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NOTE: THE FOLLOWING TECHNICAL REPORTS ARE PRESENTED IN THESE
TRANSACTIONSAS AN ABSTRACT ONLY.

PREDATION RISK IN DESERT BIGHORN SHEEP

MICHAEL S. MOORING, Department of Biology, Point LornaNazarene University,
San Diego, CA

THOMASA. FITZPATRICK, Department of Biology, Point LornaNazarene
University, San Diego, CA

TARA T. NISHIHIRA, Department of Biology, Point Loma Nazarene University, San
Diego, CA

DOMINIC D. REISIG, Department of Biology, Point LornaNazarene University, San
Diego, CA

Knowledge of how predation risk factors faced by wild animalstrandlates into population
survivorship isimportant both for understanding predator-prey evolution and effective
conservationstrategies. Mountain lion (Felis concolor) predation is amajor mortality
factor contributing to the decline of many populations of desert bighom sheep (Ovis
canadensis) in the American Southwest. Desert bighom sheep (O. c. mexicana) were
studied at the Red Rock Wildlife Area, New Mexico during summer 2000 in order to
assess predation risk in different group types (ram, ewe, mixed) and age/sex classes.
Individua vigilanceincreased with increasing predationrisk for dl sheep; mature maes
in ram groups experienced greater predation risk than other group types. Maeswere
found in the smalest groups, were more likdly to be solitary, were spaced farther apart
fi-om conspecifics, and Inhabited less rugged terrain compared with ewe and mixed
groups. The'Group Vigilancelndex' dsoindicatedthat collective alerthesswas least for
ramgroups. The oldest and largest males, Class 3/4 rams, spent twice asjmuch time
vigilant as other classes, therefore indicating that they perceivedthemselves at greater
risk. The conclusion that the largest rams are most a risk from predation is supported by
the recent predation history of the population and previous studies in which mountain
lion killswere biased towards rams. Other studies give conflicting evidence. We suggest
that future studies of predation risk must take into consideration the process of prey
selection by individua predators, as well as factorsinfluencing predation vulnerability in
different seasons of the year.

SEXUAL SEGREGATION IN DESERT BIGHORN SHEEP (OVIS CANADENSIS
MEXICANA)

MICHAEL S. MOORING, Department of Biology, Point Loma Nazarene University,
San Diego, CA
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THOMASA. FITZPATRICK, Department of Biology, Point LornaNazarene
University, San Diego, CA

JILL E. BENJAMIN, Department of Biology, Point Loma NazareneUniversity, San
Diego, CA

| ANC. FRASER, Department of Biology, Point LornaNazareneUniversity, San Diego,
CA

TARA T. NISHIHIRA, Department of Biology, Point Loma NazareneUniversity, San
Diego, CA

DOMINIC D. REISI G, Department of Biology, Point Loma Nazarene University, San
Diego, CA

ERIC M. ROMINGER, New Mexico Department of Game and Fish, Santa Fe, NM

Recent interest in behaviora ecology has focused on why maes and females of polygynous,
sexually dimorphic species form separate herds during most of the year. Bighorn sheep (Ovis
canadensis) are polygynous ungulates that exhibit extreme sexual dimorphismand segregate
into ram and ewe herds outside of the rutting season. Six mgor hypotheses for sexual
segregation weretested in a population of desert bighorn (O. c. mexicana) a the Red Rock
Wildlife Area, New Mexico, from 1999-2001. We collected dataon the size, composition, and
location of ram and ewe groups during the summer period of segregation. Activity budgets
were recorded for maesin ram herds and femalesin ewe herds, and foraging selectivity was
measured for males and females in mixed groups during early rut. Habitat was eva uated by
measuring forage availability, ruggedness, and visihility at sites utilized by ram and ewe
groups. Ram herds utilized areas with more availableforage than sites used by ewe groups,
while ewe groups preferred more rugged terrain than that used by ramgroups. Ram and ewe
groups did not differ in time spent foraging, moving, reclining, or ruminating, nor did they
differ in foraging selectivity, but rams weretwice as vigilant as ewes. Ewe groups and mixed
groups occurred much closer to free water sourcesthan did ram groups. The results support
the predictionsof the reproductive strategy and predator vulnerability hypotheses, which
propose that males seek superior foragein order to build up body condition needed to
maximize mating success (even while exposing themselvesto greater predation risk), while
femal es chooserugged terrain that minimizes predation risk to themselves and their offspring
(even while sacrificing forage abundance). The water requirement hypothesis was aso
supported, indicating that |actation-related water requirements constrain the movements of ewe
groups and may contributeto patterns of sexual segregation in desert bighorn.

A FOUR-YEAR STUDY OF CAUSE-SPECIFIC MORTALITY OF DESERT
BIGHORN LAMBSNEAR AN URBAN INTERFACE AND A COMMUNITY
RESPONSE

JAMESR. DEFORGE, Bighorn Institute, P.O. Box 262, Palm Desert, CA 92261-0262
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Between 1985-1997, annual recruitment of desert bighorn sheep (Ovis canadensis) in the
northern SantaRosaM ountains (NSRM) of Cdiforniavaried fiom 0-27 lambs/100 ewes
and averaged 9 lambs/100 ewes. In the spring of 1998-2001 weradio collared 34 desert
bighorn lambsin the NSRM as part of a4-year study of cause-specificlamb mortality.
Lambs were captured using a hand-held net gun fired fiom a helicopter and were
sampled, radio collared, and released at the capturesite. Body weightsfor the 18-70 day-
old lambsranged fiom 5.9 to 22.3 kg and neck girthsranged from 18.3to0 24 cm. All
lambs regjoined their dams shortly after release and no capture-related mortalities
occurred. Through daily monitoringwe recorded atotal of 14 cause-specific mortalities.
Deaths were attributed to urbanization (43%), bobcat (LynX rufiss) predation (21%),
coyote (Canis latrans) predation (29%), and mountain lion (Puma concolor) predation
(7%). Thirteen mortalitiesoccurred within 300 m of an urban interface. Respiratory
disease may have predisposed some lambsto predation. Our dataindicatesthat direct
and indirect effects of urbanization (including atered habitat use) are a primary cause of
chroniclow recruitment in this population. In response, the City of Rancho Miragehas
approved a 3.5-milebighorn-proof fence around the urban area.

PENINSULAR BIGHORN SHEEP RECOVERY
THEROLEOF THE U. S. FISH & WILDLIFE SERVICE

PETE SORENSEN, U.S. Fish & Wildlife Service, Carlsbad Field Office, Carlsbad, CA
GUY WAGNER, U.S. Fish & Wildlife Service, Carlsbad Field Office, Carlsbad, CA

Desert bighorn sheep in the Peninsular M ountain Ranges of southern Californiawere
estimated a 1,171 individualsin 1974. Subsequent declinesin the 1980's caused the
Serviceto designate Peninsular bighorn sheep as a species potentially needing protection
under the Endangered SpeciesAct. The population declined to an estimated 276
individualsin 1996, and the species was listed as endangeredin March 1998. Listing led
to the formation of the Recovery Team, development of a Recovery Plan, and designation
of critica habitat. Listing protects individua bighorns from harm and harassment,
reduces habitat |oss, and ensures federal actions do not jeopardizethe continued existence
and survival of the species.

PROGRESS REPORT: CEMEX DESERT BIGHORN SHEEP
REESTABLISHMENT PROGRAM

ALEJANDRO ESPINOSA T., Cemex-Direccion de Tecnologia, Independencia901-A
OTE., Colonia Cementos, Monterrey, N.L., Mexico

ANDREW V. SANDOVAL, Borrego Cimarron Wildlife Consulting, PO Box 238,
Chacon, NM



2002 DESERT BIGHORN COUNCIL TRANSACTIONS

RAUL YALDEZ, New Mexico State University, Box 30003; MSC 4901, Las Cruces,
NM

Desert bighorn sheep (Ovis canadenss mexicana) in Mexico were extirpated in the states
of Nuevo Leon, Coahuila, and Chihuahua. In an effort to reestablish desert bighornin
northeastern Mexico, thirty-three desert bighorn sheep (O. c. mexicana) were
transplanted from Sonora, Mexico to the Sierra Pilares breeding enclosurein Coahuila,
northeasternMexico. A 6,000-ha, game-proof fence enclosure, which encompassesthe
southerntwo-thirds of the SierraPilares, was constructed to provide a protected breeding
site. Thefirgt transplant into the breeding enclosurein 2000 consisted of 5 sheep (3
femalesand 2 rams), which produced 1 lambin 2001. A second introductionin 2001
consisted of 28 sheep (18 femades, 10 males). Eleven lambs have been born in 2002.
When the population increases to about 200 animals, sheep will bereleased in
surrounding sheep habitat of the Sierradel Carmen. The ultimate aim of the projectisto
reestablish bighorns throughout northeastern Mexico.

HOW RELIABLEISTOOTH CEMENTUM RING AGING FOR BIGHORN
SHEEP?

JOHN D. WEHAUSEN, U.C. White Mountain Research Station

CHRISTOPHER J. O’BRIEN, Dental Increment Laboratory, Dept. of Anthropology,
CdliforniaState University, Chico

DALE R. MCCULLOUGH, Dept. of Environmental Science, Policy, and Management,
U.C. Berkeley

Accurate information on ages of bighom sheep and other speciesis desirablerdativeto a
variety of questions. Ages determined from tooth cementum annuli are often considered
to bevery reliable. However, cementum ages received from Matson’s Lab for some
desert bighorn sheep gave the first author reason to question the reliability of this method.
Subsequently, that method was tested using a set of skulls of known aged femal essheep
from rangesin the eastern Mojave Desert of Caiforniaand aset of maes skulls fi-om
Californiafor which the annua horn rings were very distinct and provided reliable ages.
Three different methods of cementum aging were used on each specimen and those doing
the cementum analysis either did not know they were being tested (Matson's Lab) or did
not know the ages of the sheep (second and third authors). The results have confirmed
that cementum aging of bighorn sheep is not as reliable as some might think.
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POPULATION HISTORY OF BIGHORN SHEEP IN THE STERRA NEVADA
JOHN D. WEHAUSEN, U.C. White Mountain Research Station

Despite areintroduction program that re-established bighorn sheepin three areas during
1979-88, thetotal SierraNevadabighom sheep population reached aknown low point in
1995 of about 100 sheep. Most herds have grown steadily sincethen, resulting in about
250 total sheepin 2001 -- the same number that existed when the reintroduction program
began. Thistalk will first trace what is known about the history of herd losses and will
conclude with areview of recent conservation efforts and population dynamics during the
past quarter century and potential factorsinvolved.

A SIMULATION MODEL FOR EXPLORING DEMOGRAPHIC PROCESSESIN
AN ENDANGERED POPULATION OF BIGHORN SHEEP

ESTHER S RUBIN,' Department of Veterinary Pathology, Microbiology, and
Immunology, University of Caifornia, One Shields Avenue, Davis, CA 95616, USA;
and Cdifornia Department of Fish and Game, 1416 Ninth Street, Sacramento, CA
95814, USA

WALTER M. BOY CE, Department of Veterinary Pathology, Microbiology, and
Immunology, University of California, One Shields Avenue, Davis, CA 95616, USA

EDWARD P. CASWELL-CHEN, Department of Nematology, University of Cdifornia,
One Shidds Avenue, Davis, CA 95616, USA

We devel oped a demographic simulation model to explorehow population vita rates,
initial size, and the addition of animasinfluencedthe viability of an endangered
population of bighorn sheep (Ovis canadensis) consisting of 8 subpopulations. Our
analyses suggested that quasi extinctionrisk was more sengitive to changesin adult
femae surviva than to changesin reproductionor surviva of young animals, and this
pattern remained consistent for al 8 subpopulationsalthough they had ditferent initial
sizes, surviva rates, and recruitment rates. Subpopulation viability wasrelatedto the
initid number of femaes and to adult femae survival, but not reproduction. Management
actionsthat increase adult survival may be most effective when implemented in the
largest subpopulations, while actions involving the addition of animals may be most
effectiveif implemented in subpopulationswith high survival rates. Subpopulation
augmentationin yearly increments was more effective a reducing quasi extinctionrisk
than was adding the same total number of animasat the beginning of the smulation.

' Present address. Center for Reproduction of Endangered Species, Zoological Society of
San Diego, P.O. Box 120551, San Diego, CA 92112, USA ‘
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DETAILED MOLECULAR GENETICSINVESTIGATIONSOF BIGHORN
SHEEP IN THE OWENSVALLEY REGION
ROB R. RAMEY I, U.C.White Mountain Research Station

JOHN D. WEHAUSEN, U.C.White Mountain Research Station

With the long-term loss of most bighom sheep herdsin the SierraNevada, the
reestablishment of a few herds during 1979-88 from one herd, and the subsequent decline
of all herdsto alow of about 100 total sheepin 1995, the potential for significant loss of
genetic variationis aconcern. In 1997 we embarked on a research project to look at this
guestion is detail using skulls, feces, and archived DNA from blood as sources of DNA.
This project involvesthe development of multiple data sets to address different questions.
These include a benchmark data set from the 1970s and 1980s for both sides of Owens
Valley and detailed datafor each existingherd. We are developing data on 13 micro
satelliteloci in addition of mitochondrialDNA sequences. Thesedata allow usto further
pursue phylogeographic questionsin addition to the question of potential changesin
genetic diversity. Wewill provide a progress report on this work.

EFFECTSOF CLIMATE CHANGE ON POPULATION PERSISTENCE OF
DESERT-DWELLINGMOUNTAIN SHEEP IN CALIFORNIA.

EPPS, CLINTON W., Dept. of ESPM, 151 Hilgard Hall #3110, University of
Califomia, Berkeley. Berkeley, CA 94720

MCCULLOUGH, DALE R, Dept. Environmental Science, Policy, Management
University of California, Berkeley. Berkeley, CA 94720.

WEHAUSEN, JOHN D., White Mountain Research Station, 3000 East Line St., Bishop,
CA 93514

BLEICH, VERNON C., California Dept. Fish and Game, 407 West Line Street,
Bishop, CA 93514

RECHEL, JENNIFERL ., USDA Forest Service, 4955 Canyon Crest Drive, Riverside,
CA 92507

Species inhabiting isolated desert mountains may be very sensitiveto rapid global climate
change. About 50 populations of desert bighom sheep Ovis canadensis nelsoni remain in
isolated desert mountain ranges in southern California, whileat least 27 populations of
desert bighom went extinct in the twentieth century. A GIS map of extant and extinct
desert bighom populations in Californiawas overlaid on raster-based precipitation,
elevation, and geologic mapsto score each population for variables describing climate,
metapopulation dynamics, and other environmental factors. Logistic regression was used
to assess the relationship between these variables and population extinction. Populations
inhabiting lower-elevation, drier mountain ranges were more likely to go extinct. Native
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and reintroduced popul ationswere then assessed for vulnerability to climate-related
extinction under current climate change models.

COACHELLA VALLEY RESIDENT SURVEY OF TRAIL USE AND ATTITUDE
TOWARDS BIGHORN CONSERVATION

CARRIE MCNEIL, Senate Natural Resources and Wildlife Committee, CaliforniaState
Senate

WALTER BOY CE, Wildife Health Center, School of Veterinary Medicine, University
of Cdifornia—Davis

JONNA A.K. MAZET, Wildlife Health Center, School of Veterinary Medicine,
University of Cahfornia—Davis

DAVID HIRD, Department of Medicine and Epidemiology, School of Veterinary
Medicine, University of Cdifornia—Davis

Recreational use of bighorn sheep habitat may affect bighorn seasonal usage of areas
necessary for lambing, rut, and accessing waterholes. An understanding of the
community's attitude towards bighom conservation and trail usage needsis essential for
the development of recreational policiesthat baance the needs of the bighorn sheep and
the community. In order to understand the issues associated with the recreational needs
and attitudes of the residentsof Palm Desert, Californianear the habitat of the
endangered Peninsular Bighorn Sheep, amail survey was conducted in August 2000.
With 42% of the 700 surveyed responding, the datareflected that the magjority of trail use
was by hikers, mostly on weekends and in thewinter and spring. Most of the trail users
were on thetrailsless than 12 times during the past year. Of the 16 dog-walkers, over
half do not useleashesto control the dogs. Though respondents were all votersin Palm
Desert, 36% of them hike near other cities and they traveled an average of 22 minutesto
reach thetrailhead. Most of thetrail users stated they would avoid trail use during
voluntary closures and seek an alternativetrail. Though over haf of the respondents
knew that the Peninsular bighom were endangered or threatened and were at |east
familiar with conservation efforts to aid the sheep, aquarter did not know the sheep were
endangered and were unfamiliar with conservation efforts. The overwhelming majority
stated that bighorn conservation efforts would either not impact their fives or impact their
livesin apositiveway. Theserespondents supported conservation in general, hindering
development, state that sheep have aesthetic values, and hope that future generationswill
be ableto enjoy the sheep in the area. The mgjority stated that it is important or very
important to keep bighom sheepin the CoachellaValey Area. Most of the respondents
receiveinformation about bighom conservation efforts from the media and chose the
Living Desert Museum as the most reliable provider of information.
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GENETIC CONSIDERATIONS FOR REINTRODUCINGBIGHORN SHEEP TO
THE SAN ANDRESMOUNTAINS, NEW MEXICO

WALTERBOY CE, Wildlife Hedth Center, University of California, One Shields
Avenue, Davis, CA 95616, USA

STACEY OSTERMANN, Wildlife Health Center, University of California, One Shields
Avenue, Davis, CA 95616, USA

MARA WEISENBERGER, San Andres National Wildlife Refuge, PO Box 756, Las
Cruces, NM 88004

We examined genetic variation at 22 microsatellite loci for bighorn sheep from the Red
Rock Wildlife Area, NM, and the KofaNational Wildlife Refuge, AZ, to addressthe
following questions: What are the levels of genetic variability among bighorn sheep at
Red Rock and Kofa? How do levels of heterozygosity at Red Rock and Kofa compareto
other desert bighorn populationsin the southwest? s there evidence of inbreeding at Red
Rock?What is an appropriate genetic management strategy for reintroducing bighom
sheep to the San Andres Mountains? We concluded that the Red Rock herd has low
genetic variability relativeto the Kofa and other desert bighorn sheep populations. Based
on genetic considerations from this anaysis, bighorn sheep from the Kofa's are preferred
to Red Rock bighorn as candidatesfor reintroduction into the San Andres Mountains.
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| NOTE: THE FOLL OWING TECHNICAL REPORTSWERE PEER REVIEWED.

USE OF GPS/SATELLITE TELEMETRY SYSTEMSIN MOUNTAIN SHEEP
RESEARCH

JAMESW. CAIN 11, Wildlife and Fisheries Science Program, School of Renewable
Natural Resources, The University of Arizona, Tucson, AZ 85721, USA

PAUL R. KRAUSMAN, Wildlife and Fisheries Science Program, School of Renewable
Natural Resources, The University of Arizona, Tucson, AZ 85721, USA

JOHN R. MORGART, United States Fish and Wildlife Service, Cabeza Prieta National
Wildlife Refuge, 1611 North Second Avenue, Ajo, AZ 85321, USA

JOHN J. HERVERT, ArizonaGame and Fish Department, 9140 E. 28" Street, Yuma, AZ
85365, USA.

Abstract: Researchers conducting studies of bighorn sheep often rely on aircraft equipped
with very high frequency (VHF) telemetry systemsto locate animals. 1nthe 1990’s,
satellite telemetry with platform transmitter terminds (PTTs) and radio collars equipped
with a Globa Positioning System (GPS) became available. Wefit three femaemountain
sheep (Ovis canadensis mexicana) on Cabeza PrietaNational Wildlife Refuge, Arizona
with collars containing GPS units and PPTs to test the performance of these systemson this
species. Our objectives were to eval uatethe performance of the GPS receiversand PTTSs,
and compare the cost per location of the GPS/satellite telemetry system versus VHF aerial
telemetry. Collars obtained an average of 287 out of 393 possible GPS |ocations; 67% of
these locationswere transmitted through the Argos satellitesystem. The cost/location was
lower usng the GPS/satellite system versus aerial telemetry. The GPS/satellite telemetry
systems result in smaller location error than those obtained by triangulation from aircraft,
can collect locations 24 hours a day and during inclement weather, and have the capacity to
collect more locations than commonly achieved usng VHF telemetry. A potential
disadvantage of GPS/satellite telemetry systemsisthat animd behavior, topography, and
vegetation may influencelocation error and fix rates of GPS receivers and may interfere
with PTT transmission. Field-testing these systems prior to deployment may alow
researchersto account for and correct thesebiases. Despite potential limitations, the
advantages of GPS/satellite telemetry systems are great enough to warrant assessingthe
feadbility of using these systems in studies of bighorn sheep.

Key words: Argos, Arizona, GPS telemetry, Global Positioning System, mountain sheep,
Owvis canadensis mexicana, platform transmitter terminal, radio telemetry, satellite
telemetry.

10
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INTRODUCTION

Radio telemetry has become a standard
tool for researchers studying ungulates
and has been used in studies of many
aspects of mountain sheep ecology,
including mortality, recruitment,
behavior, habitat use, and movement
(Krausman et a. 1989, Scott et a. 1990,
Wehausen 1996, Bleich et al. 1997,
Etchberger and Krausman 1999).
Researchersworking with mountain
sheep have often successfully relied on
the use of aerial telemetry to obtain
animd locations (Krausman et al. 1989,
Wehausen 1996, Bleich et al) 1997,
Etchberger and Krausman 1999). The
use of radio telemetry from aircraft is not
without limitations, however.
Triangulation of telemetry signals from
aircraft can result in asignificant location
error that may range >4 ha (Krausman et
al. 1984, White and Garrott 1990).
Telemetry flights are often restricted by
aircraft availability, light and weather
conditions, and airspacerestrictions(e.g.
military range) (Rodgerset a. 1996).
The amount of datatendsto belimited
when using aerial telemetry to obtain
animd locations and many studies using
these systems obtain only oneto two
locations/animal each week (Krausman et
al. 1989, Bleich et d. 1997). Furthermore,
the use of aircraft for wildliferesearch
poses additional safety risksto the
researchersinvolved.

A recent tool for studying mountain
sheep is satellite telemetry. With satellite
telemetry, animalsarefitted with aradio
collar equipped with a platform
transmitter terminal (PTT) (Kenward
2001, Rodgers 2001) that emitsan ultra
high frequency signal that is received by

the Argos satellitesystem; the location of
the animal is cal culated using the Doppler
shift in the signal that occurs as a satellite
passes over the anima (Whiteand
Garrott 1990, Kenward 2001). At least
two uplinks between the PTT and Argos
satellite are required during a satellite
passto estimatethe location of an animd,
and four uplinks are required for the most
accurate estimates (Kenward 2001,
Rodgers2001). Location datais
transferred to an Argos ground station for
processing where the user can retrieveit.
Major benefits of using satellitetelemetry
to track animals are that it is possibleto
increase the number of locations
compared to VHF ageria telemetry and
locations can be obtained 24 hrs a day
and during inclement weather. The major
limitation of satellitetelemetry isthe
location error, which may range from 150
to >1,000 m, and topography or dense
vegetation may interfere with signal
transmission and influencelocation error
(Fancy et al. 1988, Keating et a. 1991,
Balard et a. 1998, Kenward 2001).

In additionto the advantages of using
aeria and satellitetelemetry, GPS
telemetry has the added benefit of
increased accuracy. Sincethe end of
selective availabilityin May 2000, the
GPSreceiversused in wildliferesearch
have been tested to be accurateto <40 m
and have the potential for accuracy of
<10 meters (Wells 1986, Lawler 2000,
Hulbert and French 2001, D'Eon €t al.
2002). However, GPS collars can aso be
influenced by topography and dense
vegetation (Kenward 2001).

Themajor limitationin the use of GPS
telemetry isdataretrieval. Researchers
have three options for datarecovery:
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store datain the collar, recover the data
periodically using adirect radio link, or
use PTTsto transmit the data from the
GPS collarsto the Argos satellite system
(Rodgers et a. 1996, Schwartz and
Arthur 1999). When using " store-on-
board" GPS collars, researchersrisk the

loss of dataif the collarsare not retrieved.

When using adirect radiolink to
periodically recover data, researchers
must purchase an additiona receiver
designed for this purpose and must be
within range of the collared animd at a
predeterminedtime. The use of PTTsto
transmit GPS positionsmay provide a
more efficient and reliable method of data
recovery.

When using PTTsto transmit GPS
positionsviathe Argos satellites, the GPS
receiver calculatesthe animal's position,
location data are stored in the GPS collar
until the programmed transmissiontime
and contact with an Argos satelliteis
made, then data aretransferred to the
Argos satellite. The Argos satellite
transfers datato aground station for
processingwhere it can be obtained by
researchers.

Our objectiveswereto test the feasibility
of using the combined GPS/satellite
telemetry system in astudy of mountain
sheep. Specifically, wewantedto test the
performance of the GPS recelversand
platform transmitter terminals, and
comparethe relative per location cost of
using the GPS/satellite telemetry system
versus VHF agrid telemetry.

STUDY AREA

We conducted the study in the Growler,
SierraPinta, and CabezaPrieta
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mountains, Cabeza Prieta National
WildlifeRefuge (CPNWR) in
southwestern Arizona(Figurel).
Topography of CPNWR is a series of
rugged northwest-southeast trending
mountai n ranges surrounded by large
bajadas and separated by wide dluvid
valeys, elevationsrange from
approximately 200 to 1,100 m (Simmons
1966). The CPNWR isan ided areafor
the use of the GPS/satellite telemetry
because the mountain sheep on the refuge
inhabit very rugged and inaccessible
mountain ranges. Further limiting
accesshility is a wildernessdesignation
and alack of roads; approximately 93%
of therefuge iswilderness. Also,
approximately 95% of the airspace of the
refuge is under the Barry M. Goldwater
Air Force Range, which restricts use of
aeria telemetry.

METHODS

In March 2001, we used a handheld net
gun fired from a helicopter to capture one
femae desert bighorn sheep in each
mountain range (Krausmanet al. 1985).
All animaswerefitted with aradio collar
(Model TGW-200, Telonics Inc., Mesa
Arizona, USA) at the point of captureand
released. Radio collarswere equipped
with a GPSreceiver, aPTT, aVHF
beacon, and a programmable collar
release mechanism. The GPS receivers
were programmed to collect one position
every 13 hours. The PTTswere
programmed to transmit the GPS
positionsto the Argossatellites for a
period of four hours every two days. The
VHF beaconswere used to locate animals
from the ground whilein the field and
programmable collar release mechanisms
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were to be used in the event that we are
unableto recapture the study animals.

RESULTS

The study animal in the SierraPinta
Mountains died November 2001 and the
collar retrieved. Werecaptured the
animal in the Cabeza PrietaMountainsin
February 2002 and recovered the collar.
We were unableto recapture the female
inthe Growler Mountains, and the collar
release mechanism failed to release the
collar on the scheduled release date. The
following results are based on collar
performance over a seven-month period
from 1 April to 31 October 2001.

We should have obtained 393 GPS
locations with the program of one
location every 13 hrs. After retrieving
the collars from the SierraPintaand
Cabeza Prieta mountains, we found that
the GPS receiversrecorded an average of
287 locations (SD = 19.8, = 2, range
273-301); the units collected 74% of the
programmed locations.

We also wanted to assessthe
performance of the datatransfer
component of the system. Based on the
two recovered collars, an average of 228
locations (SD = 64.4, n = 2, range 182-
273) were transmitted through the Argos
satellite system; 79% of the locations
collected were transmitted. Based on dl
three collars, an average of 192 (SD =
76.5, n = 3, range 121 to 273) locations
were transmitted through the Argos
system, 67% of the [ocations collected
were transmitted.

We compared the cost of using the
GPS/satellite system comparedto VHF

B

aeria telemetry. The cost/location is
based on the average number of locations
we obtained in the recovered collars. The
collars that we used cost approximately
$4,500 each and the Argos data transfer
service cost approximately $500/year for
each animal. The cost of capture isthe
same regardless of which telemetry
systemis used. To obtain 492 locations
per year it costs $10.16/location
(including collar costs and satellite
downloading).

The VHF collars cost approximately $450
and flight time is $100/hour. The
price/location using aeria telemetry with
VHF collarsis based on aten-minute
location time. To obtain the 492
locations using aeria telemetry would
cost aminimum of $10.92/location
(including collar costs and flight time).
Both of these estimatesfor VHF locations
are conservativebecause neither includes
flight time between the study area and the
airport. Depending on the distancethis
could significantly increase the per
location cost.

DISCUSSION

Overal, the GPS/satellite telemetry
system provided eight times more
locationsthan would have been possible
with weekly telemetry flightsusing VHF
telemetry. In our study, the cost/location
was dightly lessfor the GPS/satellite
systemsthan for VHF aerid telemetry.
However, the new models (Generation
II) of these collars that are currently in
production have almost twice the battery
life. If we havethe same GPS receiver
performance with the new collars we can
expect to obtain 946 GPSlocationsin 23
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months of operation at acost of
$5.28/location.

Approximately 74% of the programmed
GPS locationswere obtained and at |east
67% of these locations weretransmitted
through the Argos satellites. However,
thefailure of the GPS receiversto obtain
25% of the programmed GPS positions,
and the failure of the PTTsto transmit
33% of the GPS positions that were
obtained may indicatethat there are
factorsthat influence the functioning of
the GPS receiver and or the PTT. Animal
behavior, topography, and vegetation
may influence GPS positional accuracy,
the probability of obtaininga GPS
position, and may interferewith the
transmission of SgnadsfromPTTs
(Rempd et al. 1995, Rodgers et al. 1996,
Moen et a. 1997, Kenward 2001, D"Eon
et a. 2002). If thelocation of animasin
areas with certain topographicor
vegetation conditionsare systematically
not obtained, the resulting data will not
be representativeof the areas actually
used by the animas and may influence
study results. However, by field-testing
these systems prior to deployment,
researchers may be able to account for
and correct these potential biases. The
GPS/satellite telemetry systems result in
smdler location error than those obtained
by triangulation from aircraft. Sincethis
study was completed, Cain and Krausman
(unpubl. data) havelocated seven sheep
mortalities, dl of which were<15 m from
thelocation transmitted through the
GPS/satellite system. Potential
disadvantageof the GPS/satellite
telemetry systemislocation bias dueto
GPS error caused by topography or dense
vegetation. Despite these potential
limitationsthe advantages of
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GPS/satellite telemetry systems warrant
their usein studies of ungulates and other
highly mobile species that inhabit areas
that are difficult to access.
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SURVIVAL RATESAND CAUSES OF MORTALITY IN A DESERT BIGHORN
SHEEP POPULATION ON THE NAVAJO NATION
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KATHLEEN MCCOY, R.R. 3 Box 3482, Cassville, MO 65625

Abstract: Reliableinformation on survival rates and causes of mortality for bighorn sheep are
difficult to obtain. Survival rates and causes of mortality differ among populations, and among
years, and sex and age classes of bighorn within a population. During the course of afive-year
study of population dynamics of asmall, indigenous desert bighorn sheep population on the
Nava o Nation, we collected data on survival rates of adults and lambs and on causes of
mortality. The mean annua mortality rate of rams from natural causeswas over four times the
mean annua mortality rate of ewes for the same five-year period. Survivorship of lambs from
birth to six months of age declined with increasing population density. Causes of desth for
adults were variable but suggested reasons for differencesin mortality rates between sexes.
Causes of death were difficult to determine for lambs, however, our observations suggest that
wesk bonding between mothers and lambs contributed to early lamb mortality.

Key Words Survival, Mortality, desert bighorn sheep, Ovis canadensis nelsoni, Navajo Nation

INTRODUCTION

Marked animals, intensvemonitoring and
long-term studies are needed to produce
reliable data on survivd rates of adult bighorn
sheegp and lambs. Dataon surviva rates of
desert bighom sheep are particularlyrare. A
recent review of population dynamics of
bighom sheep cited seven studiesof yearly
surviva of adults and seven studies of
survival rates of lambs, dl studieswere of
Rocky Mountain or thin horn sheep
(McCarty and Miller 1998). Since 1995,
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severd studieshaveyielded quantitative data
on surviva rates of desert bighorn (Creeden
and Graham 1997, Bristow and Olding 1998,
Hayes et al. 2000, Kamiler et a. 2002)
however; these studies focused on herds with
adarmingmortality rates duelargely tolion
predation.

In the course of abroad study of anative
desert bighom sheep population (Ovis
canadensis nelsoni) we recorded information
on mortality of rams, ewes and lambs. The
Navajo Nation Department of Fish and
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Wildlifeinitiated the study to discover
information necessary to conserveand
enhance a native desert bighorn sheep
population inhabiting the San Juan River
Canyon on the Navajo Nation in southeastem
Utah. In addition to population dynamics, we
are collecting data on distribution, habitat
utilization, range productivity, diet selection,
and nutrition of the bighom. We areaso
investigatingimpactsof river recreation, and
livestock grazing on the bighorn sheep

popul ation (Goodson &t al. 1999).

We comparedsurvival rates of rams and ewes
for the first five years of the study and
compared survival of lambs from birth to Sx
months of agefi-omthefirst two years and
last two years of the study. Wefound higher
mortality ratesfor ramsthan ewes and
evidence of density dependent survivorship
for lambs. The Navajo Nation funded the
study. TheArizonaDesert Bighorn Sheep
Society and the Foundation for North
American Wild Sheep aided the study by
auctioning hunting permits for trophy ek,
deer and bighom sheep.

STUDY AREA

Our study areaislocated on the San Juan
River in southeastern Utah. Bighorn sheep
arenativeto the San Juan River Canyon. The
herd we are studying inhabits the upper
canyon, and isisolated from other bighorn
sheep populations. The study areaincludes
12.5km of theriver canyon and a vdley that
extends about three km south from theriver.
Thetotal study areais approximately 35 k.

Topography is rugged and dominated by
horizontal rock formationsthat formrim cliffs
and wallsthat break down into talus, rock
fields, and dluvid fans. Abovethe canyonrim
IS an extensvemesa.
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The areaisacold desert and summers are
hot. Fromlate spring through summer,
maximum daily temperaturesrange from 90
t0 110 degrees F. During winter, conditions
are often mild, but temperatures can drop
below O F. and snow cover can persist for
weeks. Averageannual precipitationis 18 cm
(7 in). Precipitation varies fi-ommonth to
month and hom year to year. Latespring and
early summer aretypically very dry.

METHODS

Eleven of fifteen ewes and seven of eight
rams agetwo or older wereradio-collared
during the fal-winter of 1996-1997. Four
additional ewes and oneram wereradio-
collaredin December 1997 prior to the
second year of the study. Ages of radio-
collared bighorn were etirnated from counts
of horn annuli and tooth wear at thetime of
capture.

Radio-collared bighorn were visudly located
approximately once per week year-round
during 1997 and 1998. During 1999,2000
and 2001, intensivefieldwork was conducted
during spring (mid or late March through the
end of June) and for Sx weeksto three
months during fall (September through mid-
December). During other periods, radio-
collarswere monitored for mortality Sgnalsat
least once per month.

For each visud observationwe recorded
location, group size and sex-age composition,
marked bighorn present, and maternal
behavior of marked and unmarked
individuals. Lactation statuswas recorded for
marked and unmarked ewes. Ages of lambs
of unmarked ewes were estimated based on
Size, coordination, behavior, and comparison
with laown-aged lambs of marked ewes.
Radio-collars were equipped with mortality
sensors with afour-hour time delay. When
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wereceived amortality signal we attempted
to locatethe carcass and determinethe cause
of desth as quickly as possible. Causes of
death were assigned based on observationsof
marked bighom prior to death and by
exarmnation of the carcass and mortality oite.
When carcasseswerefound in good
condition, the head and portions of thelungs
and liver were submitted for examinationto
Scott Bender DVM, Navgo Nation
Veterinary Program. We found bones or
complete carcassesof severa unmarked
bighorn that provided additiona information
on causes of mortality.

Because lambs did not necessarily stay with
their mothersthough October, thelamb
surviva rate from birth through October was
determined fi-omthe estimated number of
lambs born and the maximum unduplicated
count of lambsin late October. The number
of lambs born was known for marked ewes.
The number of lambs produced by unmarked
eweswas the higher of either the maximum
unduplicated count of lactating unmarked
ewes, or the maximum unduplicated count of
unmarked ewes with lambs |less than one
week of age. Causes of desth for lambswere
inferred based on observationsof lambs and
their mothers prior to thelamb's death. No
remains oOf dead lambs were found.

RESULTS
Survival of Adults

During thefiveyears of the study, 13 bighorn
ewes (aged two years-old or older) were
radio-collared and monitored. Two ewes
died of natural causes, resultingin amean
annual survival rate of 0.97 (90% ClI
0.93,1.01). During the same period, eight
rams (aged two years-old or older) were
radio-collaredand tracked for atotal of 28
ram-years. Four rams died of natural causes
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resulting in amean annual surviva rate of
0.86 (90% C10.75,0.97) for thefive-year
period. Thus, mean annua mortality rate,
excluding human-inducedmortalities, was
0.03for ewesand 0.14 for rams

Poachersunlawfully killed oneradio-collared
ram and oneradio-collared ewe. This
additiona human-causedmortality reduced
meen annud surviva ratesto 0-95(Cl
0.90,1.00) for ewesand 0.82(Cl1 0.68, 0.96)
for rams during the five-year period. Mean
annua mortality rate including human-
induced mortaity was 0.05for ewesand 0.18
for rams.

Natural causes of mortality for radio-collared
ewes were dueto lambbirthin one ewe

estimated to be fiveyears old, and age-related

for an ewe estimated to be over ten yearsold.
Thelatter evewasin poor condition for

over ayear prior to her death.

Natura causes of mortality for radio-collared
rams were an infection possibly related to
injury in atwo-year-old ram, afdl off a diff
by anine year-old ram, lion predation for asix
year-old ram, and probablelion predation for
aten year-oldram. Thetwo-year-oldram
died after an injury and/or infection destroyed
histesticles. Two dominant rams of the same
age were observed kicking himin thetesticles
shortly before he withdrew fi-om other sheep.
Thenine-year-old ram died from afdl in early
February after asuccessful, but energy-
consuming, rut. The carcass of the six-year-
old ram that was killed by alion was found
closeto thetop rim of the canyon, and tracks
at the sceneindicated that thelion had come
over thetop of the canyon im from themesa
top and leaped down ontotheram

The gut pile of the ram that was poached was
discovered on top of itsradio collar within
two days of theram's death. We assumed the
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ewewas poached when only theradio collar,
oneleg bone, and a amdl piece of hidewere
found after receivingamortaity sgnal.

We obtained data on causes of mortality for
two unmarked adult ewesthat died during the
study period. One of theseeweshad an
infected horn corewhen shewas captured in
February of 1997. Shelost her right horn,
including the core, and gradualy became
thinner and weaker over the next eighteen
months. Her skeleton was near thelocation
whereshewas|ast seen dive. We discovered
the skull and partia skeleton of another adult
ewe. Theorbits around the eyes and bases of
thehorn coreswere eroded. We concluded
that both these ewes died from Snugtis
(Bunch et a. 1978).

A boating guidefi-omWild Rivers
Expeditionsin Bluff reported the carcassof a
4-year-old ram near the head of the San Juan
River Canyon during summer 2001. Theram
had alump betweenhishorns where an
infectionhad occurred subsequent to askull
injury that waslikely aresult of fighting. It
did not, however, causehis death. A second
infection resulted in aswellingthat blocked
his throat and caused desth. Based on
examination of the head by Scott Bender,
DVM, Navgo Veterinary Program, thefatal
infectionwas likely precipitated by agrass
awn penetrating the ram'’s throat, followed by
invason of Actinomyces pyogenes, a
common environmental bacteria

Survival of Lambs

Lamb surviva declined during thefiveyears
of the study as the popul ation more than
doubled in size (Goodson and Stevens
unpublished data). Lamb surviva estimates
for the entire herd from birth to Sx months of
age declined fi-om 0.80,90% C10.67, 0.93
(1997, 1998) to 52% 90% C1 0.40,
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0.64(2000,2001).

Insx (12%) of 49 births by radio-marked
bighom ewes, lambs died beforereaching one
week of age. In haf of those cases(6%),
poor mothering was observed. In onecase
the ewe abandoned her lamb. In the other two
cases, theewes did not attend to their lamb's
needs and | eft them for extended periods or
ignored their need for shade. Each of these
ewes was observed without h alambwithin a
week, indicatingthat thelamb died. Inone
case, good mothering was observed. [ntwo
casss, eweswere observed without alamb
within afew days of the onset of lactation,
and no observations of ewe-lamb behavior
were obtained.

We suspect that somelambs died dueto
separation fi-omtheir mothers. 1n June 2001,
wewatched agroup of 17 bighorn, including
nine ewes and seven lambs, split into two
groups, one of which left thearea. The
remaining group included only marked ewes,
their known-agelambs, and an extralambless
than oneweek old that may have been
separated from its mother. The samegroup
was observedtwo days later in the samearea
with oneless young lamb indicating that this
lamb died. Thelamb that was separated from
its mother appearedto bewesk. Itsears
weredroopy, and it avoided the sun by
remaining in the shade whilethe other lambs
moved out to forage with the ewes.

DISCUSSION

Survival of Adult Ramsand Ewes

McCarty and Miller (1998, Table 2) reviewed
datafi-om seven studies of adult surviva in
rocky mountain bighorn sheep and thin horn
sheep. Ewe surviva rates were consistently
higher than ram surviva rates comparing
within and between different studies. Pooling
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datafiom all studiesresulted in annud
survival rates of 0.87 (95% C10.83,0.90) for
adult ramsand 0.94 (95% C1 0.92,0.95) for
ewes. Resultsfor prime-aged rams and ewes
fiomalong-term (1971-1996) sudy & Ram
Mountain Alberta were very likeour results:
mean annua survival rates of rams and ewes
were 0.84 (95% C10.79, 0.89), and 0.94
(95% C10.92, 0.96), respectively (Jorgenson
et al. 1997). RamMountain rocky mountain
bighom were free of disease epizootics and
experienced relatively low predationlosses.
Asin our study, Jorgenson et al. (1997)
excluded hunting mortality.

Therearebiologica reasonsto expect higher
mortality in adult rarns. Rams are active
during therut and lose condition, entering the
winter with depleted energy reserves. One of
our mortalitieswas adominant ram that died
fromafdl in early February following therut.
Rams may aso beinjuredin dominance
fights. Wefound the carcass of an unmarked
ramthat had an infection resulting from a
skull injury likely receivedin afight. We
agreewith Jorgenson et al. (1997) that
injuries from dominance fights and exhaustion
following therut are probable causesfor
higher mortdlity ratesin adult rams compared
with ewes.

Differences in habitat use between ewes and
ramsmay dso contribute to higher mortality
ratesin rans. We observed that adult rarns
are olitary more often than adult ewes, and
that rarns useless secureterrain (e.g. the
mesatop adjacent to the canyon) more often
than ewe-juvenilegroups(Goodson and
Stevens, unpublished data). Thesedifferences
in behavior may causeramsto bemore
vulnerableto predation. Two of our adult
ram mortaitieswerelikdy dueto lion
predation. One carcasswas found closeto
the canyonrim.
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Known lossesto poaching arethe same for
rams and ewes (oneeach). Itislikdy,
however, that poacherstakemoreramsthan
ewes over an extended period of time. Both
Navgos and non-Navajos vauethe horns of
rams more than those of ewes. Non-Navajos
vaue horns astrophies, and Navgos consider
them to be powerful symbolsthat are usedin
religious ceremonies.

High annud survival rates of adult ewes,
amilar to rates observed inthis sudy, are
characterigtic of stable and expanding bighom
herds (0.92, Jorgenson and Wishart 1986,
0.94, 0.95, Stevens and Goodson 1988, 0.94,
Cook et al. 1990). Lower survivd rates
among adult ewes werefound in herdswhere
disease (0.76, during pneumoniaepizootic,
Jorgenson et al. 1997) or predation (0.625,
Wehausen 1996; 0.875, Creeden and Graham
1997; 0.40-0.44,Kamiler & d. 2002) was
causing population declines.

Lamb Survival

Lambsurviva varies widdy within and
among bighom sheep popul aions (Geist
1971, McCarty and Miller 1998). Geig
(1971) expected desert bighomto have
conggtently high lamb production (>50%)
becauselittle neonatal mortdity would occur
inwarmdimates. Thusrecruitment and trend
in desert bighom should be strongly relatedto
lamb survivd. Geigt (1971) associatedlamb
survival greater than 50% with expanding
herds. Based on Geist’s (1971) andyss we
expect dabilization of our increesng
populationif lamb surviva remains near 50%.

Lamb surviva was density-rdaedin a
population that increased rapidly after
introductionto vacant habitat (Woodgerd
1964). Lamb surviva aso declined (from
0.72t0 0.29) in atrangplant herd that
increased fiom about 40 to 70 animals,
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however, anincreasein lion predationwas
thelikdy cause (Creeden and Graham 1997).
Lamb survival was strongly correlated to
precipitation variablesand diseasethanto
density during along-term study of bighorn
sheepin southern California (Wehausen et al.
1987). Lambsurvival was unrelatedto
dengity in aRocky Mountain bighorn herdin
Alberta that increased 31% during along-
term study (Jorgenson and Wishart 1986).
There was no evidencethat reduction of
density in ahigh devation Rocky Mountain
herd was compensated by increasesin lamb
survival (Stevensand Goodson 1993).

Wehausen et d. (1987), Stevens and
Goodson (1993), and Creeden and Graham
(1997) concluded that density-independent
factors were important influences on lamb
survival. Density-independentlimiting
factors such as harsh wintersfor northern
sheep, drought for desert bighorn, and
disease may obscure or mask arelationship
between density and lamb survival. On our
study areg, it is likely that the number of
lambs surviving through the hot, dry
summer is dependent on milk production by
their mothers. Milk productionis a function
of forage quality and availability per ewe,
which arein turn influenced by

preci pitation, bighorn density, and livestock
competition.
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MINERAL CONCENTRATIONS OF DESERT BIGHORN SHEEP FORAGESIN
THE MAZATZAL MOUNTAINS, ARIZONA

TED MCKINNEY, Arizona Game and Fish Department, Research Branch, 2221 W.

Greenway Road, Phoenix, Arizona85023

TED H. NOON, ArizonaV eterinary Diagnostic Laboratory, University of Arizona, 2831

North Freeway, Tucson, Arizona 85705

Abstract: Knowledgeof mineral content of forages and environmental variables affecting
concentrationsis useful to resource managersfor evaluating ruminant nutritional status
and habitat quality. We measured mineral concentrationsin desert bighom sheep forages
collected from July 1999 to June 2000 during drought in the Sonoran Desert of central
Arizona. Research is needed to deterrninemineral requirements of desert bighorn sheep
and evaluate environmental variables that may influence forage mineral availability and
nutritional status of the ungulate. Knowledge of mineral composition of forages may
enhance desert bighorn sheep habitat evaluations and management programs such as
reintroductions and supplemental transplants.

Key words: Arizona, desert bighom sheep, forage minerals, Mazatzal Mountains

Diets of desert bighorn sheep (Ovis
canadensis) have been widdly studied,
and browse generally dominates diets of
this ungulate in the southwest, followed
by forbs, then grass (Seegmiller and
Ohmart 1982, Dodd 1989, Krausman et
al. 1989, Miller and Gaud 1989). Forage
quality has been suggested as akey
factor influencing dietary intake and
selection by desert bighorn sheep and
other free-ranging ungulates (Dodd
1989, Hanley 1997). Protein and energy
generally are considered major limiting
nutrients for rumiants, but minera
content of forages also isimportant
when considering nutritional status
(Robbins 1993, Van Soest 1994).

Among domestic ungulates, smple
deficienciesor interactionsamong
minerals may affect animal health and
production (Sprinkleet al. 2000,
Mayland and Shewmaker 2001).
Numerous studies of free-ranging and

captivewild ungulateshave addressed
guestions of mineral deficiencies and
requirements, particularly relating to
calcium, copper, phosphorus, and
sdenium (Umesset al. 1971, Ullrey et
al. 1975, Weeks and Kirkpatric 1976,
Brady et a. 1978, Scrivner et al. 1988,
Fueck 1994, O’Hara €t al. 2001,
Alldredgeet a. 2002). However, clear
linkages between mineral deficiencies
and popul ation productivity of wild
ungulates have not been documented.

Irvine (1969) postulated that selected
browse plants on desert bighorn sheep
rangein southeastern Utah might be
deficient in phosphorus, but we are
unaware of other studies addressing
mineral content of desert bighorn sheep
forages. Seegmiller et al. (1990)
provided reference datafor composition
of other nutrientsin desert bighom sheep
forages in southern Arizona. However,
littleis known regarding spatial and
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temporal differences of habitatsand
effectsof rainfall on minera
concentrationsin vegetation of
Southwest deserts (Urness et al. 1971,
Umess 1973, Umess and McCulloch
1973, Fox et al. 2000, Sprinkle et al.
2000).

Along with assessment of other
nutritional parameters(Seegmiller et al.
1990), datafor mineral content of
forages are useful to resource managers
in evaluating habitat quality. Our
objectives were to determine mineral
concentrations of desert bighorn forages
during drought (McKinney et a. 2001)
in the Mazatzal Mountains, Arizona, and
to provide baseline datafor evaluating
habitat quality and nutritional status of
desert bighorn.

Research was funded by the Federal Aid
in Wildlife Restoration Act Project
W-78-R and the Arizona Desert Bighorn
Sheep Society. Wethank T. Smith for
field assistanceand B. Rickert for
preparing vegetation samplesfor
anaysis and conducting selenium
analyses.

STUDY AREA

We conducted the study in the Mazatzal
Mountains 65-km northeast of Phoenix,
where desert bighorn sheep range within
an 87-km’ area of Sonoran Desert scrub
vegetation adjacent to the Salt River
chain of reservoirs (McKinney et al.
2001), between elevationsof ca. 457 m
to 1,067 m. Averagetemperaturesare
about 10" Cin winter and 30" Cin
summer. Drought conditions prevailed
between 1994 and 1999, when average
annual rainfall was 25 cm, compared to
long-term (1975-1993) average of 41 cm
(Sdlt River Project, unpublished data).

Mule and white-tailed deer (Odocoileus
spp.), javelina (Pecan' tajacu), and
domestic livestock occurred within the
study area.

METHODS

We hand-clipped samples between July
1999 to June 2000 from 18 forage
species used by desert bighorn sheep,
based on literature review. We collected
a least 100 g fresh weight of plants
around mid-month from each species
and & least 10 individual plants, and
cornposited samples for analyses by
quarterly periods (July-September,
October-December, January-March,
April-June). We collected leaves, stems,
flowers, and new growth within 1.5 m of
the ground, stored samplesin paper
bags, and allowed themto air dry a
ambient temperatures. We collected
only leaves of ocotillo (Fouguieria
splendens), and only samples from
interna portions of barrel cactus
(Ferrocactus spp.) that bighorn recently
had fed on.

Forage samples were anayzed for
minera concentrations (calcium, copper,
iron, magnesium, manganese,
phosphorus, potassium, sodium, sulfur,
zinc) by the Michigan State University
Animd Health and Diagnostic

L aboratory using inductively coupled
plasma emission spectroscopy (ICP-
AES). Sdeniumanayseswere
performed by the University of Arizona
Veterinary Diagnostic Laboratory
following Fox et a. (2000). Ranfall
datawere recorded at Monnon FHat and
Horse Mesa dams (Salt River Project,
unpublished data), located & the study
areds southern boundary.
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RESULTSAND DISCUSSION

Forages analyzed for minera content
during our study have been identified in
diet of desert bighornsheepin the
ArizonaSonoran Desert (Seegmiller and
Ohmart 1982, Dodd and Brady 1988,
Dodd 1989, Krausman et al. 1989).
Desert bighorn are recognized as
opportunistic feeders, and diet selection
may not be related to some nuitritional
indices of forages (Krausman et al.
1989).

Among forage classes annualy in our
study, browsehad higher concentrations
of Mg and lower concentrationsof Na,
comparedto forbs, and more Ca, Cu, K,
Mg, P, and Zn than grasses. Grasses had
higher concentrations of Fe than either
browse or forbs, but generally had lower
concentrations of most minerals than
these categories (Tablel). Barrel cactus
had higher concentrations of several
mineras, particularly Na, and high
availability of this mineral might

explain, a least partly, consumption of
barrel cactus by desert bighorn (Warrick
and Krausman 1989). Ocaotillo also
containedmore K, P, and Sethan
browse, forbs, and grasses (Tables 1, 2).

Drought and winter rainfall may affect
dynamics of desert bighorn sheep and
other ungulate populationsin desert
systems (Smith and LeCount 1979,
McKinney et al. 2001), but possible
mineral-relatedmechanisms are poorly
understood. Total rainfdl during the
study was 24.5 cm, and monthly rainfall
varied from 0 to ca. 9 cm (Figure 1), but
monthly precipitation had no clear
correspondence with patterns of forage
minera concentrationsamong forage
categories, athough seasonal differences
were apparent for forage groups and
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species (Tables 1, 2). Ingenerd,
minera concentrations particularly of
forbs tended to be higher during the
Spring-summer growing Season.
However, dead and live plant tissues
may differ in mineral content, and
severd authors reported seasonal
differencesin mineral concentrationsin
vegetation (Reynolds 1967, Umess
1973, Urness and McCulloch 1973,
Greeneet d. 1987, Grings et d. 1996,
Sprinkleet al. 2000), suggesting
linkages between precipitationlevels,
seasond vegetative growth and
senescence, and mineral content.'

Hand-collectionis widely utilized to
determine mineral content of ungulate
forages (Greeneet a. 1987, Fox et a.
2000, Sprinkleet al. 2000) but may
provide conservativeresultsfor
determining quality of mineral nutrition
availableto or eaten by desert bighorn
sheep. Desert bighorn sheep may select
for more nutritious plant components
(Provenza 1995, Hanley 1997) than
those selected by hand. Efficiency of
metabolism aso may increase a lower
dietary minera intakes, offsetting
apparent deficienciesin forages
(Grasman and Hellgren 1993, Robbins
1993). For example, serum P levelsin
free-ranging desert bighorn sheep
generdly indicate adequate nutritional
levels of the minera (Bunch et a. 1980,
McDonddet d. 1981, Borjesson € al.
2000), even though phosphorus, as well
as Cu and Se, is oftenin short supply in
forages on western ranges (Dietz and
Nagy 1976, Sprinkle et d. 2000).
Weeks and Kirkpatrick (1976) aso
concluded that behaviora and
physiologica mechanismsin white-
tailled deer generdly provided positive
sodium balance.
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In generd, linkages between apparent
minera deficienciesand productivity of
wild ungulate populationsremain
uncertain. Selenium supplementation
may increase pre-weaning fawn survival
in deer (Flueck 1994), but Brady et al.
(1978) suggested that Se requirement of
white-tailed deer islow. Traceminera
supplementationto cattle deficientin Se
may improve reproductiveperformance
(Sprinkleet al. 2000), but highlamb
production persistedin a population of
Rocky Mountain bighorn sheep despite
apparent Se deficiencies, and research
suggeststhat dietary minera needs differ
between wild and domestic animals
(Robbins et al. 1985, Samson et al.
1989). Geophagy and use of minera
licks by wildlife a'so may offset possible
minera deficienciesin forages (Weeks
and Kirkpatrick 1976, Jones and Weeks
1985, Arthur and Gates 1988).

Recent studiesindicate that mineral
nutrition may influencespatial
distribution and carrying capacity of
large herbivoresin some areas of the
world (Grasman and Hellgren 1993).
We suggest that researchis needed to
determineminera requirementsof desert
bighorn sheep and evaluate
environmental variables that may
influenceforage minerd availability and
nutritional status of the ungulate.
Knowledge of mineralsin forage may
enhance habitat evaluations and
programs such as trand ocation of desert
bighorn sheep to supplement existing
populations or into vacant areas that
were occupied historically (Cunningham
et al. 1989).

LITERATURECITED

Alldredge, M. W., J. M. Pesk, and W. A.

Wal. 2002. Nutritional quality

28

of forages used by €k in northern
Idaho. Journal of Range
Management 55:253-259.

Arthur, W. J.,and R. J. Gates. 1988.
Trace element intake via soil
ingestionin pronghornsandin
black-tailed jackrabbits. Journa
of Range Management 41:162-
166.

Borjesson, D. |., M. M. Christopher, and
W. M. Boyce. 2000.
Biochemica and hematologic
reference intervalsfor free-
ranging desert bighorn sheep.
Journal of WildlifeDiseases
36:294-300.

Brady, P. S., L. J. Brady, P. A. Whetter,

D. E. Ullrey, and L. D. Fay.

1978. The effect of dietary

selenium and vitamin E on

biochemica parametersand
survival of young among white-
tailed deer (Odocoileus
virginianus). Journal of

Nutrition 108:1439-1448.

Bunch, T. D., J. W. Bates, P. M. Webb,
and E. L. Smith! 1980. Basdline
physiologic vauesin the desert
bighorn (Ovis canadensis
mexicana and O. C. nelsoni).
Desert Bighorn Council
Transactions24:46-49.

Cunningham, S., N. Dodd, and R.
Olding. 1989. Arizonas
bighorn sheep reintroduction
program. Pages 203-239 /n: R.
M. Leg, editor. The desert
bighorn sheepin Arizona
ArizonaGame and Fish
Department, Phoenix,

Arizona.



2002 DESERT BIGHORN COUNCIL TRANSACTIONS

Dietz, D. R., and J. G. Nagy. 1976.
Mule deer nutrition and plant
utilization. Pp. 71-78 In: G. W.
Workman, and J. B. Low,
editors. Mule deer declineinthe
West: asymposium. Utah State
University, Logan, Utah.

Dodd, N. L., and W. W. Brady. 1988.
Dietary relationships of
sympatric desert bighorn sheep
and cattle. Desert Bighorn
Council Transactions32:1-6.

Dodd, N. 1989. Dietary considerations.
Pp. 109-134 In: R. M. Leg,
editor. The desert bighorn sheep
in Arizona. ArizonaGame and
Fish Department, Phoenix,
Arizona

Flueck, W. T. 1994. Effect of trace
elements on population
dynamics: selenium deficiency in
free-ranging black-tailed deer.
Ecology 75:807-812.

Fox, L. M., P. R. Krausman, M. L.

Morrison, and T. H. Noon. 2000.

Mineral content of Sonoran
pronghorn forage. Cdifornia
Fish and Game 86:159-174.

Grasman, B. T., and E. C. Hellgren.
1993. Phosphorousnutritionin
white-tailed deer: nutrient
bal ance, physiological responses,
and antler growth. Ecology
74:2279-2296.

Greene, L. W., W. E. Pinchak, and R. K.
Heitschmidt. 1987. Seasondl.
dynamics of mineralsin forages
a the Texas experimental ranch.
Journal of Range Management

29

40:502-506.

Grings, E. E., M. R. Haferkamp, R. K.
Heitschmidt, and M. G. Karl.
1996. Minera dynamicsin
forages of the northern Great
Pains. Journa of Range
Management 49:234-240.

Hanley, T. A. 1997. A nutritional view
of understanding and complexity
in the problem of diet selection
by deer (Cervidae). Oikos
79:209-218.

Irvine, C. A. 1969. Factors affecting the
desert bighorn sheepin
southeastern Utah. Desert
Bighorn Council Transactions
13:6-13.

Jones, R. L., and H. P. Weeks. 1985.
Ca, Mg, and P in theannual diet
of deer in south-central Indiana.
Journal of Wildlife Management
49:129-133.

Krausman, P. R., B. D. Leopold, R. F.
Seegmiller, and S. G. Torres.
1989. Relationshipsbetween
desert bighorn sheep and habitat
in western Arizona. Wildlife
Monographs 102:1-66.

Mayland, H. F., and G. E. Shewmaker.
2001. Animal hedlth problems
caused by silicon and other
mineral imbalances. Journal of
Range Management 54.441-446.

McDonald, S.E., S. R. Paul,and T. D.
Bunch. 1981. Physiologic and
hematol ogic vauesin Nelson
desert bighorn sheep. Journal of
Wildlife Diseases17:131-134.



2002 DESERT BIGHORN COUNCIL TRANSACTIONS

McKinney, T., T. W. Smith, and J. D.
Hanna. 2001. Precipitation and
desert bighom sheep in the
Mazatzal Mountains, Arizona.
Southwestern Naturalist 46:345-
353.

Miller, G. D.,and W. S. Gaud. 1989.
Composition and variability of
desert bighom sheep diets.
Journal of Wildlife Management
53:597-606.

O’Hara, T. M., G. Carroll, P. Barboza,
K. Mueller, J. Blake, V.
Woshner, and C. Willetto. 2001.
Mineral and heavy metal status
asrelatedto amortality event
and poor recruitment in amoose
populationin Alaska. Journal of
Wildlife Diseases 37:509-522.

Provenza, F. D. 1995. Postingestive
feedback as an dementary
determinant of food preference
and intakein ruminants. Journal
of Range Management 48:2-17.

Reynolds, H. G. 1967. Chemica
constituents and deer use of some
crown sproutsin Arizona
chaparral. Journal of Forestry
65:905-908.

Robbins, C. T., S. M. Parish, and B. L.
Robbins. 1985. Sdeniumand
glutathione peroxidase activity in
mountain goats. Canadian
Journal of Zoology 63:1544-
1547.

Robbins, C. T. 1993. Wildlifefeeding
and nutrition. Second edition.
Academic Press, New Y ork.

30

Samson, J., J. T. Jorgenson, and W. D.
Wishart. 1989. Glutathione
peroxidase activity and selenium
levelsin Rocky Mountain
bighorn sheep and mountain
goats. Canadian Journa of
Zoology 67:2493-2496.

Scrivner, J. H., C. E. Vaughn, and M. B.
Jones. 1988. Minerd
concentrations of black-tailed
deer dietsin Californiachaparral.
Joumal of Wildlife Management
52:37-41.

Seegrniller, R. F., and R. D. Ohmart.
1982. Desert bighorn lamb and
adult-yearling diets fi-omwestern
Arizona. Desert Bighorn
Council Transactions26:34-38.

Seegmiller, R. F., P. R. Krausman, W.
H. Brown, and F. M. Whiting.
1990. Nutritional composition of
desert bighom sheep foragein
the Harquahala Mountains,
Arizona. Desert Plants 10:87-90.

Smith, R. H., and A. LeCount. 1979.
Some factors affecting surviva
of desert mule deer fawns.
Journal of Wildlife Management
43:657-665.

Sprinkle, J. E., E. J. Bickndl, T. H.
Noon, C. Reggiardo, D. F. Perry,
and H. M. Frederick. 2000.
Variation of trace mineralsin
forage by season and species and
the effects of minera
supplementation upon beef cattle
production. Proceedings of the
Western Section of the American
Society of Animd Science
51:276-280.



2002 DESERT BIGHORN COUNCIL TRANSACTIONS

Ullrey, D. E., W. G. Youatt, H. E.

Johnson, A. B. Cowan, L. D.
Fay, R. L. Covert, W. T. Magee,
and K. K. Keahey. 1975.
Phosphorous requirements of
weaned white-tailed deer fawns.
Journal of Wildlife Management
39:590-595.

1989. Barrel cacti consumption
by desert bighorn sheep.
Southwestern Naturalist 34:483-
486.

Weeks, H. P., and C. M. Kirkpatrick.

1976. Adaptations of white-
tailed deer to naturally occurring

sodium deficiencies. Journal of
Urness, P. J., W. Green, and R. K. WildlifeManagement 40:610-
Watkins. 1971. Nutrient intake 625.
of deer in Arizonachaparral and
desert habitats. Journal of
Wildlife Management 35:469-
475.

Umness, P. J. 1973. Chemica analyses
andin vitro digestibility of
seasonal deer forages. Pp. 39-51
In: Deer nutrition in Arizona
chaparral and desert habitats.
ArizonaGame and Fish
Department, and United States
Forest Service, Rocky Mountain
Range and Experimental Station
Specia Report 3., Phoenix and
Tempe, Arizona.

Umess, P. J., and C. Y. McCulloch.
1973. Nutritional value of
seasonal deer diets. Pp.53-68 In.
Deer nutrition in Arizona
chaparral and desert habitats.
Arizona Game and Fish
Department, and United States
Forest Service, Rocky Mountain
Range and Experimental Station
Specia Report 3. Phoenix and
Tempe, Arizona.

Van Soest, P. J. 1994. Nutritional
ecology of the ruminant. Second
edition. Comstock Publishing
Associates, London, England.

Warrick, G. D., and P. R. Krausman.

=



2002 DESERT BIGHORN COUNCIL TRANSACTIONS

11 ey s e
9
7

£

(&)

;25

@

=

<

€ 3

=
1t

-1 ke — i i P il

July September November January March May
August October December February April June
MONTH

Figure 1. Monthly rainfall (cm), Mazatzal Mountains, Arizona, July 1999-June 2000.
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Table 1. Annua (90 % CI in parentheses) and seasonal mean mineral composition (ppm dry w) of desert bighorn sheep forage
collected monthly in the Mazatzal Mountains, Arizona 1999-2000.
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Minerals

Forage = Months Ca Cu Fe K Mg Mn Na P Se Zn Ca:P

Browse  Jul-Sep 23275 1.7 142 115,640 3946 54 34 1,517  0.08 29 15.3:1
Oct-Dec 24,950 8.2 148 9,140 3,638 73 47 1,108 0.10 28 2254
Jan-Mas 18,925 6.5 127 11,948 3,488 51 28 1,817  0.17 27 10.4:1
Apr-dun 18,125 6.8 161 13,358 2,898 58 a7 1,485  0.07 26 12.2:1
Annual 21,319 7.4 144 11,521 3,491 59 37 1,469  0.10 28 15.1:1

(18,913-  (6.2-  (131-  (9,432-  (2,937- (47-71)  (3241) (1,152- (0.07- —(21- (8.8-21.4)
23,725) 8.5) 158)  13,610)  4.046) 1,786)  0.14)  34)

Forbs  Jul-Sep 18,250 6.6 132 13,400 2,285 52 65 1,217 0.10 16 15:1
Oct-Dec 18,800 5.0 124 12,950 2,075 36 53 1,132 0.06 19 16.6:1
Jan-Mar 18,200 5.2 133 11,575 1,625 36 66 981 0.08 19 18.6:1
Apr-Jun 19,400 6.3 111 14,975 2,440 102 90 1,216 0.04 20 16:1
Annual 18,662 5.8 125 13,225 2,106 44 68 1,136 0.07 18 16.6:1

(15,533- (3.4-  (87- (10,217- (1,862-  (34-55)  (45-91)  (851-  (0.04-  (11- (14.8-
21,792) 8.1) 163)  16,233)  2,350) 1,421)  0.10)  25) 18.3)

Grasses  Jul-Sep 2,165 5.1 399 4,610 604 57 38 557 0.10 13 3.9:1
Oct-Dec 2,600 4.4 202 6,970 898 52 22 488 0.07 10 5.3:1
Jan-Mar 2,740 53 291 4,590 640 47 19 523 0.13 13 5.2:1
Apr-Jun 2,585 4.9 203 5,135 702 63 43 591 0.10 12 4.4:1
Annual 2,511 4.9 284 5,091 684 55 32 547 0.10 12 4.7

(2,085- . (4.2- (214-  (3,691-  (570-  (44-67)  (23-40)  (424-  (0.07- (8-16) (3.9-5.5)
2,937) 5.5)  354) 6,492) 798) 670)  0.14
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Table2. Mineral composition (ppm dry wt) of selected plant species, Mazatzal
Mountains, July 1999-June 2000.

Mineral Concentration (ppm)

Species/month Ca Cu Fe Mg Mn K P Na IS Se Zn

Browse

Prosopis velutina

Jul-Sep 17,200  8.40 110 3,510 39.7 9,210 919 32.6 4900 003 389
Oct-Dec 21,900  16.0 189 3,940 91.9 12,000 813 507 4,550 020 440
Jan-Mar 27100  7.23 152 6,050 89.4 6,960 717 323 4,810 028 137
Apr-Jun 10600  7.91 211 2,690 295 15900 1,400 449 3,890 0.08  43.0

Coursetia glandulosa

Jul-Sep 23,800 8.50 163 6,400 63.0 21,200 2,250 349 3,090 0.09 15.6
Oct-Dec 26,500 583 118 4,460 72.2 11,100 1,380 44.9 1,790 0.07 19.4
Jan-Mar 6,700 7.88 147 2,250 28.2 21,200 4,830 39.5 3,980 0.15 36.7
Apr-Jun 24,800 7.61 155 3,900 120.0 17,100 1,680 29.7 2,220 0.12 15.6

Encilia farinosa

Jul-Sep 33,300 12.90 219 3,980 58.6 23,300 1,710 20.5 5.280 0.19 313
Oct-Dec 16,400 9.88 167 2,220 41.2 21,800 1,470 38.2 3,830 0.05 28.9
Jan-Mar 15,500 10.30 175 1,910 59.2 24,500 1,860 250 3,000 0.13 35.2
Apr-Jun 35,400 12.60 230 3,800 79.3 29,400 1,780 31.6 6,720 0.18 28.3

Acaciagreggi i

Jul-Sep 31,300 5.97 157 3,560 55.6 6,380 1,200 35.7 1,700 0.17 9.62
Oct-Dec 27,100 5.10 161 3,210 92.1 5,820 1,060 40.5 1,800 0.05 10.7
Jan-Mar 16,300 5.25 114 2,820 53.2 11,500 1,750 239 2,050 0.23 206

Apr-Jun 17,200 5.61 120 2,730 32.7 12,300 1,460 20.9 1,780 0.06 131
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Table 2 (continued).
Mineral Concentration (ppm)
Species/month Ca Cu Fe Mg  Mn K P Na S Se Zn
Browse
Ephedra spp.
Jul-Sep 22,200 271 96 2,100 75.3 8,700 713 91.7 1,950 0.05 6.79
Oct-Dec 21,400 1.96 70 1,930 27.8 12,800 873 64.4 2,160 0.06 7.31
Jan-Mar 23,200 2.03 65 1,470 36.7 7,950 731 103.0 1,570 0.03 6.44
Apr-Jun 24,700 261 65 2.340 49.9 9,550 751 1240 1,800 0.03 7.18
Parkinsonia microphylla
Jul-Sep 20,800 7.90 139 2,300 57.8 9,770 1,700 31.6 1,550 0.04 53.3
Oct-Dec 24,300 5.69 123 2,940 35.0 7,640 1,180 51.1 1,120 0.06 37.6
Jan-Mar 17,000 5.47 98 1,860 26.8 9,130 1,090 33.2 1,170 0.07 49.2
Apr-dun 19,900 6.07 1592270 289 8,130 1,400 529 1,320 0.02 342
Eriogonum fasciculatum
Jul-Sep 16,900 7.56 345 2,480 37.7 8,920 920 63.9 1,420 0.08 17.4
Oct-Dec 11,800 5.26 235 1,990 23.6 7,400 673 63.1 1,040 0.08 11.8
Jan-Mar 12,500 635 243 1,720 274 7,190 839 91.0 1,140 0.08 15.2
Apr-Jun 16,700 5.93 325 2,850 47.2 10,500 822 86.4 1,230 0.13 14.8
Hyoptis emoryi
Jul-Sep 17,300 14.0 656 3,920 68.6 18,400 1,320 71.6 1,850 0.18 28.8
Oct-Dec 11,900 11.3 306 2,910 829 16,900 1,240 109.0 1,500 0.09 255
Jan-Mar 13,000 137 411 2,420 153 14,600 1,290 62.0 15330 0.18 22.9
Apr-Jun 16,400 12.3 624 3,870 100 19,900 1,490 1150 1,790 0.16 23.2
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Table2 (Continued).

Mineral Concentration (ppm)

Species/month Ca Cu Te Mg Mn K P Na S Se Zn
Browse
Krameria grayi
Jul-Sep 15,300 5.65 160 2,500 36.6 17,806 1,320 732 1,830 0.10 16.0
Oct-Dec 16,700 6.66 107 1,790 18.4 14,300 1,560 183 1,510 0.08 16.0
Jan-Mar 12,000 8.32 149 1,530 231 18,800 1,940 203 1,510 0.09 21.3
Apr-Jun 12,000 9.40 110 1,760 268 26;500 2,210 102 2,100 0.16 203
Larrea divaricataa
Jul-Sep 20,300 8.84 245 2,080 26.6 12,200 1,150 31 3,800 0.18 15.5
Oct-Dec 22,000 7.63 265 1,930 40.6 13,800 1,040 37 4,140 0.27 15.8
Jan-Mar 17,000 8.54 179 1,740 301 14,600 1,460 22 4,300 0.18 20.5
Apr-Jun 18,700 6.78 152 1,800 203 13,500 1,360 21 3,680 0.11 7.29
Simmondsia chinensis
Jul-Sep 14,500 351 89 9,660 1220 12,600 812 283 2,550 0.04 11.6
Oct-Dec 13,200 314 88 9,370 130.0 14,700 527 616 2,160 0.19 9.0
Jan-Mar 11,700 2.83 87 8,520 96.5 16,600 568 776 1,860 0.12 8.2
Apr-Jun 10,500 3.90 101 7,740 97.9 14,900 932 294 2,500 0.06 10.1
Calliandra eriophylla ‘
Jul-Sep 19,800 5.18 313 2,470 66.7 6,390 1,690 39 2,030 0.09 141
Oct-Dec 17,600 6.00 189 3,220 73.6 4,990 864 20 1,230 0.11 13.7
Jan-Mar 12,000 7.47 153 2,660 44.6 5,990 1,510 133 2,060 0.12 245
Apr-Jun 16,900 5.33 160 2,490 93.7 6,400 1,240 24 1,890 0.14 12.4
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Table2 (Continued).

Mineral Concentration (ppm)

Species/month €a Cu Fe Mg Mn K P Na s Se Zn
Forbs
Argythamnia |anceolata
Jul-Sep 24,400 6.50 239 2,160 34.0 17,200 1,010 101.0 3,090 0.26 16.7
Oct-Dec 24,200 5.44 175 2,050 287 13,800 957 87.5 2,510 019 158
Jan-Mar 24,300 5.56 202 2,230 385 13,000 1,030 67.4 2,380 0.31 177
Apr-Jun 24,800 5.06 209 2,040 32.8 18,500 1,000 115 2,830 0.11 14.2
Sphaeralcea ambigua
Jul-Sep 14,300 10.4 167 2,470 29.1 18,100 1,720 378 3,250 0.16 24.2
Oct-Dec 16,200 7.78 178 2,220 45.1 13,100 1,390 41.5 3,050 0.06 297
Jan-Mar 13,200 8.29 201 1,780 36.1 15,200 1,230 28.8 2,430 013 31.6
Apr-Jdun 14,100 9.86 156 2,540 54.0 20,400 1,680 54.9 3,500 0.04 323
Grasses
Aristida spp.
Jul-Sep 1,890 4.25 440 493 S 2,340 297 36.1 697 0.07 5:1
Oct-Dec 2,600 438 202 898 516 6,970 438 21.5 716 0.07 97
Jan-Mar 2,100 5.38 340 479 349 2,990° 416 17.0 763 0.09 116
Apr-Jun 2,000 5.52 204 648 42:2 6,110 622 386 994 016 10:2
Bouteloua curtipendula
Jul-Sep 2,440 5.83 357 FI5 623 6,880 817 397 923 0.09 205
Oct-Dec
Jan-Mar 3,380 5.17 242 800 58.8 6,190 630 20.1 962 0.16 140
Apr-Jun 3,170 418 202 755 84.1 4,160 559 46.8 870 0.05 13.0
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Table 2 (continued).
Mineral Concentration (ppm)
Speciesmonth Ca Cu Fe Mg Mn K P Na S Se Zn
Succulent/Woody
Ferrocactus pp.
Jul-Sep
Oct-Dec 37,300 1.02 28 20500 2020 37,500 291 1620 7,240 0.07 25
Jan-Mar 50,200 1.59 42 16,300 1240 24,300 423 701 5300 0.06 4.2
Apr-Jun
Fouquieriasplendens
Jul-Sep 18,200 454 168 3,200 340 19,700 1,900 353 3,560 0.19 212
Oct-Dec
Jan-Mar
Apr-dun 6,700 7.88 147 2,250 28.2 21,200 4,830 395 3980 0.15 36.7
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ARIZONA'S BIGHORN SHEEP IN 2001

JON HANNA, Arizona Game and Fish Department, 7200 East University, Mesa, AZ 85207

POPULATIONS

Estimates of Arizonas desert bighorn sheep
(Ovis canadensis mexicana and O. c.
nelsoni) indicate arelatively stable
population of about 6,000 animals. Dueto
budgetary considerations, much of Arizonas
bighorn sheep range is now being surveyed
on three-year intervals. Survey results
yielded ratios of 50 rams, 25 lambs, and 14
yearlings: 100 ewes.

The Rocky Mountain bighorn sheep (O. c.
canadensis) population, estimated at nearly
600 animals, continues to expand both in
numbers and range. Winter survey results
produced ratios of 35 rams, 30 lambs, and
eight yearlings:100 ewes. These valuesare
well below historic levels.

RESEARCH

The Arizona Game and Fish Department
(AGFD) is currently involved in one bighorn
sheep management study. Thisstudy isan
attempt to determinethe cause for a decline
in bighorn sheep numbers near Saguaro
Lake. We are continuing a water
development study on the Y uma Proving
Grounds, which may have ramificationsfor
bighorn sheep management.

HABITATIMPROVEMENTS

The AGFD, primarily in cooperation with the
Arizona Desert Bighorn Sheep Society,
conducts six to ten habitat improvement
projects annually. These projects are usualy
water developments, but also includefencing
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modifications and prescribed burns.
TRANSPLANTS

Since 1980, a mean of nearly 70 sheep has
been transplanted annudly. In 2000, 25
desert bighorn sheep were captured in the
Eagletail Mountains and released in the
Harquahala Mountains, about 75 miles
northwest of Phoenix. One ewe had to have
one of her rear legs surgically amputated as a
result of a capture injury. That animal is still
aive and with thegroup released in the
Harquahala Mountains.

Since 1957, Arizonahas translocated 1,399
bighorn sheep - with 99 going to Colorado,
67 to Utah, 29 to Texas, 23 to New Mexico,
and nineto various Zoos and Universities.
Of the 33 game management unitsin
Arizona, which are open to bighorn sheep
hunting, 16 received bighorn sheep
transplants. Thirty-five bf the 103 permits
occur in these populations established from
transplants. Arizonais now actively looking
for asource of Rocky Mountain bighorn
sheep for release near Bear Mountain in Unit
27.

HARVEST

Bighorn sheep permits remain the most
sought after hunting permits in Arizona.
There were arecord 8,767 applicantsin
2001 for the 103 regular season permits.
This application rate represents over 77
hunters applying for each permit, with
individua unit odds varyingfiom aslow as
13:1to 446:1,depending on the unit's
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accessibility and harvest history.

As aresult of thisyear's survey, total permits
for the 2001 season were unchanged at 103,
with the two additional specid fund-raising
permits remaining.

During the 2000 hunting season, 106 hunters
participated, harvesting 101 ramsin 691
hunter days for a95% successrate. The
mean age of the harvest was 7.8 years and
the mean scorewas 157 118. Agesranged
from 3.5t0 12.5 and scores from 65 6/8 (a
one homed ram) to 183 618. The 2000
season produced 36 animals (35% of the
harvest) qualifying for the Arizona Trophy
Book (minimum score of 162 Boone and

Crockett points). Of theserams, 12 (12 %)
scored>170 points.

For the 17th consecutiveyear, the Arizona
Game and Fish Department and the Arizona
Desert Bighorn Sheep Society entered into
an agreement whereby the Society auctions
one permit (at the Foundation for North
American Wild Sheep convention) and
raffles another to raise funds for bighom
sheep management projects. In 2000, these
two permits produced $256,900. To date,
these permits have produced over
$3,250,000. Arizona'sbighom sheep
management program is dependent upon the
funds derived from these permits.
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STATUS G- DESERT BIGHORN SHEEP IN TEXAS - 2001

CLAY E. BREWER, Texas Parks and Wildlife Department, Bighorn Sheep Program L eader,

109 South Cockrell, Alpine, Texas 79830
POPULATIONS

The Trans Pecosregion of Texas currently
supports seven free ranging populations of
desert bighorn sheep. These occur within
the Baylor, Beach, SierraDiablo, Sierra
Viegja and Van Horn Mountains, and the
Texas Parks and Wildlife Department's
(TPWD) Black Gap and Elephant Mountain
Wildlife Management Areas (WMA).
Helicopter surveys conducted August-
September of 2001, indicated an increasing
bighorn population. A total of 461 bighorns
were observed during 45.0 hours of flight
time(Table1.). Survey resultsyielded ratios
of 62 rams:100 ewes. 40 lambs. Restoration
efforts have resultedin re-establishing
bighorn sheep numbersto population levels
of the early 1900s.

The Chilicote Ranch, locatedin the Sierra
Vieja Mountains, is the only remaining
captive populationin Texas. Thefacility
currently containsthree rams, four ewes, and
one lamb.

The largest in-statetransplant in the history
of the Texas restoration programwas
conducted December of 2000, with 45
bighorns (23 M, 22 F) transplanted from
Elephant Mountain WMA to Black Gap
WMA. Migration of bighorns between
management areas has been observed. Asa
result, small bands of sheep are currently
occupying suitable habitat along the travel
comdos between management areas.
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RESEARCH

A study concerning the diets of desert
bighorn sheep at Elephant Mountain WMA
was completed during the reporting period.
Two additional research projectsare
currently in progressincluding: home ranges,
movements, and mortalities of desert
bighorns at Elephant Mountain WMA; and
guzzler use, habitat selection and movement
patterns of desert bighorn sheep at Black
Gap WMA.

HABITAT IMPROVEMENTS

In March of 2001, two water catchments
were constructed on private land in the
SierraDiablo Mountains. The projectswere
accomplished through the cooperativeefforts
of the Texas Bighorn Society (TBS), private
landowners, and TPWD. The 2002 project
will involve refurbishing eight guzzlersin the
SierraDiablo Mountainsincluding
replacement/burying of drinkersand
waterlines, and construction of helicopter
pads.

A National Fish and Wildlife Foundation
grant has been approved for restoring travel
corridors in the Baylor, Beach, and Sierra
Diablo Mountains. The project will involve
eliminating and adapting fences and other
bamers to facilitate movement between
mountai n ranges.

HARVEST

Sincereinstated by the Texas Legidature in
1988, atotal of 32 desert bighorn hunting
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permits have been issued. Among these
were nine public hunting permits, Six
FNAWS permits, and 17 private landowner
permits. Four desert bighorn hunting
permits wereissued during the 2001 hunting
season including one Texas Grand Slam
Hunt permit and three private landowner
permits (one-Beach Mountain and two-
SerraDiablo Mountains).

Bighorn sheep restoration and management
in Texas continuesto be funded by hunters
through the Federal Aid in Wildlife
Restoration Program, FNAWS auction
perrnits, and the Texas Grand Slam Hunt
Program. The 2001 Texas Grand Slam Hunt
permit produced $97,000 for the program.
Approximately $499,000 has been generated
from SX permits, since the inception of the
Texas Grand Slam Hunt Program in 1996.

PROBLEMS/OPPORTUNITIES

Elephant Mountain will continueto serve as
the primary source of brood stock for re-
introduction efforts. However, additiona
out of state brood stock may be neededto
facilitate restoration of desert bighorn sheep
in areas of suitable habitat.

The private landowner remains the single
most important factor in restoring and
maintaining viable desert bighorn populations
in Texas. Effortsto educate landowners
regarding proper management of desert
bighorns must continueto be expanded.

Aoudad sheep continueto be observed
mixing with desert sheep in Texas. TPWD
has the authority, coupled with landowner
consent, to eliminate aoudads by lethal
means for controlling encroachmentin
habitat utilized by desert sheep.

Mountain lion predation continuesto be one
of the limiting factors of desert bighorn
sheep populationsin Texas. Predator
control effortsmust be continued in sheep
restoration areas to minimizelossesto desert
bighorn sheep brood stock.

Effortsto educatethe public regarding desert
bighorn restoration and management in
Texas haveincreased through the installation
of aportable solar operated web camera at
Elephant Mountain WMA. Themotion
activated cameradownloads still photos via
satellitetelephone to the Texas Bighorn
Society website
(www.texasbighornsociety.org). Schools,
zoos, and others are currently using the
systemfor educational purposes.

Construction of wind generators within
critical desert bighorn sheep habitat areas has
recently been proposed. The noise and
motion produced by the structures
themselves, and increased human
disturbancesresulting from road
constructionand other maintenance activities
are among the concerns. Information
regardingimpacts to desert bighom sheep
and other wildlifeis presently lacking.
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Table1. Desert bighorn sheep observed (2001 helicopter survey).

Ratio per 100 ewes

Mountain Range Sheep Observed Rams/Lambs Mountain Range
Black Gap WMA 87 76/26 Increasing
Chilicote Ranch 7 50/25 Decreasing
Elephant Mountain WMA 130° - Increasing
Metapopulation® 225 62/49 Increasing
Van Horn Mountains 12 10/10 Increasing
Total 461 62/40 Increasing

" Helicopter survey not flown — estimatereflected
® Baylor, Beach, and SierraDiablo Mountains
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Table 2. Summary of desert bighorn sheep numbersand locationsin Texas (freeranging and
captive populations).

Area Rams Ewes Lambs Unknown Total
Black Gap WMA 3% 42 i 2 a7
Chilicote Ranch 2 4 1 7
Elephant Mountain WMA - i, i, 130° 130
Metapopulation - 5 - - »
Baylor Mountain 10 19 10 39
Beach Mountain 19 36 13 68
SierraDiablo Mountains 37 52 29 118
Van Horn Mountains 1 10 1 12
Total 101 163 65 132 461

* Helicopter survey not flown — estimate reflected
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STATUS OF DESERT BIGHORN SHEEP IN NEW MEXICO, 2001

ELISE J GOLDSTEIN, New Mexico Department of Game and Fish, 1 Wildlife Way, Santa

Fe, NM 87507

ERIC M. ROMINGER, New Mexico Department of Game and Fish, 1 Wildlife Way, Santa Fe,

NM 87507

In December 2001, there were an estimated
166 desert bighorn sheep in the wildin New
Mexico, and 79 in the Red Rock captive
breeding facility. All herds continued to
declinein population size during 2001, with
the exception of the Fra Cristobal herd,
whichincreased. The Red Rock population
increased in size, and after three years of
supplemental feeding it appears the sex ratio
of lambsis getting closer to parity, and less
skewed in favor of males. Mountainlion
predation continued to bethe primary cause
of bighorn mortality in dl herds. The
mountain lion removal program has
succeeded in eliminating alimited number
of mountain lionsin several desert bighorn
herds, which will hopefully allow bighorn
herdsto start increasing. Implementing
controlled bums and obtaining desert
bighorn from other sources were primary
management objectives.

Peloncillo M ountains

Since 1997, 36 bighorn sheep (24 rams and
12 ewes) have been released into the
Peloncillo population fiom Red Rock, and
an additional six from the existing herd were
radio collared. High mountainlion
predation resulted in thefailure of this
effort. Of theradiocollared ewes, 12 were
killed by lions within two years, one died
fiom an unknown predator, two died of
unknown causes, one dropped her collar,
and only two ewes were known to be alive
as of December 2001. Mountain lion
predation has been the documented cause of
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mortality for approximately 85% of all
known-cause non-hunter adult bighorn
mortalitiesin the Peloncillos. Currently the
population estimateis 30, with less than ten
ewes remaining (Table 1, Rominger and
Goldstein 2001).

Hatchet Mountains

This herd is distributed in two distinct
subpopulations about seven miles apart in
the southern Little Hatchet and southern Big
Hatchet Mountains. In 1999, three radio-
collared rams were released into the Little
Hatchet Mountains and eight extant ewes
were radiocollared (three in the Big Hatchet
Mountains and fivein the Little Hatchet
Mountains). There have been nineknown
mortalitiesincludingsix lion kills, one
poaching, one capture related mortality, and
one natural death. The Hatchet herd has
decreased since 1995, despite transplanting
ninerams fiom Red Rock, and the
population estimate in 2001 was 40 bighorn
(Table 1, Rominger and Goldstein 2001).

Alamo Hueco Mountains

The Alamo Hueco Mountain population was
established in 1986 with 21 bighorn
transplanted from the Red Rock Wildlife
Area (Axtell 1988). Thispopulation was
never documented to be>30 individuals
(New Mexico Department of Game and Fish
(DGF) unpubl. data), and since 1996 no
more than seven bighorn have been
observed. It istherefore hypothesized that
the Alamo Hueco population has been
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extirpated and bighorn observed in the
Alamo Hueco Mountains, including the one
bighorn observed in 2001, are transients
from the Big Hatchet population (Table 1,
Rominger and Goldstein2001).

Animas M ountains

Thisisthe only documented self-starting
herd in the state. However, in 1996 only 13
bighorn were observed, and numbers have
declined every year since. In 1999, two
ewes were radiocollared but within 12
months lionskilled both ewes. It is
hypothesized that the Animas populationis
now extirpated, as no bighorn sheep have
been observed since 2000 (Table 1,
Rominger and Goldstein 2001).

San AndresMountains

A scabies mite (Psoroptes spp.) epizootic in
1978 caused the San Andres population to
decline fiom 200 bighom in the mid-1970's
to 75 bighorn within a year (Sandoval 1980).
Between 1982 and 1994 population numbers
ranged between 25 and 35 animds (DGF
Files). Mountain lions began predating
heavily on the herd, causing it to decline to
three individuas by 1996, only one ewe by
1997 (Rominger and Weisenberger 2000).
This ewe was captured in 1997, tested
positive for and subsequently treated for
scabies. In 1999, a two-year sentinel ram
study was initiated by releasing six rams
with two primary goals: to determine that
bighorn and their habitat were free of
scabies; and to learn if there were additional
bighorn in the San Andres. After two years
of monitoring, capturing, and testing
sentind rams and the remaning ewe, no
bighorn tested positive for scabies during
any of the five tests and no additional
bighorn were located. Of the six rams
released, three were killed by mountain lions
and one died of unknown causes. In 2001

47

an additional five rams were released on the
Mountain to continue the project in an
unofficial capacity (Table 1).

Ladron Mountains

The Ladron Mountain popul ation was
establishedin 1992 with 23 bighorn
transplantedfiom Red Rock (Knadle 1993),
and was supplemented the following year
with eight bighom fiom Red Rock. Despite
an augmentation of 11 radiocollared ramsin
1997 and 1999, this population declinedto
26 individuals by 2001 (Table 1).

Mountain lion predation has been the most
common cause of mortality (n=19 lion kills
out of 31 total mortalitiesrecorded). In
2000, five bighorn were captured and
radiocollaredin a net-gun operation
designed to assist monitoring of this
population during a Masters project at New
Mexico State University (Arana 2002).
Since 1997, onelion per year has been
removed fiom the Ladrons.

Fra Cristobal Mountains

In November 1995, 37 bighom sheep (13
rams and 24 ewes) were transplanted to the
Fra Cristobal Mountainson the privately
owned Arrnendaris Ranch to establish a
population (Krausman et d. 2001). Despite
documentation of substantial lion predation
(n=28) this populationincreased to an
estimated 66 individualsin 2001 (Table 1,
Parsons2001). In 1997, sevenradio-
collared ramswere released from Red Rock,
but six of these rams werekilled by
mountain lions within 18 months. A lamb
mortality study was initiated in 2001 and 14
lambs wereradiocollared. Causes of
mortality included mountain lion predation
(n=three), golden eagle predation (n=two),
accident (n=one), disease(n=two), and an
unknown predator (n=one).
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Red Rock

Red Rock has been negatively impacted
over the past few years from a skewed sex
ratio and increased predation rates (Figure
1). Thishasresulted in astable population
at alower density resultingin no-ewes
transplanted since 1997. In 1999, a
supplemental feeding programwasinitiated
in an attempt to alter the sex ratio at birth to
parity. Bighorn were supplementally fed
between 1981 and 1992, and the yearling
male:female ratio was 80:100 (n=110).
Supplemental feeding was terminated and
between 1993 and 1999 the yearling
male:femaleratio changed dramatically to
158:100 (n=155). Ratioswent fi-om 267:100
in 2000to 143:100in 2001. The program
will be continued until welearn if
supplemental feeding is effective.

Increased predation has adso been a problem
and since 1999, seven lions have been killed
in or near the facility, three of them during
November 2001. In 2000, additional efforts
were put into fencerepair and predator
control, resulting in declining predation. We
plan to continue both the supplemental
feeding and predator remova program as
thisyear's data suggest that they are
returning the sex ratio at birth to parity, and
decreasing mortality, respectively.

MANAGEMENT ISSUES
Mountain lion predation

Predation by mountain lions is considered
the principal limiting factor in al desert
bighorn sheep populationsin New Mexico
as it has been responsiblefor 85% of all
known-cause radiocollared bighom
mortalitiessince 1992. Extinction
probabilities were calculated for New
Mexico populations usng VORTEX
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modeling (Fisher et a. 1999). All existing
populationshad a 100% probability of
extinction within 65 years with just 5%
additive annual mortality dueto lion
predation. Usng MICROMORT, it was
calculated that the annual mortality rate due
to mountain lion predation from 1992-2000
in the Ladron Mountainswas 11%;, whichis
likely, lower than, and minimaly
representativeof, annual mortality ratesin
other desert bighorn herdsin New Mexico.
Between 1995 and 2001, 87 desert bighom
sheep were documentedto have been killed
by mountain lions, including eight at Red
Rock. Because only a portion of the desert
bighom sheep population was radiocol lared
during this period this is hypothesized to be
afraction of thetotal mortality. Predation
by mountain lions was the primary cause of
the biological extinction of the remnant San
Andres populations (Rorninger and
Weisenberger 2000).

Despite compelling evidencethat proactive
mountain lion control is beneficia to desert
bighorn herds, only selective control of
predators that posed athreat to bighornin
the Red Rock captivefacility was allowed.
By 1997, after the deployment of 78 radio
collars on bighornin the SierraLadron, Fra
Cristobal, and San Andres populations, it
was documented that mountain lion
predation was the primary cause (85%) of
known-causeradiocollared adult mortality in
desert bighom sheep in New Mexico
(Sandoval 1980, Hoban 1990, Rominger and
Weisenberger 2000). In addition, in 1999,
58 desert bighorn sheep wereradiocollared
(27 rams from Red Rock and 31 extant
ewes). Although several offendinglions
were harvested in the Peloncillo, Fra
Cristobal, and L adron mountains DGF was
unableto mitigatethe statewide declinein
desert bighorn.
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A research project was designed to test the
effectiveness of increased lion harvest on
surviva rates of adult radiocollared bighorn
in four bighorn sheep ranges (Rorninger and
Dunn 2000). Anincreaseinthelion quota

in three desert bighorn sheep ranges
(Peloncillos, Hatchets, Ladrons) was

implemented in an effort to increase sport
harvest of mountain lionsin these ranges.
Thisliberalized hunting quotaresulted in no

lions being harvested in these ranges.
During the 1999-2000 and 2000-2001
hunting seasons, DGF contracted

houndsmen to hunt in these ranges, but no
lions were taken during either hunt season.

In 2000 and 2001 mountain lions were
responsiblefor 73% and 75% of
radiocollared desert bighorn mortality,

respectively. \
Fire Suppression

Decreased fire frequency has lead to
increased woody vegetation density

in most bighorn sheep rangesin the
west (Wakelyn 1987). Whilethe fire
suppressionpolicies of the lan
management agencies over the past
80 years has contributed to the lack of
fires, livestock grazing is the primary
factor leading to fire suppression.
Several prescribed bums have been
implementedin desert bighornrange
in the past ten years but the mgjority
of these fires were not very successful
because wesather conditionswere
often either too cool or too humid. A
successful firein the San Andresin
2001 resulted in reestablishing
flowing springs in areas clogged by
vegetation beforethe fire (M.
Weisenberger, pers. comm.). There
are fires plannedin the Ladrons, and
Big Hatchetsthis spring. Tentative
fires are planned, in conjunction with
BLM, Malpais, and the Grey Ranch

for spring 2003. A Little Hatchets
bum is scheduled for 2004.

Transplants

In November 2001, five ramswere
capturedin Red Rock and
transplantedto the San Andres
Mountains. Relying on Red Rock as
the sole transplant stock for the state
of New Mexico may not supply us
with enough animalsto recover the
species. We have been working with
Arizonaon the possibility of
exchanging Mexican desert bighorn
from Arizonafor Rocky Mountain
bighorn from New Mexicoin an
effort to improve herdsin both states.

Hunting

The auction hunter paid $75,000 for a
desert bighorn license and shot a 181
2/8 ramin the Peloncillos. The

public hunter shot a172 3/8 ramin
the Peloncillos.
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Figure1l. Sex ratio of yearling deert bighorn sheep in the Red Rock captive breeding facility
from 1981-2001. Bighorn were provided with supplemental feed from 1981-1992, were not

provided with supplemental feed from 1993-1999, and provided with supplemental feed from
2000-2001.
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Table 1. Population estimated for desert bighorn sheep populationsin New Mexico from 1996-

2001.

2002 DESERT BIGHORN COUNCIL TRANSACTIONS

Herd 1996 1997 1998 1999 2000 2001
Ladron 38 30 35 30 20 26
Peloncillo 50 45 60 55 48 30
Animas 15 15 10 10 6 0
Alamo Hueco 5 5 10 5 1 0
Little Hatchet 30 30 30 30 19 20
Big Hatchet 30 30 30 30 24 20
Fra Cristobal 33 44 46 53 55 66
San Andres 25 1 1 1 5 4 .
Total 221 200 222 214 178 166
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PROGRAM FOR THE 46"" ANNUAL MEETING OF THE

DESERT BIGHORN COUNCIL

Palm Springs, California
APRIL 10-12,2002

WEDNESDAY, APRIL 10,2002

7:30am

8:30am

8:35am

8:45am

9:00am

9:15am

Registration
Convene the 46™ Annual Meeting of the Desert Bighorn Council, Inc.

Welcometo California
James R. DeForge, Chair, Desert Bighorn Council

Introductions of Attendees

Keynote Welcome Address
Mark C. Jorgensen, Superintendent, Anza-Borrego Desert State Park

M eeting Schedule Announcements
Introduction of Technical Sessions

MORNING SESSION

Session Chair:
STATE STATUS REPORTS
9:30am ARIZONA

Jon Hanna, Arizona Game and Fish Department
9:45am CALIFORNIA

Steven Torres, California Department of Fish & Game
10:00am COLORADO
10:15am NEVADA

Pat Cummings, Nevada Department of Wildlife
10:30am BREAK
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11:00am NEW MEXICO
Elise Goldstein, New Mexico Department of Game & Fish, Division of Wildlife

11:15am TEXAS
Clay Brewer, Texas Parks and Wildlife

11:30am UTAH
Jim Karpowitz, Utah Division of Wildlife Resources

11:45am MEXICO

12:00pm LUNCH

AFTERNOON SESSION
Session Chair:

TECHNICAL PRESENTATIONS

1:30pm

PREDATION RISK IN DESERT BIGHORN SHEEP

MICHAEL S. MOORING, THOMASA. FITZPATRICK, TARA T. NISHIHIRA, AND
DOMINIC D. REISIG, Department of Biology, Point LornaNazarene University, San Diego,
CA

2:00pm

SEXUAL SEGREGATION IN DESERT BIGHORN SHEEP (OVIS CANADENSIS
MEXICANA)

MICHAEL S MOORING, THOMASA. FITZPATRICK, JILL E. BENJAMIN, IAN C.
FRASER, TAR4 T. NISHIHIRA, DOMINIC D. REISIG

Department of Biology, Point Loma Nazarene University, San Diego, CA

ERIC M. ROMINGER

New Mexico Department of Game and Fish, Santa Fe, NM

2:30pm

PENINSULAR BIGHORN SHEEP RECOVERY THE ROLEOFTHE U. S FISH &
WILDLIFE SERVICE
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PETE SORENSEN, U.S.Fsh & Wildlife Service, Carlsbad Fidd Office, Carlsbad,CA
GUY WAGNER, U.S. Fish & Wildlife Service, Carlsbad Field Office, Carlsbad, CA

3:00pm BREAK
3:30pm

PROGRESS REPORT: CEMEX DESERT BIGHORN SHEEP REESTABLISHMENT
PROGRAM

ALEJANDRO ESPINOSA T., Cemex-Direccion de Tecnologia, Independencia901-A OTE.,
COLONIA CEMENTOS, Monterrey, N.L., Mexico

ANDREW V. SANDOVAL, Borrego Cimarron Wildlife Consulting, PO Box 238, Chacon, NM
RAUL VALDEZ, New Mexico State University, Box 30003; MSC 4901, Las Cruces NM

4:00pm

A FOUR-YEAR STUDY OF CAUSE-SPECIFIC MORTALITY OF DESERT BIGHORN
LAMBSNEAR AN URBAN INTERFACE AND A COMMUNITY RESPONSE

JAMES R. DEFORGE, Bighorn Institute, P.O. Box 262, PAm Desert, CA 92261-0262
6:00 pm EVENING BANQUET

Bighorn Institute, Transportation Provided
Dinner and Socializing Till 9:00pm
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THURSDAY, APRIL 11™
MORNING SESSION

8:00am

HOW RELIABLEISTOOTH CEMENTUM RING AGING FOR BIGHORN SHEEP?

JOHN D. WEHAUSEN, U.C. White Mountain Research Station
CHRISTOPHER J. O’BRIEN, Dental Increment Laboratory, Dept. of Anthropology,
CdiforniaState University, Chico

DALE R. MCCULLOUGH, Dept. of Environmental Science, Policy, and Management,
U.C. Berkeley

8:30am
POPULATION HISTORY OF BIGHORN SHEEP IN THE SIERRA NEVADA

JOHN D. WEHAUSEN, U.C. White Mountain Research Station

9:00am

A SIMULATION MODEL FOR EXPLORING DEMOGRAPHIC PROCESSESIN AN
ENDANGERED POPULATION OF BIGHORN SHEEP

ESTHER S RUBIN, Department of Veterinary Pathology, Microbiology, and Immunology,
University of Caifornia, One Shields Avenue, Davis, CA 95616, USA; and Cdifornia
Department of Fish and Game, 1416 Ninth Street, Sacramento, CA 95814, USA

WALTER M. BOY CE, Department of Veterinary Pathology, Microbiology, and Immunology,
University of California, One Shields Avenue, Davis, CA 95616, USA

EDWARD P. CASWELL-CHEN, Department of Nematology, University of Caifornia, One
Shields Avenue, Davis, CA 95616, USA

9:30am

THE DETAILED MOLECULAR GENETICS INVESTIGATIONSOF BIGHORN
SHEEPIN OWENSVALLEY REGION

ROB R. RAMEY I. U.C. White Mountain Research Station
JOHN D. WEHAUSEN, U.C. White Mountain Research Station

10am BREAK
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10:30am

EFFECTSOFCLIMATE CHANGE ON POPULATION PERSISTENCE OF DESERT-
DWELLINGMOUNTAIN SHEEPIN CALIFORNIA.

EPPS, CLINTON W., University of California, Berkeley
MCCULLOUGH, DALE R., University of California, Berkeley
WEHAUSEN, JOHN D., White Mountain Research Station
BLEICH, VERNON C., CdiforniaDept. Fish and Game
RECHEL, JENNIFER L ., USDA Forest Service

11:00am

COACHELLA VALLEY RESIDENT SURVEY OF TRAIL USE AND ATTITUDE
TOWARDS BIGHORN CONSERVATION

CARRIE MCNEIL, Senate Natural Resources and Wildlife Committee, Cdlifornia State Senate
WALTER BOY CE, WildlifeHealth Center, School of Veterinary Medicine, University of
Cdifornia—Davis

JONNA A K. MAZET, Wildlife Hedth Center, School of Veterinary Medicine, University of
Cdifornia—Davis

DAVID HIRD, Department of Medicine and Epidemiology, School of Veterinary Medicine,
University of Cdifornia—Davis

11:30am

GENETIC CONSIDERATIONSFOR REINTRODUCINGBIGHORN SHEEP TO THE
SAN ANDRES MOUNTAINS, NEW MEXICO

!
WALTERBOY CE, Wildlife Health Center, University of California, One Shields Avenue,
Davis, CA 95616, USA
STACEY OSTERMANN, WildlifeHealth Center, University of California, One Shields
Avenue, Davis, CA 95616, USA

MARA WEISENBERGER, San Andres National Wildlife Refuge, PO Box 756, Las Cruces,
NM 88004

12:00pm LUNCH
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1:30pm

USE OF GPS/SATELLITE TELEMETRY SYSTEMS IN DESERT BIGHORN SHEEP
RESEARCH

JAMES W. CAIN, Graduate Student, Wildlife and Fisheries Science Program, School of
Renewable Natural Resources, University of Arizona, Tucson, AZ 85721

PAUL R. KRAUSMAN, Wildlife and Fisheries Science Program, School of Renewable
Natural Resources, University of Arizona, Tucson, AZ 85721,

JOHN R. MORGART, United States Fish and Wildlife Service, CabezaPrieta Nationa
Wildlife Refuge, 1611 North Second Avenue, Ajo, AZ 85321

JOHN J HERVERT, Arizona Game and Fish Department, 9140 E. 28™ Street, Yurna, AZ
85365.

2:00am

SURVIVAL RATES AND CAUSES OF MORTALITY IN A DESERT BIGHORN SHEEP
POPULATION ON THE NAVAJO NATION
\\

NIKE J GOODSON, Bluff, UT

DAVID R. STEVENS, Stevens Wildlife Consulting, Bozeman, MT

JEFF COLE, Navao Nation Department of Fish and Wildlife, Window Rock, AZ
PAMELA KY SELKA, Navgo Nation Department of Fish and Wildlife, Window Rock, AZ

2:30pm BUSINESSMEETING
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CRITERIA FOR DESERT BIGHORN RESEARCH FUNDING FROM THE HANSEN-
WELLESSCHOLARSHIP

Eligibility:

1. Any organization or person submittinga project and | or program proposal shall be an
active member of the Desert Bighorn Council, or shdl be sponsored in writing by an
active current member of the Desert Bighorn Council.

2. Proposed projectsand / or programs must be for the benefit of desert bighorn sheep, or
desert bighorn sheep habitat.

3. Graduate Students must be accepted as an advanced degree candidate a an accredited
college or university and have an advisor in an appropriatedepartment (i.e. Wildlife
Management, Science, Zoology, €etc.).

Submission Requirements :

1. Must have demonstrated desert bighorn experience or be supervised by an individud with
such experience.

2. Must submit:
a An acceptabler%arch prolect outline, Including:
i. in-depthliteraturereview,
ii. clearly stated objectives,
ili. comprehens ve research methods,
iv. time frame for al work,
V. resumeof appropriate experience
vi. written approval from appropriatestate / federal agenpy
vii. complete budget
b. A brief critiqueof the student and proposed project from the student's maor
professor.

3. Proposals must be submittedto the Desert Bighorn Council Technlcal Staff Chairman for
consideration prior to December 31 of each year.

4. Proposaswill be screened by the Technical Staff of the Desert Bighorn Council and
presented to the membership a the annua business meeting for final selection of the
recipient(s). |

5. Recipients must Sgn a contractual agreement with the Desert Bighom Council stating
that results of the research project will either be published in arefereed journal and 1 or
presented at the Desert Bighorn Council for inclusion ion the Transactions within a 5-
yea.period following receipt of funds from the Hansen-Welles Scholarship. The
Technical Staff of the Desert Bighorn Council will determineacceptability of the
publication.
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S.

Upon completion of the project and / or program, a complete accounting of the funds
expended will beforwarded to the Technical Staff of the Desert Bighorn Council. None
of the funds awarded are to be used for administrative purposes by the sponsoring
college, university, or agency, or for travel to meetings.

SUGGESTED RESEARCH PROPOSAL OUTLINE:

TITLE: A concise, clear, and specific description of the proposed research.

APPLICANT: Name, address, and tel ephone number of applicant plus signatures of
pertinent people; i.e. advisor, Sponsor.

TIME PERIOD: Proposed initiation and completion dates for the project.

OBJECTIVES: A clear, concise, and compl ete presentation of primary research
objectives.

INTRODUCTION: An i‘n-depth presentation of the research, including an extensive
review of the pertinent literature.

METHODS AND PROCEDURES: A statement of working plans, methodsto be used, or
experimental design.

JUSTIFICATION: A description or statement as to the importancefor the proposed
research, and qualificationsof the principal investigator(s) to undertakethe project.
Include what would be\ lost if the project is not funded.

FACILITIESAND EQUIPMENT: A list of facilitiesand / or equipment needed and
available.

BUDGET: Amount requested from Council and amount needed for entire proposal.

10. PERSONNEL : A list of qualified persons assisting or supporting the applicant.

11. PUBLICATION: Potential journalsor other publicationsin which anticipated results

fi-omthe proposed research might be published.
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DESERT BIGHORN COUNCIL MEETINGS 1957 -2002

Secretary

Treasurer

Transactions Editor

Year Location Chairperson
1957 LasVegas, NV M. Clair Albous
1958 Yuma, AZ GaeMonson &
Warren Kelly
1959 DeathValey,CA M. Clair Albous
1960 Las Cruces, NM Warren Kelly
1961 Hermosillo, MX Jon Akker
1962 Grand Canyon, AZ  James Blaisdell
1963 LasVegas NV Al Jonez
1964 Mexicali, MX Rudulfo Corzo
1965 Redlands, CA John Goodman
1966 Silver City, NM Cecil Kennedy
1967 Kingman, AZ ClaudeLard
1968 LasVegas NV Ray Brechbill
1969 Monticello, UT R & B. Welles
1970 Bighop, CA William Graf
1971 SantaFe NM Richard Weaver
1972 Tucson, AZ George Welsh
1973 Hawthorne, NV Warren Kelly
1974 Moab, UT Carl Mahon
1975 Indio, CA Bonnar Blong
1976 Bahia Kino, MX Mario Luis Cossio
1977 Las Cruces, NM Jerry Gates
1978 Kingman, AZ Kelly Neal
1979 Boulder City, NV Bob McQuivey
1980 St George, UT Carl Mahon
1981 Kerrville, TX Jack Kilpatric
1982 Borrego Sprs, CA  Mark Jorgensen
1983 Silver City, NM Andrew Sandoval
1984 Bullhead City, AZ  JmdeVos, Jr.
1985 LasVegas NV David Pullman, Jr.
1986 Page, AZ Jm Guymon
1987 Van Horn, TX Jack Kilpatric
1988 Needles, CA Vernon Bleich
1989 Grand Junction, CO Jerry Wolfe
1990 Hermosillo, MX Raul Valdez
1991 Las Cruces, NM Bill Montoya
1992 Bullhead City, AZ  Jm deVos, J.
1993 Mesquite, NV Kathy L ongshore
1994 Moab, UT Jm Guymon
1995 Alpine, TX Doug Humpbhries
1996 Holtville, CA Andy Pauli
1997 Grand Junction, CO DaeReed &
Van Graham
1998~ Las Cruces, NM Eric Rominger &
DaveHoldermann
1999— Reno, NV Rick Brigham &
Kevin Hurley
2000~ Bullhead City, AZ RaylLee&
Jm deVos
2001 Hermosillo, Sonora, CarlosCastillo &
Mexico Jm deVos
2002 Palm Springs, CA  Mark Jorgensen

Fred Jones
Fred Jones
Ralph Welles
CharlesHansen

CharlesHansen
CharlesHansen

John Russo

John Russo

John Russo

John Russo

W. G. Bradley
W. G. Bradley
TillieBarling
Doris Weaver
DorisWeaver
Lanny Wilson
Lanny Wilson
Peter Sanchez
Peter Sanchez
Peter Sanchez
Peter Sanchez
Peter Sanchez
Peter Sanchez
Rick Brigham
Rick Brigham
Rick Brigham
Rick Brigham
Bill Dunn

Bill Dunn

Don Armentrout
Don Armentrout
Don Armentrout
Don Armentrout
Stan Cunningham
Charles Douglas
Charles Douglas
Charles Douglas
Charles Douglas
Steve Torres

Danen Divine
Darren Divine
Darren Divine
Darren Divine
Darren Divine
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Charles Hansen
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Paul Krausman
Paul Krausman
Paul Krausman
Paul Krausman
Paul Krausman
Walter Boyce
Walter Boyce
Ray Boyd

Ray Boyd
Raymond Lee

Raymond Lee

Allen and Harriet
Thomas

Jon Hanna

Jon Hanna

Jon Hanna



DESERT BIGHORN COUNCIL MEMBERSHIP LIST - 2002

Lawrence Abeita

Hualapi Wildlife Fish and
Parks

P.O. Box 550

Peach Springs, AZ 86434-
0550

(520) 769-2224

David Altman Jr.

TX Parks and Wildlife
P.O. Box 1441

Van Horn, TX 79555
(915) 283-8184
Altman@telstarl.com

Brian Anthony
AZ Game and Fish
7200 E. University
Mesa, AZ 85207
(480) 981-9400

Donald Armentrout
BLM

2950 Riverside Drive
Susanville, CA 96130
(530) 257-0456
darmentr@cablm-gov

Peter Bangs
University of Arizona
HC 32, Box 191

Truth or Consequences, NM

87901
(520) 591-7105
pbangs@ag.arizona.edu

Gary Barcom
ADBSS

P.O. Box 2208
Payson, AZ 85547
(520) 474-5221

Jack Barnitz

BLM - Las Cruces
1800 Marquess
Las Cruces, NM
(505) 525-4310

jack bamitz@blnl.gov

Jm Bauer

CDFG

P.O. Box 1203
Julian, CA 92036
(760) 213-5491

jimbaner@hotmail.com

Vern Bleich

CDFG

407 W. Line St.
Bishop, CA 93514
(760) 872-1137
predators@telis.org

Clay Brewer

TX Parks and Wildlife
P.O. Box 343

Fort Davis, TX 79734
(915) 364-2228
emwrna@overland.net

William "' Rick" Brigham
BLM

P.O. Box 71478

Reno, NV 81570

(775) 885-6143
wbrigham@nv.blm.gov

Mark Brown

AZ Game and Fish
9140 E 28" St.

Yuma, AZ 85365
(520) 342-0091
mbrown(@gf state.az.us

Bill Broyles

Southwest Center U of A
1052 N. Highland Ave.
Tucson, AZ 85721-0185
(520) 292-1487
Bibroyles@!aol.com

Jesus Bustamante
Chilicote Ranch, Tiqua
Indian Res.

P.O. Box 17579

El Paso, TX 79917
(915) 860-7105

Robert Campbell
SCBS

1725 Snughaven Ct.
LasVegas. NV 89108
(702) 647-0907

Raul Canddaria Jr.
Tigua Indian Reservation
P.O. Box 17579

El Paso, TX 79917
(915) 860-7105

Marguerite Carpenter
6260 N. Palm #117
Fresno, CA 93704
(559) 439-7669

Kevin Cobble

San Andres NWR

P.O. Box 756

Las Cruces, NM 88004
(505) 382-5047

kevin cobble@fws.gov

Joe Cresto

BLM

474 Nicholas Ln

Moab, UT 84532

(435) 259-2114

Joe Cresto@ut.bim.gov

Faylynn Crook

Hualapi Wildlife Fish and
Parks

P.O. Box 550

Peach Springs, AZ 86434-
0550

(520) 769-2224

Scott Crozier

Hualapi Wildlife Fish and
Parks

P.O. Box 550

Peach Springs, AZ 86434-
0550

(520) 769-2224

Michael Dee

LA Zoo

5333 Zoo Drive

Los Angeles, CA 90027
(323) 644-4254

Jm DeForge

Bighorn Institute

P.O. Box 262

Palm Desert, CA 92261-
0262

(760) 346-7334
Bl@Bighornlnstitute.org

James deVos Jr.

AZ Game and Fish
2221 W. Greenway Rd.
Phoenix, AZ 85023
(602) 789-3247
jdevos@gf state.az.us

Darrcn Divine

CCSN

3200 East Cheyenne Ave
S2B

North Las Vegas, NV
89030-4296

(702) 651-4459

Darren divineflcesn.nevada.edu



Chuck Douglas

USGS BRD

1444 Rawhide Rd.

Boulder City, NV 89005
(702) 895-3219

Dougl as@ccnai | . nevada. edu

Gunnar Erickson

AZ Game and Fish

5325 N. Stockton Hill Rd.
Kingman, AZ 86401
(520) 692-7700x138

Art Fuller

AZ Game and Fish

5325 N. Stockton Hill Rd.
Kingman, AZ 86401
(520) 692-7700%114

Bruce Garlinger
EREMICO Biologicd
Services

211 Snow Street

Weldon, CA 93283-9998
(760) 378-4278

honlebru2(ii'aol.com

Jeff Grandison

UT Div.Wildlife Resources
Box 606

Cedar City, UT 84720
(435) 865-6100

Anita Greene

274 E. Barstow Apt D
Fresno, CA 93710
(559) 439-5616

Ross Haley

Lake Mead NRA

601 Nevada Highway
Boulder City, NV 89005
(702) 293-8950

Jon Hanna

AZ Gameand Fish
7200 E. University
Mesa, AZ 85207
JHanna@gf state.az.us

Patricia Hansen

170 Jessie St.
Kenwood, CO 95452
(707) 528-2229

David Heft

BLM

198 Neel Avenue
Socorro, NM 87801
(505) 835-0412
dhefi@nm.blm.gov

Bob Henry

AZ Gameand Fish
9140 E. 28" St.
Yuma, AZ 85365
(520) 342-00941
bhenry@gf state.az.us

Steve Hill

SCBS

3201 Woodstown St.
Bakersfield, CA 93312
(661) 588-7517

sahill @igalaxv.net

Bill Hook

ADBSS

15907 E. Kim Dr.
Fountain Hills, AZ 85268
(480) 816-6306

Kevin Hurley

WY Game and Fish

356 Nostrum Road
Thermopolis, WY 82443
(307) 864-9375
khurley@trib.com

Jennifer Jackson

Hualapi Wildlife Fish and
Parks

P.O. Box 550

Peach Springs, AZ 86434-
0550

(520) 769-2224

Mark Jorgenscn

CA State Parks

200 Palm Canyon Dr.
Borrego Springs, CA 92004
(760) 767-4962

m iorgensen@.parks.ca.gov

Robert Jurgens
6111 Chuckanut
Bend, OR 97702
(541) 382-4984

Jim Karpowitz

UT Div. of Wildlife
Resources

2549 So. 660 W.
Price, UT 84501
(435) 613-0653
jkarpowi@state.ut.us

Ron Kearns

KOFA NWR

356 West First St.
Yuma, AZ 85364
(520) 783-7861x11
ron kearns@fws.gov

Hans Koening

AZ Gameand Fish

2990 Dogwood Circle

St George, UT 84790
(435) 673-6149
hkoeninmg@,infowest.com

Paul Krausman

Univ of Arizona

1330 E. South CampusDr.
(520) 621-3845
krausman@ag.arizona.edu

Ray Lee

FNAWS

720 Allen Ave.

Cody, Wyoming 82414
rlee@fnaws.org

Kathy Longshore
USGSBRD

4505 Maryland parkway Box
454004

LasVegas, NV 89154-4004
(702) 895-3219
longshore@usgs.gov

Scott McCarthy

USFWS - Carlsbad
2730 Loker Ave. West
Carlsbad, CA 92008
(760) 431-9440

scott mccarthy@fws.gov

Ted McKinney

AZ Game and Fish

2221 W. Greenway Rd.
Phoenix, A‘Z 85023
(602) 789-3248
tmckinney@gf state.az.us

Kathleen McCoy

Navgjo Fish and Wildlife
P.O. Box 1480

Window Rock, AZ 86515
(502) 871-7065

Brady McGee

USFWS

P.O. Box 756

Las Cruces, NM 88004

John Morgart

Cabeza Prieta NWR
1611 N. Second Avc.
Ajo, AZ 85321

(520) 387-6483

john morgart@fivs.gov




Nancy Nicolai

BLM

1661S. 4% St.

El Centro, CA 92243
(760) 337-4400
nnicolai@ca.blm.gov

Ron Olding

AZ Gameand Fish
555 N. Greasewood Rd.
Tucson, AZ 85745
(520) 628-5376x142
roldin f state.az.us

Stacey Ostermann

VM:PMI 1126 Haring Hall
Universityof Cdifornia
One Shields Avenue

Davis, CA 95616-8739
(530) 752-4629
sdostermann(@ucdavis-edu

Zack Parsons

TESF - Armendaris Ranch
HC 32 Box 191

Truth or Consequences,NM
87901

(505) 740-0935

nmrpi @.riolink.com

Andy Pauli

CDFG

21091 Soux Rd.
AppleValley, CA 92308
(760)-2401372
apauli@dfg.ca.gov

Robert Price

AZ Gameand Fish
8407 N. Sapphire Dr.
St. George, UT 84770
(435) 574-3923
rprice@infowest.com

Ryan Riley

Hualapi Wildlife Fish and
Parks

P.O. Box 550

Peach Springs, AZ 86434-
0550

(520) 769-2224

Eric Rominger

NM Dept Game and Fish
P.O. Box 704

SantaFe, NM 87504
(505) 992-8651

ERominner @email.msn.com

Esther Rubin

UC Davis

14508 Fruitvale Rd.
Valley Center, CA 92082
(760) 751-8981
esrubin@ucdavis.edu

Joan Scott

AZ Gameand Fish
555 N. Greasewood
Tucson, AZ 85745
(520) 628-5672x133
Iscott@gf state.az.us

Dave and Nike Stevens
Stevens Wildlife
15300 Horse Creek Rd
Bozeman, MT 59715
(406) 686-4283

Elroy Taylor
USGSBRD

970 Lusk St.
Boise, ID 83706
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INSTRUCTIONS FOR CONTRIBUTIONSTO THE DESERT BIGHORN
COUNCIL TRANSACTIONS

GENERAL PoLIcy: Original papersrelating to desert bighorn sheep ecology and
management are published in the Desert Bighorn Council Transactions. All papers
presented at the Council's annual meetings are eligible for publication. There are 3 types
of papers published inthe Transactions: technical papers; state reports; and opinions,
comments, and case histories or notes. Technical papers are peer reviewed. State reports
are edited for syntax and style. Opinions, comments, and case histories and notes provide
for philosophical presentations and the presentation of ideas and concepts. These papers
are also peer reviewed. Additional papers may be published when reviewed and
approved by the Editorial Board. Papers must be submitted to the Editor within 1 year of
the Council's annual meeting to be considered for the current edition of the Transactions.

Copy: Use good quality white paper 215 x 280 mm (8.5 x 11 inches), or size A4. Do not
use "erasable," light weight, or mimeo bond paper. Double space throughout, with 3-cm
margins. Do not hyphenate at the right margin. Type the name and complete address of
the person who isto receive editorial correspondence in the top left corner of page1. On
succeeding pages, type the senior author's last name in the top left corner and the page
number in thetop right corner. The author's name and affiliation at the time the study
was performed followsthetitle. Present address, if different, should beindicated in a
footnote on thefirst page. Keep 1 copy. Submit 4 good xerographic copies. Do not fold

any copy.

StYLE: Proceed from aclear statement of purpose through introduction, study area,
methods, results, and discussion. Sequence of contents: title, authors, abstract, key
words, introduction, study area, methods, results, discussion, literature cited, tables, and
figures. Follow the Guideinesfor Authors and Reviewers of Wildlife Society Bulletin
manuscripts (http://www.wildlife.org/publications/bulletinguidelines.pdf), or the CBE
Style Manual Committee 1994. |

TITLE: Thetitle should be concise, descriptive, and1 0 words. Use vernacular names of
organisms.

FooTNOTES: Use only for author's addressiif it differs from the byline address, and in
tables.

ACKNOWLEDGEMENTS: Include acknowledgements at the end of the introduction as an
untitled paragraph.

SCIENTIFIC NAMES: Vernacular names of plants and animals should be accompanied by
the appropriate scientific names (in parentheses) the first time each is mentioned.

ABSTRACT: An abstract of about 1-2 typed lines per typed page of text should
accompany all articles. The abstract should be an informative digest of significant
content. It should be ableto stand alone as a brief statement of problems examined, the
most important findings, and their utility.
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Kry WORDS. Place key words below the abstract. Supply 6-12 key words for indexing:
vernacular and scientific names of principal organisms, geographic area, phenomena and
entities studied, and methods.

REFERENCES:. Authors are responsiblefor accuracy and completeness and must use the
stylein Guidelines for Authorsand Reviewersof Wildlife Society Bulletin
manuscripts. Avoid unnecessary references. Order multiple references consecutively
by date. Show page numbersfor quotations, paraphrases, and for citationsin books or
bulletins unless referenceisto the entire publication. Cite unpublished reportsonly if
essential. Include source, paging, type of reproduction, and place published reports are
filed parenthetically in the text.

LITERATURE CITED: Usecapital and lower case letters for authors' last names, initials
for given names. Do not abbreviatetitles of serial publications; follow Guidelinesfor
Authors and Reviewers of Wildlife Society Bulletin manuscripts. Show issue number
or month only if pagination is not consecutive throughout the volume.

TABLES. Prepare tablesin keeping with the size of the pages. Tables should be self-
explanatory and referenced inthe text. Short tables with lists of pertinent comments are
preferred to long tables. Start each table on a separate page and continue onto 1 or more
pages as necessary. Double spacethroughout. Omit vertical lines. Identify footnotes by
roman letters. Do not show percentageswithin small samples(Nor n < 26).

ILLUSTRATIONS: Illustrationsand drawings must beinindiaink or equivalent on 215 x
280 mm (8.5 x 11 inches) white drafting paper or tracing cloth. Make al lettersand
numbers large enough to be>1.5 mrmtall when reduced. Lettering size and style when
reduced should be the samein al figures. Submit prints of good contrast on glossy
paper. Type captions on a separate page in paragraph form. On the back of each
illustration, lightly write the senior author's name, figure number and "' Top."

SUBMISSION AND PROOF: All paperswill be reviewed for acceptability by the Editorial
Board and 2 outside reviewers. Submit papersto Brian F. Wakeling, Arizona Game and
Fish Department, Game Branch, 2221 West Greenway Road, Phoenix, AZ 85086. When
papers are returned to authorsfor revision, please return revised manuscripts within the
timeallotted. Galley proofs should be returned within 72 hours.

TRANSMITTAL LETTER: When the manuscript is submitted, send aletter to the Editor,
stating the intent to submit the manuscript exclusively for publicationin The
Transactions. Explain any similarities between information in the manuscript and that in
any other publications or concurrent manuscripts by the same author(s), and furnish a
copy of such manuscripts or publications.
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