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TECHNICAL

REPORTS

ASSESSMENT OF A
DESERT BIGHORN SHEEP
REINTRODUCTION IN
ARCHES

NATIONAL PARK, UTAH

C. SHIRLENE HAAS,' Department of Fisheries and Wildlife, Utah
State University, Logan, UT 84322

GAR W. WORKMAN, Department of Fisheries and Wildlife, Utah
State University, Logan, UT 84322

Desert Bighorn Counc. Trans. 35:1-4.

Abstract: We conducted a 2-year study to assess the transplant of 25
desert bighorn sheep (Oviscanadensis nelsoni) into historical habitat in
Arches National Park (ANP) in 1985 and 1986. We investigated the
status of the population, focusing on mortality, population dynamics,
health status, and movements. The populationincreased in 3yearssince
releaseto approximately 40 animal sat the end of 1989. Observed lamb:
ewe ratios were 62 and 50 lambs: 100 ewesin 1988 and 1989, respec-
tively. Diseases suspected of decimating other populations in south-
eastern Utah do not appear to have plagued the sheep in Arches. Move-
ments of the desert bighorn in and near the park indicate interchange
with the Potash Unit herd to the southwest, and observations outside
the park suggest geographic expansion of ranges. The transplanted pop-
ulation appears to have adapted well to their new environment.

Keywords ArchesNational Park, desert bighornsheep, disease, move-
ments, population dynamics, predation, reintroduction.

Past effortsto reestablish desert bighorn sheep in historical habitats
have ranged from failures to successes. As transplant procedures and
techniques have improved sinceinitial effortsin the 1950s, the likeli-
hood atransplant will be successful hasincreased substantially (Wilson
and Douglas 1982). Conforming to accepted capture, handling, and
release guidelines, however, does not necessarily insure a successful
transplant. A major factor that must receive consideration prior to
transplant is whether elements responsible for extirpation, such as dis-
ease or predation, still prevail. Suitability of release sites and potential
habitat is also a vital consideration (Wilson et al. 1980).

Comprehensive follow-up studies of transplanted desert bighorn sheep
populations are seldom conducted (Rowland and Schmidt 1981}, leav-
ing gaps in our understanding of why transplants succeed or fail. The
question remains, however: what constitutes a successful desert bighorn
sheep transplant? A reintroduction that resultsin a self-sustaining pop-
ulation is considered a success by some authors (Griffith et al. 1989).
Factors that contribute to a self-sustaining desert bighorn population
and seem reasonable by which to judgeatransplant a successor afailure
include: low mortality rates, highlamb natality and survival, population
growth, fidelity to selected habitats, ability to explore and exploit new

' Present address: U.S. Department of Agriculture, Stanislaus Na-
tional Forest, Mi-Wok Ranger District, P.O. Box 100, Mi-Wuk Village,
CA 95346.

habitats, interchange with neighboring herds to diversify gene pools,
and perhaps others.

To assessa transplant's success and address these questions, we con-
ducted a 2-year study on a reintroduced population of desert bighorn
sheepin ANP, Utah. A portion of the study focused on rates and causes
of mortality, disease incidence and health status, population dynamics,
and movements that would facilitate genetic interchange.

Funding was provided by the National Park Serviceand Utah State
University, with cooperation from the Utah Division of Wildlife Re-
sources. We also thank J. A. Bissonette, Utah State University, for
reviewing this manuscript.

STUDY AREA

Arches National Park islocated 8 km north of Moab in southeastern
Utah and encompasses approximately 295 km? (Fig. 1). The park is
characterized by high elevations (1,200-1,700 m), sparse vegetation, a
semiarid climate, and pronounced angular topography with large ex-
panses of slickrock and massive diffs.

The park isdominated by the Salt Valey that runsthroughitsnorthern
half for about 18 km and consists primarily of aluvia deposits. The
southern portion of the park is predominately Navajo and Entrada
sandstone and sand deposits. The geology and topography of the area
isdiscussedin detail by Lohman (1975), Doelling (1985), and Hoffman
(2985).

Arches National Park hasa semiarid climate with temperatures rang-
ing from <18 Cin winter to >44 Cin summer, with an mean annual
temperature of about 12 C. Precipitation is variable and averages ap-
proximately 22 cm annually. Most precipitation occursin the form of
sporadic thunderstorms in the late summer and fall, and as snowfall
during the winter (x = 27 cm annually).

The vegetation of ANP is representative of semiarid shrub-steppe
vegetation types. The 3 mgjor community types are pinyon- (Pinus
edulis) juniper (Juniperus osteosperma) woodland, desert scrub, and
grassland, with each community covering 45, 25, and 11% of the park,
respectively. The principle species of the desert scrub community is
blackbrush (Coleogyne ramosissima), and the grassland community is
dominated by purple threeawn (Aristidapurpures), galleta grass(Hilaria
Jamesii), dropseed grasses (Sporobolusspp.), and Indian ricegrass(Stipa
hymenoides). Allen (1977) presents a comprehensive analysisand dis-
cussion of the vegetation communities of the park.

METHODS

Six sheep (3 rams, 3 ewes) were captured by net gun from the Island-
in-the-Sky District of Canyonlands National Park and released into
ANPnear theColorado Riverin 1985. 1n 1986, an additional 19 animals
(5 rams, 10 ewes, 4 lambs) were released in Anderson Gulch to sup-
plement the previous year's transplant.

Field research was conducted from July to September 1987, from
May to December 1988, and from March to June 1989. Results were
based on 119 aerial and ground relocations of 5 radio-collared animals
(1 ram, 4 ewes) located on a semimonthly to monthly basis, and un-
collared sheep that werelocated by hiking throughout the study areain
a systematic manner.

RESULTS

Desert bighorn sheep locations were concentrated primarily on the
steep talus slopes below the diffs of the Colorado River comdor. We
made numerous observations on the rugged slopesacross Highway 191
from Atlas Minerals, and to a lesser extent, in association with a to-
pographic feature called the Great Wall.

Two mature rams died shortly after releasein 1986 of capture my-
opathy near the releasesite. A radio-collared ewe was killed 6 months
after release(1986) when struck by an automobile on Highway 191 west
of the park. In 1987, a mature ewe was found dead 5 m from the
Colorado River. Alsoin 1987, a radio-collared ram was found dead on
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Fig. I. Desert bighorn sheep study area, Arches National Park, Utah.

the mesa-top near the Colorado River corridor. Nofield necropsies were
performed or causes of death determined due to the advanced state of
decomposition of the latter 2 animals.

Results of analyses of blood samples collected (n = 10) at the time
of capture indicated the majority were negative for infectious bovine
rhinotracheitis, bovine virus diarrhea, brucellosis, parainfluenza type 3
(P13), epizootic hemorrhagic disease (EHD), leptospirosis, and blue
tongue. Two ewes tested positive for leptospirosis, 2 ewes and 1 ram
tested positive for bluetongue, and 2 ewes were positivefor EHD. Only
1 ewe tested positive for al 3 titers.

We did not observe symptoms of illness or disease during the study,
withtheexception of theewethat waslater found dead near the Colorado
River in 1987. Coughing or nasal discharge, typica of PI3 and blue
tongue viruses, was not observedin any other animals. Body condition
was classified as good (McCutchen 1985) for all individuals observed
within reasonable visual range.

Potential predators known to occur in ANP include bobcat (Felis
rufuss), coyote (Canis latrans), gray fox (Urocyon cinereoargenteus), and
mountain lion (Felisconcolor). Bobcat and coyote sign were commonly
observed in the study area, but sign of mountain lion (scat, tracks) was
rarely encountered. Two mountain lion observations were reported in
the park during the course of the study; 1 in the area frequented by
desert bighorn near Atlas Minerals.

No instances of predation on desert bighorn were observed or re-
ported. The carcasses of the 2 dead sheep found during the summer of
1987 showed no signs of predation and little evidence of scavenging.
Predation does not appear to be a significant factor affecting the desert
bighorn population in ANP.

We derived a population estimate of 44 animals (16 rams, 20 ewes,
8 lambs) at the end of 1989 based on the sex ratio and age classes of
sheep released into ANP (Table I, and known mortalities. Thisestimate

was based upon several assumptions: (1) 100% potential productivity
of mature ewes (Turner and Hanson 1980); (2) ewe sexual maturation
at 2 yearsof age (Turner and Hanson 1980); (3) 50% lamb survival; (4)
50% ram and 50% ewe lambs (Geist 1971); and (5) very little unknown
adult mortality (Geist 1971).

Thirty-seven individual sheep (9 rams, 16 ewes, 8 lambs, and 4 un-
classified) were observed in and near the park in 1989, based upon sex
and age classifications, radio-collars, and dates and locations of obser-
vations. The number of sheep observed in 1989 agreesclosely with the
population estimate, indicating that 40 animals is a reasonabl e estimate
of the number of desert bighornin ANP at the end of 1989.

The sex classification of bighorn sheep observed during late summer
1987 was a ram : ewe: lamb ratio of 33:106:42 (n = 12 ewes); in late
summer-early autumn 1988, the observed ratio was 38:168:62 (n = 13
ewes). Three rams died subsequent to transplant, leaving a ram: ewe
ratio of 29:100in 1987 for surviving transplanted rams. Of eight lambs
observed in autumn 1988, 7 were ram lambs. This type of ram natality
has contributed to an increased proportion of rams in the population
as observed in summer 1989 (56 rams: 100 ewes: 50 lambs, n = 14
ewes, excluding 4 unclassifiedanimals).

Post-release exploratory behavior was exhibited to a small degree by
the desert bighorn transplanted into ANP. Relocations indicate maxi-
mum distances moved from the release site for 4 radio-collared ewes
ranged from 5-12 km; 2 collared rams moved 7 and 21 km from the
releasesite.

DISCUSSION

The threat of disease transmission from livestock to bighorn sheep
is well documented (Jessup 1985), and the potential for interaction
betweendesert bighornin ANPand cattleissubstantial. ArchesNational
Park is surrounded by public landsfor which grazing permits areissued
for at least part of the year. All allotments, however, havebeen converted
to cattle only since the 1988-89 winter grazing season. Thischange has
decreased the threat of disease transmission substantialy, since do-
mestic sheep arecommonly considered to poseagreater threat of disease
transmission than cattle.

Contact with livestock on allotments west of the park increases the
possibility that diseases or parasites may be transmitted to the desert
bighorn sheep. Cattle are present on alotments from November to May,
which includesthe breeding season when rams are most likely to engage
in movementsto seek receptive ewes, these movementsfurther increase
the probability of intermingling and potential for disease transmission.

Movements of desert bighorn and domestic livestock across park
boundaries provide increased opportunities for contact and disease
transmission. Trespass of cattle from surrounding lands into the park,
especially to the north of the park and west of the Willow Flats area, is
a significant enough problem for the National Park Serviceto consider
erecting a fence at the park boundary.

Observed lamb ratios are considered to be high, particularly when
compared to ratios reported for other populations in southern Utah
(Anonymous 1990). Such high rates of natality and survival should
contribute to continued population growth.

When transplanted into an unfamiliar environment, desert bighorn
exhibit exploratory behavior to varyingdegrees(McQuivey and Pulliam
1980, deVos et al. 1981, Ravey and Schmidt 1981, Dodd 1983) before
establishing relatively sedentary home ranges similar to those of estab-
lished populations (Simmons 1980). Exploratory behaviorisadesirable
trait in transplanted desert bighorn, asit alowstheanimalsto learn the
extent and location of suitable habitat. Exploration can be potentially
detrimental, however, through mortality caused by crossing highways,
fences (Elenowitz 1983), and flat terrain (Geist 1971). The death of a
radio-collared ewe after being struck by a vehicle on the highway west
of the park, and the fence entanglement of 2 rams during this study
vividly illustrates this point.

Movements observed in and near ANP, and the establishment of a
home range proximal to Highway 191 by aradio-collared ewe, suggest
the population does not regard roads or traffic as potential danger.
Crossing of roads and highways by desert bighorn (Witham and Smith
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Table 1. Sex and age classes of desert bighorn sheep released into Arches National Park, Utah, 1985 and 1986.

Date Sex Ageclass Comments
1985
Jan Ram 2.5 years
Jan Ram 2.5 years
Jan Ewe Mature
Jan Ewe Mature
Jan Ram 9-10 years
Jan Ewe Mature
1986
Jan Ewe Lamb
Jan Ram 5.5 years
Jan Ewe >4 years Ultrascan for pregnancy positive, mortality Jul 1986.
Jan Ram =8 years Mortality Jul 1987.
Jan Ewe Lamb
Feb Ewe Lamb
Feb Ewe >4 years
Feb Ewe Lamb
Feb Ram 5.5 years
Feb Ewe >4 years Ultrascan for pregnancy positive.
Feb Ewe >4 years
Feb Ram 4.5 years
Feb Ewe >4 years Ultrascan for pregnancy positive.
Feb Ewe 2 years
Feb Ram 1.5 years Mortality Feb 1986.
Feb Ewe >4 years Ultrascan for pregnancy positive.
Feb Ewe >4 years
Feb Ewe >4 years
Feb Ewe >4 years

1979, Elenowitz1983, Kingand Workman 1983), and tolerancetottraffic
and highway noises (Miller and Smith 1985) have been reported for
other populations, although some authors suggest highways may act as
artificial bamers to bighorn movements (Graham 1980).

Movements by a radio-collared ram and other bighorn west of the
park involved crossing large expansesof relatively flat terrain. The area
also offers reduced visibility due to the prevalence of juniper woodland
in many portions of the area. Movements through such areas increase
vulnerability to predation for an animal adapted for evading predators
in precipitous terrain, but not for running at sustained speed (Geist
1971).

The establishment of home ranges near the release site by 2 radio-
collared ewes, and frequent movements by a third collared ewe from
her home range to the release site, reflect a fidelity to release points as
observed in other transplanted populations of desert bighorn (deVos et
al. 1981, Dodd 1983, Elenowitz 1983).

Based upon several observations of sheep (primarily rams) in the
vicinity of Moab Canyon, it is theorized that considerableinterchange
occurswith the Potash herd to the southwest. These movements intro-
duce the positive aspect of geneticinterchange between the 2 popula-
tions, an important factor in maintaining the integrity, fitness, and ge-
netic variability of a small population such as that present in ANP
(Krausman and Leopold 1986).

Many transplanted populations have failed to expand geographically
(Geist 1974, Hanna and Rath 1976). Several observations of the trans-
planted animals have been made along the Colorado River corridor up
stream from ANP, approximately 17 km from the 1985 release site and
13 km from the 1986 releasesite. These observations, of both rams and
ewes, indicate exploratory behavior and geographic expansion of dis-
tribution away from the release sites.

The transplant of desert bighorn into Professor Valley, northeast of
ANPonthe Colorado River by the Utah Division of Wildlife Resources
in January 1991, together with movements by the ANP sheep up river

towards Professor Valley, will facilitate genetic interchange and benefit
both the Arches population and the newly transplanted herd.

TRANSPLANT ASSESSMENT AND CONCLUSIONS

Based on information gathered during the courseof this study, desert
bighorn sheep transplanted into ANP have adapted to the new envi-
ronment relatively well. Few known mortalities, lack of predation, low
incidence of disease symptoms, and high reproductive rates have con-
tributed to population growth sincereintroduction. Movementsindicate
the possibility of a significant amount of interchangewith neighboring
populations and geographic expansion of ranges. According to criteria
suggested as factors contributing to a successful transplant, the reintro-
duction of desert bighorn sheepinto ANP may be considered a success
to date.

Although there have been no guidelines established regarding the
minimum number of desert bighorn sheeprequiredto maintain aviable,
self-sustaining population, it has been suggested that populations of
=100 animals do not suffer from problems associated with inbreeding
(Krausman and Leopold 1986). Furthermore, a minimum population
size of 50 animals is suggested to preservefitness, and 500 to maintain
geneticvariance and adaptability in mammals (Frankel 1983). Perhaps
a reintroduction of desert bighorn sheep should not be considered a
success until a population size of =100 animals is attained, provided
the population is managed to alow geneticinterchangeto occur (Kraus-
man and Leopold 1986).
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EVALUATION OF
TIME-LAPSE
PHOTOGRAPHY
TO ESTIMATE
POPULATION
PARAMETERS

JEF R. JAEGER,' Environmental Studies Board, University of Cali-
fornia, Santa Cruz, CA 95064

JOHN D. WEHAUSEN, White Mountain Research Station, University
of California, Bishop, CA 93514

VERNON C. BLEICH, CaliforniaDepartment of Fish and Game, 407
West Line Street, Bishop, CA 93514

Desert Bighorn Counc. Trans. 35:5-8.

Abstract:  Weinvestigated the utility of time-lapse photography to pro-
vide population estimates andlamb: eweratios of mountain sheep pop-
ulations. We compared 2 methods of time-lapse data analysis: group
sampling and frame sampling. We failed to reject the null hypothesis
that population estimates and lamb: ewe ratios from time-lapse and
direct observation sampling were the same.

Key words mark-recapture, Mojave Desert, mountain sheep, Ovis
canadensis, population estimation, techniques, time-lapse photography .

Time-lapse cameras have been considered an effective tool to deter-
minewhether a particular water sourceis being used by mountain sheep
(Davis and Bleich 1980), classify the age and sex of mountain sheep
(Helvie 1972, Constantino 1973), and determine mountain sheepdrink-
ing times (Constantino 1973, Campbell and Remington 1979).1n 1972,
Constantino (1973) conducted acensusof mountain sheep on the Desert
National Wildlife Range, Nevada, using time-lapse cameras. The time-
lapse cameras recorded " at least 85% of the population as determined
by estimates made from field observations, lamb counts, helicopter
counts, and ""other'" census methods. However, his methodology was
not detailed. Wehausen and Hansen (1986) attempted to usetime-lapse
cameras to aid in mark-recapture (mark-and-sample; MS) population
estimates of desert-dwelling mountain sheep. Various problems pre-
cluded this intended use; however, they were able to clearly identify
marked individuals. Our objective wasto compare time-lapse camera
and direct observational sampling for generating MS population esti-
mates and lamb: ewe ratios.

In 1986, the California Department of Fish and Game (CDFG) began
fieldstudies of the mountain sheep population in thevicinity of Old Dad
Mountain and the Kelsoand Marl mountains. Between September 1986
and September 1989, 17 ewes and 22 rams were marked with collars.
Ground surveys and helicopter censuseswere conducted prior to and
during the study period to obtain MS estimates of the population and
to determine recruitment rates (Wehausen 1990). These estimates pro-
vided the background information against which the time-lapse camera
estimates for this study were evaluated.

Inherent to time-lapse camera sampling (TLS) is the potential prob-

! Present address: Department of Biological Sciences, University of
Nevada, Las Vegas, NV 89154.

lem of time-gaps between photographs. In a standard analysis of sheep
groups visiting water, only the minimum group size and composition
based on maximum numbers of identified individuals in each age and
sex classcan bedetermined. Because eveswere more numerousin most
groupsand more homomorphic, they were potentially more difficult to
identify individually than were other sex and age classes. This could
lead to over estimates in ratios of lambs to ewes. Collared ewes and
ramswerealwaysidentifiabl eassuch; therefore, the same problem might
occur in ratios of collared to uncollared animals. Because of these po-
tential problems, asecond analytical approach alsowaspursued wherein
individual photographs (i.e., frames) were used as sampling units. This
approach had a problem of non-independence of successive frames
sampled, because the same individuals were sampled multiple times
during each visit to water. Nevertheless, it was pursued to investigate
potentia relative bias in methods of analysis.

We thank M. H. Fusari for reviewing an earlier manuscript, and the
University of California, Granite Mountain Reserve for providing lo-
gistic support during this study. The Society for the Conservation of
Bighorn Sheep, San Bernardino County Fish and Game Commission,
and T. L. Russi provided time-lapse cameras. R. T. Bowyer and M.
Ananda provided useful comments on the manuscript. Work by the
first author was funded in part by the Hansen-WellesMemorial Fund
of the Desert Bighorn Council, a President's Undergraduate Fellowship
from the University of California, and grants from the University of
California, Santa Cruz. Work by the second author was supported by
the California Department of Fish and Game through a contract (FG
7468-A1) with the University of California, White Mountain Research
Station. Partial funding for helicopter surveysand equipment was pro-
vided by grants to the third author from the Boone and Crockett Club,
Foundation for North American Wild Sheep, and the National Rifle
Association, through the Institute of Arctic Biology at the University
of Alaska, Fairbanks.

STUDY AREA

The study area was located in the eastern Mojave Desert approxi-
mately 30 km southeast of Baker, San Bernardino County, California
Old Dad Mountain is a steep, limestone massif, while the other ranges
are predominately graniticin origin and much less precipitous (Bleich
etal. 1990a). Elevationsvary from 550 to 1,450 m. Vegetationistypical
of the Mojave Desert at these elevations (Martens and Baldwin 1983).

Six water sourcesin the study area were considered for TLS. Of the
2 springslocated in the Marl Mountains, sheep sign was found only at
Jackass Springin the summer of 1988; consequently,we monitored this
springduring the 1989 study period. The other water sources monitored
are artificial water catchments used by sheep. One of these catchments
(Kelso Peak Guzzler) is located near Kelso Peak in aralling hillsarea
of the mountain complex. The other 3 catchments (Kerr Guzzler, Main
Peak Guzzler, North Guzzler) occur at Old Dad Mountain and are
located in steep, rocky terrain.

METHODS

Time-lapse cameras similar to those described by Montalbano et a.
(1985) were used to monitor the water sourcesused by sheep. The units
variedin manufacturer, optics, circuitry, and power source. Eachcamera
had a photocell that turned the unit off at night and back on at daybreak.
Thecameras wereset to expose 1 frame of super-8mm color film (K odak
Ektachrome 160) every 60 seconds. Cameras were positioned as de-
scribed by Constantino (1974).

We conducted TLS from 20 July to 7 September 1988 and 22 June
to 27 September 1989. Films were changed every 3-7 days. During
1988, the field of view (or area photographed) for each camera was
determined to be too widefor ideal classification of sheep. Thefidd of
view was decreased in 1989 and set so that only sheep within a few
meters of the water sources were photographed.

The 1988 study period was preliminary, and monitoring was at-
tempted only at the 4 artificia water catchments. The theft of acamera
unit from the North Guzzler precluded any useful monitoring of that
water source during 1988. This was a major impediment to sampling,
becausethisguzzler received substantial useby ewegroupsthat summer;
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consequently, the 1988 data were analyzed using only the group sam-
pling method described below.

The number of water sourcesmonitored wasincreasedby the addition
of Jackass Springin 1989. However, the North Guzzler dried-up shortly
after 26 June, and monitoring of that water source was discontinued.
This was not considered a problem, because sheep distributed around
the North Guzzler subsequently shifted to the 2 southern guzzlers. One
of these (Kerr Guzzler) dried-up about 6 July, and monitoring was
suspended until 21 July, after alocal rain shower recharged the guzzler.

Each film wasanalyzedwith a variablespeed projector and run through
the projector twice. In thefirst viewing, filmswere projected at 6 frames/
second. Those frames in which objects could be clearly distinguished
were timed by stop watch. Using the projection rate, the number of
usable frames (uf) per film was calculated. We recorded 60,680 uf for
1988 and 131,897 uf for 1989. I n the second viewing, slower projection
speeds (often only 1 frame/several minutes) were used to identify the
mountain sheep photographed. Sheep were classified by sex and age as:
adult and yearling females, lambs; and rams by horn size (class1 [year-
ling], class 2, and classes 3 and 4 combined [Geist 1971]). Unidentified
sheep a so were recorded, but were discarded in the final analysis. Sheep
in each category weretal lied by water sourceand used to notedifferential
use of water sources. Days could be determined by changesin lighting
on the films, and data were recorded on a daily basis.

We used 2 anal ytical approaches. group samplingand frame sampling.
Group sampling was an analysis of the identity and minimum size of
the sheep groups photographed. Sheep groupsgenerally were defined by
separation in time, but this determination was subjective. If the viewer
recognized that the sameindividuals were coming into water repeatedly
over an extended period, possibly separated by many minutes, then
those animals were classified as a single group (thus a single visit).
Similarly, if the viewer clearly determined that 1 group of sheep had
left and that a different group had come to water within minutes of the
first group's dispersal, those were classified as 2 separate groups. Clas-
sified sheep were used to determine summer lamb : eweratios. Collared
sheep were recorded to provide proportions of ewesand rams collared,
from which M'S population estimates were obtained.

Frame sampling used frames as sampling units and produced 2 data
sets: sheep/frame and necks/frame. Sheep/frame wascomprised of clas-
sified mountain sheep/uf. Each uf containing mountain sheep was care-
fully analyzed and al sheep photographed on the frame were classified.
As discussed previously, each frame was treated as an independent
sample; thus, information from preceding frameswas not used to iden-
tify sheep in the succeeding frames. In this analysis, each identifiable
individual photographed/frame was tallied, by sex and age class, as 1
sheep-frame. This produced ratios of lamb framesto adult and yearling
eweframesthat weresubstituted for wholesheepwhen cal culatinglamb:
ewe ratios using this method.

Necks/frame also treated each frame as an independent sample. Each
adult and yearlingewehavingaclearly photographedneck wasclassified
ascollared or non-collared/frame. The samewas done for the adult ram
population. Neck frames were used to obtain the proportion of necks
collaredfrom which aM Sestimate of both theeweand ram popul ations
could be determined.

Popul ation estimates were cal culated using the Lincoln-Peterson MS
estimator (Overton 1971). Because sampling was conducted with re-
placement, we adopted a cumulative sample estimator approach based
on the binomia probability distribution as described by Wehausen
(1990), in which a large random sample was accumulated over time.
Rather than interpolate from published tables of binomial confidence
limits, we calculated exact 95% confidence intervals for proportions
collared as described by Wenstep (1988). Thesewere then directly sub-
stituted to generate confidenceintervals for population estimates; and,
differencesbetween population estimates were considered significant if
their 95% confidenceintervals did not overlap (Overton 1971). No
confidence intervals were generated for the frame sampling methods
duetothelack ofindependence of samples. For thesemethods, statistical
inference about differencesbetween estimates was possible only when
the frame sampling estimate fell within the confidenceintervals of the
other estimate, in which case it was clear that no difference could be

detected. The number of collared animals in the population varied
during some sampling periods, and a mean number of collaredanimals
weighted by sample size was used for those MS popul ation estimates.

The population estimates used for comparisons were from a com-
bination of helicopter and ground direct samplings of the population
(Wehausen1990), referred to as multiple direct sampling (MDS). The
desath of acollared ewein 1989 was used to separatethe sampling periods
for MDS population estimates of ewesfor 1988 and 1989. The sampling
for the 1988 estimate was extended to 15 July 1989 by excluding from
the sample ewes born in 1988. The ewe population increasefor 1989
was the result of including that cohort in the sampling. The estimate of
the 1989 ram population from MDS was based on samplings made
between successive December hunting seasons.

Recommendationsfor statistical andysisoflamb : eweratio datahave
been based on normal approximations under the assumption of sam-
pling without replacement (Otisand Bowden 1979, Czaplewski et a.
1983). Because both our TLS and MDS data approximated sampling
with replacement, we instead treated these ratios as proportions and
used an analysis based on binomial probabilitiesidentical to that used
for the proportion of ewes collared. Thisamounts to treating the lamb:
ewe ratios as the proportion of ewes with surviving lambs. This is
reasonable, as lambs are found essentialy entirely within ewe groups
in the hot season, and most are probably with their mothers.

RESULTS

M ountain sheep used Kerr and Main Peak guzzlersmorethan Jackass
Spring and the Kelso Peak Guzzler (Fig. 1). Jackass Spring in the Marl
Mountains showed no sheep use in 1989, even though this spring is
located withinan areaused by ewvesand rams. Only 477 uf wererecorded
at the North Guzzler during 1989 prior to drying up; 9 mountain sheep
were recorded during this limited sampling period. The Kelso Peak
Guzzler was only used by adult rams. Consequently, TLS data were
derived primarily from the Kerr and Main Peak guzzlers.

Comparisonof TLS Analysis Methods

The group sampling and necks/frame methods produced essentially
identical estimates of the ewe populationfor the 1989 TLS data (Table
1). Our hypothesisthat the group sampling method would produce an
overestimatein the proportion collared that would lead to an under-
estimate for the population size was not supported. The estimates of
the ram population did demonstrate the expected relative bias. The
group sampling method produced a ram estimate that was lower than
that from the necks/frame method. However, the latter estimate fell
within the 95% confidence interval of the former (Table1), and the 2
estimates were not significantly different. Furthermore, the low group
sampling estimate may have been a function of the small number of
rams sampled.

The group sampling method produced a lamb: ewe ratio that was
dightly higher than that estimated by the sheep/frame method (Table
2). This was consistent with our hypothesisif ewes were being under-
estimated by the group sampling method. However, the difference be-
tween the 2 estimates was not significant.

The major difference between the 2 analysis methods was that the
frame sampling methods produced inflated sample sizes from which
mideadingly narrow confidence intervalsfor population estimateswould
result. The sample unit of individual sheep/visit used in the group
sampling analysis mitigated much of the problem of non-independence.
Therefore, this method provided a more valid measure of confidence
intervals. Furthermore, the group sampling method took considerably
lessanaysistime than the frame sampling methods. For these reasons,
thegroup samplingmethod for time-lapsedataanalysisisrecommended
for future studies.

Comparison of TLSwith MDS

Substantial overlap in confidence intervals resulted in a failure to
detect differences in ewe population estimates from TLS and MDS
(Tablel). The 1989 TLS estimate for ewes was lower than the corre-
spondingM DSestimate, whichwould beexpectedif time-lapsemethods
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Fig. 1. Mountain sheep useof 4 water sourcesir the Kelso and Marl mountains and at Old Dad Mountain, California. Data are from group sampling

analysis of time-lapse data.

produced higher estimates of the proportions collared. However, the
1988 TL S produced a higher ewe estimate than MDS. Thus, we see no
genera biastowards underestimation by time-lapsesampling. However,
wemust temper thisconclusion, becausethe 1988 TL Sdatawerelimited
by the failure to sample an important water source.

The 1989 TLSestimate of the ram popul ation was notably lower than
that produced by MDS; however, due to the small sample sizefor the
TLSdata, these estimates also were not significantly different (Table 1).
An even smaler sample size precluded a TLS estimate of the ram
population for 1988. The small ram sample produced by TLS may be
a function of the limited use of the monitored water sources by adult
rams. The 1989 MDS estimate of 205 rams, which excluded yearling
males, was larger than the estimated ewe population, which included
yearlingfemales. The CDFG mountain sheep relocation efforts between
1983 and 1987 removed 87 femalesand 40 males from this population
(Bleich et a. 1990b), and the skewed sex ratio may have resulted from
theseremovals. Asmeasured in sheep/ 1,000 uf (Fig. 1), ram use of water
sources was considerably lessthan ewe use. If ramsand eweswere using
these water sourcesin a similar fashion, ram use should be proportion-
ately greater than ewe use, because of the larger ram population.

The small differencebetween summer lamb: ewe ratios produced by
TLSand MDS was not significant. A substantial decreasein the lamb:
ewe ratio between summer and fall of 1989 was documented by MDS
(Wehausen 1990). Similarly, we noted a decrease in the proportion of
eweswith lambs by separating the TLS datainto early summer and late
summer samples. This decreasein the lamb: ewe ratio from TLS was
consistent with the decline observed by MDS; however, statistical com-
parisons between the sampling methods were not possible because of
differencesin the sampling periods.

DISCUSSION

We failed to find differences between TLS and MDS population es-
timates and lamb: ewe ratios. Barring Type II error, this suggestsTLS
is a valid sampling method for MS estimation of ewe populations in
desert mountain ranges with appropriate water distribution. However,
we are aware of populations in which the magjority of ewes rarely use
the available water sources.

We recorded high numbers of ewes at water sources prior to mid-
summer rains, suggesting that early summer may be the best period for
MS estimates of ewe populations in the Mojave Desert. An adequate

Table 1. Sampling results for mark-recapture population estimation in the Old Dad Mountain and the Kelso and Marl mountains, California. Ewe
samplingsand estimates include adults and yearlings. Ram samplings and estimates include only adults (> class 1). Time-lapse samplings and estimates
are presented for group sampling and necks/frame. Estimates of proportion collared are rounded to 3 decimal places, and the population estimates
presented were calculated prior to rounding. Confidence limits are not presented for necks/frame data due to the non-independenceof samples.

Proportion
Year Sex No. sampled collared 95% C.L. n collars n 95% C.L.

Group sampling

1988 Ewe 195 0.123 0.080-0.177 17.00 138.1 95.8-211.2

1989 Ewe 510 0118 0.091=0.149 16.50 1H40:2 HO:7=181.3

1989 Ram 125 0.120 0.069-0.190 16.88 140.7 88.8-245.7
Necks/frame

1989 Ewe 3,781 0.118 16.55 140.3

1989 Ram 819 0.107 16.98 158.0
Multiple direct sampling

1988 Ewe 414 0.135 0.104-0.171 17.00 125.6 99.4-163.9

1989 Ewe 274 0.098 0.069-0.136 16.00 1624 t17:7-231.9

1989 Ram 216 0.079 0.047-0.123 16.10 204.6 130.9-346.2

* Weighted mean.



8 TIME-LAPSE PHOTOGRAPHY ¢ Jaeger et al.

Table 2. Summer lamb:ewe ratios for mountain sheep in 1989 at Old
Dad Mountain and the Kelso and Marl mountains, California. Sample
sizes are the number of ewes or ewe-frames in the denominator. Confi-
dence limits are not presented for the sheep/frame data due to the non-
independence of samples.

——,J. D. Wehausen, K. R. Jones, and R. A. Weaver. 1990b. Status
of bighorn sheep in California, 1989 and translocations from 1971
through 1989. Desert Bighorn Counc. Trans. 34:24-26.

Campbell, B. H., and R. Remington. 1979. Bighorn use of artificial
water sourcesin the Buckskin Mountains, Arizona. Desert Bighorn
Counc. Trans. 23:50-56.

Constantino, G. M. 1973. Time-lapse photography censusof bighorns
at the Desert National Wildlife Range. Desert Bighorn Counc. Trans.
17:59-72.

Lambs: 100
Sampling Ewes 95% C.L. No. ewes
Time-lapse sampling
Group sampling 44.5 40.1-48.9 510
Sheep/frame 43.0 5,360
Multiple direct sampling 42.3 35.5-49.3 208

sample of some desert ewe populations may be possiblewith asfew as
3-4 film changes during the early summer period. For ram population
estimates, TLS did not provide an adequate sample size. This small
sample sizemay beafunction of the apparently limited use of the water
sources by rams.

The close correspondence of lamb: ewe ratios from TLS and MDS
suggests TL S al so can be useful in monitoring recruitment rates of some
populations of desert-dwellingmountain sheep. Lamb : ewe ratios de-
termined by TLS may more accurately reflect recruitment rates if Sam-
pling can be conducted in the early fall, after summer lamb mortality.
The sampling success during this time period may vary as a function
of summer precipitation and fal temperatures, and the difficulty as-
sociated with identifying largelambs in fall.

Adequate sample size to estimate population parameters is often a
problem with desert-dwelling mountain sheep. For MS estimates de-
rived from a sampling-with-replacement approach, TLSanalyzed using
the group sampling method appears to produce datathat are compatible
with those from MDS. Thus, combining TLS data with direct obser-
vations to significantlyincrease sample sizesis a useful approach.
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STATUS OF BIGHORN
SHEEP IN ARIZONA, 1990

Raymond M. Lee

Arizona Game and Fish Department
2221 W. Greenway Road

Phoenix, AZ 85023

CURRENT STATUS

Arizonas desert bighorn sheep (Ovis canadensis mexicana and 0. C.
nelsoni) population is approximately 4,500 animals. The 1990 winter
helicopter survey produced 2,027 observationsin 216 hours (9.3 sheep/
hour). The 1990 survey wassignificantly affected by drought conditions;
while the observation rate was 4.5% higher than last year, it was still
16.5% lower than in 1988. Survey results yield ratios of 69 rams, 34
lambs, and 19 yearlings: 100 ewes.

The Rocky Mountain bighorn sheep (O. ¢ canadensis) population,
estimated at nearly 350 animals, is steadily expanding in numbers and
range. Rocky Mountain bighorn sheep are currently residing near the
release sites in the San Francisco River drainage but are moving south-
ward into areas generaly considered representative of desert bighorn
sheep habitat. Winter surveysresulted in 241 observations. These sur-
vey results produced ratios of 47 rams, 38 lambs, and 27 yearlings: 100
ewes.

HUNTING

Bighorn sheep permits remain the most sought after hunting permits
in Arizona. There were 3,734 applicants (2,704 resident and 1,030 non-
resident) for the 76 regular season permits. This application rate rep-
resents over 49 people applying for each permit, with individual unit
oddsvaryingfrom 14:1to 144:1. Asaresult of this year's survey, permits
for the 1991 season were increased from 76 to 83. Two additional
permits will be issued to raise funds for bighorn sheep management
programs. During the 1990 hunting season, 77 of the 78 potential hunt-
ers participated, harvesting 68 rams. Despite the harvest success of only
88%, this was only the second timein the last 8 years that the hunter

Table 1. Bighorn sheep harvest history in Arizona.

% Boone and Crockett scores

Y ear No.rams  success =162 =170 >180
1953-
19802 29 48 <4 <2 <1
1981 39 80 9 8 1
1982 41 85 6 7 2
1983 44 94 11 5 1
1984 51 93 17 6 2
1985 52 93 15 5 0
1986 56 88 22 7 1
1987 68 96 25 7 2
1988 76 97 21 5 4b
1989 74 91 15 9 0
1990 68 88 17 8 3
Totals 1,431 61 300 116 27

=x values for this period.
51 = 190 pts.

Table 2. Bighorn sheep transplant history in Arizona.

Mor- Radio-

Years Captured Released talities collared
1956-1960 45 23 14 0
19611965 0 0 0 0
1966-1970 11 3 3 0
1971-1975 11 10 1 0
1976-1980 105 97 8 33
1981-1985 415 392 21 154
1986-1990 408 383 6 147
Totals 995 908 53 334

success fell below 90%. This decrease in success can be attributed to
the drought-induced difficulty in finding rams. The average successrate
during this period remains above 92% (Table 1).

The 1990 season produced 28 animals(41% of the harvest) qualifying
for the Arizona Trophy Book (min. score of 162 Boone and Crockett
points). Of these rams, 11 (16%) scored =178 points.

ALTERNATIVE FUNDING

For the eighth consecutive year, the Arizona Game and Fish De-
partment and the Arizona Desert Bighorn Sheep Society (ADBSS) have
entered into an agreement whereby the ADBSS auctions 1 permit (at
the Foundation for North American Wild Sheep convention) and raffles
another to raise funds for bighorn sheep management in Arizona. In
1990, these permits produced over $140,000. To date, these permits
have produced over $900,000. Arizona's bighorn sheep management
program is dependent upon the funds derived from these permits.

As predicted, the total revenue generated by the special permit pro-
gram has decreased from its 1987 high (Fig. 1). Consideration should
be given to the individual states and the Bighorn Council's role in
promoting this program.

BIGHORN SHEEP
AUCTION TAGS

500,0007
400,000
300,000°

200,000

TOTAL REVENUE

100,000

0__|—I_' T B ey E— | T T T T T T
80 81 82 83 84 85 86 87 88 89 90 9
YEAR
Fig. 1. Total revenue (U.S. dollars) generated from special tags auc-

tioned at the Foundation for North American Wild Sheep annual con-
vention.
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TRANSPLANTING

Since 1980, a mean of 78 sheep have been transplanted annually,

with a mean of <3 mortalities (Table 2). In 1990, USINE pet-guns fired
from helicopters, 30 bighorn sheep were successfully captured and re-

leased. This apparent slowdown in the transplant program was due to

environmental conditions, the need for increased documentation due
to mew wilderness designations, and the desire for a more complete
analysis of past transplant efforts. Expanded transplant efforts are planned
for 199 In {990, the 3 |argeSt bighorn sheep harvested were taken

from populations {ransplanted in the ;980s
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POPULATION STATUS

Three subspeciesof bighorn sheep occur in California(Cowan 1940):
Californiabighorn (Oviscanadensiscaliforniana; n= 330) arerestricted
to the Sierra Nevada of eastern California; Peninsular bighorn (O. c.
cremnobates; n= 600) occur inthewesternSonoran Desert of Riverside,
Imperial, and San Diego counties; and Nelson bighorn (O. ¢. nelsoni;
n = 3,900) in the eastern Sonoran Desert, the Mojave Desert, the Trans-
verse ranges, and the Great Basin Desert of Mono and Inyo counties.
California and Peninsular bighorn are classified as threatened by the
Cadlifornia Fish and Game Commission and all populations, except 2
populations of Nelson bighorn, are fully protected by state law.

HUNTING

California's fourth bighorn sheep hunt was held in 1990. Six hunters
shot 6 rams: 2 from the Marble Mountains and 4 from the Old Dad/
Kelso Mountains. Since 1987, a tota of 31 rams have been harvested,
and 11 (35.5%) have qualifiedfor the Booneand Crockett Records Book;
only 2 hunters have been unsuccessful since the inception of the hunt,
yielding an overall success rate of 94.5%.

For the second consecutive year, the California Department of Fish
and Game (CDFG) (1991) prepared and circulated an environmental
document that fully disclosesthe anticipated environmental effects of
hunting bighorn sheep. The document appears to have complied fully
with the mandates of the California Environmental Quality Act, and
has not been challenged. In the environmental document, CDFG pro-
poses to issue 8 tags for the 1991 hunting season: 4 at the Old Dad/
Kelso Mountains, 3at the Marble Mountains, and | special fundraising
(auction) tag to be valid in either hunt zone. The special fundraisingtag
sold for $42,000 at the February 1991 convention of the Foundation
for North American Wild Sheep (FNAWS), an increase of $5,000 over
the price paid for the 1990 auction tag.

During the 1990 season, hunters again experienced some problems
with individuals affiliated with the anti-hunting and animal-rights
movements. Tactics of the protesters continued to center around the
use of noise-making devices, and hiking ridge-topsin effortsto frighten
bighorn sheep away from hunters. No protesterswerecited for viol ations
of the Californiahunter harassment law; however, 3individual s received
citationsfor possessing parts of fully-protected species, includinghawks,
owls, and ravens. Protesters identified in the hunt zones came from
British Columbia, Washington, Montana, New Y ork, New Jersey,Penn-
sylvania, and California.

MONITORING AND RESEARCH

The CDFG currently is cooperating in demographic research in 9
Mojave Desert and Sierra Nevada populations, through a contract with
the University of California, White Mountain Research Station; one of
these studies centers around the question of blue-tongue (BT) and epi-
zootic hemorrhagic disease (EHD) and their impact on the demography
of bighorn sheep in the Old Woman Mountains. Field investigations
related to the evolutionary significance of sexual segregation in bighorn
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sheep have been completed, and dataanal ysesare proceeding. A detailed
demographic investigation of bighorn sheep inhabiting the Kingston,
Clark, and Mesquite mountains has been initiated in cooperation with
the University of Nevada, Las Veges.

An investigation of the disease status and demography of bighorn
sheep in and around Anza-Borrego Desert State Park is continuing, in
cooperation with the California Department of Parks and Recreation,
the Zoologica Society of San Diego, and the Wildlife Health Program
at the University of California, Davis. Additionally, a new investigation
began in the Whitewater Drainage of the San Bernardino Mountains,
where a Babesia species and psoroptic scabiesare present; mule deer
(Odacoileushemionus), cattle, bighorn sheep, and possibly, some exotic
ungulatesare sympatric in that area.

The CDFG obtained samples for serology and other ongoing inves-
tigationsin conjunction with markingand survey effortsin the Orocopia,
Avawatz, Old Dad/Kelso, Kingston, Clark, and Turtle mountains. In
addition, CDFG personnel are collaborating with personnel from the
School of Veterinary Medicine, University of California, Davis in the
development of a wildlife health program. The god of that programis
to encourage, facilitate, and coordinate wildlife health instruction, re-
search, and service to improve wildlife health management. Electro-
phoretic protein separation studies involving 1,000 samples from 10
states, Mexico, and Canada werecompleted, and a manuscript has been
prepared for publication. Additionally, CDFG personnel collaborated
on 13 publications with researchersfrom the University of California,
U.S. Forest Service, National Park Service, University of Alaska, and
Utah State University.

MANAGEMENT PLANS

Bureau of Land Management (BLM) personnel completed a man-
agement plan for the Kingston Range Area of Critical Environmental
Concern, and CDFG personnel assisted BLM personnel by completing
a draft of the Bristol Mountains Bighorn Sheep Habitat Management
Plan. Personnel from CDFG completed drafts of 6 additional bighorn
sheep population management plans, as prescribed by the California
Legislature.

HABITAT IMPROVEMENTS

The Volunteer Desert Water and WildlifeSurvey (VDWWS) contin-
ues to maintain the 56 big game guzzlers currently within the range of
bighorn sheep. Although construction of new guzzlers has sowed con-
siderably, maintenance requirements have increased because existing
guzzlersare getting older (Bleichand Pauli 1990). All of these guzzlers
are located on public lands, and maintenance is performed within the
constraints placed on WildernessStudy Areas, in cooperation with the
BLM.

Personnel from the Inyo National Forest conducted a pinyon pine
(Pinus monophylla) thinning operation on the winter range of the Mt.
Langley herd in the SierraNevada. The project wasfunded by FNAWS,
in an effort to increase the use of portions of that winter range by
California bighorn sheep. National Park Service personnel, in cooper-
ation with the VDWWS, worked to improve flows at Virgin Spring, in
the Black Mountains, Death Valley National Monument.

POTENTIAL MANAGEMENT PROBLEMS

Funding has become a critical issue with state and federal agencies.
During 1990, some federal employeesweretemporarily furloughed,and
72 CDFG bhiologistsreceived notices of impending layoff. Emergency
funding, in the form of legidation requiring new user fees, temporarily
halted the need for layoffs of CDFG employees.

Since 1984, CDFG has received an appropriation from the state leg-
iature, specifically for bighorn sheep management and research. Al-
though approximately $270,000 was appropriated for fisca year 1990~
91, thereis no certainty that such appropriations will continue. During
fiscal year 1990-1991, approximately one-third of the legidative ap-
propriation was given to the Bighorn Institute. Receiptsfrom the sales
of hunt applications, tags, and the special auction permit have averaged
approximately $60,000 annually since 1987; no major changes are an-
ticipated.
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LEGISLATION

During 1990, the state legislature acted to delete the “sunset clause™
that was attached to prior legislation authorizing bighorn sheep hunting
in California (Bleich et a. 1990). Bighorn sheep hunting will continue
in perpetuity in the open areas, unless special legislation is enacted to
eliminate the CDFG authority to authorize hunts. Hunts will continue
to be limited to the currently open aress.
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THE DESERT BIGHORN PROGRAM

There are 3 subspeciesof bighorn sheep in Nevada: Rocky Mountain
(Ovis canadensis canadensis), Cdlifornia (O. c. californiana) and Nel-
son's (0. ¢ nelsoni). Desert bighorn populations are located in the
southern half of Nevada. This report summarizes Nevada's desert big-
horn sheep program. The programisdivided into 4 categories: surveys,
water developments, trapping and transplanting, and harvest.

Surveys

Nevada Department of Wildlife (NDOW) personnel counted 1,687
desert bighornsin 22 of 46 mountain ranges surveyed. Each range is
counted biennialy. Counts included 922 females, 267 lambs, and 498
rams (29 lambs: 100 ewes, 54 rams: 100 ewes). Nevada has been dry
for the past several years and lamb production is down. The NDOW
estimates the desert bighorn sheep population at 5,200 animals.

Water Developments

In 1990, water catchments were constructed in the Last Chance (n =
2), McCullough (n = 2), Muddy (n = 2), Specter (n = I}, and Bare (n
= 2) mountains in the Las Vegas area. In the northern part of desert
bighorn range, 2 catchments were constructed in the Clan Alpine Range
east of Fallon and 1 in the Gabbs Valley Range east of Hawthorne.
Water storage capacities of the catchments range between 15,000 and
26,000 L. The Fraternity of the Desert Bighorn(LasV egas), Reno Chap-
ter of Nevada BighornsUnlimited (NBU) and Fallon Chapter of NBU
funded and/or constructed the water projects, in addition to NDOW
and Bureau of Land Management (BLM) personnel.

The NBU Reno and NBU Fallon were presented with national BLM

volunteer awardsand BLM Carson City District plagquesin recognition
of their sustained contributions of money and labor for water devel-
opments.

Trapping and Transplanting

In 1990, 82 desert bighorns were captured in the Black Mountains
(n = 12), River Mountains (n = 29), Muddy Mountains (n = 29), and
Sheep Range (n = 12). They were released in the Specter Range (n =
19), the Pahranagats (n = 12), and Gabbs Vdley Range (n= 12). Desert
bighorns were also sent to Colorado (n = 19) and Utah (n = 20).

Harvest

During the 1990 season 136 desert bighorn sheep tagswere available
in Nevada. This included 121 resident, 13 non-resident and 2 special
bid tags. Four new sheep units were opened for hunting in 1990. All 4
populations in the new units resulted from transplants. Populations
established by transplants accounted for 16 tags or 12% of the desert
bighorn tags availablein 1990.

In 1990, 93 rams were harvested (a hunter success rate of 68%), a
12% decline from 1989 and below the previous 5-year average (83%).
The average age of rams harvested was 6.8 years old, comparable to
the previous 5-year average. Ten rams exceededthe Booneand Crockett
minimum of 168 points. These 10 weretakenin 7 different management
units. The largest ram wastaken on the Sheep Range north of LasVegas
and scored 174 points.

FUTURE PLANS

The NDOW has recommended to the Board of Wildlife Commis-
sioners that 128 harvest permits (114 resident, 12 non-resident and 2
auction) be issued on 28 management units for 1991. Any ram could
be legally harvested on 11 units while "legd" rams could be taken on
17 units. A "legd" ramin Nevadamust be =7 yearsold or score =144
Boone and Crockett points (doubling the score of the longest horn).

Two harvest permits were auctioned in Nevadain January and Feb-
ruary 1991 for the 1991 hunt: 1 at the Foundation for North American
Wild Sheep (FNAWS); the second at the Nevada Bighorns Unlimited
(Reno Chapter) banquet. Funds raised from these auctions totalled
$81,000.

There are nine water developments planned, all located in the Las
Vegasarea. The Reno Chapter of NBU iscontributing fundsto buy the
majority of parts needed for thesejobs, and the Fraternity of the Desert
Bighorn will provide the volunteer labor.
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In 1990, 209 desert bighorn sheep (Ovis canadensis mexicana) oc-
curred in New Mexico based on fall surveys(Table1). The population
trend between 1985-90 indicates that all free-ranging populations are
stable and the captive Red Rock herd is increasing. Increased precipi-
tation in 1990 may beresponsiblefor higher lamb survival in the Hatch-
et herd. Low lamb survival in the Alamo Hueco Mountains may be to
due to poor forage conditions caused by cattle overgrazing following
the 1989 drought. An investigation into disease status of Peloncillo
bighorn confirmed that clinical pneumonia is not active in the popu-
lation. Investigations into the relationship between psoroptic scabies
(Psoroptesovis) and bighorn sheep in the San AndresM ountains ceased
in 1990 pending a review by the Wildlife Management I nstitute.

POPULATION STATUS
Hatchet Mountains

The 1990 Hatchet population increased to 44 bighornand the lamb:
eweratiosreturned to 50:100, from alow of 20:100in 1989. Preliminary
analysisindicates that weather, measured by Palmer Drought Severity
Index (PDSI) (Palmer 1965), may be the driving force in population
fluctuationin the Hatchets (Fisher and Humphreys 1990). Low negative
PDS| valuescorresponded with population declinesin 1953, 1956, and
1989, whereas high positive PDS| valuesin 1983-88 and 1990 corre-
sponded with population increases(Fig. 1).

Alamo Hueco Mountains

The 1990 Alamo Hueco popul ation dropped to an estimated 20 big-
horn from 30 bighorn between 1986-89. No lambs were observed in
1989 and 1990 compared with 10-50 lambs: 100 ewes observed be-
tween 1986-88.

| believe that poor forage conditions, due to cattle overgrazing fol-
lowing the 1989 drought, limited lamb survival in the Alamo Huecos.
The number of cattletripled to 300 head of cattlein spring 1990 and
density in sympatric bighorn areas was 6 cows/km?. Repeated aerial
and ground surveysconfirmedthe seriousnessof the situation: low grass
diversity dominated by three-awn (Aristita spp.), few shrubs, heavy
trampling, and only afew precipitousslopeswithout cattlewere present.
Furthermore, wildlifethat was commonly seenin thisrangeand is still
seenin the adjacent desert rangeswas scarceor absent (e.g., deer, raptors,
passerine birds, and lagamorphs).

Table 1. Status of desert bighorn sheep in New Mexico, fall 1990.

Peloncillo Mountains

In 1981-82, all Red Rock bhighorn transplanted to the Peloncillo
Mountains died of bronchopneumonia following contact with the co-
released Arizona bighorn (Elenowitz 1983, Sandoval et a. 1987). Be-
tween 1981-90, the population has remained below 30 animals and
pneumonia was the suspected limiting agent (Fisher and Humphreys
1989).

To determine whether pneumoniaweas still activein the population,
6 radio-collared rams from Red Rock were released in the Peloncillo
Mountains in January 1991 and ground tracked until 30 June. The
primary objectivewas to assesspresence/absence of clinical pneumonia
in lambs and introduced rams following contact with extant bighorns
from Arizona. Based on death datesin the early 1980s, rams would be
expected to die within 4 monthsif pneumoniawasstill active; therefore,
disease-freestatus could be assumed if ramssurvived the 6 month study
period.

All but 1 ram contacted the extant population (n = 38; lamb: ewe
ratio = 35:100). No clinical symptomsof pneumoniawere observedin
any sheep, including lambs. All of the introduced rams were aive at
the end of the study (Mabe 1991). It isimpossibleto predict whether
pneumonia will manifest in the future. Based on this investigation,
however, the Peloncillo population is presently considered clinically
free of pneumonia. Although pneumoniawas not observed in the pop-
ulation, the failure of this population to increase due to low lamb sur-
vival in the southern Peloncillosindicatesthat there may be other prob-
lemsin this herd.

San Andres Mountains

Based on a 2-year mite-bighorninteraction study (Inter. Vet. Serv.,
Status of psoroptic scabiesin and health of bighorn sheep in the San
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Fig. 1. Relationship between bighorn population and Palmer Drought
Severity Index (PDSI) in the Hatchet Mountains, New Mexico, 1953-
90.

No.
Area Population history Edimated  Actual® Trend
Hatchet Mountains Indigenous, supplemented 30 in 1979, 1982 % 44 Stable
Alamo Hueco Mountains Transplanted 21 in 1986 20 12 Stable
Peloncillo Mountains Transplanted 38 in 1981, 1982 30 14 Stable
San Andres Mountains Indigenous 22 19 Stable
Red Rock Propagatingfacility, supplemented 21 in 1972, 1973, 1975 82 80 Increasing

= Actual no. based on aeria or ground surveysfal 1990.
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Andres Mountains of New Mexico, Rep. to USFWS, 1990, 199pp.) in
the Andres Mountains, draft Environmental Assessments (EA) were
written by New Mexico Department of Game and Fish (NMGF) and
the U.S. Fish and Wildlife Service (FWS) in 1990. The proposed action
was to remove the existing population (n = 20-25) with their return
and supplementation with Red Rock sheep contingent on the eradica-
tion of psoroptic mites on the sheep and in the environment. Intensive
scabies mite cross-transmission and genetic studies were proposed con-
current with the removal.

Soon after the EA was written, however, FWS diverged from the
proposed action and suggested that small popul ation sizeand not scabies
itself wasthe primary factor limiting the population (Hoban 1990). Red
Rock transplants were therefore suggested as the best means to revive
the population.

The NM GFrejected this option on the biological and ethical grounds
that scabies was the primary predisposing and proximal cause of low
population size and, due to the susceptibility of Red Rock sheep to
scabies (Kinzer et al. 1983), Red Rock transplants would only tempo-
rarily increase numbers in this unhealthy herd. T o attempt resolution,
the San Andres mite-bighorn problem is being reviewed by the Wildlife
Management Institute in 1991.

Red Rock

The captive Red Rock herd increased to 80 bighorn in 1990. With
the exception of yearsin which sheep were removed for transplants, the
population has increased most years since its establishment in 1972
(Fig. 2). For the years 1986-90 (no removals), rate of increase (0.220)
represented an annual increase of 25% and was similar to the rate that
Buechner (1960) calculated for the Wildhorse Island population (Fig.
3). Red Rock also approximated the theoretical maximum rate of in-
crease (30%) as calculated by Buechner's model.
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Fig.3. Rateof increasein desert bighorn sheep, Red Rock, New Mexico,

1986-90.

The expansion of Red Rock from 300 to 600 ha encompassing 5
pastures was completed in June 1990. The sheep will be alowed to
gradually moveinto the new pastures. The next transplant of Red Rock
bighorn is projected for fall 1992. Transplant siteswill be selected based
on an evaluation of historic ranges currently being conducted.
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HELICOPTER SURVEYS

In 1990, thefirst intensive helicopter surveysfor desert bighornswere
conducted in the Sierra Diablo Mountains of West Texas. Flights were
made in August and October using a Jet Ranger. Fifty-two sheep (23
rams, 20 ewes, 7 lambs, and 2 yearling rams) were observed in August.
Eighty sheep (44 rams, 24 ewes, 10 lambs, and 2 yearling rams) were
observed in October (Table 1).

POPULATION TRENDS

Five free-ranging populations of bighorn sheep occur in Texas. the
Sierra Diablo Mountains in Hudspeth and Culberson counties, Van
Horn and Baylor mountainsin Culberson County, Sierra Viejo Moun-

tainsin Presidio and Jeff Davis counties, and Elephant M ountain Wild-
life Management Area in Brewster County. Free-ranging populations
are estimated at 212 animals.

Three captive herds are located at the Sierra Diablo Wildlife Man-
agement Areas (WMA), Chilicote Ranch, and Beach Mountain Ranch.
A temporary holding pen was constructed in November—December 1990
on the Beach M ountain Ranch in CulbersonCounty tofacilitatea ™ soft"
release of sheep produced at the SierraDiablo WMA brood facility. On
17-19 December 1990, 24 sheep weretransferredfrom theSierra Diablo
brood facility to the Beach Mountain pen for a release planned in May.
There were 95 captive sheep on 28 February 1991 (Table 2).

Most populations are generally small but the SierraDiablo free-rang-
ing sheep are considered a growing and viable population. The Sierra
Diablo brood facility constructed by the Texas Bighorn Society contin-
ued to be the heart of the bighorn sheep restoration program. Sheep
populationsin the SierraDiablo Mountains, Elephant Mountain WMA,
and the scheduled release in the Beach Mountains are the result of
production at this facility. Since 1984 170 lambs were born at Sierra
Diablo; 122 survived (71.8% survival) (Table 3).

HABITAT EVALUATION AND REINTRODUCTIONS

The Texas Parks and Wildlife Department is continuing to evaluate
historic and potential bighorn sheep habitat to identify, evaluate, and
prioritize areas suitable for future transplants. Some areas of the Sierra
Diablo Mountains still lack sheep and additional releases likely will be
desirable. A second release is planned for the Beach Mountains. Big
Bend National Park personnel have expressed an interest in sheep and
initial discussions have occurred with Texas Parks and Wildlife De-
partment personnel about transplants. Currently the Black Gap Wildlife

Table 1. Bighorn sheep observed during August and October helicopter surveys, Sierra Diablo Mountains, Texas.

Ram class Yearlings Flight
Date I 11 I IV Ewes Lambs Male Female Total time (hrs)
Aug 1990 2 13 5 3 20 7 2 0 52 358
Oct 1990 8 12 21 3 24 10 2 0 80 214
Table 2. Summary of bighorn sheep numbers and locationsin Texas, 1991.
Area Rams Ewes 1990 lambs 1991 lambs Unknown Total
Sierra Diablo Mountains 135 1352
Sierra Diablo
Brood Pens
Nevada Pen 1 8 4 (F) 2 15
Arizona Pen 1 9 3(F) 5 18
Utah Pen 0
Texas Pen 1 11 f 18
Old Pen 0
Isolation Pen 0
Elephant Mountain 34 34
Chilicote Ranch
Pasture 18 180
Free-ranging 6 6
Van Horn Mountains 19 19
Baylor Mountains 18 18
Beach Mountains 1 5 17 (13M,4F) 2 25
Glaze Clinic 1 1
Total 307

= Estimated without all 1991 lambs.
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Table 3. Lamb production and survival at the Sierra Diablo Wildlife
Management Area brood facility, Texas.

Lambs
Year ~ Lambsborn surviving % survival
1984 17 10 58.8
1985 18 11 61.1
1986 29 14 48.3
1987 25 16 64.0
1988 25 25 100.0
1989 27 20 74.0
1990 29 26 89.7
Totals 170 122 718

Management Areaand adjoining private, state, and national park prop-
erties have priority ranking as a transplant site.

HUNTING

In 1987 the Texas Parksand Wildlife Department provided a desert
bighorn sheep hunting permit to the Foundation for North American
Wild Sheep for auction. This hunt was allotted for a 7-day period in
November 1988. Although 41 sheep (24 rams, 14 ewes, and 3 lambs)
were observed, no ram was harvested. Three rams observed were of
excellent trophy quality, but were located in terrain inaccessible to the
hunter.

In 1988 a public drawing was conducted by Governor Bill Clements
from apool of 1,042 applicants. The hunt was conducted during 8 days
in February 1988. Thirty-one sheep (14 rams, 13 ewes, and 4 lambs)

i
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were observed. However, all rams were 54 years old and none were
harvested.

In 1989 another permit was made available and auctioned by the
Foundation for North American Wild Sheep. The successful bidder later
requested his money be refunded and no hunt was conducted.

Governor Clements again drew a public permit from a pool of 1,550
applicantsin 1990. A hunt was scheduled for 12-23 December 1990
on the Sierra Diablo WMA and 2 adjoining ranchescomprising a Desert
Bighorn Sheep Cooperative. The hunter successfully harvested a ram
in the Victorio Canyon area of the Sierra Diablo WMA on the fourth
day of the hunt. The ram was estimated to be 12 yearsold with heavily
broomed horns measuring dightly over 73.66 cm in length and just
over 35.56 cmin circumferenceat the base. Thirty-nine sheep (17 rams,
14 ewes, 5 lambs, and 3 unknown) were observed.

Permits have been issued to the 2 private landowners in the sheep
cooperative for the 1991 season. The chances for a successful harvest
of 2 trophy class animals are good.

RESEARCH AND THE FUTURE

Currently no sheep research projects are being conducted in Texas,
although, monitoring of radio-collared sheep is continuing at 3 release
sites. Thereisa need for information about the ecology and movement
of sheep at al releasesites; particularly in the Sierra Diablo Mountains.

Most of the bighorn rangein Texasis privately owned. Thefuture of
this species hinges on the ability of the Texas Parks and Wildlife De-
partment and private landowners to work together to reintroduce and
manage this unique natural heritage. The path has been, and will be,
filled with pitfalls. However, the Texas Parks and WildlifeDepartment,
cooperating landowners, the Texas BighornSociety, and othersare com-
mitted. The program is succeedingand the outlook is optimistic.
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Aravaipa Canyon was evaluated in the early 1950s as a potential
release site to re-establish desert bighorn sheep (Ovis canadensis mex-
icana) in historic range. In 1957 a 45 ha enclosure was constructed at
Aravaipa to accommodate sheep transplanted there between 1958 and
1972. A study conducted in 1970 found the carrying capacity of the
habitat within the enclosure to be 15 adult bighorns (Weaver 1970).
Transplanted sheep and their offspring increased the population to 22
by January 1973 (Weaver 1973, Dodd 1982). Because sheep numbers
exceeded the previously determined carrying capacity, a section of the
fence was removed in early 1973 to alow free dispersal from the en-
closure.

Subsequent surveysrevea ed that many of the bighornsheep dispersed
into adjacent habitats although there was fidelity to the enclosure for
lambing (Hernbrode 1974, Olding 1981). A survey conducted in Oc-
tober 1989 also revealed a 52% decline in sheep observed (n = 58)
compared to the 1988 survey (n = 121). The purpose of our study was
to investigate causesfor this population decline. Possiblecausesfor the
decline included dispersion, displacement, predation, disease, nutri-
tional stress, poaching, and ingestion of noxious plants.

Funding for this study was provided by the Foundation for North
American Wild Sheep and the Arizona Desert Bighorn Sheep Society.
We acknowl edgethe San Carlos Apachel ndian Reservation, TheNature
Conservancy and the Safford District of the Bureau of Land Manage-
ment for their input.

POSSIBLE NON-MORTALITY FACTORS

Two helicopter surveyswere conducted in April 1990. These flights
expanded survey effortsinto sheep habitats adjacent to the Aravaipa
Creek drainage system in an attempt to determine whether dispersion
was a factor. These surveys did not result in additional sightings of
sheep.

The presence of livestock on the north rim was investigated as a
possible contributory factor to displacement. Dodd and Brady (1986)
reported little overlap in bighorn sheep and domestic cattle diets and
rangesat Aravaipa. Their study, however, was conducted between 1981
and 1983 when annual rainfalls were at or above long term averages
that were in contrast with the drought conditions that prevailed at
Aravaipain 1989 and 1990.

Prior to theimplementationof a highintensity/short duration grazing
system in 1984, 250 head of cattle were grazed continuously on the
31,724 ha alotment. Total livestock numbers wereincreased to 376 in
1986 and 384 in 1987. The most extreme grazing intensity recorded for
the north rim of Aravaipa (392 head) occurred from November 1988
until July 1989 when it was reduced to 322 head due to alack of forage.
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Continued drought through Aravaipa’s normal rainy seasonled to com-
plete removal of livestock on 11 September 1989 (C. Templin, U.S.
Bur. Land Manage., pers. commun.).

POSSIBLE MORTALITY FACTORS

Between October 1989 and July 1990, 26 sheep carcasses and skel etal
remains were located in the Aravaipa area. Estimated mortality dates
for 24 of these sheep preceded the initiation of this study. Decompo-
sition prevented definite causesof mortality to be determined. Theother
2 mortalities were discovered during the course of this study; a 3-year-
old ram was determined to beavictim of mountain lion (Felisconcolor)
predation, and a 3-month-old lamb fell and died.

Predation

Between 1 January and 30 April 1990 13 mountain lions were re-
moved by United States Department of Agriculture Animal Damage
Control agentsfrom a 10,400 ha block located 24 km south of Aravaipa
Canyon suggesting high mountain lion densities in that area. Dodd
(1983) also noted high lion densities during hiswork at Aravaipa, but
found sheep losses due to lion predation to be insignificant. With the
exception of the 1 radio-collared ram located on the San Carlos Indian
Reservation, the bighorn sheep mortalities discovered in the Aravaipa
area appeared to be non-predator related.

Poaching

AravaipaCanyon hasthereputation for producingsome of the highest
quality trophy desert bighorn sheepin the Southwest. A new state record
(Boone and Crockett score) came from Aravaipain 1982 followed by
the new world record bighorn harvested in 1988, and new archery and
muzzl el oaderrecordsin 1989. Although thiscould have been animpetus
for illegal hunting activities, this probably would not account for the
dramatic decline involving al sex and age classes. The mortalities lo-
cated at Aravaipain 1989 and 1990 included both ewesand rams, with
skulls, horns and hides intact, suggesting non-selective mortality.

Plant Toxicity

Dodd and Brady (1988) listed 32 forage species from bighorn sheep
fecal samples collectedat Aravaipafrom 1981 to 1983. From thislist,
they identified 10 as being toxic or potentially toxic, including milk-
vetch (Astragalus spp.), which they determined to be the second most
common constituent (11% relative abundance) in bighorn sheep fecal
samples. According to Schmutz et al. (1968), drought has the effect of
concentrating toxins in preferred browse species. Plant toxicity could
not be investigated due to the resumption of normal rainfall patterns
during theinitial stages of this study.

Nutritional Stress

The intense drought coupled with possible overgrazing by livestock
could prevent the buildup of energy reserves in the form of adipose
tissue prior to the rut and result in a serious energy deficit during the
interval of peak rut. The segment of the sheep population expected to
be most affected by nutritional stress during pesk breeding activities
would be the older, more actively breeding rams. Twenty-one of the 36
rams observed during the October 1988 survey (58%) were classified as
Class 11T and IV. Of the 13 rams observed during the October 1989
survey, however, only 3 (23%) were Class III and none were Class 1V.
These surveys aso revealed a declinein the ram: ewe ratio from 67
rams: 100 ewesin 1988 to 46:100 in 1989.

Disease

Physiological stress can invoke a weakening of immunities and bring
about a manifestation of clinical disease conditions from casual expo-
sure to pathogens(DeForge 1976). Blood samplesfrom 10 adult and 4
yearling sheepfrom Aravaipain 1980 and 1983 weretested for possible
diseasetiters. Results of the serological testsindicated that all 10 of the
adults had been exposed to the bluetongue virus and epizootic hem-
orrhagicdisease (EHD). The yearlingstested negative. In April 1990, 2
ewesand 1 ram were captured at Aravaipa and blood samples taken.
All 3 sheep tested seropositivefor bluetongue, contagious ecthyma and



EHD, indicating previous exposure to these diseases. Positive titers
suggest that the sheep either have been previously exposed to or infected
by the disease, signifying some level of immunity.

Bluetongue and EHD are most commonly transmitted by midges
(Culicoidesspp.) and mosquitoes (Aedeslineatobennis). The population
dynamics of these disease vectorsfor bluetongue and EHD govern the
highly characteristic explosive onset and spread of these closely related
viral diseases, which almost exclusively occur during the late summer
and early fall (Lance 1981). With cattle often grazingin proximity to
bighorn sheep ranges at Aravaipa, the potential for these livestock dis-
eases being transmitted to the sheep population is high.

A ground survey in May 1990 revealed a nursery band of 35 to 40
sheep concentrated within an area estimated to be =14 hain Hell Hole
Canyon, creating the potential for high transmittal rates. Dodd (1983)
expressedconcern regarding the high sheep densitiesin the area of Horse
Camp Canyon and the potential impacts to both habitat and health of
the population.

DISCUSSION

Between 1973, when the sheep were alowed to disperse, and 1988,
the desert bighorn sheep population in Aravaipa Canyon expanded in
numbers and occupied range. The 1988 population estimate was 195
sheep. Estimates resulting from 7 ground and aerial surveys conducted
between October 1989 and April 1991 indicated a 59% declinein sheep
numbers compared to 1988. The lack of sheep observations during
surveys in habitats peripheral to Aravaipas traditional sheep ranges
suggeststhat dispersion was not a primary factor in the lossof bighorn
sheep.

Increased predator-related mortalities would be expected to occur
coincidental with the removal of the domestic livestock. Field evalua-
tions and physical condition of the bighorn carcasses places the mor-
talities between 1 August and 15 September 1989, suggesting that the
lossof sheephad actually occurred prior to theremoval of cattle. Neither
the ADC nor A GFD receivedreports of livestock predationin the Horse
Camp Canyon.

The location of the sheep carcasses, their intactness and the short
time interval in which the mortalities had taken place discount the
likelihood of predator-related death. While 1 bighorn mortality on the
San Carlos Apache Indian Reservation can definitely be attributed to a
mountain lion, the others cannot.

Toxemia from alternate forage plants and water quality were also
suspect. The timelapse between mortality datesand investigations, and
the resumption of monsoon rains prevented conclusionsregardingthese
factors.

The 1989 and 1990 lamb survival rates (18 lambs/100 ewes and 23
lambs/100 ewes, respectively) were below the average for Aravaipa
Canyon's 5 previous survey years of 54 lambs/ 100 ewes. An April 1991
aerial survey indicated excellent springlamb production (80 lambs/100
ewes). This figure decreased to 44/100 ewes by October 1991. Results
of the blood serum tests in 1970, 1973 and 1990 suggest a possible
window of disease vulnerability in young sheep at Aravaipaasall year-
lingstested in the past showed no disease antibodies.

Comparisons were made to statewide desert bighorn sheep surveys
and to surveys of other game speciesin Game Management Units 31
and 32 that include Aravaipa Canyon. Of the 21 game management
units where 1988 and 1989 data were available, 14 (67%) showed a
decrease in the number of desert bighorns surveyed. Statewide totals
(excluding units 31 and 32) point to a 20% drop in the number of sheep
surveyed. Units 15C and 15D in northwest Arizona showed a decrease
in bighorn sheep survey numbers similar to the figures obtained from
Aravaipa (approximately 50%).
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Surveysof other biggame speciesin the Aravai paareashowed similar
trends based on 1988 and 1989 survey data; mule deer (Odocoileus
hemionus crooki) decreased 49%; whitetail deer (0. virginianus couesi)
decreased 26%; and javelina (Tyassu tajacu) popul ationsdecreased 20%.

Rainfall data from the National Oceanic and Atmospheric Admin-
istration reveal ed that 1989 statewide precipitation wasabout 20%|ower
than the average annual rainfall for those regions of the state where
desert bighornsoccur. Arizona's northwest region, which contains units
15Cand 15D, receivedonly 47% of itsannual averagerainfall. Aravaipa
rainfall dataprovided by the BLM revealedthat theeast sideof Aravaipa
Canyon received 55% of its 10-year average annual rainfall. The west
side, where the greatest discrepancy in sheep survey observations oc-
curred, received only 37% of its average rainfall in 1989. Nutritional
stress from alack of forage can also be compounded by intensive live-
stock grazing practices.

In conclusion, whilefew of the factorsinvestigated as possible causes
for the decline in observed sheep humbers can be eliminated with cer-
tainty, the evidence examined during the course of this study suggests
the mortalities that occurred during the late summer of 1989 were
probably the result of livestock related viral diseases compounded by
nutritional stress. Blood samples from Aravaipa sheep showed that
100% of the adult sheep had been either exposed to or previoudly in-
fected with the bluetongue and EHD viruses. In contrast, for serum
samples from statewide sheep populations (excluding Aravaipa), only
2.4% had detectabletiter levelsfor bluetongue(n = 206), and 8.8% had
detectable titers for EHD (n = 193) (deVos 1989).

Results of an aerial survey on 17 October 1991 indicate that sheep
are gradually moving eastward from the 1990 Hell Hole Canyon high
usage area. The observed lamb survival rate (44:100 ewes) was higher
than the 1989 and 1990 figures, and the 60 sheep observations suggest
an 18% increase in estimated population size.
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Artificial insemination (Al) has several advantages for breeding
mountain sheep (Ovis canadensis): (1) increased rate of genetic im-
provement, (2) easy transport of genetic material, (3) long-term storage
of semen, (4) reduction or elimination of the need to maintain males
with females, (5) use of synchronized or out-of-season breeding, and (6)
reduced spread of disease. The |atter advantage is extremely important
concerning the transmission of fatal Pasteurella pneumoniato mountain
sheep following contact with domestic sheep (Onderka and Wishart
1988, Onderka et al. 1988, Foreyt 1989), exotic wild sheep (Callan et
a. 1991) and bighorn from other localities (R. L. Glaze, veterinarian,
pers. commun.).

A successful AT program requires knowledgeableand skilled opera-
tor(~and must be properly planned and organized. The following pro-
cedures should be considered when planning an AI program.

ESTROUS SYNCHRONIZATION

A reliable meansof estrous synchronization (i.e., timing of ovulation)
is essential. Artificial insemination must be performed at the proper
timein relation to ovulation, or the onset of estrus. Synchronization of
estrus shortens the time required to breed a group of ewes, facilitates
management during pregnancy and lambing and, when used in con-
junction with exogenoushormones, makesit possibleto stimulate ovar-
ian function, thereby increasing the number of femalesconceiving (fer-
tility) and the number of offspring/female (fecundity) (Evansand Maxwell
1987). When estrus and ovulation are induced, ewes in good body
condition can bebred anytime of theyear providing enough good quality
semen is available.

Thereare several methods to synchronize estrus. The more common
pharmacologic method is the intravaginal pessary containing either
Flugestoneacetate(FGA) or M edroxy-progesteroneacetate(MAP) (Smith
et a. 1981). For convenience and simplicity, the intravaginal pessary
or sponge is preferable. Unfortunately, the pessary is not sold in the
U.S. and must be purchased through vendorsin Canada (Tuco Products
Co., Orangeville, Ont.) and Holland (Intervet International B.V., Box-
meer, Holland). Thespongeisinserted into thevaginawith an applicator
and comes threaded with a string to aid withdrawal. The sponge is
usually removed after 12-14 days, although we have synchronized estrus
by leaving the sponge in for 10-21 days.

Upon withdrawal of the sponge, the eweis treated with 200-5001.u.
Pregnant Mare Serum gonadotrophin (PMSG) intramuscularly. Ewes
are artificialy bred 52-56 hours after sponge withdrawal.

Subcutaneous ear implants (Ceva Laboratories, Kansas City, Kan.)
contai ningimpregnated progestagensareal so used to synchronizeestrus.
They areinserted under the skin of the ear with a special applicator and
are removed with ascalpel and a sterileforceps. Ear implants used with
cattle have been cut in half and used in sheep. They are as effective as
pessaries but are more difficult to use and if not inserted using sterile
techniques will result in an infection (Evans and Maxwell 1987).
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SEMEN COLLECTION

Semen quality is highest at the peak of the breeding season and an
Al program or the collection of semen for freezing should coincide with
the breeding season. Ewes can be bred with frozen semen any time of
year.
The preferred method of semen collectionistheartificia vagina(AV),
which can only be used on trained rams. This requiresthat the ram be
artificially reared as a lamb. The best time for training is during the
breeding season when the sex drive is the strongest and when estrous
ewes are available as teasers. Once trained, rams quickly relearn the
procedureat future semen collections. Training methods are described
by Evans and Maxwell (1987). The AV imitates the vagina of the ewe
and provides the proper temperature and pressure to initiate an ejac-
ulation. Semen can be collected several times a day with an AV.

Electrical stimulation (i.e., electrogjaculator) is used to collect semen
from untrained rams. The procedureis simple but causes considerable
discomfort to the animal. Semen cannot be collected as frequently as
with the AV and the semen may be contaminated with urine. All types
of electroejaculators have abipolar rectal electrode. We prefer the Ruak-
uraram probe (I.M.V. International Corp., Minneapolis, Minn.) that is
commonly used in Australia and New Zealand. The ram is easiest to
collect from when restrained in alateral position during electrical stim-
ulation.

HANDLING AND EXAMINATION OF SEMEN

Semen must be handled carefully to maintain viability of the sper-
matozoa. Evansand Maxwell (1987) identify several factorsthat should
be considered. Generally the quantity and quality of an gaculate is
assessed based upon =5 factors.

1. Color (normal is milky white or pale cream) and smell (urine is
deleterious).

2. Volume (approx. 1-1.5 mL).

3. Motility (proportion of progressively motile spermatozoain a sam-
ple. Score of =3 based on a high of 5 is considered a poor quality
gaculate).

4. Proportion of motile spermatozoa (= 70% is poor quality).

5. Concentration of spermatozoa (good quality ram semen contains
35-6.0 x 10° spermatozoa). Concentration can be determined with
a hemocytometer.

Motility may be the best indicator of sperm quality. The wave-like
motion of good quality semen is visible in a glass collecting vessd;
however, accurate assessment requires a microscope. With microscopic
examination, a drop of semen is placed on a clean, warm (37 C) mi-
croscopeslidewith a coverslip, and the wave motion is observed at low
power (40 x-100x).

DILUTION OF SEMEN

The lower effectivelimit of semen rangesfrom 20-300 x ¥ motile
Spermatozoai nseminate, dependingon depositionsite. Volumesof 0.05-
0.20 mL are used for cervical and intrauterine insemination. Higher
concentrations are necessary for vaginal deposition with frozen semen.
Vagina deposition is usually not practical due to the low rate of fertil-
ization.

Fresh Semen

Commonly used diluents for fresh ram semen are egg yolk-tris—fruc-
tose and egg yolk—glucose-citrate(Evans and Maxwell 1987). Semen
samplesof good concentration and motility are never diluted more than
5-fold (1 part semen + 4 parts diluent).

Frozen Semen

Frozen semen is stored at —196 C, which arrests metabolic activity.
Frozen semen can be kept for prolonged periods and can easily be
transported. The use of frozen/thawed semen can resultin lambing rates
of 60-75%.

Egg yolk isan essential component of any diluent. It contributes some
nutrients, but its principal role apparently involves regulation of the
flow of cryoprotectants through the spermatozoa membrane, thus min-



imizing damage (Ruttle 1989). Rodriquez's (Rodriquez et a. 1986)
diluent and Salamon's (Evans and Maxwell 1987) diluent differ in the
concentration of egg yolk. Rodriquez’s diluent contains VPI-40 (an aloe
vera extract). This extract (VPI-40) has high amounts of glucose and
triglycerides and coats the membrane of the spermatozoa. It is added
to the diluent to compensate for the lower concentration of egg yolk in
Rodriquez's diluent. Glycerol is the most effective cryoprotectant for
freezingram semen. Semen isfrozenin pelletform on carbonicice(i.e.,
dry ice) and then stored at —196 C.

INSEMINATION

Sheep may beinseminated with non-frozen semen at vaginal, cervica
or intrauterine sites. Only intrauterine insemination is acceptable with
frozen semen. For mountain sheep the recommended insemination
methods (either frozen or non-frozen semen) are transcervical deposi-
tion or intrauterine deposition by laparoscopy.

Transcervical

Since1989 Halbert et al. (1990a, 19905) have modified atranscervical
intrauterine A technique for commercia use. The eweis positioned in
dorsal recumbency in a Commodore cradle (Premier, Washington, 1a.).
Theexternal cervical osislocated, aforcepsisfastened to the surround-
ing cervical tissue, and then the cervix is dightly retracted into the
vagina. A specialized insemination instrument (Halbertet a. 1990a) is
introduced into the external os and manipulated through the cervical
canal into the uterus, where the semen is deposited. We have observed
uterine penetration <96% in estrous ewes using this procedure. Preg-
nancy rates with frozen semen are 50-70%.

Intrauterine

The method for intrauterine insemination is laparoscopy, which we
prefer in mountain sheep using fresh or frozen semen. This alowsthe
inseminator to bypass the cervical barrier and increase the rate of con-
ception. The basic equipment consists of a telescope (approx. 7 mmin
diam), 2 trocar-cannula assemblies (1 for the telescope with gas line
attachment and the other for the manipulation probe and insemination
pipette). The manipulation probe is used to position the uterus. Once
the uterine horns are in place, the probe is removed from the cannula
and the insemination pipette inserted. Air or carbon dioxide (CO,) is
used to insufflate the abdomen. There are several types of pipettesthat
can be usedfor insemination. We usethe French (IMV) Cassou pipettor
(I.M.V. International Corp., Minneapolis, Minn.) that has been devel-
oped for Al in cattle. The Cassou pipettor is readily available at any AI
distributor. The plastic sheath that fits over the pipettor is replaced for
each animal bred. This alows the inseminator to work under sterile
conditionsand alleviates potential contamination between ewes. A lapa-
roscope insemination needle tip is placed into the Cassou sheath, the
straw with semen isinserted, and the sheathis slipped over the pipettor.

Food and water should be withheld from the ewes 12-24 hours before
insemination. Thaw semen just prior to insemination and maintain
temperature at 37 C. The animals must be mildly sedated to minimize
the stress of handling. We have had good results with small animal
Xylazine (to effect). The following procedures are used for Laparoscopy
Al:

1. Sedate ewe with Xylazine (IM) (to effect) until the animal isim-
mobilized.
2. Placeewe in cradle, secure legs and shear hair 15-21 cm anterior
to the udder.
. Clean the sheared area with an antiseptic scrub such as Betadine.
. Rinse the cleaned area with a disinfectant such as Nolvasan.
. Elevate the cradle with the abdomen in an upright position 50-60°
above horizontal.
6. Inject 2 ml of lidocaine approximately 16-18 cm anterior to the
udder and 7 cm off the midline.
7. Make a small incision with a scalpd through the skin 3-4 cm on
the left and right side of the midline and 16-18 cm anterior to the
udder.
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8. Push the trocar and cannula into the peritoneal cavity at the left
site, withdraw the trocar and insert the telescope with fiber optic
light.

Y. Inflate the abdominal cavity with either CO, or air.

10. Insert a second trocar assembly into the peritoneal cavity on the
right site. Remove the trocar and insert a manipulating rod.

H. Place the uterine hornsinto position with the rod.

12. Position the Cassou pipettor with the pipette needle about mid-
way on thecurveofthe uterine horn and g ect semen into the uterine
cavity.

13. Repeat the procedure on the other uterine horn.

I4. Withdraw pipettor, telescopeand cannulas.

15. Spray antibacterial agent such as Furacin on wound sites. Sutures
are not necessary as wounds will heal quickly. Y ou may, however,
want to close the skin with wound clips. Antibiotics are given in-
tramuscularly (e.g., Procaine penicillin—5 cc/45 kg).

Ewes should not be disturbed for 2-3 hours after insemination. Preg-
nancy rates of 70% are common using this technique. Femalesthat do
not become pregnant can be naturally mated with fertile males. For
natural mating, ewes are placed with rams 12-14 days after Al.

SUMMARY

Artificial insemination (Al) is the introduction of semen into the
reproductive tract of afemale by means of specialized instruments. The
success of AI depends on factors that are specific to the ewe, the ram,
the semen, and the insemination technique. Although AT has been used
with domestic cattle, only recently in the U.S. has it been used com-
mercially with sheep. In the breeding of mountain sheep, AT eliminates
direct male-female contact and hence may control or prevent potential
disease transmission, particularly fatal Pasteurella pneumonia. We de-
scribe methods used to artificially inseminate mountain sheep that
achieved lambing rates of 70% breeding with frozen semen.
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Richard Martucci
Univ. California, Davis
School of Medicine
Davis, CA 95616

(B) 9161752-0337

(H) 916/977-0828

Jonna K. Mazet
401 Russell Park No. 6
Davis, CA 95616

Kathleen McCoy

P.O. Box 1480

Window Rock, AZ 86515
(B) 6021871-7065

(H) 6021722-2392

Henry Messing

17435 N. 7th Street #2138
Phoenix, AZ 85022

(B) 602/879-6774

(H) 6021867-8856

William H. Miller

School of Agribusiness and Environmental
Resources

Arizona State Univ.

Tempe, AZ 85287

Gale Monson
8831 Riviera Drive
Tucson, AZ 85737

Bill Montoya

1417 Miracerros South
Santa Fe, NM 87501
(B) 505/827-7899

(H) 505/984-2752

Bruce Morrison

New Mexico Dep. Game and Fish

Villagra Bldg.

Santa Fe, NM 87505
(B) 505/827-7882

(H) 505/471-5386

Patrick C. Morrow
1849 Crescent
Alamogordo, NM 88310
(B) 505/678-6372

(H) 505/437-9385

Andy Pauli

21091 Sioux Road
Apple Valley, CA 92308
(B) 619/240-1372

(H) 619/240-1205

Paul W. Pirtle

P.O. Box 577
Lordsburg, NM 88045
(H) 5051542-9897

Rob Roy Ramey I

30 Banks Road
Brooktondale, NY 14817
(B) 6071255-4348

(H) 607/277-5791

Andrew V. Sandoval
Technical Staff

N.M. Dep. Game and Fish
Villagra Building—State Cap.
Santa Fe, NM 87503

(B) 505/827-7882

(H) 505/988-1640

S. D. Schemnitz
Box 4901
Dep. Fish and Wildlife Sciences
New Mexico State Univ.
Las Cruces, NM 88003
(B) 505/646-1136
(H) 505/526-5056

Joan E. Scott
5501 North Maria Drive
Tucson, AZ 85704

Linda Siebert

Bureau of Land Management
P.O. Box 970

Moab, UT 84532

(B) 801/259-6111

(H) 801/259-8445

Patrick Snyder

401 North 17 Suite 4
Las Cruces, NM 88005
(B) 5051524-6090

(H) 505/382-0251

Daisan E. Taylor

2914 B Majestic Ridge

Las Cruces, NM 88001-4683
(B) 505/678-6372

(H) 505/522-0306

Larry Thomas
Canyonlands National Park
124 West 200 South
Moab, UT 84532

(B) 801/259-7164

(H) 8011259-5087



Raul Valdez

Dep. Wildlife, New Mexico State Univ.

Box 4901

Las Cruces, NM 88003
(B) 505/646-3719

(H) 5051524-8719

Curtis Warrick

1741 Glen Oaks Drive
Reno, NV 89523

(B) 702/785-6466

(H) 702/746-2159

Ray Watley

Box 457

Van Horn, TX 79855
(B) 915/283-2962

Richard A. Weaver
P.O. Box 786
Cortez, CO 81321

John D. Wehausen
1417 Bear Creek
Bishop, CA 93514
(H) 619/873-4563

Mara E. Weisenberger

210 Biological Sciences East
Univ. Arizona

Tucson, AZ 85721

George W. Welsh
Technical Staff
1954 Golden Avenue
Kingman, AZ 86401
(H) 602/753-3612

Robert L. West

3407 South Chadbourne
San Angelo, TX 76904
(B) 915/655-2231
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Lynn Wilson

U.S. Fish and Wildlife Service
24000 Avila Road

Laguna Niguel, CA 92656

(B) 7141643-4270

(H) 714/953-1981

Jerry Wolfe

2771 Cheyenne Drive
Grand Junction, CO 81503
(B) 3031248-7175

(H) 303/245-7356

Gar W. Workman

Dep. Fisheries and Wildlife
Utah State Univ., UMC 5210
Logan, UT 84322

(B) 801/750-2588

(H) 801/563-5544




DESERT BIGHORN COUNCIL 1991-1992

OFFICERS:

Chairman:
Vice-chairman:

Past Chairman:
Secretary-Treasurer:

TECHNICAL STAFF:

COMMITTEE CHAIRMEN:

Nominations:
Program:
Arrangements:
Transactions:
Burro:

Barbary Sheep:
Historian:
Ewes:

Awards,

Doug Humphreys, New Mexico Department of
Game and Fish

Amy Fisher, New Mexico Department of Game
and Fish

Raul Valdez, New Mexico State University

Donald Armentrout, Bureau of Land
Management

William R. Brigham, James R. DeForge,

Mark Jorgensen, Andrew V. Sandoval,

J. Juan Spillett, Richard A. Weaver (Chairman),
George Welsh

Raymond Lee

Doug Humphreys and Amy Fisher
Debbie Sandoval

Paul R. Krausman

Michael Coffey

Bruce Morrison

Warren Kelly

Doris Weaver

William R. Brigham




DESERT BIGHORN COUNCIL MEETINGS AND OFFICERS
- 1957-1991 ANNUAL MEETINGS

Year

Las Cruces, New Mexico

Location Chairman Secretary-Treasurer

1957 Las Vegas, Nevada M. Clair Aldous
1958 . Yuma, Arizona Gale Monson and Warren Kelly
1959  Death Valley, California M. Clair Aldous Fred Jones
1960 Las Cruces, New Mexico Warren Kelly Fred Jones
1961 Hermosillo, Sonora, Mexico Jon Van Den Akker Ralph Welles
1962 Grand Canyon, Arizona James Blaisdell Charles Hansen
1963 Las Vegas, Nevada Al Ray Jonez Charles Hansen
1964 Mexicalyi,' Baja Calif., Mexico : Rudolfo Hernandez Corzo Charles Hansen
1965  Redlands, California John D. Goodman John P. Russo
1966 Silver City, New Mexico Cecil Kennedy ‘ John P. Russo
1967  Kingman, Arizona Claud Lard John P. Russo
1968  Las Vegas, Nevada Ray Brechbill John P. Russo °
1969 Monticello, Utah Ralph and Buddy Welles W. Glen Bradley
1970 Bishop, California Wiliam Graf W. Glen Bradley
1971 . Santa Fe, New Mexico Richard Weaver Tillie Barling

- 1972 Tucson, Arizona George W. Welsh Doris Weaver
1973 Hawthorne, Nevada Warren Kelly Doris Weaver

1974 Moab, Utah ~Carl Mahon Lanny Wilson

1975 Indio, California Bonnar Blong Lanny Wilson '
1976  Bahia Kino, Mexico Mario Luis Cossio Lanny Wilson
1977 Las Cruces, New Mexico Jyerry Gates Peter Sanchez
1978  Kingman, Arizona ‘ Kelly Neal Peter Sanchez
1979 Boulder City, Nevada Bob McQuivey Peter Sanchez
1980  St. George, Utah Carl Mahon Peter Sanchez
1981 - - Kerrville, Texas Jack Kilpatric Peter Sanchez
1982 Borrego Springs, California Mark-Jorgensen Rick Brigham
1983 SiIVer City, New Mexico Andrew Sandoval Rick Brigham
1984  Bullhead City, Arizona Jim de Vos, Jr. Rick Brigham
1985  Las Vegas, Nevada ' - David E. Pulliam, Jr. Rick Brigham
1986 Page, Arizona Jim Guymon Bill Dunn
1987 Van Horn, Texas Jack Kilpatric Bill Dunn ;
1988 Needles, California Vernon C. Bleich Donald Armentrout
1989 Grand Junction, Colorado Jerry L. Wolfe Donald Armentrout
1990 Hermosillo, Sonora, Mexico Raul Valdez Donald Armentrout
1991 Doug Humphreys Donald Armentrout




INSTRUCTIONS FOR CONTRIBUTIONSTO
THE DESERT BIGHORN COUNCIL TRANSACTIONS

GENERAL POLICY. Original papersrelatingto desert bighorn sheep
ecology and management are published in the DESERT BIGHORN
COUNCIL TRANSACTIONS. All papers presented at the Council's
annual meetingsareeligiblefor publication. Thereare 3 typesof papers
publishedinthe TRANSACTIONS:technical papers; state reports; and
opinions, comments, and case histories or notes. Technical papersare
peer reviewed. State reports are edited for syntax and style. Opinions,
comments, case histories and notes provide for philosophical presen-
tations and the presentation of ideasand concepts. Some of these papers
are also peer reviewed. Preliminary paperswill also be published if they
are complete enough to provide new information. Authors will be re-
sponsiblefor all pagechargesfor preliminary papers. Additional papers
may be published when reviewed and approved by the Editorial Board.
Costsfor papers =10 printed pageswill be charged to the author at the
current cost per page unless authorized by the Editorial Board. Papers
must be submitted to the Editor at or beforethe Council's annual meet-
ing to be considered for the current edition of The Transactions.

COPY: Usegood quality white paper 215 x 280mm (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 correspondencein the top left corner of page 1.
On succeeding pages type the senior author's last name in the top left
corner and the page number in the top right corner. The author’s name
and affiliation ai the time the study was performed follows the title.
Present address, if different, should be indicated in a footnote on the
first page. Keep 1 copy. Submit 4 good xerographiccopies. Do not fold

any copy.

STYLE: Proceedfrom a clear statement of purpose through introduc-
tion, study area, methods, results, and di scussion. Sequenceof contents:

title, authors, abstract, key words, introduction, study area, methods,
resulis, discussion, literature cited, tables, and figures. Follow the CBE

StyleManual: a guidefor authors, editors,andpublishersinthebiol ogical
sciences, Fifth edition revised and expanded, 1983 (Counc. Biol. Eds.,
Inc., Bethesda, M D 20814), except for specific style items that differ in

recent issues of The Transactions. Consult the 1988 TRANSACTIONS
and Manuscript guidelines for the Journal of Wildlife Management (J.

Wildl. Manage. 521, Suppl.]) for example of prevailing style.

TITLE: The title should be concise, descriptive, and =10 words. Use
vernacular names of organisms.

FOOTNOTES: Use only for an author’s address if it differs from the
bylineaddress, and in tables.

ACKNOWLEDGMENTS: Includeacknowledgmentsat the end of the
introduction as an untitled paragraph.

SCIENTIFICNAMES: Vernacular namesof plantsand animalsshould
beaccompanied by the appropriate scientificnames(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 infor-
mative digest of significant content. It should be able to stand alone as
a brief statement of problems examined, the most important findings,
and their utility.

KEY WORDS: Place key words below the abstract. Supply 6-12 key
wordsfor indexing: vernacular and scientific names of principal organ-
isms, geographic area, phenomena and entities studied, and methods.

REFERENCES: Authorsare responsiblefor accuracy and complete-
ness and must use the style in The Transactions since 1986. Avoid
unnecessaryreferences. Order multiplereferencesconsecutivelyby date.
Show page numbers for quotations, paraphrases, and for citations in
books or bulletins unless reference is to the entire publication. Cite
unpublished reports only if essential. Include source, paging, type of
reproduction, and place unpublished reportsarefiled parenthetically in
the text.

LITERATURECITED: Usecapital andlower caselettersfor authors

Iast names, initials for given names. Abbreviate titles of serial publications
according to references endorsed in the 1983 CBFE manual, p. 54. Show
issue number or month only if pagination is ot consecutive throughout
the volume. Consult The Transactions since 1986 for examples of cor-
rect SYIE.

TABLES: Preparetablesin keeping with the size of the pages. Tables
should be self-explanatoryand referenced in the text. Short tables with
lists of pertinent comments are preferred to long tables. Start each table
on & separatc page and continue onfo 1 or more pages as necessary:
Double space throughout. Omit vertical lines. Identify footnotes by

rorgg)n letters. Do not show percentages within small samples (Nor n
= 3

ILLUSTRATIONS: Hlustrations and drawings must be in india ink
or equivalent on 215 X 280 mm (8.5 X 11 inches) white drafting paper
or tracing cloth. Make all letters and numbers large enough o be =1.5
mm tall when reduced. Lettering size and style when reduced should
be the same in all figures. Only essential photographs for half-tone
illustrations will b acceptable. Submit prints of good contrast on glossy
PAPeL. Type captions on & separate page in paragraph form. On the back
of each illustration, lightly write the senior author’s name, figure num-
ber, and " Top."

PROOF: All paperswill be reviewedfor acceptability by the Editorial
Board and 2 outside reviewers. Submit papersto Dr. Paul R. Krausman,
Desert Bighorn Transactions, 108 Biological Sciences East Building,
University of Arizona, Tucson, AZ 85721. When papers are returned
to authorsfor revision, please return corrected manuscripts within 30.
days. Galley proofsshould be returned within 72 hours.

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



