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KEYNOTE ADDRESS
40th ANNUAL MEETING

FRED JONES, Retired Assistant Chief, Game Management Branch, California Department of Fish and
Game, 1721 Grouse Ridge Trail, Cool, CA 95614

In the early 1950s, there were only afew biologists working on desert bighorn, largely in isolation
from each other. Aseach of us pioneered techniquesfor gathering, interpreting, and correlating dataand
for implementing management practices, it became increasingly val uableto compare notes and exchange
viewswith each other. These sporadic contactswereformalizedin 1956 with theformation of the Desert
Bighorn Council, which met the need for communicating with peers and from which numerous
interagency cooperative efforts sprang to the benefit of both biologistsand bighorns.

The Transactions of annua meetings became important contributions to the literature, facilitating
review of data from many sources. The ultimate literature contribution was creation of The Desert
Bighorn book, which brought together in one document all of the knowledge existing at that time (1981).

My life has been enriched by having made acritical decisionin 1948 to do an MA thesis on Sierra
Nevadabighorninstead of raccoonson thecampusof the University of California, Berkeley. My advisor,
Dr. A. Starker Leopold, convinced methat bighorn had sex appeal and, sincethe SierraNevadagroup had
not been studied, a contribution to the literature could be made. What neither of us anticipated wasthe
array of pathways to fascinating new opportunities that would appear as the years went on.

First wasan invitation tocoauthor aSierra Club book, A Climber'sGuidetothe Hgh Sierra, drawing
on the records| had transcribed from registers on the summits of the many peaks| had climbed.

A few yearsafter going to work with the California Department of Fish and Game, | returned to the
Owens Valley on the east side of the Sierra Nevada to do a 3-year deer herd study, which involved the
Sierra Nevada bighorn ascompetitors. Proximity tothe desertled to acl ose association with Dick Weaver
on numerous desert bighorn studies and surveys and later co-authorship of The Desert Bighorn book.
Duringthis period, | accompanied Dr. Hal Buechner on aBgja Californiabighorn field trip and became
enamored with this magnificent peninsula, which opened many pathwayslater on.

Moreimmediately, identificationasamountain big gameresearcher led to an assignment by theFood
and Agriculture Organization of the United Nationsto Iraninvolving urial sheep and ibex. This, inturn,
led to helping found a conservation organization aimed at avoiding future debacles like the slaughter of
wildlifefollowing the Iranian revolution.

Our new group was approached by officialsfrom Baja CaliforniaSur to assist with bighorn research
and management and other natural resource projects, which expanded to Baja California Norte.
Promotion of Baja bighorn projects with the Commission of the Californias led to a chairmanship of a
Natural Resource Committee.

Baja experience and contacts led to managing a large travel club specializing in that area--
Vagabundos del Mar. Thisled to freelance writing for magazines and newspapers, my current career,
which led to my wife Gloriaand | writing a popular book, The Complete Guide to Baja Camping.

Writing and continuing involvement with bighorn and other natural issues in Mexico is opening new
pathways for the future--all beginning with that decision 50 years ago to study bighorn instead of

raccoons. | sincerely hopethat each of you finds such pathwaysto new, exciting endeavorsas your lives
moveforward.

Thank you.
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BEHAVIORAL RESPONSESOF MULE DEER AND MOUNTAIN SHEEP TO SIMULATED

AIRCRAFT NOISE

PAUL R. KRAUSMAN, Wildlifeand Fisheries Science, School of Renewable Natural Resources,

University of Arizona, Tucson, AZ 85721

MARA E WEISENBERGER, Wildlife and Fisheries Science, School of Renewable Natura
Resources, University of Arizona, Tucson, AZ 85721 ( Present Address. San Andres Nationa Wildlife

Refuge, Las Cruces, NM 88004)

MARK C. WALLACE, Wildlife and Fisheries Science, School of Renewable Natural Resources,
University of Arizona, Tucson, AZ 85721 (Present Address. Department of Range, Wildlife, and
Fisheries Management, Texas Tech University, Lubbock, TX 79409-2125)

BRIAN CZECH, Wildlifeand Fisheries Science, School of Renewable Natural Resources, University

of Arizona, Tucson, AZ 85721

DONALD W. DE YOUNG, University Animal Care, University of Arizona, Tucson, AZ 85724

O. EUGENEMAUGHAN, Nationa Biological Service, University of Arizona, Tucson, AZ 85721

Abstract: Weevaluatedtheeffectsof simulated, low-altitudejet aircraft noiseon thebehavior of captive
desert mule deer (Odocoileushemionus crooki) (N=6) and mountain sheep (Oviscanadensismexicana)
(N=5). Wemeasured behaviorsrelatedto thenumber of ssmulated overflights/day (range=1-7) and noise
levels (range=92-112 decibels[dB]). Animal behaviorswere variable, but were consistently influenced
lesswithincreasingoverflights, suggesting that the animal shabituatedto simul atedsound pressurelevels

of low-atitudeaircraft.

Key Words: aircraft noise, behavior, desert mule deer, mountain sheep, smulated noise.

Desert B ghor n Council Transactions40:1-7

INTRODUCTION

The United States Air Forcetrains pilotsto
use terrain to avoid detection. To maintain
proficiency, this training must be frequent
(Holland 1991). Low dtitude military training
flights (<419 m above ground) are regul ated by
the Federal Aviation Administration and the
Department of Defense. The establishment of
training routes requires specia ar space
designation 'and compliance with the National
Environmental Policy Act. Most air space
designationswere madein the 1950s and 1960s
(Holland 1991). Since then, public lands
beneath military air space have often been set
aside as nationa parks, wildlife refuges, or
wilderness areas to be preserved for public use
and enjoyment.

Recently, wildlife managers expressed
concern about the influencedf aircraft noise on
ungulate populations (Asherin and Gladwin
1988). Espmark et d. (1974) reported that
domesticanimalsrespondedmoretolow-altitude
arcraft noise than to sonic booms. Caribou
(Rangifer tarandus) exhibited strong panic
responsestofixed-wingaircraftflying at <152 m,
but responded less strongly to helicopters (Cal ef
etd.1976). Mountainsheepin Arizonas Grand
Canyon, foraged less efficiently when helicop-
ters were overhead (Stockwdll et al. 1991). In
Cdifornia, mountain sheep moved 2 to 5 times
farther theday followingahelicopter survey than
on the previous day and modified home range
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dimensionsfollowing helicopter surveys (Bleich
et a. 1990). Desert mule deer in southcentral
Arizona changed habitats in response to low-
altitude (<100 m) arrcraft, but did not change
habitats when aircraft flew at atitudes>100 m
(Krausman et al. 1986).

Domestic animals and wildlife initially
respond to aircraft noise with a startled reaction.
Jumping, galoping, bellowing, and haphazard
movement wereresponsesadf largefarm animals
observed by Cottereau (1978). Harrington and
Veitch (1991) reported that low jet overpasses
causedarather brief startleresponseincaribouon
apinetundra. Behavioral responsesto noisehave
caused secondary injuries in domestic animals
(Cottereau 1978) and may cause stampedes in
wild animals that could result in drowning and
trampling (Sinclair 1979) or other forms of
mortality (Harrington and Veitch 1991).

The degree of reaction by an animal is
influenced by sound intensity, duration (Ames
and Arehart 1972, Borg 1981), and direction
(Tyler 1991). Studies with laboratory rodents
(Borg 1979), domestic sheep (Amesand Arehart
1972), and ek (Cervus elaphus) (Espmark and
Langvatn 1985) have shown that animals can
become habituated to noise, but habituation to
intermittent sounds is gradua and limited in
extent (Ames and Arehart 1972, Ewbank 1977,
Espmark and Langvatn 1985).

The effects of auditory stimuli from jet
aircraft are apotential threat to wildlife, and the
responseof animalsto aircraftnoi sehasbecome
aconsiderationin the design of air space. Our
objectiveisto describethe behavioral responses
of desert mule deer and mountain sheep when
exposed to the simulated noise of low-flying
military jets.

S. K. Albert and J. Weisenberger helped
maintain the captiveanimals. R. C. Kull, T. D.
Bunch, and V. Geist reviewed earlier drafts of
the manuscript. S. Klein typed the document.
Theproject wasfunded by the United States Air
Force and administered by the United States
Fish and Wildlife Service and the School of
Renewable Natural Resources, The University
of Arizona, Tucson.

STUDY AREA

We conducted the sudy at the University of
ArizonaAgricultura Research Centerin Tucson,
Arizona Animas were enclosed in four
contiguous outdoor pens (6.1 x > 13.1m) (only 2
conspecifics/pen) with > 2.4-m-high fencesduring
experiments as described by Weisenberger et al.
(1996). We fed the animds dfdfa hay, mixed
grain, supplementa sdt, and water ad libitum.

The animals were visblefroma 24 X 6 m
observationcenter|located 10mfromthepens. We
placed reflective filmon all windows o the
obsarvation center to dlow free movement by
observers without digtracting the animals. The
Spesker used to Smulate aircraft overflight noise
wassecuredat a41.5 degreeangledirected toward
the pensfrom thetop of a6-m-high scaffold, 1 m
from the pens (Weisenbergeret d. 1996).

METHODS

Weused5 captive-bornbighorn (3M, 2F) and
6 captive-borndesert muledeer (6 M). Thesheep
and deer were 1 to 3 and 2 to 6 years old,
respectively. Use and care of captive animals
followed guidelines established by the American
Society of Mammalogists (1987) and the
Ingtitutional Anima Care and Use Committee
(Univ. Arizona, Protocol no. 89-01-50).

The experimental design and data collection
weresmilartothosedf Welsenbergeretd. (1996).
During daylight hours, we smulated low-dtitude
arcraft noise(i.e., overflight) usngadigital sound
sysemingtaledintheobservationtrailer (Chavez
et. al. 1989). Wedefinedan overflightaseachtime
a ggnd was played smulating noise generated
from alow-dtitudearcraft.

The sound sysem produced levels o
smulated overflight noise from B1-B and F-4D
arcraft described by Weisenberger et d. (1996).
We determined the sound pressurelevel received
by each area of the pen during the loudest
overflight. Sounddecreasedwithdistancefromthe
goesker. Animas were acclimated to the
experimenta pensfor 24 weeksbeforeoverflights.

The experiment was conducted in three, 28-
day seasons during summer (12 May-9 Aug
1990), late summer (13 Aug-12 Oct 1990), and
spring (4 Feb-5 Apr 1991). Two deer were
replacedin the study after |ate summer because of
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requirements for other studies. We exposd
animalsto oneoverflight daily (min. exposure) for
days 1-7 and 22-28, and seven overflights dally
(max. exposure) for days 8-21. We randomly
selected type of smulated overflight (to test the
typeoaf disturbanceon ungulates), timeaf day, and
individua animals observed during simulation.
We ensured there was 21 hour interval between
each overflight when there were seven overflights
daily sowecouldrecordbehaviora databeforeand
after each overflight.

We recorded datafor 30 days preceding and
7-30days(<2 hours/day) succeedingeach 28-day
overflight period. Behaviora data(e.g., walking,
danding, running, foraging, bedding) were
collected during the pre- and post-overflight
periodsusng scan sampling (Altmann 1974).

Behavioral responsesaf animalsto smula-
tion events were categorized as by Hicks and
Elder (1979). When overt behavior did not
indicate reaction to the stimulus, we entered a
recordingof “no response.” " Alerted response”
was recorded when animals looked toward or
directed their ears toward the speaker, but did
not otherwisealter activities.

We compared observations from baseline
(priortodl simulated overflights)and treatment
periods (after dl simulated overflights) by
season to determine if there were chronic
behavioral changes in response to simulated
overflights. We compared the observationsin
each behavior class between basdine and
treatment periods, and among animals and
seasons, with Chi-squared analysis.

We calculated the length of time spent in
each activity during treatment periods from
continuous focal anima sampling (Altman
1974). We conducted Chi-sguared analysis on
the time spent in each behavior class during
treatments, and conducted repeated measures
anaysisaf variance (ANOV A) to determinethe
relationship between low-level aircraft noise
and behavior of ungulates by examining the
amount o time animals were active across
Seasons.

RESULTS

Variationamong individual sin theamounts
of timespentin activitiesand the mean duration
of activities among treatments was significant

(B <0.05). We detected no consistenttrend in
timespent walking, standing, running, foraging,
or bedding across seasons.

We measured duration of behaviorsduring
treatments to see if rate of change between
behaviors increased, even if total time in each
behavior did not. There was significant
(P<0.05) variation among individua sconfound-
ing effects in &l seasons. However, some
behavior was significantly (P < 0.05) different
between seasons: mountain sheep foraged more
in spring than | ate summer; deer walked morein
spring than summer, and bedded morein summer
and |ate summer than spring (Table 1).

There were 112 simulated overflights/
season but <34 responses by either species
during any season (Weisenberger et al. 1996,
Table5). Alerted responsetimesfor mountain
sheep decreased over the seasons with no
consistent trend in number of alerted
responses (Weisenberger et al. 1996, Table5).
The number of mule deer aerted responses
decreased from summer to late summer, but
response times were similar among seasons.

DISCUSSION

The decrease in response times for
mountain sheep (Weisenberger et al. 1996)
suggests they habituated to the aircraft noise,
although Bleich et a. (1994) reported no
habituation of mountain sheep to disturbances
associated with helicopter surveys. Muledeer
also appear to have habituated to thesimul ated
noise (Weisenberger et al. 1996). However,
because the two deer added to the study after
late summer were not exposed to previous
simulation, their increased reactionsmay have
influenced the behavior of animals that had
become habituated.

Mean ambient temperatures during sum-
mer, (32°C), late summer (29°C), and spring
(18°C) may have contributed to behavior
patterns. Overall, the animals engaged lessin
active behaviors during late summer than in
other seasons. Although mean temperature
was|ower in late summer than in summer, the
range of temperatures was greater and hotter
temperatures were reached, possibly causing
an extension of inactivity periods.
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Animals can habituate to some human-
related disturbances (Dorrance et a. 1975,
MacArthur etal. 1979, Espmark and Langvatn
1985, Yarmoloy et al. 1988; but see Bleich et
al. 1994). Ontheother hand, they strivetolive
in predictable, secure environments at the
lowest maintenance costs (Geist et al. 1985).
Bk (Czech 1988), mountain sheep (Geist et
a. 1985), mule deer (Krausman et al. 1986),
caribou (Harrington and Veitch 1991), and
whitetail deer (Odocoileus virginianus)
(Dorranceet d. 1975) haveall been shownto
respond moreseverely (per disturbance event)
to unpredictable human disturbance than to
regular human disturbance.

Because of the variation in behavior
among individuals observed, it would be
exceedingly difficult to ascertain the differen-
tial impact of specific original versus general

maintenance behavior interruption, or to
determine the level at which a disturbance
could limit a population. Exposure to
prolonged, frequent, and unpredictable human
disturbance may severely affect behavior,
with implications on the physiology of
individuals and potentially the dynamics of
populations (Geist 1971, Bleich et a. 1994).
Our study shows that aircraft noisefits within
the general set of disturbances that animals
can habituate to at moderate levels, (i.e., <7
overflights/day). A set of such disturbances
may comprise a' cumulative limiting factor."
Therefore, managers and policy-makers in-
volved in the use and designation of air space
should strive to minimize the severity,
frequency, and unpredictability of low-
atitude aerial disturbance over areas used by
wildlife.

N T i A R

T ASER™ 7
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Table 1. Meanduration(sec) of behaviorsrecorded for mountain sheep.and desert mule deer
during overflight treatment periods at the Univergty of Arizona, Tucson, 1990-91.
| Behavior M ountain Sheep (N = 4) Muledeer (N = 4) 1
I dass X SE N X SE N |
R
Summer”
\ark 3222 2.44 337 26.64A° 3.15 157
Bed 999.97 198.95 87 1,761.51B 373.51 49
Stand 102.05 30.45 360 91.56 7.31 199
Run 11.35 1.42 63 21.71 4.04 14
Forage 130.98 17.01 50 132.05 14.54 55
Activer 58.82 15.48 710 49.03 4.26 315
| nactive? 999.97 198.95 87 1,761.51°  373.51 49
L ate summer®
\akk 30.89 4.63 283 22.94 4,27 89
Bed 73101 69.40 68 1,183.78D 69.55 78
Stand 62.29 5.76 306 125.81 16.46 110
Run 11.79 - 2.08 —14 —
Forage 80.62E 10.40 68 208.97 36.44 33
Active 42.03 3.92 535 54.13 8.21 166
Inactive 731.01 69.40 68 1,183.78F 69.55 78
Spring®
Walk 33.69 7.46 106 48.40A 8.15 131
Bed 729.7 82.73 46 905.59BD 117.38 29
Stand 107.7 11.54 148 135.42 13.03 148
Run 42.65 34.87 17 2.00 1
Forage 236.05E 45.06 22 202.98 30.06 45
Active 60.06 6.53 249 73.41 7.31 235
Inactive 729.70 82.73 46 905.59CF 117.38 29

"Summer = 12 May-9 Aug 1990, Latesummer =13 Aug-12 Oct 1990, Spring=4 Feb-5Apr 1991.
%Values in columnswith the same uppercase letters differ significantly (P,0.05) (ANOVA).

*Active = waking, standing, running, forage, defecating,urinating, play, dominancedisplay, and

reproductive activity.

Inactive = bedded, ruminating, panting, altering bedding pogitions.

|
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DESERT BIGHORN SHEEPRECOVERY PROJECT IN BAJA CALIFORNIA SUR,MEXICO

SERGIOJIMENEZL., OvisA.C., AvenidaRicardoMargain Z. #440, Col. Valledd Campesire, Garza
Garciag, N. L., Mexico 66261

CECILIAHERNANDEZ C, OvisA. C., AvenidaRicardoMargain Z. #440, Col. Valledd Campestre,
GarzaGarcia, N. L., Mexico 66261

JAMESR. DEFORGE, BighornIngtitute, P.O. Box 262, Palm Desert, CA 92261-0262

RAUL VALDEZ, New Mexico State University, Department of Wildlife, Box 4901, Las Cruces, NM
88003

Abstract: Carmen Island lies east of Loreto, Baja California Sur Mexico, and is privately owned by
Salinas Del Pacifico Company. Theisland wasoperated asasalt mineuntil theearly 1980s, but under new
ownership, theseoperationshaveceased and wildlifeconservation programshave beenestablishedfor the
island. In October 1995, a proposa was made to the Mexican State and Federal Governmentsfor the
capture, introduction, and management of desert bighorn (Ovis canadensisweems) on Carmen |Island,
withtheultimategoal of improvingthestatusof weems bighornontheBgjaCaliforniaSur mainland. The
objectivesof thisproject call for theresearchand conservationof O. ¢. weemd, andincludeprovisonsfor
thefuturerelocationof bighorn back to historical bighorn range on themainland. InDecember 1995, 15
bighorn were captured from the El Mechudo area north of La Paz for trandocation to Carmen Island.
Bighorn on Carmen Island are monitored daily via radiotelemetry, and a patrol system has been
establishedfor protectionfrom poaching. Research projectson theisland includean analysisa bighorn
demographics, habitat use, diet, and reproductivesuccess, aswell asinventoriesd bird and plant species.

KeyWords. BajaCaliforniaSur, captivebreeding, Isla del Carmen, Ovis canadensisweems, recovery
program, reintroductions, transl ocation
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INTRODUCTION

Desert bighorn sheep (Ovis canadensis)
originally occurred in the mountainous aress of
northern Mexicoin the statesof Bgja Cdifornia,
Baja Cdifornia Sur, Sonora, Chihuahua, and
Coahuila (Leopold 1977); however, presently
they occur only in Sonora, Bgja California, and
BajaCaliforniaSur. Several factorsare thought
to beresponsiblefor reducing the distribution of
bighorn in Mexico. Among these are illega
hunting and habitat destruction due to human
intrusions such as recreational use, mining, and
road construction (Buechner 1960, Cassio 1975,
Araujo 1976, Valverde 1976, DeForge et 4.
1993). The introduction of livestock (mainly
domestic goats and cattle) has also contributed to
the decline of bighorn sheep by reducing the

amount of habitat available and increasing the
incidence of infectious disease and parasites
(Araujo1976, DeForgeeta . 1989, DefForgeet al.
1993).

Desert bighornsheep (0. c. weams) inBaja
California Sur occur principaly in three aress:
Las Virgenes (near Santa Rosalia), La Giganta
(near Loreto), and El Mechudo (southern Baja
Sur). We estimate that desert bighorn sheep in
Baa California Sur occupy only about 40
percent of their historical range. Giventhelack
d publishedinformationonweems ecology and
distribution, their declining status, and their
ecological, aesthetic, and financia importance
in Bgja California Sur, a program for their
recovery to a viable populationisneeded. The
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urgency of the situation and the difficulty in
quickly remedying conditions for wild bighorn
populationsin BajaSur makecaptivebreedinga
logical componentof therecovery program. The
advantages of captive propagation include:
moderation of environmental variance; protec-
tion from poaching; management of genetic
diversity; research opportunities; and expansion
of animal numbers, ultimately to provide stock
to augment wild populations. Releasingcaptive-
born animals into the wild to support wesk
populations (restocking) or to repatriatehistori-
cal habitat is an increasingly common practice
for the recovery of small wildlife populations
(Kleiman 1989, Snyder et d. 1996).

IN1995, Carmenlsland,locatedintheSeacf
Cortez, was designated as a preserve for the
establishment of a managed, breeding herd of
desert bighornsheep. Theislandisanideal area
for introducing this species because the
topography and vegetationare similar to habitat
of 0. c. weems on the mainland. In addition,
Carmen Island has the following advantages:
(Danabsenceof largemammals, predators, and
domestic or feral animals, which eliminates
problemsof spatial and forage competitionand
disease transmission; (2) very limited and
controlled human activity; (3) an isolated
location so that in the event of an ecological
catastrophe Carmen Island can serve as a
reservoir for the species, thereby preservingthe
Species genetic integrity. Besides providing
stock for augmenting mainland bighorn popula-
tions, the Carmen Island bighorn project
providesthe opportunity to gather baseline data
on weems bighorn and initiate long-term
research. Here we provide an overview of the
Carmen Island bighorn project, its objectives,
progress, and future plans. Please refer to
DeForge et d. (1996) for detailsregarding our
population modeling, helicopter survey/search
results, capture methods, and disease and
nutrition testing of captured bighorn.

We appreciate the thoughtful conservation
ethic of the Sada Family, who madethis project
possible. We also thank the Governor of Baja
Cdlifornia Sur, the Mexican Wildlife Officials,
and thelocal communitiesof Baja Sur for their
cooperativeeffortsintheCarmen|slandproject.

STUDY AREA

Carmenlslandislocated 350km northof La
Paz, BajaCaliforniaSur, between 2549'05" and
2603'49" northlatitudeand 112 14'32" and 112
04'42" westlongitude, approximately 6 krn east
of Loreto. It encompassesatotal surfaceareaof
151 km? about 27 km long and 9 km wide, of
which 80 percent consistsof amountainchainof
volcanicorigin(Gastil et d. 1983). Thehighest
pesk reaches478 m. A large salt depositin the
northeast part of theisland wasmined by Salinas
ddl Pacifico, S. A. until theearly 1980s.

The island contains several large, year-
round tinajas and three manmade waélls.
Vegetationisclassified as Xerophilous Chapar-
ral (Rzedowski 1981), dominated by grasses
(Boutelova sp.), burrobush (Ambrosia), cholla
(Opuntiacholla), cardon (Pachicereuspringlel),
palo verde (Cercidium gp.) and mesquite
(Prosopisglandulosa). Distribution of the plant
Ferocactus diguetii is limited to the Gulf
Idlands, and one variety, carmenensis i sthought
to beendemicto Carmen I sland (Caseand Cody
1983). Thevegetationon Carmenlslandclosely
resembles the vegetation found in weems
habitat on the Baja California Sur mainland,
which Cowan (1940) described as subtropical.

Carmen Island lacks large mammal species
and only four terrestrial mammals inhabit the
idand: the black-tailed jack rabbit (Lepus
californicus), spiny pocket mouse (Perognathus
Spinatus), rata nupalera (Peromyscus eva), and
desert woodrat (Neotomalepida). Bird species
include osprey (Pandion haliaetus), red-tailed
hawks (Buteo jamaicensis), turkey vultures
(Cathartes aura), great homed owls (Bubo
virginianus), frigatebirds(fregata magnificens),
and blue-footed boobies (Sula nebouxii).
Sixteen species of reptiles (10 lizards and 6
snakes species) have been recorded on the
island, including an endemic snake
L eptotyphlopushumilis lindsayi (Caseand Cody
1983).

CARMEN ISLAND BIGHORN PROJECT
OBJECTIVES

The genera objectiveaof the Carmenlsland
bighorn project is to improve the status and
management of 0. c. weems populationsinBaja
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CaliforniaSur by providing thefollowing three
elements: (1) a genetic and demographic
reservoir that can be used to reinforce wild
popul ationsby augmentingremnant popul ations
or reestablishing populations that have gone
extinct; (2) opportunitiesfor researchon capture
animals that can provide information and
technologies beneficial to wild populations, in
addition to creating an impetusfor research on
wild populations; and (3) living ambassadors
that can assst in educating the public and
generating fundsfor conservation (Foose et al.
1995). Other gpec c objectives are to: (1)
maintain the integrity of the Carmen Idand
ecosystem by monitoring a number of plant and
animal species, (2) elaborate a management
master plan for the weemsi that includes
popul ation monitoring, captive breeding meth-
odology, reintroductions, hunting, and commu-
nity education; (3) improve habitat conditions
by eliminatingferal and domestic animals near
or within bighorn habitat; and (4) create an
interest in the conservation and rational use of
bighorn in the community of Loreto and
throughoutBajaSur.

SUMMARY OF ACCOMPLISHMENTS

In October 1995, we presented a detailed
conservation program to the Federal and State
governments, as wéfii as to Mexican ecological
organizations, for O. c. weemsi. The program
involves trangplanting bighorn from the main-
land to Carmen | slandand augmenting mainland
populations with excess stock from Carmen
Idand. The program received total approval.

To evaluate thefeasibility and logistics of
transplanting a viable bighorn population to
Carmen |dland, we assessed habitat quality and
modeled a bighorn population on the isand
using acomputer simulation model. DeForge et
al. (1996) provide results from using the
software program VORTEX 7.0 (Lacy et al.
1995) to project the population's growth rate,
probability of extinction, meansize, and genetic
variation over thenext 25 years, after accounting
for demographic, environmental, and genetic
stochasticity. We also conducted a helicopter
survey/search for desert bighorn sheep popula-
tionsin SierraLa Gigantanear Loreto and in El
M echudoto determinewhereto removebighorn

from the mainland population. Only a small
number of bighorn were observed near Loreto,
but a dense population was located in El
Mechudo(DeForge et a. 1996). Consequently,
the Federal government authorized the capture
of 15 bighom in the SierraEl Mechudo.

On December5-8 of thesameyear, withthe
assistanceof personnel from New Mexico State
UniversityandtheBighornlnstituteof Cdifornia,
15 bighorn were captured using a net-gun fired
from a Hughes 500D helicopter. The captured
animals were measured, biologically sampled,
and fitted with radio collars and ear tags. After
trangporttoanairport, theanimal sweremoved by
a Cessna 206 to Carmen | sland and rel eased.

Biologistsand veterinariansareworkingfull-
time monitoring the wild sheep population, as
well astheisland ecosystem. Thesheep arefree-
ranging on theisland with no supplemental food
or water, but habitat conditions are continualy
observedso that supplementalfeed and water can
be provided and additional native plants added if
necessary. Datais being collected for bighom
demographic, reproductive success, habitat use,
and nutrition studies. The Carmen Iland project
offers a unique opportunity to measure survival
and population growth rates in an ided
environment with no predation. To ensure that
the ecologica integrity of the entire idand
ecosystem is preserved and to prevent illega
hunting, personnel patrol the perimeter of the

-idanddaily. Bird and plantinventoriesarebeing

conductedin cooperationwith New MexicoState
Univerdty. Fences are being constructed to
protect rare and endemic plantson theisland and
to dlow us to evauate the impact that bighom
have on the native vegetation. In an effort to
includethelocal peoplein thisconservation plan
and to compensate them for the removal of
bighorn sheep from the Baja Sur mainland, the
Sada Family provided funding for water pumps,
electric solar systems, and a classroom. Support
from the local community is considered vita to
thesuccessof this project and to the recovery of
weemsi bighorn.

FUTURE PLANS
To maintain genetic diversty within the

Carmen Island bighorn populationand to mimic
natural geneflow, we will transplantthree rams
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from the mainland to Carmen Island every 5
years. Beginning in the fourth year of the
project, we expect to release a minimum of 5
malesand 5 femal es back to the mainland every
other year. We project having a population of
120-150wild sheepontheisland within20years
(DeForgeet a. 1996). Our plan to reintroduce
bighorn to the mainland will more than
compensatefor thesheepinitiallyremovedfrom
SierraEl Mechudo. Adaptive managementmust
be exercised (Stanley Price 1991), but excess
stock from theCarmen Idand popul ationwill be
used to augment small existing popul ationsor to
repatriate historical habitat on the mainland.

Several measures should be taken in
preparation for returning bighorn sheep to the
mainland. A helicopter survey of the entire
weems range is needed to gain a cursory
understanding of weems distribution and
abundance so that we can optimize our
restocking efforts. Once a population is
identified for augmentation with sheep from
Camen Idand, the local people will be
consulted and their consent and supportobtained
prior toafinal decisiononthereleasesite. Next,
all domestic and feral livestock should be
eliminated from bighorn habitat in the release
area. Al released bighornwill bedisease-tested
toensuretheir health statusand radi o-collaredto
allow postrelease monitoring.

We are hopeful that the Carmen Island
bighorn project will provide motivation to the
government and people of Baja Sur to actively
conserve bighorn sheep. As Valverde (1976)
stated, unlesswefind waystoeffectively protect
bighorn sheep from man's illega hunting and
destructionaf habitat, bighorn sheepwill Slowly
disappear. For thisreason, we will continue our
public education efforts and community
relationsdevel opment. Our obj ectiveto conduct
long-term research on weems bighorn and to
improvetheoveral statusof the populationalso
provides the important opportunity to increase
peninsular populations to huntable levels. The
Carmen Island bighorn projectis akey element
of the recovery program to improvethe overall
status and management of weemsi bighorn, and
our effortto preservethediversefloraand fauna
of Carmenldland.
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EFFECT OF SCALE ON DEFINING TOPOGRAPHICALLY SUITABLE DESERT BIGHORN
SHEEPHABITAT.
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Abstract: GeographiclnformationSystems(GIS), satelliteimagery, and other remotesensing toolshave
greatly ai ded researcheffortsin many areasof wildlifescience, but not without bothidentified and hidden
dangers. This study was specifically designed to show how composition or juxtaposition of a crucial
habitat variable, L and SurfaceRuggedness, i s dependent upon theresol ution of elevation databeingused
in the habitat evaluation.

Key Words. scale, GIS, satelliteimagery, remote sensing, Land Surface Ruggedness Index (LSRI),
habitat evaluation
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INTRODUCTION

Geographic Information Systems (GIS),
satelliteimagery, and other remotesensing tools
havegreatly aided researcheffortsin many areas
of wildlife science, but not without both
identified and hidden dangers. GIS programs
are useful in identifying and viewing spatial
patterns of critical resources, anima home
ranges, and various habitat parameters. But
caution must be used when employing GIS
technology to examine data at multiple
resol utionsbecauseresearchershave knownfor
several decades that the concepts of scale and
pattern are inexorably linked (Hutchinson
1953). Wiens(1992) notedthat researchershave
realized many patternsseeninecol ogical studies
are dependent upon the scale at which they are
viewed. Levin (1992) stated that no environ-
mental predictions can be made, or ecological
parameters evaluated, without first referencing
the scale relevant to the organism or process
under investigation. Because of knowledge of
these scalar issues, many researchers are very
cautious in matching the scale of their
measurements to the question under investiga-

tion. For example, a researcher studying an
animal withahomerangeaof afew squaremeters
will not measure vegetation via square hectare

quadrats. Unfortunately, researchers often do——

not consder how the resolution of their
underlying data (e.g., €levation data) can
potentially alter their findings. The purpose of
thisstudy isto highlight the effectsof scale on
habitat evaluation. Specifically, this study is
designed to show how compositionor juxtaposi-
tion of acrucial habitat variable, Land Surface
Ruggedness,isdependent upontheresol utionof
elevation data being used in the habitat
evauation.

STUDY AREA

The study areafor this investigation is the
EldoradoMountains, locatedin Clark County,in
southern Nevada. The range stretches approxi-
mately 60 km from north to south, and
encompasses approximately 930 km? Eleva
tions range from 197 m to 973 m (Ebert and
Douglas1993).
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METHODS

Toillustratethis specific scalar danger, we
used a modified version of the Land Surface
Ruggedness Index (LSRI) that Ebert and
Douglas (1993) adapted from Beasom et. dl.
(1983). Thebasctenet behind LSRI isthat the
total length of topographic contour lines
traversing an area is a function of the
"ruggedness” of that area. Beasom et. a. (1983)
measured L and SurfaceRuggednessby overlay-
ing aregularly spaced grid over the area under
investigation and counting the number of
intersectionsbetween contour linesand thegrid.
The number of intersections reflects the
ruggednessor thearea, with a higher number of
Intersectionsequating to a “rougher” landscape.
Although this method is replicable and
straightforward, it does not transfer easily into
GIS applications. Thus, Ebert and Douglas
(1993) adapted Beasom et. d's. (1983)
technique for use in a GIS program by
developing a Land Surface Ruggedness |ndex
generated by gridding an elevationmapinto 100
mx 100 m squaresand measuringtheslopefrom
eachcell toeachof itssurroundingeight cells. It
was found that both total slope (the summation
of dl slope vaues within the 300 m x 300 m
window) and average slope (the average of all
slope valueswithin the 300 m x 300 m window)
gave equally good approximations of total
contour line length. However, because total
slopegave alarger rangeof valuesto subdivide
into categories, total slope was chosen over
average dope to serve as the LSRI value.
compare two different resolutions of elevation
data, and becausethe number of cellsina300m
radiuscirclediffersbetweenresolutions,wehad
to chooseaveragesl opeinstead of thetotal slope
asused by Ebert and Douglas(1993) to maintain
an equitable comparison. Based on the datain
Ebert and Douglas(1993), thisalterationisnot a
significant departure from the original method
utilizing total dope.

Two resolutionsdf elevationdata, 30 mdata
and 3-arc-second data, were obtained from
United States Geological Service (USGS)
digital files and downloaded into Geographic
Resources Analysis Support System (GRASS)

GIS. Cdl sizedf 30 mdatais30mX 30 m, and
cell size of 3-arc-second data, in this region of
the country, isapproximately 90mX 70m. To
calculate an LSRI for the 30 m data, we first
generated a slope map from the elevation data
using percent slope as the output. Slope values
were then averaged within an 11 X 11 cell
window (330m X 330m) centeredover eachcell
(Figure la). Tocaculatean LS U for the3-arc-
second data, the elevation data were first re-
sampled using ARC/INFO to producea regular
100m X 100 m grid. Percent slopevaueswere
then calculated within GRASS and averaged
withina 3 X 3 cell window (300 m X 300 m)
centered over each cell (Figure Ib). The cell
windowscannot be the exact samesizefor both
resol utionsbecausethenecessity of acentercell
dictates an odd number of rows and columns.
Thuscell window sizefor 30 m data.can be 270
mx 270 m, or 330 m by 330 m, but not 300 m x
300 m. Wedecided it wasappropriateto usethe
330 m x 330 m window becauseit is dlightly
larger than the 300 m x 300 m window in 3-arc-
second data.

Location data from 39 radio-collared
bighorn sheep (22 femalesand 17 males) were
supplied by Ebert and Douglas (1993). Each
anima was relocated approximately once a
week over a 2-year period, yielding a total of
2909 sheeplocations. Sheeplocationswerethen
associated with their correspondingL SRI value
ineach dataset. A paired t-test (Zar 1984) was
conductedto determineif themean LSRI value
of sheeplocationswasdifferent betweenthetwo
resolutions.

RESULTS

The distribution of sheep locationsrelative
toL SRI valueschangedfromonedataresolution
totheother. Thirty meter data(Figure2) show a
fairly normal distributionof LSU usage. Three-
arc-second data (Figure 3) shows a distribution
heavily skewed towardstheleft and lower LSRI
values.

Atthe95 percent significance level, themean
LSRI values of each data set are not equivaent
(Tablel). Themean LSRI valuedf the30 mdata
Set is 36.56, whilethemean LSRI valuedf the 3-
arc-seconddatasetis20.43(Tablel). Thetvalue



1996 DESERT BIGHORN COUNCIL TRANSACTIONS

of 76.35 is much larger than the two-tailed
critical t value of 1.96, indicatingthat the two
means are statistically different (Table1).

DISCUSSION

LSRI vaues of sheep habitat change
dramatically depending upon which elevation
data are used. Thereasonfor thedisparityisthe
relative smoothness of the underlying data
Elevationvaluesin 3-arc-second datatend to be
smootherthan elevation valuesin 30 mdata. In
3-arc-second data, an area of approximately
6300 m?(90mx 70 m) isonly assignedasingle
elevation value. Therefore, any elevational
variation due to peaks and valleys within that
6300 m?* tends to be masked. Using 30 m data,
that same areais represented by approximately
seven elevation values (30 m x 30 m cells).
Althoughelevationdataare still being averaged
within each of the seven 900 m? cells, the six
additional elevationva ues withineach 6300 m?
areahelpsto unmask el evational variationdueto
peaks and valleys. This difference in relative
smoothness can have severe consequencesfor
dataevauation. At 30 mresolution, 80 percent
of the sheep locations were represented by
averagesiopevalues(LSRI) of 0-49 percent. At

3-arc-second resolution, these locations were
represented by average ope vaues (LSRI) of
only 0-29 percent.

Thetake-homemessagefromthisinvestiga-
tion is to be extremely mindful of underlying
data sets. Weare not trying to arguefor use of
one resolution over another, mainly because
there is no absolute 'best” resolution, and
because often datafor an area under investiga-
tionmay only beavailableat alimited number of
resolutions. The"'best" resolutionistheonethat
best fits the question under investigation. The
point we are trying to makeisthat a researcher
must be aware that patterns discovered at one
resol ution are not automatically present at other
resolutions. It is dangerous to assume that
because one habitat parameter appearsto be the
most importantvariablein habitat delineationat
oneresolution, that same habitat parameter will
continueto bethe most important at some other
resolution. As you move up and down in the
resolution at which you view a landscape, the
proportionsand relative importance of compo-
nentsmaking up that |andscape may change and
rearrange. |tistheresearcher's responsibilityto
ensurethat when comparing datafrom different
spatial or temporal scales, the resolutions are
carefully noted and that a valid comparison is
being made.

15
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Figure 2. Histogramshowing distribution o sheeplocationsrelativeto dope (LSRI)
values for 30 m resolution elevation data.
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Figure3. Histogramshowing distribution of sheep locations relativeto dope (LSRI)
values for 3-arc-second resolution € evationdata.
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Tablel.
second resol ution €l evation data.

Resultsof a paired t-test comparing slope(LSRI) values of sheeplocationsat 30 mand3-arc-
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ERROR ASSOCIATED WITH LORAN-C: EFFECTS OF AIRCRAFT ALTITUDE AND
GEOGRAPHICLOCATION

MICHAEL W. OEHLER, SR, Ingtitutedf Arctic Biology, and Department of Biology and Wildlife,
University of AlaskaFairbanks, Fairbanks, AK 99775

VERNON C. BLEICH, CaliforniaDepartment of Fish and Game, 407 W. LineSt., Bishop, CA 93514
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Abstract: We examined effects of altitude of a fixed-wing aircraft and geographic location on the
accuracy of LORAN-C at aseriesof referencepoints (n=8) within a420 km? areadf theeasternMojave
Desert of California. No relationship between error (distance between the "actud" location of the
reference point and its estimated |ocation using LORAN-C) and aircraft atitude above the point was
detected (P=0.910). Additionaly, no significant difference was detected between the mean error when
flying at high (>500 m) or low (<500 m) dtitudes;, however, precision was greater at low altitudes,
suggesting parallax wasapotential sourceof error. Theeffectof individua geographiclocationsonmean
suggesting that landscapefeatures associated with the reference points were potential sourcesaof error.
Researchers using LORAN-C should be aware of the variability in accuracy of this technology, even
within small study aress.

KeyWords. accuracy, aerial telemetry, biotelemetry, California, LORAN-C,survey, telemetry, ungul ate

Desert Bighorn Council Transactions40:19-21

INTRODUCTION

The use of aerial observations and aerial
telemetry has become common among biolo-
gists (Caughley et a. 1976, White and Garrott
1990). Sincetheadventof complex navigational
systems such as LORAN-C and Geographic
Positioning Systems (GPS), investigators have
become increasingly reliant on these technolo-
gies for estimating the location of telemetry
transmitters, wildlife observations, or landscape
features that may not appear on topographic
maps.

Jaeger et al. (1993) cautioned about effects
of geographic location on the accuracy of
LORAN-C among study areas, but such
differences within study areas have not been
reported. Moreover, the effect of elevation on
the accuracy of locations estimated with
LORAN-C has been investigated only from the
standpoint of the elevation of the location in
question, without respectto aircraft altitude(.e.,
the altitude of the aircraft above the “target™)

(Lepticheta. 1994). Our objectiveswereto: 1)
examine the relationship between LORAN-C
error (distance from the target's true location
anditsestimated | ocation usng LORAN-C) and
arcraft atitude; and 2) examine effects of
unique geographic locations on the accuracy of
LORAN-C within a small sudy area. We
hypothesizedthat: 1) there would be a positive
relationship between error and aircraft altitude;
and 2) within our study area, there would be no
effect of geographic location on our ability to
accurately determine the locations of predeter-
mined points (i.e., mean error would not differ
among those points).

We are grateful to R. W. Anthes, G. P.
Mulcahy, and A. M. Pauli of the California
Department of Fish and Game (CDFG) for data
collection. Wethank A. T. Lombard and P. V.
August of the University of Rhode Island,
Environmental DataCenter, for determiningthe
geographic coordinates of our reference points.
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Wewould alsoliketo thank our two anonymous
reviewersfor their helpful comments. Financial
support for thisproject was provided by CDFG,
andby grantstoV. C. BleichfromtheBooneand
Crockett Club, Foundationfor North American
Wild Sheep, National Rifle Association,
Sacramento Safari Club, and Society for the
Conservation of Bighorn Sheep. Manuscript
preparation was supported by Canyon Re-
sources, Inc., through a grant to M. W. Oehler,
Sr. This is a contribution from the CDFG
M ountain Sheep Conservation Program.

STUDY AREA

We conducted this research in the Mojave
Desert, about. 30 km southeast of Baker, San
Bernardino County, California. The study area
(420 km?) is topographically diverse and has
been the site of considerable mining activity,
suggesting the potential for extensive mineral
deposits. A major power transmissioncorridor
bisects the study areafrom east to west.

METHODS

We selected eight readily identifiable
targets (road intersectionsor mountain peaks) to
serve as reference points in evaluating our
ability to accurately estimate their locations
using LORAN-C. We used 7.5 minute USGS
topographic maps and a digitizing tablet to
determine the geographic coordinatesaf each of
the targets. These coordinates, and those
obtained using LORAN-C, were referenced to
the 1983 North American Datum. We used the
program CALHOME (Kie et al. 1996) to convert
dl geographic coordinatesto Universal Trans-
verse Mercator Grid coordinates prior to data
analysis.

The pilot approached each target at various
altitudes (range=136 to 1,111 m above ground
level [agl]) and from randomly selected
directions. When the pilot determined the
aircraft wasdirectly over thetarget, thelatitude
and longitude of the aircraft were calculated to
the nearest 0.10 minute usng LORAN-C
instrumentationaboard theaircraft (Jaeger et al.
1993); these geographic coordinates were then
used as |ocation estimates (hereafter referred to
as trials) for the selected target. Trials were

conducted concurrently with telemetry flights
during November 1990 through February 1991
until thelocation of each of theeight targetshad
been estimated 14 times. For each trid, we
calculated LORAN-Cerror asthe hypotenuseof
a right triangle, its legs being the absolute
difference between the estimated and the actual
northing and easting at each target. Because
most aerial observationsaremadefromaltitudes
<500 m agl (Caughley et d. 1976, Hoskinson
1976, Leptich et al. 1994), we restricted 75
percent of our sampling effort to that range.

We eiminated four trids with extreme
outlying values (likely the results of transcrip-
tion errors) from the data set prior to data
analysis, yielding a total of 108 trids. We
pooled trials across locations and used smple
linear regression to examine the relationship
between error and aircraft atitude. Addition-
aly, we used one-way analysis of variance
(ANOVA) to compareeffectsdf high (>500 m)
and low (<500 m) altitude trialson mean error,
and analysis of covariance (ANCOVA) to
control for the effect of aircraft atitude when
examining theinfluence of geographiclocation
on mean error.

RESULTS

We detected no relationship between error
and aircraft dtitude (P=0.910). Location
estimates determined from low (=341 m,
SD=160 m, n=81) and high altitudes (=302 m,
SD=135 m, n=27) did not differ (ANOVA,
F=1.309, df=1,106, P=0.255); mean location
error for dl trids was 331 m (SD=154 m).
However, precison was greaster for low
(SE=17.7 m) thanfor high (SE=25.9 m) dtitude
trials. Theeffect of the uniquelocation of each
aircraft altitude was included as a covariate
(ANCOVA, F=6.204, df=7,99, P<0.001).

DISCUSS ON

We regjected our hypotheses that 1) there
would be a positive relationship between error
and aircraft dtitude, and 2) withinour study area,
therewouldbenoeffectof geographiclocationon
mean eror. Because accuracy of estimated
locations may be affected by perturbationsto the
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LORAN-C signals as they pass over the earth
(Leptich et d. 1994), the lack of a relationship
between LORAN-C error and altitude could
potential ly be attributed to uniquecharacteristics
associated with the specific targets, including
powerlines, terrainfeatures, and mineral deposits
(IIMorrow, inc. 1989). Eeptich et d. (1994)
suggestedthat suchfactorsexplained muchof the
biasthey detectedat specificlocationsin northern
Idaho. Alternatively, the pilot's inability to
determine precisely when he was over the target
(i.e., pardlax), or therate at which theaircraft's
| ocation wasupdated by theinstrumentation, may
explain the absence of a relationship between
LORAN-C error and aircraft dtitude. Our
observation of increased precision of location
estimates at altitudes <500 mis consistent with
the notion that paralax is problematic when
observationsfrom aircraft are used to determine
locations of featureson the ground.

n the eastern Mojave Desert, Jaeger et d.
(1993) reported significant differences in the
accuracy and precision of location estimates
using different LORAN-C recelversinasingle
study area and between different study areas
when using one receiver. These authors
suggested that the genera geographic location
of each study areaand biasesassociatedwiththe
individual receiverswereboth potential sources
of error. Indeed, accuracy of LORAN-C is
affected by the geometric configuration of the
transmitting stations relative to the location of
the receiver (Leptich et a. 1994), and the
accuracy of LORAN-C would be expected to
vary among widely separated study aress.

We concur with Jaeger et a. (1993) that
researchersusing LORAN-C must consider the
resolution required for their analyses, and that a
correctionfactor (Patric et al. 1988) should be
determined for each study area in which this
technologyisemployed. Weextend thecaution
of Jaeger et a. (1993), and suggest that
investigatorsexplore the need for site-specific
correctionfactors withinevensmall study areas
where heterogeneous terrain features, or
unevenly distributed mineral deposits, or
electromagnetic radiation could affect the
accuracy of locations determined with LO-
RAN-C. If, however, a substantial amount of
the error we detected was related to parallax,
then we predict results ssimilar to ours will be

obtained when GPS technology is employed.
Investigatorsusing aGPSreceiver todetermine
the locations of unmapped features should be
mindful of this possibility.

LITERATURE CITED

Caughley, G, R. Sinclair,and D. Scott-Kemmis.
1976. Experiments in aerial survey. J.
Wildl. Manage. 40:290-300.

IOMorrow Inc. 1989. Pilot's operating
handbook, Apollo Model 604 LORAN-C
receiver. IMorrow, Inc., Salem, Oreg. 136
Pp-

Hoskinson, R. L. 1976. Theeffect of different
pilots on aerial telemetry error. J. Wildl.
Manage. 40:137-139.

Jaeger, J. R., J. D. Wehausen, V. C. Bleich, and
C. L. Douglas. 1993. Limits in the
resolutionof LORAN-Cfor aerial telemetry
studies. Desert Bighorn Counc. Trans.
37:20-23.

Kie, J. G., J. A. Baldwin, and C. J. Evans. 1996.
CALHOME: a program for estimating
animal home ranges. Wildl. Soc. Bull.
24:342-344,

Leptich, D. J, D. G. Beck, and D. E. Beaver.
1994. Aircraft-based LORAN-C and GPS
accuracy for wildlife research on inland
study sites. Wildl. Soc. Bull. 22:561-565.

Patric, E. F., T. P. Husband, C. G. Mckiel, and
W. M. Sullivan. 1988. Potential of
LORAN-C for wildlife research aong
coastal landscapes. J. Wildl. Manage.
52:162-164.

White, G. C,, andR. A. Garrott. 1990. Analysis
of wildliferadio tracking data. Academic
Pressinc., San Diego, Calif. 383 pp.



1996 DESERT BIGHORN COUNCIL TRANSACTIONS

COMMENTSAND STATUSREPORTS




1996 DESERT BIGHORN COUNCIL TRANSACTIONS

STATUS OF BIGHORN SHEEPIN ARIZONA - 1995
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POPULATIONS

Estimates of Arizonds desart bighorn
sheep (Ovis canadensis mexicana and O. C.
nelsoni) indicate a stable population of
approximately 6500 animals. The 1995
helicopter surveys produced 2212 classifica-
tions in 204.0 flight hours (10.8 sheep/hour).
Survey results yield ratios of 51 rams:100
ewes:24 lambs:9 yearlings(Figure 1).

The Rocky Mountain bighorn sheep (0. c.
canadensis) population, estimated at 500
animals, continuesto expand both in numbers
and range. This population was supplemented
with 28animalsfrom Coloradoin January. The
25.7 hoursof helicopter surveysresultedin the
classification of 345 animals (134 sheep/hour).
Survey resultsyield ratiosof 40 rams:100 ewes:
48 lambs:14 yearlings.

RESEARCH

The Arizona Game and Fish Department
(AGFD) is currently involved in several sheep
research and management projects. These
include evaluation of survey methodology and
observation rates, movement and mortality
studies with Rocky Mountain sheep; and the
evaluation of desert bighorn sheep in Sonora,
Mexico. Thislatter projectis supported by an
$80,000 grant from the Nationa Fish and
WildlifeFund. Thesefundswereaportionof a
restitution payment for a poaching incident
occurring in Mexico.

HABITAT IMPROVEMENTS

The AGFD, primarily in cooperation with
the Bureau of Land Management, the Arizona
Desert Bighorn Sheep Society (ADBSS), and
more recently with Desert Wildlife Unlimited,
develops up to 10 bighorn sheep waters
annually. Thesewater projectsvary fromsimple

tinaja modificationsto extensiveartificial water
collectionand storagesystems. TheAGFD tries
to develop the most cost effective, environmen-
tally sensitive, maintenance-free waters pos-
sible.

TRANSPLANTS

Since 1981, a mean of 76.3 sheep has been
transplanted annually. In 1995, a record 160
bighorn sheep were successfully captured and
trangplanted to seven release Stes.  These
transplants included the conclusion of a desert
bighorn for Rocky Mountain bighorn trade with
Coloradoandtherel easeor 21desertbighornsheep
into southern Utah.

To date, the AGFD has trangplanted 1279
bighorn sheep, with 93 going to Colorado, 46 to
Utah, 36 to Texas, 11 to New Mexico, and 9 to
variouszoosand universities(Figure 2). Arizonais
presently hunting transplanted bighorn sheep
populationsin 15 units, with 31 permits being
offeredin thesearess.

This year, the AGFD hired two Wildlife

Arizonafor potentia bighorn sheep releasesites.
Usng a modified Cunningham/Hansen habitat
suitabilitymodel, dl potentid reintroduction sites
will be scored with the higher scoring areasbeing
prioritizedfor future transplants.

HARVEST

Bighorn sheep permits remain the most
sought after huntingpermitsin Arizona Therewas
arecord 6256 applicants (4632 resdent and 1624
nonresident) for the 111 regular season permits
(Fgure 3). Thisrepresentsmore than 56 hunters
applyingfor each permit, withindividual unitodds
varyingfromas|low as13:1t0356:1, dependingon
the unit's accessibility and harvest history.
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During the 1995 hunting season, a record
114 hunters participated (one additional permit
was issued due to a drawing irregularity),
harvesting a record 109 rams, for a 96 percent
successrate (Figure4). The average age of the
harvest was 7.0 years. The 1995 season
produced 38 animals (35 percent of the harvest)
qualifying for the Arizona Trophy Book
(minimum score of 162 Boone and Crockett
points). Of theserams, 15 (14 percent) scored
>170 points, with 2 scoring above 180 points.
During the last 5 years, these trophy harvest
percentages have averaged 38 percent and 19
percent, respectively.

Asaresult of thisyear's surveys, permits
for the 1996 season will be decreased from last
year's record 111 permits to 106. Two
additional permits will again be issued to raise
fundsfor bighorn sheep management programs.
Game Management Unit 10 will be opened for
bighorn sheep hunting this year to take
advantage of expanding sheep populations.

The bighorn sheep season length was
changed last year on the floor of the Hunt Set
CommissionMeeting. Nearly all seasons were
increased from 17 to 31 days. The AGFD was
also directed at that timeto evaluatetherulefor
hunter check-in prior to the season with the
intention of eliminating this requirement.

For the past 11 years, the AGFD and the
ADBSS have entered into an agreement
whereby the ADBSS auctionsonepermit (at the
Foundation for North American Wild Sheep
convention)andrafflesanother torai sefundsfor
bighorn sheep management projects. Sincethe
program started in 1984, $1,888,860 has been
raisedfrom the 22 permits($1,028,000 fromthe
auction tags and $860,860 from the raffle tags).

In 1996, the auction permit was sold for
$285,000. This makes a total of $1,064,000
from the last four bighorn sheep auction tags
offered in Arizona. The success of Arizona's
bighorn sheep management program is depen-
dent upon thefunds derived from these permits.
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Figure 1. Desert bi ghor n sheep survey data.

Years Number Released
DESERT ROCKY MTN
1956 - 1960 23 (15)* 0
1961 - 1965 0 0
1966 - 1970 3 0
1971 - 1975 10 0
1976 - 1980 77 (34)* 20
1981 - 1985 384 (54)* 0
1986 - 1990 368 (21)* 0
1991 - 1995 346 (84)* 48
TOTALS 1211 (208)* 63

* Parenthesis ( ) indicate total number released out of state.
Figure 2. Bighorn sheep transplant history.
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Figure 3. Permit and application data.

Year # Rams % Success 162+ 170+ 180+ 190+
1986 56 88 29 7 1
1987 68 96 34 9 2
1988 75 97 30 9 4 1
1989 74 91 25 10 0
1990 68 88 28 11 3
1991 78 93 37 19 2
1992 74 89 21 10 3
1993 92 93 37 17 7 1
1994 101 92 41 23 3
1995 109 96 45 15 2
10 Year Totals 795 92 327 130 27 2

Figure4. Harvesthistory.
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POPULATIONS
Statewide

Ten metapopulations of bighorn sheep
have been defined within California (Table 1).
These include three subspecies by Cowan’s
(1940) taxonomy. California bighorn (Ovis
canadensis californiana) are restricted to the
Sierra Nevada, Peninsular bighorn (O. c.
cremnobates) occur in the western Sonoran
Desert of Riverside, Imperia, and San Diego
counties, and Nelson bighorn (O. c. nelsoni)
occur intheeastern Sonoran Desert, theMojave
Desert, the Transverse ranges, and the Great
Basin Desert of Mono and Inyo counties.
Cdliforniaand Peninsular bighorn are listed by
the state as threatened, and dl populations of
Nelson bighorn are fully protected by statelaw.

Ramey (1993) and Wehausen and Ramey
(1993) havedemonstrated thelack of taxonomic
validity of thePeninsular subspecies; therefore,
we consider the Nelson subspecies a polytypic
taxon that combines the Nelson and Peninsular
subspecies, as recommended by Wehausen and
Ramey (1993). However, state-listed threatened
statusremainsfor thePeninsul ar metapopul ation
of bighorn sheep. This metapopulation aso
remains Federally proposed as endangered by
the U.S. Fish and Wildlife Service (USFWS).
Separate subspecies classification should re-
main for California bighorn; however, Ramey
and Wehausen (1996) reported that California
bighornin the Sierra Nevadaare morphometri-
cally distinct from those in Washington, British
Columbia, and the adjacent Great Basin, and
suggest that a separate subspecies designation
may be appropriate.

27

The California Department of Fish and
Game (CDFG) supportstheconcept of regional
management for the long-term viability of
bighorn sheep metapopulations (Bleich et al.
1990, Torresetal. 1994, Bleichetal. 1996). The
satus of these metapopulations was first
compiledin 1994 (Torreset al. 1994). Current
data indicate that severa populations have
declined (Tables 2 and 3). In California, the
estimate is that there are about 3600 bighorn
sheep distributed across 61 mountain ranges
(Table 1) compared with the 1994 estimate of
about 4600. This21.7 percent decrease can be
attributed to a combination of some previous
overestimates and some declining populations.
Bighorn sheep population declines have been
most dramatic in the Sierra Nevada and San
Gabried Mountains, and parts of the Mojave
Desert (Table 2). Our updated inventory of
populationsby sizecategoriesshowsfewer large
populations (Table 3). The number of bighorn
sheep remaining in the Sierra Nevada are very
low (Table4). Natural populationrecol onization
events have recently been documented in the
South Bristol Mountains south of 1-40 in San
BernardinoCounty and the Deep SpringsRange
o Inyo County.

Sierra Nevada

Two native populationsand three reintro-
duced populationsof bighornexistintheSierra
NevadaMountains. Lee Vining Canyon, Mono
County (reintroduced); Wheeler Ridge, Inyo
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County (reintroduced); Mount Baxter, Inyo
County (native); Mount Williamson, Inyo
County (native); and Mount Langley, Inyo
County '(reintroduced). In February 1995, two
ewes were captured, sampled, and released with
radiocollarsinLeeVining Canyon. In June1995,
a cooperativeand very successful ground census
of this population by experienced biologists and
volunteers documented that the population had
declined by more than 50 percent to 39 sheep,
followingtheparticularly snowy previouswinter.
It remains a priority to capture and install
additional radio collars to enhance future
monitoring efforts.

Population survey efforts indicate that
winter range use did not increase from 1991
through 1995for theMt. Baxter herd. Therefore,
winter population assessments continue to be of
limited use. Indices derived from summer
surveysof this population continueto document
a declining trend that has resulted from winter
range abandonment that is possibly a behaviora
reaction to high mountain lion predation.
Summer surveysin 1995 by the Sierra Nevada
Bighorn Sheep Foundation estimatedtheremain-
ing ewe population at only 15 to 20 individuals,
and it is likely that the total population is well
under 50 individuas. In addition to ground
surveys, thereareplansto monitor thispopul ation
by time-lapse video cameras placed at narrow
high passes used regularly by these sheep.

Surveysdf theWheeler Ridge populationin
1995 indicated that it had declined to fewer than
20 sheep during the heavy winter of 1995.
Twelve sheep werefound dead in asingle snow
avaanche. Summer surveysin 1996 indicated
that the Mount Williamson populationis on the
vergeaf extinction, with possibly only onesingle
sheep remaining. The Mt. Langley population
was documented to persist, but appears dso to
havedeclinedand may number below 30. Intotal,
fewerthan 150 shegpremainintheSierraNevada
A new conservation Strategy for Sierra Nevada
bighorn sheep is being developed by the Sierra
Nevada Bighorn Sheep Interagency Advisory
Group. The continued monitoring of all bighorn
sheep populationsinthe SierraNevadaremainsa
highpriority. Recentpopulation declinewarrants
achangein state-listing statusfrom threatened to
endangered.

Peninsular M etapopulation

In 1995, preliminary analysis of data
estimated the Peninsular population at approxi-
mately 350 adult bighorn sheep distributed in
eight or ninedistinct popul ations(Boyce 1995).
During 1992 through 1995, bighornsheepinthe
Peninsular Rangesdid not experiencepoor lamb
production or survivorship. However, this
research has indicated that adult bighorn sheep
survivorship is relatively low and that >65
percent of all mortalities were caused by
mountain lions. Population monitoring will
continuethrough 1996 and afinal assessment of
population status and management recommen-
dationswill be prepared.

Old Dad Mountain
(Source Stock Population)

On August 25, 1995, during a routine
telemetry flight, CDFG unit biologist Andy
Pauli noted that two bighorn sheepradio collars
were on mortality mode. On a subsequent
ground check (August 29, 1995), he discovered
14 dead bighorn sheepat the Main Peak guzzler.
After further investigation, at least 45 bighorn
sheepwerebdieved to havebeeninvolvedinthe
die-off. Thetotal includes 19 lambs, 16 ewes,
and 10 rams. Field investigationrevealed that
sheep jumped onto the guzzler t ank top from a
nearby ledge. Subsequently, thel7to20inchlid
was opened, thereby making water availableto
sheep. Asthewater level receded, 13 1ambsfell
into the tak and drowned. Laboratory
diagnostics indicated botulism (Clostridium
botulinum, type C) resulted from the decaying
lamb carcasses, and subsequently poisoned
sheep drinking from the tank. 1t was estimated
that 20to 35 percent of thepopulationwaslostto
thisdie-off. Thispopulation hasbeen oneaof the
most productivein the state and has provided
222 bighorn sheep for reintroduction projects
from 1983 through 1992. Recovery is
anticipatedif suitableenvironmental conditions
follow.

Dr. Pam Swift (CDFG) prepared a
detailed report of this die-off that includes
field examination and |aboratory tests. It can
be obtained from Dr. Swift a Wildlife
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Investigations Laboratory, 1701 Nimbus
Road, Suite D, Rancho Cordova, CA 95670.

San Gabrid Mountains

The San Gabriel Mountains previously
supported oneaf thelargestdesert bighornsheep
populations in the southwestern United States,
and hasbeen surveyed by CDFG in cooperation
with the Forest Service and the Society for the
Conservation of Bighorn Sheep (SCBS) since
1976. From 1979 to 1985, 400 to 500 bighorn
sheep were routinely counted from the
helicopter and this population was estimated at
>600 animals. Although a population decline
had been predicted as part of a populationcycle
(Holl and Bleich 1983), rapid declinesince1990
is of concern. Recent helicopter counts have
recorded only 62 (1995) and 67 (1996)
individuals, and the current population is
estimated at 101 to 150 animals. Therearevery
few bighorn sheepremainingin the Cucamonga
Wildernessand Lytle Creek areas. Our current
hypothesisis that the lack of wildfire over the
last 20 years has resulted in habitat succession
that atered the abundance of suitable sheep
habitat and enhanced the vulnerability of sheep
to mountain lion predation. The CDFG is
conducting an analysis of changes in winter
range and any associated changes in the
distributionof bighornsheep. Otherfactorssuch
as disease, human activity, and drought are also
being evaluated for any potentia relationship
with this population decline.

RESEARCH

The CDFG continues to cooperate with
several universities and agencies in support of
bighorn sheep research and management in
Cdlifornia. CDFG conducted several bighorn
sheep captures and survey efforts in 1994 and
1995. Intotal, 119 bighorn sheep werecaptured,
sampled, radio-collared, and released (50 in
1994, 69 in 1995) for intensive population
monitoring projects. These efforts occurred as
part of ongoing research on bighornpopulations
in Lee Vining Canyon (Mono County);
Avawatz, Old Dad/Kelso Peak, Mesquite, and
Clark Mountains (San Bernardino County);

Panamint Mountains(Inyo County); and Eagle,
Orocopia, San Jacinto, and San Bemardino
Mountains (Riversde County). Additionally,
population surveys and monitoring continuefor
all bighorn sheep populations in the Sierra
Nevada and Peninsular Ranges. Long-term
population monitoring efforts continued in
Avawatz, Bristol, Bullion, Clark/Kingston,
Granite, Marble, Old Dad/Kelso Peak, and Old
Woman Mountains (San Bernardino County);
Eagle, Orocopia, and SanBernardinoM ountains
(Riverside County); San Gabriel Mountains
(Los Angeles County); and East Chocolate
Mountains (Imperial County).

Waysto improveground and aerial survey
methods to incorporate prior year data (time
series approach) to estimate population param-
eterscontinueto beinvestigated.

HABITAT IMPROVEMENTS

The CDFG, in cooperationwith volunteers
from Desert Wildlife Unlimited and the SCBS,
constructed one artificial catchment to benefit
bighorn sheep in the East Chocolate M ountains
of Imperial County. In addition, 143
mai ntenanceinspectionswere made on bighorn
sheep guzzlers and springs. Members of the
Volunteer Desert Water and Wildlife Survey of
the SCBS contributed 4844 hours of labor and
109,500 vehicle miles to the CDFG while
accomplishingthesetasks. TheCDFG Region5
habitat development crew additionally contrib-
uted 3500 hours and 25,000 vehicle miles
toward bighorn sheep projects.  All develop-
ment and maintenance work occurred coopera-
tively with the Bureau of Land Management
(BLM) or National Park Service (NPS).

HARVEST

Since bighorn sheep hunting was autho-
rized by theCaliforniaLegidaturein 1987, nine
hunting seasons have been held (Table5). To
date, atotal of 83 adult ramsin four hunt zones
(Marble, Kelso Peak/Old Dad, Clark/Kingston,
and East Chocolate Mountains) have been
harvested for an overal success rate of 88
percent. Animals taken during annual hunts
have ranged from 4 to 213 years of age, and 18
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(22 percent) have qudified for the Boone and
Crockett records book based on their " green”
SCcores.

For the seventh consecutive year, CDFG
prepared an environmental document that
detail ed theanticipated environmental effects of
hunting bighornsheep. Thisdocument, through
the State Resources Secretary, is intended to
comply with the mandates of the California
Environmental Quality Act. In this document,
CDFG proposes to open two new areas to
hunting (Zones 5 and 6) in Riverside County
(Figurel), and toissueatotal of 14 tagsfor the
1996197 hunting season as follows: one at the
Marble Mountains (Zone 1), three at the Old
Dad/Kelso Mountains(Zone2), twoat theClark/
KingstonMountain Ranges (Zone3), threeinthe
East Chocolate Mountains (Zone 4), twoin the
Orocopia Mountains (Zone 5), one in the San
GorgonioWilderness(Zone6), onefund-raising
tag thatisvalidinany hunt zone(openzone), and
one fund-raising tag that is valid in either the
Marble or OrocopiaMountains.

Statelaw limitsthenumber of tagsissuedto
515 percent of the mature rams (22 years old)
estimated in each hunt zone during annual
CDFG surveys. For hunting purposes, lega
rams are those possessing = curl. The open-
zone, fund-raising tag sold for $102,000 at the
February 1996 conventionof theFoundationfor
North AmericanWild Sheep (FNAWS), and the
Marble/Orocopia fund-raising tag sold for
$92,500 at the March 1996 banquet of the
Orange County Chapter of Safari Club
International. All of the funds generated from
this hunting program are dedicated to bighorn
sheep research and management projects. This
program has generated $1,169,877 to date.

In 1994, the Cdifornia Desert Protection
Act (S. 21) designated many Federal landsinthe
California Desert as wilderness, established
Death Valley and Joshua Tree Nationa Parks,
and created the Mojave National Preserve. The
implementation of this legislation continuesto
be unclear with regard to provisionsfor access,
maintenance and implementation of habitat
improvement projects, and the continuance of

CDFG’s reintroduction program, as these
policies tend to vary regionally and between
agencies (e.g., NPS, BLM). The CDFG
continuesto participatein interagency planning
effortsto ensurethat accessfor conservationand
restoration activities are maintained as stipu-
lated in the California Desert Protection Act.

The CDFG Bighorn Sheep Management
Program s currently devel oping bighorn sheep
metapopulation plans that will inventory and
evaluate the population status of dl bighorn
sheep populations/subpopulations within the
gate. This planning effort will identify and
prioritize management activities to ensure the
long-termviability of thisspecies. Protectionof
important habitatsand i ntermountai nmovement
corridors, identification of future reintroduction
sites, and the maintenance, improvement, and
development of guzzlers will be addressed.
Given the tragedy of the bighorn die-off at Old
Dad Mountain, maintenance and improvement
of guzzlers are particularly important. This
planning will occur in cooperation with the
BLM, the Cadlifornia Division of Parks and
Recreation, the Department of Defense, and the
NPS.

The USFWS has remained undecided in
their proposal to list the Peninsular Ranges
population of desert bighorn sheep as endan-
gered (May 8, 1992 Federal Register, Vol 57,
90:19837-19843). However, CDFG continues
to participate in an interagency task force
(coordinated by the BLM) to develop a habitat
management and population recovery program
for bighorn sheep in the Peninsular Ranges.

Thisstatusreport isa contribution fromthe
CDFG Bighorn Sheep Management Program.
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Table 1. Bighorn sheep population estimates by metapopulation in 1995 (1993 estimates).

M etapopulation Low Median High Median (1993)
Peninsular Ranges 303 402 500 426
San Gabriel 101 126 150 500
[~ Western Transverse Range 1 13 24 I3
Sonoran 328 414 500 514
| SouthMojave 640 954 1268 1006
Central Mojave 303 439 574 514
North Central Mojave 178 264 350 340
- NorthMojave 586 - 854 1122 - 967
Southern SierraNevada 76 125 174 277
Centra SierraNevada 25 38 50 76
Tota 2541 3629 4712 4633

Table 2. Reclassification of populations of bighorn sheep in Californiabetween 1993 and 1995.

s
1+ METAPOPULATION POPULATION POPULATION POPULATION SIZECLASS |+
T STATUS 1l
1T 1993 1995 |

Peninsular Ranges Pinto/Inkopah (S. of 1-8) E <25 0
Jacumba/Inkopah N 25-50 51-100
N. Anza Borrego N 151-200 101-150
San Gabriel San Gabriel N >300 (400-600) 101-150
W. TransverseRange  San Rafael R 25-50 <25
Sonoran Chocol ate (Gunnery) N 151-200 101-150
Chocolate(ColoradoR.) N 151-200 101-150
South Mojave Marble N 101-150 51-100
S. Bristol C 0 <25
Centra Mojave Old Dad/Kelso/Marl N 201-300 101-150
Granite N <25 25-50
Castle/Hart/Piute N <25 25-50
North Centra Mojave Clark N 101-150 51-100
Kingston/Mesquite N 101-150 51-100
Avawatz A 25-50 51-100
North Mojave S. Panamint N 101-150 51-100
Deep Springs £ 0 <25
N. White N 201-300 151-200
Southern SierraNevadaMt. Langley R 51-100 25-50
Mt. Williamson N 25-50 <25
Mt. Baxter N 101-150 25-50
Central SerraNevada Lee Vining/Bloody Cyn. R 51-100 25-50

A = augmented C =recolonized E = extirpated N = native R =reintroduced
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Table3.  Bighorn sheep population size class profile and summary by metapopulation (1995).

M etapopulation 0 <25 2550 51-100 101-150 151-200 201-300 >300
Peninsular Ranges 4 0 2 1 2 0 0 0
San Gabrid 0 0 0 0 1 0 0 0
Wegern TransverseRange 1 1 0 0 0 0 0 0
Sonoran 2 0 1 0 3 0 0 0
South Mojave 7 7 3 3 3 0 0 0
Central Mojave 0 1 6 1 1 0 0 0
| North Central Mojave 1 0 _1 ; H ; 0 0 !
North Mojave 3 3 3 7 0 1 0 0
Very Southern Serra 2 0 0 0 0 0 0 0
Southern SerraNevada 6 1 3 0 0 0 0 0
Central SerraNevada 3 0 1 0 0 0 0 0
Northeagern California 7 0 0 0 0 0 0 0
I Total 36 13 20 17 10 10 0 o |
| Total (1993) 34 14 16 14 10 3 2 1

Table4.  Bighorn sheep population estimates by subspecies(1995).

Subspecies Low Median High Median (1993)
California 101 163 224 ~353
Nelson 2440 3465 4488 4280
Total 2541 3628 4712 4633




Table 5.

from 1987-1996 in California.
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Sunmar y of Nelson bighorn sheep tag allocations, harvest, applications, and revenue

1988

9

9

1989 9
1990 6
1991 8
2

1

1992 1
1993 1
1994 14
1995 16
1996 14
- Totads 108

- Year Allocated Harvested  Applicants

s

Desert Bighorn Sheep
Hunt Zones

Auction License& Total 1

Revenue Tag Fees |
1987 -5 4,066 $ 70,000.00 $21,930.00 $91,930.00
-7 3,385 $59,000.00 $18,525.00 $77,525.00

9 3,185 $40,000.00 $17,525.00  §$57,525.00 |
6 2,591 $ 37,000.00 $13,955.00 $ 50,955.00
T 2,834 $ 42,000.00 $ 15,570.00 $57,570.00
a2 3,798 $ 61,000.00 $ 22,464.50 $ 83,464.50
9 4,318 $100,000.00 $25,082.00  $125,082.00

10 4,692 $162,000.00  $28422.00  $190,422.00 |
14 4,217 $187,000.00 $26,312.00  $213,312.00
4,493 $193,500.00 $28,591.75 $222,091.75

83 37,579 $951,500.00 $21837725 $1,169,877.25

Clark/Kingston Mountains (Zone 3)
Kelso Peak/Old Dad (Zone 2)

Marble Mountains (Zone 1)

San Gorgonio Wilderness (Zone 6)

Orocopia Mountains (Zone 5)

East Chocolate Mountains (Zone 4)

Figurel.

Location of 1996 Nelson bighorn sheep hunt zones.
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STATUSOFBIGHORN SHEEPIN MEXICO -1995
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Desert Bighorn Council Transactions40:35-39

SONORA

Prior torecent survey efforts, it wasfelt that
thebighornsheep popul ationin Sonoraprobably
did not exceed 1000 animals, but it was al so not
known whether the popul ation wasconsiderably
below this number. Surveyswere designed to
evaluate the present distribution of bighorn
sheep and to provide population estimates for
Sonora

In 1992, using 20.7 hours of helicopter
time, 25 mountain ranges were surveyed for
desertbighornsheep. A total of 155groupswere
seen, resulting in 528 individual classifications.
In 1993, using 16.3 hoursof helicopter time, 17
mountain ranges were surveyed for desert
bighorn sheep. A total of 132 groups wereseen
in 11 of the areas flown, resulting in 442
individual classifications. Of the 17 ranges
flown in 1993, 14 were different from those
flown in 1992. A total of 365 of the 1993
observationswerefrom areasnot covered during
1992. Thisresulted in a 2-year total of 893
individual sheep observed, with desert bighorn
sheep seenin 32 of the 39 rangessurveyed.

Surveys that depend upon direct observa-
tionstend to underestimate the total number of
animalsinan area. Survey studiesindicate that
only 30 to 60 percent of the population is seen
duringahelicopter bighornsheepsurvey. Using
these observation rates results in a population
estimateof between 1488 and 2977 animalsfor
that portion of Sonora that was surveyed. It
should be noted that not all of the area of each
mountain range and not all of the sheep habitat
wasflown.

Duetodifferencesinterrain, itisdifficultto
determine the number of animals per area
Therefore, animals per unit effort represents a
more comparable method of evaluating sheep
densities. Observationratesvaried considerably

between the northern and southern mountain
ranges. |n the mountains north of Caborca, the
mean observation rate was 11.3 animals per
hour. In the mountains south of Caborca, the
mean observation rate was 39.9 animals per
hour. By comparison, in Arizonain 1993 and
1994, averageobservationrateswere8.6 and 9.4
sheep per hour, respectively. Thisindicatesthe
similarity between sheep popul ationdensitiesin
Arizona and northern Sonora and shows the
divergencethat occursin those ranges south of
Caborca.

In 1995, 30 bighorn sheep were radio
collaredinthreeareasin Sonora Theseanimals
are.being monitored to determine mortality
rates, movement patterns, and habitat selection.
Blood samples were also taken to determine
previous exposures to common domestic
livestock diseases. Resultsof thiswork will be
reported at future Desert Bighorn Council
Mesetings.

In 1996, using 10.6 hours of helicopter
time, 11 mountain ranges were surveyed for
desert bighornsheep. A total of 523 sheepwere
classified. Observation rates in both Sierra
Viejo and SierraKun-Kaak exceeded 90 bighorn
sheep per hour. Whilethese11 rangeshad been
flown in the past, observation rates were
higher in the majority of ranges flown in
1996, indicating that the bighorn popul ation
in Sonorais at |east stableif notincreasing.
The 37:100 lamb:ewe ratio and the 20:100
yearling:ewe ratio indicates a very produc-
tive population.

Using the information provided in these
surveys, private landowners persuaded the
Mexican Government to issue bighorn sheep
hunting permitsin Sonora. Seven permitswere
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issued. These permits brought bids of $45,000.
Six sheepwereharvested. Onescoredinthelow
180s, withfour scoringbelow 160. Atthistime,
there is no conservation program for the
management of bighorn sheep in Sonora
Permitsofferedfor the 1996197 season will have
aminimum bid of $70,000.

BAJA CALIFORNIA

In December 1990, the President of Mexico
issued a decree halting the hunting of bighorn
sheepinthestateof BajaCalifornia. Priortothe
closure of bighorn sheep hunting, the state of
Baja Californiaprovided considerable bighorn
sheep hunting opportunities. During the 10
hunting seasonsbetween 1980-81 and 1989-90,
625 permitswereissued (with approximately 60
percent of the permits going to Mexican
national sand 40 percent going to nonresidents).
Nonresidentspaid $12,000for a permit. During
this period, hunter success was approximately
75 percent. The mean scorefor rams harvested
was 166 points.

During the 1989-90 season, four zones
were open to hunting in the state. These zones
were divided into six areasduring thefirst hunt
period and five areas during the second hunt
periodwithatotal of 33 permits. Huntershad 10
days to hunt within the period fi-om January 4
through March 12. Hunters harvested 24
animals that ranged from 129 2/8 to 175 3/8
points, with an average scoreof 161 7/8 points.
Seven of the sheep scored above 170 points.

Historically, Baja California has provided
some exceptiona trophy animals. The fifth
edition of the Safari Club International trophy
book lists17 entriesbetween180and 189 points,
and three othersbetween 190 and 195 points.

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
Cdlifornia. In their efforts, they enlisted theaid
of the Foundation for North American Wild
Sheep (FNAWS). Through funding from
FNAWS, a helicopter survey of bighorn sheep
rangesin Baja Californiawas conducted during
September 1995.

PreviousSurvey Efforts

A helicopter survey of BgjaCaliforniawas
conducted in April 1992 by biologistsfrom the
BighornResearchinstitute. Duringthissurvey,
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. During
this survey, 97 rams, 303 ewes, 135 lambs, and
68 yearlings were observed for a total of 603
observations. This resulted in ratios of 32
rams. 100 ewes:45 lambs:22 yearlings. Average
group size was 5.2 animals per group, with a
rangefrom 1to 26 animals.

A populationof 780to 1170 adult bighorn
sheep was estimated for the areas surveyed.
Conclusionsof thissurvey werethat:

* Itwaspossiblethat previouspopulation
estimatesfor BajaCaliforniawere too
high, and/or that the survey underesti-
mated the current popul ation.

e The maor differences between spring
and fall surveys were that 45 percent
fewer lambs were seen during fall
surveys.

e |t was necessary for a stable population
to be shown to cause the withdrawd of
theproposal tolist the Peninsula.Range
popul ations as endangered.

e Observation rates of 40 to 60 percent
were appropriatefor this survey.

* Therewasconsderablecompetitionand
cattle, goats, and burros, all of which
were observed in bighorn sheep habitat
during the survey.

M ethods

From September 19-26, 1995, surveys
were conducted in the mountainous areas of
Baja California. A Hughes 500D helicopter
equipped with a Global Positioning System
and with the doors removed to increase
visibility was used for the survey. The
helicopter wasflown with three observersand
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the pilot. The surveys wereflown at 60 mph
contouring the area to be surveyed. When
animals were seen, the helicopter would be
maneuvered close to the group to facilitate
classifications. Most ranges were flown
concentrating on the more rugged areas.

Results

Nearly dl mountainous areas in Baja
Cdlifornia were sampled to some degree;
obvioudly with the number of hours expended
someareasweremerely cursorilyflown, morefor
presence of sheep rather than enumeration and
dass cdion (Table 1). The main areas flown
included San Pedro Martir, SierraSanta |sabel,
SierraSan Felipe, SierraJuarez, and SierralL as
Tingas. There isan estimated 10,875 km?* of
potential bighorn sheep habitat in Baa
Cdlifornia. This survey covered approximately
3,000 km?.

During 32.1 hours of survey effort, 97
groups of sheep wereseen. Survey totals were
76 rams, 134 ewes, 57 lambs, and 12 yearlings
for a total of 279 individual sheep (Table 1).
Thisrepresentsan observationrate of 8.7 sheep
seenper hour of surveytime. Theaveragegroup
size was 2.9 animals per group, with a range of
from oneto eight animals.

Discussion

Of particularimportanceisthecomparison
between the 1992 and the 1995 surveys.
OveHll, there were no statistical differences
between animals seen per flight hour on a
mountain range by mountain range basis
(Table 2). Therefore, there is nothing to
indicate that the bighorn sheep population in
Baja California has decreased since the 1992
survey.

The 1992 survey was carried out in April,
while the 1995 survey was done in September.
Themajority of lambmortality occursduringthe
summer months. Despite this, the lamb:ewe
ratio during 1992 differs only marginally from
the 1995 lamb:ewe ratio (45 lambs:43 ewes),
indicatingthat theactua reproductiverateof the
population was considerably higher in 1995.

Moreover, during the spring, as evidenced
by the larger average group size (5.2 in 1992

versus 3.0 in 1995), the sheep occur in larger
groups, makingthem morevisible. Atthesame
time, the spring observations would include a
large number of lambs later to be lost due to
different causes (predation, diseases, etc.). The
dightly higher averagenumber of sheep/hourin
1995 than in 1992 (10.7 vs. 8.9, respectively)
might indeed represent actua increases in
population size and reproductiverate.

The 1995 survey exhibits a much larger
percentage of ramsin the population, afact that
might indicate a lower illega harvest than
generally thought (Table 3). Indeed, Class III
and IV rams increased from 61 percent of al
ramsin 1992 to 79 percent in 1995.

Significant differences between the 1992
and the 1995 surveyswere seen in the ram:ewe
ratio and in the lamb:ewe ratio. In the 1992
survey, the ram:ewe ratio was 32:100, whilein
1995 it was 57:100. The latter value is more
typical of a desert bighorn sheep population.
Arizona, for example, hasaratioof 58 rams: 100
ewesastheaveragefor thelast 3 years.

Thedifferencein theseasonof the surveys
may have produced the differencein theseram
ratios, however, it is also very marked in the
lamb ratios. During the 1992 survey, which
occurred in April, the lambewe ratio was
45:100. During the 1995 survey, which
occurred in September when much of the lamb
mortality should haveaready occurred, theratio
was43:100. The lambing success, therefore, is
higher in 1995 and reflects a productive
population.

Conclusions/Recommendations

Like many wildlife management agencies,
the Arizona Game and Fish Department uses a
simple worksheet to assist in making permit
recommendationsfor thebighorn sheep hunting
season. Thishighornsheep huntingprogramhas
been in effect for more than 40 yearsand there
are now more bighorn sheep in Arizona than
therewere prior to thelegalizationof hunting.

Using thefield data, worksheetsfor various
scenarioswere prepared. Usingtheinformation
from both the 1992 and the 1995 surveys
combinedwith noextrapol ationinto unsurveyed
areaswouldresultinarecommendationfor upto
12 permits. Usingonly theinformationfromthe
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1995 survey with no extrapolation into
unsurveyed areas would result in a
recommendation for up to 11 permits. Using
only theinformation from the 1995 survey with
no extrapolationof any kind, and usingonly the
animals actually classified during this survey,
would resultin arecommendationfor up to
9 permits.

Table1.  Bighorn sheep classified during the September 1995 survey in the state of Baja California.
Area Time Rams Ewes Lambs Year Tota Groups
Tusrez 602 2.8 0 1 1 0 2 1
San PedroMartir 630 - 5 3 —4 66— 4 0 4 8
L as Pintas 206 20 10 16 1 0 27 9
LasTingas 252 21 6 10—3F5 2 23 8
San Felipe 740 52 12 19 8 I 40 15
Santa Rosa 78 15 -8 23 12 2 45 18
Santa | sabel 495 33 28 53 23 7 111 31
Cucapi 92 5 0 0 0 0 0 0
B PP ——————
SUBTOTAL 245 68 128 54 12 262 90
e ————————————————
Other’ 7.6 7 6 3  § 17 7

These permit recommendations are
much moreconservativethanthepast permit
levels in Bgja Cdlifornia, which averaged
62.5 permits/year 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.

TOTAL 32.1

76

=
w
i
a1
by
=
N
g

279

1Observationsin areas surveyed in 1995, but not in 1992.
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Table2.  Comparison of numbersaf bighorn sheep seen per hour of flight in the several mountain
ranges, which were flown both in 1992 and 1995 in the state of Baja California.

SIERRA 1992 1995

| Juarez 0.2 07 -

San Pedr o Martir 6.1 2.7

: L asPintas 86 135

LasTinajas 12.2 11.0

4 San Felipe 9.6 —+7

Santa Rosa 86.0 74.7

] Santa | sabel 131 . o2

Cucapi 1.0 0.0
e —————————

AVERAGE 89 107

Table3.  Percentagedf the different sex/age groupsin the 1992 and 1995 bighorn sheep surveys
fromthe state of Baja California.

1992 1995
Rams 16.1 27.2
Ewes 50.2 48.0
Lambs 22.4 20.4
Yearlings 11.3 4.3
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STATUSOFDESERT BIGHORN SHEEPI N NEVADA - 1995
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Desert B ghor n Council Transactions40:40-42

POPULATIONS

Three subspecies of bighorn sheep (Ovis
canadensis) inhabitNevada. Californiabighorn
(0. c califomiana) have been released at 18
sites in northcentral and northwestern Nevada
In the northeast portion o the state, Rocky
Mountain bighorn (O. ¢ canadensis) occupy
five mountain ranges. Desert bighorn (O. c.
nelsoni) have the broadest distribution and
occupy most of Nevada's central and southern
mountain ranges. Inclusivedf each subspecies,
there are approximately 6500 bighorn sheep in
Nevada.

Duringfall 1995, aerial surveysconducted
on 33 mountain ranges enabled observations of
2605 desert bighorn sheep. Uponclassification,
the statewide bighorn sample was comprised of
1285 ewes, 749 rams, and 571 lambs (58
rams:100 ewes:44 lambs). Based primarily on
datacollected duringaerial surveys, therearean
estimated 5500 desert bighorn sheepin Nevada
The 1995 population estimate reflected a 7
percentincreaserel ativeto the10-year statewide
average, and represents a 12 percent increase
above the 5-year statewideaverage.

Due to Nevadas varied tempora and
spatial  distribution of precipitation, some
bighorn populations experienced recent
successive years of drought, while others
experiencedmorefavorablemoistureconditions.
Regionally, measurabl epreci pitationwas below
averagefrom March 1995 through March 1996.
Overall, water developments have served to
lessen the severity of reduced water availability
endured by some populationsaf bighornduring
drought years. Water catchment construction
remainsanintegral programel ementin effortsto
reestablish mountain sheepin historic ranges.

40

In the summer of 1995, a limited desert
bighorn capture operation was conducted in the
River Mountains, Clark County. Theobjectives
were to refamiliarize personnd with trapping
equipmentand toincreasethenumber of marked
individualsin the population. Prior to trapping
and while personnel were absent, one yearling
ram died after becoming entangled in the drop
net. Subsequently, five animals were captured,
marked, and released.

In October 1995, Nevada Division of
Wildlife (NDOW) personnel conducted a
capture operation in the Newberry Mountains
following an apparent population decline. Of
five desert bighorns that were marked and
released, four werefitted with telemetry collars
(Telonics Inc., Mesa, Arizona) to facilitate
monitoring efforts and increase understanding
of current sheep distribution and recruitment.
Analysesof serum samplescollectedfromthree
ewes demonstratedthat each were pregnant and
bacteriology results reveded isolates of
Pasteurella haemolyticabiotypesT and A.

Later in themonth, 90 desert bighornsheep
were captured by private contractor in the
Muddy Mountains, Clark County, and theRiver
Mountains, Clark County. All bighorn captures
were accomplished using an aerial net-gun
technique. The ensuing trandocation phase
involved five augmentations in Nevada. The
trapping operations were initiated in the south
River Mountains with the capture and removal
of 31 desert sheep. Included therein wererams
that frequented Hemenway Valley Park, of
whichfivewerereleased intheBareMountains,
Nye County, and five were released in the
Specter Range, Nye County. Theremaining 21
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animalswerecapturedfromthenorthernportion
of the range and released in Pine Grove Hills,
Lyon County.

The capture operation in the River
Mountains was temporarily halted following a
complaint to the governor's office by a golf
course and community developer. The protest
centered upon the removal of sheep that were
routinely observed on the periphery of the
developingL akeL asVegasCommunity and the
loss of an extraordinary and unprecedented
marketing advantage. Apart from capture.
efforts, a ram reported as frequenting and later
dying in the Lake Las Vegas development was
determined to be 18 yearsold; as evidenced by
his ear tag, the oldest known bighornin Nevada
was captured in 1983 as a6 year old.

IntheMuddy M ountains, 59 desert bighorn
werecaptured of whichacomplementwasgiven
to the state of Colorado (n=22). Oneewe adult
died from injuries sustained during capture and
theremaining 36 sheep werereleasedin the Hot
Creek Range, Nye County (n=21), and the East
Range, Pershing County (n=15).

Since1968,1090 desert bighornsheephave
been transplanted to 28 mountain ranges in
Nevada. |n addition, 232 desert bighorns have
been furnished to Colorado (n=115), Texas
(n=87), and Utah (»=30) to assist efforts to
reestablish populationsin other states. Future
plans have been approved to trand ocate desert
bighorn sheep into additional mountain ranges
within Nevada. Bighorn capture and transplant
operations are scheduled to occur during
summer and fall 1996.

HABITAT IMPROVEMENTS

In 1995, one water catchment was
constructed in each of the following mountain
ranges. Desert Range, Clark and Lincoln
Counties, Pahranagat Range, Lincoln County;
Fairview Peak, Churchill County; and Slate
Mountain, Churchill County. Water storage
capacity wasadded tofour existingprojects: two
in the Specter Range; one in the Last Chance
Range, NyeCounty; and onein theMonte Cristo
Range, EsmeraldaCounty. Thestoragecapacity
upgrades to each of the first three projects
entailedadditionsof athird2300-gallontank. In

the Monte Cristo Range, the existing water
development was fitted with two new storage
tanks and a dam. Collectively, water project
construction and unit upgrades equated to
31,700 galons of additional water storage
capacity.

There are now 110 water developmentsin
Nevada for desert bighorn sheep with a
combined storage capacity of 520,400 galons.
These projects are funded all or in part by
NevadaBighorns Unlimited (Reno, Fallon, and
Elko chapters), the Fraternity of the Desert
Bighorn (LasVegas), the Foundationfor North
American Wild Sheep, and Safari Club
International (Desert Chapter).  Catchment
construction and maintenance is accomplished
largely by volunteersfrom these organizations.
Projects were constructed by theU.S. Fish and
Wildlife Service, the Nevada Divison of
Wildlife, and by, or in cooperation with, the
Bureau of Land Management.

HARVEST

The desire to hunt desert bighorn ramsin
Nevada remains great. There were 3062
applicantsfor 111 resident tags (28:1 odds) and
1423 applicantsfor 13 nonresidentstags (109:1
odds). Two specia auction tags were aso
allotted. In1995, 91 ramswereharvested, which
equatedto a hunter successrate of 74 percent (3
tag holders did not hunt). Hunter success
approximated the 5-year average and was
similar to the success encountered last season.
The average age of rams harvested was 6.4
years, dightly abovetheaverageageencountered
last year. Five rams exceeded the Boone and
Crockett minimum score of 168 points. A ram
harvested in the Black Mountains attained the
highest Boone and Crockett score, 171 4/8.

Thirty-eight (31 percent) tags of the
available 124 resident and nonresident tags
corresponded to hunt units with bighorn
popul ations established through trand ocations.
Twenty-nine units were hunted in 1995,
including the Egan Range (Unit 221), a newly
authorizedbighornhunt unit witharesident herd
established through releases of 19 bighorn in
1986 and 20in 1993. The estimated population
in thisrangeis 62. The Newberry Mountains
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(Unit 264) were not authorized in the 1995 hunt
season.  Aerid survey data indicate the
Newberry Mountains population has declined
and monitoring data suggest bighorn sheep
distributionnarrowedfromessentiallytheentire
mountain complex to an area bounded roughly
by White Rock Wash, Lake Mohave, SR. 163,
and ChristmasTree Pass Road.

In Nevada, harvest permits for desert
bighorn sheep have been issued to sportsmen
sincetheearly 1950s. For most of thehunt areas
since then, the permits have included a
regulation that specified trophy ram. Over the
years, atrophy or legal ramhad several arbitrary
definitions that stipulated minimum age and
score. Upon amandatory check-out procedure,
rams that failed to meet the criteria were
confiscatedindefinitely by thestate. Thecurrent
trophy requirement, which applied to 19 of the
29 hunt unitsin 1995, authorized tag holdersto
harvest ramsthat had attained either theageof 7
or 144 Boone and Crockett points (Nevada
Score). Whether a trophy ram requirement has
merit has been an issue since its inception.
Within the last year, sentiments among
sportsmen and county game board members
have evidently swayed toward eliminating a
legal ram requirement. Thus, it islikely there
will be no trophy regulation in the 1996 desert
bighorn season.

A Partnership in Wildlife (PIW) program
has been developed as a means to increase
revenuesfor game management and to enhance
recreation opportunitiesfor Nevadasportsmen.
Under thePIW draw, oneto threedesert bighorn
harvest permits will be allotted each year.
Hunters unsuccessful in the primary draw may
elect to enter the PIW draw by donating 50
percent of their tag refund to game management
in Nevada. Funds generated through PTW will
be placed in aWildlife Heritage Trust Account.
Dispensation of funds from this account for
projects benefitting game species will involve
only earned interest. NDOW anticipates the
PIW program will be well received by Nevada
sportsmen, and that the Wildlife Heritage Trust
Account will become a reliable, long-term
source of revenuefor game management.

In May 1996, the Nevada State Board of
Wildlife Commissioners will authorize desert

bighorn harvest quotas, aswell asPIW tags, and
will decide whether to reinstate the trophy ram
requirement in the 1996 season. Hunt areasand
guotasareexpectedtoremainlargely unchanged
relativetolast year. 1n1996, thefirst of twobid
tags was auctioned at the Nevada Bighorns
Unlimited(Reno Chapter) banquet and generated
$55,000; the second harvest permit will be
hosted by Wildlife Habitat Improvement of
Nevada (Las Vegas) and will be auctioned
June 1, 1996.

On July 5, 1995, the Bureau of Land
Managementimplementedasigaificantrevision
of the Interim Management Policy for Lands
Under Wilderness Review (1987)(IMP). This
document setsforth management policy for the
5,169,587 acres(8077 sg. mi.) under wilderness
study area (WSA) status in Nevada. Earlier
modifications of the original document were
largely inconsequential with regard to wildlife
management actions. However, the latest
alterations of this guiding policy effectively
disalow installation of water developmentsin
WSAs.  Additional implications relate to
wildlife management activitiesthat are within
thepurview of thestate(e.g., aerial surveysand
wildlifereleases).

Most WSAsin Nevadaconsist of current
and historic bighorn sheep habitat. The
qualities of remoteness, rugged terrain, and
limited access, which qualified those areasfor
wilderness consideration, constitute key
habitat for bighorn sheep. However, bighorn
use of that habitat has been greatly impacted
due to human encroachment. Without the
construction of wildlife water developments,
the Division is unable to reestablish natura
distributions of bighorn sheep and other
species both within and adjacent to WSAs.

The new policy has yet to be contested.
However, evaluation of the new policy by
NDOW personnel has uncovered an apparent
conflict of Federal lawsthat may invalidatethe
revised policy.
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STATUS OF BIGHORN SHEEP IN TEXAS- 1995

DOUG HUMPHREYS, Texas Parks and Wildlife Department, 1600 W. HWY 90,

Alpine, TX 79830

BILL TARRANT, Texas Parksand Wildlife Department, 1600 W. HWY 90,

Alpine, TX 79830
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POPULATIONS

The Trans-Pecos region of Texas contains
seven free-ranging bighorn sheep populations.
The populations occur in the Sierra Diablo/
Baylor/Beach M ountai ns(metapopul ation),Van
Horn Mountains, Sierra Vieja Mountains, and
the Texas Parks and Wildlife Department's
Elephant Mountain and Black Gap Wildlife
Management Areas (WMAs). Thirty-seven
hours of helicopter flight time was used to
conduct surveys during early September on all
areas. A total of 231 bighorn sheep were
observed during the surveys. The following
summary IS provided:

Area Observed Ratio per 100 Ewes Trend
(Rams/Lambs)

O —————————————————— |
1T Metapopulation 160 83131 Stable
1T SeraDiablo Mtn. 58 117135

| Baylor Mtn. 32 108158

Beach Mtn. 70 55120

-+ VanHorn Mtn. 5 501100 Stable !
-+ Elephant Mtn. WMA 54 100125 Stable -
1 Black Gap WMA (Radio- 12 010 Decreasing 3
1 Collared Animals Monitored) g

The Black Gap WMA bighorn sheep
population, consisting of 16 ewes and 4 rams,
wastransplantedfrom Nevadain October 1994.
Four mortalitiesoccurred from 1995 to 1996--a
ramto unknown causes, and aram and twoewes
toamountainlion. Twelvemountainlionshave
been removed since December 1994. Three
rams from Elephant Mountain WMA were
transplanted to augment the Black Gap WMA
popul ationto ensurebreeding wasaccomplished.

43

A surviving ram from the initial transplant
moved into Mexico soon after release and
returned to Black Gap WMA in | ate November
1995.

There are two captive bighorn popul ations
inTexas. They arelocated on the SierraDiablo
WMA and Chilicote Ranch in the Sierra Vieja
Mountains. The Sierra Diablo WMA facility
contains 35 adult ewes, 9 yearlingewes, 9lambs
(1996), 2 adultrams, and 12 yearlingrams. The
population on the Chilicote Ranch contains 16
adult ewes, 9 adult rams, and nolambsr eported
for 1996. A mountain lion entered thepens

at theChilicoteRanch and killed al 1995 lambs
and a yearling ram beforeit was removed.

RESEARCH

Texas A&M University-Kingsville and the
Texas Parks and Wildlife Department have
completed the second year of a3-year projectto
determine food habits of free-ranging bighorn
sheep in the Sierra Diablo/Baylor/Beach
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Mountains. The information from this project
will be included in a Geographic Information
System (GIS) analysis.

HABITAT IMPROVEMENTS

The Texas Parks and Wildlife Department
andtheTexasBighorn Society cooperatedin the
construction of two slickrock water catchments
and construction of a cabin on the Black Gap
WMA in March 1996.

HARVEST

A permit was issued for hunting a desert
bighorn in the Beach Mountains. One ram was

harvested with a Boone and Crockett "*green’
score of 161 in thefall of 1995. Two permits
have been authorized for 1996; one of the
permits was auctioned at the 1996 Foundation
for North American Wild Sheep (FNAWYS)
convention and the second will be sold in a
lottery.

PROBLEMS/OPPORTUNITIES

Plansfor augmenting the Black Gap WMA
population with bighorns from Nevada and
Elephant Mountain WMA have been initiated.

Efforts continue toward treating bighorn
disease complexes within the Sierra Diablo
WMA pens.

44
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STATUSOF DESERT BIGHORN SHEEPI N UTAH- 1995

JAMESF. KARPOWITZ, Utah Divison of WildlifeResources, 455 West Railroad Ave,, Price, Utah

84501.

NORMAN R. MCKEE, Utah Division of WildlifeResources, P.O. Box 606, Cedar City, Utah 84721.
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POPULATIONS

Desert bighorn sheep are native to the
canyon country of southern and southeastern
Utah. An aggressive transplant program over
the past 20 years hasrestored desert bighornsto
much of their native habitat in Utah. A
helicopter survey in thefall of 1995 produced
978 observationsof desertbighorns. Thecurrent
estimated desert bighorn population in Utah is
just over 2300 sheep and increasing. The fall
helicopter survey and the estimated population
by management unitislistedin Table 1.

Sincel973, atotal of 471 desert sheep have
beentrand ocatedinto areasof historichabitatin
Utah. In December 1995 and January 1996, 83
desert bighorns were released to begin new
herdsor tosupplement small exi stingpopul ations.

Twenty desert bighorns were captured on
the Idand-in-the-Sky District of Canyonlands
National Park and relocated to Capitol Reef
National Park. Thesebighornswerecapturedby
Utah Division of Wildlife Resourcespersonnel
as part of a National Park Service cooperative
bighorninitiative. Thistransplant wasdesigned
to helpfill vacant habitat in the northern part of
the park.

The Utah Division of Wildlife Resources
alsocapturedbighornsintwoof thehunted herds
and rel ocated them in threeareas to supplement
small populations. Twenty-one bighorns were
captured onthe San Rafael Reef and rel ocatedto
the North Wash area near the Little Rockies.
Twenty sheep were captured in the Escalante
unit. Eighteen of these sheep were relocated to
the Bowns Canyon area near Lake Powell and
two rams were released near the Paria Canyon
sheep.

In a cooperative project with the Arizona
Game and Fish Department, 22 desert bighorns
were captured at Black Canyon in Arizonaand
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released in the Coyote Canyon area east of
Kanab, Utah. This project was funded by the
ArizonaBighorn Society.

Most of thetransplantprojectsin Utah have
proven successful and have resulted in the
establishmentof new herds. TheSanRafael and
Escalante herds, which began from transplants
in the mid-1970s and early 1980s, are now
providing sources of transplant stock. It is
anticipated that Utah's bighorn population will
continue to expand and grow as a result of
transplantefforts.

RESEARCH

Several research projectswerecontinued or
completedin 1995. Most of these projectswere
cooperative efforts with various management
agencies.

A sightabiity model wasfurther tested and
refined in the Idand-in-the-Sky and Potash
herds and is now providing information on
survey accuracy and popul ationestimation. The
development of this model has been a
cooperative project with the National Park
Service, the Bureau of Land Management
(BLM), and the Utah Divison of Wildlife
Resources.

Disease and genetic work continued on
sheep in Canyonlands and Arches National
Parks with the capture and sampling of 30
bighornsin January. Blood and tissue samples
werecollected and are currently being analyzed.
Scabies specimens were also collected from
someanimalsand areinvolvedin a DNA study
by Dr. Rob Ramey.

Radiotelemetry studies are underway in
several areas including Arches and Zion
National Parks. Recently relocated bighornsare
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also being studied in several areas including
Capitol Reef National Park, NorthWash, Coyote
Canyon, Roger's Canyon, the Dirty Devil, and
Paria Canyon. These telemetry studies of
relocated bighorns are focusing on habitat
selection and the movements and survival o
transplanted animals.

HABITAT IMPROVEMENTS

The Utah Chapter of the Foundation of
North American Wild Sheep (FNAWS) and the
Utah Divison of Wildlife Resources were
successful in resolving a domestic sheep
problem I n the South San Rafael unit in the past
year. Thefoundation secured agreementsfrom
two permitteesto convertfrom sheepto cattleon
twokey allotmentsin theunit. Thisareaisnow
free of domestic sheep and the risk of disease
transmission has been eliminated.

The Utah Chapter of FNAWS was aso
successful in obtaining funding from the
Minnesota-Wisconsin chapter to purchase a
domestic sheep grazing permit on the Little
Rockies. The BLM agreed to reallocate these
AUMs to wildlife. This purchase cleared the
way for the release of bighornsin the nearby
North Wash areain January 1996.

TheBLM, withtheassistanceof volunteers,
installed a new guzzler in the South San Juan
Unit and improved an existing guzzler. New
catchmentsare planned for Lockhart Basin and
improvements are planned for the guzzlers on
the Potash Unit.

HARVEST

Thirty-three hunters harvested a record 33
desert bighorns in 1995. The previous high
harvest for any year wasin 1994 when 18 rams
were harvested. The increased number of
permits and increased harvest is a reflection of
the expanded bighorn populationin Utah. Most
of the rams taken were older age class rams
which scored as high as 165 points. A record
book ram has not been taken in Utah athough
several rams have been very close.

A total of 31 permitshave been approved
for 1996. A dlight reduction was made in the
North San Rafael permits because of the heavy
harvest in 1995. Hunting opportunities are

expectedtoincreasein futureyearsasthedesert
bighorn populations continue to improve.
Hunter interest for bighorns remains high in
Utah and isincreasing.

PROBLEMS/OPPORTUNITIES

The growth of the bighorn population in
Utah in recent years has allowed managers to
become cautiously optimisticabout the future.
Transplant efforts have proven successful in
several areasand habitat projectsareimproving
conditions which will alow for future
expansion of herds.

Diseaseissues continueto remain a major
concern. The loss of the North San Juan/
Needlesherd demonstratedhow fast popul ations
can be depleted. Domestic sheep continue to
utilize areas in close proximity to several
bighorn populations. Thecontinuedtrailing of
domestic sheep through the North San Rafael
and the potential for reactivationof adomestic
sheep permit near Lockhart Basin are specific
concerns. The presence dof scabiesin severa
herdsis also a concern, even though no large
die-offshave been attributed to scabiesin Utah
in recent years.

Thependingdesignation of 2millionacres
of wildernessin Utahwould protect habitatsfor
bighorn sheep, but could create problemsfor
bighorn sheep managers. Many of the areas
proposed for wilderness designation are
occupied by desert bighorns. It isimportantto
the future of bighorn sheep that existing
management programs such as helicopter
capture projects and water development be
allowed to continue.

Wild burros on the San Rafael units are
increasing and are threatening desert bighorn
habitat. In the South San Rafael unit, burros
have increased and expanded use areas into
bighorn habitats. Steps need to be taken to
reduce and control burro populations.

Dramatically increased recreation use,
particularly in the Moab area, may be
impacting and stressing bighorn populations.
Thousands of mountain bikers, off-road
vehicle users, and tourists are flocking to the
Moabareaand recreatingin bighornareas. The
cumulativeimpactsof increased recreationuse
are unknown but are causefor concern.
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There remain vast areas of vacant desert
bighorn habitat in Utah. Opportunities for
restoration of bighorn populationsexistin many
areas. Limited sourcesof acceptabletransplant
stock is the man obstacle to continuing

Wildlife Resources plans to continueto pursue
trangplant projects utilizing both in-state and
out-of-state sources. The Divison remains
committed to restoring desert bighorn sheep to
their native habitatsin Utah.

restoration efforts.

The Utah Divison of

Tablel  Helicopter surveysand population estimates of Utah desert bighorn sheep (1995).

1-Area Rams Ewes Lambs Tota Lambs Rams Est. Trend |

1t loo 100 Pop. -

1 Ewes Ewes -
North San Rafael 70 8 37 190 45 84 300 Stable
South San Rafael 81 100 50 *243 50 81 350 Up
Potash 41 47 26 114 55 87 200 Up
South San Juan NoSurvey 150 Stable
North San Juan No Survey 10 Down
Professor Valley No Survey 30 Up
Lockhart NoSurvey 30 Stable
LittleRockies/North Wash No Survey 75 Up
Dirty Devil No Survey 50 Up
Westwater No Survey 25 Stable
Escaante 44 63 35 142 56 70 300 Up
Kaiparowits 15 19 6 40 32 79 150 Up
Rogers Canyon No Survey 10 New
Paria No Survey 10 New
CoyoteCanyon No Survey 22 New
Arches National Park No Survey 125 Up
Canyonlands National Park 55 115 43 213 37 48 300 Stable
Capitol Reef National Park 3 8 1 12 13 38 50 Up
Zion National Park No Survey 70 Stable
Navgo Tribe 5 14 6 25 43 36 70 Up

| TOTAL 314 449 204 *979 45 70 2327 Up |

*Includes 12 unclassified
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1995 REPORT TO THE DESERT BIGHORN COUNCIL ON THE WILD BURRO

MANAGEMENT PROGRAM

ROSSHALEY, National Park Service, Lake Mead National Recreation Area, Boulder City, NV 89005
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wild burro populations in four western states,
where they may compete with populations of
desert bighorn sheep, continue to fall short of
stated management goals (Table 1).

Asin the past, population estimatesin all
four states (Table 2) exceed published
Appropriate Management Levels (AMLYS)
(Tabled). Program goalsfor thecoming season,
as well as funding levels, are inadequate to
reverse this trend. The estimates show that
growth has been somewhat controlled since
1992 with the population only growing by
approximately 252 (3.25 percent) during that
time period. However, as evident inTable 3,
stopping or sowing population growth is not
adequate to achieve management goals. The
number of animalsin excess of the AML has
risen from 4149 in 1992 to 4414 in 1995 (6.4
percent) despite the fact that 5178 burros have
been removed during that time period.

Although past capture efforts havefailed
to keep up with theannual recruitment, with an
averageof 1295 animalsbeing capturedin each
of the past 4 years (Table 4), BLM capture
goasfor FY 96 amountto just 575 burros (AZ-
375, CA-200, NV-0, UT-0), whichis720 short
of the 4-year average. The National Park
Service at Lake Mead National Recreation
Areaplanstofund capturesof an additional 750
burros in Nevada and approximately 300 in
Arizona. If both agencies meet their capture
goals, the potential exists to remove 1625
burrosthisyear. Thisisapproximately300|ess
than last year's effort, but isstill morethan 300
above the 4-year average. This will be
accomplishedin spitedf thefactthat BLM’s Wild
Horse and Burro Program budget was cut by
over $2 millionthisyear (FY 95=$16,920,000 vs.
FY 96=$14,800,000), areductionof gpproximately
12.5 percent.

Onamore positivenote,in1995thisauthor
predicted in a report to the Desert Bighorn
Council that 1749 burros would need to be
removed in order to keep the population from
increasing. Thispredictionwasbased upona20
percent recruitment rate, which seems to be
relatively conservativeintheareasaround L akes
Mead and Mojave. However, based on the
popul ation estimates from 1994, the number of
animals removed, and the subsequent 1995
estimates, it appears that the four-state crude
average recruitment rate was closer to 13.5
percent last year. Using this more conservative
estimate, calculations show that population
growthmay benu  edat thistimeby removing
1185 burrosin the coming year.

The data further suggests that population
growth rates in 1995 varied from alow of 6.8
percentin Californiato ahigh of 24.9 percentin
Nevada. Arizona was intermediate with 11.8
percent. These numbers are crude estimates
based on survey and census data gathered
throughout a four-state area by a variety of
methods, some more accuratethan others. For
example, in most of the areaaround L ake Mead
National Recreation Area, the mak and
recapture census data provides estimates with
confidencelimitsfrom aslow as7 percentto as
high as 30 percent in some lower density aress.
Most areasin the four-state region covered by
thisreport havelessaccuratedatafrom whichto
derivetheir estimates.

The data presented in this paper suggests
that to meet established management goals(i.e.,
published AMLs), the capture goal for 1996
should be approximately 5297 burros if one
assumesa 20 percent rate of increase, and 5010
if one assumes a 13.5 percent increase, as was
apparently observed in the four-state area last
year. Eitherway, itisclearthereisalong way to
go beforethose qﬂ?&s can be achieved.
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Tablel.  Burro capturescompared with appropriate management levels (1995).

Pop. Estimate AML Difference
Arizona 3553 19472 1613 :
California 7410 975 1444 i
Nevada 1894 507 17997
Utah 130 70 60
Totals 7998 3584 4414

Table2.  Annual burro population estimates in four Western states.

1992 1993 1994 1995
T Arizona 3536 3018 3482 3555 i
T Cdifornia 2084 1708 2761 2419 B
T Nevada 2022 1784 2369 1894 |
T utah 104 100 132 130 i
Totals 7746 6610 8744 7998

Table3.  Annual estimatesof the number o wild burrosin excessof appropriatemanagementlevels
in four Western states.

1992 1993 1994 1995
Arizona 1951 1623 1462 1613 +
California 1094 718 1786 1444 1
Nevada 1070 459 1592 1297 1
utah 34 30 62 60 i B
Totals 4149 2830 4902 4414

Table4. Number of burroscaptured annually in four western states

22— 19931004 ]005
Arizona 341 605 240 337
Cdlifornia 487 522 105 530
Nevada 29 471 447 1064
Utah 0 0 0 0
Totals 857 1598 792 1931
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PANEL DISCUSSIONS
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During the 1994 Desert Bighorn Council meeting, a panel discussion was conducted on problemsand
concerns associated with bighorn trand ocations. The discussion was recorded. Panel membershad the
opportunity to edit their commentsthat are presented in this volume.

PROBLEMSAND CONCERNSASSOCIATED WITH BIGHORN TRANSLOCATIONS

M oderator:

Panel:

Walter Boyce, University of California, Davis, CA

Jim Bailey, New Mexico Department of Game and Fish, SantaFe, NM

Tom Bunch, Utah State University, Logan, UT

Amy Fisher, New Mexico Department of Gameand Fish, Santa Fe, NM
Rob Ramey, Cornell University, Ithaca, NY

Francis Singer, National Biological Service, Ft. Collins, CO

John Wehausen, White Mountain Research Station, Bishop, CA

Walter Boyce - What I'd like to do this
afternoon is to set up a few ground rules.
Hopefully, well have another microphone
availablein ashort time so that thoseof you who
have questionsand commentsout in theaudience
will beabletobeheard. I'd liketoask eachdf you
to identify yourself by name at the beginning of
yourcommentor question. Thereasonisthatthis
panel discussionisbeingtapedandin orderfor us
toidentify variouscomments by their author, we
need to have you say your nameeachtime. That
holdstruefor thepanel membersaswell. It getsa
little boring and tedious, but it certainly helps
those peoplewho aregoingto betranscribingthe
recording of thispand.

| wantedto start off by makingafew general
comments regarding trandocations. Initialy,
let's cover somedefinitions. Wetak about this
frequently, but | just want to make sure that
we're all on the same page.

What isa transplant or translocation? It's
theintentional releasedf animalsintothewildto
either introduceor establishanew population,to
reintroduce or reestablish a free-ranging
population, or to restock or augment an existing
population.

From 1973to 1986, over 700 translocations
weredone per year. Morethan 93 specieswere
involved in these translocations. More than 90
percent of theseinvolved native gamespecies, 7
percent involved threatened and endangered
species, and close to 40 percent involved

ungulates. The vast mgjority of transocations
were done by a smal number of agencies, and
approximately 21 percent of all translocations
weredoneby thesameagencies. Inother words,
some of you were actually doing the vast
majority of al relocationsin North America
The release sze--the mgority were those
involving 75 or fewer animals--72percent of all
trand ocations were under 75, and of those, 46
percent were under 30.

What are some of the considerationsin a
trandocation? Success is typicaly defined as
the establishment of a self-sustaining popula-
tion. This gets into the issue of what size is
appropriate, when is a population large enough
that we can say it isindeed self-sustaining, and
over what period of time. Many times, that's not
defined. We can talk about minimum viable
populationsizeand over what timeperiod. Don
Armentrout brought up, | believe, one hundred
generations. We're certainly not going to be
aroundfor that length of time, soit’s goingto be
pretty difficultfor usto ever evaluatewhether or
not our management actions actually had the
resultsweintended themto have. But thereare
some theoretical considerations that should
promote both the successful establishment and
persistence of transplanted populations. In-
creased numbers of founders should promote
increased success. If you are transplanting a
population that has a high intrinsic rate of
increase, and if there's little variancefrom year



1996 DESERT BIGHORN COUNCIL TRANSACTIONS

to year in that high rate of increase, it doesn't
necessarily describebighornsheep doesit? The
presence of refujia and reduced environmental
variation, again, should promote an increased
chance of success. Herbivorestheoretically will
faremuch better as col onizersthan carnivoresin
relocation. Also, if you can control limiting
factorsand if you have proper careand training
of captive-reared animals. So that's on the
theoretical end. Well, what did they find when
they looked at the relocations over this 20-year
period since the enactment of the Endangered
SpeciesAct? Wild-caughtversuscaptive-reared
animalsfared better. There's about a 50 percent
increase in the establishment of wild-caught
versus captive-released animals. Native
animals--native species--did better than threat-
ened and endangered species. Speciesdid better
when you put them in a higher quality habitat.
Y ou could break that downfurther by sayingthat
there was an increased chance of successwhen
animals were trandocated into core historic
habitat instead of onto the periphery of historic
habitat or outsidedf historic habitat. Therewas
an increased chance of success if the source
population density washigh. They brokeit into
threecategories: high, medium, andlow. There
""""" differences between the
medium and high populations from the low
density populations. Likewise, if the source
population was increasing rather than stable or
decreasing, the chance of animals taken out of
that population to become successfully estab-
lished inanew environmentwasincreased. And
finally, release size played a significant role.
Now, again keeping in mind that thistakesinto
account both birds and mammals, what they
found was an asymptote that's reached much
like what John Wehausen was discussing this
morning in terms of surveys, where once you
reach acertaincritical number of individualsina
release, there's no benefit derived by going
above that number. That number seems to be
under 200 for amost al vertebrates that have
been trandocated in North America and
typically itsunder 100. There's approximately a
60 percent probability of success at 100
individualsinasinglereleaseor several releases
over aseveral year period.
Somedf thethings!'d likeyou totalk about
this afternoon are: What are the goals of a

trandocation program? How much effort and
thought is put into prereleaseevaluations? Are
habitat and prerelease examinations of the
individual animals performed (let's say from a
veterinarian-care point of view, what sort of
diseases they might be harboring)? How
intensivea postrel easeeffort ismadein terms of
monitoring? The review from the 73 to 86
trandocations showed that approximately 25
percent of those releases were monitored
postrelease. The rest were essentialy put out
andlet go.

Oneof theground rulesfor thisisthat we're
going to work our way through the panel and
then we'll have those who want to provide a
presentation. Francis Singer will gofirst, but if
you havequestionsat any point duringthispanel
discussion, please bring them up.

FrancisS nger - Why don't we start with
the dides. I'm going to give you some
information on a review o about 115
trandocations of bighorn sheep in a six-state
region. The six states are those states that
constitute the Rocky Mountain Region of the
Nationa Park Service. We only included herds
that had 10 or more yearsof dataon them. The
dataincludesafew desert bighorns, but most of
the andyss deals with Rocky Mountain
subspeciesand afew transplantsaof aCalifornia
subspeciesin North Dakota. Weexcluded some
herds: those that had been held in large
enclosures, thosewithlessthan 10 yearsof data,
and those whose status wasn't well determined.
Our objective was to correlate the success or
fallure of these transplants with a variety of
factors. Someaf our hypothesesfitin well with
the review that Water gave us Increasing
founder size would be correlated with successif
the source population was high density
increasingand possibly if several sourcegroups
wereused. JimBailey,inhisreview of Colorado
bighorn sheep herds, caled this the genetic
diversity hypothesis. He noted that arelatively
small number of transplants in Colorado (he
didn't have enough to do any statistics) seemed
to do exceptionally well where founder groups
from different sources had been mixed.

Right away we had to separate these herds
intocategories. UsngBerger's work, wetried to
avoid the word successful, which has a lot of
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anthropomorphic connotations. We defined a
persistent translocation (this would be short-
term) as one numbering more than 100 animals
for at least themost recent 4 years. | hateto use
thewordfailure. A lotof theseherdsdidfail, but
we a'so included any that numbered less than
100 and there's been a lot of problems with
settinganexactfigurelikethis. Infactif weredo
the analysis for 75 and 125, it won't change
thingsvery much. It's just that wedon't happen
to have very many herds in that 75-100-125
range. Many of them wereeither extirpatedor of.
quite small population numbers.

We ended up using a proportional hazards
model becausewefelt it was most appropriate
when only partial informationis available. In
other words, the ultimate fate of some of these
populations isn't realy known. We're still
watchingthem. Thedichotomousvariablewas
persistence and failure, and it's a stepwise
procedure. For those of you who are really
interestedin thestatistics, wealso used logistic
regresson and there was only about one
variablethat differed betweenthe two tests.

What we found was that persistent
translocationswere negatively correlated with
distanceto domestic sheep. Infact, wethen had
to removethat variablein order to work on the
other ones-—-it was such an overwhelming
effect. Migratory tendencies, in other words,
whether or not the herd moved off of ther
winter range, even if it was a short distance
versus year-round on the same range was
positively correlated to persistence. Hunting of
the population--we can talk about that alittle
bit--it could be that the most successful
populations are hunted. So obviously there
could be a correlation there. Multiple source
and founder groups were correlated; founder
Size was correl ated to persistence. Higher ram
ratioswere correlated to persistence. Whether
or not an indigenous source stock was used
versusdilution, and by dilution we mean going
to a population that had already been
transplanted from someplace else influenced
persistence. Indigenous source stocks ap-
peared to be better. We found a negative
correlation with the number of supplemental
trandocations. So it doesn't look like
supplementally adding sheep doesany good. It
could be that the least successful herdstended

to get supplements more. We didn't find any
relationship to subspecies. Oddly enough, we
found no relationship to nearest bighorns.
Whether or not it was an isolated group versus
a subpopulation that was pat of a
metapopulation where movement exchange
was documented.

This dlide shows the percentage of
tranglocationspersisting by state. I'm not sure
this really means too much. North Dakota's
donealot of transplanting, but most of thoseare
less than 10 years old so they really don't
provide us with much data. This slide shows
the distance to domestic sheep. Translocations
were alot more persistent if they were greater
than 32 kilometers, or an intermediate distance
if 16t0 32kilometers, and of apoor successrate
if lessthan 16 kilometers from domestic sheep.

We've dready heard evidence from Jim
Baily at this meeting that two or more sources
in the founder group were correlated to
persistence. Again, we had a negative
correlation with number of supplemental
translocations. Again, the herds that were not
doing well were most likely to receive
supplementals. | nterestingly enough, we're not
going to make too much of this in the
manuscript, but herds did better if they didn't
have domestic cattle on their range. It was
statistically significant. The P value was
significant. The problemiswe only had seven
of these herdsthat didn't have domestic cattle,
so we're not really positive of the biological
significance of that. As | mentioned before,
hunted herds were more persistent transloca-
tion~. Obvioudly, there's a correlation there.
The herds that were doing better were more
likely to be hunted. There's also a possibility
that hunted herdswould get more management.
As | mentioned, migratory tendencies seemed
to be correlated to persistence.

SteveTorres-Why did you usethe10-year
criteria?

Francis Singer - The reason was we
wanted to make sure there was a long enough
period of time where we could tell whether the
herd was successful. Most of the herds had
been out there more than 10 years. Some of
these herds date back to the 1940s.
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Steve Torres - But then your leading herds
didn't persistfor 10 years, correct?

Francis Singer - Well, any herd that was
extirpated would have made it into the failure
category.

Steve Torres - Two questions just for
clarification. All the bar graphs, were those
using variant comparisons or differences that
cameout of the multivariant model?

Francis Singer - Al the bar graphs are
actually numbers, so those were percent of the
populations that made it into this persistence
category, which was more than 100 animals at
leastfor thelast 4 years. Sothebar graphsdon't
really have any statistics necessarily associated
with them. However, | didn't show any bar

cance. In other words, | could have shown you
other bar graphsaf nonsignificant variables, but
| didn't. Those are just smply numbers, a
percentage of 100 basically.

Steve Torres- Second question. If thestate
transplants 20 sheep for 3 consecutive years, is
that a transplant or a transplant and two
supplements?

Francis Singer - We call that a transplant.
W edescribethatinthemethods, if they're just 1
year apart. Morethan1year apart, that's how we
defined supplementals.

Speaker Unidentified - \What percentageof
the transplantsare categorized asfailures?

Francis Singer - | think about two-thirds--
one-half to two-thirds. Another point | should
make is that only a third o these 150
translocations were what we call persistent or
successful.  This is a pretty high rate of
extirpation or apparent failure, especially given
the information we're presented with upfront--
that herbivores and game species do better in
tranglocations. Thesuccesshistory with bighorn
sheep isnot very good. | would say there's alot
that could be doneto improvethis. Onethingl
didn't mentionisthat wehaveaparallel research
project at the master's thesis level. Terese

Johnsonisdoing it. Wedidn't look at habitat at
all; 1 think that's one obvious omission that
people probably noticed. Shelooked at habitat
with anumber of trandocationsin Colorado, so
her thesistopic is just habitat. It's a backward
look using Tom Smith's habitat model and
predicting whether the translocation would be
successful or not in populations where we
actually have that information. So it's a
backwards-looking test, but we do have a
parallel effort that's looking at habitat. We
ignored that hereand | will emphasizethisisall
correlational, not necessarily cause and effect,
analysis.

Speaker Unidentified - DoesJim Karpowitz
have anything to say about the San Rafael
trand ocation?

Jim Karpowitz - Not redly. It worked.
There's lots of sheep there now and we started
with arelatively small number.

FrancisSinger - Excellent habitat?
Jim Karpowitz- Good habitet.

Speaker Unidentified - Did you look at the
presencedf lions?

FrancisSinger - Theanswerisno. If you're
interested, well send you a copy of the
manuscriptthat we're about to submit. It will be
much more obvious in the manuscript.
Domestic sheep were just such an overriding
influence on successto the point that you had to
removethatfromthemodel toweed out theother
variables.

John Wehausen - | wouldliketo addressthe
fact that you found a negative correlation with
supplementation.  In Cadlifornia, in Sierra
Nevada in particular, we have one population
that is successful only because of supplementa-
tion. It hasn't reached 100 yet, but it probably
will thisyear. It wasabsolutely critical that we
did that supplementation. We had a number of
lossesafter theinitia trangplant,and in addition
to that supplementation, we controlled lionsfor
3years. Itdidn't takearocket scientisttofigure
out that this population was going extinct if we
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didn't do something about it, and it madeall the
difference. So supplementation can be very
effectivein theright circumstances.

Francis Singer - Everyone heard the
question I think (question missed in transcrip-
tion). There could be a correlation here in that
the herds that were doing the poorest, for
maybe some other reason, domestic sheep,
habitat, or whatever, tended to get more
supplements. Theother reasonwhy | think alot
of veterinarianswould caution against supple-
ments is because each time you do it, you're
risking a novel pathogen coming in. To just
give you my persona opinion, | think I'd be
morelikely to put some sheep nearby--15to 20
milesaway, but not right on top of theexisting
sheep--to expand the range, maybe to expand
any migratory tendencies.

John Wehausen - Francis, in thecaseof our
supplement, it wasn't likely that novel pathogens
would be coming in because the sheep were
coming from the same source we'd gotten them
from 2 yearsbefore.

Speaker Unidentified - I'd just like to
comment that it might make a big differenceif
the origina supplement was a small number
versusalarge number.

John Wehausen - Ourswas afairly large
input to start out. | think we put 27in. Weonly
supplemented with 11, but that 11 made al the
difference in the success of that transplant. It
was just critical kind.

Francis Singer - Just a personal opinion. .1
think it’s probably better to transplant as many
sheep as you can early, then maybe you're only
subjectingyourself to oneriskfromdiseasefrom
anovel pathogenversusaprogramwhereyou're
several yearsapart, maybefour times, then you
might have four risks. So get your risks over
with at once.

John Wehausen - | want to talk about a
different subject. We're always up against the
questionaf what stock to use when we're doing
a reintroduction and so I'm going to best this
taxonomy stuff into the ground alittle further.

You've heard a lot of it today. Certainly al
states, to some extent, have looked a the
guestion of taxonomy and subspecies in
choosing their reintroduction stock.

You heard Rob Ramey's analysis of
Cowan’s dat a hereashort whileago andlearned
that Cowan’s data does not hold up to modem
statisticsintermsof Cowan’s classification. An
interestingthingisthat Cowan agreeswith Rob.
I'd liketo read you somethingfrom Cowan. The
paper that | gave last year about morphometric
work, whichisin the Transactions, was sent to
Cowan for review. That paper found no support
for thePeninsular subspecies. Actuallyitwasn't
Cowan’s Peninsular subspecies. It predated his
taxonomy, but he maintainedit. 1'd liketo read
what he wrotein hisreview of our paper:

"l have been much interested to read the
resultsof thestudy by Wehausen andRamey
of the bighorn sheep of California and
adjacent areas. It islong past time that a
reexamination of systematics of the wild
sheep in this fascinating area was under-
taken using modem techniques.

Many times in recent years, | have been
uncomfortable with the inferences being
drawnfrommy early work. At thattimethe
data base was woefully small and analytical
techniques unsophisticated.

Since that time | have done a lot of
experimental work with deer, applying diet
to test for impacts on growth and
morphology,and | endorsethecautionof the
present authors with regard to possible
impacts on cranial anatomy o the food
available to the sheep on different parts of
their range. | am now very cautious in
making the kinds of systematicjudgements
that | madeearlier."

So, there's no support or very little support for
Cowan'sclassificationgenetically and morpho-
metrically fromwhat we've donesofar. Cowan
himself doesn't accept it, SO wherearewe? We
are in a taxonomic morass now not knowing
what to accept.  That's one of the reasonsthat
Rob and | are in the thick of redoing
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morphometricanalyses. Sincelast year when |
talked about the Peninsular subspecies, we've
doneafair amount morework and movedfurther
east looking specificaly at areas in transition
from the desert into the Rocky Mountains. 1'd

like to bring you up to date quickly on what
we've beenfinding. Firstof al, | wanttogoback
to adidethat | used last year. AsRob pointed
out, Cowan’s data did support a separation of
Rocky Mountain sheep from desert sheep and
that's one of thethingsthat we havefound too.

Oneof theneater relationshipsthat we have
found concernshorn corelength plotted against
hornvolumeof rams. Thedesertanimalsall fall
upalongthispatternhere, but here's aDall sheep
down here, very short horn coresrel ativeto horn
volume, and here are Rocky Mountain sheep,
asofalling below desert sheep. Thereseemstobe
afairly clean criterion we can separatethem on.
Wehaveadded acoupl ehundred moreskullsnow
to what we had then. We've now measured about
600total, and indeed, Colorado, whichiswhat we
concentrated on in terms of Rocky Mountains,
doesfall in with theRockies. Sowedtill haveat
least one clear distinction taxonomically to deal
with--that's Rocky Mountain bighorn versus
desert bighorn.

Interns of wherethedesert work isleading,
oneaf the things wefound when wefirst started
doing this work was a north/south distinction
withinthenel soni subspecies, withsheepfromthe
Death Valley region showing differences from
thosesouth of 1-15in California

As we’ve gone further east, weve been
concentrating on some.of the southern parts of
Nevadaand out to the Canyonlandsarea W hat
isfallingout now isthat weseemto haveawarm
desertand a cold desert band. Canyonlands, when
given the choice between warm desert and cold
desart, fallsin very clearly with cold desert. The
shiftoccursinsouthernNevada. Thedesert game
range already shows clear cold desert affinities.
So only the very southern part of Nevada--the
River Mountains,theEldoradoMountains, and so
on—falsinwiththeMojave Desert and thiswarm
desertband. Everything el seseemstogowiththis
cold desert band. We looked specifically at the
Grand Canyon for the few skulls we could
measure to see where that would fall given an
intermediate location, and it came out showing
intermediate tendencies, but with some clear

affinities toward the cold desert. So what's
starting to emergein termsof desert sheepisthat
we have this warm desert band extending al the
way acrossinto New Mexico and presumably all
the way down Baja, and the cold desert band
extending from the Death Valey region to
Canyonlands, and of course the digtinction
between the desert and the Rocky Mountains.

An interesting thing about some of these
intermediateareasisthat Cowan neverlooked at
a single skull from the whole state of New
Mexico. When you read him carefully, what he
says about how far the Rocky Mountains go
down is that he made that determination by
logical geographic means and not by any data
whatsoever. Forthewholestatedf Utah, heonly
looked at two specimens; then he assigned the
whole state of Utah to Rocky Mountains. But,
the genetic dataclearly show that Canyonlands
arealliedwiththedesert. Morphometrically,we
find the same, but cold desert as opposed to
warm desert.

Something that correlates extremely well
with our morphometric patternsisthechangein
lambing seasonsfromavery protractedlambing
pattern of the warm desert to the much narrower
band of lambingin the cold Great Basin desert.
Geographically, these morphometric and lamb-
ing season shifts coincide with a change in
habitat; mountainsget higher. Y ou may think of
somewherelike Degth Valley as being very hot
MojaveDesertlike, but it also hasan 11,000f oot
mountainononesidedf it. | don't know how far
norththat northdesert band will go. Wehavenot
dealt with that question yet.

Thisishow far our taxonomy revisionwork
has progressed. Asit appliesto reintroductions,
it suggests that many past actions considered
reintroductionsmight havereally beenintroduc-
tions because they were based on an incorrect
taxonomy. Thisis mogtly the case relative to
differencesbetween warmand cold desert sheep
within what Cowan defined as the nelsoni
subspecies.

Rob Ramey - What I'd like to talk about
briefly is the perspective that biologists 100
years from now will take on our efforts. So |
thinkit's really important that wel ook aheadand
think about what were doing very, very
carefully. In reintroducing mountain sheep, are
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weinterested on one sideof the spectrumin sort
of a pure conservation/preservationist goal of
trying to put back the closest genetic stock to
what was originally in that areaor, at the other
endof thescal e, arewecreatingazoofor hunting
opportunities? | think it's very incumbent upon
usto decide where wefit in between those two
goals. | personally feel that, in the long-run,
indigenous populations are going to increasein
value to us, partly because of this pure
conservation ethic, but also because those
populations may represent unique, localy
adapted traits. An example would be lambing
Season.

| thrk that when we are preparing to do
tranglocations, and it hasn't been done al that
muchinthe past (morethan 10 yearsback), that
probably the best and most conservativestrategy
wecantakeistotry totakestockfromthenearest
possiblesourcefor reintroduction. If wecannot
get enough animals to successfully get that
reintroductiongoing, then we shouldlook to the
next closest stock. | think that's the only way
we're goingto ensure the sort of preservation of
some unique, indigenous populations.

Taking an aternateview, Doug Humphreys
already told us about Texas having mixed sheep
fromawiderangeof areas. | think it's important
that we watch and see what happens with
translocations like that. So another step that |
think we should take in this process of
reevaluation, whichboth Jim Bailey and Francis
Singer have taken on, is to create a
comprehensive database of all trandocation
data. | have a lot of that in the back of my
dissertation, but that's something that should be
put in adatabase and updated. That isthe only
way we are going to be able to complete an
objectiveanalysis of what we've done, and that
will help direct usin thefuture.

There's also been a lot of speculation in
relation to the merits of genetic diversity of
animals in reintroductions. A lot of it is
speculative. There have been some papers on
conservation in the literature that suggest that
numbers may be more important than some
perceived notion of having high genetic
diversity in populations. So, when| hear people
talk about the potential for augmenting an
indigenous population that may be at some
perceived low number with additiona animals

to increase genetic vigor--that sets off aarm
bells for me because really we don't have any
datathat suggeststhat there'sisasort of genetic
effect. Itisspeculation at this point. Totry to
measure the effect of high heterozygosity or
highlevelsof genetic variationwith somesort of
indication of populationsuccess| thi nk isgoing
tobevery difficultat best. Soon, hopefully welll

have some data both from Jack Hogg
(University of Montana) and aso from Walter
Boyce on the effects of genetic variation on
individual reproductivefitnessand longevity. |
thi nk that's the place welll probably look to for
informationto guide us.

Finaly, taking this long-range view of
trandocations, | think that trying to establish
metapopulations, or at least trying to establish
groups of populationsthat are going to make it
throughthevariousdifficultiesthey will face, is
avery reasonablegoal rather than just |ooking at
the magic number of 100. | would much rather
havefive populationsof 50 sheep out therethan
onepopulationof 100, becausewed! know that
populations go up and down for a variety of
reasons, primarily disease. So, thiswill allow us
insurancein thefuture. A corollarytothatis, if
we do have some indigenous population, for
example like in the San Andres and in New
Mexico, then maybe we should take on the
strategy they have or that Californiahas used in
the SierraNevada. We have something that's
relatively unique to an area, SO we've tried to
reestablishsuregroupsadf thoseanimalsin other
nearby mountainranges. | think thatisprobably
themost practical way to go for thelong-range
viability of sheep.

Amy Fisher - Just adding to what you said
about taking the long-range view and doing the
right thing once transplants are made--I think
most of you areawareof this--it's very difficult
to ameliorate any problem that occurs. One of
theworst thingsthat New Mexicodid wasto put
Rocky Mountain sheepinto desert habitat in the
Gila and Turkey Creek areas in the 1960s.
Someone thought we did that because we
wanted to; we did it because we didn't have
desert sheeptotransplant. It waspolitically the
most expedient thing to do to satisfy outside
pressures. Beware of doing things simply
becaused political expediency.We're gettinga



1996 DESERT BIGHORN COUNCIL TRANSACTIONS

lot of pressure in New Mexico to transplant
sheep to ranges adjacent to the San Andres. As
| mentioned in my status report, this would
simply spread scabies throughout the state. |
would rather lose my job than have a biologist
100 years from now say, “Wow, back in 1993,
New Mexico had achanceto eradi catescabiesor
at least investigate the potential of it and they
didn't doit. They spread scabieswhen they had
achance to do somethingabout it."

JimBailey-Wellfirstof dl, RobRamey let
megolast, sol haveto say more. Rob, | thought
maybe you contradicted yourself, so you get a
chance to explain. You said we should watch
populations where we've mixed gene pools,
suchasTexas, very closaly. Later you said you
didn't think we were going to learn anything if
wedidthat. Yousaid wearen't goingto beable
to correlate genetic diversity with population
success or somethinglikethat. So, what should
wewatchin Texas?

Rob Ramey - | doubt whether well see
anything, but that doesn't mean we won't see
something. Trying to correlate some level of
genetic variation with fitness of a population |
think isdifficult at best, but maybe we will see
something. Sowhat I'm sayingabout Texas, just
like Francis Singer's gonethrough, and both of
you have gone through--the data on transloca-
tion and looking for effects, maybe we will be
able to spot an effect there. I'm just saying
what we've done in the past shouldn't just be
forgotten. We should watch and maybe well
learn something from it. 1t may bedifficult to
find any effect, but that doesnt mean we
shouldn't belooking for it.

Jim Bailey - Wedid this with pheasantsin
[llinoisalong timeago. Wethrew in different
races of pheasants in a place where pheasants
were having atough time. Thetheory wasthat
natural selection would select the best genetic
typefor that habitat. So, isthere achancethat
if this happens with mixed populations in
Texas, we would see a gradua increase in
population success. |stheregoingto beenough
time to measure that sort of change?

Amy Fisher - | said that it is Rob's point
that wejust don't know enough about genetics
to justify mixing herds and supplementing
herds with rams based on a genetic argument.
I've always kind of agreed with Rob that we
don't, so | tend to resist that argument. If you
want to do it for other reasons, | think that's
great. | think you should just lay your cards on
the tableand explain why you're doing things.
If it's for invigorating the herd with maybe a
different horn configuration,say it. Don't say
you're doingitfor genetics. Doesanyonehave
anything that supports supplementary ram
transplants?

Speaker Unidentified- Whereyou weren't
able to transplant these sheep because of the
scabies mite being scattered all over your state,
what is the possibility of using"pour on" like
the ranchers are using on their cattle? We
might use it as a water-- as a place to take a
scrub--and putting this on would take care of
lice, mites, ticks, and alot of internal parasites.
Then, oncethey were cleaned up, go ahead and
transplant them.

Amy Fisher - Well, | wishit wasthat easy.
It's really ratheracomplex deal and| don't think
| redlly havetimeto get intoit, but if | say that
logistically | think we could do it, there's other
r cations--politica and jurisdictional --that
arehangingusup, | believe.

Francis Singer - 1'd like to respond to
Amy's earlier question. Theanalysisthat wedid
threw out threefactors that had implied genetic
diversty in them correlated to success or
persistencecf populations. One wasincreasing
founder size, wheretheimplicationisthat you're
bringing in more geneticdiversity with alarger
founder group. A second one was indigenous
versusdilution asasource. Nancy Fitzsimmons
had verified that you do get more genetic
diversity, at least in the state of WWyoming, with
indigenous--usuallythey werelargeindigenous
popul ations--versussomething that had already
been transplanted. The third was mixing
sources, which did come out satisticaly
significant. SO the implication is there--again,
that was correlational--that genetic diversity
does do some good. | think there's a very
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interesting management challenge or question
here. Indlllikelihood, maybeweneed tolook at
that. Whensourcesweremixedinthetransplant,
they were probably larger and maybe there's
other ways. Mixing does sound a little bit
dangerous to get more genetic diversity. It's
better to get a bigger founder group, rather than
just getting more animalsfrom a single source.

Jim Bailey - My understanding, and Rob
you were probably going to say a little more
about thisthan I, isthat with a relatively small
number of animals, you get, if it's a random
sample, a large proportion of the genetic
diversity out of aherd. So, onceyou're over 20
or 30, if you go to 40 or 50, you're not going to
gain agreat deal more genetic diversity unless
you transplant from a diierent herd that has
different genesin it.

Rob Ramey - In terms of Nancy
Fitzsimmons’ work--you may not be familiar
with it--she looked at the genetic diversity of
Rocky Mountain bighorn sheep herds, both
indigenousand transplanted sheep. Shefound
an effect in foreign blood parameters for a
reduction in horn growth rates for introduced,
diluted, and transplanted populations, whichis
an interesting result. One thing she didn't find
was areductionin measurablegenetic variation
from indigenous source populations to the

Jim Karpowitz - | wanted to make a
statement. Yesterday we talked about trans-
plants in relation to disease and today we're
talking about transplantsin relation to genetic
mixing. | thought back over the20yearsin Utah
that we've transplanted bighorn sheep. Most of
our transplants have been done with in-state
stock. We've moved sheepin whichwe've seen
scabiesin their ears. We've moved sheep with
runny noses. We've brought sheep in from
Nevada and weve brought sheep in from
Arizona. Had we not donethat, therewould be
no bighorn sheep in Utah now. That was the
alternative. The native populations on the east
side of the Colorado River, the north and south
San Juan units, and the Needles units are
essentially gone. The Potash/Island in the Sky
herd remains, but had we not removed sheep

fromthat herd, | thinkitwould havefollowedthe
samefate of the San Juan herds. We now have
1500 to 2000 desert bighorns in southeastern
Utah. Had wehadthisreal cautious, don't move
them until youre sure everything's okay
philosophy, we wouldn't have any sheep.

Walter Boyce - | agree with what you just
said, but I want to mention a coupleof things.
Many of theadvanceson the medical front were
achieved by meansthat arenolonger acceptable
to us We used to use mental patients as our
experimental guinea pigs. We learned a
tremendous amount by doing that. We used
prisoners. Wedid all sorts of thingsyou can no
longer do today and tremendousadvanceswere
made. But as we move forward and we have
more and more refined tools and more options
availableto us, | think it really behooves usto
takeadvantageof al of thoseoptionsand at least
consider them serioudly.

SteveTorres- | haveaquestionin regard to
genetic diversity, which we al seem to be
launchinginto alittle bit. One,it's still unclear
to me how well it's measured, and two, whether
it manifestsitself. Isthe panel suggestingthat it
manifests in a 10-year period, in subtle
differencesinfounder size, becausel think that's
real important toconsider? Additionally,l thi rk
something of interest in your anaysis, Francis,
that | think isreal valuableiswhether you might
adso include a variable of distance from
neighboring bighorn sheep populations, and
whether that has any effect since were also
talking about the reestablishment of local,
regional populations.

Francis Singer - We did look at that. That was
on my list of factors that weren't correlated.
Again,| havetoemphasizethisisacorrelational
dataset. Wethought that would probably come
out significant and | think it isimportant. Also,
one of the variables that came out in logistic
regresson and didn't in the Cox model was
whether or not the populationwas considered a
subpopulation--part of a metapopulation with
limited interchange. So statisticsare statistics, |
guess. | think what you're saying probably is
important.
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JimBiley -1 wasaskedto behere, | guess,
largely becauseseveral yearsagoweproduceda
publicationin which | tried to review the past
management of Rocky Mountain bighorn sheep
in Colorado. | had data at that time through the
late 1980s. | tried to see what we could glean
from all the information we had, and what, if
anything, we'd learned. So I'm goingtotry to
update that with some recent information out of
Colorado, and secondly, add some data that |
found in the Oregon management plan for
bighorn sheep.

Oneof thefirst things| looked at intheold
report was bottlenecked herds—herds that had
gotten downto, at sometime, | essthan 50 sheep,
and whether or not they did recover. Thisisn't
muchof abigdeal, but there's afew moreyear's
information here. We looked at 18 herds that
were bottlenecked. Six of them have gone
extinct. Six of themstill havel essthan50 sheep,
but are still there. In onecase, in MesaVerde,
since 1956 apparently, that population is still
struggling dong. Four of the herds have
partially recoveredand two now havemorethan
100 sheep. So, if you look at total and partial
recovery, about one-third of the herdsdo infact
recover. It's asmall samplesize. I'm not sure
what ittellsus. | think that we couldrationalize
that somedf the herds went extinct, not because
of small population sizes, but because environ-
mental problems that made the herds become
small in thefirst place persisted and caused the
herdsto goextinct. Fromthis, I th rk thegenetic
effectsareuncertain, but it doesdemonstratethat
at least some herds can recover once they've
gotten below that magic number of 50 sheep.

Moreimportant to what we've beentalking
about is some information on the genetic
diversity of transplants. What | looked at inthe
origina report, and thisis what Francis alluded
to, is that we've got some transplants that are
mixed stocks. They come from more than one
and sometimesthree different herds. We've got
singletransplantscorningout of one population,
andwe've got what | call dilutiontransplants. A
lot of these come from the Trickle Mountain
herd in Colorado. What we had was 15 sheep
taken in the 1950s out of the Tarryall herd.
Those 15 founders established the Trickle
Mountain herd, which did very well. Then
another sampleof the gene pool, 15 to 20 sheep
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weretaken to establish an additional transplant.
So, let's say that in 15 sheep you've got 90
percent of the gene pool (possibly more than
that, but that's a nice round number) in thefirst
transplant. Thenyou have 90 percentinthefirst
sample and 90 percent in the second sample, so
0.9? gives you about 81 percent of the genetic
diversty remaining in the second transplant.
Then, someof thesesheep wereputintoapenin
Basalt to establish apopul ation that was used as
a source of further transplants. These further
transplants were double-dilution transplants,
now with about 73 percent of theoriginal genetic
diversity. We had 24 Colorado transplanted
herdsthat | used in the original paper (Colorado
Division of Wildlife Spec. Rpt. 66). However,
there were five mixed-source transplants that
were too new to evaluate at that time. I've put
them into today's new analysis. Another thing
that has changed isthat one of these herds was
supplemented with about three ramsin 1990.

The same kind of activity has occurred in
Oregon. California bighorns from British
Columbiawere used to establishapopul ation at
Hart Mountain, | believe, or else it was the
Sheldon Refuge. That herd was used asasource
population to establish some dilution trans-
plants. Later, these herds were used as sources
for double-dilution transplants. Using the
Colorado and Oregon results, we now have a
larger sample size (47 transplants) with better
representation in the extremesthan | had in the
original analysis.

Wheat about the successaf thesefour kinds of
transplants?Forty-four percent of theninemixed-
sourcetransplants grew to at least 100 sheep, as
did 40 percent of the 15 single-sourcetransplants
and 32 percent of the 19 dilution transplants.
Noneadf thefour double-dilutiontransplantsgrew
to 100 sheep. One of these, Derby Creek, isthe
largest herd from a double-dilution transplant,
currently estimated at 60-80 sheep. However, this
is the population that was supplemented with
additiond rams, so it's now a questionable
double-dilution transplant. There has been some
infuson of genesthere. Thisisinteresting. The
results could be biased if later dilution and
double-dilution transplants tended to be into
poorer transplant sites. This could occur if
Colorado and Oregon emphasized the best-
looking sheep ranges first, then transplanted
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into the less likely ranges. However, the trend
supports the idea that genetic diversity is
important in determining transplant success.

One of the conclusionsthat | dwelledonin
theoriginal reportisthat wehaven'tlearned very
much from our management activity. My
suggestion was that if we're going to obtain
knowledge of what works and what doesn't
work, we’re going to haveto rigorously test our
management hypotheses with management
experiments. Thisisstill true. It appliesto most
of our wildlifemanagement. Thevaluesof water
developmentshave not been rigorously demon-
strated. Theeffects,if any, of fertilizing ungulate
winter ranges have not been demonstrated by
measured changesin herd demographics.

Today, a common rhetoric is that we will
monitor populationsfollowing applications of
managementtechniques. | call thisthe' manage
and monitor" approach. With this approach, we
haven't learned very much and we aren't going
to learn very much. We are going to have to
manage with somekind of experimental design.
Managementwill haveto beimplementedusing
the methods of research; but it's adaptive
management, not research. Administratorswho
do not understand adaptivemanagement will be
leery of this. Management must consider the
requirements for controls, randomization, and
replication. Otherwise the results from the
""manage and monitor" approach are going to be
quite confounded, and we're going to be left
with ambiguousresults such as we have today.

| want to switch gears and specul ate about
the genetic concerns in transplant projects.
These ideas are intended only to stimulate
discussion. Our concern is that there may be
genetic differences between a transplant stock
and the recipient herd stock, or between two
stocksthat we might mix in one transplant. We
might know that there are genetic differences
between the stocks, but if Rob Ramey hasn't
been around recently, we probably don’t know
that. We might presume that there are genetic
differences because the two stocks come from
different environments. The environmental
differences may be quite large, as between
Canada and New Mexico. There may also be
genetic  differences between alpine, high
elevation herds and low elevation herds. When
we presume there are genetic differences
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between stocks, we worry that local genetic
adaptations may belost or that we may not be
using the best genetic stock for achieving a
successful transplant. There may aso be
learned adaptations that may influence
transplant results, but that's another issue. So
we should use similar genetic stock, or stock
from a similar environment, in most of our
transplants. But is mixing genetic stocks or
environmental backgrounds of stocks never
justified? Absolutes simplify management
decisions;, but they may not recognize the
complexity of problems.

Inspeculatingon thisissue, consider a2 X 2
matrix of bighorn "stocks™"--recipient popula-
tionsto be supplemented, or groups of bighorn
from separate sourcesto be transplanted. These
stocksmay be small or large. They also may be
indigenous or they may consist of all or some
nonindigenous bighorn. Thuswehavefour types
of stocksin this2 X 2 matrix.

We might add sheep to alarge, indigenous
population. Theremay benoneedfor thistypeof
transplant, but it may occur to remove excess
rams from a captive population or to expand a
herd range by transplanting sheep onto its
periphery. Inthiscase, | suggestwearenotgoing
to reduce the adaptability of the recipient herd.
We are not going to swamp this large,
indigenous herd with new genes, and it's
possible that we could add unique genes that
may increase the adaptability of the herd.

In contrast, alarge herd may have a small
indigenous component because it has been
supplemented with dissimilar sheep in the past.
Inthiscase, | think it would be unwiseto move
additiona dissimilar stock that would further
swamp the indigenous genes.

More often, we deal with supplementsinto
small recipient herds, or with small numbers of
sheep in transplant stocks. Small indigenous
herds are losing genetic diversity through
random, rather than “natural” selection (genetic
drift). Inbreeding may causeadditional lossand
there may be depression of reproduction and
aurvival. Such herds are in trouble and deserve
attention to any environmenta limiting factors,
as wel as consideration of a supplemental
transplant. But how do we select a transplant
source? A large transplant with a dissmilar
stock of bighorn would swamp the indigenous
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genes and should be avoided if possible. But if
the herd suffersfrom loss of genetic diversity,
wouldit make senseto occasionally move small
numbersof dissimilar sheepintothisherd?Such
small transplants would reduce the risk of
swamping the indigenous gene pool and would
enhance genetic diversity. This strategy will
requirepati enceand al ong-term commitment. If
marked ewes, and no rams, aretransplantedinto
asmall inbred herd, we might measure success
by comparing the reproductive successes of
resultinginbred vs. outbred ewes.

Lastly, what about asmall populationthatis
nonindigenous, having resulted from a past
transplant. The extreme of this problemexisted
inTexas, wherewe started with zeroindigenous
bighorn. Conventional wisdomisthat we should
transplant stock from a similar environment on
the assumption that we would have some
preadapted genetic material. But that assump-
tion, and our ability to identify truly similar
environments, are questionable. Another strat-
egy would be to use several transplants with
somewhat diversegenetic backgrounds, provid-
ing an opportunity for natural selection to
operate on a diversity of genetic material. This
wouldtakemuchtimeand many sheep. If wecan
afford both, it allows the local environment to
choosethe transplant stock by natural selection,
rather than basing that choice on our best
knowledge, which may be wrong.

Not being a population geneticist, | have
stuck my neck out with these suggestions.
Behold the turtle, he only makes progresswhen
hesticks hisneck out. My pointisthat, giventhe
primitive nature of our knowledge of the
genetics and adaptations of various stocks of
bighorn sheep, it is premature to conclude that
we should never mix gene pools and aways
transplant sheep between habitats that we view
asbeingthemostsimilar. Theproblemisnot that
simple. In selecting stocks of bighorn sheepfor
transplants, | suggest we consider the size and
indigenousstatus of each stock that we nx.

Tom Bunch - | appreciate being here and
participatingwith you onthispane discussion. |
want to briefly cover two areas of research that
I've been involved in and hopefully to draw
some inferencesfrom that research that might
have managementimplications. | was not here

yesterday, so| hopethat | won't beredundanton
someof thethingsthat werediscussed yesterday
that deal with disease.

The first topic | want discuss with you
brieflyispneumonia. | think that most of uswho
have worked with disease, particularly in desert
bighorn sheep, would agree that there's no
disease that has killed more desert bighorn
sheep, considering all diseases together, than
pneumonia  Pneumonia, particularly Pas-
teurella pneumonia, has been and will continue
to decimate entire populationsof desert bighorn
sheep. Duringthelast 10years, there's beenal ot
of research attempting to relatea virus, or in the
case of Pasteurella pneumonia, a biotype,
serotype, or with the DNA techniques, a
genotypeto equatethe virulence with the onset
of pneumonia. Fiveor soyearsago, | thinkit was
a Las Cruces, Terry Spraker discussed therole
o stressandthere's no doubt that stressplaysan

" important part in pneumonia.  Within the last

few years, Bill Foreyt and others made reports
which suggested that exposure to domestic
pneumonia complex. We've found the same
withexoticwild sheep. There's alsoreportsthat
when you bring desert bighorn sheep together
from different geographic localities and nhx
them in confinement, it often leads to
Pasteurella pneumonia.  Also, I've heard
suggestions coming out of these meetingsfrom
timetotime, andit's not new, that desert bighorn
areinbred, thusreducingtheir natural immunity
to disease.

Now | used to beafirm believerin thinking
that there's moreto the pneumoniacomplex than
Pasteurella multocidaor hemolytica, and that's
true. There are other things that are involved
such as viruses on occasion and stress. What |
didafew yearsago, andit becomesvery difficult
studying diseasein wild sheep or studyingsheep
in genera because you don't have the control
over the situation, the factors that are involved,
or at least the type of control you would want.
What we attempted to do was to take desert
bighorn ramsthat were captive-reared, in some
caseshandraised, and exposethem oneat atime
to agroup of our mouflon-cross sheep (a wild-
type sheep developed in Texas for game
ranching purposes) to look at what would
happen under those conditions. We monitored
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theanimalsfromthetimeof exposureto thetime
of death. We measured vital signs. We took
blood samples, nasal swabs, sinal samples, and
during the necropsy, we took tissue samples.
Medical Veterinary Diagnostic Laboratory
Systems, worked with ususing the most current
methodologiesin tissue culture combined with
electron microscopy to look for an agent other
thanPasteurel lapneumoniathat | ed to thedeath
of theseanimals. | realizethat if you don't find
avirus, it doesn't mean that it's not there. But,
with our best effort--exposing six sheep in Six
different trials--we could never substantiate
anything other than Pasteurella pneumonia

This leads to the second area of research,
which has raised some o the issues here just
recently. This was a hybridization program.
Now there's no question, | think dl of us will
agree, that desert bighornareinbred; but, so are
a lot of wild populations. Some rodent
populations areextremely highly inbred and are
able to handle that inbreeding, which doesn't
result in high mortality from disease. Most of
our livestock species (an area I'm involved in
and my primary assignment at Utah State
University) are the result of inbreeding and
section. We have more than 850 breeds of
domestic sheep throughout the world and those
are a result of inbreeding and selection. Our
premier dairy cow in the United States, the
Holgtein, is the result primarily of the
development of artificial insemination. Y oucan
trace their history back to a relatively small
number of sires. The question then that we
raised was can we upgrade or can we outbreed-
-now the ultimate of outbreeding is hybridiza-
tion--can we hybridize desert bighorn sheep
and develop a higher level of immunity to
Pasteurella pneumonia?

With the experience I've had with both
wild and domestic sheep, | knew they were
interfertile. We cross mouflon and domestic
sheep withoutaproblem. Inlranyearsago, we
crossed the Urial with domestic sheep; they're
interfertile. At Sybille (Sybille Wildlife
Research and Conservation Education Unit)
back in the early 1970s, they crossed Rocky
Mountain bighorn with domestic sheep. So, |
knew thetwo breeds wereinterfertile. Atleast
| thought they were. So the questions | asked

myself as| approached thiswere: Are thetwo
breeds interfertile? What will the hybrids be
like? Arethey viable? And, are the hybrids
more resistant to pneumonia? Yes, the two
species are interfertile, but they're not
compatible. Most of thelambs that were born
werelessthan threepoundsand died within 24
hours after birth. Many of the lambs were
stillbirthsresultingfrom spontaneousabortion.
The hybrids were a very unique cross. The
females had a phenotypelike a desert bighorn
ewe, the maleshad a phenotypeaswell likethe
desert bighorn. Are the hybrids resistant or
more resistant to Pasteurella? Yesand no. If
the lambs were left with their dams or their
mothers, they would be dead within 6 weeks
from acute Pasteurella pneumonia. If we
bottle-raised them, with alot of tender, loving
care, then we wereableto maintaina degreeof
compromise with the pneumonia; off and on
these animals would have to be treated for
Pasteurella pneumonia. Theonly differenceis
thatif weaggressively treated them, most of the
time we could pull them out of pneumonia.
With the desert bighorn, no matter how
aggressively we treated their pneumonia, we
couldn't change the course of the disease.

So what are the management implications
as | see them? | believe there's wisdom in
keeping exotic wild sheep away from popula
tions of desert bighorns as much as possible.
Exotic wild sheep will intermix with desert
bighom and could very well be the primary
factor leading to an outbreak of Pasteurella
pneumonia. | don't currently see where
outbreeding, particularly hybridization as we
did and as | indicated represents the extreme
form of outbreeding, will be an immediate
answer in developing a more resistant desert
bighorn.

Oned theareasdf researchat theUniversity
that I've beeninvolvedwiththelast 2 or 3 years
is genetic engineering of livestock. At the
present time, even though the technology is in
place, | don't seeany magic bullet out therethat
can be applied to the desert bighom sheep's
Pasteurella pneumoniaproblem. Wesimply do
not know enough yet about the gene/disease
interaction, although the potential isthere. We
recently developed a mouse that's highly
susceptible to a retrovirus. We genetically
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engineered that particular mouse and it's
developed a high degree of resistance to the
virus. So the potential is out there, although |
don't seeitinthenearfuture. Therefore,| would
recommend that whenever and wherever the
Situation occurs, that managers should grestly
reduce these high risk factors to pneumonia,
such as exposure to both domestic and exotic
wildsheep. | don't seeasolutiontothe problem
at the present time through altering genes or
throughvaccination. Thosewho havedealtwith
vaccination and trying to control disease in
wildlife populationsthrough vaccination know
it's very difficult--not impossible, but difficult.
So | think the primary method of management
here as we look at Pasteurella pneumoniaisto
beconservative, to removethehighrisk factors.
In many cases, that's goingto mean maintaining
isolationfromthesehighrisk factorsasmuch as
possible.

Jim Bailey - I'm not sure how to interpret
what you're saying about outbreeding and
diseaseresistance. You said you had extreme
outbreeding and you did not gan any
appreciable resistance to Pasteurella pneumo-
nia. Now, canweinfer anything from that about
outbreeding betweendifferentstrainsof bighorn
sheep and resistance to other diseasesor not?

Tom Bunch - It's certainly possible. We
looked at one particular disease. One of the
things | didn't mention about the Argali form
sheepisthat asawild sheep, they areresistantto
pneumonia or at least are able to handle the
challenges of Pasteurella pneumonia, which
would be equivalent to domestic sheep. Inthe
domestic livestock businessin Texas, to give
you an exampleof outbreedingor crossbreeding
that's made a difference, they've crossbred Bos
tarus, whichisthe European-typeof cattle, with
Bosindicus. They wanted to developastrain of
animalsin that particularlocality that was much
more resistant to desert-type areas and aso
resistantto ectoparasites. It's possible--it'svery
well possible--that through outbreeding, you
could develop resistance to some types of
diseases; but, it doesn't appear obvious to me
that it's going to work with the Pasteurella
pneumonia
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AmyFisher - Inadditionto Tom's excellent
presentation is the realization that thereé's no
good testfor finding Pasteurellain sheep, which
Walter Boyce reminded me of yesterday. This
means we cannot rely on a health screening to
tell ustwodifferentherdsarecompatible. That's
why | get alittle scared when people mx herds
and depend on the hedth screening that is
availableat thistime.

Tom Bunch - | just wanted to mention one
otherthing. | think alot of timeswedon't realize
with Pasteurella pneumoniahow seriousit can
be. In our study at the University, you start
developing an eye for animals that show the
early symptomsof Pasteurellapneumonia. | felt
fairly comfortablewiththat and | knew | had 24
hours, and if | didn't act within 24 hours, these
animalsweredead. Infact, they died soquickly,
it looked like they just went to deep. A lot of
times with the disease, you get debilitation,
dehydration,and soforth, but not inthiscase. It
was so quick. From thetime of exposurewith
these ramsto the time of death was between 8
and 14 days after initial exposure. So it can be
extremely fast. That's the reason why | can't
emphasize enough to remove these high-risk
stuations where our desert bighorn can be
exposed. And | strongly feel, and | don't have
any datafor this, that the desert bighorn are at
greater risk because | think they're more
susceptibleto the Pasteurella pneumonias then
even Rocky Mountain bighorn.

Walter Boyce - With the exceptionof Amy
Fisher up here, thoseof uswho havebeentaking
about all those considerations that you should
think about when doing a transplant don't ever
have the option to implement any of these
considerations because we're not the managers
in charge of the animas. 1'd like to ask the
various managersin their respectivestateswhat
drives their philosophy and if perhaps they've
heard anything at this meeting that will change
their philosophy regarding source stock and
transplants. Ray Lee from Arizonawould you
perhapscomment first?

Ray Lee - Thank you Walter. Actualy,
theres been a number o interesting things
brought up and this afternoon is certainly the
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timeto talk about them. Getting specificaly to
your question about what drives our transplant
program--our program's primarily opportunis-
tic. If we have good source stock or good
populations--in the past we've had no shortage
of historichabitat that had | ost their popul ations-
-our drivewas to be able to go into those areas
where we had good populations and move the
source stock out to the nearest possiblearea.

Primarily, we've taken out of the Peloncillo
Mountains, and that being a mexicana subspe-
cies, moved them to the southern portion of the
state. From the Lake Mead/Lake Mojave
Complex, which also has cyclica high
population levels, we took sheep from there to
moveintothenelsoni areasin northern Arizona.
Astheareas havefilled within the state, we've
looked at supplemental transplantsinto some of
those areas that have perhaps not done quite as
well onthefirst transplant. Wetriednaturally to
takeinto considerationthethingsthat have been
suggested here, 'moving sheep from the most
local areas possible and looking at diseases as
well. That's one of the things I've personally
always been womed about with supplemental
transplants. If you haveapopulationtherethatis
doing well, or is not doing well, or is perhaps
going oneway or theother, to supplementit you
always have the possibility of killing it out
through your own actions.

Just a couple of other thoughts. When
you're looking a moving animals from the
genetic diversity aspect, a lot depends on the
methodsyou useto catchtheanimals. If you do
a drop-net capture, for example, typically what
you'll do is remove family units. The genetic
diversity thereis much less despitethefact that
you might be moving many more animals. So
thingslikethisalso need to belooked at as well.

Craig Stevenson - I'm just afield biologist,
but basically we're opportunisticalso. Asfar as
changing our management strategy, that's kind
of tough. I've been talking with Rob Ramey
about maybe preservingsomeof theareaswedo
have, that we're surearegenetically pure, butl'd
have to get George here to give you the history
on what we do and why we do it. One of my
thoughts is we've been taking southern sheep
and moving them up north and we've been
putting them into populations that have

established ungulate populations, usualy mule
deer. We're putting lion-stupid sheep up north.
They don't know what alion is and they don't
learn until it's too late. Onething that we've
been looking at is maybe putting experienced
sheep into some of these areas. But, asfar as
watching genetics, we've beenfairly consistent
in moving sheep from the Blacks or the Rivers
into specific areasand not changing the genetic
baseat dl.

Vern Bleich - | think that someof thethings
| heard heretoday werevery gratifying. | would
argue that were doing things pretty much
correctly in California based on some of Rob
Ramey’s comments. | appreciatethat, however
fortuitousit may be. Inany event, in terms of
driving trand ocation projectsin California, I'd
point out that the initial sheep translocationsin
the Sierra Nevada have been carried out very
much in concert with a long-range, long-term
conservation and management plan for that
subspeciesof mountain sheep. 1t wascarefully
crafted. It's atrueinteragency, full-participation
document based largely on the initial work
Johnny didintheearly 1980s or wasitthe 1970s-
-I can't remember. That document has proved
beneficial to the CaliforniaDepartment of Fish
and Game, the Forest Service, the Park Service,
and the BLM. Even the Los Angeles
Department of Water and Power has been akey
player in the conservation plan for the Sierra
Nevada mountain sheep. Weve been very
careful there not to import extraneous genetic
stock--that is stock not indigenousto the Sierra
Nevada. Weve extended that guidelineto the
White Mountains, an areaimmediately east of
theSierraNevadawherethesingletranslocation
we've done was from within that mountain
range. It was an attempt to establish a
subpopulation of female sheep, an additional
subpopulation on historical range in the White
Mountains. So we've not been mixing a great
ded. With respect to the desert regions of
Cdlifornia, we did the first translocations in
1983. At that time we attempted to seize upon
the opportunity, as Nevada and Arizona have
done, to take advantage of large numbers of
sheep in two very productive mountain ranges.
We augmented, or at least we think we
augmented, a population in the Chuckwalla
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Mountains, onein the Argus Range, and onein
the SheepholeRange solely with animalstaken
from Old Dad Peak that Johntalked about earlier
today. It's been a very productive and
predictable source of trandocation stock.
Interestingly, the Chuckwalla Mountains with
that augmentation--and mind you it was an
augmentation of 45 animals--thatpopul ationhas
not done very well as near as we're able to
determine. We have some very positive signs
with respect to the Sheephole Mountains. It
looks as if that population has expanded
substantially insizefromtheinitial transl ocation
stock. In the Argus Range, there's some
encouraging newsthere. With respect to mixing
populations, we mixed animalsfrom Old Dad
Peak and MarbleMountains, placed themin the
Whipple Mountains, an area apparently devoid
of sheep at that time. Also, we mixed animals
from Old Dad Pesk and the Marble Mountains
and placed them in the Eagle Crags in two
separate trandocationsin the mid-1980s. That
populationdoesn't ook likeit's doingwell at all.
So in the Whipples and Eagle Crags--using
geneticstock fromtwo sources--theresultshave
not been too encouraging. | don't know what to
draw from that, but it's been kind of
disappointing. What i sdrivingour translocation
programright now isessentially theidea..

(Tape Change)

...populationsinthehopesthat thiswill facilitate
gene flow between digunct or island popula-
tions of mountain sheep. This stepping stone
model isconsi stent with metapopul ationtheory .
I'm withRobRamey. 1'd much rather havefour
populationsof 25 sheep, | thi Nk, theneven oneof
200 sheep when you get right down to it. So
we're trying tofill in theblanksin thedesertand
that's currently what's driving much of our
management and our trand ocation strategy .

Walter Boyce - Steve, could you perhaps
addresssomeof thetaxonomic questionsin your
comments.

Steve Torres - In a way, it fits in if we
consider them as metapopulations, particularly
the Peninsular Ranges. 1t only makessenseif we

need to augment a population or reestablishit;
we take the stock locally. | fully support the
regional notion and also thelocal stepping-stone
fashion. A lot of what we're talking about here
and why | asked earlier about inbreeding and
whether it manifestsitself over al0-yearperiod,
and even whether it's something of legitimate
concern, depends on what type of population
you're trying to reestablish. If you want to
reestablish a population, and you're somewhat
assured that it's going to be an isolated
population, then inbreeding, source stock, and
genetic diversity, are al very important
considerations.

Part of our charter in the Department, of
course, and | think in all resource agencies, isto
manage for biologicaly viable long-term
populationsof bighorn sheep. Aspart of this, |
think the sooner we can have a hands-off
approach, the better.Part of establishingasmall
populationthat's likely to haveinterconnectivity
furthernegatessomeof theconcernswithregard
to genetic diversity, if indeed they're sharing
individuals moving between them. That's part
of fillingin the missing piecesof the puzzle.

Another thing | think we need to look at in
both Francis Singer's and Jim Bailey's
interpretations is to be a little careful in the
inferenceswe're drawing. | appreciate, andI'm
not putting down the genetic diversity, but |
think we've emphasized it a little too much, at

- least with regard to what's happening in

Cdlifornia. Basically, when we introduce a
bighorn sheep population, what | look at
retrospectively is that there's predation, there's
range condition, and there's theavailability and
thesuitability of therangethey're on. Theseare
immediatefactorsthat aren't beingalternatively
tested here. | think that's one thing that most
dramatically influences, a least to me, the
successof what we're seeing. And, of course,
we're not reintroducing next to domestic sheep
aress.

A further bias in this retrospective way of
looking at thingsis that there's a time element
there that's associated with range condition,
precipitation, and other things. So Francis
Singer, in this staggered entry of these
populations and when they were reestablished,
might address the fact that they were done at
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different times or that different climatic factors
were operating then.

So theré's many influencing factors and |
thirk, given that when were establishing a
population and it's afounder population, that we
must remember fundamental population models,
not just population genetic models. Potentialy,
these sheep populationsare at thelow asymptote
of rate of increase. Now for them sometimes to
getout of that, they need alittlehelp, whetheritbe
thegood climaticconditionsthey wereintroduced
under, or whether it be thetemporary removal or
suppression of predation to which they can
increasetheratecof increase. There's awholehost
of thingsthat | think arereally important. 1 * v e
sort of goneoff on several tangentshere. That's
my style, free-flow conscious. Anyway, basicaly
getting back to the subject. What we're trying to
doisestablish aregional approach. VernBleich
andl--andalot of thisispart of theBLM plan, |l
putinaplugfor them--they're workingwith usin
the habitat managementtoo. | think alot of what
I'm echoing herel've read out of Weaver's 1983
plan; | wantto give Dick somecredit. But, we're
also looking at, for example, the Orocopia
Mountainsas a potential way of augmenting the
local populationstheretoo asapreferredmethod,
and aso that these populations aren't isolated
populations. | appreciateAmy's dilemmawhere
she is somewhat forced from not having
connectivity between some populationsbecause
of a disease process. That limits some of the
optionsyou have.

Walter Boyce - Just to throw in onepotential
word of caution onfillingin some of the blanks.
Onceyou establish connectivitybetweend| these
populationsin a metapopulation, not only have
you created a corridor for migration of animals,
but youve created a corridor for migration of
pathogens. You can indeed set up a scenario
wherenot only canramsrapidly migratefromone
population to another, but perhaps disastrous
pathogensas well.

Jim Bailey - Youve established severa
metapopulations in the Mojave and Sonoran
Desarts.  In the future, will you transplant
between metapopul ationsor not?

SteveTorres - Ah, you're making methink
here. Actualy, potentially what we're recogniz-
ing is a metapopulation. Yes, indeed we may.
The Orocopia Mountains are currently on one
Side of Interstate 10, which is sort of our
manmade and now our real barrier between that
and the Granite/Palen system. Those popula-
tions were local and most likely often shared
stock or individuals between them. So, yes,
indeed we may consider mixing those
metapopulations. Now, if it meansgoing across
metapopulation lines, that would be something
that would have to be carefully considered and,
indeed Walter, the path of exposure is well
taken.

Amy Fisher - | wasn't going to jump in
unlesssomethingsl haveweren't brought up. In
New Mexico, we've learned a lot from our
mistakes and when | got to know you all alot
better, | redized that you've made some
mistakes too. You're just more reluctant to
acknowledgethem. | hear about them after the
meeting, during thebreaks, and soforth. I'd like
to make a plea for a hedlthy, professional
dialogue; we can redlly learn from each other's
mistakes.

I'd like to discuss three other points I've
learned from beingin thisbusinessfor 12 years.

First point--conduct habitat evaluations.
Don't fall intoentrenched positionsbased solely
on your evaluations. I'll tell you afunny story.
Many of you know Bill Dunn--areally blunt
guy, kind of like me. Bill got upin front of a
BLM audience to give the results of his desert
bighorn habitat evaluation. One of his Sites
ranked really low and to sumit upin anutshell,
hesaidthat thissitein theLadronMountainswas
smply a pimple on the face of New Mexico.
Wéll, it wasn't too much later--infact 2 months
|ater--thatatransplant to amuch better rangefell
through and guess what? We asked the BLM to
transplant to the Ladron Mountains—that pimple
onthefaceof New Mexico. So, besurethat you
don't burn any bridgeseven though your habitat
evaluationsmight rank a place low.

Second point--mitigateand correct limiting
factors before transplanting bighorn. 1 know
that's real tough, but a lot of factors can be
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identified and eliminated. Il give you an
example. We recently transplanted bighorn
from the Pecos Wilderness to Wheeler Peak.
Whedler Peak received bighorn in 1968, but that
trangplantfailedfor aredly smplereason. These
sheepwereredly dependentonsdt. Whenthey got
to Wheder Pegk, they ended up on the roads
seekingroadsaltandgotkilled So, by researching
what happened to the origina transplant, we
established sdt gations in the transplanted ar ea
Jim Bailey, whofollowed themfor 3 months, can
tdl you that it worked very well.

Third point—conduct intensve postrelease
sudies. Therewasavery good paper back in 1981
by Roland and Schmidt in the Transacti ons that
extolled us to go ahead and do this.  Without
postrelease sudies, wecannottdl why atransplant
Succeeds, fails, or sagnates. After this pgper came
out, therewasapate  postrelease sudies. Mine
wasone. Butthen, dl of asudden, they seemed to
havefdlenoff. Peoplethink," ah, wekind of redly
know everythingthereistoknow about transplants,
solet's not spend the $15,000 to $20,000 it takesto
doit" 1tdl you, wehavelearned somuchfromthese
studiesthat | think wegetthemost bangfor our buck
fromthem.

Jim Karpowitz - Most of the desert bighorn
transplantsin Utahin the past have utilized in-
state stock from the Colorado River corridor
and we've spread them throughout southern
Utah. The animalsthat we've brought in from
out of state have supplemented populations
where we've already seen other out-of-state
animals show up. For example, in Westwater
Canyon, we had desert bighornfrom Colorado,
originaly Nevada stock, move into there and
wesupplementedthem with Nevadastock. Our
plansfor the Arizonasheep areinanareawhere
we have Arizonasheep movinginto Utah.

| have a question for the panel. We have a
situation now on the east side of the Colorado
River where our large, native, bighorn
populations are nearly gone. The North San
Juan unit sheep numbered 400 to 500 and now
they are down to virtually zero--just a few
remnant animals. Thelikelihood of getting in-
state stock to repopulate that areais nil in my
lifetime. Do we do nothing or do we consider
bringing other Nelson bighorns in from, say

Nevada, where they have sheep available that
they'll give us to repopulate that area with
desert bighorns? It's the largest expanse of
continuousdesert bighorn habitat in Utah. The
desert bighorns proved that 'it was the best
habitat. They persisted there until modem
times and now have died off. Do we sit back
and do nothing or do we repopulate the area
with out-of -statebighorns?

Walter Boyce - One question. Can you
identify what themost limitingfactor isand has
that been corrected?

Jim Karpowitz - The most important
limiting factor was disease in domestic sheep
and it's not entirely resolved, but we wouldn't
do anything until it was.

Tom Bunch - | think I'd use a degree of
caution becauseif you still have sheep in that
area, there's agood chancethat they may have
developed some degree of resistance and they
could be carriers yet of whatever that disease
was. My guess is that it was pneumonia
because somedf the animalswerefound along
the Colorado River. Often, when sheep
develop pneumonia, they'll go to areas where
they can become cool--most often near water.
I've seen desert bighorn bury their headsin a
water trough when they haveahighfever. So,
| wouldn't jump into thiswith alot of money.
Initially, becausethere are someremnant sheep
and the interaction could result in the death of
the transplant animal sthat you introducethere.
But at the sametime, | don't think you should
donothing. | thinkit's worththerisk onasmall
scale to start again.

Speaker Unidentified - 1sthiswhat they call
being between arock and ahard place? | guess|
have to agree with what's been said here. The
nearest available, most smilar stock is wheat you
would haveto go with.

John Wehausen - |'m curious about your
comment that theability of gettingnativestockin
your areaisnil withinyour lifetime. Could you
comment as to why that would be since you do
have nativeanimalsin this area?
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Jim Karpowitz - My career lifetime. There's
really only acoupleof sources: thePotashandthe
IslandintheSky herd, whichnow haswidespread
scabiesitlookslike, and we've had difficultiesin
removing sheepfromthepark. Our other sources
are transplanted herds that started with small
numbers and have the associated problems,
although we’ve moved some of them too.

John Wehausen - But you do potentialy
have some of those native, those reintroduced
populations, that could serve as some stock?

JimKarpowitz- Y es, wehaveused themand
they can beused--very small numbersof animals.

John Wehausen - Could you perhaps take
ramsout of Potash or somewherelike that under
certaincircumstancesand add geneticdiversity to
thoseif you wanted?

Jim Karpowitz- We have.

John Wehausen- So, it's not absolutely
impossibleto use native stock?

Jim Karpowitz - It would be extremely
difficult to get enough animals to do any good.
We've got so many other placesto put the native
stock on thewest side of the Colorado River that
that's wherethey ought to go. Weaready have
thispolluted...

(Tape Problem)

.fry to protect, just use native groupsin there.
Then, there's large areas of southcentral and
southwestern Utah where the bighorns are
compl etely extirpated and we maybefeel alittle
morefree to mix and bringin different stocks.

Jim Bailey - Well, with our desert bighorn
sheep, we've just been opportunistic on
wherever we've gotten them from, Nevada or
Arizona. | think maybewe're till in that mode
somewhat, although we're startingto get bigger
populations. | think we'd just liketo take some
of our own andtry to build with what we've got
therenow. It's alot easier probably, financially
and for alot of other reasons.

As far as Rocky Mountain bighorns go, |
thi nk we've been pretty opportunisticwithinthe
state moving to sSites that have been maybe
historic bighorn sheep ranges. Since there's
nothing there now, well take them from
probably anywherein the state. | don't thi nk
we've takenany fromout of state. Insomearesas,
like Georgetown and around Ft. Collins, where
we've got bighorn sheep range that the present
herds aren't utilizing, weve been pretty
successful moving sheep, local sheep, just afew
miles and establishing herds. So that's worked
out pretty well.

Doug Humphreys - With the Texas
Situation, we've had to be completely opportu-
nistic or we just would flat not have any sheep.
We're working under good management plans
within the state and we're doing more to
strengthen those plans, but we've had to do
whatever we could to get sheep there. | don't
feel, within our department, that it's been a
mistaketo get sheep back intothe stateby doing
what we've done. It's just amatter now to start
working within those boundsand practice good
management from where we stand at this point.

Walter Boyce - | think that covers all the
states. Am | missingor skipping anybody? The
one other group I'd like to hear from is BLM.
Wehavealot of BLM representativeshere and
we talked earlier today about coordination and
cooperation. Don, do you disagree with
anything being saidsofar by thefolksupfrontin
the panel or by the state agencies?

Don Armentrout - No.

Walter Boyce - Doesanyone here have any
burning commentsor questions?

Francis Singer - Just aquick comment. I've
been hearing theuse of the word metapopulation
quitea bit and there's a possibility some people
might be misusingit. Usudly, it's defined asa
series of spatialy separated subpopulations with
limitedinterchangeaf individuals. By definition,
the population dynamicsof those subpopul ations
should beindependent of each other. Theclassic
example: somesubpopul ationscan goextinctand
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then berecolonized by theother ones. So, inthe
model exercises that have been done, these
metapopulations persst longer than a single
subpopulation. Water made a comment that a
disease could sweep through your whole
metapopulation. If youve got that much
connection, thai’s not a metapopulation--it’s a
single large population. Well, this may be a
critical point. It may betoyour advantageduring
your transplant programsto have partial barriers
between populations so diseases can't sweep
through the whole group.

Rob Ramey - Just s0 that my comments
aren't misinterpreted, I'd like to point out that
Cdiforniareally hassort of anideal situationin
that they haveafairly largenumber of mountain
sheep populationsstill leftin the state. There's
still someregional integrity. So, my sort of ideal
scenario of tryingto get sheepfrom alocal area
to reintroduce, and totry not to mix too, really

sort of works. But you can see with Utah that
they're in a situation where they're forced to
compromisejust Ssmply becausethey don't have
theincredibleresourcedf |otsof mountainsheep
popul ationsto drawfrom. Soyes, they may have
to Mx down theroad. Texas, atthe other end of
the scale, had absolutely nothing, and so the
closest thing would be New Mexicoor Mexican
populations. They've had to go to whatever
lengthsthey could. Sothey weren'tin aposition
to be able to follow this ideal scenario.
However, I'd likeit to be seen as a predation of
opportunities or strategies, and that wetry to do
what we can with what we have, with our goals
set high, and we'll justtry to makeit work from
there.

Walter Boyce - This concludes the panel
presentation. 1'd like to thank the agency
personnel and the other peoplethat | put on the
spot, and I'd liketo thank the panel participants.
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DESERT BIGHORN COUNCIL

Established to promote the advancement of knowledge concerning the Desert
Bighorn Sheep and the long-range welfare of these animals.

26 April 1996
TOWHOM IT MAY CONCERN:

The Desert Bighorn Council wasfounded in 1957. Itiscomprised of wildlifebiologists (many
of whomare ce  ed by TheWildlife Society), scientists, administrators, managers. and others
interestedin the welfare of desert bighorn sheep.

The Council has four primary objectives: 1. Provide for the exchange of information on the
needs and management of the desert bighorn through annual meetingsand published transac-
tions; 2. Stimulate and coordinate studiesin all phasesof thelife history, ecology, management
and protection, recreational and economicvaluesof desert bighorns;, 3. Provide aclearing-
house o information among all agencies, organizations,and individualsprofessionally engaged
in work on thedesert bighorn; 4. Function in a professional advisory capacity, where appropri-
ate, onlocal, national, and internati onal questionsinvol ving management and protection of the

desert bighorn.

The Technical Staff of the Desert Bighorn Council was recently requested to review and com-

ment upon the propagation of desert bighorn sheep (Ovis canadensis) bv interspecies embryo
transfer using domestic ewes (Ovisaries) proposed by Texas A & M Universty.

We offer thefollowing points:

** Thereisthe possiility that these crossbreeds would pass domesticlivestock diseases
to native populations. Wild sheep have been, and continue to be, decimated by diseases intro-
duced by domesticanimals. The wildlife Literaturefully supportsthis. The loss of 200+ Rocky
Mountain bighornsin 1995-1996, aong the Snake River in Idaho, Washington, and Oregon, fol-
lowing contact with asingleferal Nubian goat, isaclassic example.

** This proposal confuses the issuefor acquisition of limited financial resourcesto re-
store native speciesto thelir historic, or suitable vacant, habitats.
with an animal that i s habituated to humans and has no protectivewildness; thereisthe strong
possibility that bighorns would be selected on the basis of horn size, rather than traitsthat in-
creasetheir fitness under natural conditions.

In our opinion, the resulting animal would be a domestic animal, and therefore would
not gualify for Boone and Crockett scoring competition.

Based on these points, the Technical Staff is strongly opposed to the concept. Bighorn popula
tionsin North Americaare up asaresult of active trapping/transplanting, and reintroductioninto
historic or suitable vacant habitats of native animals. There isno need for such a program.

w L kgw (B /@{/\w

William R. Brigham
Chairman, Technical Staff
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PROGRAM 40th ANNUAL MEETING
DESERT BIGHORN COUNCI L
HOLTVILLE, IMPERIAL COUNTY, CALIFORNIA
APRI L 10-12,1996

TUESDAY, APRI L9, 1996

7:00 - 9:00 PM Regigtrationand Social

VEDNESDAY, APRI L 10, 19%

7:30 - 8:30 AM Wecoming Addressand I ntroductions
Andy Pauli - CaliforniaDepartment of Fish and Game

9:00 - 10:00 AM Keynote Speakers

Fred Jones, Assistant Chief (Retired)
Game Management Branch
CdliforniaDepartment of Fish and Game

Terry Mansfield, Chief
Wildlife Management Division
CdliforniaDepartment of Fish and Game

10:00 - 12:00 PM Session 1. State StatusReports
Chair - Rick Brigham, Bureau of Land Management, Reno

Arizona Ray Lee
Cdlifornia SteveTorres
Colorado TomLytle
Mexico Ray Lee
Nevada Pat Cummings
New Mexico Amy Fisher
Utah Jim Karpowitz
Texas Doug Humphreys
12:00 - 1:00 PM Lunch
1:00 - 3:00 PM Sesson 2: Diseaseand Genetics

Chair - John Wehausen, White M ountai n Research Station

Genetic Variationof Major Histocompatibility Complex and Microsatellite
Loci in Bighorn Sheep
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Host Specificity of Psoroptic Mange Mites: Preliminary Results from DNA
Sequence Data

Pathogen Exposure Patterns Among Sympatric Populationsof Bighorn Sheep,
Mule Deer, and Cattle

Evidence of Viral-Induced Pneumonias in Peninsular Desert Bighorn Lambs

Depressed Lamb Survival Syndrome: Some Cluesfrom Comparative
Demography

The Temporal Epidemiology of BluetongueVirusin a Bighorn Sheep
Population

3:00 - 3:30 PM Break
3:30 -5:00 PM Session 3: Special Population Reports

Chair - Steven Torres, CaliforniaDepartment of Fish and Game

Botulism asa Cause of aBighorn Sheep Die-Off at Old Dad Peak

Die-Off of CaliforniaBighorn Sheepin Hells Canyon, Idaho: An Update
7:00 PM Special Photographic Presentation: Bighorn Sheepin the Peninsular Ranges
THURSDAY,APRIL 11, 1996
8:30 - 12:00 PM Sesson 4: Populations

Chair - Vernon C. Bleich, CdiforniaDepartment of Fish and Game

The Peninsular Bighorn Sheep Popul ation Health and Demography Study: An
Overview of Its Study Design and Major Findings

Reproductive Success o Bighorn Sheepin thePeninsular Rangesdf Cdifornia

Adult Survival and Mortality of Bighorn Sheep in the Peninsular Ranges of
California

The Potential Role of Mountain Lions in the Dynamics of Bighorn Sheep
Populations

A Conservation Plan for Ovis canadensis weemsi on Carmen Idand, Baja
CaliforniaSur, Mexico

Status and Health Parametersof a Populationof Ovis canadensisweems



12:00 - 1:00 PM

1:00 - 3:00 PM

3:00 - 5:00 PM

6:00 PM
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Lunch

Session 5. Distribution/Behavior/Management
Chair - Amy Fisher, New Mexico Department of Game and Fish

Effectsof Simulated Jet Aircraft Noise on Behavior of Desert Ungulates

TheEffect of Scaleon Defining Topograhically Suitable Desert Bighorn Sheep
Habitat

Habitat Use by Desart-Dwelling Mountain Sheep in the East Chocolate
Mountains, Imperial County, California

Water Devel opment Design Conceptsfor Bighorn Sheep
An Improved Fencefor WildlifeWater Sources
BusinessMeeting

Banquet

FRIDAY, APRIL 12,1996

7:00 AM

Fidd Trip to Anza BorregoDesert StatePark, I ndian Canyon
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David Jett

M ountain Home Chamber
of Commerce

Military AffairsCommittee
390 East 2nd North
Mountain Home, ID 93647
W (208) 587-2968

Dems Jones

455 W Railroad Ave
Price, UT 84501

W (801) 637-3310
H (801) 637-7625

Al Jonez
83 Fawn
Golden, CO 80401

Mark C Jorgensen
Colorado Desert Didtrict
CA Park ServiceBox 299
Borrego Springs, CA 92004
W (619) 767-5311

H (619) 767-3662

Bob Jurgens

61111 Chuckanut Drive
Bend, OR 97702

H (503) 382-4984

Jim Karpowitz

455 W Railroad Ave
Price, UT 84501

W (801) 637-3310
H (801) 637-8564

Ronad L., Kearns
PO Box 6290
Yuma, AZ 85366-6290

KathrynKelly

2783D W Anklam Road
Tucson, AZ 85745

W (602) 621-1696

H (602) 882-6568

Warren Kdly

85408 GlenadaRoad
Florence, OR 97439
H (503) 997-9087

Jack Kilpatric
HC65Box 80
Alpine, TX 79830
W (915) 364-2228
H (915) 364-2215

Steven D Kovach
P O Box 670996
Chugiar, AK 99567

Paul R Krausman

325Bio Sci EBuilding
SRNR/University of Arizona
Tucson, AZ 85721

W (520) 621-3845

H (520) 698-4623

Denise LaBerteaux
10375 LosPinos Street
Onyx, CA 93255

W (619) 378-4274

H (619) 378-3021
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Raymond Lee
ArizonaDept Fish & Game
2221 W Greenway Road
Phoenix, AZ 85023

W (602) 789-3351

H (602) 863-0664

Leon M Lesicka
411W" D Street
Brawley, CA 92227
W (619) 344-2793

Paul V Loeffler

209 W Holland Suite 209
Alpine, TX 79830

W (915) 837-3457

H (915) 837-2635

Kathy Longshore
UNLV/Dept of Bio Sci
4505 Maryland Parkway
LasVegas, NV 89154-4004
W (702) 895-3219

H (702) 897-7315

Wayne Ludington
1311 Haycock Lane
Helper, UT 84526
W (801) 637-4584
H (801) 472-8249

Richard Matrucci SRA

University of CaliforniaDavis

Dept of AnesthesaTB 170
Davis, CA 95616

Craig McCarty

PO Box 38
Hygiene, CO 80533
W (303) 484-2836
H (303) 394-1073

Kathleen McCoy

PO Box 277

Window Rock, AZ 86515
W (602) 871-6451

H (505) 722-2392

Henry McCutchen
3138 N Connor Street
Flagstaff, AZ 86004
W (602) 523-9080

H (602) 527-0538

Rick McIntyre

PO Box 7

Big Bend Nationd Park,
TX 79834

W (915) 477-2241

H (915) 477-2303

WilliamMclntyre

45431 N Elm

Lancaster, CA 93534-1825
H (805) 942-0710

Norman McKee

PO Box 142
Panguitch, UT 84759
H (801) 676-2289

Karen McKinlay-Jones
Arches Nationa Park
P O Box 907

Moab, UT 84532

W (801) 259-8161

H (801) 259-4488

William Merhege
1800 Macques

Las Cruces, NM 88005
W (505) 525-4369

H (505) 524-2853

Don Moore

2044 Hwy 6 & 50
Fruita, CO 81521
W (303) 856-7625
H (303) 245-7865

Ralph Moore
Zion National Park
Springdale, UT 84767

GaeMonson
8831 North RivieraDrive
Tucson, AZ 85737

Miles Moretti

455 W Railroad Ave
Price, UT 94501

W (801) 637-3310

H (801) 387-2680

Gerald L Mulcahy

CA Dept of Fish & Game
PO Box B-D

Blythe, CA 92226

Brad Mullens
Univergity of Cdifornia
Dept of Entomology
Riversde, CA 92521

Ellen Myers

HC 65Box 80
Alpine, TX 79830
W (915) 364-2228

Ron Olding
555 N Greasewood
Tucson, AZ 85745

L eonard Ordway
ArizonaGame & Fish Dept
7200 E University

Mesa, AZ 85207

Stacy Ostermann
51000 Highway 74
Palm Desert, CA 92260
W (619) 346-7334

W DouglasPadley

42200 Margarita Road #323
Temecula, CA 92592

W (619) 477-5333

Andy Paulli

21091 Sioux Road
AppleValley, CA 92308
W (619) 240-1372

H (619) 240-1205

RebeccaPeck
3125 Ross Avenue
Kingman, AZ 86401
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Allan Phister

Bureau of Land Management
E 101 Spikes Road

Needles, CA 92363

Fred E Phillips
1101 Allstow Way
Williams, AZ 86046

Clive Pinnock

Glen Canyon National
Recreation Area

Box 1507

Page, AZ 86040

Bob Price
ArizonaGame & Fish Dept
5025 N Stockton Hill
Kingman, AZ 86401-5499

Michael T Pittman

P O Box 598

Fort Davis, TX 79734
W (915) 426-3960

H (915) 426-3503

DenyseRacine

5079 Westridge Road
Bishop, CA 93514
W (619) 872-1158

H (619) 387-2680

Jim Ramakka

Bureau of Land Management
1535 Hot Springs Road #300
Carson City, NV 89706

Rob Roy Ramey

P O Box 386
Nederland, CO 80466
W (303) 492-8239

John W Ray
P O Box 67
Grand Canyon, AZ 86023

Frank Rossins

PO Box 1574

Van Horn, TX 79855
W (915) 828-3506

Bill Russ

POBox 112
Sanderson, TX 79848
W (915) 345-2954

Esther Rubin

VM/PMI

University of CaliforniaDavis
Davis, CA 95616

W (916) 752-6294

H (916) 757-7513

Andrew Sandoval

NM Dept of Game & Fish
VillagraBuilding

PO Box 25112

Santa Fe, NM 87504

Milton Schultz Jr

PO Box 787

Glen Rose, TX 76043
W (817) 897-2711

Joan E Scott

555 N Greasewood
Tucson, AZ 85745
W (602) 628-5376
H (602) 292-1487

Linda Seibert

838 E Ok

Moab, UT 84532
W (801) 259-6111

DuaneL Shroufe

AZ Game & Fish Dept
1221 W Greenway Road
Phoenix, AZ 85023

FrancesJ Singer

Nationa Resources
Ecology Lab

Colorado State University
Fort Collins, CO 85023

Jarry Sintz

9209 Shad Lane
Sandy, UT 84093
W (801) 539-4058
H (801) 943-5926

Raymond Skiles

PO Box 82

Big Bend National Park,
TX 79834

W (915) 477-2251ext 145
H (915) 477-2232

William Sloan
CanyonlandsNational Park
Moab, UT 94532

W (801) 259-4351

Mike Small

BLM ArizonaStrip
225 N Bluff

St George, UT 84770
W (801) 628-4491

H (801) 673-0710

David Smith

1649 Athens Avenue
Yuma, AZ 85364

W (602) 726-6300

H (602) 782-9891

Terry R Spraker

2905 Stanford Road
Fort Collins, CO 80525
W (303) 491-1284

H (303) 223-5950

Craig Stevenson
NevadaDivisonaof Wildlife
4747 W VegasDrive
LasVegas, NV 89108
MariettaSumner

PO Box 278

Glenwood, NM 88039

Tice Supplee
ArizonaGame & Fish Dept
2221 W Greenway Road
Phoenix, AZ 85023
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Commanding General

US Army

White Sands Missile Range
STEWS-DES-E

Attn: Daisan Taylor
WSMR, NM 88002-5048
W (505) 678-6140

Elroy Taylor

3948 Development Ave
Boise, ID 83705

W (208) 384-3339

LauraThompson-Olais
1611 N 2nd Avenue
Ajo, AZ 85321

StevenTorres

CA Dept of Fish & Game
1416 9th Street Rm 1270
Sacramento, CA 95814
W (916) 653-7889

H (916) 332-4887

DaeToweill
7253 Wapiti
Boise, ID 83709

Raul Vadez

Dept of Wildlife

New Mexico State University
Box 30003

LasCruces, NM 88003

W (505) 646-1544

H (505) 524-8719

Vic Vierra

Zion Nationa Park
Springdale,UT 84767
W (801) 772-3256

H (801) 772-3809

Guy Wallace

PO Box 1112
Monticello, UT 84535
W (801) 587-2643

Mark Wallace

Dept Natura Resources
Sciences

University of Rhode Idand
212 Woodward Hall
Kingston, RI 02881

James H Watkins

Bureau of Land Management
1661 South 4th Street

El Centro, CA 92243-4561

Larry Watt
P O Box 5000
Centra Point, OR 97502

Richard A Weaver
10961 County Road 23
Cortez, CO 81321
H (303) 565-7378

John Wehausen
1417 Bear Creek
Bishop, CA 93514
H (691) 873-4563

MaraWeisenberge
PO Box 756

Las Cruces, NM 88004
W (505) 382-5047

H (505) 382-0968

George W Welsh

1954 Golden Gate Ave
Kingman, AZ 86401

H (602) 753-3612

Robert L West
3407 S Charbourne
San Angelo, TX 76904

Steven Yamashita

711 Independent Avenue
GrandJunction, CO81505
W (970) 248-7178

H (970) 245-4727

BruceZeller

Desert National Wildlife
Range

1500 N Decatur Boulevard
LasVegas NV 89108

W (702) 646-3401

H (702) 375-4004



DESERT BIGHORN COUNCIL MEETINGS1957- 199

Year Location Chair Secretary-Treasurer TransactionsEditor
1957 LasVegas NV M. Clair Aldous
1958 Yuma AZ G. Monson & W. Kelly
1959  DeathValey, CA M. Clair Aldous Fred Jones
1960 LasCruces, NM Warren Kelly Fred Jones
1961 Hermosillo,Mexico JonV. D. Akker RalphWelles
1962 Grand Canyon,AZ  JamesBlaisdell CharlesHansen C. Hanen &
L.Fountein
1963 LasVegas NV Al Ray Jonez CharlesHansen JimY oskum
1964 Mexicali, Mexico  RudolfoH. Corzo CharlesHansen C. Hansen &
D. Smith
1965 Redlands, CA John Goodman John Russo JimY oskum
1966  Silver City, NM Cecil Kennedy John Russo Jim Yoakum
1967 Kingman, AZ Claud Lard John Ruso JimY oakum
1968 LasVegas NV Ray Brechbill John Russo JimY oskum
1969 Monticello, UT R. & B. Wdlles W. GlenBradley JimYoakum
1970 Bishop, CA William Graf W. GlenBradley JimYoakum
1971  Santa Fe, NM RichardWeaver Tillie Barling JimY oakum
1972  Tucson,AZ GeorgeWesh DorisWeaver CharlesHansen
1973  Hawthorne, NV Warren Kelly DorisWeaver Juan Spillet
1974 Moab, UT Carl Mahon Lanny Wilson Juan Spillet
1975  TIndio, CA Bonnar Blong Lanny Wilson Juan Spillet
1976  Bahia Kino, Mexico MarioLuisCossio Lanny Wilson Charles Douglas
1977  LasCruces,NM Jeny Gates Peter Sanchez Charles Douglas
1978 Kingman, AZ Kelly Neal Peter Sanchez CharlesDouglas
1979  Boulder City, NV Bob McQuivey Peter Sanchez CharlesDouglas
1980 St George, UT Carl Mahon Peter Sanchez CharlesDouglas
1981 Kerrville, TX Jack Kilpatric Peter Sanchez Charles Douglas
1982  Borrego Spgs., CA  Mark Jorgensen Rick Brigham Charles Douglas
1983  Silver City, NM Andrew Sandoval Rick Brigham Charles Douglas
1984 BullheadCity,AZ JmdeVaos J. Rick Brigham Charles Douglas
1985 LasVegas NV David Pulliam, Jr. Rick Brigham Charles Douglas
1986 Page AZ Jim Guymon Bill Dunn Paul Krausman
1987 VeanHorn, TX Jack Kilpatric Bill Dunn Paul Krausman
1988  Needles, CA Vernon Bleich Donald Armentrout Paul Krausman
1989  Grand Junction,CO Jerry Wolfe Donald Armentrout Paul Krausman
1990 Hermosillo, Mexico Raul Vadez Donald Armentrout Paul Krausman
1991 LasCruces, NM Bill Montoya Donald Armentrout Paul Krausman
1992 BullheadCity,AZ  JmdeVas J. Stanley Cunningham  Paul Krausman
1993  Mesquite, NV Kathy Longshore CharlesDouglas Walter Boyce
1994 Moab, UT Jim Guymon CharlesDouglas Walter Boyce
1995 Alping TX Doug Humphries CharlesDouglas Ray Boyd
1996 Holtville, CA Andi Pauli CharlesDouglas Ray Boyd




