failed to surpass 45 animals (Society for the
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Conservation of Bighorn Sheep 1984, BI unpubl.
data). A similar population trend was reported
for the neighboring Santa Rosa Mountains
(SRM), where a disease outbreak reportedly
struck bighorn in the late 1970's (DeForge and
Scott 1982, Wehausen et al. 1987, DeForge et al.
1995). This epizootic contributed to at least 13
years of poor recruitment and an 81% population
decline in the SRM adult bighorn population
between 1979 and 1996 (DeForge et al. 1995, BI
unpubl. data). Here, we document a decline in
the SJM bighorn population and examine the
recent distribution, home range, survival, and
reproductive rates of this population.
We thank the many cooperators in this study
including the Bureau of Land Management
(BLM), U.S. Forest Service (USFS), and the
U.S. Fish and Wildlife Service (USFWS).
Funding was provided by R. and E. Agee,
ARC0 Foundation, BI, BLM, CDFG, B.
Howard, the Rogers Foundation, D. and C.
Stockton, and the Turner Foundation. We are
very grateful to E. M. Barrett, who was helpful
in all phases of this study. We thank M. Cain
for his assistance with helicopter surveys and
captures. Special thanks to M. Jorgensen, J.
Muench, and D. VanCleve for Anza Borrego
Desert State Park's assistance with helicopter
surveys and fixed-wing telemetry flights. We
also thank C. W. Jenner for his veterinary
assistance throughout the study, as well as for
his many helpful comments on this manuscript.

STUDY AREA
The SJM of Riverside County are a northwest
estension of the SRM, and constitute one of the
Peninsular Ranges of California. In less than 12
km,San Jacinto Peak rises from 243 m to 3,294
m above sea level, creating the steepest
escarpment in North America. Although the
SJM are not a true desert range, the eastemfacing desert slopes are within the Colorado
sub-division of the Sonoran Desert. Deeply cut
canyons and steep arid slopes create desirable
bighorn habitat. Weaver and Mensch (1970)
used a modified version of Hansen's habitat
evaluation technique and classified the SJM

range as "important to bighorn." The rock mass
of the SJM is classified as Mesozoic granite, but
metamorphic rocks are common on the eastern
slopes. Annual rainfall on the desert slopes of
the SJM averaged 14.4 cm between 1982 and
1996 (data for the Palm Springs Airport from
the Western Regional Climate Center).
Vegetation within bighorn habitat is dominated
by brittlebush (Encelin+forinosa),creosote bush
(Larren tridentatn), burro-weed (Ambrosia
dumosn), catclaw (Acacia greggii), indigo-bush
(Psorotl7nmn1isschotti), desert apricot (Purnns
jiemontii),
barrel
cactus
(Ferocnctzts
cylindrncezts), cholla cactus (Opuntia spp.), and
agave ( A g w deserti). Most canyons within
bighorn habitat have perennial water sources.
Land ownership within bighorn habitat is shared
by the Agua Caliente Indian Reservation,
USFS, BLM, and the private sector. The
eastern edge of this range is bordered by City of
Palm Springs. Within the central portion of this
range, the Palm Springs Aerial Tram was
constructed in Chino Canyon beginning in the
mid 1950's and was completed in 1963.

METHODS
Helicopter surveys were conducted by BI in
1983, 1984, and then annually beginning in
1987, primarily to record population trends and
range use. The range was flown south to north
using a Hughes 500D or Bell Jet Ranger
helicopter with 3 observers accon~panyingthe
pilot. The doors of the aircraft were removed
for optimum visibility. Surveys were completed
in 1.O-4.8 hours of flight time. Before 1993,
we surveyed all bighorn habitat from Murray
Canyon to Snow Creek. In 1993, a 4.8 hour
census/search was conducted using radiotelemetry to assist in locating bighorn. Because
the northern portion of this range appeared to
have been abandoned after 1989, our 1994-1996
surveys were focused south of Blaisdell Canyon
and the range north of this canyon was flown
only cursorily. Data collected when bighorn
were sighted included date, time, group size,
group composition, location, and elevation.
Bighorn locations were plotted on 1:62,500
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topographical maps at the time of the sighting.
Surveys were conducted in SeptemberNovember, except for the May 1984 survey and
a June 1994 flight conducted in addition to the
fall 1994 survey.

In 1992, a cooperative study n d h BI, CDFG,
BLM, USFS, and USFWS was initiated.
Between December 1992 and December 1996,
20 bighorn were captured (including 2 animals
that were captured twice) via a net-gun fired
from a helicopter for radio-collaring andlor
biological sampling. Nine bighorn (4 M, 5 F)
were captured in December 1992, 7 (4 M, 3 F) in
December 1995, and an additional 4 animals (2
F, 1 M, and 1 lamb) were captured in November
1996. Upon capture, bighorn were blindfolded,
hobbled, and approximately 120 cc of blood were
collected by jugular venipuncture. Blood was
transferred into 10-ml sterile integrated serum
separator tubes for serum chemistry analysis and
serology, into 3-ml heparinized tubes for
bluetongue (BT) virus and epizootic hemorrhagic
disease (EHD) virus isolation, into 3-ml liquid
ethylenediaminetetraacetic acid (EDTA) (K;) for
hematological esamination, and into 10-ml
EDTA (K3) tubes for genetic analysis. Serum
chemistry panels were not conducted on bighorn
sampled in 1992. Sera were evaluated for
antibodies against BT, respiratory syncytial virus
(RSV), border disease (BD), Brz~celln ovis,
Cldnnydin, contagious ecthyma (CE), EHD,
infectious
bovine
rhinotracheitis
(IBR),
Leptospirn, Mjlcoplnsn~a, ovine progressive
pneumonia (OPP), Parainfluenza-3 (PI-3),
Coxielln bztrnetii (Q fever), Toxoplnsnm, and
Annplnsrnn. Hair follicles and clots from whole
blood were collected for mitochondria1 DNA
sequencing and microsatellite DNA t l ~ i n g .
Nasal swabs were placed in modified Amies clear
transport medium for aerobic bacterial culture
and identification, although nasal swabs collected
in 1992 were examined only for the presence of
Pastezlrella species. Additional nasal swabs
were transferred into virus antibiotic media A
for isolation of RSV, BD, IBR and PI-3 viruses.
Pharyngeal swabs were collected for Pnstezlrelln

species culture and identification from animals
sampled in 1992.
Fecal samples for ova and parasite esamination
were collected from each bighorn. Ticks and
earswabs were collected and sent to the
Department
of
Veterinary
Pathology,
Microbiology and Immunology, University of
California, Davis, where ticks were identified and
ear swabs were examined for Psoroptes mites.
Test procedures and laboratories used are listed
on Table 1. A total of 17 bighorn were fitted
with ear-tags and Telonics MOD 400, 500, or
505 radio-collars with mortality sensors.
For each radio-collared bighorn, we obtained
telemetry readings weekly and attempted to
obtain either visual or fixed-wing telemetry
locations a minimum of twice per month from
the date of collaring through June 1997.
Ground field work was supplemented by 30
fixed-nlng telemetry flights. Data collected
upon visual location of bighorn included animal
identification, date, time, location (Universal
Transverse Mercator coordinates), group size
and composition, and aninla1 health condition
(McCutchen 1985). Records of the largest
number of each age and ses class observed
during ground field work were confirnled with
helicopter survey data each year to determine
annual population estimates, sex ratios, and
recruitment.
Home range sizes were estimated for bighorn
that were located on 325 independent occasions
(locations >24 hours apart).
Because of
differences in monitoring intensity and an
obvious visibility bias in the northern SRM as
compared to the SJM, only locations of bighorn
in the northern SRM (ram 560) that were >7
days apart were included in the home range
analysis. We used the fixed kernel estimator in
KERNELHR version 4.25 (Seaman and Powell
1996) to estimate the home range and core use
areas, defined as the 95% and 50% utilization
distributions (UD), respectively. As recommended by Worton (1989), least squares cross
validation was used to determine the smoothing
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parameter for kernel estimates. Mann-Whitney
U tests (Sokal and Rohlf 1995) were used to test
for differences in home range size between
sexes.
For the survival analysis, bighorn were
considered at risk from the date of collaring
until they died or until December 31, 1996.
Bighorn detected on mortality mode were
retrieved as soon as possible to determine the
cause of death, which was classified as
predation, capture-related, disease, or unknown.
Annual survival rates based on a calendar year
were calculated using the Kaplan-Meier method
(Kaplan and Meier 1958, Pollock et a1 1989).
RESULTS
Health Status

None of the bighorn captured or observed
during ground field work displayed overt signs
of illness. Overall, results from diagnostic
testing of the SJM bighorn indicated limited
disease esposure (Table 1). Of the bighorn
tested, 66.7% (619) were seropositive for
Annplnsmn, but no anaplasma organisms were
reported from stained blood smears submitted
for hematology. Antibody titers (1:10 to 1:20)
against Q Fever were reported in 54.5% (6111)
of the bighorn, and 50% (10120) mere positive
for EHD. Titers to Chlamydia, BT, RSV, and
CE were also detected (Table 1). None of the
20 bighorn tested showed exposure to BD, IBR,
Leptospira, OPP, or PI-3 virus. Eleven of 20
bighorn displayed eosinophilia (eosinophils
comprised >lo% of white blood cells), and 1
animal was monocytotic (monocytes comprised
>6% of white blood cells). Two of 11 bighorn
had creatinine phosphokinase (CPK) values
>2,000 IUIl. All other hematology and serum
chemistry values were within normal ranges
established for desert bighorn sheep (BI unpubl.
data).
Pnstetirelln spp. were isolated from the nasal or
pharyngeal swabs of 44.4% (8118) of the
bighorn sheep sampled. Streptococcus viridnns
was the nex? most prevalent bacteria isolated

from nasal or pharyngeal swabs (Table 2). No
viruses were isolated from nasal swabs or blood.
No ova or parasites were identified from fecal
samples and no mites were recovered from
earswabs. Ticks (Dernmcentor hzmteri) were
found on 10120 bighorn. Results from genetic
analyses will be presented elsewhere.
Distribution and Movements

We observed bighorn sheep at elevations from,
2l3-lYO37 m. Deer (Odocoiletis herniontw)
were occasionally encountered in the upper
elevations of bighorn habitat during helicopter
surveys. No feral animals were seen within the
bighorn range. During 1983-1988 helicopter
surveys, bighorn were located in Hurricane,
Blaisdell, Chino, or Tachevah canyons, whereas
during 1990-1996 surveys, bighom were
observed in southern Chino Canyon, and
Tachevah, Tahquitz, Eagle, and Andreas
canyons (Figure 1).
Most locations of radio-collared adult bighorn
monitored in 1992-1997 were between southern
Chino Canyon and northern Andreas Canyon.
All radio-collared ewes were located within this
area, however, multiple intermountain ram
movements were recorded. A ram estimated to
have been born in 1987 (ram 560) crossed to the
adjacent SRM and joined a small herd of
bighorn there for the rut in 1993-1996. Ram
560 was observed within the northern SRh4
bighom deme from September 20, 1993November 13, 1993; September 6 , 1994November 5, 1994; August 6, 1995-November
2, 1995; and September 2, 1996-October 1,
1996. In 1996, a 9-year-old radio-collared ram
from the SJM was found dead from unknown
causes in Palm Canyon in the northern S W .
Intermountain movements, or attempts thereof,
by un-marked rams were also documented. An
unmarked 4-year-old ran1 moving east toward
the northern SRM was observed in the City of
Palm Springs in October 1993. In 1995, 2 uncollared yearling rams from the northern SRM
bighorn deme attempted to cross through Palm
Springs toward the SJM, although traffic,

Table 1. Diagnostic test results for the presence of disease agents and internal parasites in bighorn sheep (Ovis canadensis cremnobntes)captured
in the San Jacinto Mountains, California 1992, 1995, and 1996.
No. pos.
No. pos.
No. pos.
No. pos. total
1992
1995
1996
(percent)
Test type
Test location
Infectious agent or disease
619
nt
nt
619
(66.7)
CARD
test
CVDLS
Annplnsrna
419
217'
014
6/20 (30.0)
AGID, CF, ELISA TEXAS, NVSL, CVDLS
Bluetongue
014
0120 (0)
PENN
019
017
CSU-CVDL,
VI
Bluetongue
019
017
014
0120 (0)
CVDLS
SN
Border disease
019
017
014
0120 (0)
PENN
VI
Border disease

VI
CSU-CVDL, PENN
019
017
014
0120 (0)
IFA
CVDLS
219~
017
014
2/20 (10.0)
Toxoplnsmn
LAT
CVDLS
119'
017
014
1/20 (5.0)
AGID = agar gel immunodiffision; CF = complement fisation; ELSA = enzyme linked imrnunosorbent assay; VI = virus isolation; IFA =
indirect fluorescent antibody; SN = serum viral neutralization; MAT = microagglutination test; HI = hemagglutination inhibition test; LAT =
lates agglutination test: TEXAS = Tesas A&M University, College Station, Texas; NVSL = National Veterinary Services Laboratory, Ames,
Iowa; CVDLS = California Veterinary Diagnostic Laboratory System, Davis, California; CSU-CVLS = Colorado State University - Colorado
Veterinary Diagnostic Laboratory; PENN = Animal Diagnostic Laboratory, The Pennsylvania State University, University Park, Pennsylvania:
PAL = Professional Animal Laboratories, Inc., Irvine, California (now known as Antech Diagnostics); nt = not tested.
'Titer range: 1:20
9iter range: 31:20
'Titer range: 31:40
d ~ i t erange:
r
1 :5
Titer range: 1:10 to 1:20
r
Titer range: 1:16
Parainfluenza-3
Respiratory syncitial virus

1 9 9 7 D E S E R T BIGHORIV C O U N C I L T R A N S A C T X O K S

Figure 1. Locations of Peninsular bighorn sheep (Ovis canadensis cremnobates) seen during 1983-1996
helicopter surveys of the San Jacinto Mountains. Solid boxes represent locations of bighorn 1983-1988;
open boxes are locations of bighorn 1989-1996. Map scale: 1 cm represents 1 krn, 50 m contour interval.
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Table 2. Bacteria cultured from nasal and pharyngeal swabs from bighorn sheep (Ovis cnnndensis
cremnobates) captured in the San Jacinto Mountains, California, 1992, 1995, and 1996. Testing was
conducted at Professional Animal Laboratories, Inc., (now known as Antech Diagnostics) Irvine,
California.
No. positive
1992
nt
nt
nt
nt
nt
719"
nt

No. positive
No. positive
Total
Bacteria
1995
1996
no. positive (percent)
Streptococcus viridnns
415
014
419 (44.4)
Klebsiella pneumoniae
015
214
219 (22.2)
Bacillus spp.
115
%
219 (22.2)
Pseudomonm aenrginosa
115
%
219 (22.2)
Escherichia coli
015
%
119 (11.1)
Pastezirella spp.
1I5
014
8/18 (44.4)
Sta~hvlococcusazirezis
115
014 - - 119 (11.1)
nt=not tested
aPastezirella species were cultured from 719 pharyngeal swabs and 019 nasal swabs

animal control officers and police officers
interfered with their movements. One ram
returned directly to the northrn SRM, while the
other ram was observed in Blaisdell Canyon of
the SJM 7 days later, before he also returned to
the northern SRM.
Lambs were observed in Andreas, Eagle,
Tahquitz, Tachevah, and Chino canyons.
Young lambs ( 4 month of age) were observed
primarily in Eagle and Tahquitz canyons, but
also in Andreas and Tachevah canyons.
Demographics
The total number of adult bighorn observed
during helicopter surveys ranged from 0 in
1989, to 17 bighorn in both 1993 and 1994
(Table 3). Because helicopter surveys were
cursory and marked animals were not available
for capture-recapture estimates prior to 1993,
we did not calculate population estimates from
helicopter surveys alone. Catch per unit effort
(CPUE), or the number of adult sheep (11
year) seen per rotor hour, declined between
1984 and 1987 then remained low until 1993.
An average of 81.7% of the collared animals
were observed during the 1993-1996 flights.
Between 1992-1996, ground field work
corroborated helicopter survey results indicating

- -

the adult bighorn population remained relatively
stable at approximately 19 adult bighorn
(Figure 2); however, the sex ratio became
increasingly skewed in favor of males.
Excluding yearlings, we estimated that there
were 8 adult ewes in 1993, and 6 adult ewes in
1994-1996. The average ram to ewe ratio
between 1992-1996 was 135.4 rams1100 ewes
(SD=33.8).
Excluding 1989 and 1992, when no ewes were
observed, the number of lambs1100 ewes from
helicopter surveys averaged 72.7 (SD=71.0).
Although 1anib:ewe ratios were highest between
1987-1990, the actual number of lambs
observed in each helicopter survey increased
after 1993. Between 1992-1996, lambing began
in February or March each year and
recruitment, as recorded from ground and
helicopter surveys, averaged 71.8 lambs1100
ewes (SD=26.7). In 1993, 2 lambs and their
radio-collared dams were killed by mountain
lion (Felis concolor), but we were unable to
document the cause of death for any other
lambs. The sex ratio of 1992-1996 lambs
recruited to yearling age was 167 niales1100
females.
Six mortalities of radio-collared adult bighorn
were recorded between 1992 - 1996. Three

Table 3. Results from helicopter surveys of bighorn sheep (Ovis canadensis cremnobates) in the San Jacinto Mountains, California. All surveys
were performed in September-Novemberunless otherwise indicated.

Flight
Total
time
Rams
adults
(hours)
Year
4
15
1983
1.50
5
14
1984a
1.25
2
4
1987
1S O
3
5
1 .OO
1988
0
0
1.OO
1989
1
5
2.00
1990
3
4
1S O
1991
1
1
2.00
1992
17
6
4.80
1993
4
13
2.50
1994b
7
1.10
17
1994
7
15
1.30
1995
16
6
1.75
1996
"urvey conducted in May 1984
Survey conducted in June 1994

Ewes
11
8
1
2
0
2
1
0
7
7
5
6
5

Lambs
0
1
2
2
0
2
0
0
2
4
4
5
3

Yrlg.
Males
0
1
1
0
0
2
0
0
2
1
3
0
4

Yrlg.
Females
0
0
0
0
0
0
0
0
2
1
2
2
1

Rams1100
Ewes
36.4
62.5
200.0
150.0
0
50.0
300.0
0
85.7
57.1
140.0
116.7
120.0

Lambs1100
Ewes
0
12.5
200.0
100.0
0
100.0
0
0
28.6
57.1
80.0
83.3
60.0

YrIgsl100
Ewes
0
12.5
100.0
0
0
100.0
0
0
57.1
28.6
100.0
33.3
100.0

Adult
bighorn1
helicopter
hour (CPUE)
10.0
11.2
2.6
5.0
0.0
7.5
2.6
0.5
3.5
5.2
15.4
11.5
9.1
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Figure 2. Population estimates of Peninsular bighorn sheep (Ovis canadensis cremnobntes) in the San
Jacinto Mountains. Estimates were obtained using data from both ground field work and helicopter
surveys.

I

CI Males

Females

I

DISCUSSION
bighorn ewes were killed by mountain lion.
Two 9-year-old rams and a 3-year-old ewe died
from unknom causes. A 6-year-old ewe
captured in 1992 died of capture-related
complications within 30 minutes of release and
was therefore eliminated from the survival
analysis. Annual survival of radio-collared
bighorn averaged 0.7986 for 1993-1996 (Table
4). Our small sample sizes prohibited testing
for differences in survival caused by gender or
season.

Home Range
Eight radio-collared bighorn had 225 locations
for home range analysis. Four sheep died less
than 1 year afier collaring, and 5 of the sheep
were regularly monitored, but had <25
locations.
Fixed kernel home range size
averaged 25.47 km2 (SD=3.28, range 22.7830.24 km') for rams and 20.05 km' (SD=2.00,
range 17.93-21.91 km2) for ewes (Table 5).
Core use areas averaged 7.0 krn2 (SD=0.43) for
rams and 5.04 km2 (SD=0.73) for ewes. Both
average home range and core use areas were
significantly larger for males than females.

Health Status
Seropositive results among the SJM bighorn were
highest for Annplnsnm spp. Anaplasmosis is an
infectious, noncontagious intraerythrocytic,
rickettsia1 disease of ruminants. Both A. ovis and
A. nlnrginnle can cause disease in wild and
domestic ruminants, but infonnation on the
epizootiology of Anaplasmosis in bighorn sheep
is lacking. Dernmcentor Iwnteri ticks, as found
on the SJM bighorn, can transmit both A. ovis
and A. marginale to bighorn sheep under
experimental conditions (D. Stiller, unpubl. in
Goff et al. 1993). Annplnsmn ovis has been
isolated from \ d d desert bighorn sheep (Goff et
al. 1993) and A. ovis can cause severe anemia,
icterus, and lethargy when inoculated into
healthy, captive bighorn sheep (Tibbitts et al.
1992). Although A. nlnrginnle may replicate in
bighorn sheep, there is no evidence of naturally
or experimentally occurring infection (Goff et al.
1993).

Annplnsmn spp. have also been isolated from
apparently healthy bighorn (Jessup and Boyce
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Table 4. Annual adult survival of bighorn sheep (Ovis conadensis cremnohotes) in the San Jacinto
Mountains, California, monitored January 1993 - December 1996. Annual survival averaged 0.7986 for
the four year period; however, refer to the test for an explanation of the reconmended average estimate of
annual survival between 1993-1996 (0.7478).

1

Year
~urviva~
~ 3 7 LI
0
No. collared
No. mortalities
1993
0.7500
0.4499-1.OOOO
8
2
1 994a
1 .OOOO
1 .OOOO-1.OOOO
6
0
0.6667
1995
0.2895-1.OOOO
2
6
1996
0.7778
0.5062-1 .OOOO
9
2
a The population estimate for the SJM adult bighorn decreased in 1994, therefore our data suggested that
adult mortalities did occur in 1994.

Table 5. Fixed kernel home range estimates (h2)
for bighorn sheep (Ovis conadensis cremnobntes) in the
San Jacinto Mountains, California, monitored January 1993 - June 1997.
95% utilization distribution

50% utilization distribution

20.32
17.93
21.91
24.06
27.45

5.02
4.32
5.78
7.69
7.66

Sex and ID

EWE040
EWE295
EWE360
RAM200
RAM310

1993).
Eight of 9 desert bighorn sheep
populations sampled in California between 19921995 were seropositive for Anaplnsn~a sp.
(n=160), with seroprevalence within populations
ranging from 14-97% (Crosbie et al. 1997).
Recovered animals may serve as lifetime carriers
of the disease and eshibit positive antibody titers
to Annplrrsnm spp. without detectable
parasitemia (Blood et al. 1986).
Results from sampling 7 SJM bighorn in 19831985 (Clark et al. 1985) indicated that 57% of
the sheep had titers against RSV (>1:5), 57%
were positive for EHD (AGID), and 42% were
positive for BT, compared to positive results for
lo%, 50%, and 30% of the animals sampled in
1992-1996 for these diseases, respectively.
While the percentage of animals seropositive for
RSV, EHD, and BT declined between the 2

No. data points
36
74
38
27
26

testing periods, titers against CE were found in
10% of bighorn sampled in 1992-1996, but in
none of the animals sampled in 1983-1985 (Clark
et al. 1985). Detecting antibodies to kno\vn
bighorn diseases in these adult sheep through
serology testing indicated 1 of 3 possibilities: 1)
current infection, 2) previous infection to which
the host is now immune, or 3) cross-reaction with
shared antibodies from another infection. A rise
in specific antibody titer from 2 sampling dates
(paired samples) would provide a more definitive
diagnosis.
Overall, hematology and serum chemistry results
were un-remarkable. Eosinophilia is generally
associated with parasitic infestation andlor
allergic states; however a sustained rise in
eosinophils could occur in a wide variety of
conditions.
Monocytes appear briefly in
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circulating blood, and then enter the body tissues
where they are transformed to macrophages. The
significance of monocytosis in our study is
unknown. Creatine phosphokinase is a leakage
enzyme that generally indicates muscular damage
when serum levels are increased. Short-term
increased values can occur after excessive
exercise or contusions, while prolonged increases
in CPK may indicate muscle necrosis or other
serious muscle disease.
Although we found evidence of exposure to a
number of infectious agents, we found no
indication that disease operated as a limiting
factor for the SJM bighorn population between
1992 and 1996. Anecdotal reports of respiratory
ailments among SJM bighorn in the early 1980's
(Society for the Conservation of Bighorn Sheep
1984) correspond with disease symptoms
reported in the neighboring SRM bighorn
population during this time period (DeForge and
Scott 1982, DeForge et al. 1982). The impact of
infection on host animals is a function of both
host and parasite density, as well as the
nutritional and stress level of the host. Disease
may be a density dependent mechanism
analogous to predation or resource limitation in
its ability to regulate population growth
(Anderson and May 1979).
Although
observations and diagnostic testing indicated that
bighorn in the SJM are not currently
experiencing disease, we cannot reject the
hypotheses that disease played a primary role in
the decline of the SJM bighorn population after
1977, or that the current population density is
below the threshold at which disease will persist
(Anderson and May 1979).
Distribution and Movements
Desert bighorn sheep populations are generally
structured by female groups which have
relatively stable home ranges, while males
usually range wider and often move between
ewe groups (Geist 1971, Festa-Bianchet 1986,
Bleich et al. 1996). Accordingly, while the ewe
range in the SJM was restricted to the area
between and including Andreas and Chino
canyons during our 1992-1997 telemetry study,

rams frequently moved beyond these
boundaries. The domain of concentrated sheep
use during our study was significantly reduced
from recent historical descriptions that indicate
bighorn ranged from Snow Creek to Palm
Canyon and concentrated in Blaisdell, Chino,
and Tachevah canyons (Weaver and Mensch
1970).
The change in the pre- and post-1989 bighorn
distribution as shown by our helicopter data
(Figure 1) can be interpreted either as range
contraction, range shift, or the extirpation of a
sub-population. The northern extent of the
regularly used bighorn range has clearly been
reduced and now extends into Chino Canyon,
rather than Snow Creek. Historical information
(Grinnell and Snw-th 1913, Goodman and
Knudsen 1963, Blong 1967. Weaver and
Mensch 1970) suggests that during our early
surveys, bighorn may have been present in the
southern canyons, but were not observed. Thus,
the changes in bighorn distribution shown by
our helicopter survey data appear to be a result
of both range contraction in the northern end of
the bighorn range, and low sheep numbers and
sampling error in the southern areas.
Human disturbance, habitat fragmentation, and
density dependent mechanisms including disease
may all explain the recently reduced SJM
bighorn distribution. Range contraction is an
inherent result of severe population declines.
However, past accounts of the SJM bighorn
distribution (Weaver and Mensch 1970)
reported that sheep were primarily concentrated
in Tachevah, Chino, and Blaisdell canyons, an
area now almost void of sheep. Disturbance
and habitat fragmentation may be principal
causes for the current limited use of sheep
habitat north of Chino Canyon. Roads and
traffic are known to inhibit bighorn movement
and habitat use (DeForge 1972, Jorgensen
1974) and construction of the Tram Road
through Chino Canyon in 1963 was reported to
severely reduce bighorn movement (Blong
1967). Human disturbance, habitat loss, and
habitat fragmentation are serious and longstanding problems for the SJM bighorn deme
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(Tevis 1959, Weaver and Mensch 1970) that
must be addressed for the recovery of this
population.

bighorn distribution, rather than an actual
population increase to the degree indicated bgr
the data.

In November 1997, ram 560 moved north of
Chino Canyon into the area that appeared to
have been abandoned by the current SJM ewe
group. Although only a single radio-collared
ram was observed north of Chino Canyon in
1997, tracks and feces along the northern edge
of the canyon indicated that other bighorn
(including a lamb or yearling) had crossed the
canyon within the month. Monitoring of radiocollared bighorn as well as bighorn sign is
continuing.

The SJM and the adjacent SRM bighorn
populations declined sharply following 1977 and
had depressed recruitment for > 7 years
aftenvard (Society for the Conservation of
Bighorn Sheep 1984, CDFG unpubl. data,
DeForge et al. 1995). Because < 2 ewes were
observed during each of the 1987-1992 SJM
helicopter surveys, the increase in lamblewe
ratios following 1987 is questionable. However,
the 1993 yearlinglewe ratio indicated that
recruitment in the SJM population had clearly
improved by 1992.
This also roughly
corresponds with the increased recruitment
documented in the SRM in 1991 (DeForge et al.
1995). Correlated dynamics, as displayed by
the SJM and SRM bighorn demes, tend to
reduce metapopulation persistence times
(Hanski 1989, Bleich et al. 1996).

Because bighorn habitat in the SJM is a narrow
belt between the valley floor and chaparral,
preservation of all remaining bighorn habitat,
both occupied and unoccupied habitat, is
essential to obtaining a viable population. Our
study corroborates other findings (Ough and
deVos 1984, Bleich et al. 1996) that suggest
inter-mountain ram movements are common,
and reaffirms the importance of preserving
corridors (Bleich et al. 1990). Although we did
not record ewes outside of the Andreas-Chino
canyon area, the resolution of our tracking may
have failed to detect brief inter-mountain
movements by ewes. Palm Canyon serves as a
critical corridor linking the SJM deme to the
northern SRM bighorn deme, and Chino Canyon
is a vital corridor connecting the northern and
southern halves of the SJM bighorn range. The
geographic location of this population in relation
to the metapopulation underscores the
importance of the corridor in Palm Canyon, but
blocking either of the Palm or Chino canyon
corridors would significantly impact the longterm viability of the SJM bighorn population.

Demographics
Both the total number of bighorn seen and the
CPUE from our helicopter surveys indicate the
SJM bighorn population declined between 1984
and 1987. We attribute the increase in CPUE
and number of animals observed in 1993-1996
surveys primarily to our increased knowledge of

Annual adult bighorn mortality rates generally
range from 5 to 22% (Cunningham and deVos
1992, Wehausen 1992, Heffelfinger et al.
1995). Our estimate of adult bighorn survival
in the SJM is likely to be biased high because of
the small number of collared animals (n=6) and
because no collared animals died in 1994.
Survival measured from radio-collared animals
in 1994 was 1.0000, but the number of adult
ewes in the population declined during 1994
(Figure 2). This suggests that our 1994 sample
of collared animals was not representative of the
population.
Furthenore, the population's
relative stability over the 4 year period when
recruitment averaged 71.8 1ambs:lOO ewes also
indicates adult survival may be lower than
0.7986. Average annual survival was 0.7640
during the 2 years when 8 collared animals were
monitored, and survival based on the average of
the 3 years when mortalities were recorded is
0.73 15. We propose the average of these 2
numbers (0.7478) as a more accurate overall
estimate of annual adult bighorn survival for the
calendar years of 1993-1996. While the data
reflect a large amount of variation in annual
survival rates, the large confidence intervals on
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annual estimates (Table 4) are a result of small
sample sizes.
Although our small sample sizes prohibit testing
for differences in survival rates between sexes,
other data suggest that survival of females 1t7as
lower than males during the study period: (1) the
adult sex ratio, and (2) that only 2 of the 6
mortalities recorded from 16 collared animals (8
F, 8 M) were rams, and the rams most likely died
from old age. The male biased sex ratio of lambs
recruited (yearlings) may be a result of
demographic stochasticity, a higher mortality rate
for female lambs, nutritional stress (Verne
1965), or possibly inbreeding depression (Lacy et
al. 1993, Lacy and Homer 1997). Further study
of recruitment, nutritional levels, and the genetic
diversity within this deme is needed.

Home Range
Home range estimates for bighorn sheep have
often been calculated using the Mohr's (1947)
minimum convex polygon method (Ough and
deVos 1984, Krausman et al. 1989, Longshore
and Douglas 1995). While this method is nonparametric and easy to calculate, it is also
sample size biased (Krausman et al. 1989,
Boulanger and White 1990). Only home range
estimates calculated using the same software,
sample size, and parameters are comparable
(Lawson and Rogers 1997); consequently, no
published studies are available for valid
comparison to the results reported here. The
fixed kernel estimator using least squares cross
validation has been shown to be the most
accurate (Seaman and Powell 1996) and least
biased (Worton 1995) home range estimator for
multi-modal and non-normal data, provided the
proper smoothing parameter is chosen.
However, because kernel estimators using small
samples may overestimate home range size
(Seaman and Powell 1996), our home range size
estimates may be slightly inflated.
In our study mean total home range size of ewes
is between 17 and 29 km', while ram home
ranges are larger and more variable. The size of
an animal's home range is dependent upon a

number of factors: the population density,
habitat quality and heterogeneitj; and the
animal's energy requirements? age, and social
status (Jewel1 1966, Krausman et al. 1989).
Several studies (Krausman et al. 1989;
Longshore and Douglas 1995) have shown that
bighorn in higher qualit!. habitat maintained
smaller home ranges than bighorn in less
desirable habitat.
However, the relative
importance of factors influencing intraspecific
variation in the home range size of ungulates is
not well understood (Tufto et al. 1996).
As espected, male bighorn in the SJM used
significantly larger areas than female bighorn.
Bleich et al. (1997) found support for the
h]~othesisthat because of their larger size, male
bighorn are able to exploit nutritionally superior
areas, while female bighom and their offspring
are limited to habitats with fewer predators and
more opportunities to escape predation. It is
probable that predation pressure influences ewe
habitat use and home range size in the SJM.
Furthermore, movement of males from the
female range in order to create sexual
segregation also explains the larger home range
of male bighom (Bleich et al. 1997).

CONCL USION
The SJM herd has declined precipitously since
the late 1970's (Table 6) and remains a
precariously small population. Although these
bighorn appear healthy and have high
recruitment rates, adult survival is low. The
current distribution of bighorn in this range is
greatly reduced from pre- 1989 levels, with only
the central and southern portions of the bighorn
range currently used. There appear to be ample
esploratory movements to suggest that if the
population increased, range expansion into the
formerly occupied habitat north of Chino
Canyon is likely. This indicates the importance
of preserving historical habitat and movement
corridors to allow recovery to occur.
Current limiting factors for the SJM bighorn
population include loss of habitat, human
disturbance, the high male sex ratio, and

Table 6. Data from water hole counts (WHC) or helicopter surveys (HS) of bighorn sheep (Ovis canadensis cremnobntes) in the San Jacinto
Mountains, California. Counts were conducted by the California Department of Fish and Game (California Department of Fish and Game
unpublished data) or the Society for the Conservation of Bighorn Sheep (1984).
Data source
and survey type
Year
1973
1974
1975
1976
1977
1978
1979
1979

SCBS-WHC
SCBS-WHC
SCBS-WHC
SCBS-WHC
SCBS-WHC
SCBS-WHC
SCBS-WHC
CDFG-HS

na=data not available

Total
adults

Ewes

Lambs

Yearlings

Rams1100
Ewes

Lambs1100
Ewes

Yrlgs1100 Ewes

Rams

226
105
126
131
94
45
13
20

63
57
41
50
40
10
4
5

129
82
70
79
50
35
9
15

59
37
34
12
10
0
0
0

34
18
15
2
4
0
0
0

48.8
69.5
58.6
63.3
80.0
28.6
44.4
33.3

45.7
45.1
48.6
15.2
20.0
0
0
0

26.4
22.0
21.4
2.5
8.0
0
0
0
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mountain lion predation. The skewed sex ratio
of both lambs and adults in this herd may be
caused by demographic stochasticity, a higher
mortality rate for females than males, nutritional
stress, or inbreeding depression. Mountain lion
predation accounted for 50% (316) of the radiocollared bighorn mortalities in 1993-1996.
Habitat loss andlor human disturbance leading
to an avoidance reaction may cause the loss of
lambing or watering areas that are critical for
survival, resulting in yet higher mortality rates
within this deme. Augmentation to increase the
number of females in the population and provide
additional genetic variation is recommended.
However, augmentation will only be effective if
adequate habitat is preserved. All remaining
occupied and un-occupied bighorn habitat must
be preserved, including the Palm Canyon and
Chino Canyon corridors.
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SIMULATING DESERT BIGHORN SHEEP POPULATIONS TO SUPPORT MANAGEMENT
DECISIONS: EFFECTS OF PATCH SIZE, SPATIAL STRUCTURE, AND DISEASE
JOHN E. GROSS, Natural Resource Ecology Laboratory, Colorado State UniversiQ, Ft. Collins, CO 80523
MICHAEL E. MOSES, USGS-Biological Resource Division, 4512 M c M q Avenue, Ft. Collins, CO
80525
FRANCIS J. SINGER, USGS-Biological Resource Division, 4512 McMurry Avenue, Ft. Collins, CO
80525 and Natural Resource Ecology Laboratory, Colorado State University, Ft. Collins, CO 80523

Abstract: We developed an individual-based, stochastic model to simulate the dynamics of desert bighorn
sheep populations inhabiting single or multiple patches. Our model pernits dispersal between patches,
incorporates density dependence in recruitment rates, and includes the effects of disease. Simulated
population growth and recruitment rates of single-patch populations were similar to observations. Under the
conditions of our simulations, desert bighorn sheep populations in single patches less than about 75 kn? were
likely to require active intervention to ensure their long-term persistence. Disease had an over-whelming
effect on populations, and even the largest populations we simulated, in 500 km"atches, were not immune to
estinctions directly attributable to disease. Our simulations suggested that a population inhabiting a single
large patch is more likely to avoid estinction than a population divided among 2 or 3 smaller patches with the
same total area.

K q words: population dynamics, persistence, metapopulation, stochastic model, disease
INTRODUCTION
One of the most fundamental responsibilities of
wildlife managers is to make decisions that
maximize the probability that a population will
persist. Wise decisions on management strategies
are highly dependent on information about the
potential consequences of a particular action, but
it is often impossible to conduct esperiments at
the population level. Simulation models can thus
be an important tool for evaluating the relative
consequences of alternative management actions
by providing insight to the effect of decisions on
harvest, translocation, or habitat modification.
Populations of desert bighorn sheep pose a
particularly interesting challenge for population
modeling. Desert bighorns often inhabit small,
isolated patches of habitat (Bleich et al. 1990),
populations are exposed to highly variable and
harsh winter conditions or severe drought (Leslie
and Douglas 1979), and bighorn sheep are
susceptible to a variety of diseases that can

produce catastrophic mortality (see Methods).
Because of the difficulties involved with
parameterizing and simulating the entire complex
of factors that determine bighorn sheep population
dynamics, most previous models have
incorporated only 1 or 2 factors regulating
populations, such as disease (Hobbs and Miller
1991), or weather-induced variation in recruitment
and density dependence (Leslie and Douglas 1986,
Lenarz and Conley 1980, but see Hobbs et al.
1990). We simultaneouly evaluated the effects of
spatial structure, density dependence, and disease
on the persistence of desert bighorn sheep.
To better meet the needs of managers of desert
bighorn sheep, we developed a comprehensive
model to simulate the dynamics of bighorn sheep
subjected to management actions that might occur
in western national parks. Our model was
specifically designed to support decisions on the
management of bighorn sheep in highly variable
environments, and it esplicitly includes spatial
(metapopulation) structure, effects of disease, and
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environmental and demographic stochasticih. We
use our model to evaluate questions fundamental
to decisions on desert bighorn sheep translocation,
habitat manipulation, or disease suppression.

Objectives
In this paper, we describe our modeling approach
and the general structure of the model. We use the
model to address 3 fundamental questions, and in
responding to these questions we discuss the
behavior of the model and the implications of our
results for management of desert bighorn sheep.
Finally, we use the model to define and expose
areas where existing information is inadequate.
We used our model to address these questions:
How does habitat patch size influence the
probability of persistence of a desert
bighorn sheep population inhabiting a
single patch?
2. When habitat area is held constant, is the
probability of persistence greater for a
population spread across several smaller
patches (metapopulation structure) or for
a population in a single large patch?
3. How does the occurrence of disease influence
the relative ability of single or multiple
patch environments to sustain a desert
bighorn sheep population?
1.

(probabilities) for fecundity and mortality. The
outcon~e of each event (recruitment, death,
dispersal) is determined by comparing a random
number to a probability, thus stochastic
demographic effects that are important in small
populations are implicitly incorporated in the
model. The model has a time step of 1 year.
We described the landscape by specifying the
location, size, and quality of individual patches.
Habitat within a patch is considered suitable for
occupation by desert bighorn sheep, while the
matrix between patches can be traversed by sheep,
but it will not support them. Patch quality
determines the density of animals (i.e., carrying
capacity) that a patch can support, and an average
quality and standard deviation (betweenyear
variation) are specified for each patch. For
simulations of desert bighorn sheep populations
reported here, we ad.justed patch quality so that
populations fluctuated around an average densih
of about 1 animalkm'.

METHODS

To begin a model run, the user instructs the
program to read a series of files that define the
initial population and landscape. These files
include information describing the sex, age, and
location (patch) of each individual. Population
processes are represented by recruitment, agespecific mortality, and dispersal between patches
(Fig. 1). Disease influences population processes
by affecting vital rates, but not the timing of
events.

Model Structure

Model Input Parameters

We employed an individual-based model to
simulate the dynamics of desert bighorn sheep.
Individual-based models are particularly useful for
simulating the dynamics of populations that are
small, subject to rare events (e.g., dispersal), or
where individual variation is important (Lornnicla
1988, Huston et al. 1988, DeAngelis and Gross
1992). Because of these features, individualbased models are especially well suited for
population viability analysis (Burgman et al.
1993) and probabilistic population analysis. Our
model explicitly simulated the sex, age, location,
and disease status of each individual in the
population, and uses age and sex-specific rates

We derived age-specific mortality and fecundity
rates from observations of 143 radio-collared
bighorn sheep that were monitored by our research
crews from 1992-95. Most of these animals (n =
108) were desert bighorns that were captured in or
near Canyonlands National Park in southeastern
Utah. These animals were closely followed on the
ground during the summer and fall and their
production and survival of lambs was
documented. Data for desert bighorn sheep are
too limited to clearly define yearly changes in vital
rates, therefore, we subdivided the population into
5 age classes with stage-specific vital rates.
Although reported survival rates of bighorn sheep
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Figure 1. Flow chart of the simulation model showing factors influencing population dynamics and the
scheduling of events.
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are similar for desert and mountain populations,
desert sheep populations are often characterized
by large fluctuations in lamb-ewe ratios due to
periodic and frequent droughts (McQuivey 1978,
Leslie and Douglas 1986, Wehausen et al. 1987).
We thus adjusted mean recruitment rates to
achieve an average annual growth rate of 1.11 for
populations not influenced by density dependence
(Haas and Decker 1980; Jorgenson and Whishart
1986). All simulations were initialized with 29
individuals that matched the sex and age
distribution of groups (n = 117) of sheep
translocationed in the 6-state intermountain region
(Singer and Symonds, unpublished data).
Most existing evidence suggests that density
dependence operates primarily, or esclusively, on
the recruitment of lambs, rather than influencing
adult survivorship (Jorgenson et al. 1997). We
thus implemented density dependence so that
recruitment is independent of density until a
threshold density of 0.8 a n i m a l s h ' is reached,
then the probability of recruitment declines
linearly to zero as animal density increases to 1.15
animalsh2.
Bighorn sheep are poor at dispersing to and
colonizing new habitat, but there are few studies
that provide data useful for parameterizing a
mathematical dispersal function. We observed
colonization rates from 31 translocated subpopulations of bighorns sheep into or near 14
national parks in the 6-state intermountain region.
Rates of colonization of 77 un-occupied patches
of habitat were observed for the duration of the
translocated populations (average = 17 _+ 12 years
post release/subpopulation; Singer and Moses,
unpublished. data). Each year, all nearby patches
were scored as either colonized or not colonized.
We used these rates of colonization to
parameterize a normal distribution that best
described observed colonization rates.
To address the questions posed above, we
conducted a series of single-patch simulations
with patches containing 25, 50, 75, 125, and 500
km'. of suitable habitat. Patch area and quality
were held constant between runs, although the
model permits the user to specify that patch
quality to vary randomly between runs with a

fised mean qualit\. and variance. To examine the
effects of spatial structure, we simulated
landscapes composed of 1, 2, or 3 same-sized
patches of suitable habitat, separated by areas that
did not support desert bighorn sheep, but
permitted sheep to freely movc between patches.
For landscapes composed of more than 1 patch,
each patch was equidistant (10 km)from all other
patches. To evaluate the effects of fragmentation,
we designed landscapes so that the total area of all
patches was the same, regardless of the number of
individual patches that comprised a landscape.
Bighorn sheep are highly susceptible to a variety
of diseases (Jessup 1985), and many catastrophic
die-offs have been observed in both mountain and
desert populations. To reflect the variety of
diseases that cause significant mortality in bighorn
sheep (Onderka and Wishart 1984, Coggins and
Matthew 1992, Festa-Bianchet 1988, FestaBianchet 1989, Woodard et al. 1974), we
employed a generic, statistical disease model to
capture the most profound effects of disease on
fecundity, sunivorship: and dispersal. O w model
represented disease as a catastrophic event with a
fised occurrence. Populations were infected either
once at year 20 or even; 20 years. We represented
the consequences of disease by reducing fecundity
and survival rates consistent with observed dieoffs of bighorn sheep. The effects of an epizootic
on the sunivorship of desert bighorns were
estimated from 2 sources. First, we evaluated
published information on the demographic
consequences of epizootics on the sunrival of
bighorn sheep (Stelfos 1971, Coggins and
Matthew 1992, Onderka and Wishart 1984,
Thorne et al. 1979): emphasizing data from FestaBianchet (1988). Second, we used our own unpublished information for radio marked animals in
the Beaver Creek subpopulation (Dinosaur
National Monument metapopulation) before,
during, and after an active epizootic, and
information on marked animals in the infected
Needles and South San Juan subpopulations. In
our model, disease effects persisted for 5 years,
and the magnitude of the effect varied between
years. In the first 4 years of infection, recruitment
rates were reduced to 33% of normal. Mortality
rates of yearlings were increased by a factor of 4
in the first year of infection, resulting in an
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average survival of only 10%. From 2 to 5 years
after infection, male yearling survival was reduced
by 41% and female yearling survival was reduced
by 50%.
In the absence of conflicting
information, we estimated that dispersal rates of
all bighorns was reduced by 50% during the first
year of infection, and by 33% from years 2
through 4 after infection. All individuals in a local
population remained infected for 10 years, and if
an animal dispersed from an infected population
(source) to an uninfected population (target), the
target population began an infective cycle at the
beginning of the nest time step (Fig. 1).

infection increased the overall probability of
estinction in patches of all sizes over the entire
period, the rate of patch extinctions
(estinctions/year) actually decreased after about
year 50. This apparently resulted from the
increase in estinction rate of small populations
after they became infected.
Populations
sufficiently large to escape disease-induced
extinction were generally large enough to recover
and persist for an extended period. A single
disease episode resulted in more than a 10%
probability of estinction for populations even in
moderately large patches (e.g., 125 hl').

We used Monte Carlo techniques to examine the
effects of patch area, disease, and landscape
configuration. For each set of parameter values,
we conducted 1,000 model simulations; each
simulation ran for 200 years, or until the entire
population became extinct.

RES ULTS

Populations subjected to repeated infections
esperienced venr high rates of estinction, and
populations in even the largest patches we
simulated (500 km2) had a 10% probability of
estinction within 100 years and a 15% probability
of estinction over a 200 year period (Fig. 3C). In
the face of repeated infections, small populations
were virtually certain to perish.

Single-Patch Simulations

Multiple-Patch Simulations

Simulated desert bighorn sheep populations
exhibited fluctuations in population size
consistent with observations from wild
populations (Fig. 2). Although the size of a
population averaged over many simulation runs
appeared to be reasonably consistent, the use of
averaged results masks the variance inherent to
individual simulations (Fig. 2B).

Under the conditions of our sin~ulations, the
probability of persistence of desert bighorn sheep
populations was greater in a single large patch
than in a series of 2 or 3 smaller patches with the
same total area. In the absence of disease, the
influence of a spatial structure (metapopulation
structure) was relativel!. insignificant when
'or larger
individual patches were about 75 h
(Fig. 4). Probability of persistence for 200 years
was greater than 97% for all simulations (without
disease) when the total area was greater than 225
km2 (individual patches were always at least
75 km2).

Both patch size and disease had dramatic effects
on the persistence of simulated desert bighorn
sheep populations (Fig. 3). Even without disease,
simulated populations in small patches (< 50 h12)
had high rates of estinction. Fewer than 25% of
the simulated populations inhabiting 35 km2
patches survived the 200 year simulation period,
and almost 50% of these populations perished by
100 years. Few populations in large patches (>
100 km2) perished during the 200 year simulation
period.
Subsequent to a single simulated disease infection
at year 20, estinction rates increased dramatically
for several decades following the infection
(compare Fig. 3A and 3B). While a single

Disease always increased the probability of
extinction, but the effect of disease interacted with
patch size. A single disease infection reduced the
probability of persistence in smaller patches by
about 10%: but had only about half this effect
(-5%) in larger patches (Fig. 4). For the largest
single patches we simulated, a single disease
infection increased the likelihood of extinction by
only a few percent, and the effect of a single
infection would be undetectable in natural
populations (Fig. 3B). In contrast to a single
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Year

-

100
Year
Figure 2. Simulated population dynamics of desert bighorn sheep inhabiting a single, 75 km'patch of habitat
in the absence of disease. (A) Average population trajectory (solid line) and standard deviation for 20
simulation runs. (B) Individual data points for each of the 20 simulations in (A), and the trajectory (solid
line) of a single population.
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Figure 3. Effects of patch size and disease on persistence of simulated desert bighorn sheep populations
inhabiting a single patch. (A) Probability of persistence of populations inhabiting patches from 35 to 500
km2 in the absence of disease. (B) Same as A, but with one infection occurring at year 20. (C) Same as A,
but with repeated infections every 20 years.
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Figure 4. Effects of the number of patches and disease on persistence of simulated desert bighorn sheep
populations inhabiting one, two, or three patches with the same total area. In all plots, the single large patch
had the highest probability of persistence. The dashed line represents two-patch simulations. Note that the
area of patches in the bottom plots (multiple infections) is greater than that of the upper plots.
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disease infection, multiple infections caused
significant extinction rates under all conditions
(Fig. 4). Extinction rates were always lowest in a
single large patch when compared to multiple
smaller patches of the same area. However, when
populations were exposed to repeated infections a
more developed spatial structure enhanced the
probability of persistence (Fig. 4, bottom plots),
and populations inhabiting 3-patch environments
had higher persistence rates than those in 2-patch
environments.

spatial structure of the host population, dynamics
of transmission, and virulence of the disease (May
and Anderson 1984, Barlow 1993). Our model
used the simplest possible representation of
disease, and did not account for the high variance
in effects of infection on n~ortalityor recruitment
rates exhibited by natural populations. An
important enhancement to our model will thus be
to include an abstraction of disease dynamics
more faithful to thc nlechanisnls of disease
transmission and the effects of specific diseases.

DISCUSSION

We presented results on the effects of patch size,
but it is important to recognize that the probability
of persistence of a particular population is an
indirect function of patch size, and a direct
function of population size. Management actions
that influence the long-term ability of a habitat to
support a higher density of animals are thus
equivalent to an increase in patch size. Simulation
results indicate that habitat manipulations that
increase habitat area will have virtually no effect
on improving the probability of persistence unless
they increase carrying capacih by a very large
percentage.

Single-patch simulations appeared to reflect the
magnitude and variability of observed growth
rates (Fig. 2) in population size of desert bighorn
sheep (Leslie and Douglas 1986, Wehausen et al.
1987). We feel that our model may be used with
reasonable confidence to gain insight into the
potential management implications of introducing
desert bighorn sheep into new habitats or
attempting to maintain them in esisting areas. For
example, Fig. 3 clearly indicates that desert
bighorn sheep populations in small (< 75 h ' )
habitat patches are likely to require intervention to
persist, even in the absence of disease. In small
populations, a single disease incident similar to
that represented in o w model dramatically
increased the probability of a population
extinction. Repeated infections resulted in rates of
extinction in even the largest populations we
simulated (inhabiting 500 km' patches) that are
usually considered un-acceptable for ensuring the
long-term survival of a viable population (e.g.,
Burgman et al. 1993).
Results of multi-patch sinlulations appear
reasonable, but they must be interpreted with more
caution than single-patch results because we have
little hard data on which to estimate dispersal rates
for desert bighorn sheep. However, our conclusion
(Fig. 4) that a single large patch is likely to be
superior to multiple, smaller, patches is consistent
with theory (Burkey 1993). The generality of this
result to disease-infected populations is unclear
(Hess 1996), and the specific outcome in a
particular population obviously depends on the

Our efforts to simulate desert bighorn sheep
populations identified several areas that merit
further stud!..
Perhaps most in~portantly,our
results suggest that epizootics have an
ovenvhelming influence on the persistence of
desert bighorn sheep. We clearly need better
information to evaluate the consequences of
disease, and to identi@ factors that can ameliorate
the effects of a disease or reduce transmission. In
addition, the lack of infornlation on rates of patch
colonization or investigative movements of
animals currently limits our ability to predict the
rate or extent of the spread of disease among
bighorn sheep.
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REPRODUCTION, SURVIVAL, AND LION PREDATION IN THE BLACK RIDGE/COLORADO
NATIONAL MONUMENT DESERT BIGHORN HERD
PAUL J. CREEDEN, Colorado Division of Wildlife, Grand Junction, CO 81505
VAN K. GRAHAM, Colorado Division of Wildlife, Grand Junction, CO 81505

INTRODUCTION
Colorado became involved in transplant efforts to
establish desert bighorn in areas of suitable
habitat and possible historic range during the
1970's. The Colorado Division of Wildlife
(CDOW), Bureau of Land Management (BLM),
and National Park Service (NPS), along with the
states of Arizona and Nevada, entered into
cooperative agreements that have resulted in the
establishment of 5 desert bighorn herds in estreme
western Colorado.

Less intensive monitoring of the herd occurred in
the mid-1980's. The herd continued to grow
during this period, reaching approximately 125
animals by the early 1990's. Expansion of bighorn
into adjacent contiguous habitats did not appear to
be occurring, however, and the feeling among
managers and biologists was that the herd was
starting to decline as we approached the mid1990s. The ratio of the number of sheep surveyed
per hour of helicopter time declined substantially
fiom 1991- 1995, reinforcing this perception
(Table 1).

The Black Ridge herd was the first desert bighorn
population established in Colorado (Ravey and
Schmidt 1981). It was founded with 11 sheep
from the Kofa Game Range in Arizona, 16 sheep
from the Lake Mead National Recreation area in
Nevada, and 9 sheep from the Black Mountains of
Arizona. A final transplant into the adjacent
contiguous habitat of Knowles Canyon occurred in
October 1995 and involved 22 sheep from the
Muddy Mountains in Nevada. This last transplant
was designed to fill a void in unoccupied habitat
between the existing Black Ridge herd and an
adjacent population in Westwater Canyon, Utah.

In response to concern for the health of the Black
R~dgeIColoradoNational Monument (CNM) herd,
monitoring was resumed in 1995. Intensive
research was conducted from April 1 through
November 30, 1996. We studied both the
established population and the Knowles Canyon
transplant group. Our objective was to obtain data
on population size, herd structure, lamb
production and survival, mortality factors, and
integration of the newly transplanted sheep into
the existing herds.

The Black &dge population was studied
intensively from 1979-1983. A total of 25 of the
36 transplanted sheep were radio-collared. Despite
early setbacks involving the loss of 14 sheep
between 1979 and 1981 (Ravey 1984), the herd
seemed on its way to successful establishment
when intensive research ended. The population
grew from 34 to 40 sheep between August 1982
and October 1983. Lamb production and survival
were high, both exceeding 70' during those 2
years. A significant shift was documented in the
timing of reproduction in response to the new
environment, with ewes breeding in Colorado
lambing approximately 1 month later than ewes
bred in Arizona (Creeden 1986).

We would like to thank the Foundation for North
American Wild Sheep, NPS, BLM, and CDOW
for providing funding for this project.

STUDY AREA
The Black Ridge study area is located in Mesa
County, Colorado, and includes approximately
325 km2 of the canyonlands of the Colorado
Rwer. It extends westward from CNM to Utah
and is bounded on the north by the Colorado River
and on the south by Glade Park. The area consists
of numerous steep-walled canyons 100 m or more
deep separated by mesas of varying sizes.
Elevation rises in abrupt steps fiom 1350 m at the
Colorado River to over 2170 m on Black Ridge.
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Table 1. Helicopter and ground survey data at Black RidgelColorado National Monument, 1991- 1995.

n

Lamb:Ewe
Ratio (O/O)

Ram:Ewe
Ratio (Oh)

Survey
Method

SheepIHr.
Flown

06-13-91

54

54

42

Air

14

06-23-92

39

61

9

Air

8

09-22-94

20

8

58

Ground

NIA

10-12-94

31

27

80

Air

5

06-20-95

25

50

100

Air

5

10-02-95

23

14

50

Ground

NIA

Date

Two-leaf pinon (Pinus edulis) and Utah Juniper
(Juniperus osteospemin), in association with big
sagebrush (Artemesia tridentata), dominate the
over-stories of mesas and the higher elevations of
canyons.

MATERTALS AND METHODS
This study focused on radio-collared sheep from
the established Black Ridge herd and bighorn from
the 1995 Knowles Canyon transplant. Six ewes
from the established herd were captured by
Helicopter Wildlife Management, Inc. using netguns in August 1995. Each sheep was marked
with a numbered, yellow ear-tag and fitted with a
mortality sensing radio-collar. All sheep
transplanted into Knowles Canyon were marked
with white ear-tags. Seven of these ewes and 1
adult ram were fitted with mortality sensing, radiocollars.
Monitoring the bighorn following release involved
a combination of ground and aerial tracking. We
attempted to obtain sightings of radio-collared
ewes every 7-10 days during the lambing season.
Lamb production, survival, and herd structure
were measured through direct observation. Lamb
age was estimated using morphological and

behavioral characters (Hansen 1965, Hansen and
Derning 1980). Parturition dates were calculated
by subtracting the estimated age of lambs from the
date of observation.
Known minimum lamb survival rates in 1982 and
1983 were pooled and compared with the known
minimum lamb survival rate observed through
October 1996. Lamb mortalih was assumed to
have occurred if a marked ewe or associated unmarked ewe was observed on 2 consecutive
occasions without her lamb. A known minimum
population estimate was developed in November
1996 based on observation of marked and unmarked animals associating with the radio-collared
ewes.

RES ULTS
POPULA TION STRUCTURE
A known minimum Black Ridge population size
of 56 animals was computed following the
completion of intensive research, with a
ram:ewe:lamb ratio of 44:100:11. A year1ing:ewe
ratio of 17:100 was observed. Reported sightings
of bighorn wlthin CNM, and in other areas that
did not appear to associate with the radio-collared
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animals, led us to estimate that the herd numbered
around 70 animals in November 1996.

Attempts to recover lamb carcasses failed and the
cause of the observed high lamb loss is unknown.

LAMB PRODUCTIONAND SURVTVAL

Four ground surveys of the Dorninguez Canyon
herd (30 miles away) resulted in 11 observations
of sheep groups between June and October 1996.
Lamb:ewe ratios averaged 70:100 for these
observations.

A minimum of 16 lambs were documented during
1996. The production rate of radio-collared ewes
from the established herd was 0.75 (n=4). The
production rate for the radio-collared Knowles
Canyon transplant ewes was 0.60 (n=5). Because
of the time difference between the onset of
lambing for the transplant group and the start of
intensive research, the production rate for these
sheep was probably biased low. A minimum of 7
un-marked ewes from the established herd and 3
ear-tagged Knowles Canyon ewes were observed
with lambs.
A minimum of 4 lambs survived through the end
of October 1996. Two groups of un-marked ewes,
each with 1 lamb, ceased association with radiocollared ewes in June. We could not say with
confidence that these animals were observed again
and these lambs were not included in survival
comparisons.
The known minimum 1996 lamb survival rate of
0.29 (n=14) was significantly lower than the rates
of 0.70 (n=10) and 0.75 (n=12) reported for the
Black Ridge herd in 1982 and 1983 (Creeden
1986). Lamb sunrival was much lower for the
established herd (0.12, n=8) than for the Knowles
Canyon transplant group (0.50, n=6). Most of the
observed lamb mortality occurred between
parturition and 3 months of age, with only 1 lamb
lost after June.
Two observations of lambs showing signs of what
appeared to be deteriorating health were recorded,
both during May. In the first instance, a 2-monthold lamb was observed having a prolonged
coughing bout. Two other younger lambs in the
same group did not cough during that observation
period. In the second case, a 5-6- week-old lamb
appeared lethargic and had droopy ears. In April
and May, we observed instances of un-marked
ewes with prominent udders pacing along ledges
and bleating loudly for long periods of time. No
lambs were observed, however, and it appeared
that these ewes had recently lost their lambs.

The lambing season for our sample of the
established herd ranged from 16 March to 2 May,
spanning 47 days (Table 2). The mean lambing
date for this group was 7 April. There was no
significant difference (F(l,231=0.33, p>0.5)
between the 1996 mean lambing date (n=10,
X=97.8, SD=16.09) and lambing data reported by
Creeden (1986) for ewes breeding 1982 and 1983
(n=15, R=101.9, SD=18.02).

ADULT MORTALITY
Adult mortality was substantial, claiming 7
(1M:6F) of 14 radio-collared sheep. The mortality
rate for radio-collared sheep from both the
established herd and the Knowles Canyon
transplant was 0.50. One un-marked adult ewe
also died during the study. Skeletal remains of 4
adult sheep (1M:3F) were discovered during the
study.
Mountain lion (Felis concolor) predation was the
most common cause of death for radio-collared
bighorn. Five of 7 mortalities, or 71%, were
confirmed mountain lion kills, showing evidence
of puncture wounds, caches, and tracks or sign.
One kill occurred in November 1995 (Knowles
Canyon), 2 in February (Devils Canyon), 1 in May
(Mee Canyon), and 1 in July 1996 (Devils
Canyon). Cause of death could not be positively
determined in 2 other cases: 1 each in January
(Ute Canyon) and Februaq (Mee Canyon) 1996.
The Ute Canyon death may have been due to
predation. In 2 instances tracks showed that the
lion used vertical canyon walls to their advantage
in killing ewes by preventing prey escape.
Chronic sinusitis (CS) was observed in this herd.
Two adult ewe skulls were found during the study
showing signs of advanced CS. One un-marked
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Table 2. Estimated parturition dates for desert bighorn lambing at Black Ridge/Colorado National
Monument in 1996.

Lambing
Date

Group
E=Established
T=1995
Transplant

03-16-96

E

03-23-96

E

Devils Unmarked

03-24-96

E

148.520
PollocldRattlesnake
Unmarked

03-27-96

E

04-12-96

E

Ewe ID #
PollocldRattlesnake
Unmarked
PollocldRattlesnake
Unmarked

Maximum
Potential
Error
days)

e

Chronological
Day

-

148.570

04-08-96

E

2

Devils Unmarked
PollocklRattlesnake
Unmarked

04-12-96

E

4

04-23-96

E

3

148.550
Devils Unmarked

04-26-96
05-02-96

E
E=97.8
SD=16.09

2

ewe from the established herd was observed in
June eshibiting clinical signs of CS, including
thick nasal discharge, a swollen eye orbit, and

3

general debilitation. This ewe also had a thick
molasses-like fluid covering her feces. Attempts to
tranquilize the sheep failed and it could not be

1 9 9 7 D E S E R T BIGlIORlV C O U N C I L T R A N S A C T I O N S

relocated. This ewe was never seen again and was
considered a mortality.

observed a summer lamb s w i v a l plateau similar
to that reported by Witham (1 983).

Pasteztrella multocida was cultured in 1996 from
the nasal discharge of a harvested ram. The hunter
reported that the animal appeared healthy and
subsequent esarnination of the skull showed no
sign of CS. Although observations of coughing
adults and lambs were recorded, no specimens
were collected. While the Pasteztrella bacteria
apparently exists in this herd, its impact was not
quantified.

Timing of reproduction in bighorn sheep is
thought to be a function of forage predictability
(Geist 1971), although exceptions have been noted
(Lenarz 1979). Bunnell's (1982) analysis of
reproductive timing supports this theory. Creeden
(1986), comparing mean lambing dates and using
small sample sizes, reported a significant delay in
the timing of reproduction in desert bighorn
following transplanting into a more northern
environment. In that study, ewes breeding in
Colorado lambed significantly later than the
transplanted ewes bred in Arizona. The
transplanted ewes lambed significantly later the
following year, delaying breeding activities in
response to their new environment. We found no
significant difference between the lambing period
in 1996 and that reported for ewes breeding at
CNM 15 years earlier.

DISCUSSION
Sound management of ungulates relies on accurate
determination of population demographics (Taber
and Dasman 1957). This study was prompted by
the perceived failure of the Black Ridge herd to
grow and expand as predicted. The results of our
research suggest those perceptions were accurate
and that low survival rates for both adults and
juveniles are contributing to the decline of the
herd. When the influence of the Knowles Canyon
transplant is taken into consideration, herd size in
1996 was not substantially greater than the known
minimum population size recorded in 1983
(Creeden 1986).
Lamb production in bighorn populations is
generally considered stable over time and lamb
survival is believed to be the most important factor
influencing population trends (McQuivey 1978).
While the observed production rate among
established radio-collared ewes was similar to that
observed at Black h d g e in 1982-83, lamb
survival was significantly lower. The observed fall
lamb: ewe ratio of 11:100 is below that calculated as
necessary to maintain a stable ewe population
(Wehausen et al. 1987). It is much lower than the
maintenance recruitment ratio needed to sustain
herds with above average losses in the ewe cohort
(DeForge et al. 1995). While we were unsuccesshl
at determining the causative factors behind the
high lamb loss, we suspect it is a combination of
disease as evidenced by observations of coughing
lambs, the timing of lamb losses, and the higher
mortality rate of lambs born to ewes in the
established population, and predation. We

The delay in the timing of reproduction and the
continued retention of a long lambing season,
characteristics intermediate between the northern
and southern patterns described by Thompson and
Turner (1982), provides evidence that the
latitudinal breaking point they described may be an
artifact of the extirpation of low elevation Rocky
Mountain bighorn (0.c. canadensis) populations.
While the observed lambing period at Black Ridge
may not be an optimal adjustment to the upper
Colorado h v e r climate (Sloan 1995), we do not
feel it is a major contributor to the current lamb
survival crisis. We cite the survival of all known
lambs born in Februaq~(n=2) and our observations
of production and survival rates in the nearby
Dominguez Canyon herd as supporting arguments.
Mountain lion predation was the single most
important mortality factor for radio-collared sheep
in this herd. While incidences of lion predation
have been documented since 1980, they mostly
involved incidental kills of recently transplanted
bighorn exploring habitats with limited visibility
(Ravey 1984, Creeden 1986). Over half of our lion
losses involved established bighorn in core home
range areas and occurred near escape terrain. This
suggests that individual lions may now be
targeting sheep and have grown adept at killing
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them in their natural habitats. High lamb and
yearling recruitment rates more than compensated
for earlier losses. Predation losses are now
believed to be additive in their effect on the CNM
population due to the current low population level
and poor lamb survival rate. Wehausen (1996)
also provided evidence of bighorn population
suppression by mountain lion.
Caughley (1970) suggested that ungulate
population dynamics are dnven principally by
density dependent interactions between animals
and habitat. While the lack of population data
from 1983-1990 precludes critical analysis, there
seems to be little doubt that the CNM herd was
growing through the early 1990's. Sample
size/survey hour and sedage ratio data from 1991
and 1992 support estimates of a population
exceeding 100 animals. The availability of greater
than adequate forage and water leads us to suspect
that the herd never exceeded the point where
density related factors would come into play.
Wehausen et al. (1987) provided evidence that
environmental variation and disease can supplant
density dependent interactions as the main
determinant of population size in some bighorn
sheep populations. Gassaway et al. (1992) and
Wehausen (1996) suggested that predation can
become the primary limiting factor in ungulate
populations at low densities. The latter 2
hypotheses more closely support our observations
in the CNM herd. We suspect that disease, or
another environmental factor, by limiting
recruitment, and mountain lion predation, by
removing adults and subadults, have combined to
limit this population. Given that long term
persistence of bighorn sheep herds has been
linked with population size (Berger 1990), the
ultimate success of the CNM transplant effort
remains uncertain.

LITERATURE CITED
Berger, J. 1990. Persistence of different
sized populations: an empirical
assessment of rapid extinctions in
bighorn sheep. Conservation Biology
4:9198.

Bumell: F. L. 1982. The lambing period of
mountain sheep: synthesis, hypotheses,
and tests. Canadian Journal of Zoology
6O:l-14.
Caughley, G. 1970. Eruption of ungulate
populations, ~ l t h emphasis on
Himalayan thar in New Zealand.
Ecology 5 1:53-72.
Creeden, P. J. 1986. The ecology of desert
bighorn sheep in Colorado. MS Thesis.
Colorado State University, Fort
Collins. 72 pp.
DeForge, J. R., E. M. Barrett, S. D.
Ostermann, M. C. Jorgensen, and S. G.
Torres. 1995. Population dynamics of
peninsular bighorn sheep in the Santa
Rosa Mountains, California, 19831994. Desert Bighorn Council
Transactions 3950-67.
Gassaway, W. C., R. D. Boertje, D. V.
Grangaard, D. G. Kelleyhouse, R. 0.
Stephenson, and D. G. Larsen. 1992.
The role of predation in limiting moose
at low densities in Alaska and Yukon
and implications for conservation.
Wildlife Monograph 120. 59 pp.
Geist, V. 1971. Mountain sheep: A study in
behavior and evolution. University of
Chicago Press, Chicago. 383 pp.
Hansen, C. G. 1965. Growth and
development of desert bighorn sheep.
Journal of Wildlife Management
29:387-391.
Hansen, C. G. and 0. V. Deming. 1980.
Growth and developn~ent.Pages 152171
in G. Monson and L. Sumner, eds. The
desert bighorn. University of Arizona
Press, Tucson. 370 pp.

Lambeth, R. 1996. Estimation of carrying
capacity. Appendix B .1. Desert bighorn
sheep management plan-Black Ridge

1997 DESERT BIGHORK COUNCIL TRANSACTIONS

herd unit revision. Colorado Division of
Wildlife, Grand Junction. 16 pp.

and the Black Ridge, Colorado. Colorado
National Monument, Fruita. 16 pp.

Lenarz, M. S. 1979. Social structure and
reproductive strategy in desert bighorn
sheep (Ovis canadensis mexicma).
Journal of Mammalogy 60:671-678.

Taber, R. D. and R. F. Dasmann. 1957. The
dynamics of three natural populations of the
deer, Odocoilezts hemionzrs cohtmbianzts.
E c o ~ o ~38:233-246.
),

McQuivey, R. P. 1978. The desert bighorn
sheep of Nevada. Nevada Department of
Wildlife Biological Bulletin No. 6. 81
PP.

Thompson, R. W. and J. C. Turner. 1982.
Temporal geographic variation in the
lambing season of bighorn sheep. Canadian
Journal of Zoology 60: 1781-1793.

Ravey, R. R. 1984. Reintroduction of desert
bighorn sheep into western Colorado.
MS Thesis. Colorado State University,
Fort Collins. 93 pp.

Wehausen, J. D. 1996. Effects of mountain lion
predation on bighorn sheep in the Sierra
Nevada and Granite Mountains of California.
Wildlife Society Bulletin 24(3):471-479.

Ravey, R. R. and J. L. Schmidt. 1991.
Reintroduction of desert bighorn sheep
into Colorado National Monument.
Desert Bighorn Council Transactions
25:3842.

Wehausen, J. D., V. C. Bleich, B. Thong and T. L.
Russi. 1987. Recruitment dynamics in a
southern California mountain sheep
population. Journal of Wildlife Management
5 1(1):86-98.

Sloan, W. B. 1995. A herd history of the bighorn
sheep of the Colorado National Monument

Witham, J. H. 1983. Desert bighorn sheep in
southwestern Arizona. Ph.D. Dissertation.
Colorado State University, Fort Collins. 81
PP.

1997 DESERT BIGHORN COUNCIL TRANSACTIONS

UPDATE OF THE CONSERVATION PLAN FOR WEEMS DESERT BIGHORN ON CARMEN
ISLAND, BAJA CALIFORNIA SUR, MEXICO
SERGIO JIMENEZ L., Ovis, AC. Ave. hcardo Margain Zozaya, #440, Col. Valle Campestre, Garza
Garcia, Nuevo Leon, Mesico 6626 1
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JAMES DEFORGE, Bighorn Institute, P.O. Bos 262, Palm Desert, CA 92261

RAUL VALDEZ, New Mesico State University, Department of Wildlife and Fisheries, Box 4901, Las
Cruces, New Mesico 88003
Abstract: As part of the project to Recuperate the Desert Sheep in the Peninsula of Southern California,
Mexico, in December 1996 we completed the second capture of the desert sheep (Ovis cnnadensis weemsi) in
the area north of Sierra El Mechudo adjacent to Ejido Tepentu. To achieve our objectives the capture of 15
individual sheep (13 females and 2 males) was authorized. One female sheep was lost during the clinical
study procedure. The sheep were released on Carmen Island where 12 animals had been introduced a year
earlier (Dec. 1995). During the first year of the release @ec. 1995 to Dec. 1996) the sheep had adapted to the
new location as evidenced by the pregnancy and subsequent partition by 3 of the ewes. It is possible that 2
more females may have given birth the same year, but later in the season. According to the data generated by
radio-telemetry the largest concentration of the herd (82.7%) is in the northern area of the island near the
water sources (fountains and drinking troughs). The presence of sheep is also documented at elevations of
479 meters above sea level. The majority of individuals were lone females and on occasion they were found in
groups of 2 to 3 animals.

Key Words: capture, Ovis cnnndensis weemsi, radio telemetry

INTRODUCTION
The objective of the Desert Sheep (Ovis
cnnndensis weemsi) Recuperation Project on
Carmen Island, located in the Sea of Cortez,
Southern Baja California, is to repopulate the
mountain areas where the desert sheep were
originally found. These same areas had been
earlier affected largely by the presence of human
settlements and clandestine poaching (Duncan
1960, Leslie and Douglas, 1982).
Carmen Island has a topography and vegetation
similar to the areas occupied by the sheep 0. c.
weemsi, within their original habitat on the
Peninsula, but the island lacks any other large
mammals and human activity is almost nonexistent (Jimenez et al. 1996).

The recovery program was initiated in December
1995, with the capture of 15 sheep (13 ewes and 2
rams) in the area south of El Mechudo Mountain,
Southern Baja California, located in the Sail Juan
de la Costa Ejido. During the capture 3 females
were lost. As a result only 12 sheep were released
on Carmen Island. During the month of December
1996, a second capture of 15 animals (13 ewes
and 2 rams) was undertaken with the loss of only
1 female during the examination and measurement
phase of the study. The rest of the sheep (14 in
all) were released on the island. On this occasion
the capture was carried out just to the north of
Sierra El Mechudo located on the Ejido Tepentu.
As a result of these 2 captures the herd is
considered complete, ready to establish
themselves, and reproduce their offspring on
Carmen Island. The breeding success of the island
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herd ~111allow the eventual expansion of the herd
back to the peninsula from where they came.

MATERIAL AND METHODS
For purposes of the capture a base camp was
established in the town "La Soledad" which is part
of the Ejido Tepentu. La Soledad is located at
kilometer 112 on the transpeninsular highway
from La Paz to Mesicali, Baja California. During
the capture a netgun was fired from a Hughes
500-D helicopter. According to Kock et al. (1987)
this is the most effective method to use to capture
mountain sheep.
The sheep, once captured, were transported to
base camp for examination and measurement prior
to their release. The esamination included age
determination, blood and fecal samples, hair, and
hoof flakes. Also collected were nasal, ear, and
pharyngeal swab samples. In addition, weight and
age were determined based on esamination of
dentition. At this time the presence of
ectoparisites and physiological constants like
temperature, pulse, and respiration was
documented. To enable later identification each of
the sheep was gwen an ear-tag and radio-collars
were attached to each animal. At the conclusion
of the examination each of the sheep was
transported by truck to the airport at Loreto, and
then flown in a Cessna 206 to Carmen Island for
release.
The samples obtained during the clinical exam
were processed in the Tesas A&M University
Lab, California Veterinary Diagnostic Laboratory
System, and the University of California, Davis.
The Animal Diagnostic Laboratory, Pennsylvania
State University and the National Veterinary
Services Laboratory in Ames, Iowa, also
participated.

RADIO MONITORING
Since the introduction of sheep in 1995, 2
telemetric readings have been taken each week in
order to determine the distribution of sheep on
Carmen Island. In this way a profile of habitat
preference is registered by the data gathered along
with behavioral information. The sheep are

identified with binoculars and topographical maps
(130,000) of the island are used to identifi the
areas of major concentration. The radio telemetry
equipment is carried to the highest areas of the
mountain so the widest possible area can be
covered by the signal. For each observation made
the following data are collected:
(a) Physical description of the terrain, including
coordinates, location, degree of slope and
vegetation.
(b ) Information identieing the animal observed,
such an I.D. tag number. sex, and age.
(c ) Physical condition, including nluscle tone and
fitness, measurements of horns, their size and
mass.
(d) Behavior at the time, e.g. was the animal
resting, eating, or urinating.
(e) And the size of the group.
In order to determine the distribution and
preference of habitat by season of the year, the
data gathered was divided into the following:
(a) Spring to Summer - the period of time during
the year before the rains.
(b) Autumn to Winter - the corresponding period
follow in^ the rains.
On Carmen Island the period coming before the
rainy season includes the months of March and
August. These months register the greatest
precipitation, especially August with an annual
average of 19.6 rnrn.The least rain comes in June
according to the Meteorological Station, Laired, S.
Baja California.
The period before the rains on Carmen Island
include the months of September to February with
the heaviest rains in September with an average of
62.62 mm and the least rain recorded is in October
with 1.32 mm.
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RESULTS
During their handling, the sheep were found to be
in excellent condition. The physical exams showed
temperature, pulse, and respiration within the
normal ranges in the majority of cases.
The clinical exam varied in duration from 9 to 21
minutes with an average of 14 minutes for each
animal. The ages of the ewes ranged from 7
months to 7 years with an average of 3.8 years.
The ages for the rams were 3 and 4 years. The
average weight of the females was 50.3 kg while
the 3- year-old male weighed 67.9 kg and the 4year-old male weighed 84.2 kg (Table 1).

The diseases identified in the lab samples taken
were: Bluetongue; Parainfluenza 3; Epizootic
henlorragic; Contagious echthyma: Ovine
progresive pneun~oniaj Infectious bovine
rhinotracheifis virus: Bovine viral diarrhea;
Tosoplasma; Bovine respiratoq. syncytial virus;
Leptospirosis; Chlamydia and Bnicelln ovis.
( ~ e ~ o iSerology
~e,
~ e ~ oFrom
r t Captured 0. c.
weemsi. Dec. 4, 1996)
The blood analysis showed that 80% of the sheep
had been exposed to Bluetongue. Epizootic
hemorrhagic tested positive in 86.6% of the sheep
and contagious echthyma in another 26.6% of the

Table 1. Sex, age and body weight of desert bighorn sheep (Ovis cnnndensis weemsi) captured in December
1996 near Sierra El Mechudo, Baja California Sur.

64

Female

7**

29.89

65

Male

4

84.25

*Died

**Age in months
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sheep. The analysis of Cosielln bztrneji was
positive in 60% of the sheep and another 13.3% of
the sheep had been exposed to Chlnnydin (Table
2).

In the bacterial analysis, the species most
commonly encountered in the nostril samples
were: Bacillzts spp. (33.3%); Enterobncter
cloncoe (20%); Klebssiello spp. (26.7%); and

Table 2. Diagnostic results of desert bighorn sheep (0.c. weemsi) captured in the Sierra El Mechudo area of
Baja California Sur, December 1996 .

INFECTIOUS AGENT
Bluetongue
Bluetongue

I

TEST TYPE

TEST LOCATION

No. pos.

% pos.

AGID, ELISA

Texas, Davis

12/15

80

VI

I

$TIT

Penn

Epizootic hemorrhagic disease

H1,VI

Tesas , Davis, Penn

0115

0

Epizootic hemorrhagic disease

AGID

Davis

13/15

86.66

CF

NVSL

4115

26.66

Contagious ecthyma
Cosiella burneti

I

a?

I

NVSL

I

Yl5

r

GO

Ovine progressive pneumonia

AGID

Davis

0115

0

Infectious bovine rhinotracheitis

SN,VI

Davis, Penn

0115

0

Davis

0115

0

I

Tosoplasma

p

Bovine respiratory syncytial virus

IFA

Davis

3/15

20

Leptospira
Brucella ovis

MAT

Davis

0115

0

ELISA

Davis

0115

0

Clarnydia

I

CF

1

NVSL

1

2115

(

13.33

AGID- Agar gel imrnunodiffiusion
CF- Complement fixation
ELISA- Enzyme linked imrnunosorbent assay
VI- Virus isolation
F A - Indirect fluorescent antibody
SN- Serum viral neutralization
MAT- Microagglutination test
HI- Hemagglutination inhibition test
Tesas - Texas A&M University, College Station, Tesas
Davis- California Veterinary Diagnostic Laboratory System, Davis, California
Penn- Animal Diagnostic Laboratory, Pennsylvania State University, University Park, Pennsylvania
NVSL-National Veterinary Services Laboratory, Ames, Iowa

I

1
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Acinetobacter baumnnii (20%). Species like
Edwnrsiella tardn (6.7%) and Flavimonas
oryzihabitans (6.7%) were found in only 6.7% of
the sheep analyzed (Table 3).

61.9%. In the drinking area (Area de Tinajas) the
rate of sheep observation was 38.1%.
Punta Cholla is located in the northern portion of
the island (Table 4). During this period ewe
number 30 was observed with a new male
offspring in the area identified as Arroyo de Agua
Grande, located in the northeast section of Salinas
Bay. This was the first birth of a lamb
documented on the island.

During the laboratoq study ewe number 52 died.
The autopsy was done by the lab in Irvine,
California. They diagnosed a pulrnonaq
congestion probably resulting from the stress
experienced during the capture. Also found were
moderate pneumonia and chronic plearitis.

During the period after the animals were
concentrated in the watering area where 65.9% of
the sightings were made. In addition, ewes number
29 and 32 each gave birth. Both were observed in
the Area of Tinajas. This site is known for its
number of water troughs which are used for

RADIO MONITORING
During the period before the rains the sites most
frequented by the sheep were located west of
Punta Cholla where the number of sightings was

Table 3. Results of bacteria cultured from nasal and pharyngeal swabs from desert bighorn sheep (0.c.
weemsi) captured near Sierra El Mechudo, Baja California Sur, December 1996.

BACTERIA

I

Enterobacter spp.

N0.POS.
2/15

I

Bacillus spp.

I

I

% POS.

1313

3/15

Enterobacter cloacae
Enterobacter aerogenes

I

-----

20
I

1/15
5/15

I

I

6.7
33.3

Klebsiella spp.

4/15

26.7

Acinetobacter baumanii

3/15

20

Acinetobacter woffi

1/15

6.7

Corynebacterium spp.

1/15

6.7

Corynebacterium bovis

1/15

617

Pseudomonas spp.

1/15

617

Pseudomonas cepacia

2/15

13.3

Pseudomonas paucimobilis

I

I

1/15

Edwardsiella tarda
Flavirnonas oryzihabitans

1/15

1

1/15

6.7

617

(

6.7
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Table 4. The number observations completed during the monitoring of telemetry (Dec. 1995-Dec. 1996).
Location
of the
Island

Locality

West of Punta Cholla

Before the
rain
(Mar.-Aug.)

After the
rain
(Table 4.
Sept.-Feb.)

26

16

0

Northwest of Salinas Bay

I

South:

3
I

East of Punta La Lancha

5

4

9

Area of Tinajas

16

31

47

(Agua Grande y Agua Chica)

8

8

16

Punta Baja

5

0

5

I
Center:

42

3
I

1

Total

Southeast Salinas Bay

collecting enough water to be consumed during the
entire year.
Another important fact was the birth made by ewe
number 62. She had been introduced in 1996. This
female was observed with her lamb and 2 adult
sheep in the Area de Tinajas.

DISCUSSION AND CONCL USIONS
One difference between the sheep captured in San
Juan de la Costa in December 1995, and those
captured in 1996 was the incidence of
ectoparisites documented. This is probably due to
the presence of feral animals, especially burros
that without doubt are the principal carriers of the
parasites found in the sheep (Lee 1993, Russo
1956, Clark et al. 1985, Jessup 1985).
The incidence of domesticated animals (goats and
wild burros, for example) presents 1 of the
principle problems confronting the sheep
population in Sierra E l Mechudo (DeForge et al.
1996). In addition to carrying disease, goats and
burros also compete with the wild sheep for water,
forage, and space.
The most commonly encountered diseases were
Bluetongue and Epizootic hemorrhagic. Both

viruses are transmitted by the fly from the genus
Czrlicoide and can become the initiators of
comples pneumonia in wild sheep (Clark et al.
1985, Jessup 1985).
During the first year after introduction of the
sheep (Dec. 1995 through Dec. 1996) ewes
numbers 29, 30, and 32 each gave birth. These 3
animals were transferred in 1995. According to
the results of the radio telemety data the majority
of the sheep (82.7%) were concentrated in the
northern portion of the island where they covered
the areas offering the best forage. Here they also
had proximaty to available watering troughs at
Las Tinajas and Agua Grande where water can be
found throughout the year. These areas are found
in the highlands with an elevation of 479 meters
above sea level.
The majority of sheep observed were alone, but
sometimes formed groups of 2 to 3, individuals,
generally ewes. The radio monitors indicated that
although there had been an indication of disease,
the introduction of sheep to Carmen Island has
been a success. The sheep appear to be in
excellent condition and without noticeable
changes in their behavior. The births given by 3
females introduced in December 1995 and another
introduced in 1996 are examples of successful
adaptation.
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TRANSLOCATION AND POPULATION MODELING OF WEEMS DESERT BIGHORN IN
BAJA CALIFORNIA SUR, MEXICO
JAMES R. DEFORGE, Bighorn Institute, P. 0. Box 262, Palm Desert, CA 92261
SERGIO JIMENEZ L., Ovis A. C., Avenida Rcardo Margain Z. #440, Col. Valle del Campestre, Garza
Garcia, Nuevo Leon, Mexico
STACEY D. OSTERMANN, Bighorn Institute, P. 0. Box 262, Palm Desert, CA 92261
ELAINE M. BARRETT, Bighorn Institute, P. 0. Box 262, Palm Desert, CA 92261

RAUL VALDEZ, New Mexico State University, Department of Wildlife, Box 30003, Las Cruces, NM
88003
CECILIA HERNANDEZ C., Ovis A. C., Avenida Ricardo Margain Z. #440, Col. Valle del Campestre,
Garza Garcia, Nuevo Leon, Mexico
Abstract: We translocated Weems desert bighorn sheep (Ovis canadensis weemsi) from the Baja
California Sur mainland to Isla del Carmen (Carmen Island), a 151 km' island in the Gulf of California.
This privately owned island was recently designated as an ecological preserve for Weems bighorn to
provide stock for augmenting and reestablishing weemsi populations on the mainland. On November 17
and 18, and December 5, 1995, a helicopter surveylsearch was conducted to assess the logistics involved in
the translocation of sheep from the mainland to Carmen Island. A total of 38 bighorn were observed in 9
hours of survey/search flight time in the Sierra de la Giganta, near Loreto and west of Punta El Mechudo.
Survey results suggested that population numbers are lower than previously estimated. In December 1995
and 1996, a total of 30 bighorn were captured from the Punta El Mechudo area of Baja California Sur via
net-gun, biologically sampled, radio-collared andtor ear-tagged, and flown to Carnlen Island. Results from
diagnostic disease testing indicated captured bighorn were generally in good health and demonstrated
limited disease exposure. Using computer simulation modeling, we assessed the viability of a bighorn
population on Carmen Island, as well as the number of bighorn available for reintroduction to the mainland
over a 25-year period. This is the first documented helicopter surveylsearch and biological sampling of 0.
c. weemsi.

Key Words: Baja California Sur, capture, disease, helicopter survey, Isla del Carn~en,Mexico, Ovis
canadensis weemsi, population modeling, translocation, VORTEX
INTRODUCTION
Published information on Weems bighorn (Ovis
canadensis weemsi) is scarce. These desert
bighorn sheep are thought to range from the
Sierra Las Virgenes in the Santa Rosalia area of
Baja California Sur, south to the Sierra Los
Mechudos near La Paz (Fig. 1); however, the
precise southern boundaries of their distribution
are unknown (Cowan 1940). Weemsi were first
described by Goldman (1937) based on

specimens collected by F. C. Weems in the Sierra
de la Giganta in Baja California Sur in 1936.
Cowan (1940) compared Weems bighorn to the
adjacent subspecies, 0. c. cremnobates, and
reported that the 2 were similar, differing only in
pelage color and certain cranial measurements.
He also noted that the 2 subspecies presumably
interbreed in the Sierra San Borjas, north of
Santa Rosalia (Cowan 1940). Although no
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Figure 1. Location of Carmen Island, Baja Sur. Bighorn sheep (Ox. weemsi) were translocated from the Pzinta
El .Uec/iudo area of Baja ,%ir to Clartnen Island.

Figure 1. Location of Carmen Island, Baja California Sur. Bighorn sheep (Ovis cnnodensis weemsi) were
translocated from the Punta Mechudo area of Baja California Sur to Carmen Island.
empirical population estimates exist for weemsi,
their numbers appear to have significantly
declined in recent times (Jimenez 1995).
Several factors probably contributed to the
reduction of bighorn sheep in Baja California
Sur. Domestic livestock have reduced and
degraded bighorn habitat and introduced exotic
infectious diseases (Russo 1956, Buechner 1960,
Clark et al. 1985, Jessup 1985, Brown 1993).
Poaching, both trophy and subsistence, is another
factor potentially suppressing bighorn numbers in
Baja (Buechner 1960, Cossio 1975, DeForge et

al. 1993, Jimenez 1995). Illegal hunting is
particularly damaging if it involves the removal
of ewes. Concern over the decline in bighorn
populations in Baja California Sur resulted in the
closure of hunting seasons in 1995. The paucity
of data on these bighorn establishes them as a
high priority for conservation until their
population size, distribution, and abundance are
ascertained.
Transplanting bighorn sheep to establish new
populations or augment small populations is a
popular and potentially useful management
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practice to restore bighorn populations to viable
numbers (Stevens and Goodson 1993, Roy and
Irby 1994). However, transplants require large
source populations as m7ell as knowledge of the
source population's distribution and demographics. Alternatively, releasing captive-born
animals into the wild (augmentation or restocking) can be used to aid a population faced
with a catastrophe, or, as in this case, to delay
possible extinction while data is collected and the
agents of a decline are investigated (Conant
1988, Griffith et al. 1989, Kleiman 1989,
Caughley and Gum 1996). Advantages of
captive propagation include:
protection of
animals from poaching, moderation of
environmental variance, management of genetic
diversity, and expansion of animal numbers to
provide stock for return to natural habitats
(Foose et al. 1995). Although captive breeding
can be a powerfd tool (Caughley 1994,
Philippart 1995, Caughley and Gum 1996), it is
not considered a long-term solution for species
threatened with extinction (Snyder et al. 1996).
In 1995, Isla del Carmen (Carmen Island), a
privately-owned 151 krn2 island in the Gulf of
California (Fig. l), was designated as a preserve
to provide a protected environment for a
translocated herd of weemsi bighorn. Bighorn on
Carmen Island are considered "captive" in the
sense that they are confined to the island where
natural immigration and emigration are not
possible, and demographic and genetic
management are required. The objectives of the
Carmen Island bighorn conservation project are
discussed by Jimenez et al. (1996).

for re-introduction to the Baja California Sur
mainland. Here we discuss the preparation,
procedures, and results of the initial phase of this
unique conservation project, which includes the
first documented helicopter survey/search, health
testing, and transplant of Weems bighorn.

To evaluate the feasibility and logistics of
transplanting a viable bighorn population to
Carmen Island, we assessed habitat availability
and condition on the island, and conducted a
helicopter surveylsearch to determine where to
obtain bighorn from the mainland population.
Once we determined that the project was feasible
and all required approvals were obtained, bighorn
were transplanted from the Baja California Sur
mainland to Carmen Island. We used computer
simulation modeling to project the population
dynamics of bighorn on Carmen Island and the
number of excess animals potentially available

On November 17 and 18, and December 5, 1995,
we conducted a helicopter surveylsearch of the
Baja California Sur mainland to gain an
understanding of Weems bighorn density and
distribution, and to identifji a potential source
population for the transplant to Carmen Island.
We used a Hughes 500D helicopter and 3
experienced or trained observers accompanied the
pilot at all times. The doors of the helicopter
were removed to facilitate optimum visibility.
Mountains were contoured at varying intensities
according to habitat type and bighorn sign. Data
collected included sighting time, group size, sex

We thank the Sada family for their visionav and
beneficent efforts in wildlife conservation in
establishing Carmen Island as a preserve to
benefit Weems bighorn, and for making this
project possible.
We also appreciate the
thoughtful conservation ethic of the Mesican
wildlife officials and the local communities of
Baja California Sur who assisted with this
project. The participation and expertise of
veterinarians R. Burbank, P. Cyrog, and C.
Jenner was crucial in the capture and transplant
operation, as were the talents of our helicopter
crew M. and B. Cain and T. Thrailkill.
Biologists andlor veterinarians C. Willmott, 0.
Rosas R., A. Bernal C., M. Hinojosa C., A.
Ortega O., A. Carretas, R. Vazques C., A.
Chavez R., and A. Murillo M. contributed
substantially to the success of the transplant
operation.

STUDY AREA
Refer to Jimenez et al. (1996) for a description of
the Carmen Island study area.

METHODS
Helicopter Survey
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and age classification, and the location and
elevation of bighorn seen, as well as notes
regarding habitat, native large mammals, and
feral animals. Locations were determined using a
global positioning system (accurate within 100
m). We categorized bighorn according to a
modified version of Geist's (1971) classification
system (Class 11-IV rams, ewes, yearling males,
yearling females, and lambs).
Weems bighorn are thought to be concentrated in
three areas: (1) Las Virgenes northwest of Santa
Rosalia, (2) in the Sierra la Giganta near Loreto,
and (3) in the Punta El Mechudo area north of La
Paz (Fig. 1). We surveyedsearched an area of
roughly 2,100 km' near Loreto, and then
surveyed an approximate 104 km2 area west of
Punta El Mechudo. The survey of the Punta El
Mechudo area was completed on December 5,
due to logistical constraints encountered on
November 18. We did not survey Las Virgenes
because the taxonomic status of bighorn in this
range is questionable; crentnobntes and weemsi
presumably interbreed here.
Capture, Sampling, and Relocation
On December 5-8, 1995, and December 4-7,
1996, a total of 30 bighorn (26 ewes, 4 rams)
were captured in the Punta El Mechudo area of
Baja California Sur using a net-gun fired from a
Hughes 500D helicopter. Captured animals were
blindfolded, hobbled, physically examined,
placed in transport bags, and then air transported
to base camp for processing. Body weight and
body and horn measurements were recorded.
Body temperature, pulse, respiration, and
capillary refill time were monitored throughout
processing. Water and wet towels were used to
cool the sheep as needed. Bighorn were aged by
counting annular horn rings (Hansen and Derning
1980) and evaluation of tooth replacement and
wear (Mahon 1975).
Approximately 120 cc of blood were collected
from each bighorn by jugular venipuncture and
transferred into 10-ml sterile integrated serum
separator tubes for serological and blood
chemistry analyses, into 3-ml heparinized tubes

for bluetongue (BT) virus and epizootic
hemorrhagic disease (EHD) virus isolation, into
3-ml liquid ethylenediaminetetraacetic acid
(EDTA) (K3) tubes for hematological
examination, and into 10 ml EDTA (K3) tubes
for genetic analysis. Blood smears for blood cell
morphology and cytolog\ examination were made
with whole blood from the 3-ml EDTA tubes.
Serum was harvested after fresh whole blood in
serum separator tubes clotted for 1 to 2 hours,
and was centrifuged for 30 minutes. Hair
follicles, white blood cells, and clots from whole
blood were collected for mitochondria1 DNA
sequencing and microsatellite DNA typing.
Nasal and pharyngeal swabs were collected and
placed in modified Amies clear transport medium
for aerobic bacterial culture and identification.
Pharyngeal swabs were collected in 1995, but not
in 1996. Nasal swabs were also collected using
sterile cotton-tipped applicators and transferred
into virus antibiotic media A for isolation of
bovine respiratory syncitial virus (BRSV),
bovine virus diarrhea (BVD - border disease)
virus, infectious bovine rhinotracheitis (IBR)
virus and parainfluenza-3 (PI-3) virus.
Fecal samples for parasite examination were
collected from each bighorn. Extra fecal pellets
from 5 bighorn were submitted to Washington
State University Wildlife Habitat Laboratory for
analysis of fecal crude protein (FCP) and 2,6diaminopimelic acid (DAPA) as an index of
dietary energy and quality. Fecal samples were
oven-dried at 55' C, ground in a Wiley Mill to
pass a 1-mrn screen, and analyzed for FCP using
the standard micro-Kjeldahl procedure. DAPA
was analyzed according to Nelson and Davitt
(1984).
Ticks and earswabs were collected and sent to
the Department of Veterinary Pathology,
Microbiology and Immunology, University of
California, where ticks were identified and ear
swabs were examined for Psoroptes mites.
All biological samples were stored in insulated
containers with dry and/or wet ice and submitted
to the laboratories via overnight service within 6
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days of collection. Most of the test procedures
and laboratories utilized are listed on Table 3.
Hematology, serum chemistry testing, and
bacterial cultures and identification were
performed at Professional Animal Laboratories,
Inc. (P.A.L.) and Antech Diagnostics. Five
bighorn captured in 1996 were treated for signs
of shock after their vital signs were assessed
upon arrival in basecamp: Ram 53 received
Dexamethasone (80 mg I.V.), Ewe 57 received
Solu Delta Cortef (100 mg I.V.) and Diazapam
(1 mg I.V.), Ewe 58 received Solu Delta Cortef
(100 mg I.V.), Ewe 60 received Solu Delta
Cortef (200 mg I.V.), and Ewe 62 received Solu
Delta Cortef (100 mg I.V.) and Diazapam (0.2
ml I.V.). Injections of selenium and vitamin E
(MU-SE), (1.0 cc I.M.), Vitamin E (dl-Alpha)
(0.5 cc I.M.), and penicillin G benzathine and
penicillin G procaine were administered to all
bighorn.

were re-captured, blindfolded. hobbled, and
placed in transport bags before being loaded into
the airplane. The rear seats of the Cessna were
removed, allowing room for 2 bighorn
accompanied by 2-3 biologists or veterinarians.
Because the island lacked a conventional airstrip,
the plane landed on salt flats on the southeast
part of the island and the sheep were released
from that location. Each bighorn was released on
Carmen Island 2-11 hours following initial
capture.
Population Modeling

Twenty MOD 500 (adult) radio collars, and 2
MOD 400 (breakaway) radio collars were placed
on 22 of the 28 bighorn released onto Carmen
Island. Each collar was equipped with a
mortality sensor. All bighorn transferred to the
island were fitted with a numbered, plastic eartag. Hobbles and blindfolds were removed prior
to loading the sheep into a crate or truck for
transport to an airport. Base camp processing
was completed in 11-22 minutes per animal.

Using the computer program VORTEX 7.0
(Lacy et al. 1995) we assessed population
viability for bighorn on Carmen Island, as well as
the number of bighorn potentially available for
reintroduction to the mainland over a 25-year
period. VORTEX performs a standard life table
analysis and provides a stochastic simulation of
population growth using Monte Carlo
simulations of demographic events. The model
assumes that fecundity is independent of age, and
mortality rates are ses-specific; but constant for
animals of reproductive age. VORTEX outputs
summary statistics on population growth rates,
the probability of extinction, and the mean size
and genetic variation of populations. The
structure, algorithms, and assumptions of
VORTEX are discussed further by Lacy (1993).

Two methods were employed for holding and
transporting bighorn sheep: (1) 9 bighorn
(separate groups of 2-4 ewes) were groundtransported in a large, wood-framed cargo area
on a flat bed truck, and (2) 4 rams and 4 ewes
were loaded into separate wooden crates on a flat
bed truck. We used 3 different routes to
transport the sheep from the base camp to
Carmen Island. Five bighorn were transported
1.5 hours (approsimately 145 km) via truck to
the La Paz airport and then flown 55 minutes in a
Cessna 206 airplane to Carmen Island; 22
bighorn were trucked approximately 6 hours
(approximately 495 krn) to the Loreto airport and
flown 10 minutes to Carmen Island; and 1
bighorn was flown from basecamp to Carmen
Island via helicopter. At each airport, bighorn

Initial values for VORTEX simulations were
estimated from multiple sources to approximate
parameters for a healthy bighom population with
no predation (Table 1). The starting population
on the island was 26 bighorn (22 ewes, 4 rams).
To estimate the carrying capacity of Carmen
Island, we considered McQuivey's (1978) report
of sheep densities in Nevada ranging from 1.02.3 bighomkm2, and the report of bighom
densities in California ranging from 2.16-3.74
bighorn/km2 for 3 healthy bighorn populations
exhibiting increasing population trends (Clark et
al. 1985). Carrying capacity on Carmen Island
was conservatively set at 150 bighorn (1
bighorn/km2), with a standard deviation (SD) of
3% to allow for environmental variation. If the
population increased above carrying capacity,
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Table 1. Summary of initial values and references for the estimated values in a population viability analysis
of desert bighorn sheep (Ovis canadensis weemsi) translocated to Carmen Island, Baja California Sur.
Year 1 is considered the first year after 26 bighonl are translocated to the island.
Parameter and value
Type of breeding system:
Polygramous;
80% of males >3 years breed

Reference for estimated v a l u e

Estimated

Age at first reproduction:
females : 2 years
males: 3 years

Bighorn Institute. unpubl. data
Bighorn Institute. unpubl. data

Sex ratio at birth: 1 : 1

Bighorn Institute, unpubl. data

Inbreeding:
3.14 lethal equivalents per genome

Ralls et al. 1988

Fecundity rates (%) :
Breedmg females
producing 0 young: 5.0 (SD = 5)
Breeding females
producing 1 young: 95.0 (SD = 5)
Mortality rates (YO) :
Females age 0-1:
Females age >1:
Malesage 0-1:
Males age >1:

40.0 (SD = 10)
5.0 (SD = 5)
40.0(SD=10)
5.0 (SD = 5)

Bighorn Institute, unpubl. data
Bighorn Institute. unpubl. data
Remington 1993
Wehausen 1992
Remington 1993
Wehausen 1992

Carrying capacity: 150 (SD = 3)

McQuivey 1978, Clark et al. 1985

Chance of catastrophe: 5% per year

Estimated

Initial population size: 26
Females 0-1 year:
2
Females 21 year:
20
Males 0-1 year:
0
Male 21 year:
4

Estimated

Population supplementation:
3 rams added every 5 years
beginning in year 5

Estimated

Population removal:
5 rams and 5 ewes removed
evey other year beginning
in year 4

Estimated
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VORTEX imposed additional mortality on all
age and sex classes to return the population to
carrying capacity.
Inbreeding depression, modeled as increased
mortality during the first year of life, was
incorporated using the heterosis model of
inbreeding depression in VORTEX.
We
estimated the presence of 3.14 lethal equivalents
per genome, which is the median value obtained
fiom 40 mammalian species (Ralls et al. 1988).
Because we found no literature specifjmg the
proportion of males participating in breeding, we
estimated that only 80% of the adult males > 3
years of age were in the breedmg pool. Ninetyfive percent (SD = 5%) of the ewes were
estimated to give birth to 1 offspring per year,
with an equal sex ratio at birth. Lamb mortality
was set at 40% (Remington 1993) with a 10%
SD due to environmental variation, and adult
mortality was set at 5% (Wehausen 1992) with a
5% allowance for environmental variation. We
also incorporated an annual 5% chance of
catastrophe (e.g., disease, natural disasters)
which would reduce all reproduction and survival
values by 30%. To maintain genetic diversity
and mimic natural gene flow, we simulated
addmg 3 rams from the mainland to the Carmen
Island population even. 5 years. We modeled the
removal of various numbers and sex ratios of
bighorn to estimate the maximum number of
sheep that could be reintroduced to the mainland
while maintaining a >90% chance of survival for
the island population. We also completed a
sensitivity analysis to determine which
parameters were most important to the fate of the
Carmen Island population and to evaluate the
effects of erroneous parameter estimates. In the
sensitivity analysis, baseline values were changed
individually to achieve a quantitative estimate of
a parameter's effect on population persistence.
For each set of parameter's, 1,000 Monte Carlo
simulations were run and annual summary
reports were generated for a 25-year period, with
year 1 considered the first year after 26 sheep are
Inhabiting the island.

RESULTS

Helicopter Survey
We observed 21 bighorn in approximately 8
hours of survey time on November 17 and 18,
1995, and an additional 17 bighorn in 1 hour of
flight time on December 5, 1995 (Table 2).
Sightings 1-3 were located southwest of Loreto,
sightings 4 and 5 were northwest of Loreto, and
sightings 6-15 were west of Punta El Mechudo
(Table 2). Overall catch per unit effort (CPUE)
for this survey was 3.8 adult bighornhour. A
total of 18 ewes, 4 lambs, 2 yearling females, 3
yearling males, and 11 rams were seen, yielding
ratios of 22.2 lanlbs:100 ewes, 27.8
yearlings:100 ewes, and 61.1 rams:100 ewes.
This was not a systematic survey of all potential
bighorn habitat, therefore, we are not providing a
population estimate.
Separating the data according to region reveals
striking differences in the density of bighorn
observed. A total of 7 adult bighorn were seen in
approximately 6 hours of flight time near Loreto
(CPUE = 1.2), with 0 1anlbs:lOO ewes, 20
yearlings:100 ewes, and 20 rams:100 ewes. This
is in contrast to the 34 adult bighorn observed in
2 hours of flight time near Punta El Mechudo
(CPUE = 17.0): where we found 30.7 lambs:100
ewes, 30.7 year1ings:lOO ewes, and 76.9
rams:100 ewes.
Vegetation and water appeared plentihl within
the bighorn habitat surveyed. We recorded 8
mule deer (Odocoilezis hemionus), and over 100
goats (Caprn hircus), 50 cattle (Bos taunu), 15
burros (Eqzizis nsinzts), and 14 horses (E.
cnballzrs) within bighorn habitat. Extensive
trailing was noted in many areas that supported
feral animals, suggesting that large numbers of
these animals may be present. Near Loreto,
roads and feral animals were especially common.
Bighorn observed in this area were generally seen
in dense vegetation, isolated from roads and feral
animals, while bighorn observed west of Punta El
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Table 2. Desert bighorn sheep (Ovis Cnnndensis weemsi) observed during approsimately 9 hours of
helicopter survey/search time in Baja California Sur, November 17-18, and December 5, 1995. Sightings
1-3 were located southwest of Loreto, sightings 4 and 5 were northwest of Loreto, and sightings 6-15 were
west of Punta El Mechudo. Approximate ages assigned to ram size classes: Class I1 = 2-4 years, Class I11
= 5-7 years, Class TV > 8 years.
Sighting
number
1
2

Ewes

12
13
14
15
Total

2
1
3
4

Lambs

Yrlg.
Females

Yrlg.
Males

1
2

18

Class II
Rams

Class III
Rams

Class l[V
Rams

1
3

1

1
2
4

1
2

Mechudo were in less vegetated habitat, yet still
relatively isolated from human establishments,
roads, and feral animals.
During the 1.4 hours of survey time on Carmen
Island, we documented the location of four
natural tinajas, with the largest holding
approsimately 1,500 gallons of water. The
island provides high quality bighorn habitat and a
diverse array of topography and vegetation types.
Capture, Sampling, and Relocation
All captured bighorn appeared to be clinically
normal and in good body condition. Ses, age,
and body weight data are presented in Table 3.
Mean ewe body weight for ewes > 2 years of age
was 58.4 kg (SD = 8.2 kg). The weights of the 4
rams, between 2 and 4 years of age, ranged from
65.3-84.8 kg.

3
1
8
8

2
3

2
6

Total

2
4

1

38

Results of infectious disease testing and fecal
parasite examination are presented in Table 4.
No viruses were isolated from blood or nasal
passages. Agar gel inmunodiffusion (AGID)
tests for EHD virus were positive for 23/30
bighorn. Serologic test results for BT virus were
positive for AGID, complement fixation (CF),
andlor enzyme linked immunosorbent assay
(ELISA) tests in 22/30 sheep (titers 1:10 to >
1:40). Coxielln bztrnetii (Q fever) CF tests were
positive for 17/30 bighom tested (titer range:
1:10 to 1 :40). Chlamydia CF tests were positive
for 13/30 bighom (titer range: 1:10 to 1:40).
Contagious ecthyma CF tests were positive for
4/30 sheep and BRSV IFA tests were positive in
3/30 bighorn tested. Fecal parasite examination
revealed unidentified nematode ova in 3/30
bighorn. Results were negative for all other
disease diagnostic tests performed.

1997 DESERT BIGHORR' C O U N C I L T R A N S A C T I O N S

Table 3. Age at capture, gender, sample size, and body weight of desert bighorn sheep (Ovis canadensis
weemsi) captured December 1995 and December 1996 in Punta El Mechudo area of Baia California Sur
for transport to Carmen Island.
Age
0-1 yrs
1 yrs
2 yrs
3 yrs
4 yrs
5 yrs
6 yrs
7 yrs

N
(females/males
210
210
311
211
412
410
510
510

Bacillus spp., Enterobacter spp., Pseudon~onas
neruginosa and Klebsiella pneumoniae were the
most common bacteria isolated from nasal and
pharyngeal swabs (Table 5). Pasteurella spp.
were cultured from only 1/30 bighorn tested.
Hematology and serum chemistry values from the
weemsi sampled are summarized in Table 6.
Percent fecal crude protein for 5 bighorn (28, 29,
34, 35, 37) ranged from 1.44 to 1.99% (p =
1.73%). Fecal DAPA ranged from 0.348 to
0.457 mg/gm (p = 0.429 mglgm). Ticks (Otobizrs
megnini) were found on 2/30 bighorn (1 male, 1
female) and all ear swabs were negative for
Psoropfes mites. Results from genetic analyses
will be presented elsewhere.
Four bighorn mortalities occurred during this
capture and transplant operation. Ewe 39 died
during processing in base camp. Histopathology
results revealed a heart lesion indicative of
previous myocardial damage (infarction),
possibly from parasite migration. A larval
tapeworm, identified as Cysticercus tenuicollis,
was removed from the ewe's lesser omentum.
The ewe's compromised heart condition may have
been exacerbated by the acute stress of capture,
resulting in cardiac arrest. Ewe 26 was found
dead on Carmen Island 1 day post-release. Lung
lesions observed during a field necropsy indicated
bronchopneumonia; however, her death was
attributed to capture or transport-related
complications. Ewe 38 also died within 24 hours

Body weight (kg) (mean zt SD)
(females/males
34.5 i 6.4/na
48.3 i 2.8/na
50.4 =t 6.1165.3 i0.0
53.5 =t 2.5168.0 i0.0
69.3 =t 8.9184.6 0.3
62.5 4.7Ina
58.5 i 1.7Ina
51.9 k 4.2lna

*

*

of her release on the island. A field necropsy
revealed the animal had a compound fracture of
the left humeral radial articulation and most
likely died of capture related injuries. Ewe 52
died in base camp, and necropsy results indicated
the ewe had over 60% lung consolidation.
Histopathology results revealed pulmonary
congestion, mild interstitial pneumonia, and
chronic pleuritis. The probable cause of death
was stress leading to hyposia and shock due to
chronic lung disease. The remaining 26 bighorn
were safely translocated to Carmen Island and
subsequently monitored using radio telemetry.
No other capture-related mortalities occurred.
Population Modeling
In modeling the Carmen Island population, we
attempted to maximize the number of bighorn
returned to the mainland while retaining
demographic stability within the island
population. Using the baseline parameters listed
in Table 1, but no removal of animals, the
Carmen Island bighorn population had a 100.0%
(SE = 0) chance of persistence for the next 25
years, a rate of increase (r) of 0.1503, and the
population retained 96.18% of the original
heterozygosity. When 5 rams and 5 ewes are
removed from the population every other year
beginning in year 4, and 3 rams are added every
5 years beginning in year 5 (as in Table 1) the
population had a 91.6% (SE = 0.88) probability
of persistence. In other words, in 84 of 1,000
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iterations, the Carmen Island bighorn population
went extinct. This same model predicted an
exponential population growth rate (r) of 0.15 81,
and the annual population estimates shown in
Fig. 2. These parameters were designated as the
baseline model for the sensitivity analysis
because the Carmen Island bighorn population
will be managed using this augmentation and
removal schedule (Jimenez et al. 1996).

Removing more than 10 animals every other
year, or altering the sex ratio to remove more
than 5 ewes every other year resulted in a < 90%
probability of population persistence (Table 7).
Only scenarios resulting in a > 90% probability
of persistence were considered practical
management options, so using the parameters
specified in our baseline model, a maximum of
10 bighorn could be returned to the mainland
even other year beginning in year 4.

Table 4. Diagnostic test results for the presence of disease agents and internal parasites in bighorn sheep
(Ovis cnnadensis weemsi) captured in the Punta El Mechudo area of Baja California Sur, December 1995
(n = 15) and December 1996 (n = 15).

I Infectious agent of concern
Bluetongue Virus

(

Bluetongue Virus

I Brucella ovis
1 Chlamvdia
I Contaeious
- - Ecthvrna Virus
Epizootic Hemorrhagic desert Virus
Infectious Bovine Rhinotracheitis Virus
Leptospirosis
Mycoplasma
Ovine Progreeive Pneumonia Virus
Parainfluenza-3 Virus
I Parainfluenza-3
Cosiella burnetii (Q fever)
Tosoplasma
Fecal parasites

I

I

Test type
AGID, CF

I ELISA

I

Test location

I

TEXAS, NVSL,

I CVDLS

No. positive
2213OA

1 0130

( VI

1 PENN

I ELISA
1 CF

I

1 NVSL

1 13/30b

I

/ NVSI,
- --

1 4/10

CF
AGID
SN
I MAT
culture
AGID

I

I

-

CVDLS
CVDLS
( CVDLS
CVDLS
CVDLS
HI
TEXAS. CVDLS
VI
1 PENN
CF
NVSL
LAT
CVDLS
flotation1 PAL
Baermann

I

I

1 0130

1

0130
0130
0130
0130
17/30b
0130
3/30

Percent
positive
73.3%
0

1
1

43.3%
113%

0
0
0
0
1
0
56.7%
0
10.0%

AGID = agar gel immunodifision; CF = complement fixation; ELISA = enqme linked immunosorbent
assay; VI = virus isolation; IFA = indirect fluorescent antibody; SN = serum viral neutralization; MAT =
microagglutination test; HI = hemagglutination inhibition; LAT = latex agglutination test; TEXAS = Texas
A&M University, College Station, Texas; NVSL = National Veterinary Services Laboratory, Arnes, Iowa;
CVDLS = California Veterinary Diagnostic Laboratory Systems, Davis, California; PENN = Animal
Diagnostic Laboratory, The Pennsylvania State University, University Park, Pennsylvania; PAL =
Professional Animal Laboratories, Inc., Irvine, California
'Titer range: 1:10 to >1:40
b ~ i t erange:
r
1:10 to 1:40
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Table 5 . Bacteria cultured from nasal and pharyngeal swabs fiom bighorn sheep (Ovis canndensis weentsi)
captured in the Punta El Mechudo area of Baja California Sur, December 1995 (n = 15) and December
1996 (n = 15). Pharyyngeal swabs were not collected in 1996. Testing was conducted at Professional
Animal Laboratories, Inc. or Antech Diagnostics, Irvine, California.
Bacteria
No. positive
Bacillus spp.
18/30
Enterobacter spp.
17/30
15/30
Pseudomonas aerugiae
Klebsiella pneumoniae
I 9130
Acinetobacter lwoffi
5/30
-.
I
1
Escherichia coli
3/30
Proteus mirabilis
3/30
Corynebacterium spp.
I 2130
1/30
I
Beta Hemolvtic Stre~tococci 1
1/30
Citrobacter spp.
1/30
Edwarssiella tarda
1/30
Flavimonas oryzihabitans
I Pasteurella SDD.
1
1/30
1
-

5

% positve

60.0%
56.7%
50.0%
30.0%
16 7%
.-

-

10.0%
10.0%
6.7%
3.3%
3.3%
3.3%
3.3%
3.3%

15

10

1

20

25

Year

Figure 2. Population estimates for a translocated desert bighorn sheep (Ovis canadensis weemsi)
population on Carmen Island, Baja Sur, as projected by VORTEX simulations. The starting population
was 25 adults (5 rams, 20 ewes) with 5 rams and 5 ewes removed every other year beginning in year 4, and
3 rams added every 5 years beginning in year 5. Carrying capacity was set at 150 bighorn (1 bighornlkm2)
with a standard deviation of 3%.
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Table 6. Results from complete blood counts and serum chemistry analysis of 30 desert bighorn sheep
(Ovis canadensis weemsi) captured in the Punta El Mechudo area of Baja California Sur, Mesico,
December 1995 and December 1996.

I

I

Parameter
Cellular components
White blood cell count (lOOO/lul)
Red blood cell count (1O ~ 1/ ~ U
Hemoglobin (Hb) (.e/dl)
Packed cell volume (%)
Mean corpuscular volume (fl)
Mean corpuscular Hb (pa)
Mean corpuscular Hb concentration
Neutrophil absolute count
Neutrophil (%)
Lymphocyte absolute count
Lymphocyte (%)
Eosinophil absolute count
Eosinophil (%)
Serum components
Alkaline phosphatase (IU/l)
Serum glutarnic osaloacetic
Gamma glutamyl transferase (IU/l)
Creatine phosphokinase (IUII)
Total bilirubin (mgldl)
Blood urea nitrogen (BUN) (mgldl)
Creatinine (mgldl)
BUNIcreatinine ratio
Cholesterol (mgldl)
Glucose (mgldl)
Calcium (mddl)
Phosphorus (mgldl)
Calcium/Phos~horusratio
Chloride (megll)
Sodium (megll)
Potassium (medl )
Sodium~Potassiumratio
Total protein (gldl)
Albumin (g/dl)
Globulin (ddl)
Albumin/Globulin ratio
Carbon dioxide (megll)
Cortisol (pgldl)

Mean (SD)

Range

5.8 (0.52)
13.3 (0.23)
16.85 (0.28)
48.9 (1.03)
37.13 (0.42)
12.81 (0.14)
34.7 (0.25)
2,531.07 (328.0)
47.87 (2.43)
1,674.73 (154.43)
36.10 (2.61)
765.30 (696.97)
13.67 (10.17)

1-15.4
10.4-15.9
14.4-121.0
38.0-64.0
33.0-42.0
11.1-14.0
33.0-38.0
336-8,624
24-71
290.0-4004.0
16.0-64.0
0-2772.0
0-35.0

364.03 (44.66)
151.93 (13.41)

109-862
76-350

42.9 (3.13)
917.23 (130.18)
0.27 (0.01)
20.07 (0.74)
2.16 (0.05)
9.0 (0)
60.0 (3.0)
138.08 (7.50)
10.73 (0.98)
7.53 (0.27
1.0 (0)
90.97 (0.70
151.6 (1.09
5.24 (0.14)
29.53 (0.80)
7.74 (0.18)
3.72 (0.12)
4.02 (0.20
1.003 (0.06
10.8 (0.84)
8.39 (0.43)

4-86
209-3,468
0.2-0.4
13-33
1.6-2.7
7-14
35-96
7.3-239
9.9-12.3
4.2-10.5
1-3
85-99
137-162
4-7.3
22-41
5.9-10.1
2.8-5
2.6-7.3
0.4-1.9
5-23
3.7-12.2

I

Table 7. Results from a population viability analysis of desert bighorn sheep (Ovis canadensis weemsi) on Carmen Island, Baja California Sur. The
computer program VORTEX was used to show the effects of removing animals, augmentation, starting population size, inbreeding depression,
mortality rates, and periodic catastrophes. Unless otherwise stated, the population was modeled for 25 year period.
Efect and level

a\

Baseline simulation: (see Tablel)
projections over a 25 year period
projections over a 100 year period
Starting population size:
20 adults (4 rams, 16 ewes)
30 adults (7 rams, 23 ewes)
Animals removed
no animals removed
remove 3 rams, 3 ewes every 2 years
remove 6 rams, 5 ewes every 2 years
remove 5 rams, 6 ewes every 2 years
remove 6 rams, 6 ewes every 2 years
remove 7 rams, 7 ewes every 2 years
Animals added:
(projections for 25 year period)
no rams added every 5 years
5 rams added every 5 years
(projections for a 100 year period)
no rams added every 5 years
5 rams added everl, 5 years
Inbreeding:
no inbreeding depression
4.01 lethal equivalents per genome
Mortality rates (both seses):
0-1 year-old mortality = 30%, SD = 10
0-1 year-old mortality = SO%, SD = 10
adult mortality = 3% SD = 5
adult mortality = lo%, SD = 5
Probability of catastrophe:
0% per year
10% per year

Probability of
population persistence
Mean (%) (SE)

Mean final
population size for
successful cases (SE)

Mean growth rate (r) in
years without removal or
addition of animals (SE)

Final observed
heterozygosity

91.6 (0.88)
91.4 (1.25)

137.03 (0.93)
143.85 (0.72)

0.1581 (0.0015)
0.1212 (0.0007)

0.9584 (0.007)
0.8934 (0.002)

75.90 (1.35)
93.40 (0.79)

129.76 (1.33)
137.72 (0.85)

0.1499 (0.0015)
0.1522 (0.0014)

0.9541 (0.0009)
0.9662 (0.0006)

100.0 (0.00)
98.60 (0.79)
90.00 (1.34)
85.60 (1.57)
84.80 (1.61)
76.00 (1.91)

145.97 (0.38)
143.72 (0.53)
135.43 (1.35)
132.75 (1.62)
135.22 (1.53)
132.25 (1.77)

0.1503 (0.0010
0.1597 (0.0014)
0.1602 (0.002 1)
0.1500 (0.0021)
0.1583 (0.0021)
0.1589 (0.0022)

0.9618 (0.0006)
0.9598 (0.0006)
0.9581 (0.0010)
0.9580 (0.0012
0.9587 (0.0010)
0.9579 (0.0012)

89.60 (1.37)
90.20 (1.05)
91.20 (1.27)

134.36 (1.46)
135.24 (1.36)
137.52 (1.30)

0.1519 (0.0018)
0.1626 (0.0020)
0.1568 (0.002 1)

0.9390 (0.0023)
0.9495 (0.0011)
0.9668 (0.0009)

88.40 (1.43)
93.00 (1.14)

143.72 (0.77
145.13 (0.60)

0.1185 (0.0007)
0.1225 (0.0007)

0.8762 (0.0022)
0.8977 (0.0018)

91.20 (1.05)
93.80 (1.08)

139.48 (1.13)
136.18 (1.25)

0.1637 (0.0021)
0.1581 (0.0020)

0.9532 (0.0010)
0.9591 (0.0010)

97.60 (0.68)
77.60 (1.86)
96.00 (0.88)
65.80 (2.12)

142.25 (0.90)
118.28 (2.19)
140.84 (1.08
97.68 (2.83)

0.1824 (0.0021)
0.1240 (0.0022)
0.1740 (0.0020)
0.1033 (0.0023)

0.9583 (0.0009)
0.9619 (0.0012)
0.9589 (0.0009)
0.9570 (0.0017)

98.60 (0.53)
80.20 (1.78)

148.56 (0.44)
121.44 (1.96)

0.1803 (0.0016)
0.1363 (0.0025)

0.9594 (0.0008)
0.9591 (0.0011)

(SE)
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The results from the sensitivity analysis are
presented in Table 7. Baseline values for the
sensitivity analysis are those described above - a
starting population of 26 bighorn with 10 bighorn
removed every other year starting in year 4, and
3 rams added every 5 years beginning in year 5.
Adult mortality was among the most influential
parameters for the Carmen Island bighorn
population; doubling the mortality rate from 5%
to 10% resulted in a 4-fold increase in the
probability of population extinction. Increasing
lamb mortality 10% increased the population's
chance of exqinction by 62.5%. Reducing the
number of founders 23%, from 26 to 20 bighorn,
caused a 35% increase in the probability of
exdnction. Removing more than 5 ewes every
other year, not adding rams every 5 years,
increasing lamb or adult mortality, or increasing
the chance of catastrophe, all resulted in a
probability of population persistence < 90%.
Altering the level of inbreeding depression had
little effect on the population.

DISCUSSION
Helicopter SurveyISearch
Because we focused mainly on prime bighorn
habitat rather than conducting a systematic
survey of all potential bighorn habitat: the CPUE
from our helicopter surveylsearch should be
higher than that obtained through a typical
survey. Helicopter surveys of desert bighorn in
California from 1990-1995, using the same pilot,
helicopter, and core of observers as in this survey
had an average CPUE of 5.3 adult bighornhour
when the population was low, but relatively
stable at an approximate density of only 0.15
bighorn/km2 (DeForge et al. 1995). Although
this survey was conducted in a different
vegetation type, the low CPUE of 1.2 during the
6 hours of surveylsearch near Loreto strongly
suggests the bighorn population in this portion of
Baja California Sur is small. In 1974, field
technicians accompanying hunters sighted 301
bighorn in the region of Loreto, and estimated
that a maximum of 194 animals were present
(Alvarez 1976). We do not consider ground
counts comparable to helicopter surveys, but our

data suggest the bighorn population near Loreto
today is greatlj. reduced. In contrast, the CPUE
of 17 adult bighornhour for the Punta El
Mechudo region reflects a dense, but possibly
localized population. No infom~ationis available
to compare current results with past bighorn
density estimates for the Punta El Mechudo area.
In a study of helicopter survey sighting rates of
bighorn sheep in Arizona, Remington and Welch
(1993) found that groups with 5 or more animals
were always seen. In our Baja California Sur
surveylsearch, 1 bighorn was the most conunon
group size observed, and larger groups should
have been more easily seen.
Capture, Sampling, and Transport
Net-gunning has been shown to be the safest,
most effective method for capturing bighorn
sheep (Kock et al. 1987).
However, the
complicated logistics of this translocation project
placed additional stress on these bighorn sheep.
The 13% (4/30) mortality rate can be attributed
to a combination of factors, including: the steep
terrain of the capture areas which made safely
netting sheep difficult, the multiple instances of
handling required, the duration sheep were
hobbled and in a transport bag, and stress 011 late
gestation ewes. The sheep responded best to
longer ground travel by truck and less time
confined to a transport bag in the aircraft, despite
the fact that total travel time was greatly reduced
when they were flo~vnfrom La Paz rather than
Loreto. An alternative method for transporting
bighorn to Carmen Island that does not require
recapturing the animals (for loading into a plane)
could improve the translocation process. At the
time of the project, financial and logistical
constraints precluded using a barge to transport
the sheep to Carmen Island. Tn order to avoid
high ambient temperatures and complete the
transplant prior to parturition of ewes, we had a
relatively short time frame in which to work.
Although early December was an acceptable time
period for this project, November may be a more
opportune period to evade stressing late gestation
ewes.
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Results from pathogen isolation and serological
testing show that these weemsi sheep have limited
exposure to infectious disease. The seropositive
results for BT and EHD viruses are considered
the most significant disease findings in this study.
BT virus has been isolated from domestic sheep
(Ovis aries), goats, cattle, mule deer, white-tailed
deer (Odocoileus virgininnzts), wapiti (Cewus
elaphus), pronghorn antelope (Antilocnpm
americann), and bighorn (Hoff and Trainer
1978, Jessup 1985, Jessup and Boyce 1993).
Bluetongue is considered primarily a disease of
domestic sheep. Cattle have also been suspected
as a potential reservoir of this virus, although
they rarely show clinical signs of the disease
(Trainer 1970, Jessup 1985). EHD virus is
closely related to the BT virus and may cause a
similar clinical disease.
Both viruses are
transmitted by gnats of the genus Cztlicoides. An
EHD outbreak in British Columbia in 1987 killed
many domestic sheep, bighorn, wapiti, American
bison (Bison bison), mule deer, and white-tailed
deer (Jessup and Boyce 1993). BT virus
(Robinson et al. 1967, DeForge et al. 1998a, in
press) and EHD virus (DeForge et al. 1998a)
have both been isolated from bighorn sheep with
pneumonia and have been implicated as potential
initiating factors in the bighorn pneumonia
complex (Clark et al. 1985, Jessup 1985).
While some of the CF serum titer levels suggest
prior or active infection of Coxielln bzlrnetii (Q
fever) in the animals tested, we are unaware of
any significant adverse effects of this nonfatal,
rickettsia1 disease in bighorn sheep. The
epizoology of Q fever in wild animals is not well
understood. Cattle, domestic sheep, goats, pigs,
horses, bison, camels (Cnmeltw spp.), and dogs
(Canis familiaris) are known to have been
infected with Coxielln bztrnetii or had antibodies
to it. Several species of multihost ticks have
been found to be infected with C. bztrnetii and
some of them (e.g. Dermncentor, Ixodes,
Amblyommn, and Hnemnphvsnlis spp.) can
transmit the disease fiom domestic to wild
animals or the reverse (Bell 1981).
Forty-three percent of the sheep tested positive
for Chlamydia, although CF titer levels were
generally low. Little is known about adverse

impacts of chlnni~dinein bighorn sheep, but
these organisms can cause pneumonia and
enzootic abortions in domestic sheep.
In
clinically normal domestic sheep, chlamydia1
organisms can inhabit the intestines, be excreted
in feces, and infected ewes may discharge vast
numbers of viable chlnniydine to the external
environment at the time of parturition or abortion
(Jensen and Swift 1982). Due to the overall
healthy state of the bighorn tested, their low titer
levels to Chlamydia are considered clinically
insignificant in this study.
The very limited finding of Pnstez~relln spp.
bacteria (1130 bighorn) from nasal and
pharyngeal swabs is of interest. Pnstez~rellaspp.
can be a ma-jor cause of death in bighorn, most
often in association with pneumonia (Onderka
and Wishart 1988, Foreyt 1989). Pasteztrelln
hnemolyticn has been documented as a common
commensal in the upper respiratory tract of
clinically normal bighorn sheep (Dunbar et al.
1990, Ward et al. 1990, Queen et al. 1994), and
can often be isolated from healthy bighorn when
samples are collected and preserved properly
(Wild and Miller 1991). Indeed, our inability to
detect Pnstez~rellnmay be attributed to suboptimal sample storage conditions (due to the
field location) and the ex?ended period prior to
laboratory testing. An additional consideration is
the presence of Bncillzw spp. bacteria (18130
bighorn) which can inhibit Pnstez~rellngrowth
(Corbeil et al. 1985, Queen et al. 1994).
The most prevalent bacteria found in the weemsi
test group were Bncillzls spp. and Enterobncter
spp., which are commonly isolated fiom nasal
passages of clinically healthy bighorn sheep
(Marshall et al. 1983, Queen et al. 1994).
Pseudomonas spp. and Klebsielln pneumoniae
have been cultured fiom nasal swabs (DeForge et
al. 1998a, in press) and pulmonary aspirates
(DeForge et al. 1998b, in press) of desert bighorn
lambs with pneumonia, and are among the
multiple bacterial species frequently cultured in
later stages of pneumonia (Jessup and Boyce
1993). The isolation of these organisms is
insignificant in this study due to the lack of
clinical signs of disease.
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Kock et al. (1987) found that the levels of
creatine phosphokinase, serum glutamic
oxaloacetic transaminase, blood urea nitrogen
(BUN), glucose, and white blood cell (WBC)
counts were significantly related to the outcon~e
of captured bighorn. Outcome categories were
normal, stressed, capture myopathy mortality, or
accidental mortality. Mean values for these 5
parameters in the animals sampled were within
the range for normal bighorn, with the exception
of BUN and WBC. BUN and WBC levels were
closest to the range for stressed bighorn, or
bighorn that died from capture myopathy (Kock
et al. 1987). Differences in blood hematology
and chemistry values between weemsi in Baja
California Sur and other published values for
bighorn sheep (DeForge and Scott 1982: Kock et
al. 1987) may reflect: (1) actual contrasts in the
health and nutrition of weemsi bighorn compared
to other bighorn, (2) effects of increased stress
levels due to capture and handling of these
animals, or (3) effects of delayed testing of blood
and sera. Further sampling of clinically normal
weemsi sheep is needed to more accurately assess
serum and cellular components in this
subspecies. Due to the lack of virus isolation,
testing of paired serum samples would provide a
more definitive diagnosis of disease esposure in
these 30 weemsi bighorn. Overall, physical
examination and health parameters of these
weemsi bighorn indicate a generally healthy test
group.
The population ecology of ruminants is directly
influenced by nutrition (Scott 1986, Dodd 1993,
Wehausen 1995) and both fecal nitrogen and
DAPA have been used as dietary indices for
bighorn sheep (Nelson and Davitt 1984, Hebert
1986, Irwin et al. 1993). Fecal nitrogen is a
commonly used index that is positively correlated
with dietary intake, digestibility, protein, and
weight changes in wild and domestic animals
(Leslie and Starkey 1985). DAPA is a unique
amino acid residue of rumen bacterial
fermentation that exhibits seasonal patterns
reflecting diet quality and is highly correlated
with digestible energy (Nelson and Davitt 1984,
Hodgman et al. 1996). Whereas fecal nitrogen is

likely to be elevated by diets containing tannins
(Mould and Robbins 1981, Hobbs 1987), DAPA
is presumably not hampered by secondary plant
compounds (Nelson and Davitt 1984, Wehausen
1995).
The percentage of crude protein in the diet of the
5 weemsi sampled is in the upper range of winter
values measured for other desert bighorn sheep
(Hebert 1986, Wehausen 1992, Andrew 1994).
DAPA levels in these weemsi bighorn are above
winter values reported for both bighorn
populations in British Columbia (Hebert 1986)
and desert bighorn herds in Arizona (G. Miller
unpublished in Nelson and Davitt 1984). Only
limited baseline information is gained from our
one-time analysis of 5 bighorn, but the data
suggest that Punta El Mechudo provides high
quality habitat.

Population Modeling
Models have many limitations in addition to
being subject to the quality of data input.
Natural systems are very complex and even t l ~ e
most sophisticated models incorporate only a
subset of the factors that we recognize to
influence population biology (Lacy 1993).
Density dependent responses involving indirect
biological community feedback are not easily
incorporated into a model. The variation among
species in their response to inbreeding is another
poorly understood phenomenon (Lacy 1992).
Population modeling is useful for quantifjring,
analyzing, projecting, and managing small
wildlife populations; however, a population
viability analysis does not incorporate all factors
of interest, it often requires unrealistic
assumptions, and data to accurately portray the
factors that are included in the model are often
lacking.
Based on our model, every other year beginning
in the year 2000 approximately 10 bighorn can
be removed from Carnlen Island for
reintroduction to the mainland. This projection
and the population estimates in Fig. 2 are
preliminary because the parameters specified in
the model are not based on empirical information
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from the population of interest. Most parameters
entered are conservative, therefore, the
population and excess stock projections are also
conservative. We estimated the population
carrying capacity conservatively so that we are
predicting the minimum number of animals that
can be removed from the island if mortality rates
are not greater than we modeled. Removal of
additional excess stock will allow for other
management options.
Transplanted bighorn
populations often show growth rates higher than
that of our model (r = 0.1581) (Buechner 1960,
Dodd 1982, Remington 1993): a population
transplanted to Hart Mountain, Oregon was
estimated to have an intrinsic growth rate of
0.329 to 0.365 for a two-year period (Hansen
1980). Clearly, the Carmen Island population
may increase faster than our model predicts.
Seven factors were examined in the sensitivity
analysis: starting population size (number of
founders), the number of animals removed, the
number of animals added to the population,
inbreeding depression, lamb mortality rates, adult
mortality rates, and the probability of a
catastrophe. The highest population growth rate
for the Carmen Island population (r = 0.1824)
was achieved when lamb mortality was reduced;
whereas, the lowest population growth rate (r =
0.1033) was attained when adult mortality was
increased.
The consistency in mean final
population size among simulations was caused
by VORTEX imposing the carrying capacity of
150 bighorn. The large influence of lamb and
adult mortality rates on extinction probabilities
demonstrates the need for regular, long-term
monitoring of the bighorn on Carmen Island.
Because the number of animals available for
removal depends on recruitment and mortality
rates, models of the Carmen Island bighorn
population should be updated annually and
adaptive management (Stanley Price 1991)
should be used to alter the augmentation/removal
schedule.
The number of animals used to establish a
population is an important consideration, as the
founders should represent a viable genetic sample
from the source population (Foose et al. 1995).

According to Denniston (1978), with 20-30
founders, approximately 95% of the source gene
pool's average heterozygosit). should be
preserved, but additional founders are needed to
ensure the representation of rare alleles.
Although the Carmen Island population should
contain a large percentage of the genetic diversity
present in the Punta El Mechudo bighorn
population, the conservation value and genetic
diversity of the island population could have been
improved by capturing animals from several
different locations. The low number of bighorn
in areas other than Punta El Mechudo made this
impractical.
When projecting the population for 25 years,
adding five rams to the population every 5 years
only slightly improved the population's
probability of persistence and the retention of
genetic diversity in comparison to not adding any
rams. Projecting the same scenarios for a 100year period allows time for the input of new
genetic material to effect population persistence.
Because the expression of inbreeding depression
may be dependent on environmental conditions
(Ebenhard 1995), precautions to avoid inbreeding
should be taken despite the negligible effects of
inbreeding shown by this short-tern1 analysis.
The absence of solid empirical data relating to
inbreeding depression in bighorn sheep
specifically is not reason to dismiss concerns
regarding this important phenomenon. The
relative
uniformity in
final
observed
heterozygosity in all sin~ulationsis most likely a
reflection of the short time period projected (25
years).
If no catastrophes occur on the island, or if the
population is closely monitored so that
catastrophes can be mitigated, then the Carmen
Island population has a 98.6% chance of survival
with the currently planned augrnentation/ren~oval
schedule (Table I), and can likely support the
removal of additional animals. On the contrary,
if we underestimated adult mortality as little as
5%, the population may not be viable with the
planned augmentation schedule.
The most
meaningful illustration of the sensitivity analysis
is that several parameters (adult and lamb
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mortality, catastrophes, and the number of
animals removed) esert much control over the
population's dynamics. Close monitoring of
bighorn demography on Carmen Island is
essential for the long-term success of this
program.

CONCLUSION
Our cursory helicopter surveytsearch of the Baja
California Sur mainland concluded that weemsi
numbers are probably lower than previously
estimated. Diagnostic testing indicated the
bighorn captured during this project were mostly
healthy and exhibited limited disease exposure;
however, it should be noted that while we
observed an abundance of feral livestock within
bighorn habitat, the weemsi we captured and
sampled were taken from isolated areas where
few
or
no
livestock
were
present.
Communication with local people in Baja
California Sur supported our observations that
domestic livestock, habitat encroachment, and
poaching are probable limiting factors for
weemsi.
Of all North American wild ungulate species,
wild sheep are possibly the most sensitive to
common livestock diseases and parasites (Jessup
1985, Foreyt 1989, Foreyt 1994, Foreyt and
Lagerquist 1997). The association of livestock
(primarily domestic sheep) and bighorn sheep has
been a longtime concern due to possible disease
transmission (Jessup 1985, Clark et al. 1985,
Foreyt 1989). The separation of livestock and
bighorn has been strongly recommended (Jessup
1985; Armentrout and Brigharn 1988; Technical
Staff, Desert Bighorn Council 1990; Jessup and
Boyce 1993). Further study is needed to
specifically address the disease implications of
feral goats mixing with bighorn (Foreyt 1994),
but the high number of feral goats observed in
bighorn habitat during this project is a concern.
The abundance of domestic and feral livestock in
and adjacent to bighorn habitat on the Baja
California Sur mainland creates a high potential
for transmission of viral and bacterial disease.
Additionally, stress from human activities and
competition with livestock may contribute to

disease outbreaks in bighorn (Spraker 1977,
Jessup and Taylor 1981, DeForge and Scott
1982, Turner and Payson 1982, Kraabel and
Miller 1997). Our data provided no evidence of
a current disease epizootic, although disease
cannot be exduded as a potential cause for the
low number of bighorn observed in Baja
California Sur.
According to our preliminan plan (Jimenez et al.
1996), the bighorn removed from the Baja
California Sur mainland for translocation to
Carmen Island will be more than compensated
for with the return of approximately 10 bighorn
to the mainland even 2 years, beginning in the
fourth year of the program. Monitoring the
Carmen Island bighorn population is crucial and
adaptive management must be practiced (Stanley
Price 1991), but our model indicated that an
initial herd of 26 bighorn on Carmen Island has a
high probability of establishing a viable
population with excess stock available for
augmenting populations or repatriating historical
habitat on the mainland. The management of
bighorn on Carmen Island is discussed by
Jimenez et al. (1996).
Prior to reintroducing bighorn back onto the
mainland, the distribution and abundance of
~mw7sion the mainland must be understood, and
factors suppressing the population must be
identified and addressed. A helicopter survey of
the entire weemsi range and radio-collaring of
weemsi bighorn on the Baia California Sur
mainland would initiate acquisition of these
fundamental data. Special effort should be made
to increase public awareness of wildlife
conservation needs, and to promote incentives to
ensure cooperation from local communities in
reducing human-related impacts.
Specific
strategies to remove andlor confine feral and
domestic animals are also needed.
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STATUS OF BIGHORN SHEEP IN ARIZONA

-

1996

RAYMOND M. LEE, Arizona Game and Fish Department, 2221 W. Greenwaj. Road, Phoenix, AZ

POPULATIONS
Estimates of Arizona's desert bighorn sheep
(Ovis canadensis mexicann and 0. c. nelsoni)
indicate a slowly declining population of
approximately 6,000 animals. The 1996 desert
bighorn sheep helicopter surveys produced 1,578
classifications in 170.7 flight hours (9.2
sheephour). This represents a 15% decrease
from the observation rate in 1995. Survey results
yield ratios of 54 rams: 100 ewes: 15 lambs: 11
yearlings.
The Rocky Mountain bighorn (0. c. ccmndensis)
population, estimated at 500 animals, remains
stable in both numbers and range.
This
population was supplemented with transplants
from Colorado in 1994 and 1995. The 18.9
hours of helicopter surveys resulted in the
classification of 349 animals (1 8.5 sheephour).
Survey results yield ratios of 36 rams: 100 ewes:
22 lambs: 15 yearlings.

RESEARCH
The Arizona Game and Fish Department
(AGFD) is currently involved in several bighorn
sheep research and management projects. These
include an evaluation of survey methodology and
observation rates, bighorn use of habitat near
mining operations, and an evaluation of desert
bighorn sheep in Mexico.

HABITAT IMPRO EMENTS
The AGFD, primarily in cooperation with the
Bureau of Land Management and the Arizona
Desert Bighorn Sheep Society (ADBSS), and
more recently with Desert Wildlife Unlimited,
continues to develop and maintain bighorn sheep
waters. These water projects vary from simple
tinaja modifications to extensive artificial water

collection and storage systems. These projects
are designed to be as cost effective,
environmentally sensitive, and maintenance free
as possible.

TRANSPLANTS
Since 1981, a mean of 76.4 sheep has been
transplanted annually. To date, the AGFD has
transplanted 1,279 bighorn sheep, with 93 going
to Colorado, 46 to Utah, 36 to Texas, 11 to New
Mexico, and 9 to various Zoos and Universities.
Arizona is presently hunting transplanted bighorn
sheep populations in 15 game management units,
with 31 permits being offered in these areas.
After last year's record of 160 animals
transplanted, no bighorn sheep transplants were
conducted in Arizona in 1996. Due to continuing
drought conditions and the impact on the bighorn
sheep population, no bighorn sheep transplants
are scheduled for 1997.
This is the second year of a 3-year program to
evaluate bighorn sheep habitat in Arizona for
potential bighorn sheep release sites. Using a
modified CunninghandHansen habitat suitability
model, all potential habitat will be scored, with
the higher scoring areas being prioritized for
future transplants.

Bighorn sheep permits remain the most sought
after hunting permits in Arizona. There was a
record 6,843 applicants (4,949 resident and
1,894 non-resident) for the 106 regular season
permits. This represents about 65 hunters
applying for each permit, with individual unit
odds varying from as low as 11:1 to 435:1,
depending on the unit's accessibility and harvest
history.
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During the 1996 hunting season, 108 hunters
participated, harvesting 100 rams, for a 93%
success rate. The average age of the harvest was
7.2 years. The 1996 season produced 42 animals
(42% of the harvest) which qualified for the
Arizona Trophy Book (min. score of 162 Boone
and Crockett points). Of these rams, 14 scored
>I70 points. During the last 5 years, these
trophy harvest percentages have averaged 39%
and 17%, respectively. In addition, 3 rams
scored over 180 points, with 1 of these scoring
over 190 points.

for bighorn sheep hunting. The AGFD eliminated the rule requiring hunters to check-in
prior to the season.

As a result of this year's surveys, permits for the
1997 season will be decreased fiom last year's
106 permits to 97. Two additional permits will
again be issued to raise funds for bighorn sheep
management programs. Game management unit
44A, a transplant unit, will be opened this year

In 1997, the auction permit was sold for
$295,000. This makes a total of $1,364,000
from the last 5 bighorn sheep auction tags
offered in Arizona. Arizona's bighorn sheep
management program is dependent upon the
f h d s derived from these permits.

For the past 12 years, the AGFD and the ADBSS
cooperate in auctioning 1 permit (at the
Foundation for North American Wild Sheep
convention) and raffling another to raise funds
for bighorn sheep management projects. Since
the program, started in 1984, $2,285,860 has
been raised from the 24 permits ($1,328,00 fiom
the auctions and $957,860 from the raffles).
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STATUS OF DESERT BIGHORN SHEEP IN COLORADO

-

1996

SCOTT WAIT, Colorado Division ofwildlife, 151 E. 16th St, Durango, CO 81301
The Colorado Division of Wildlife (CDOW) began
reintroductions of desert bighorn sheep (Ovrs
cmadensis nelsoni) in 1979 and has continued
transplant efforts through 1995. Additional
transplants into suitable unoccupied habitat are
planned and have been approved by the Bureau of
Land Management (BLM). All transplants have
occurred on either BLM, National Park Service, or
CDOW administered lands.
Each of the
transplanted herds originally showed good to
excellent lamb production, good survival, and fair
distribution through suitable habitat. Population
indicators such as lambing rates, sex and age
classifications: harvest reports, and field
observations led wildlife managers to be optimistic
that 5 herds of desert sheep had successhlly been
reestablished. Since then, 1 herd has decreased
dramatically, with very low lamb, yearling, and
adult survival, with over 70% of the documented
mortality due to mountain lion (Felis concolor)
predation. Two other herds have shown slow but
continued population increases, while the remaining
2 herds have shown sustained good production and
SUMV~.

The total population, distributed among 5 herds, is
currently estimated to be 475 sheep (Table 1).
Graham (1993) estimated Colorado's aggregate
population at that time to be near 455. Though the
total population is nearly the same, the population
within each herd has varied, growth in some has
compensated for decreases in others. The goals of
CDOW's management program are presented in the
Colorado Desert Bighorn Sheep Management Plan
(1989) whlch was jointly prepared by BLM and
CDOW. These goals are to: 1) fkcilitate the
restoration of desert bighorn sheep into historic
range of southwest Colorado on BLM administered
public lands in cooperation with CDOW and private
landowners; 2) improve and maintain habitat for
500 sheep by 1995 and 1200 sheep by the early
21st century; 3) reintroduce 200 bighorns into 3
areas (PalisadeslSewemup Mesa near Gateway, the
Dolores River Habitat Units near Slick Rock, and

on Black Ridge west of Grand Junction); and 4)
manage desert bighorn sheep habitat using the
guidelines developed in the management plan. The
PalisadeslSewemup Mesa transplant site has been
delayed due to concerns over habitat quality and
quantity. The Middle Dolores Unit received an
initial transplant in 1990, with additional transplants
pending. The Black kdge area received a
supplemental transplant in 1995. At this time,
CDOW is emphasizing management of the existing
herds and expnding the area of habitat used rather
than creating new populations.

BLACK RIDGE
This unit received 36 desert sheep, the first to be
transplanted into Colorado, from 1979- 1981, from
the Lake Mead area of Arizona and Nevada. The
herd immediately showed good production,
recruitment, and survival (Creeden 1986).
Population growth slowed in the late 1980's and the
population was estimated to be approximately 100
in 1990. By 1995: local managers were concerned
with the population status due to very low lamb and
adult survival. A management research project was
initiated in conjunction nlth a supplemental
transplant of 22 sheep from Nevada (Creeden and
Graham 1997). Current population status is still of
concern with approximately 70 sheep and continued
low survival rates.

DOMINGUEZ CANYON
This herd, northwest of Delta, was started with 41
sheep from Arizona and Nevada in 1983-85.
Growth to the present estimated 140 sheep has been
steady, with good lamb production and fairly good
lamb and adult survival.

ROUBIDE.4 U CANYON
This was the last herd to be established in Colorado
with 38 sheep from Arizona in 1991 and 1993.
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Table 1. Herd histon and status of desert bighorn sheep, Colorado

Herd Location

# Transplanted (years)

Black Ridge

58 (79, 80, 81,95)

125

70

Dorninguez

41 (83, 85)

125

140

Roubideau

38 (91,93)

40

60

Middle Dolores

19 (90)

40

40

Upper Dolores

56 (86, 87)

125

165

212

455

475

TOTAL

Currently there are an estimated 60 sheep in this
area northwest of Montrose.

MIDDLE DOLORES RIPER
This herd was established in 1990 with 19 sheep
fiom Nevada. The habitat unit extends fiom below
Slick Rock downstream to Paradox. Presently there
are approximately 40 sheep using only a small
portion of this unit. Adhtional transplants are
planned.

UPPERDOLORES RIVER
This herd was established in 1986-87 with 56 sheep
fiom Arizona and Nevada. Continued growth has
resulted in an estimated population of 165 sheep.
This herd is inventoried twice per year to develop
trends in lamb production, survival: and recruitment
into adult age classes. The first inventory is an
intensive ground census near the end of lambing
season. The second inventory is done by helicopter
in the fall during the breeding season. Individually,
each inventory gives biased age and ses ratios, but
used in conjunction, the inventories give a good
estimate of vital population structure parameters. In
addition, lambing areas have been clearly delineated,
as well as seasonal movements and habitat use
patterns.

1993 Population

1996 Population

RESEARCH
No research projects are currently being conducted
on any desert bighorn herds in Colorado. Population
monitoring has been limited due to budget
constraints, particularly in the past few years. While
CDOW receives h d i n g for management of Rocky
Mountain bighorn sheep through hunting license
auction and raffle funds, no such authorization has
been granted for desert sheep.
Several diseases have been observed in Colorado's
desert sheep, but no extensive, all-age die-offs or
large scale outbreaks of hsease have been observed.
Contagious ecthyma has been documented in the
Dominguez herd, chronic sinusitis in the Black
Ridge herd, lungworm larvae in fecal samples from
the Dolores herds, as well as para-influenza (PI3),
conkgous ecthyma, bovine viral diarrhea, and
bovine respiratory syncitial virus in sheep being
transplanted to the Dolores (DeForge 1988).

HARVEST
Hunting of desert bighorn rams has been authorized
by the Colorado Wildlife Commission in 2 units in
1997, the Dorninguez and Upper Dolores herds.
Due to population declines, the Black Ridge herd,
which has been hunted since 1988, will not be
hunted in 1997. A total of 5 licenses will be issued,
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down from 6 licenses for the previous several years.
There is high public interest for hunting desert
bighorn in Colorado, nlth nearly 400 applications
for 5-6 licenses each of the past few years. Hunter
success has been very high (94%) since 1988.
Hunting has been limited to rams, 112 curl or larger.
Rams harvested during the 1994-95 seasons
averaged 6.1 growth rings (5.7 during 1992-93
seasons) and 75 cm horn length (the same as during
1992-93).
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STATUS OF BIGHORN SHEEP IN MEXICO - 1996
RAYMOND M. LEE, Arizona Game and Fish Department, 2221 W. Greenway Road, Phoenix, AZ

SONORA
In 1992, surveys were conducted to determine the
distribution and abundance of bighorn sheep in
Sonora. Using 20.7 hours of helicopter time, 25
mountain ranges were surveyed for bighorn
sheep. A total of 155 groups was seen, resulting
in 528 individual classifications. In 1993, using
16.3 hours of helicopter time, 14 additional
mountain ranges were surveyed for bighorn
sheep. A total of 132 groups was seen, resulting
in 442 individual bighorn sheep observed.
Bighorn sheep were observed in 32 of the 39
ranges surveyed.
Surveys that depend upon direct observations
tend to under estimate the total number of
animals in an area. Using observation rates of
30% - 60% results in a population estimate
between 1,488 - 2,977 animals for that portion of
Sonora which was surveyed. It should be noted
that not all of the area of each mountain range
and that not all of the bighorn sheep habitat in
Sonora was flown.
In 1995, 30 bighorn sheep were radio-collared in
3 areas in Sonora.
These animals were
monitored to determine mortality rates,
movement patterns, and habitat selection. Blood
samples were also taken to determine previous
exposures to common domestic livestock
diseases.

In 1996, using 10.6 hours of helicopter time, 11
mountain ranges were surveyed for bighorn
sheep. A total of 523 sheep was classified.
Observation rates in both Sierra Viejo and Sierra
Kun-Kaak exceeded 90 bighorn sheep per hour.
While these 11 ranges had been flown in the past;
observation rates were higher in the majority of
ranges flown in 1996, indicating that the bighorn
population in Sonora is at least stable, if not
increasing.

Additional surveys were conducted in Sonora in
1996. Tiburon Island was flown for 4.5 hours
resulting in the classification of 287 bighorn
sheep.
Using the information provided in these surveys,
private landowners persuaded the Mexican
Government to issue bighorn sheep hunting
permits in Sonora. Seven permits were issued.
These permits brought bids of $45,000. Six
sheep were harvested. In 1997, 13 permits were
issued for Sonora.
BAJA CALIFORNIA

The President of Mexico issued a decree halting
the hunting of bighorn sheep in the state of Baja
California in 1990. Prior to the closure of
bighorn sheep hunting, Baja California provided
considerable bighorn sheep hunting opportunities.
During the 10 hunting seasons between 1980181
and 1989190, 625 permits were issued. During
this period hunter success was approsimately
75%. The mean Boone and Crockett score for
rams harvested was 166 points.
A helicopter survey of Baja California was
conducted in 1992 by biologists from the Bighorn
Research Institute. During this survey, 116
groups of bighorn sheep were seen in 68 hours of
helicopter survey time, resulting in an
observation rate of 8.9 sheep per hour. In 1993,
the Mexican Foundation for the Conservation of
Bighorn Sheep was founded. This organization
has worked to establish a conservation program
for bighorn sheep throughout the range of the
species in Baja California. In their efforts, they
enlisted the aid of the Foundation for North
American Wild Sheep (FNAWS). Through
finding from FNAWS, a helicopter survey of
bighorn sheep ranges in Baja California was
conducted in September 19%.
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During 32.1 hours of survey effort, 97 groups of
sheep were seen. Survey totals were 76 rams,
134 ewes, 57 lambs, and 12 yearlings for a total
of 279 individual sheep. This represents an
observation rate of 8.7 sheep seen per hour of
survey time.

levels in Baja California, which averaged 62.5
permitsfyear over the last 10 years of hunting,
and even less than the 33 permits that
were offered during the last year a hunting
season was authorized.

BAJA CALIFORNIA SUR
These survey results prompted recommendations
for re-opening the hunting program in Baja
California with issuance of 10 permits. This is
much more conservative than the past permit

A survey of the Vizcaino Biosphere Reserve was
conducted in 1996. In 4.2 survey hours, 99
bighorn sheep were classified.
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STATUS OF DESERT BIGHORN SHEEP IN NEVADA
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PATRICK J. CUMMINGS, Nevada Division of Wildlife, 4747 West Vegas Drive, Las Vegas, NV 89 108
CRAIG STEVENSON, Nevada Division of Wildlife, 4747 West Vegas Drive, Las Vegas, NV 89108

POPULATIONS
Three subspecies of bighorn sheep (Qvis
canadensis) inhabit Nevada. California bighorn
(0. c. cnl~forniana), exqirpated by the early
1930's (Tsukamoto 1993), have been reestablished in the high desert plateaus and canyon
rims of northwestern Nevada (Tsukamoto 1983).
Rocky Mountain bighorn (0. c. cnnndensis), last
observed in 1929 (Hall 1946), again occupy
mountain ranges of the northeastern portion of
the state. Desert bighorn (0. c. nelsoni) have the
broadest distribution and occupy mountain
ranges in the southern two-thirds of the state.
Inclusive of each subspecies, there are
approximately 6,500 bighorn sheep in Nevada.
Desert bighorn populations experienced drought
conditions from March 1995 through September
1996. Given the variability of Nevada's climate,
a few populations likely inhabited areas that
received brief, localized precipitation. Overall,
water catchments have served to lessen the
severity of drought years. Water catchment
construction remains an integral element in the
Nevada Division of Wildlife's (NDOW) progranl
to re-establish mountain sheep in historic ranges.
During fall 1996, aerial surveys conducted in 34
mountain ranges enabled observations of 2,215
desert bighorn sheep. The statewide bighorn
sample was comprised of 681 rams, 1,132 ewes,
and 402 lambs (60 rams: 100 ewes: 36 lambs).
Based primarily on data collected during aerial
surveys, there are an estimated 5,300 desert
The statewide
bighorn sheep in Nevada.
population estimate is below the estimate derived
last year, yet is slightly above 5-year and 10-year
statewide averages.
Most notable through
analysis of aerial survey data was substantially
fewer lambs (30%) and older age-class rams in
comparison with 1995.

Desert bighorn capture operations during 1996
involved 85 animals and 7 translocations. In
Nevada, the release of 5 bighorn contingents
effectively hlfilled 1 re-introduction and 3
augmentations. Additionally, in response to a
nuisance complaint, a 5-year-old ram was
captured on the periphery of Boulder City and
released in the Newberry Mountains, Clark
County.
In August 1996, 5 desert bighorn sheep were
trapped in the East Pahranagat Range, Lincoln
County, through the use of a drop-net and
released in the Sheep Range, Clark County.
Initially, the intent was to translocate
approximately 20 sheep, roughly half of the
animals that had an affinity for an area which
formerly served as an enclosure. The enclosure
was erected to study the effects of militarp
aircraft overflights on desert bighorn sheep
(Krausman et al. 1993). Each sheep was marked
and fitted with a telemetq collar to facilitate
collection of information descriptive of local
bighorn sheep survivorship and the level of
mountain lion (Felis concolor) predation.
On a larger scale, capture efforts were conducted
over the course of 4 days in October 1996 in 3
mountain ranges: River, Muddy, Clark County;
and Pancake, Nye County. A private contractor
was employed to carry out the captures which
entailed use of the aerial net-gun technique. The
bighorn population in the Spotted Range, Clark
County, was augmented with the release of 25
sheep captured in the River Mountains. Twenty
desert sheep from the Muddy Mountains were
furnished to the state of Utah. Two sheep, the
first trapped in the Muddy Mountains and the
second in the River Mountains, were not
translocated, but were released back into their
respective mountain ranges.
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Further north, desert bighorn capture efforts were
resumed in the Pancake Range, and produced 2
release contingents. An augmentation was
achieved on Slate Mountain and Fairview Peak,
Churchill County, upon release of 16 sheep. On
the Sand Springs Range, Churchill County, a reintroduction was accomplished with 15 desert
sheep. A male lamb died as result of injuries
sustained during capture.
The desert bighorn population in the Pancake
Range was established in 1984 through a single
release of 26 animals. In relative terms, the herd
expanded rapidly as evidenced by aerial survey
information collected since 1991. In advance of
the fall 1996 capture operation, the bighorn
sample collected during an aerial survey involved
281 bighorn sheep. The recent capture in the
Pancake Range was the first instance in Nevada
of a re-introduced bighorn herd used as source
stock in efforts to re-establish free-ranging wild
sheep in historic ranges.

Mineral County (n = 2). An esisting unit in the
Spotted Range was modified, which entailed
installation of a collection apron. Collectively,
water project construction and unit upgrades
equated to 18,900 gallons of additional water
storage capacity.
Statewide, the combined storage capacity of 113
water catchments is 539,300 gallons. These
projects are funded entirely or in part by Nevada
Bighorns Unlimited (Reno, Fallon, and Elko
chapters), Fraternity of the Desert Bighorn (Las
Vegas), Foundation for North American Wild
Sheep (FNAWS), FNAWS Minnesota-Wisconsin
Chapter, and Safari Club International - Desert
Chapter.
Catchment
construction
and
maintenance is accomplished largely by
volunteers from these organizations. Projects
were constructed by United States Fish and
Wildlife Service, NDOW, and Bureau of Land
Management (BLM).

HARVEST
Analyses of biologic samples collected from
desert bighom sheep in the East Pahranagat and
Pancake ranges indicated no evidence of any
diseases that may affect individual or population
survivorship. Pnsteurelln organisms were
identified in samples associated with bighorn
captured in the Pancake Range. Pastez~relln
hnemo!l,tica biotype 3 and P trehnlosi biotype T
were cultured in near equal prevalence. Samples
collected from 5 desert bighorn sheep on the East
Pahranagat Range were culture negative for
Pnstewelln spp.
Since 1968, 1,111 desert bighorn sheep have
been translocated to 30 mountain ranges in
Nevada. In addition, to assist efforts to reestablish populations in other states, 256 desert
bighorns have been furnished to Colorado (115),
Texas (89), and Utah (52). In Nevada, bighorn
capture and re-establishment operations are
scheduled to occur during summer and fall 1997.

HABITAT IMPROVEMENTS

In 1996, water catchments were constructed in
the East Pahranagat Range (n=l); Las Vegas
Range, Clark County (n=l); and Gillis Range,

The desire to hunt desert bighom rams in Nevada
remains great. There were 3,208 applicants for
110 resident tags (29:l odds), and 1,605
applicants for 12 non-residents tags (134:1 odds).
Two special auction tags and 3 Partnership In
Wildlife (PIW) tags were also allotted. The PIW
draw involved 11% (353) of the resident
applicants.
In 1996, 104 rams were harvested which equated
to a hunter success rate of 84% (3 tag-holders
did not hunt). Overall, hunter success was 9%
above the previous 5-year-average. The average
age of rams harvested was 5.5 years, nearly a
year younger than the average age encountered
last year. Tkro rams exceeded the Boone and
Crockett minimum score of 168 points, and a
ram harvested in the Pintwater Range attained
the highest Boone and Crockett score, 177 3/9.
Forty-eight (39%) tags of the available 122
resident and non-resident tags in 1996
corresponded to hunt units with bighorn
populations established through translocations.
Compared to the 1995 season, this represents a
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9% increase in the proportion of tags associated
with re-established sheep populations.
Since 1952, among the most prominent of desert
sheep hunt regulations involved those which
lrected harvest toward older-aged rams. A
"trophy" ram regulation which required harvested
rams attain either a minimum age or score was
first authorized in 1966, and replaced the longstanding three-quarter curl law (McQuivey
1978). The trophy requirement, which in 1995
applied to 19 of the 29 hunt units, authorized tagholders to harvest rams that attained either the
age of 7 or 144 Boone and Crockett points
(Nevada Score). In 1996, the Nevada State
Board of Wildlife Commissioners, in response to
sentiments among sportsmen and county wildlife
advisory board members, authorized hunt
regulations statewide that stipulated "any ram"
may be harvested.
A PIW program was implemented in 1996 as a
means to increase revenues for game and
furbearer management, and to enhance recreation
opportunities for Nevada sportsmen. Under the
PIW draw, 1 to 3 desert bighorn permits will be
allotted each year. Hunters unsuccessful in the
primary draw may elect to enter the PIW draw
by donating 50% of their tag refund. Funds
generated through PIW will be placed in a
Wildlife Heritage Trust Account. Dispensation
of funds from this account will involve only
earned interest. The state's fiscal year beginning
July 1, 1997 will be the first year expenditures
may be allowed from this new account. Account
interest earned in calendar year 1996 was
$34,126.93.
NDOW anticipates the PIW
program will be well received by Nevada
sportsmen, and the Wildlife Heritage Trust
Account will become a reliable, long-term source
of revenue for game and furbearer management.

In May 1997, the Nevada State Board of Wildlife
Commissioners will authorize desert bighorn
harvest quotas, and decide whether to reinstate
the trophy ram requirement in the 1997 season.
Hunt areas and quotas are expected to remain
largely unchanged relative to last year. In 1997,
the first of 2 auction tags generated $65,000 at
the Fraternity of the Desert Bighorn banquet; the

second tag was hosted by Nevada Bighorns
Unlimited (Reno Chapter) and was purchased for
$43,000. Revenues collected through sale of
special auction tags are deposited in the Wildlife
Heritage Trust Account.

On July 5, 1995, the BLM implemented a
significant revision of the Interim Mnnngement
Policy -for Lnnds Under Wilderness Review
(1987) (IMP).
This document set forth
management policy for over 13,000 km' under
wilderness study area status in Nevada. Concerns
about the undue restrictiveness of certain
revisions were relayed by NDOW to the BLM
through the International Association of Fish and
Wildlife Agencies. In response to concerns
relative to wildlife management, BLM announced
a refinement of the IMP which would be brought
forth at the annual meeting of the North
American Association of Fish and Wildlife
Agencies in March 1997. However, personnel
changes in the BLM apparently delayed this
action.
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STATUS OF DESERT BIGHORN SHEEP IN NEW MEXICO - 1996
ERIC M. ROMINGER, P. 0 .Box 704, Santa Fe, NM 87504
AMY S. FISHER, New Mesico Department of Game and Fish, Villagra Building, P. 0. Box 25112,
Santa Fe, NM 87504

POPULATIONS
Desert bighorn sheep (Ovis conadensis mexicmn)
continue to be listed as a state-endangered species
in New Mexico. In 1996, there were 6 free-ranging
desert bighorn sheep populations in New Mexico,
in addition to the captive population at the Red
Rock propagation facility. During autumn 1996,
helicopter surveys were conducted in all desert
bighorn sheep ranges, with the exception of the
Alamo Hueco Mountains. A ground census in the
Alamo Hueco Mountains was conducted during
early 1997. Total helicopter survey time, excluding
the San Andres, was 17.5 hours. The mean
observation rate was 10.1 bighornhour (range 5.418.5). An additional 15 hours of helicopter counttime was spent in the San Andres Mountains; no
bighorn sheep were observed.

estimates are 45 bighorn sheep in the Peloncillo
Mountains and 15 bighorn sheep in the Animas
Mountains. Although smaller numbers of bighorn
had previously been observed in the Animas
Mountains, this may represent the establishment of
a new population in the Bootheel metapopulation.
The Animas Mountain bighorn probably originated
from the Peloncillo Mountains.
Hatchet Mountains
A total of 53 bighorn was observed in 10 groups in
the Little Hatchet and Big Hatchet mountains. The
1amb:ewe:ram ratio was 24: 100:74. The population
estimate for the Hatchet Mountains is 60 bighorn
sheep.
Alamo Hueco Mountains

A total of 177 desert bighorn was observed and the
population estimate of wild bighorn in New Mexico
is 208. Populations, excluding the San Andres and
Alamo Hueco mountains where no lambs were
observed, generally had poor 1amb:ewe ratios
(mean 26:100; range 6-50).
However, all
populations except the San Andres and Alamo
Hueco's appeared stable. Mean ramewe ratios
were 65:100 (range 52-74). The Red Rock
population estimate was 105 bighorn. No bighorn
sheep were removed from Red Rock during 1996,
however a transplant is proposed for autumn 1997.

A ground census mas conducted in the Alamo
Hueco Mountains in February 1997. Only a single
class IV ram from the original transplant of 21
bighorn sheep in 1986 was observed. During 1996,
the largest group of bighorn observed by the
Bureau of Land Management permittee was 7 (A.
Hurt, pen. corn.). We estimate the Alamo Hueco
population to be <10 individuals.

BOOTHEEL METAPOPULATION

A total of 32 bighorn sheep was observed in the
area of the Ladron Mountains. The Ladron
Mountain population separated into at least 3
distinct sub-populations during 1996. Only 10 of
these bighorn were observed on the Ladron
Mountain complex. Seven bighorn were observed
on Mesa Sarca, an escarpment 7 kilometers
northwest of the Ladron Mountain complex. A
group of 15 bighorn sheep moved 30 kilometers

Peloncillo and Animas mountains
A total of 40 bighorn sheep was observed in the
Peloncillo Mountains. In addition, 13 bighorn
sheep were observed in the adjacent Animas
Mountains.
The 1amb:ewe:ram ratio was
30:100:67 for these 2 ranges combined. Population

NON-BOOTHEEL POPULATIONS
Ladron Mountains
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south onto Socorro Peak west of Socorro and were
first reported in October 1996. The 1arnb:ewe:ram
ratio was 50: 100:67. Mortality of radio-collared
bighorn, due primarily to predation, increased
during 1996. Since the 1993 augmentation of 8
bighorn to the original 1992 transplant of 23
bighorn, this population has remained stable with
an estimated population of 35 bighorn sheep.

However, due to ewe-dominated transplants from
the facility, the sex ratio has become heavily
skewed towards males (65%). Lamb:ewe ratios
continue to be substantially higher in this facility
than in free-ranging desert bighorn herds in spite of
the skewed sex ratio and densities often >21
bighorn/km2 (Figure 1).

RESEARCH
Fra Cristobal Mountains
A total of 33 bighorn sheep was observed in the
Fra Cristobal Mountains. Because all bighorn
sheep were radio-collared upon release, and known
mortalities were recovered (n=5), we felt that all
bighorn sheep were observed during the helicopter
census. Seven of 8 lambs observed in May 1996
were not located and assumed dead. All adult
mortalities were attributed to mountain lion (Felis
concolor) predation. The 1amb:ewe:ram ratio was
5: lOO:52.

A genetics analysis of host specificity of psoroptic
scabies mites from sympatric desert bighorn sheep
and mule deer (Odocoilezw hernionzls) from the San
Andres Mountains was completed (Ramey 1996).
It was determined that although these mites were
similar, there were genetic differences between
mites collected from these 2 ungulate species
(Ramey 1996). A second research project included
San Andres bighorn sheep blood saniples in a
comparison of genetic variation of major
histocompatibility complex and microsatelite loci
(Boyce et al. 1996).

San Andres Mountains
In 1995, the minimum population estimate in the
San Andres was 25 bighorn sheep. However, in
1996 the minimum known population estimate
declined sharply to 3. Eight of 9 radio-collared
bighorn sheep (89%) died during 1996.
A
helicopter census was conducted in cooperation
with the San Andres National Wildlife Refuge and
the White Sands Missile Range using 3 helicopters
simultaneously. No bighorn sheep were observed
during 15 hours of survey. We estimate this
population at <10 individuals.
Five of the 9 radio-collared bighorn sheep (56%)
were killed by mountain lions during 1996. In
contrast, annual mortality rates of radio-collared
bighorn averaged < 8% from 1986-1994 in a longtern1 mountain lion study in the San Andres
Mountains (Logan et al. 1996).

During 1996, 2 rams were harvested in the
Peloncillo Mountains in the second annual hunt.
The auction of the 1995 and 1996 New Mexico
desert bighorn sheep tags at the Foundation for
North American Wild Sheep conventions grossed
$223,000.

ERRATA
In 2 previous Desert Bighorn Council Transactions
publications (Fisher 1993, 1994), bighorn sheep
transplanted from Red Rock were double-counted,
resulting in an over estimate of the total number of
desert bighorn sheep in New Mexico. The correct
statewide total of desert bighorn sheep in 1992 was
272 and in 1993 was 296.
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Figure 1. Autumn 1an1b:ewe ratios of desert
bighorn sheep populations in New Mexico, 19941996. All ratios include yearling females because
of the difficulty of aerial classification. The actual
1amb:adult ewe ratio for Red Rock is 79:100. RR
= Red Rock; PE = Peloncillo's; LA = Ladron's;
SA = San Andres'; HA = Hatchet's.
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STATUS OF DESERT BIGHORN SHEEP IN TEXAS

-

1996

CLAY E. BREWER, Texas Parks and Wildlife Department, Elephant Mountain WMA,
HC 65 Box 80, Alpine, TX 79830

POPULA TIONS
The Trans Pecos region of Texas currently
supports 7 free-ranging populations of desert
bighorn sheep. These occur within the Sierra
Diablo, Baylor, Beach, Van Horn, and Sierra
Viejo mountains, and the Texas Parks and
Wildlife Department's (TPWD) Black Gap and
Elephant Mountain Wildlife Management Areas
(WMA). Helicopter surveys conducted in
September 1996 indicated a relatively stable sheep
population. A total of 242 sheep were observed
during 44.2 hours of flight time (Table 1). These
survey results yielded ratios of 64 rams:100 ewes:
45 lambs.
Two captive populations exist within Texas
(Table 2). These include the Chilicote Ranch,
located in the Sierra Viejo Mountains, and
TPWD7s Sierra Diablo WMA. At last count the
Chilicote Ranch contained 5 rams, 12 ewes, and 4
lambs. As of April 1, 1997, the Sierra Diablo
brood pen contained 8 rams, 20 ewes: and 16
lambs.
In December 1996, 10 sheep were captured by
net-gun from Elephant Mountain WMA and
released at Black Gap WMA. These consisted of 5
rams and 5 ewes.

RESEARCH
A 3-year cooperative research project between
Texas A&M University Kingsville and TPWD
was completed in August 1996. The study was
designed to: determine seasonal diet composition
of free-ranging sheep in the Sierra Diablo, Baylor,
and Beach mountains; determine plant
composition, seasonal forage production, and
chemical composition of forage species used by
desert bighorns; evaluate the value of fecal indices
to estimate diet quality of desert bighorns; and
integrate the first 3 objectives with estimated
forage intake to calculate seasonal carrying

capacity on each mountain range. The study was
not without problems. Many of the assumptions
and conclusions were based on a very limited
study area. However, it did provide valuable
information regarding food habits and selection
during severe drought situations.

HABITA T IMPROJEMENTS
In March 1996, 2 slick-rock guzzlers were
constructed on Black Gap WMA. The projects
were accomplished through the cooperative efforts
of the Texas Bighorn Socieh and TPWD. Four
water developments are proposed for Elephant
Mountain WMA in 1997. These include:
construction of 1 slick-rock guzzler at the north
end of Elephant Mountain; construction of 2
apron-type guzzlers within the Del Norte
Mountains; and rehabilitation of the Molcajete
Spring water catchment at the south end of
Elephant Mountain.
Prescription burning has been implemented at
Elephant Mountain WMA in order to maintain
suitable sheep habitat. These efforts will be
espanded on the area as well as on other state
owned properties which support bighorn sheep
populations.
Floral and faunal baseline inventory efforts have
been accelerated on state owned properties in
order to monitor trend and evaluate management
strategies.

HARVEST
1996 proved to be a record year for revenue
generation through the issuance of 2 permits. One
permit was auctioned at the annual Foundation for
North American Wildlife Sheep convention for an
all time high of $77,000 to Robert Johnson of Van
Horn, Texas. Although numerous sheep were
observed, no ram was harvested.
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A second permit was issued through random
drawing as part of the 1996-97 Texas Grand Slam
hunt package. The package consisted of 4 big
game species including 1 desert bighorn sheep at
Elephant Mountain WMA. Unlimited $10
applications were sold to both resident and nonresident hunters. With a short marketing time
frame available, approximately $42,000 was
generated for the bighorn sheep program. The
winner was announced on October 6, 1996, at the
TPWD Wildlife Expo. On November 8, 1996,
Larry Holland harvested the first desert bighorn
sheep ever taken from Elephant Mountain. The 8year-old ram scored 163 Boone and Crockett
points.

PROBLEMS/OPPOR TUNITIES

A variety of disease complexes, including
stnphylococc~ts, bacterial pneumonia, and 5
species of internal parasites, has increased through
time in the Sierra Diablo brood pen facility. In
March 1997, the decision was made to vacate the
bighorns held in the pens. A series of treatments is
scheduled to begin in April 1997. Upon
completion, all sheep will be released at Black
John Canyon, located in the Sierra Diablo

Mountains. Based on availability, Elephant
Mountain WMA will continue to serve as the
primary source of brood stock for re-introduction
efforts.
Awareness of desert bighorn sheep in Texas has
been raised through the development and
implementation of quality educational programs.
Education remains the single most important tool
we have for building support for the sheep
program. In 1996, a sheep viewing area was
constructed at the south end of Elephant
Mountain. In addition to the shaded seating area,
interpretive panels which contain educational
messages regarding desert bighorn sheep were
installed. Wildlife water developments and
wildlife friendly fencing are demonstrated at the
viewing site through the use of a gutter system,
water storage tank and drinker, and a surrounding
3-strand fence with smooth bottom wire.
Aoudad sheep continue to be observed mixing
with desert sheep in the Van Horn and Baylor
Mountains. The TPWD has the authority, coupled
with landowner consent, to eliminate aoudads by
lethal means for controlling encroachment in
habitat utilized by desert sheep.

Table 1. Desert Bighorn Sheep Observed (1996 Helicopter Survey).
Mountain Range

Sheep Observed

59/41

160

Metapopulation*
I

Trend

Ratio per 100 ewes
RamsILambs
I

Stable
I

Van Horn Mountains

13

00144

Stable

Black Gap WMA

19

78/34

Decreasing

Elephant Mountains WMA

50

111/67

Stable

Total

I

242

* Sierra Diablo, Baylor, and Beach mountains

I

64/45

I

Stable

I
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Table 2. Summary of Desert Bighorn Sheep Numbers and Locations in Texas (Free-Ranging and Captive
Populations).

Area

Rams

1

Ewes

I

Lambs

1
-

Total
p

Sierra Diablo Mountains
Beach Mountains

31
I

9

30
I

35

15
I

15

76
I

59

Baylor Mountains

7

15

3

25

Van Horn Mountains

0

9

4

13

Black Gap WMA

7

9

3

19

Elephant Mountain WMA

20

18

12

50

6

4

5

15

0

1

2

3

Sierra Diablo WMA*
Nevada Pen*
Arizona Pen*
Utah Pen*
I

Texas Pen*
Chilicote Ranch*
Total

* Captive populations

5

1
I

I

I

5

10

4
I

I

--

p

Metapopulation
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STATUS OF DESERT BIGHORN SHEEP IN UTAH

-

1996

James F. Karpowitz, Utah Division of Wildlife Resources, 475 West Price River Drive, Price, UT 84501

POPULA TIONS
Desert bighorn sheep continue to increase in
numbers and expand their range throughout much
of their historic habitat in southern Utah. The
current population estimate for desert bighorn
sheep in Utah is 2,500 animals. Most populations
are either stable or increasing.

Seventeen desert bighorns were also captured in
January 1997 on the Escalante Unit and released
in the North Wash area of Glen Canyon National
Recreation Area. This transplant supplemented a
January 1996 release of 22 desert bighorns into
the same area.

Helicopter surveys were conducted on all or part
of 7 management units in 1996. These surveys
resulted in the observation of 582 desert sheep.
Not all management units were surveyed in 1996
due to limitations in budget and personnel. Hunted
units will now be surveyed every other year. The
most recent helicopter surveys, the estimated
population, and the trend of each management unit
is listed in Table 1.

RESEARCH

The increase in desert bighorn numbers in Utah in
recent years is the direct result of an extensive
transplant program. Since 1973, a total of 528
desert bighorn sheep has been translocated into
areas of historic habitat in Utah. In October 1996
and January 1997,57 bighorns were released in 3
areas to supplement small existing populations.
In October 1996, a cooperative project with the
Nevada Department of Wildlife resulted in the
transplant of 20 desert bighorns from the Muddy
Mountains of Nevada to Coyote Canyon near
Kanab, Utah. Thls transplant supplemented a
1995 release of 22 bighorns obtained from
Arizona.

In January 1997, 20 desert bighorns were
captured by personnel from the Division of
Wildlife Resources on the Island-in-the-Sly
District of Canyonlands National Park for release
in Capitol Reef National Park. This project is part
of an ongoing cooperative bighorn initiative with
the National Park Service. This release
supplements a previous transplant of 20 desert
bighorns in January of 1996.

Several research projects were continued or
initiated in 1996. Most of these projects involve
follow-up of transplant projects. Radio telemetry
studies are currently undenvay in North Wash,
Coyote Canyon, Capitol Reef, and several other
areas. These studies focus on the movements,
habitat selection, and survival of transplanted
animals.
A sightability model developed for the Island-inthe-ShyIPotash herd mas further tested and
refined. This model is now providing information
on survey accuracy and population estimation for
this herd. Disease and genetic work also
continues with sheep captured in Canyonlands.
Blood and tissue samples were collected and sent
to various labs for analysis.

HABITA T IMPROVEMENTS
Several new guzzlers were installed, repaired, or
flotvn into new areas for installation during the
past year. The Bureau of Land Management has
been successful in obtaining funding for the
installation of new guzzlers. These guzzlers
should result in improved distribution of bighorns
in several areas.
The Utah Chapter of the Foundation for North
American Wild Sheep (Utah FNAWS) continues
to pursue opportunities to resolve conflicts with
domestic sheep. Utah FNAWS has been very
successful in past years in obtaining agreements to
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to pursue opportunities to resolve conflicts with
domestic sheep. Utah FNAWS has been very
successful in past years in obtaining agreements to
retire domestic sheep allotments near bighorn
areas.

HARVEST
Thirty one hunters harvested 29 desert bighorn
rams in 1996. This was a slight reduction from
the record harvest of 33 rams in 1995. For the
first time a record book ram was harvested in
Utah. A ram exceeding 168 Boone and Crockett
points was taken on the Escalante Unit. It is
anticipated that more record book rams will be
taken in future years as transplanted populations
espand throughout the state.
Twenty eight permits have been recommended for
the 1997 hunting season. An earlier hunt
recommendation process, which occurred before
fall surveys could be conducted, resulted in a more
conservative recommendation of desert bighorn
hunting permits. It is anticipated that increased
permit numbers will be recommended for 1998,
including at least 1 new hunt unit.

A great deal of progress has been made to restore
bighorn sheep to their native habitats in Utah.
Transplant projects have proven successful at
establishing new populations. Gaps between
populations are beginning to fill in with bighorns
linking small herds into metapopulations.
We have observed movement between the Islandin-the-Shy, Potash, Arches, and Professor Valley
populations creating 1 large metapopulation. The
North and South San Rafael herds continue to
increase with some movement between
populations. And the newly created Dirty Devil,
North Wash, and Little Rockies herds will
eventually merge into 1 large herd. It is also
hoped that with supplemental transplants and
recovery in the North San Juan herd we will once

again link the South San Juan, North San Juan,
Needles, and Lockhart Basin populations.
As populations expand, we continue to be
concerned about disease problems. We realize
that linkage of populations could also result in
widespread die-offs if epidemics occur. It is
important that we continue to monitor the health
of herds and potential disease problems.
Predation by mountain lions is becoming an
increasing concern. Mountain lions are now
present in several desert bighorn herds where they
were not previously known to exist. Evidence of
predation on desert bighorns has recently been
observed. Mountain lion predation could prove to
be a problem for desert bighorn populations still
struggling to get established.
Several bighorn populations continue to be in
close prosirnity to domestic sheep grazing
allotments. The trailing of domestic sheep
through the North San Rafael unit and the
potential for reactivation of several domestic
sheep allotments continues to be of concern.
Thanks to Utah FNAWS several of these conflicts
have been resolved.
Massive increases in recreation in bighorn areas
continues to be a major concern, particularly
during the spring lambing season. Thousands of
mountain bikers, OHV users, hikers, and tourists
are flocking to Utah's red rock country for
recreation. This use is only expected to increase
as Utah becomes discovered world wide with the
coming 2002 winter olympics. The cumulative
impacts of increased recreation are uknown, but
are cause for concern.
Wildlife biologists are cautiously optimistic about
the future of bighorn sheep in Utah. However,
there are many potential problems which create
concern. It is hoped that we will be able to
maintain our current trend of improving
populations with the many changes coming in the
future.
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Table 1. Helicopter Surveys and Population Estinlates of Utah Desert Bighorn Sheep, 1996
Last
AREA

l~u%$ed
I

North San Rafael

--

Rams

Ewes

Lambs

Total

Lambs:
100
Ewes

Rams:
100
Ewes

Est.
Pop.

Trend

1995

UP

1995

UP

1996

UP

1996

Stable

1996

Down

Lockhart

1996

Stable

Little Rockieshlorth
Wash

1996

Dirty Devil

1996

South San Rafael
Potash

1
1

South San Juan
North San Juan

1

Professor Valley

Westwater

Stable

Escalante
Kaiparowits

1996
I

1

1995

Rogers Canyon

New

Paria

New

Coyote Canyon

New

Arches National
Park

1994

Island-in-the-Shy

.I996

Maze

1994

Stable

Stable

Needles

Ca it01 Reef
~arionalPark
Stable

Zion National Park
Navajo Tribe
TOTAL

1996

I

*Includes unclassified
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doug1as@1ccmail.nevada.edu
Janet A Edmonds
73-143 Segura Court
Palm Desert CA 92260
Steve Flinders
617 Canyon Street
Helper UT
(801) 637-3310
Van K Graham
711 Independent Avenue
Grand Junction CO 81505
(970) 248-7178 ~ 1 8 3
(970) 243-4611 FAX
van.graham@state.co.us
Jeff Grandison
11248 W H~vy56
Cedar City UT
Anita Greene
2706 W Aslllan #214
Fresno CA 93705
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John Gross
NREL. CSU
Fort Collins CO
(970) 491-1796
(970) 491-1996 FAX
jol~ng@urel.colostate.edu
Ross Haley
601 Nevada Higlnvay
Boulder City NV 89005
(702) 293-8950
(702) 293-8957FAX
ross-d-haley@,nps.go\l
Craig Hanke
Canyonlands NP
2282 S West Resource Blvd
Moab UT 84532
(801)259-3911 ex 2132
Pat Hansen
PO Box 596
Kenwood CA 95452
(707) 528-2229
(707) 528-9676FAX
Dave Harper
PO Box 268
Dove Creek CO 81324
(970) 677-2750
Jan Hart
PO Box 434
Flagstaff AZ 86002
Steven Hill
25550 N Old Courseway
Valencia CA 9 1355
(805) 259-9828
schil1Qtelis.org
Michael D Hobson
1805 ~6~
Alpine TX 79830
Ron Hodson
Box 552
Ferron UT
(801) 384-2718
Dave Holdennann
104 Tooele Avenue
Wlute Sands Missle Range
NM 88002
(505) 678-2641

Nancy Howard
10140 Lee Street
Westminster CO 80021
(363) 466-1404

Warren E Kell?.
85408 Glenada Road
Florence OR
(541) 997-9087

Doug Humphreys
PO Box 954
Alpine TX 79831
(915) 837-2774

Paul R Kraus~nan
325 Biological Sciences East
Universic of Arizona
Tucson AZ 85721
(520) 621-3845
(520) 621-8801 FAX
krausman@!ag.arizona.edu

Kevin Hurley
356 Nostrum Road
Thermopolis WY 82443
(307) 864-9375
(307) 864-9375 FAX
khurley@,trib.corn
Charles Jenner DVM
1 1381 Loch Lolnond Road
Los Alanlitos CA 90720
(562) 431-7531
(562) 598-9561
bpsbl3a@.prodigy.con~
Derris R Jones
1208 E 6370 S
Price UT 84501
(801) 637-3310
Mark C Jorgensen
200 Palm Canyon Drive
Borrego Springs CA 92004
(760) 767-5311
(760) 767-3427FAX
Robert Jurgens
61 1 1 1 Chuckanut Drive
Bend OR 97702
(541) 382-4984
Jim Karpowitz
455 W Railroad Avenue
Price UT 8450 1
(801) 637-3310
(801) 637-7361 FAX
Kate Kelly
104 Biological Sciences East
University of Arizona
Tucson AZ 85721
(520) 882-3740

kkelly@,aruba.ccit.arizona.edu

Ron Lambeth
2815 H Road
Grand Junction CO 81506
(970) 244-3103
(970) 244-3083 FAX
ilmcoc70.il1ncod70.clambetl1@
co.blm.gov
Raymond Lee
2221 W Greenway Road
Phoenix AZ 85023
(602) 789-3351
(602) 789-3929 FAX
raylee3@.aol.com
Leon Lesicka
411 West D
Brawley CA 92227
(760) 344-2793
Ken Logan
7315 Alice Court
Las Cruces NM 88012
(505)382-5687
Kathy Longshore
Dept. Biological Sciences
University of Nevada
4505 Maryland Parkway
Las Vegas NV 891544004
(702) 895-3219
longsl~ore@,ne~ada.edu
H Wayne Ludington
13 1 1 Haycock
Helper UT 84526
(801) 472-8249
Don Masden
2300 S Townsend Avenue
Montrose CO 81401
(970) 249-3431
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Craig McCarQ
2531 Woodvalley Court
Fort Collins CO 80525
(970) 495-1073
cmcarty@,lamar.colostate.edu
Cal McCluskey
1387 S Vinnell Way
Boise ID 83709
(208) 373-4042
(208) 373-4050 FAX
cmccusk@.id.blm.gov
Kathleen McCoy
PO Box 277
Window Rock AZ 86515
(520) 871-7065
(520) 871-7069 FAX
Norman McKee
PO Bos 142
Panguitch UT 84759
(801) 676-2289
Bill Merhege
3422 Elkridge
Las Cruces NM
(505) 252-4369
Harley Metz
2815 H Road
Grand Junction CO
(970) 211-3976
(970) 244-9230 FAX
Gary Montoya
San Andres NWR
PO Bos 756
Las Cruces NM 88004
(505) 382-5017
(505) 382-3987 FAX
Mike Moses
4512 McMurry
Fort Collins CO 81503
(970) 226-9266
(970) 226-9230
mike-moses@,usgs. gov
Sue Moyer
2815 H Road
Fort Collins CO 80525
(970) 244-3074
(970) 244-3083 FAX

Stacey Ostermann
51000 Highway 74
Palm Desert CA 92260
(619) 346-7334
(760) 340-3987 FAX
bighrninst@~,aol.coin

Frances Singer
3915 Platt Drive
Fort Collins CO 80525
(970) 391-7056
(970) 491-1865 FAX

Andy Pauli
21091 Sious Road
Apple Valley CA 92308
(760) 240-1372
(760) 240-1372 FAX

Dave Smith
1649 Athens Avenue
Yuma AZ 85364
(520) 217-3268

Dale F Reed
317 W Prospect
Fort Collins CO 80526
(970) 484-2836
Kathy Rohling
DFC-Bldg 50
Denver CO 80225
(303) 236-8899
(303) 236-6434 FAX
krohlingc~sc.blm.gov

Res Sohn
249 N Sun Arbor Terr. #2175
Salt Lake Cih UT 84116
(801) 363-6361
rexsol~n~~,~~iokamo.com
Nike Goodson Stevens
15300 Horse Creek
Bozeman MT 59715
Craig Stevenson
4747 W Vegas Drive
Las Vegas NV 89108
(702) 488-5135
(702) 486-5133 FAX

Eric Rominger
PO Box 701
Santa Fe NM 87504
(505) 992-8651
Luis Tarango
(505) 827-9956
3401 N Colu~llbusApt 22-1
e-rominger@.gmfisl~.state.ni~~.us Tucson AZ
(520) 795-1447
1tangoi~a~ba.ccit.arizona.edu
Esther Rubin
11508 Fruitvale Road
Billy Tarrant
Valley Center CA 92082
Bos 1419
(619) 749-6101
Van Horn TX 79855
esrubin@,ucdavis.edu
Pamela Scllnurr
711 IndependentAvenue
Grand Junction CO 80525
(970) 491-7056
(970) 491-1965 FAX
Linda Seibert
838 E Oak
Moab UT 84532
(801) 259-2103
Rick Sherman
2300 S Townsend
Montrose CO 8 1401
(970) 249-3431
(970) 249-2857 FAX

Steven G Torres
1416 Ninth Street
Sacramento CA 95814
(916) 653-7889
(916) 653-1019 FAX
73430.207@,compusen~e.com
Lee Upham
2850 Youngfield Street
Lakefield CO 80227
(303) 980-1674
(303) 239-3808 FAX
Jack Vayllinger
498 Oldwagon Trail
Woodland Park CO 80863
(719) 687-3380
(719) 687-3380 FAX
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Scott Wait
151 E 16&Street
Durango CO 81301
(970) 247-0855
(971) 247-2235 FAX

John Wehausen
1417 Bear Creek
Bishop CA 93514
(760) 873-4563
johnw@winrs.edu

Mike Welch
1594 West North Temple
Salt Lake City UT 8414
(801) 538-4780
(801) 538-4709 FAX

Guy Wallace
PO Bos 1112
Monticello UT 84535
(801) 587-2633
(801) 587-2643 FAX

Mara Weisenberger
PO Box 756
Las Cruces NM 88004
(505) 382-5047
(505) 382-5454 FAX
r2nv-sat3mail.fi\ls.gov

Steven Yarnashita
711 Independent Avenue
Grand Junction CO 81505
(970) 248-7178 s 173
(970) 248-1611 FAX

Richard A Weaver
Rt 10 Box 590
Glenwood NM 88039
(505) 539-2378

George Welsh
195H Golden Gate Avenue
Kingman AZ 86401
(520) 753-3612

Bruce L Zoellar
1500 N Decatur
Las Vegas NV
(702) 646-3401

DESERT BIGHORN COUNCIL MEETINGS 1957-1997
Year

Location

Chair

Secretaq-Treasurer

Las Vegas, NV
Yuma, AZ
Death Valley, CA
Las Cruces, NM
Hermosillo, Mexico
Grand Canyon, AZ

M. Clair Aldous
G. Monson & W. Kelly
M. Clair Aldous
Warren Kelly
Jon V. D. Akker
James Blaisdell

Fred Jones
Fred Jones
Ralph Welles
Charles Hansen

Las Vegas, NV
Mexicali, Mexico

Al Ray Jonez
Rudolfo H. Co~zo

Charles Hansen
Charles Hansen

Redlands, CA
Silver City, NM
Kingman, AZ
Las Vegas, NV
Monticello, UT
Bighop, CA
Santa Fe, NM
Tucson, AZ
Hawthorne, NV
Moab, UT
Indio, CA
Bahia Kino, Mexiw
Las Cruces, NM
Kingman, AZ
Boulder City, NV
St. George, UT
Kerrville, TX
Borrego Spgs., CA
Silver City, NM
Bullhead City, AZ
Las Vegas, NV
Page, AZ
Van Horn, TX
Needles, CA
Grand Junction, CO
Hermosillo, Mexiw
Las Cruces, NM
Bullhead City, AZ
Mesquite, NV
Moab, UT
Alpine, TX
Holtville, CA
Grand Junction, CO

John Goodman
Cecil Kennedy
Claude Lard
Ray Brechbill
R. & B. Welles
William Graf
Richard Weaver
George Welsh
Warren Kelly
Carl Mahon
Bonnar Blong
Mario Luis Cossio
Jeny Gates
Kelly Neal
Bob McQuivey
Carl Mahon
Jack Kilpatric
Mark Jorgensen
Andrew Sandoval
Jim devos, Jr.
David Pulliam, Jr.
Jim Guymon
Jack Kilpatric
Vernon Bleich
Jeny Wolfe
Raul Valdez
Bill Montoya
Jim deVos, Jr.
Kathy Longshore
Jim Guymon
Doug Humphries
Andy Pauli
Dale Reed &
Van Graham

John Russo
John Russo
John Russo
John Russo
W. Glen Bradley
W. Glen Bradley
Tillie Barling
Doris Weaver
Doris Weaver
Lanny Wilson
Lanny Wilson
Lanny Wilson
Peter Sanchez
Peter Sanchez
Peter Sanchez
Peter Sanchez
Peter Sanchez
Rick Brigham
Rick Brigham
Rick Brigham
Rick Brigham
Bill Dunn
Bill Dunn
Donald Armentrout
Donald Armentrout
Donald Armentrout
Donald Armentrout
Stanley Cunningham
Charles Douglas
Charles Douglas
Charles Douglas
Charles Douglas
Charles Douglas

Transactions EQtor

C. Hansen &
L. Fountein
JimYoakum
C. Hansen &
D. Smith
Jim Yoakum
Jim Yoakum
Jim Yoakum
Jim Yoakum
Jim Yoakm
Jim Yoakum
Jim Yoahwn
Charles Hansen
Juan Spillet
Juan Spillet
Juan Spillet
Charles Douglas
Charles Douglas
Charles Douglas
Charles Douglas
Charles Douglas
Charles Douglas
Charles Douglas
Charles Douglas
Charles Douglas
Charles Douglas
Paul Krausman
Paul Krausman
Paul Krausman
Paul Krausman
Paul Krausman
Paul Krausman
Paul Krausman
Walter Boyce
Walter Boyce
Ray Boyd
Ray Boyd
Raymond Lee

