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COSTS AND EFFECTIVENESS OF METHODS USED FOR POPULATION ESTI- 
MATES OF DESERT BIGHORN SHEEP IN DEATH VALLEY NATIONAL PARK 

CHARLES L. DOUGLAS, National Biological Service Cooperative Unit, Department of Biological Sciences, 
University of Nevada, Las Vegas, NV 89154-4004 

KATHLEEN LONGSHORE, National Biological Service Cooperative Unit, Department of Biological Sciences, 
University of Nevada, Las Vegas, NV 89154-4004 

Abstract: We evaluate cost effectiveness and relative accuracy of methods used since 1988 to estimate numbers of 
bighorn sheep in the Black Mountains of Death Valley. Methods included helicopter surveys, helicopter survey and 
mark-resample using paint pellets for marking, using radio-collared sheep as marked animals during helicopter 
survey, and using time-lapse camcorders at springs to record marked and unmarked individuals. Relative costs and 
accuracy of estimates are discussed. Time-lapse camcorder records with accumulative sampling over one or two 
summer months provided an accuracy o f f  10 percent for the population estimate (Krebs 1989). 
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INTRODUCTION 

This study was designed to gather ecological in- 
formation on bighorn sheep in the Black Mountains 
of Death Valley, and to evaluate cost effectiveness of 
different survey methods and ways of estimating 
population size. Cost effectiveness of monitoring is 
becoming increasingly important as wages and equip- 
ment costs increase while management budgets de- 
crease. Accurately estimating numbers of animals in 
a free-ranging population is one of the most difficult 
problems facing wildlife managers. 

Population estimates derived from three differ- 
ent methods of survey were calculated and their ac- 
curacies compared. The objective of this study was 
to find the most cost-effective method that provides 
population estimates accurate enough for management 
purposes. Costs usually dictate the survey methods 
used, but it is not appropriate to opt for the least ex- 
pensive method if it decreases accuracy of popula- 
tion estimates below that required for management 
needs. All population estimates consume funds, but 
inaccurate estimates are the most expensive; they both 
consume funds and are of little use to managers. This 
study addresses methods for determining absolute 
abundance (i.e., numbers of animals per unit area); 
relative abundance is not considered. Although a 
population index might someday suffice for long-term 
monitoring of Death Valley bighorn, such an index 
must be correlated with absolute abundance in order 
to be useful. 

The Black Mountains comprise more than 1000 
krn2 of rugged and precipitous desert terrain that sup- 
ports a herd of approximately 100 bighorn sheep in 

three areas of concentration. Past efforts to survey 
the herd have consisted of waterhole counts, periodic 
helicopter surveys by the California Department of 
Fish and Game, and five helicopter surveys by the 
author (Charles L. Douglas). A mark-recapture ex- 
periment to obtain a population estimate was con- 
ducted in 1988 in conjunction with sheep surveys. 
Sheep were marked from a helicopter with paint pel- 
lets fired from a pellet rifle. This was the first popula- 
tion estimate for the Black Mountains to which a con- 
fidence interval could be applied. Subsequent efforts 
from 1990 to 1995 consisted of: 1) using time-lapse 
camcorders with infrared sensors at springs to record 
marked (radio-collared) and unmarked animals, 2) 
helicopter surveys using radio-collared sheep as the 
marked animals, and 3) paint pellet mark-resample. 
Costs and accuracy associated with these methods of 
estimating population numbers are compared. 

METHODS 

Population Monitoring 

Aerial surveys were conducted using a Bell Jet 
Ranger Helicopter. We employed Landell's Aviation 
in 1990 and 1991; and Versatile Helicopter in 1988, 
1993, and 1994. Locations of sheep seen on earlier 
surveys and during mark-recapture experiments in 
1988 were used to establish boundaries of survey ar- 
eas and flight comdors between areas. Survey areas 
were delineated based on bighorn distributions rather 



than distance from springs. Insofar as possible, the 
same flight route was flown through survey areas each 
year. Surveys were conducted during summer months 
(except for the 1994 survey, which was conducted in 
October), at which time themajority of bighorn sheep 
were restricted in distribution to about 1.6 to 3.2 krn 
from water sources (Douglas and Longshore 1995). 
All survey areas contained one or more springs used 
by bighorn sheep. Routes flown between survey ar- 
eas were standardized and were essentially the short- 
est distance from the point of completion of one sur- 
vey to the point of starting the next. 

Mark-resample experiments were conducted in 
1988 and 1990 by marking as many bighorn sheep as 
possible with paint pellets, then recounting marked 
and unmarked individuals at a later date. Paint pel- 
lets were fired from a pellet gun from the rear seat of 
the helicopter as it passed about 10 m above the sheep. 
An observer in the front seat recorded Loran coordi- 
nates of locations and sex and age classes of marked 
and unmarked animals. Animals usually could be 
marked without difficulty on the first pass. Sheep 
were not chased for long distances, and many marked 
sheep simply stopped and stared at the helicopter. Two 
days were used to mark animals and 1 day to resur- 
vey for "resample" data. A major concern of mark- 
resample estimates of wildlife populations is that 
marked animals become randomly redistributed 
among unmarked animals before they are 
"resampled." It was determined in 1988 that marked 
and unmarked animals redistributed themselves 
within 24 hours. There were no groups of only 
marked or only unmarked animals, and no apparent 
clumping of marked animals. This rapid redistribu- 
tion probably occurred because most animals were 
within 3.2 km of water sources (Douglas and 
Longshore 1995). Thus, resampling could be con- 
ducted the day following the last marking effort. This 
was a welcome discovery because holding the heli- 
copter and crew for an extra day or rescheduling 
flights for a relatively remote location such as Death 
Valley can be prohibitively expensive. During the 
1993 and 1994 mark-resample surveys, animals fit- 
ted with radio collars in 1992 were counted as the 
"marked" portion of the population. In addition to 
the 18 collars placed on bighorn sheep in 1992, one 
black marking collar had been put on a ewe in the 
Lemonade Spring area by the California Department 
of Fish and Game prior to our study. This individual 
was seen during each survey throughout the study. 

Survey data were used to estimate population size 
and 95 percent confidence limits by means of the 
modified Lincoln estimate for sampling without re- 
placement (Seber 1982). For determining 95 percent 
confidence limits of these estimates, we used Pois- 

son confidence limits when the proportion marked 
was < 0.10, and binomial confidence limits when the 
proportion marked was 20.10 (Krebs 1989). In 1991 
to 1993, camcorders triggered by infrared sensing 
units were placed at springs by the Park's Resource 
Management Staff. The infrared sensor was placed 
near the spring so that the beam was broken by big- 
horn sheep watering there. When the infrared beam 
was broken, a radio signal activated the camcorder, 
turning it on for 30 seconds of filming. Solar panels 
recharged camcorder batteries; tapes were changed 
once a month throughout the summer. Tapes were 
analyzed by the authors, using an 8 mm VCR that 
permitted single-frame viewing on a Sony Profes- 
sional Color Monitor. 

Data from camcorders placed at Lemonade 
Spring, Willow Spring, and Scottys Spring, during 
the summer months in 1993 were used for calculat- 
ing ewe population estimates. Data collected during 
the summers of 1991 and 1992 were not used for 
population estimates because collars were not placed 
on ewes until September 1992. Population estimates 
were calculated from camcorder data using Bailey's 
unbiased estimator for sampling-with-replacement 
following the method of Jaeger et al. (1991). This 
approach is accurate only for estimating ewe popula- 
tions, and the following conditions must be met: 1) 
the number of live ewes wearing collars must be 
known; 2) springs should be point resources, not 
streams, allowing all bighorn sheep that drink at a 
water source to be recorded; 3) time-lapse camera data 
should be collected only during summer months, when 
most or all animals are using the springs; 4) the 
person(s) analyzing the videotapes must be able to 
classify sheep correctly (i.e., no yearling rams classi- 
fied as ewes). 

Because the intent of this study was to determine 
a cost-effective method for long-term monitoring of 
bighorn in Death Valley, expenses were projected for 
5 years for each method used. Camcorders and radio 
collars have predictable life expectancies. Equipment 
and personnel costs, equipment losses, etc., experi- 
enced throughout our study are listed for the years in 
which they occurred and then projected for the re- 
mainder of the 5-year period. 

RESULTS AND DISCUSSION 

Surveys Using Paint Pellet Mark-Resample 

A total of 41 adults (18 rams, 23 ewes) and 5 
lambs was recorded during a rangewide survey of 
the Black Mountains in August 1988 during the ini- 
tial marking. Of these, 36 were marked with paint 



1995 DESERT BIGHORN COUNCIL TRANSACTIONS 

pellets. During the resample survey, 27 adult sheep 
and 4 lambs were sighted of which 13 adults were 
marked. The population estimate for adults was 73 
sheep, with 95 percent confidence limits of 53-130. 

In contrast to the rangewide mark-resample in 
1988, surveys in 1990 were confined to survey areas, 
which were defined based on sheep distributions in 
1988. Mark-resample operations were conducted 
from July 30 through August 2, 1990. Twenty-nine 
animals were seen, 17 of which were marked (1 1 rams, 
11 ewes, 4 lambs, 3 yearlings). During resampling, 
only 14 animals were sighted and only 2 rams had 
paint marks. The population estimate was 89 ani- 
mals with confidence limits of 60-175. 

Surveys in August 199 1 were unsatisfactory; 
only 10 animals were seen in 6 hours of flying. Rain 
earlier in the summer allowed dispersal of animals 
away from springs, despite the fact that rain gauges 
recorded very little precipitation. The survey was 
terminated when it became apparent that bighorn were 
too difficult to locate to warrant the expense. Radio- 
collared animals were used as the marked portion of 
the population for surveys in 1993 and 1994. Eight 
rams, 22 ewes, and 2 lambs were seen in 1993. Three 
of these animals (2 ewes, 1 ram) had collars, result- 
ing in a population estimate of 155 bighorn with 95 
percent confidence limits of 10-188. 

A total of 26 adult bighorn sheep (12 rams, 14 
ewes) and 4 lambs were sighted during the survey 
of September 1994; 3 of these (2 rams, 1 ewe) had 
collars, yielding a population estimate of 127 big- 
horn sheep with 95 percent confidence limits of 
9- 150 animals. 

The above survey results reflect some of the dif- 
ficulties inherent in attempts to derive estimates of a 
small bighorn population distributed over several ar- 
eas of concentration in a large mountain range. Al- 
though the population estimates are surprisingly simi- 
lar, the accuracy of the estimates is unacceptably low. 
It is important to consider relative costs of different 
methods of survey and population estimates in rela- 
tion to accuracy of the estimates. 

The costs shown in Table 1 are based on the most 
recent costs for marking Death Valley bighorn sheep 
in late summer in each of three survey areas, as op- 
posed to marking throughout the entire mountain range. 

The costs in Table 1 do not include paint pellets 
and compressed gas, which were supplied by the NBS 
Cooperative Unit. Four hours of helicopter ferry time 
are included. The assumption in this 5-year projec- 
tion is that the mark-recapture population estimate 
would be repeated at regular intervals. Five year pro- 
jected costs are $24,018 or an average of $4,804 per 
year. This would increase if surveys were conducted 
more frequently than every third year. 

Surveys Using Camcorders and Radio-Collared 
Animals 

This method uses radio collars in conjunction 
with fixed-wing flights to relocate individual bighorn 
and to determine seasonal movements and habitat use. 
Camcorders are then used to record sheep use at se- 
lected springs during summer. Camcorders have been 
used at selected springs in the Black Mountains since 
1992 to monitor bighorn sheep and to derive popula- 
tion estimates based on numbers of marked and un- 
marked sheep recorded during summer. Although 
radio collars are more expensive than marking col- 
lars, the increased information from being able to lo- 
cate animals and monitor movements more than off- 
sets the added expense. Sheep equipped with radio 
collars are counted as marked animals when recorded 
on tape. The number of live, radio-collared animals 
in the population must be known prior to camcorder 
surveys. 

The costs in Table 2 were those experienced dur- 
ing our study, and are predicated on a 2-year life ex- 
pectancy for radio transmitters. By reducing the 
number of signals per minute, transmitter life can be 
extended for another year or two. However, reduced 
signal rate can increase the difficulty in locating ani- 
mals, which may also increase flight time when as- 
certaining whether individual animals are still alive. 
Radio collars should be marked so that individuals 
can be recognized in the field or on camcorder tapes. 
Radio collars were not replaced, and were used as 
marking collars after their batteries died. Equipment 
replacement costs are included to simulate loss from 
theft that occurred in summer 1993. Averaged over 5 
years, the project would cost about $25,016 per year. 
Radio collars permit an enormous increase in the 
amount of ecological and behavioral data useful for 
management that can be obtained; this method is op- 
timum when funding permits. Savings could be ef- 
fected by reducing numbers of flights, but there would 
be a commensurate loss of information. 

The Biological Technician's salary is based on 
4 months, GS-5, with a 4 percent annual cost-of-liv- 
ing adjustment. Cost savings could be effected by 
assigning monitoring duties to a staff person rather 
than hiring a seasonal for the project. 

Surveys Using Camcorders and Collared Animals 

Table 3 shows estimated costs of capturing and 
equipping animals with marking collars (not radio- 
collars), as well as costs for camcorders and the asso- 
ciated equipment needed. These costs are projected 
over 5 years, assuming equipment failure and loss 
similar to that experienced since 1992. 
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Averaged over 5 years, this approach would cost 
$13,432 per year, and about half of that if a staff per- 
son serviced the camcorders and analyzed the tape. 
Marking collars should last more than 5 years; mark- 
ing collars lasted for about 10 years in the River 
Mountains, Nevada (personal observation by the 
authors). Likewise, barring loss from theft, time-lapse 
camcorders should last 10 or more years. They should 
be used only in summer when sheep are concentrated 
around water. Relatively few Black Mountain sheep 
used water sources during nonsummer months and 
the erratic data were not useful in calculating popula- 
tion estimates. Recording sheep usage at springs in 
nonsummer months exposes the equipment to addi- 
tional weathering and increases the risk of vandalism 
or theft. 

The number of marked and unmarked animals 
seen is directly related to accuracy of the population 
estimate, irrespective of the method used. Resampling 
should be increased until the accuracy of the popula- 
tion estimate is within the necessary probability lim- 
its (Krebs 1989). 

Population estimates based on cumulative 
samples of ewes at springs and from data gathered 
during helicopter surveys in 1988, 1993, and 1994 
are shown in Table 4. Population estimates from 
camcorder data were calculated for July and August 
separately and combined as a single sample. 

Population estimates obtained from both helicop- 
ter surveys and cumulative time-lapse samples from 
camcorders are relatively similar, as are the 95 per- 
cent confidence limits. The best estimate from the 
camcorder data (smallest confidence interval) oc- 
curred when both months were combined. The goal 
of a mark-and-sample population estimate is to accu- 
rately estimate the proportion of the population that 
is collared (Krebs 1989). To obtain even moderate 
(25 percent) accuracy in population estimation, it is 
often necessary to mark 50 percent or more of the 
individuals in the population (Krebs 1989). Confi- 
dence intervals for population estimates of the Black 
Mountain bighorn sheep were relatively large because 
the number of animals marked and the number of 
marked animals sighted during resample flights were 
low. On average, 95 percent confidence limits will 
cover the true population size, but to be within a cer- 
tain range of the true number of animals, sample size 
charts for Lincoln-Peterson population estimates can 
be used to determine how many animals must be 
marked and how many must be sighted during the 
resample survey to obtain an accurate population es- 
timate (Krebs 1989:25). We compared accuracy of 
population estimates obtained from helicopter sur- 
veys and from cumulative time-lapse camcorder 
samples using the sample-size charts. Based on 

recommendations by Robson and Regier (1964; in 
Krebs 1989), the charts use three standard levels of 
accuracy and have a 0.05 probability of not achiev- 
ing the desired accuracy (A), where: 

A(%) = + 100 [(estimated population size - true 
population size)/true population size]. 

The three standard levels of accuracy are: 

Preliminary surveys: A = + 50 percent, 
where a rough idea of population size is 
needed. 

Management work: A = + 25 percent, when 
a moderate level of accuracy is desired. 

Research work: A= + 10 percent, when accu- 
rate data on population size are needed. 

The population estimate for ewes from the ini- 
tial mark-resample survey in 1988 was 52, of which 
21 were marked. To achieve 25 percent accuracy, 
approximately 30 ewes needed to be seen during the 
resample flight (the actual number of ewes resampled 
was 16). When the number of ewes with marking or 
radio collars was 9, approximately 45 ewes needed 
to be sighted during the resample survey. The rough 
terrain and relative low density of animals in this 
mountain range makes it very difficult during heli- 
copter surveys to see the number of bighorn sheep 
required to achieve this type of accuracy. The only 
time a large number of ewes were "resighted" was 
when the estimate was calculated using cumulative 
sampling from time-lapse camcorder data in August 
1993 and when data from July andAugust 1993 were 
combined, (57 ewes recorded in August 1993 and 92 
ewes recorded in July and August 1993) resulting in 
10 percent accuracy. Cumulative sampling from he- 
licopter, while possible, may not be cost-effective. 
Our budget did not permit it. 

Advantages and Disadvantages of Different Meth- 
ods of Population Estimation 

1. Mark-Resample using paint pellets and he- 
licopter surveys. 

Advantages: 

Quick 
Short time commitment 
Provides some information on animal 
use areas 
Can be conducted in remote and dif- 
ficult terrain 
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Disadvantages: 

It is difficult in some years to locate 
animals 
The method is dependent upon hot, 
dry weather concentrating animals 
near water sources 
May have low level of accuracy if 
sample size of marked or resampled 
animals is small 
High cost of helicopter may preclude 
repeat sampling to increase sample 
size 
Permits gathering only limited 
kinds of data 
Resampling may be complicated by 
animal avoidance or change in 
weather. 

Use of radio collars, aerial monitoring, and 
camcorders at springs. 

Advantages: 

Higher level of accuracy than 
number 1 for population estimates 
Permits study of habitat use in 
conjunction with fixed-wing location 
flights 
Provides seasonal movement, home 
range, and demographic data 
Provides ecologically relevant 
information for management 
Optimum method for amount of 
information that can be gathered. 

Disadvantages: 

Longer time commitment 
More labor intensive 
More expensive than other methods 

Use of marking collars and camcorders at 
springs. 

Advantages: 

Less expensive than use of radio 
collars 
Higher level of accuracy than 
number 1 for population estimates 
Eliminates expense of fixed-wing 
monitoring 

Disadvantages: 

Provides less information than 
number 2 
Assumes springs can be reached to 
install camcorders 
Assumes springs are point water 
sources. 

SUMMARY STATEMENT 

Obtaining accurate population estimates of large, 
free-ranging mammals is fraught with difficulties and 
remains a challenge for wildlife researchers and man- 
agers. The methods selected will always be based on 
economic realities. Regardless of the method selected, 
marked animals are a prerequisite, because popula- 
tion estimates with management levels of accuracy 
(25 percent) cannot be achieved without them. 

If funding permits, the recommended steps are 
as follows: First conduct a paint pellet mark-resample 
population estimate. Resampling via helicopter sur- 
veys can be conducted following marking and con- 
tinued on subsequent days until an acceptable sample 
size is achieved. In addition to information on num- 
bers of animals, these surveys provide important in- 
formation about animal distribution. Knowing what 
areas of the range animals are using is important for 
reducing helicopter flight time for capture operations. 
Following the mark-resample, radio collars should be 
placed on 20-30 individuals, divided between the 
sexes. Periodic monitoring of radio signals will yield 
important data about seasonal home range, habitat use, 
lambing, and management concerns. There is no ques- 
tion that information from telemetered animals can 
provide vital management information that cannot be 
gathered by other means. In addition, time-lapse 
camcorders should be placed at key springs in sum- 
mer to gather sufficient data on marked and unmarked 
individuals for a more accurate population estimate. 

If funding is limited, population estimates can 
be obtained by the following: A paint pellet, mark- 
recapture population estimate should be conducted. 
Animals should then be captured and fitted with num- 
bered marking collars (not radio collars). Depending 
upon circumstances, it might be possible to use apple 
mash as bait and a drop net to capture the animals 
rather than the more expensive method using a net- 
gun and helicopter. Again, time-lapse camcorders 
should be placed at key springs in summer to gather 
data on marked and unmarked individuals. 

If funding is almost nonexistent, population es- 
timates cannot be calculated, but limited habitat and 
spring use can be determined. Habitat use can be 
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evaluated by having staff personnel hike a predeter- Problems that thwart efforts to conduct popula- 
mined route through bighorn habitat, noting num- tion estimates include: changeable weather during 
bers and locations of unmarked animals (Wehausen mark-resample efforts, too many water sources for 
1992). This would be possible in some mountain the number of camcorders available, water sources 
ranges in Deathvalley, but not in others. Camcorders too difficult to reach, linear water sources, difficulty 
could be placed on springs to demonstrate use or catching or marking enough sheep, and difficulty 
nonuse by sheep. obtaining sufficient samples of marked and unmarked 

animals when resampling. 

Table 1. Costs associated with population estimates of desert bighorn sheep in the Black Mountains, Death 
Valley, California, using mark-resample techniques with paint pelletsfired from a helicoptel: 

ITEM Year 1 Year 2 Year 3 Year 4 Year 5 
-- 

Helicopter 
21 hrs 

Service 
Truck 

Per Diem 
6 person days $ 432 0 0 $ 432 0 

PI per diem $ 405 0 0 $ 410 0 
GSA Truck $ 51 0 0 $ 55 0 

TOTALS $ 11,971 0 0 $12,047 0 
- --  

PROJECT 
TOTALS $ 24,018 



1995 DESERT BIGHORN COUNCIL TRANSACTIONS 

Table 2. Five-year expenses using aerial surveys and camcorders at springs to monitor radio-collared bihorn 
sheep in the Black Mountains, Death Valley National Park, California. 

ITEM Year 1 Year 2 Year 3 Year 4 Year 5 

Camcorders $ 14,000 0 $ 3,500" 0 0 

Solar Panels $ 720 0 $ 180" $ 180 0 

IR Units $ 720 0 $ 180" 0 $ 180 

Tapes $ 132 $ 132 $ 132 $ 132 $ 132 

P I .  Receiver $ 400 0 $ 100% 0 0 

Sony Video 
Player $ 300 0 0 0 0 
- 

Monitor 

Bio. Tech. $ 6,212 $ 6,460 $ 6,718 $ 6,986 $7,265 

Helicopter $ 11,000 0 0 0 0 

20 Telemetry 
Collars $ 6,000 0 0 0 .  0 

Aerial Monitor 
5 hrs bimonthly $ 26,160 $26,160 0 0 0 

TOTALS $ 77,404 $ 32,884 $ 10,810 $7,298 $7,577 

PROJECT 
TOTAL $ 135,973 

* Denotes replacement of stolen equipment 
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Table 3. Costs associated with using camcorders and associated equipment to monitor collared and noncollared 
bighorn sheep drinking at water sources in the Black Mountains, Death Valley, California. 

ITEM Year 1 Year 2 Year 3 Year 4 Year 5 

Camcorders $ 14,000 0 $ 3,500" 0 0 

Solar Panels $ 720 0 $ 180" $ 180 0 

IR Units $ 720 0 $ 180" 0 $ 180 
-- - 

Tapes $ 132 $ 132 $ 132 $ 132 $ 132 

PIR Receiver $ 400 0 $ 100" 0 0 

Sony Video 
Player $ 300 0 

Monitor $ 1,000 0 0 0 0 

Helicopter $ 11,000 0 0 0 0 

20 Marking Collars $ 400 0 0 0 0 

TOTALS $34,884 $ 6,592 $ 10,810 $ 7,298 $ 7,577 

PROJECT 
TOTAL $67,161 

* Denotes replacement of stolen equipment. 
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Table 4. Mark-resample population estimates ( N )  for ewes in the Black Mountains, Death Valley National 
Park, California. Estimates are based on data from helicopter surveys in 1993 and 1994, and 
from camcorders placed at Lenzonade, Scottys, and Willow Springs in 1993. 

-- - - 

Survey No. in Percent 95 % Total N 95 % 
Sample Marked C.L. Marked C.L. 

Aerial 
1988 16 0.37" 0.15-0.65 21" 52 36-158 

Camera 
July 1993 35 0.14 0.04-0.32 9 

August 57 0.15 0.06-0.28 9 

July + Aug 92 0.14 0.08-0.23 9 64 39-123 

* = animals marked with paint pellets 
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DISTRIBUTION, MOVEMENTS, AND MORTALITY OF ROCKY MOUNTAIN BIG- 
HORN SHEEP IN ARIZONA 

JAMES R. HEWELFINGER, Arizona Game and Fish Department, 555 N. Greasewood, Tucson, AZ 85745 

RAYMOND M. LEE, Arizona Game and Fish Department, 2221 W. Greenway Road, Phoenix, AZ 85023 

DAVID N. CAGLE, Arizona Game and Fish Department, HC 66, Box 57201, Pinetop, AZ 85935 

Abstract: Seventeen Rocky Mountain bighorn sheep were radio collared in two adjacent subpopulations in 
southeastern Arizona and monitored for 26 months to document distribution, degree of interchange, survey 
observation rate, and mortality. Marked sheep were located outside of their subpopulation only 4.2 percent of 
the time. However, sheep moved freely between two hunt units prompting a change in the hunt unit boundary. 
Five sheep also moved across the Arizona-New Mexico state line. Average annual mortality rate during the 
study was 5.5 percent. Blood samples revealed no vitamin or mineral deficiency but some exposure to epizootic 
hemorrhagic disease (6 of 7), blue tongue (4 of 7), and contagious ecthyma (2 of 5). Average observation rates 
of marked bighorns were 29 percent for rams and 8 1 percent for ewes for 2 years of October helicopter surveys. 
It appears that rams are not seen in the same proportion as they occur in the population. 

Key Words: observation rate, Ovis c. canadensis, mining, mortality, Rocky Mountain bighorn sheep, telemetry. 
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INTRODUCTION 

In 1826, explorer James Ohio Pattie reported 
"multitudes" of bighorn sheep on the cliffs of the 
San Francisco River near it's confluence with the 
Gila River (Davis 1973). Like many other sheep 
populations in the Southwest, sheep along the San 
Francisco and Gila Rivers were extirpated around 
the turn of the century, probably as a result of the 
introduction of domestic livestock and unregu- 
lated market hunting. 

In 1964, the New Mexico Department of 
Game and Fish released 10 (2M:8F) Rocky Moun- 
tain bighorn sheep (Ovis canadensis canadensis) 
from Banff National Park, Canada, into Turkey 
Creek, 27 km northeast of Glenwood, New 
Mexico. Six months later, 16 (3M:13F) additional 
sheep were released along Sheridan Ridge, about 
11 km southeast of Glenwood, New Mexico. 
These sheep came from the Sandia Mountains in 
New Mexico, which had been stocked with sheep 
from Banff in 1939 and 1940 (Ogren 1957). Two 
additional rams from the Sandias were released 
at Frisco Hot Springs in July 1965. By 1967, the 
sheep released along Sheridan Ridge had moved 
into the side drainages of the San Francisco River, 
not far from the Arizona-New Mexico border 
(Larsen 1971). 

The first postextirpation Rocky Mountain big- 
horn were reported in Arizona in 197 1 on the up- 

per Blue River and the San Francisco River near 
the Arizona-New Mexico border (Apache County 
News 1971). 

In May 1979, the Arizona Game and Fish De- 
partment (AGFD) transplanted eight (2M:6F) Rocky 
Mountain bighorn sheep from Rocky Mountain Na- 
tional Park in Colorado to Bush Creek along the up- 
per Blue River of eastern Arizona (Figure 1). Twelve 
(5M:7F) additional sheep from Colorado were re- 
leased near Bush Creek the following March. Lambs 
were observed in the first year and the population 
expanded in both size and distribution over the next 
several years. 

By the mid-1980s, sheep were seen along the 
length of the San Francisco River from the New 
Mexico border to the town of Clifton (Figure 1). 
Small numbers of sheep also began appearing along 
Eagle Creek, which joins the Gila River 4 km west 
of it's confluence with the San Francisco (Figure 1). 
The number of sheep observed along Eagle Creek 
steadily increased, allowing the issuance of one per- 
mit tag in 1984. No more than 65 sheep were ob- 
served during surveys prior to 1990; however, dur- 
ing the October 1994 survey, 136 sheep were ob- 
served along approximately 25 krn of the creek 
(AGFD files). During this period, fewer sheep were 
being observed along the San Francisco River (from 
113 in 1988 to 56 in 1994). 
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Presently, the Eagle Creek and San Francisco 
River drainages represent two distinct areas of sheep 
occurrence. Corridors of interchange between these 
two areas include along the Gila River, which con- 
nects them, or through the Phelps-Dodge Mine, which 
lies directly between the two drainages (Figure 1). It 
is not uncommon for sheep to be observed using the 
cliffs and talus slopes created by the mining activity. 
The Phelps-Dodge Mine is the world's largest cop- 
per mine. 

The Eagle Creek and San Francisco River sub- 
populations are in different AGFD administrative re- 
gions and, except for 15 percent of the Eagle Creek 
drainage that is part of the San Francisco River area, 
are hunted separately. 

Objectives of this study were to: 1) document 
the amount and frequency of interchange between the 
two subpopulations, 2) determine the frequency of 
interchange across the Arizona-New Mexico border, 
3) determine mortality rates and causes, 4) sample 
sheep for vitamin and mineral deficiencies and expo- 
sure to common livestock diseases, and 5) estimate 
survey observation rates of sheep in this river canyon 
habitat type. 

We thank the Arizona Desert Bighorn Sheep So- 
ciety for partial funding of the project; pilots Terry 
Amalong, Dave Hunt, Basil Coffman, Steve Sunde, 
and Bill David; and wildlife biologists Devin Skin- 
ner, Juan Romero, Mike Pruss, Mike Holloran, John 
Holcomb, Jim Hinkle, Sharen Adams, and Bob Vahle 
for their assistance with the capture and monitoring 
of radio-collared sheep. Ed Comaduran and Gary 
Jones of Phelps-Dodge Morenci, Inc. provided valu- 
able assistance with access to mine property and mine 
information. Ron Olding and Mike Holloran reviewed 
the manuscript. The GIs mapping expertise and effi- 
ciency of Matt Alderson was much appreciated. 

STUDYAREA 

The study area was located in Graham and 
Greenlee counties in southeastern Arizona along the 
Arizona-New Mexico border. The area lies within 
the Basin and Range Physiographic Province in the 
transition zone between the Sonoran and Chihuahuan 
biotic communities, resulting in a diverse association 
of flora and fauna (Bureau of Land Management 
1994). Rainfall is highly variable. Average annual 
rainfall varies from 17.8 cm to 40.6 cm, with most 
falling in the late summer months (Bureau of.Land 
Management 199 1). 

The study area encompassed the Gila, Blue, and 
San Francisco rivers and Eagle Creek. These drain- 
ages are perennial and subject to periodic "scouring" 

during high rainfall events. The cliffs along these 
drainages are comprised of sedimentary, basalt, or 
volcanic tuft material and provide ideal escape 
cover for bighorn sheep (Bureau of Land Manage- 
ment 1993). Many cliffs along the Gila River rose 
over 300 m above the river. Elevation ranged from 
1025 m at the confluence of the San Francisco and 
Gila rivers to 2374 m above the upper Blue River. 

METHODS 

Eight sheep (2M:6F) along Eagle Creek and nine 
sheep ( 3 ~ : 6 ~ ) '  along the San Francisco River, from 
the town of Clifton to the New Mexico border, were 
captured and radio-collared October 26-27, 1992, in 
7.5 hours of helicopter time. Each animal was marked 
in the right ear with a numbered, red duflex tag. Ages 
ranged from 1 to 6 years. Biweekly telemetry flights 
from November 1992 to January 1995 yielded 620 
telemetry locations. 

Latitudeflongitude coordinates determined from 
telemetry locations were recorded using a Global 
Positioning System (GPS) and then entered into a 
Geographic Information System (GIs). Distribution 
and home range for all marked sheep were analyzed 
with GIs. Each collared sheep yielded a sample of 
that individual's range. We also calculated occurrence 
of sheep outside the subpopulation it was captured in 
and movements into New Mexico. 

Population surveys were conducted by helicop- 
ter each October. The entire study area was flown in 
4 or 5 days each year. The rate of helicopter cover- 
age averaged approximately 2 1 krn2 per hour. 

Telemetry flights were conducted prior to or im- 
mediately following annual helicopter surveys in 
October to determine which radio-collared sheep were 
in the area surveyed and thus available to be sighted. 

Mortality rates were determined using 
MICROMORT, a software package which calculates 
cause-specific and seasonal mortality rates based on 
radio-days gathered from telemetered animals (Heisey 
1985, Heisey and Fuller 1985). 

Blood samples were taken from each animal. 
Sera for serological studies was drawn and heparin- 
ized for vitamin and mineral analysis. Clots were sent 
to Montana for DNA analysis. Serum samples were 
tested for exposure to blue tongue (BT), epizootic 
hemorrhagic disease (EHD), contagious ecthyma 
(CE), infectious bovine rhinotracheitis (IBR), bovine 
viral diarrhea (BVD), bovine respiratory syncytial 
virus (BRSV), and brucellosis. 
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RESULTS 

Sheep captured in one subpopulation (Eagle 
Creek or San Francisco River) generally stayed in that 
area. Of the 321 locations of the eight Eagle Creek 
sheep, only four (1.3 percent) locations (from two of 
the sheep) were in the San Francisco River drainage. 
Of the nine sheep radio-collared along the San Fran- 
cisco, six were located at least once in Eagle Creek, 
but only 22 of 299 (7.4 percent) locations of San Fran- 
cisco sheep occurred in Eagle Creek. Overall, marked 
sheep (n=17) were located outside their subpopula- 
tion of capture only 4.2 percent of the time. 

Some sheep captured in Eagle Creekmoved be- 
tween the two portions of that drainage that were in 
different hunt areas. All eight sheep captured in 
Eagle Creek moved back and forth across the bound- 
ary between Game Management Units 27 and 28, 
which are hunted as separate populations. All eight 
sheep were captured in the Unit 28 portion of Eagle 
Creek, but 14 percent of the locations were in the 
Unit 27 portion. 

Six marked sheep were located within the pe- 
rimeter of the mine. Forty-five locations (7.3 per- 
cent) occurred within the mine perimeter, with half 
of these locations being of a single 6-year-old ewe. 

Five of nine sheep captured along the San Fran- 
cisco River were located across the state line in New 
Mexico. Three ewes (#12, #15, and #17) captured 
on the San Francisco River were located at least once 
near Glenwood, New Mexico, approximately 32 
river km into New Mexico between November 14 
and April 20. The other two sheep making inter- 
state movements were never located further than 6.4 
krn from the Arizona-New Mexico border. The long- 
est distance between two locations recorded during 
the study was 52.8 km for a 5-year-old ram. 

The limited number of radio-collared individu- 
als precluded a detailed analysis of sex-specific, 
cause-specific, and seasonal mortality rates. The av- 
erage annual mortality rate for all marked sheep was 
5.5 percent during the study. Only two mortalities, 
a 5-year-old ewe from Eagle Creek (cause of death 
unknown) and a 3-year-old ram from the San Fran- 
cisco River (killed by a mountain lion - Felis 
concolor), were recorded in 12,876 radio days. 

Eight blood samples were taken at capture and 
tested for vitamin and mineral deficiencies and dis- 
ease titers. Vitamin levels were very good. Serum 
copper (Cu) and whole blood selenium (Se) showed 
considerable individual variation but were all 
within the levels reported for domestic animals 
(Table 1). Positive exposure to BT (4 of 7 
samples), EHD (6 of 7), and CE (at least 2 of 5) 

was detected (Table 2). Serum neutralization 
tests for IBR, BVD, and BRSV, as well as the 
Brucella plate test, were all negative. 

Estimates of animals seen during annual Octo- 
ber helicopter surveys ranged from 73 percent to 90 
percent for ewes and 25 percent to 33 percent for 
rams (Table 3). During the 1993 surveys, average 
size of ewe groups was 5.7, while ram groups aver- 
aged 2.2 (AGFD files). Observation rates for all 
sheep were 73 percent and 64 percent in 1993 and 
1994, respectively. 

DISCUSSION 

Early observations of Rocky Mountain bighorn 
sheep in Arizona indicate that the sheep now in the 
Eagle Creek and the San Francisco River areas are 
descendants of sheep transplanted into both New 
Mexico and Arizona. Five of nine sheep that were 
radio-collared in the upper reaches of the San Fran- 
cisco moved freely across the Arizona-New Mexico 
border. Once in Arizona, whether by transplant or 
immigration, the sheep population increased. The 
high lamb production and low natural mortality un- 
doubtedly enabled Rocky Mountain bighorns to ex- 
pand in both abundance and distribution. 

In the mid-1980s, sheep undoubtedly from the 
San Francisco River population became established 
in the Eagle Creek drainage. As the Eagle Creek popu- 
lation continued to increase in abundance, the popu- 
lation along the San Francisco appeared to decrease. 

The number of lambs in October has always been 
consistently high in the Eagle Creek subpopulation, 
averaging 53 lambs:100 ewes from 1989 through 
1994. The relatively high reproduction and low mor- 
tality suggests that much of the recent increase in the 
Eagle Creek subpopulation is due to a positive 
recruitment:mortality ratio rather than to immigration. 
Trends in survey data show that this subpopulation 
continues to increase and sheep are now being found 
in areas they did not previously use, such as along 
the Gila River. 

The small amount of sheep movement from the 
San Francisco River to Eagle Creek does not exclude 
the possibility that this rate is lower now than during 
past immigration. The movement rate of sheep from 
Eagle Creek to the San Francisco River was only 1.3 
percent during this study. 

A small portion of Eagle Creek was in both Game 
Management Units 27 and 28, which were hunted 
separately. Telemetry locations from this study 
showed sheep in Eagle Creek freely moved across 
this boundary, resulting in the possibility that a hunter 
with a tag for sheep surveyed along the San Fran- 



1995 DESERT BIGHORN COUNCIL TRANSACTIONS 

cisco would harvest a ram out of the Eagle Creek 
population by hunting that small portion that is in 
Game Management Unit 27. The boundary between 
the two hunt areas was redefined to better divide the 
subpopulations. The new boundary includes only 1.2 
percent of the Eagle Creek telemetry locations, as 
opposed to 14 percent with the old boundary. 

One ewe was located consistently on the Phelps- 
Dodge mine property. Six of 17 instrumented sheep 
were located at least once within the perimeter of the 
mine. The main mining operations are located on 
uplands which separate Eagle Creek and the San Fran- 
cisco River. As aresult, it is unclear whether the mine 
represents a barrier to movement among the subpopu- 
lations. Sheep from both subpopulations occasion- 
ally frequented the mine, but rarely moved through 
to the other drainage. These two areas of high sheep 
use are canyon-rimmed, riparian corridors and as such 
there may not be a high degree of natural interchange, 
even in the absence of the mine, because of a strong 
affinity to one drainage or the other. 

Three sheep from the San Francisco River popu- 
lation were also located near the confluence of the 
Gila and Eagle Creek; some in the company of Eagle 
Creek sheep. Movements such as these may be in- 
hibited by the presence of the town of Clifton, which 
the San Francisco River flows through (Figure 1). The 

small degree of interchange, along with this interac- 
tion around the mine and Gila River, should be enough 
to maintain the exchange of genetic material between 
sheep in this metapopulation. 

No abnormally high mineral levels were detected 
in the blood samples analyzed. However, none of the 
animals sampled spent a considerable amount of time 
in the mine after they were radio-collared, indicating 
their normal core use area did not include the mine. 

Rams appear to be observed in a lower proportion 
than their occurrence in the population. These observa- 
tion rates of rams are consistent with information col- 
lected in populations of desert bighorn sheep (0. c. 
mexicam) (AGFD Files). The observation rate of ewes 
is higher than estimates obtained in other habitat types 
commonly used by bighorn sheep in Arizona (AGFD 
Files). Habitat segregation and group size doubtless ac- 
counts for much of the difference in observation rates. 
The concentration of ewes and lambs along the river 
results in a higher proportion of animals seen than in 
populations associated with more extensive and homog- 
enous terrain. Rams frequently occupy the gentler up- 
lands adjacent to these river systems, while ewes and 
their lambs show a higher fidelity to the cliffs directly 
above the stream bed. Also, rams generally occur in 
smaller groups or singly and ungulate group size has 
been shown to influence sightability (Samuel et al. 1987). 
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Figure 1. Distribution of Rocky Mountain bighorn sheep along the Sun Francisco, Blue, and Gila Rivers and 
Eagle Creek, southeastern Arizona. 
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Table I .  Blood/serum mineral and vitamin values for 17 Rocky Mountain bighorn sheep captured in south 
eastern Arizona, 1992. 

Table 2. Occurrence of blue tongue (BT), epizootic hemorrhagic disease (EHD), and contagious ecthyma 

Animal 
ID 

1 
2 
3 
4 
8 

10 
12 
18 

(CE) in Rocky Mountain bighorn sheep captured in southeastern Arizona, 1992. 

Animal ID 

aInsufficient Sample 

Serum Vit. A 
(uglml) 

0.93 
0.60 
1.24 
0.87 
1.07 
0.56 
ISa 

1 .07 

BT (AGID) 

POS 
NEG 
NEG 
NEG 
POS 
POS 
POS 

Serum Vit. E 
( u g w  

11.5 
10.0 
16.2 
13.2 
13.7 
7.3 

ISa 

11.2 

POS 
POS 
NEG 
POS 
POS 
POS 
POS 

NS a 
POS 1 : 5 ~  
NEG 
POS 1 5  
NEG 
ACa 

NEG 

Serum Cu 
(PPm) 

0.57 
1.65 
0.84 
0.75 
0.72 
1.11 
0.81 
0.72 

aNS = Non specific, AC = anticomplementary (Exposure could not be determined). 
b~omplement Fixation (CF) titers of 1 5  are considered suspicious of previous exposure. 

Whole blood Se 
(PPm) 

0.23 
0.18 
0.15 
0.15 
ISa 

0.28 
IS a 

0.24 

Table 3. Observation rates of Rocky Mountain bighorn sheep during helicopter surveys, Eagle Creek and 
San Francisco River drainages, October 1993-94. 

Number Number actually 
available to be observed Percent observed 

observed 

ALL 1 F 
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GENETIC VARIATION OF BIGHORN SHEEPAS MEASURED BY BLOOD PROTEIN 
ELECTROPHORESIS 

DAVID A. JESSUP, California Department of Fish and Game, 1701 Nimbus Rd., Rancho Cordova, 
CA 95670. 

ROB. R. RAMEY 11, Section of Ecology and Systematics, Corson Hall, Cornell University, Ithaca, NY 14853; 
Present Address: Environmental, Population, and Organismic Biology, University of Colorado, 
Boulder, CO 80309-0334 

Abstract: Starch gel and agarose gel electrophoresis were used to study the patterns of genetic variation in 
four putative subspecies of bighorn sheep (Ovis canadensis). Of the 14 loci examined, only transferrin was 
polymorphic in all subspecies. Another, glyoxylase, varied only within Rocky Mountain bighorn sheep (0.  c. 
canadensis) and was found in forms unique to that subspecies. Our results suggest a wide separation in 
evolutionary time between populations of Rocky Mountain bighorn sheep and desert-dwelling bighorn sheep 
(0.  c. nelsoni and 0. c. mexicana). Levels of genetic variation within populations (mean heterozygosity) 
were lower than those reported for white-tailed deer, but similar to those reported for other large, wild ungu- 
lates in North America. 

Key Words: Bighorn sheep, subspecies, western North America, genetic variation, blood proteins, electrophoresis. 
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Mountain sheep are relative newcomers to North 
America. Their ancestors originated in Asia and dis- 
persed over the Bering land bridge into North America 
during the late Pleistocene, approximately 650,000 
years ago (Ramey 1993). Currently, two species are 
recognized in North America: Dall sheep (Ovis dalli) 
and bighorn sheep (Ovis canadensis). Dall sheep 
occupy Alaska and northwestern Canada, while big- 
horn sheep are found in southwestern Canada, the 
western United States, and northern Mexico. Based 
on morphological characteristics there are five sub- 
species of bighorn sheep: desert bighorn sheep (0. c. 
nelsoni), Mexican bighorn sheep (0. c. mexicana), 
Rocky Mountain bighorn sheep (0. c. canadensis), 
California bighorn sheep (0. c. californiana), and 
Weem's bighorn (0.  c. weemsi) (Cowan 1940, 
Wehausen, and Ramey 1993, Ramey 1995). 
Wehausen, and Ramey (1993) recently synonymized 
0 .  c. crernnobates with 0 .  c. nelsoni based on horn 
and skull characters, and suggested that desert-dwell- 
ing bighorn sheep be considered a single, polytypic 
subspecies. This conclusion has also been corrobo- 
rated by analysis of mitochondrial DNA variation 
(Ramey 1995) and a reanalysis of Cowan's original 
data (Ramey 1993). 

The taxonomy of bighorn sheep has importance 
to conservation for two primary reasons. First, sub- 
species boundaries are important to the choice of re- 
introduction stock. Second, some subspecies cur- 

rently receive more protection and recovery effort 
because of their taxonomic status (Bureau of Land 
Management 1989). However, without knowing the 
actual patterns of genetic variation within and among 
bighorn sheep populations, it is impractical to develop 
conservation strategies aimed at preserving genetic 
variation. Numerous biochemical studies have re- 
vealed that previously accepted taxonomic units may 
not be an accurate reflection of phylogeny (Avise 
1989; Dragoo et al. 1990). 

Like many species indigenous to North America, 
the arrival of Europeans had a dramatic impact on 
the abundance and distribution of bighorn sheep. 
Market hunting, loss of habitat, and diseases of live- 
stock are believed to be the primary causes for these 
declines. Amore recent threat is the isolation of big- 
horn populations on habitat islands as a result of hu- 
man development (fences, highways, reservoirs, and 
cities). Such isolation may reduce the genetic vari- 
ability through random genetic drift within isolated 
populations faster than it is replaced by mutation. 
Migration between populations, however, may poten- 
tially offset this loss, dependent upon the rate of mi- 
gration (Schwartz et al. 1986, Bleich et al. 1990). 

The objectives of this study were to use pro- 
tein electrophoresis as a tool to estimate the level 
of genetic variation found within and among popu- 
lations of bighorn sheep, to compare these results 
with those found for mitochondrial DNA markers 
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( Ramey 1995), and to determine if detectable 
genetic differences exist between subspecies of big- 
horn as classified on the basis of morphology by 
Cowan (1940) and Wehausen and Ramey (1993). 
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METHODS 

Blood samples (total 984) were gathered from 
54 bighorn sheep populations in the United States, 
Canada, and Mexico, and from five captive popula- 
tions between 1983 and 1989. The location of 28 
populations from which 10 or more samples were 
taken are presented in Table 1. Additional blood 
samples from 0. c. califomiana were collected at the 
Warner Mountains, Modoc County, California (n=3). 
Additional blood samples from 0. c. canadensis were 
collected at Colorado State University, Fort Collins, 
Colorado (n=6); the St. Louis Zoo, St. Louis, Mis- 
souri (n=6); Hells Canyon, Mountain County, Idaho 
(n=3); Sun River, Lewis and Clark County (n=9), and 
from the Yellowstone herd near Billings, Montana 
(n=4). Additional blood samples from 0. c. mexicana 
were collected at the Plomosa Mountains (n=9), La 
Paz County, Arizona. Additional blood samples from 
0. c. nelsoni were collected at Tin Mountain (n=6), 
in Inyo County, California; at Chuckwalla Mountains 
(n=3), Coxcomb Mountains (n=2), Eagle Mountains 
(n=5), Joshua Tree National Monument (n=8), Little 
San Bernardino Mountains (n=2), and Orocopia 
Mountains (n=6), in Riverside County, California; at 

Picacho Peak (n=6), in Imperial County, California; 
at the Clipper Mountains (n=9), Granite Mountains 
(n=4), Hackberry Mountains (n=6), Kingston Moun- 
tains (n=2), Cady Mountains (n=8), Piute Range 
(n=2), south Providence Range (n=2), Turtle Moun- 
tains (n=7), and Wood Hills (n=2), in San Bernardino 
County, California. Additional blood samples from 
the Peninsular Range populations of 0. c. nelsoni (for- 
merly 0. c. cremnobates (Wehausen and Ramey 
1993)) were collected at the Jacumba Mountains 
(n=E), San Diego County, and at the San Jacinto 
Mountains (n=7), Riverside County, California. 

The sterile blood samples were taken in acid ci- 
trate dextrose media (ACD) and fresh blood on a spe- 
cially prepared stain card (Wraxall and Rawlinson 
1986). All samples were taken from live, captured 
animals via sterile jugular venipuncture. All ACD 
blood samples were kept refrigerated at (4OC), and 
all stain cards were allowed to dry and then were re- 
frigerated until submitted for analysis. Whole blood 
samples in acid citrate dextrose tubes were separated 
into plasma and washed red cell ly sates. Lysates were 
treated with dithiothreotol (Hams and Hopkins 1976) 
and were analyzed in four agarose or starch-gel buffer- 
current systems (Group I-IV) (Table 2). Methods were 
adjusted if necessary for better separation of bighorn 
proteins. Alimited number of samples were analyzed 
for Mannose Phosphate Isomerase (MPI) in an agar- 
ose gel (EO 0.07) at pH 6.25 using a 0.014M phos- 
phate buffer. MPI screening was eventually discon- 
tinued in blood due to faint development. Phospho- 
glucomutase (PGAM) was separated in a trislcitrate, 
pH 7.1 agarose (EO .07) system. Phosphoglucose 
isomerase (PGI) was examined using a 10 percent 
starch gel and pH 8.0 trislcitrate buffer. Neurarnini- 
dase was used to remove sialic acid residues from 
transfemns on all samples to produce more stable, 
reproducible electrophoretic separation patterns 
(Davin et al. 1984). 

Population mean heterozygosities were calcu- 
lated only for populations having a sample size 110 
(Table 1). For contingency table analyses, we pooled 
samples by geographic subregion or taxonomic des- 
ignation, making use of all individuals sampled within 
each region. Our calculations of heterozygosities and 
F statistics assume that desert-dwelling bighorn sheep 
were monomorphic for all loci but transfemn, and 
Rocky Mountain sheep were monomorphic for all loci 
but transferrin and glyoxylase I. Although not all in- 
dividuals were screened for all loci (Table 2), we jus- 
tify this assumption on the substantial number of in- 
dividuals screened that yielded no polymorphism for 
these loci. We did not calculate FST for Rocky Moun- 
tain bighorn sheep because all but one population we 
examined originated from translocations. 
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RESULTS 

Of the 14 loci examined, all 0 .  c. nelsoni, 0. c. 
mexicana, and 0 .  c. califomiana populations were 
either fixed at all loci or were polymorphic only at 
the transfemn locus. The mean heterozygosities for 
populations of these subspecies ranged from 0.000 to 
0.042. In contrast, 0. c. canadensis populations were 
found to have two loci (transferrin and glyoxylase I) 
that werepolymorphic, and mean heterozygosities that 
ranged from 0.039 to 0.067 (Table 1). 

Figures 1 and 2 graphically present the distri- 
bution of transferrin and glyoxylase I in the 27 big- 
horn sheep populations for which more than 10 
samples were collected. These same general pat- 
terns were also present in the adjacent bighorn sheep 
populations from which less than 10 samples were 
collected. Each of the four putative subspecies of 
bighorn sheep that were sampled exhibited transfer- 
rin polymorphism, although some populations 
showed only one type. 

Glyoxylase allele 2 was the only form in three of 
four bighorn subspecies. However, three alleles were 
found in populations of 0. c. canadensis. Samples 
from 0. c. canadensis from the Tarryall Mountains 
of Colorado had a glyoxylase variant (3-2) that was 
not found in any other bighorn populations (Figure 
2). Only one bighorn of 661 tested, an 0. c. 
canadensis from Sun River, Montana, had a variant 
form of carbonic anhydrase (CA). 

Significant heterozygote deficiencies (p<0.05) 
were found at the transfemn locus in both the Marble 
Mountains and Hall Mountain populations. Other- 
wise, there appeared to be a trend towards heterozy- 
gote excess in other populations. Values of FST 
ranged from 0.14 for the Mojave Desert and 
Penninsular Ranges combined to 0.21 for 0 .  c. 
mexicana populations east of the Colorado River. 

Within the range of desert-dwelling bighorn 
sheep, allele frequencies for transferrin showed a 
marked difference between the eastern and western 
parts of their range, with allele 1 being found at higher 
frequency in California/Arizona/Nevada, and allele 
2 being found at higher frequency in New Mexico1 
Utah. Contingency table analysis showed that signifi- 
cant differences in allele frequencies existed among 
desert subregions for transfemn. Allele frequencies 
for transfemn differed significantly (p<0.001) be- 
tween populations in California/Arizona/Nevada and 
those in UtahINew Mexico. Similarly, significant dif- 
ferences were also found between the Santa Rosa/ 
JacumbdSan Jacinto Mountains in the Penninsular 
Ranges and San Gabriel Mountains to the North, and 
Mojave Desert to the east (p<0.001). Within the 
Rocky Mountains, there also appeared to be major 

differences in allele frequencies among populations 
both within Colorado and between Colorado and the 
northern Rockies for transferrin and glyoxylase, al- 
though only the Tarryall samples came from a native 
herd. Translocated herds showed a high degree of 
similarity to parent herds for allele frequencies de- 
spite having been separated for up to several decades. 

DISCUSSION 

Our results suggest that many bighorn sheep 
populations, particularly those in the deserts west of 
the Rocky Mountains and the Colorado River, have 
relatively low levels of genetic variation, with mean 
subspecies heterozygosity of 50.022 (Table 1). In 
contrast, 0 .  c. canadensis had the highest average 
heterozygosity at 0.049. White-tailed deer 
(Odocoileus virginianus) in Maryland have a mean 
heterozygosity of 0.32 (Sheffield et al. 1985), far 
greater than that found in 0 .  c. canadensis. How- 
ever, other wild ungulates, including pronghorn an- 
telope (Antilocapra americana) (0.01), Dall sheep 
(Ovis dalli) (0.015-0.02), moose (Alces alces) (0.02), 
bison (Bison bison) (0.02), and wapiti (Cervus 
elaphus) (0.02), all show similar mean heterozygosi- 
ties to those of bighorn sheep (Baccus et al. 1983, 
Sage and Wolf, 1986). 

The extent of population subdivision for desert 
bighorn sheep, as measured by FST at the transfemn 
locus, was one-third that found by Ramey (1995) for 
mitochondrial DNA markers in the Mojave Desert 
and Peninsular Ranges. This finding is consistent with 
the Ramey's (1995) hypothesis that the tendency of 
females to disperse less frequently and over shorter 
distances than males would lead to a higher level of 
population subdivision for maternally inherited rni- 
tochondrial DNA than for nuclear genes. 

The presence of unique forms of glyoxylase 
found in the Rocky Mountains suggests that there is 
a wide separation in evolutionary time between 0 .  c. 
canadensis and the desert-dwelling subspecies, 0 .  c. 
nelsoni and 0. c. mexicana, to the west and south. 
This result is similar to Rarney's (1993) finding of 
major differences in mitochondrial DNA between 
Rocky Mountain and desert-dwelling bighorn sheep. 
Significant differences in transferrin allele frequen- 
cies among sheep occupying eastern and western 
deserts, and among subregions suggest some local 
differentiation similar to that found for mitochondrial 
(Ramey 1995) and morphological markers (Wehausen 
and Ramey 1993). 

With the exception of Rocky Mountain bighorn 
sheep, variation within the other subspecies did not 
appear to be concordant with subspecies boundaries. 
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For example, California bighorn, 0. c. califomiana, 
from Mount Baxter in the Sierra Nevada were ho- 
mozygous for transferrin allele 1, where 0. c. 
califomiana from W~lliams Lake, British Columbia, 
and their descendants translocated to Hart Mountain 
in Oregon and Little Jacks Creek in Owyhee County, 
Idaho, had allele frequencies ranging between 0.47 
and 0.7 for transfemn allele 1 Figure I). 

Many populations of 0. c. nelsoni in California 
to the south and east of Mount Baxter, and in adja- 
cent Arizona and Nevada were homozygous for trans- 
femn allele 1, or were nearly so. Thus, the transfer- 
rin patterns of the largest remnant herd of 0. c. 
californiana surviving in the Sierra Nevada more 
closely resemble those of 0. c. nelsoni in adjacent 
mountain ranges than more northern populations of 
0. c. califomiana. A high degree of similarity has 
also been reported between the Mount Baxter popu- 
lation and nearby 0. c. nelsoni populations for mito- 
chondrial DNA markers (Ramey 1993) and mor- 
phological characters (Wehausen and Ramey 1993). 

Both transfenin and glyoxylase frequencies in 
the Hall Mountain, Washington, and the Lostine, Or- 
egon populations of 0. c. canadensis appear to be 
similar (Figures 1 and 2). These herds were started 
from parent stock from herds in Banff and Jasper 
National Parks in Alberta, Canada, respectively. The 
translocated Saguache herd at Trickle Mountain, Colo- 
rado, reflects the dominance of type 2 glyoxylase seen 
in the Tanyall Mountains parent herd, but with no 
apparent participation from individuals with the 

glyoxylase allele 3 (Figure 2). Furthermore, transfer- 
rin allele 1 is found at high frequency at Trickle Moun- 
tain, while the Tanyall parent herd shows predorni- 
nance of transfemn allele 2. It is unclear to what 
extent this pattern may be due to founder effects (from 
small reintroduction population size), selection, or 
sampling error. 

Sage and Wolf (1986) hypothesized that a series 
of population bottlenecks during the late Pleistocene 
were responsible for the low amount of genetic vari- 
ability present in a number of North American mam- 
mals. They speculated that low genetic variability was 
mainly due to repeated founder events as populations 
colonized new habitat during the ebb and flow of Pleis- 
tocene glaciers. Ramey (1995) proposed that, in addi- 
tion to founder events during the original colonization 
of North America, there may have been frequent ex- 
tinction and recolonization of subpopulations, further 
reducing genetic variation. We agree that a bottleneck, 
or a series of them, was probably responsible for re- 
ducing genetic variation within ancestral populations 
of mountain sheep and that this reduction in variation 
is reflected in present day populations of bighorn sheep. 
Reduction of genetic variation appears to have been 
somewhat more severe for populations of desert-dwell- 
ing bighorn sheep than those of the Rocky Mountains. 
However, the near uniform distribution of low amounts 
of variation within regions, and similar heterozygosi- 
ties observed in other large North American mammals, 
support the hypothesis that reductions in genetic varia- 
tion largely predate the arrival of European man. 
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Figure 1. Diagram showing allele frequencies of transferrin within populations of 0. canadensis. Arrows indi- 
cate the direction of translocations from source herds to transplant sites. The proportion of alleles 
I and 2 in each population are represented by the white and black sections of each circle, respectively. 
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Figure 2. Diagram showing allele frequencies of glyoxylase I within populations of 0. canadensis. Arrows 
indicate the direction of translocations from source herds to transplant sites. The proportion of alle- 
les 1, 2, and 3 in each population are represented by the white, black, and hatched sectiorzs of each 
circle, respectively. 



1995 DESERT BIGHORN COUNCIL TRANSACTIONS 

Table 1. Subspecies, population, sample size, and heterozygosity for populations from which 210 samples 
were obtained. 

SUBSPECIES POPULATION SAMPLE HETEROZYGOSITY SUBSPECIES MEAN 
SIZE AVERAGED OVER HETEROZY GOSITY 

ALL LOCI 

0.c. califomiana 
0.c. californiana 
0.c. californiana 
0.c. califomiana 
0. c. canadensis 
0.c. canadensis 
0. c. canadensis 
0.c. canadensis 
0.c. canadensis 
0 .  c. mexicana 

0.c. mexicana 
0.c. mexicana 
0.c. mexicana 
0.c. mexicana 
0.c. mexicana 
0.c. mexicana 
0.c. nelsoni 
0.c. nelsoni 
0.c. nelsoni 
0. c. nelsoni 
0.c. nelsoni 
0.c. nelsoni 
0.c. nelsoni 
0.c. nelsoni 
0.c. nelsoni 

0.c. nelsoni 
0.c. nelsoni 
0.c. nelsoni 

Williams Lake, B.C. 
Little Jacks Creek, ID* 
Hart Mt., OR* 
Mt. Baxter, Sierra Nevada, CA 
Tarryall Mts., CO 
Trickle Mtn., CO* 
Rock Creek, MT* 
Lostine, OR* 
Hall Mt., WA* 
San Andres Mts., Dona Ana Co., 
NM 
Peloncillo Mts., Hidalgo Co., NM* 
Red Rock Paddock, NM* 
Kofa Mts., Yuma Co., AZ 
West Kofa Mts., La Paz Co., AZ 
Castle Dome, Yuma Co., AZ 
Pico Johnson, Sonora, Mexico 
Lone Mt., NV 
Canyonlands N.P., UT 
River Mts., NV 
Lake Meade, AZ 
White Mts., CA 
Old Woman Mts., CA 
Marble Mts., CA 
Old Dad Peak, CA 
Cattle Canyon, San Gabriel Mts., 
CA 
Lytle Creek, San Gabriel Mts., CA 
Santa Rosa Mts., CA 
Living Desert Reserve and 
Bighorn Institute, CA* 

* Captive or translocated herd 

** Both native and translocated herds were used in the heterozygosity estimate for 0.c. canadensis because 
only one native herd sample was available. 
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Table 2. Electrophoretic separation of bighorn sheep proteins done at SERI. 

PROTEIN ABBREVIATION ELECTROPHORETIC POLYMORPHIS TOTAL 
SEPARATION METHOD M CY/N) SAMPLES 

ANALYZED 

Glyoxalase GLO I 

ESD 

PGM (CONV) 

PGM (ST) 

AK 

6-PGD 

EAP 

T f 

Hb 

SEN Group I Method 
on Starch Gel 

Esterase D SERI Group I Method 
on Starch Gel 

Phosphoglucomutase SERI Group I Method 
on Starch Gel 

Phosphoglucomutase SERI Group I Method 
on Starch Gel 

Adenylate Kinase SERI Group 11 Method 
on Starch Gel 

6-Phosphogluconate 
Dehy drogenase 

SERI Group 11 Method 
on Starch Gel 

Erythrocyte Acid 
Phosphatase 

SERI Group 11 Method 
on Starch Gel 

Transfemn SEN Group III Method 
on Starch Gel 

Hemoglobin 

Carbonic Anhydrase 

Peptidase A 

Agarose Gel 

CA I1 on Starch Gel 

PEP A 

MF'I 

PGI 

PGAM 

SEN Group IV Method 
on Starch Gel 

Wolfe Method on Agarose 
Gel as Modified at SEN 

Mannose Phosphate 
Isomerase 

Phosphoglucose 
Isomerase 

Harris Method on Agarose 
Gel as Modified at SEN 

Phosphogly ceromutase Starch Gel 
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HOME RANGES OF DESERT BIGHORN SHEEP INHABITING THE BLACK MOUN- 
TAINS, DEATH VALLEY NATIONAL PARK, CALIFORNIA 

KATHLEEN LONGSHORE, National Biological Service Cooperative Unit, Department of Biological Sciences, 
University of Nevada, Las Vegas, NV 89154-4004 

CHARLES L. DOUGLAS, National Biological Service Cooperative Unit, Department of Biological 
Sciences, University of Nevada, Las Vegas, NV 89154-4004 

Abstract: We present total and seasonal home ranges of desert bighorn sheep inhabiting the Black Mountains, 
Death Valley. During May and September 1992, 8 ewes and 10 rams were fitted with radio collars to determine 
movements and home range size. Mean total home range size for rams was 188.0 f 22.5 km2 (SE). For ewes, mean 
total home range averaged 96.8 + 7.5 lan2 (SE). Seasonal home ranges for rams and ewes were smallest during 
summer months and largest during autumn. Total and seasonal home ranges of rams and ewes are considerably 
larger than those reported for other desert bighorn sheep populations. These larger home ranges may be related to 
resource availability or population density. 

Key Words: desert bighorn sheep, seasonal home range, total home range, Death ~ a l l e )  National Park 
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INTRODUCTION 

An animal's home range is the area it uses while 
engaged in the normal activities of food gathering, 
mating, and caring for young (Burt 1943). The size 
of this area is related to population density, habitat 
quality (including habitat continuity), and the energy 
requirements of animals (Jewel1 1966). A number of 
studies have reported total home range size for desert 
bighorn sheep (Ovis canadensis nelsoni) populations 
but information on seasonal home ranges is less com- 
mon (reviewed by McCarty and Bailey 1994). Gen- 
erally, mean total home range size of ewes is between 
17 and 29 km2, while ram home ranges are at least 
twice as large and are much more variable, ranging 
from 14-275 km2 (McCarty and Bailey 1994). We 
present seasonal and total home ranges of desert big- 
horn sheep inhabiting the Black Mountains in Death 
Valley, California. 

This project was funded by the National Park 
Service. We thank the pilots at Lake Mead Air and 
T. L. Hurst for help in data collection. We also ap- 
preciate the assistance of D. Ebert and L. Robinson. 

STUDYAREA 

The Black Mountains form the southern half of 
the Arnargosa Range in the southeastern part of Death 
Valley National Park, Inyo County, California (Fig- 
ure 1). The mountain range encompasses approxi- 
mately 1000 km2, is 60 km long, and ranges in width 
from 32 km at the southern end to 8 krn at the north- 

ern end. The mountains trend northwest-southeast, 
forming a wedge-shaped fault resulting in a steep es- 
carpment on the western side with slopes averaging 
89 percent. On the eastern side, the range slopes more 
gently into the alluvial-filled Greenwater Valley. El- 
evations range from -81 m at Badwater to 1946 m at 
the top of Funeral Peak. Temperatures range from 
below freezing to above 40' C and average rainfall is 
less than 8 cm per year. 

Six major plant communities occur in the Black 
Mountains (Schramm 1982). The Alkali Sink Asso- 
ciation is found at the foot of the western escarpment 
and occurs on alkali flats and where drainage is poor. 
The Saltbush Community occurs on well-drained al- 
luvial fans on the western side and on xeric, west- 
facing slopes of up to 600 m elevation on the north- 
west. The steep, rocky, and arid slopes along the 
western side of the mountain range are dominated by 
the Desert Cliff Community, ranging in elevation from 
600-1200 m. The Creosote Bush Community oc- 
curs from 60 m below sea level to nearly 1500 m 
above sea level. Within this community are found 
four vegetative associations: the 1) Larrea, 2) 
Larrea-Ambrosia-Atriplex, 3) Larrea-Ambrosia- 
Lycium, and 4) Larrea-Coleogyne. Cover values 
range from <1 percent to 10 percent. The 
Blackbrush Community, occurring on alluvial soils, 
occurs from 1400 m to the crest of the range. The 
Shadscale Community occupies steep, rocky slopes 
and mountain crests throughout the range at eleva- 
tions of 600 m to nearly 1800 m. 
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METHODS 

To study movements and habitat use, collars 
equipped with radio transmitters and mortality sen- 
sors (Telonics Inc., Mesa, Arizona) were placed on 
18 bighorn sheep (10 rams, 8 ewes) in the Black 
Mountains during two capture operations in 1992. 
Capture operations were assisted by the California 
Deparhnent of Fish and Game. Bighorn sheep were 
captured with a hand-held net gun fired from a Bell 
Jet Ranger helicopter. The first capture occurred from 
May 19-21, 1992; nine rams were caught and fitted 
with radio collars. The second capture operation oc- 
curred during August 31-September 1, 1992; eight 
ewes and one ram were fitted with radio collars. 

Relocation flights began on August 26, 1992. 
Flights were conducted from a Cessna 206 airplane 
equipped with a removable, belly-mounted, modified- 
H antenna (description in Lecount and Carrel 1980). 
From September 1992 through May 1993, relocation 
flights were scheduled approximately every 10 days 
unless prevented due to weather conditions, aircraft 
availability, or equipment failure. From June 1993 
through August 1994, flights were scheduled every 14 
days. A programmable scanner and TR2 receiver 
(Telonics, Inc.) were used for monitoring bighorn sheep 
locations. When an animal's signal was heard through 
the receiver, the area was circled until the signal stren,h 
along the circle's circumference was equal. The sheep's 
location was plotted on USGS 1 :62500 scale 15 minute 
series maps as the center of the circle (Kenward 1987). 
These data were later recorded as Universal Transverse 
Mercator (UTM) grid coordinates. Point location data 
obtained during the flights were also entered into a 
geographic information system (GIs) computer soft- 
ware package for analysis of habitat use. Based on 
estimates of accuracy by previous researchers, we as- 
sumed an aerial location error of 4 ha (Krausman et al. 
1984). This level of error has been used by other re- 
searchers for studies on Mojave Desert sheep popula- 
tions (Bleich 1993). 

Home ranges were calculated from relocation 
data using the minimum convex polygon method 
(Mohr 1947). Calculations were done with the 
CALHOME computer program developed by the 
California Department of Fish and Game. Location 
data for both years were combined to increase sample 
size for analysis of the effects of season on home 
range size. Before data were combined, a paired 
sample t-test (Zar 1984) was used to test for differ- 
ences in home range size between years. The dif- 
ference was not statistically significant (t=1.32, 
df=14, p=0.21). 

To analyze the effects of gender and season on 
home range size, a two-factor, repeated measures 
ANOVA (Zar 1984) was performed on the home range 

data. If a null hypothesis was rejected, the Newman- 
Keuls multiple range test was used to determine which 
means were significantly different. 

RESULTS 

A total of 48 fixed-wing flights were conducted 
between August 26, 1992, and August 30, 1994, to 
relocate radio-collared animals. Because of the rough- 
ness of the terrain, visual sightings were not attempted, 
although bighorn sheep were occasionally sighted on 
ridge tops and on the eastern side of the mountain 
range. Relocation data from the first flight was not 
used for home range analysis because at that time only 
8 rams had been fitted with radio collars. During the 
study, one mortality of a radio-collared animal oc- 
curred. Ewe number 2350, who had inhabited the 
northern part of the mountain range near Lemonade 
Spring, died in the hills above Natural Bridge between 
June 28, 1994, and July 12, 1994. Cause of death 
was unknown. 

Radio-collared ewes formed three distinct groups 
centered around four perennial springs: 1) Lemonade 
Spring, 2) Willow and Sheep Springs, and 3) Scottys 
Spring. Figure 2 shows total home ranges of represen- 
tative ewes occupying these areas. Unlike ewe popu- 
lations inhabiting mountain ranges in southern Nevada 
(Leslie and Douglas 1979, and Ebert andDouglas 1993) 
and southwestern Arizona (Cunningham and Hanna 
1992), little overlap of home ranges occurred between 
ewe groups in the Black Mountains, particularly dur- 
ing summer months. When overlap did occur, only 
rarely were radio-collared ewes from two different 
groups located in the same area. Ewes were never lo- 
cated at other water sources. 

Total home ranges for ewes are based on 364 tele- 
meter locations. Mean total home range was 96.8 t- 
7.5 krn* (SE) with a range of 72.9 km2 to 124.0 lan2 
(Table 1). Only one other study quantitatively exam- 
ined home ranges of bighorn sheep in Death Valley. 
Dunn (1984) examined the ecological relationship 
between burros and bighorn sheep in the Cottonwood 
Mountains, but unfortunately was only able to col- 
lect home range data from 3 ewes and one 2-year-old 
ram. Total home ranges were smaller than those of 
radio-collared BlackMountain bighorn; average home 
range for the ewes was 9.3 rt 0.98 km* (SE). 

Mean total home range of ewes from other desert 
bighorn sheep populations are larger than those of 
ewes in the Black Mountains. In the Lake Mead Na- 
tional Recreation Area, Nevada, Leslie and Douglas 
(1979) found mean total home range for ewes (n=5) 
in the River Mountains to be 16.9 -1 1.51 k d ,  and in 
the Eldorado Mountains, Ebert and Douglas (1993) 
found a mean total home range of 19.0 krn (range 8.2 
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to 30.3; 10 ewes). Average total home ranges for 
three ewe groups in the Black Mountains, Arizona, 
were similar to those in the nearby Eldorado Moun- 
tains; 13.8+3.4km2 (SD), 18.4f 5.4km2, and45.5 
c 6.7 km2 (SD) Cunningham and Hanna (1992). In 
the Cabeza Prieta National Wildlife Refuge, south- 
western Arizona, mean total home range size was 22.0 
rfr 4.1 km2 (SE), n=10 (Scott et al. 1990), similar to 
that of four radio-collared ewes (22.1 km2) inhabit- 
ing the Desert National Wildlife Range in southern 
Nevada (Burger et al. 1983). 

Rams did not form distinct groups, but instead 
occurred in loose associations. They were mostly 
located in the eastern portion of the mountain range 
near Funeral Peak and in the hills surrounding Gold 
Valley. Total home ranges of representative rams are 
shown in Figure 3. During summer months, rams 
mostly used water sources on the eastern side of the 
mountain range. The radio-collared ram in the north- 
ern part of the range used Lemonade and Ward 
Springs. Rams in the southern part of the Black 
Mountains were mostly found at Hidden, Lard Bucket, 
and Brown Springs, although they were sometimes 
found at springs on the western side of the range, par- 
ticularly during the rut. 

Average total home range of rams was signifi- 
cantly larger than average total home range of ewes 
(t = -3.49, df = 16,p = 0.003). Total home ranges for 
rams were calculated from 446 telemetry relocations. 
Mean annual home range averaged 18.8 k 2.3 lan2 
(SE) and ranged from 7.4 km2 to 32.1 km2 (Table 2). 
The radio-collared ram in the Cottonwood Mountains, 
Death Valley National Park (Dunn 1984), had a total 
home range similar to that of rams in the Black Moun- 
tains (32.7 kmz), but this ram was only 2 years old. 
Radio-collared rams in the Black Mountains were 2 
4 years; after age 4, home ranges of rams increase 
substantially as they become more independent and 
exploratory (Leslie and Douglas 1979). 

Although total home ranges of rams from other 
desert bighorn populations vary in size, none for 
which information is available are as small as those 
of rams inhabiting the Black Mountains. Mean an- 
nual home range of radio-collared rams in the River 
Mountains was 24.7 km2, with a range of 11.7 to 
37.3 km2 (Leslie Longshore and Douglas and Dou- 
glas 1979). In the Eldorado Mountains, annual home 
range averaged 49.7 km2 and ranged from a low of 
3 1.5 to 60.5 km2 (Ebert and Douglas 1993). Annual 
home range for 9 rams in the Black Mountains, Ari- 
zona, was 70.7 +. 23.1 km2 (SD) (Cunningham and 
Hanna 1992) and in southwestern Arizona, Ough and 
deVos (1984) reported a mean annual home range 
of over 274 km2. 

When examining the relationship between home 
range, season, and gender, only bighorn sheep hav- 

ing data sets with nine or more relocations per season 
were included in the analysis. In addition to the ewe 
that died, two rams were also excluded from the data 
base. The first ram (#2302) either moved out of the 
mountain range or its telemeter failed because we were 
unable to locate him after November 1993. We occa- 
sionally flew over the Funeral Mountains and south 
of Jubilee Pass (southern Black Mountains) but never 
located his signal during the remaining flights. The 
second ram's (#2322) signal stopped near Epaulet 
Peak during a relocation flight on July 12, 1994. 

Results of the repeated measures ANOVA 
showed a significant difference in home range size 
within seasons, (F (3,391 = 14.0, p < 0.05). and gen- 
der, (F(1,13) = 1 1 . 2 , ~  < 0.05), but there was no inter- 
action between gender and season; seasonal pattern 
of change for home range was the same for both sexes. 
Rams had larger mean seasonal home ranges than 
ewes, but within gender, home ranges were similar 
during winter and spring and were significantly dif- 
ferent during autumn and summer (Newman-Keuls 
multiple-range test). 

Mean seasonal home ranges were largest during 
autumn months. For rams, average home range dur- 
ing autumn was 112.6 km2 and ranged from 71.7 to 
244.9 km2 (Table 2). During the rut, a few radio- 
collared rams traversed the entire mountain range; 
others moved only short distances. Ewe home ranges 
averaged 49.6 km2 and ranged from 16.9 to 84.6 km2 
(Table 1). The smallest seasonal home ranges oc- 
curred during summer, with an average of 16.8 km2 
(range: 7.4 to 28.2 km2) for rams and an average of 
14.6 km2 (range: 6.0 to 34.1 km2) for ewes. Summer 
home range size is partially related to availability of 
water (Leslie and Douglas 1979), but other factors 
affecting seasonal home range are unknown. 
Krausman et al. (1989) found no relation between 
seasonal home range size and climatic factors for big- 
horn sheep in Arizona and concluded that seasonal 
home range dynamics were probably related to a com- 
bination of factors such as an animal's age, position 
in social dominance hierarchies, habitat quality, and 
presence of other animal species in that habitat. 

Seasonal home ranges for the ram and three ewes 
in the Cottonwood Mountains, Death Valley (Dunn 
1984), were smaller than those of bighorn sheep in 
the Black Mountains. In general, mean seasonal home 
ranges for radio-collared sheep in the Black Moun- 
tains were larger than those reported for other desert 
bighorn sheep populations (Leslie and Douglas 1979, 
Krausman et al. 1989, Ebert and Douglas 1993). 

In addition to differences in overall size of home 
ranges between desert bighorn sheep populations, 
patterns of seasonal home range size can also differ. 
Mean seasonal home ranges of ewes in the Little 
Harquahala 1989), were larger than those of ewes in 
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the Black Mountains, but both exhibited similar pat- 
terns of seasonal change and were largest during au- 
tumn and smallest during summer. Home ranges of 
ewes in the River Mountains was largest during au- 
tumnlwinter and smallest during spring months. Ex- 
cept for an increase during one spring season, home 
ranges of ewes in the nearby Eldorado Mountains did 
not show seasonal changes in size (Ebert and Dou- 
glas 1993). 

None of the ram populations with available sea- 
sonal home range data had seasonal patterns of change 
similar to that of rams in the Black Mountains. Home 
range size of some, but not all, ram populations in- 
creased in autumn during the breeding season. Mean 
seasonal home range of rams inhabiting the Eldorado 
Mountains was larger in autumn (Ebert and Douglas 
1993), but home range for rams inhabiting the 
Harquahala and Little Harquahala Mountains did not 
increase during this time (Krausman et al. 1989). 

There is evidence that for desert bighorn sheep, 
home range size and resource availability are related. 
In Arizona, Krausman et al. (1989) found home ranges 
of bighorn sheep in the Little Harquahala Mountains, 
which had limited and dispersed resources, to be larger 
than those in the Harquahala Mountains, which had 
greater availability of forage and water. If home range 
size is related to resource availability, and thus, to 
carrying capacity of the habitat, the comparatively 

large home ranges in the Black Mountains may be 
attributed to: 1) a relatively low level of resources, 
2) a population with numbers near, or above, carry- 
ing capacity, or 3) a combination of these factors. 

An examination of fecal crude protein content (a 
widely used index of forage quality) from the Black 
Mountain bighorn population (Douglas et al. 1992) 
showed that values from spring 1989 through spring 
1990 were slightly lower than those reported for the same 
years by Wehausen (1 992) for five bighorn sheep popu- 
lations in the eastern Mojave Desert, suggesting that large 
home ranges are necessary in the Black Mountains in 
order to obtain similar, but probably not higher, protein 
levels as that of other Mojave Desert herds. 

Estimates of bighorn sheep numbers during the 
late 1950s placed the population at approximately 190 
animals (Welles and Welles 1960). There has been 
concern that since the 1930s, population numbers in 
the Black Mountains had decreased due to poaching, 
alteration of historic movement patterns (due to in- 
creased traffic on roads in, and adjacent to, the moun- 
tain range), and loss of major water sources (Welles 
and Welles 1960, Douglas 1986). The most recent 
(1994) population estimate for the Black Mountain 
herd was 127 animals (95 percent C.L. 9-150) (Dou- 
glas and Longshore 1995). If home range size is re- 
lated to resource availability, the current population 
may be near carrying capacity. 
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from Schramn (1982) 

Figure 1. Regiorzal nzap showing locatiorz of the Black Mountains, Death Valley National Park, California. 
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Figure 2. Typical home range patterns for radio-collared female bighorn sheep in the Black Mountains, 
Death Valley National Park, California. Each location point may represent one or more sheep 
sightings. Contour interval = 600 n z .  

3 1 
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Figure 3. Typical home range'patterns for radio-collared male bighorn sheep in the Black Mountains, Death 
Valley National Park, Califortzia. Each location point may represent one or more sheep sightings. 
Contour interval = 600 m. 
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Table 1. Seasonal and total home range size (km2) for desert bighorn sheep ewes in the Black Mountains, 
Death Valley National Park, California. Ewes with <9 locations per season were not included in 
seasonal home range analyses. Number of locations used to determine seasonal and annual home 
range are in parentheses. 

SHEEP AUTUMN WINTER SPRING SUMMER TOTAL 
NUMBER Sept-Nov Dec-Feb Mar-May Jun-Aug 

n= 7 7 7 7 7 
mean: 49.6 22.3 24.3 14.6 96.8 

SE: 8.0 2.3 4.6 3.4 7.5 
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Table 2. Seasonal and total home range size ( k d )  for desert bighorn sheep rams in the Black Mountains, 
Death Valley National Park California. Number of locations used to calculate seasonal and total 
home range are in parentheses. Only rams with 3 locations per season were included in home range 
analyses. Age at capture is indicated inside brackets adjacent to sheep numbel: 

SHEEP AUTUMN WINTER SPRING SUMMER TOTAL 
NUMBER Sept-Nov Dec-Feb Mar-May Jun-Aug 

n= 8 8 8 8 10 
Mean: 112.6 65.0 62.0 16.8 188.0 
SE: 21.0 17.9 11.9 2.6 22.5 
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MANAGING DESERT MOUNTAIN SHEEP USING ECOREGION PLANNING AND 
MANAGEMENT CONCEPTS: IS IT POSSIBLE? 

DONALD J. ARMENTROUT, Bureau of Land Management, Eagle Lake Resource Area, 705 Hall Street, 
Susanville, CA 96130 

RAYMOND J. BOYD, Bureau of Land Management, National Applied Resource Sciences Center, 
Denver Federal Center, Building 50, Denver, CO 80225 

Abstract: Until recently, mountain sheep management has emphasized local populations and their habitat. Current 
policy in some areas has established management at the metapopulation level, which requires managing whole 
landscapes or ecoregions rather than single mountain ranges. Information gathered on the distribution of mountain 
sheep for the interagency Mountain Sheep Ecosystem Management Strategy in the 11 Western States and Alaska 
(USDI 1995) was overlain on ecoregion maps and visually compared. Three ecoregion mapping strategies are 
currently being reviewed by an interagency task force. Our comparison was to determine which, if any, of these 
mapping strategies best fit mountain sheep distribution. Current ecoregion boundaries do not accurately represent 
desert mountain sheep habitat requirements. Ecosystem management and planning should establish, on a case-by- 
case basis, ecosystem boundaries that accurately reflect total desert mountain sheep habitat requirements. 

Key Words: desert bighorn sheep, ecoregion, ecosystem, habitat, landscape, management, mountain sheep, 
metapopulation, Ovis canadensis nelsoni. 
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INTRODUCTION 

Management of desert bighorn sheep (Ovis 
canadensis nelsoni) has historically addressed local 
populations and single mountain ranges or small 
mountain range complexes. In its Rangewide Plan 
for Managing Habitat of Desert Bighorn Sheep on 
Public Lands (USDI 1986), the Bureau of Land Man- 
agement (BLM) established priorities for desert 
mountain sheep habitat management based on man- 
aging local populations within geopolitical bound- 
aries. At the same time, Schwartz et. al. (1986) em- 
phasized the need to move from local population to 
metapopulation management. Bleich et. al. (1990) 
pointed out the problems that desert-dwelling moun- 
tain sheep face when confronted with fra-gnented 
habitat. In a report prepared for the BLM, Ramey 
(1991) strongly advised against local population man- 
agement and urged that metapopulation management 
become the normal practice for desert mountain sheep. 
As a result of the work by Bleich et. al. (1990) and 
Ramey (1991), the BLM's California Desert District 
established a metapopulation management policy. 
This policy directs that the management of mountain 
sheep habitat on Public Lands in southern California 
be accomplished in accordance with the 
metapopulation boundaries established in 1993 
(Torres et. al. 1994). 

A metapopulation is defined as a set of local 
populations which interact via individuals moving 

among populations (Hanski and Gilpin 1991). Cali- 
forniapopulations are patchy metapopulations. Bailey 
(1992) described patchy metapopulations as those 
having 1000 or more individuals distributed in inter- 
dependent bands of 100 or less sheep. Several of these 
populations should approach at least 100. 

Beginning in 1993, the federal land manage- 
ment agencies formally committed themselves to 
ecosystem management (USDA 1993, USDI 1993, 
USDI 1994). As a part of this commitment, the 
BLM, the U.S. Forest Service, and the Natural Re- 
sources Conservation.Service (NRCS) (formerly 
the Soil Conservation Service) joined in an effort 
to establish a national hierarchical framework of 
ecological units to be used in land use planning 
and ecosystem management. 

From 1993 through 1995, the Bureau coordinated 
development of the interagency publication Moun- 
tain Sheep Ecosystem Management Strategy in the 
11 Western States and Alaska (USDI 1995). Part of 
the preparation of this document required updated 
maps of mountain sheep distribution for the western 
United States. The authors were asked to compare 
these distributions to the aforementioned ecological 
unit map boundaries being reviewed to determine 
those that most accurately coincide with mountain 
sheep distribution. In this paper, we report the re- 
sults of this comparison for desert mountain sheep. 
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METHODS 

Desert mountain sheep distribution throughout 
California, Nevada, Arizona, Utah, Colorado, and 
New Mexico were used in this comparison. 

Four different sources for ecological units or 
ecoregion mapping were reviewed: 1) Physi- 
ographic Regions (Brown and Kerr 1979); 
2) Ecoregions of the Conterminous United States 
(Omernik 1993); 3) Ecoregions and Subregions of 
the United States (Bailey et. al. 1994); and 4) the 
Major Land Resource Areas (MLRA) of the United 
States as mapped by the NRCS. Brown and Kerr 
(1979) were not used past the preliminary stage. 
Negotiations began on merging the three latter 
sources into one ecoregion map acceptable for 
ecoregion and ecosystem planning. One additional 
step was to determine if the resulting ecological 
units would be large enough to account for man- 
agement of wide-ranging wildlife species. The first 
comparison focused on desert mountain sheep. 

A visual comparison of the distribution data 
plotted separately over each ecological unit map 
was completed using the desert mountain sheep 
population/metapopulation data and the ecoregion 
maps (Figures 1-3). 

RESULTS 

Desert mountain sheep distribution did not ac- 
curately match any of the ecological unit maps. 
Ecoregions developed by Omernik (1993) (Figure 
1) provided the closest fit for mountain sheep habi- 
tat followed by MLRAs (NRCS 1993) (Figure 3). 
The ecoregions mapped by Bailey et. al. (1994) 
(Figure 2) more accurately matched mountain sheep 
habitat than the nested subregions. 

DISCUSSION 

Ecoregion and subregion boundaries are delin- 
eated using climate, physiography, soils, hydrology, 
and potential natural communities (Bailey et. al. 1994, 
Omernik 1993). MLRA boundaries include geo- 
graphically associated land resource units, that iden- 
tify nearly homogeneous areas of land use, elevation, 
topography, climate, hydrology, potential natural veg- 
etation, and soils (NRCS 1993). 

Desert mountain sheep occupy those areas that 
provide for their habitat requirements. Topogra- 
phy is the principal habitat component that is fixed 
in the physiographic landscape. Habitat for moun- 
tain sheep can be found on both sides of the moun- 
tain, whereas many of the ecoregion, subregion, and 
MLRA boundaries follow watersheds and hydro- 
logic basins. More important, however, than de- 
termining why metapopulation boundaries and 
ecoregion boundaries do not coincide is ensuring 
that ecosystem management is carried out properly 
when addressing mountain sheep. 

A major problem in managing ecosystems cou- 
taining large, wide-ranging wildlife species is that the 
defined boundaries frequently are not large enough 
to provide adequate habitat (Bailey 1992, Gmmbine 
1994, Noss and Coopemder 1994). Bailey (1992) 
and Grumbine (1994) also recommend that geopo- 
litical houndaries not be a consideration and that all 
agencies involved work for themutual benefit of eco- 
system and mountain sheep management. 

As demonstrated, ecosystem management that 
includes desert bighorn sheep will require estah- 
lishing boundaries other than those provided on 
current ecoregion maps. The authors recommend 
that land management agencies establish ecosys- 
tem management boundaries that accurately reflect 
the habitat requirements of desert mountain sheep 
metapopulations. Use of this approach will require 
a case-by-case analysis rather than attempting to 
predefine boundaries for every management or 
planning situation. To aid land management agen- 
cies in this effort, the authors further recommend 
that those agencies concerned with the management 
of desert mountain sheep complete consolidation 
of the bioregion maps provided for the interagency 
publication Moi~ntain Sheep Ecosysten~ Manage- 
ment Strategy in the 11 Western States and Alaska. 
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Figure I .  Desen nzountoin sheep distributiorz in relation to ecoregions of the contermirlous United States 
(On~ernik 1993). 
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Figure 2. Desert n~ountain sheep distribution in relation to ecoregions and subregions of the United States 
(Bailey et al. 1994). 
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Figure 3. Desert nzountain sheep distribution in relation to Major Land Resource Areas (MLRAs) of the 
United States (Natural Resources Conservarion Service 1993). 
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POPULATION DENSITY OF DESERT BIGHORN IN NORTHERN BAJA CALIFOR- 
NIA, MEXICO (CARADAS ARROYO GRANDE AND JAQUEJEL) 
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Ensenada, B.C., MCxico 

Abstract: The population density and habitat characteristics of desert bighorn (Ovis canadensis cremnobates) 
were evaluated in 900 km' area in northeastern Baja California (Caiiadas Arroyo Grande and Jaquejel) during the 
summer and autumn of 1992. Line transect sampling was used to obtain population densities of 0.203 bighorn1 
km2 for summer and 0.145 bighorn/km2 for autumn. The observed population ratios (ram:ewe:lamb) were 
7 1: 100: 11 for summer and 50: 100:5 for autumn. Bighorn were most commonly observed in rough (>60 percent), 
steep (>33 percent) terrain around the watering holes. Low correlations between number of bighorns observed 
and the mean water close distance (MWCD) were registered in summer (r=0.287) and autumn (r=0.235) of 1992. 

Key Words: Baja California, bighorn estimation, MCxico, Ovis canadensis cremnobates, desert bighorn. 
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INTRODUCTION 

Desert bighorn (Ovis canadensis cremnobates) 
were once abundant in the arid mountains of east- 
ern Baja California, Mtxico (Monson 1980); how- 
ever, their current population densities along the 
range of native distribution have been reduced due 
to habitat alteration and fragmentation (Graham 
1980), competition for natural resources from do- 
mestic and feral livestock (e.g., goats and cattle; 
Jones 1980, Smith and Krausman 1988), illegal 
hunting, excessive harvest or poaching, recreational 
activities (i.e., tourism), and the occurrence of wild, 
free-roaming burros (Graham 1971, Ferrier 1974, 
Golden and Tsukamoto 1980). 

The desert bighorn in Mexico was historically 
protected from 1922 to 1933 (Salas 1969, Hansen 
1980), and from 1944 to 1963, when hunting was pro- 
hibited (Salas 1977). This prohibition prevailed for 
about 4 decades. In 1964, the Mexican federal gov- 
ernment authorized limited experimental hunting of 
desert bighorn in order to regulate the rate of exploi- 
tation (Jaramillo-Monroy and Castellanos-Vera 1992). 
Between 1975 and 1987, the management of desert 
bighorn was conducted by the Secretariade Desarrollo 
Urbano y Ecologia (SEDUE). During 1988, SEDUE, 
in collaboration with Universidad Aut6noma de Baja 
California (UABC), made a survey called "Estudio 

de poblaci6n e histopatol6gico del borrego cimarr6n 
del desierto en el Estado de Baja California" during the 
1986 and 1987 hunting seasons(SEDUE-UABC 1988, 
unpublished). But, their analyses wereexclusively based 
on individuals seen or killed during hunting expeditions. 
They saw 2101 bighorn in 10 hunting localities with an 
observed population ratio (ram:ewe:lamb) of 59: 100: 12. 
Based on these results, the number of permits for hunt- 
ing desert bighorn in Baja California was reduced in 
1988 from 73 to 33. 

In that same year, the Consejo Nacional de la Fauna, 
A.C. (CNF) began a management program and the first 
telemetric studies for the desert bighorn in Baja Califor- 
nia (DeForge et al. 1988). 

In 1990, because of the strong controversy regard- 
ing the current status of desert bighorn in Baja Califor- 
nia, Mexico's federal government declared the desert 
bighorn protected until the UABC evaluated the current 
population status (Diario Oficial, MCxico, 24 de 
Diciembre. 1990. vol. 11, num. 12., pages 32-33). Re- 
cently, DeForge et al. (1993) estimated that peninsular 
bighorn in northern Baja California, MCxico, numbered 
between 780 and 11 70 adults. 

This study was designed to quantitatively evalu- 
ate the population density of the desert bighorn during 
the summer and autumn of 1992 in one of the most well- 
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known hunting areas of northern Baja California, 
Mexico, where the population might unfortunately be 
exposed to potential anthropogenic impacts. 

We wish to express our sincere thanks to 
SEDESOL and the field guides, A. Aguiar, M. Davis, 
G. Torres, T. SBnchez, and to the biologists, R. Reyes, 
J. Ramirez, M. Ayala, J. Morales, J.L. Cadena, F. Cota, 
A. Gerardo, J. Escamilla, and J. Alaniz, for their valu- 
able assistance with the samplings. Also, to F. 
Clemente for advisory support and valuable comments 
on the project. J. DeForge and R. Valdez made com- 
ments helpful to our manuscript. This study was sup- 
ported by the contract 8472 SEDESOL-UABC. 

STUDY AREA 

The study area (900 km2) is located around two 
perennial streams (Caiiadas Arroyo Grande and 
Jaquejel) in northern Baja California, Mexico, within 
the geographical coordinates: 31°21 '03", 31 '37' 16" 
N and 115"31'39", 115"12'52" W (Figure 1). This 
area is bounded on the north by the sierraLas Tinajas, 
on the south by the sierra San Felipe and Valle Santa 
Clara, on the east by the sierra Las Pintas and Llano 
El Chinero, and on the west by the eastern slopes of 
the Sierra JuSlrez. The study site is surrounded on its 
south and east sides by Highways 3 and 5, respec- 
tively. A four-wheel-drive road crosses almost the 
entire length (west-east) of the study area (CETENAL 
topographic maps, 1:50,000). This area is part of the 
Lower Colorado River Valley subprovince (Shreve 
and Wiggins 1964, Turner and Brown 1982). Its cli- 
mate is dry desert type or BW(h1)hs(x')(e') (Garcia 
198 1). Mean annual precipitation and temperature is 
68.3 mm and 21.9 "C, respectively (Lbpez-Saavedra 
1991). The mean temperature ranges between 12°C 
and 48°C (Turner and Brown 1982). Rains are fre- 
quently recorded in winter and temperatures never 
fall below 0°C (Lbpez-Saavedra 1991). 

The mountain range in the study site exhibits gra- 
dients of altitude with east-west directions and with 
elevations ranging between 400 m (riparian habitats) 
and 1600 m (Cerro de la Noche or Witiiian), as well 
as the east slopes of Sierra JuBrez (ca. 1000 m). The 
mountains are mainly composed of volcanic rocks of 
intrusive and extrusive origin, and rocks of sedimen- 
tary type are observed at some sites of Sierras Las 
Tinajas and Las Pintas (Gastil et al. 1975). 

The most representative plant species in the study 
area are Western Honey Mezquite, Ironwood, Blue Palo 
Verde, Desert Willow, Catclaw Acacia, Anderson 
Thornbush, Broom Baccharis, Creosotebush, White 
Bursage, Ocotillo, Brittlebush, and Foothill Palo Verde 
(Turner and Brown 1982, Delgadillo 1992). 

METHODS 

This study was conducted between July and De- 
cember 1992 in an area of 900 km2 (30 x 30 km) in 
northern Baja California (Figure 1). We divided this 
area into four plots of 225 km2 each. Each plot was 
then systematically divided into five, 15 km-long and 
3 km-wide transects, which were sampled twice (sum- 
mer and autumn). The sampling design was based on 
Burnham's et al. (1980) line transect sampling 
method. The samplings were made walking approxi- 
mately 5 krnlday. The perpendicular distance to the 
line of each bighorn detected was calculated using 
the sighting angle and distance. All assumptions of 
Burnham's method were considered during the field 
samplings. Data obtained in the line transect sam- 
plings were analyzed with the DISTANCE program 
(Laake et al. 1994) to estimate the population density 
in the study area. Physiographic and ecological char- 
acteristics of the habitats were evaluated according 
to the criteria of Geist (1971), Monson and Sumner 
(1980), Burnham et al. (1980), and McCarty (1993). 

The topographic cover (steepness, ruggedness, 
and aspect) and water sources (type, size, and dis- 
tance) were registered along each transect surveyed 
(McCarty 1993). Terrain ruggedness was visually 
estimated within a 100 m radius at different points of 
the transect. The average terrain steepness, as well 
as distances to water sources, was obtained from 
CETENAL topographic maps (scale 1 :50,000). 

RESULTSAND DISCUSSION 

During the summer, 85 desert bighorn were seen 
along 25 groups, averaging 3.3 bighorn per group. 
Based on a line-transect model (Laake et al. 1994), 
we estimated a population density of 0.203 bighorn1 
km2 (N=183 adult bighorns, Table 1A) for summer. 
Bighorn sightings included 33 rams (class I=4, class 
II=6, class III=10, and class IV=13), 46 adult ewes 
(22 years), 5 lambs, and 1 yearling female, resulting 
in a ratio (ram:ewe:lamb) of 71 :100:11 (Table 2). 
During the autumn, a total of 35 bighorns were ob- 
served in 10 groups, averaging 3.5 bighorns per group. 
The estimated density was 0.145 bighornhz (N=l3 1 
adult bighorn, Table 1B). Bighorn sightings in autumn 
were less than in summer, which included 11 rams 
(class I=O, class II=3, class III=4, and class IV= 4). 
22 adult ewes (22 years), 1 lamb, and 1 yearling fe- 
male, resulting in a ratio (ram:ewe:lamb) of 50: 1005 
(Table 2). 

Bighorn sightings were not statistically different 
(p> 0.05) between summer and autumn (t-student's 
test, t=2.04) and among plots (one way-ANOVAtest, 
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F=2.06), which suggests a homogeneous distribution 
of the individuals along the study area during both 
seasons. However, the number of individuals within 
plots (among transects) was significantly different 
(F=2.86, p<0.05), likely as a consequence of hetero- 
geneity among transects regarding the presence and 
proximity of watering holes (Leslie and Douglas 1979, 
Douglas 1988, Wakeling and Miller 1990). A paired 
t-test for plots showed a significant difference only 
for plot III (t=2.8 18, p=0.048). Therefore, Pearson's 
correlation test showed no statistical differences be- 
tween the number of bighorns observed per transect 
and the mean water close distance (MWCD), either 
in summer (r=0.287, p=0.455, Table 3A) or autumn 
(r=0.235, p=0.611, Table 3B). These low correlations 
suggest that occurrence of desert bighorn within plot 
111 (transects 2-4 and 5) was independent from the 
distribution of water sources, since biannual rainfalls 
(summer and winter) are frequently registered in the 
northeast of Baja California and particularly in the 
Lower Colorado River Valley subprovince (Garcia 
198 1, Turner and Brown 1982, Lbpez-Saavedra 199 1, 
Delgadillo 1992). In addition, Krausman and Leopold 

(1986) suggested that free water was not a limiting 
factor for desert bighorn in Harquahala Mountains, 
Arizona. 

The estimated population density of desert bighorn 
for the summer of 1992 (0.203 bighornlkmz cf. Table 1) 
in northern Baja California (Caiiadas Arroyo Grande and 
Jaquejel) was slightly lower than that observed during 
the spring of 1992 for this same region (0.206 bighod 
krn2 area=740 k d ,  N= 153; aerial survey, DeForge et al. 
1993). The observed ratios and densities in the study area 
were similar for summer and autumn seasons, which might 
indicate few movements of the individuals beyond the 
plots surveyed. 

During the field samplings, the desert bighorn were 
observed equally distributed along the plots; however, 
these were more frequently seen in altitudes between 
500 m and 700 m where the terrains are very rough 
(>60 percent) and steep (>33 percent). 

Finally, we recommend that the population density 
and structure of the desert bighorn, as well as their habitat 
requirements, be evaluated throughout range in the pen- 
insula of Baja California in order to determine its current 
conservation status and their pe~spectives for management. 



1995 DESERT BIGHORN COUNCIL TRANSACTIONS 

ESTADO DE BAJA CALIFORNIA i 
S C A L E  I:  1'ooo,000 

3 9. 

IERRA CALAMAJUE 

Figure 1. Location of the study area in northeastern Baja California, Mkxico. 



1995 DESERT BIGHORN COUNCIL TRANSACTIONS 

Table IA. Summary of estimated population density of desert bighorn in summer of 1992 for 900 knz2 in 
northern Baja California, Mkxico. 

95 Percent 
Point Standard Percent Coef. Confidence Interval 

Parameter Estimate Error of Variation LCL UCL 
- - 

f(0) 0.3 529E-02 0.9486E-04 6.2 0.135 1E-02 0.1729E-02 
P 0.602 1 0.3736E-01 6.2 0.5322 0.68 1 1 
ESW 654.2 40.60 6.2 578.2 740.1 
n L  0.2667 0.2981E-01 11.2 0.2143 0.3318 
D 0.2038 0.2606E-01 12.8 0.1588 0.26 16 
N 183.0 23.46 12.8 143.0 235.0 

- - -- 

Measurement Units 
Density (D): bighornslsquare kilometer; p: probability of detection 

Table IB. Summary of estimated population density of desert bighorn in autumn of 199.2 for 900 km2 in 
northern Baja California, Mkxico. 

Point Standard Percent Coef. 95 Percent 
Parameter Estimate Error of Variation Confidence Interval 

- - - -- - - -- -- - 

f(0) 0.2365E-02 0.2271E-03 9.6 0.1947E-02 0.2872E-02 
P 0.5644 0.5420E-0 1 9.6 0.4647 0.6854 
ESW 422.8 40.61 9.6 348.2 513.5 
n L  0.1233 0.2028E-0 1 16.4 0.8955E-01 0.1699 
D 0.1458 0.2777E-0 1 19.0 0.1008 0.2111 
N 131.0 24.99 19.0 91.00 190.0 

Measurement Units 
Density (D): bighornslsquare kilometer; p: probability of detection 

Table 2. Summary of desert bighorn by age class observed during samplings on foot (line transect method) in 
northern Baja California, Mkxico (area surveyed=900 km2, date: July to December 1992). 

Ram Class Yrlgs. Rams Lambs 
1100 1100 

Season 1111111~ EwesLambs M F Total Ewes Ewes 

Summer 4 6 10 13 4615 0 1 85 7 1 11 

Autumn 0 3  4 4 221 1 0 1 35 50 5 
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Table 3A. Mean water close distance (MWCD) registered by transect, using bighorn sightings (n22) during 
summer of 1992. 

Pt n MWCD SD r P 

P = Plot; t = Transect; r = Pearson's correlation coefficient; p = Level of significance 

Table 3B. Mean water close distance (MWCD) registered by transect, using bighorn sightings (n22) during 
autumn of 1992. 

n MWCD SD r P 

P = Plot; t = Transect; r = Pearson's correlation coefficient; p = Level of significance 
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POPULATION DYNAMICS OF PENINSULAR BIGHORN SHEEP IN THE SANTA 
ROSA MOUNTAINS, CALIFORNIA, 1983-1994 
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Abstract: Fall (1983-1994) helicopter surveys of Peninsular bighorn sheep (Ovis canadensis cremnobates) in the 
Santa Rosa Mountains (SRM) of Southern California were used to determine annual population estimates and 
dynamics. Age structure and sex ratio data, as well as maintenance recruitment ratios for population stability, were 
also examined. During these 12 years, ram:ewe:lamb:yearling ratios averaged 44.9: 100:25.2: 17.4. Long-term sup- 
pressed recruitment following a disease epizootic in the late 1970s caused a 69.1 percent population decline from 
374.0 + 10 adult bighorn in 1984 to 115.5 + 24 in 1994. Spatial analysis showed that the decline occurred through- 
out the SRM. The bighorn population decreased at an average annual rate of 17.8 percent from 1984 to 1990, then 
stabilized at a density of only 0.15 bighornlkm2. 

Key Words: Chapman estimator, demography, helicopter survey, Ovis canadensis cremnobates, Peninsular big- 
horn, population dynamics, population estimate, recruitment, Santa Rosa Mountains. 
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INTRODUCTION 

The Santa Rosa Mountains (SRM) of Riverside 
and San Diego counties once were thought to sup- 
port the largest and densest desert bighorn sheep (Ovis 
canadensis) population in California (Weaver and 
Mensch 1970). This range comprises 48 percent of 
the current and historic Peninsular bighorn (0.c. 
cremnobates) habitat in the United States (Peninsu- 
lar Ranges Coordinated Bighorn Sheep 
Metapopulation Ecosystem Plan, September 22, 1995 
Draft). Field studies, waterhole counts, or helicopter 
surveys (beginning in 1977) provided the basis for 
subjective bighorn population estimates of 350 in 
1953 (Jones et al. 1957), and 500 bighorn in 1967 
(Blong 1967), 1970 (Weaver and Mensch 1970). and 
1974 (Weaver 1975) in the SRM. In 1970, the Santa 
Rosa bighorn population was described as stable or 
possibly increasing, with good recruitment (Weaver 
and Mensch 1970). However, since 1977, a popula- 
tion decline has occurred in this range, correlated with 
a disease epizootic causing high lamb mortality 
(DeForge and Scott 1982, DeForge et al. 1982, 
Wehausen et al. 1987, Elliott et .al. 1994). A fall 
1amb:ewe ratio of only 1 1.1 : 100 was documented for 

the SRM in 1977, with subsequent years producing 
similarly low recruitment ratios (DeForge et al. 1982, 
DeForge and Scott 1982, DeForge 1984, Wehausen 
et al. 1987). From geographic analysis of pathogen 
exposure frequencies of bighorn sheep in California, 
Elliott et al. (1994) found that the southwestern re- 
gion of the state, occupied by the Peninsular popula- 
tions, had the highest prevalence values for a major- 
ity of the individual pathogens tested for, and the high- 
est level of multiple pathogen exposure. 

Peninsular bighorn sheep have been classified as 
Rare, and then Threatened, by the California Fish and 
Game Commission since 1972, and were formally 
proposed for listing as a federally endangered spe- 
cies by the U.S. Fish and Wildlife Service in 1992 
(1992 Federal Register, Vol. 57,90: 19837-19843). As 
part of a comprehensive bighorn demography study 
and investigation of the population decline docu- 
mented in the SRM, we conducted annual fall heli- 
copter surveys from 1983-1 994 and additional spring 
surveys from 1983-1986. These surveys were de- 
signed to collect demographic and distribution data. 
Here we examine the dynamics of population size, 
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recruitment, age structure, and sex ratios for the SRM 
as a whole and spatially from 1983-1994. 

We thank Mr. and Mrs. R.W. Agee and the Rogers 
Foundation, B.S. Howard, D. Stockton, the Home- 
land Foundation, and The City of Rancho Mirage for 
funding this project. The dedication and hard work 
of D.A. Jessup of the California Department of Fish 
and Game (CDFG) and J.E. Scott are greatly appre- 
ciated. Helicopter pilots M. Cain of Skydance Op- 
erations and the late D. Landells of Landells Aviation 
are recognized for their special talents that greatly 
enhanced the quality of our surveys. We thank J.D. 
Wehausen for his extensive review of this manuscript 
and many helpful suggestions, as well as R. Valdez 
for his constructive comments. We also thank the 
CDFG, Anza-Borrego Desert State Park, and the Bu- 
reau of Land Management, as well as the many other 
friends and loyal supporters of Bighorn Institute, who 
made this long-term study possible. 

STUDYAREA 

The SRM extend 56 km southeast from Palm 
Springs, California, into Anza-Borrego Desert State Park 
(Figure 1). Ranging in elevation from 75-2657 m, the 
SRM are the westernmost extension of the Colorado 
Desert division of the Sonoran Desert (Ryan 1968). 
Topography varies from low hills to steep, rocky es- 
carpments and eroded canyons, creating much desir- 
able bighorn habitat. Toro Peak (2657 m) is the high- 
est peak in the SRM; however, bighorn are usually 
found below 1212 m (Weaver and Mensch 1970). 
Natural springs are scattered throughout the range, 
with perennial water most abundant in the central 
portion. Land ownership in the SRM is in a checker- 
board pattern shared by the private sector, the Bureau 
of Indian Affairs, the Bureau of Land Management, 
the State of California, the U.S. Forest Service, and 
city and county governments. Bighorn habitat in the 
northern SRM (north of Highway 74) is fringed with 
urban development. Since 1985, a total of 60 (28M, 
32F) adult Peninsular bighorn have been released from 
captivity (Bighorn Institute, Palm Desert, California) 
into the northern end of the SRM to augment a de- 
clining subpopulation in this portion of the range. The 
southern end of the range, which extends into 
Anza-Borrego Desert State Park, is more secluded 
from urbanization, but is frequented by hikers. 

Dominant plant species in bighorn habitat include 
creosote bush (Larrea tridentata), brittle-bush (Encelia 
farinosa), burro-bush (Ambrosia dumosa), golden 
cholla (Opuntia echinocarpa), buckhorn cholla 
( 0 .  acanthocarpa), barrel cactus (Ferocactus 
acanthodes), agave (Agave deserti), and Mojave 

yucca (Yucca schidigera) (DeForge and Scott 
1982). Annual rainfall is highly variable, with 
averages fo r  1983-1994 of 19.8 cmlyr  a t  
Anza-Borrego Desert State Park in the south- 
ern end of the range, and 15.5 cmlyr at the Uni- 
versity of California Boyd Deep Canyon Desert 
Research Center in the northern portion of the 
range (Western Regional Climate Center, Reno, 
Nevada 1994). 

METHODS 

Annual fall surveys of the SRM were conducted 
on consecutive days in mid to late October from 
1983-1 994 with the exception of 1987 and 1994, when 
due to logistical constraints, a part or all of the sur- 
veys were performed i n  early November. In 
1983-1986, additional surveys were conducted in late 
April to midJune. Surveys were initiated in the south 
end of the range and proceeded north, systematically 
flying all potential bighorn habitat. The range was 
divided geographically into three main sampling units: 
1) southern: Anza-Borrego Desert State Park; 2) cen- 
tral: north of Anza-Borrego Desert State Park, in- 
cluding Dead Indian Canyon; and 3) northern: north 
of Dead Indian Canyon. This 765 km2 area was flown 
at 100-150 m contour intervals, up to approximately 
1750 m elevation, following the same basic flight 
pattern each survey. We used a Bell 206B-3 helicop- 
ter during 1983- 1986 and a Hughes 500-D after 1986. 
One pilot flew the 1983-1985 surveys, a different pi- 
lot was used in 1986, and a third pilot was used for 
the eight most recent fall surveys. Three observers 
accompanied the pilot at all times, and the doors of 
the helicopter were removed to facilitate optimum 
visibility. Observers were rotated as needed at 1.5-2.0 
hour intervals to reduce fatigue. As many of the same, 
experienced observers as possible were used on the 
surveys to maximize sighting probabilities and clas- 
sification accuracy. Survey length varied from 10.0 
to 17.5 hours (51=13.7, SD=2.1), resulting in flight 
intensities of 0.8 to 1.4 minlkm2. 

Data collected included group size, sex and age 
classification, location, and elevation. When bighorn 
were sighted, the helicopter was maneuvered to en- 
sure accurate counting and classification. We used a 
modified version of Geist's (1971) classification sys- 
tem (Class 11-IV rams, ewes, yearling males, year- 
ling females, and lambs). Bighorn locations were re- 
corded on topographic maps at the time of the sighting. 
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Chapman Estimator 

We used Chapman's (1951) modification of the 
Lincoln-Petersen estimator of population size because 
it assumes sampling without replacement (Seber 1970, 
1973) and is recommended for use with two capture 
occasions (White et a1.2982). Annual adult bighorn 
population estimates (N) were determined from fall 
surveys using Chapman's estimator as: 

with the following approximately unbiased estimate 
of variance: 

where nl is the number of adult animals marked, 
n* is the total number of adult animals observed, and 
m2 is the number of adult marked animals observed 
during the survey. y e  constructed 95 percent confi- 
d p c e  intervals as N + (1.96) SE, where SE = var 
(N)0.5. Assumptions of the mark-resighting technique 
are: (1) marked and unmarked animals have equal 
sighting probabilities; (2) marked and unmarked ani- 
mals are correctly classified; (3) marked animals are 
randomly distributed throughout the population, or 
at least resighting effort is randomly distributed 
throughout the population; (4) each animal has an 
equal and independent probability of being resighted; 
(5) the number of marked animals in the population 
is known; and (6) the population is geographically 
and demographically closed (Bear et al. 1989). 

From 1983- 1992, radio-collared bighorn (Table I) 
in only the northern Santa Rosa Mountains (NSRM) 
were available for use as marked animals (n,) for 
determining population estimates. In 1993, four of 
the collared bighorn were in the southern end of the 
range, and in 1994,42 collared bighorn were distrib- 
uted throughout the SRM. The number of marked 
bighorn in the study area was confirmed by radiote- 
lemetry prior to surveys. 

We used the Chapman estimates for all subse- 
quent analyses requiring population estimates, and 
1984 was used as the initial year in  long-term trend 
analysis in an effort to avoid fluctuations caused by 
sampling variation in  the early years of this study. 
The 1986 estimate was dismissed as an outlier be- 
cause only 32.3 percent of the collared sheep were 
observed, which is outside the 99.9 percent confidence 
interval for the proportion of collared sheep seen in 

all other years. Density was calculated using the to- 
tal area surveyed (765 km2) and catch per unit effort 
(CPUE) was calculated as the number of adult big- 
horn seen per hour of helicopter survey time. Popu- 
lation age structure was determined from ram size/ 
age classes. Annual ewe population estimates were 
determined using the Chapman estimator and the 
number of collared ewes seen each survey. 

Comparison Population Estimates 

To create a bound for our Chapman estimates, 
annual bighorn population estimates were also cab 
culated using three other methods (Table 2). First, to 
increase the sample size of marked animals in the 
Chapman estimator, we used the known number of 
adult bighorn, both marked (collared) and unmarked, 
in an intensively monitored subpopulation in the 
NSRM, as the "marked" (nl) individuals. Second, 
the cumulative general correction factor (CGCF) of 
1.831, determined from the total number of collared 
animals seen compared to the total number of col- 
lared animals present for all 12 years combined, ex- 
cluding 1986 (1 83/335), was applied to the total num- 
ber of adult bighorn seen in each of the surveys. Third, 
we generated population estimates using the 1994 gen- 
eral correction factor (GCF) of 1826 when sheep were 
collared throughout the range. 

Spatial Analysis 

The northern, central, and southern SRM were 
examined separately to determine the extent of the 
decline and differences in demography in each geo- 
graphical sampling unit. These subunits were delin- 
eated to separate regions in the farthest southern and 
northern extensions of the range in which regular 
ground monitoring of bighorn subpopulations has 
been conducted, as well as to distinguish the NSRM 
as the only region where augmentation has occurred 
within the SRM. 

Annual population estimates were calculated for 
the three sections using the Chapman estimator equa- 
tion with the number of adult bighorn seen in the Sam- 
pling area and the proportion of collared bighorn seen 
during the entire SRM survey each year. We were 
unable to determine confidence intervals due to small 
sample sizes. Densities were determined using the 
following area estimates: northern, 148.1 km*; cen- 
tral, 428.6 km2; and southern, 188.3 km*. The 
Friedman test (Hollander and Wolfe 1973) was used 
to test for statistical differences in 1amb:ewe ratios 
among areas. 
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RESULTS 

A total of 1556 bighorn were recorded in  164.3 
hours of flight time during the 1983- 1994 fall sur- 
veys. The number of bighorn observed per survey 
varied from 209 in 1984 and 1986, to 73 in 1990 
(Table 1). Bighorn were seen at elevations between 
33-1676 m, in group sizes varying from 1 to 16 
(?=3.3, mode=l). Excluding 1986, an average of 
54.4 percent of the collared sheep were observed 
each survey, (SD=12.2, range=45.8 percent to 69.9 
percent). Since 1984, an average of 58.1 percent of 
all collared ewes and 50.0 percent of all collared rams 
were observed each year. Coefficients of variation 
for individual population estimates, excluding 1986, 
ranged from 10.6 percent to 19.4 percent (f=14.0, 
SD=2.8). All four techniques used to estimate the 
SRM bighorn population produced similar numbers 
and trends (Table 2). 

fall 1amb:ewe ratios (Figure 4). However, the lack of 
rams classified as yearling age in 1983 or 1984, and 
the unbalanced cumulative yearling ram:yearling ewe 
ratio of 150.0: 100 implies that classification error may 
have occurred. 

Age Structure 

Sizetage classes of rams averaged 19.3 percent 
(SD=14.3) yearling, 24.2 percent (SD=5.8) Class II, 
25.8 percent (SD=12.4) Class 111, and 30.8 percent 
(SD=9.9) Class IV, over the 12 years (Figure 5). In 
1985-1 989,40.0 to 47.6 percent of the rams observed 
during the surveys were yearling or Class 11; whereas, 
in 1990 only 19.2 percent of the rams were in these 
size classes. The percentage of young rams (yearling 
or Class 11) steadily increased from 36.8 percent in 
1991 to 76.2 percent in 1994 (Figure 5). 

Sex Ratios 
Population Trend 

From 1984-1994, the SRM population showed 
two phases: the decline phase up to 1990, with an 
annual decline rate of 17.8 percent, and the stable 
phase from 1990-1994 (Figure 2). Chapman adult 
population estimates declined 69.1 percent from 1984 
to 1994. Similarly, the total number of adult bighorn 
observed per survey and CPUE declined 64.2 per- 
cent and 53.3 percent (Figure 3), respectively, over 
the same period and the number of ewes seen per sur- 
vey dropped 67.9 percent from 13 1 to 42 (Table 1). 
The number of ewes seen each survey decreased at a 
rate of 17.3 percent per year between 1984 and 1990, 
whereas this number increased at 0.6 percent per year 
from 1990-1994. The trend of the ewe population 
estimates corresponds with the trend of the entire adult 
bighorn population (Figure 2). Estimated bighorn 
sheep density declined from 0.49 bighornkm2 in 1984 
to 0.15 bighornlkmz for 1990-1 994. 

Recruitment 

Fall 1amb:ewe ratios for the SRM ranged from 
12.8 to 5 1.3 lambs: 100 ewes (Z325.2, SD=10.6) for 
1983-1994 (Figure 4). Between 1983 and 1990, 
1amb:ewe ratios varied greatly but were generally low, 
averaging 21.3: 100. Lamb:ewe ratios were consid- 
erably higher from 1991-1 994, and averaged 32.8: 100 
(Table I). Our 1983- I986 fall surveys produced an 
average 1amb:ewe ratio of 25.4:100 (SD=6.9), 39.5 
percent lower than the average of 42.0 lambs: 100 ewes 
(SD=6.0) from spring helicopter surveys in those same 
years. The SRM averaged only 17.4 yearlings: 100 
ewes (range=5.2 to 33.3, SD=9.6) for 1983-1994 fall 
surveys, with the trend following the same pattern as 

Ram:ewe ratios ranged from 27.8: 100 to 61.5: 100 
(Z=44.9, SD=lO.O) for the 1983-1994 fall surveys 
(Table 1). During the 1983-1990 decline period, 
ram:ewe ratios averaged 49.7:100, while within the 
stabilization period they averaged 35.2:100 from 
1991-1994. For 1983-1 986, fall ram:ewe ratios av- 
eraged 44.4: 100, while spring surveys averaged 
35.8:100. In all fall surveys combined, 61.5 percent 
of all group sightings contained mixed sexes of adult 
sheep (31.3 percent of all sightings were single sheep) 
and 75.8 percent of all rams seen were with ewes. 

Spatial Analysis 

A comparison of the 1984 and 1994 fall estimates 
for each geographic sampling unit revealed popula- 
tion declines of 77.2 percent in the southern end of 
the SRM, and 71.1 percent in the central portion, but 
only 35.3 percent in the NSRM where 10 years of 
population augmentation has occurred (Figure 6). If 
the augmented bighorn existing in 1994 are excluded, 
the decline for the NSRM would be at least 81.3 per- 
cent, (assuming that no offspring were recruited from 
augmented sheep). Comparing density from 1984 to 
1994, the southern section had the largest decline (76.7 
percent) from 0.60 bighornlkm2 to only 0.14 bighorn1 
km2, unless augmented bighorn are excluded from 
the NSRM resulting in an 82.8 percent decline in den- 
sity over the 11 years, from 0.29 to only 0.05 big- 
homkn-12 in 1994. Bighorn density in the central SRM 
declined 34.1 percent, from 0.44 in 1984 to 0.15 big- 
hornkm2 in 1994. During the stabilization period 
from 1990- 1994, the Southern Santa Rosa Mountains 
(SSRM) had the lowest mean density of the three re- 
gions, at 0.12 bighorntkm? (range=0.08 to 0.16). 
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Density remained the most stable in the central SRM 
during those 5 years, ranging from 0.13 to 0.16 big- 
hornlkmz (%=0.15). With augmented bighorn in- 
cluded, the NSRM maintained the highest mean den- 
sity from 1990-1 994 of 0.21 bighornkm2 (ranges. 17 
to 0.30). 

Lamb:ewe ratios for the central and southern 
SRM averaged 30.6 (SD=11.3) and 27.6 lambs: 100 
ewes (SD=13.3), respectively, whereas, the NSRM 
averaged only 12.0 lambs: 100 ewes (SD=11.9) for 
the 1983-1994 fall surveys (Figure 7). These differ- 
ences were statistically significant (X2 = 1 1.79, 
P=.003). Year1ing:ewe ratios averaged the highest in 
the central portion of the range at 18.4: 100 (SD=13.1), 
followed by the south end at 15.9: 100 (SD=13.2), with 
the NSRM being lowest at 7.2:100 (SD=8.5) when 
augmented yearlings are subtracted. 

Average ram:ewe ratios for the different geo- 
graphic subunits increased north to south with 30.5 
rams:100 ewes (SD=14.9) in the NSRM, 47.8 
rams: 100 ewes (SD=12.7) in the central SRM, and 
50.4 rams: 100 ewes (SD=18.0) in the south. The larg- 
est decrease in ram:ewe ratios from 1984-1994 oc- 
curred in the SSRM from 5 1.5: 100 down to 9.1 : 100, 
when only one adult ram was seen in 1994-the low- 
est number of rams seen in any one section during 
our surveys. 

DISCUSSION 

Population Estimators and Model Assumptions 

Any bias caused by violation of mark-resight 
assumptions (Otis et al. 1978) in this study was con- 
sidered negligible. Although marked animals were not 
randomly distributed throughout the population in all 
years, we attempted to distribute our resighting effort 
evenly by surveying all potential bighorn habitat, and 
following the same flight pattern each year. The simi- 
larity of habitat, bighorn distribution, and survey in- 
tensity in the NSRM compared to the rest of the range, 
allowed us to make the important assumption that 
sighting probabilities are the same throughout the 
SRM. Because we had the largest number of col- 
lared animals in 1994 and they were distributed 
throughout the range, we consider this our most ac- 
curate survey. The semblance of the 1994 GCF and 
the CGCF suggests that having collared animals only 
in the NSRM from 1983-1992 did not significantly 
bias our population estimates and further indicates 
that sighting probabilities were uniform throughout 
the SRM. If age and sex classes have unequal and 
dependent resighting probabilities due to different 
behavioral responses to overflight, then the lack of a 
random sample of marked animals will affect the bias 

or precision of the estimator (Bear et al. 1989). Our 
marked animals were predominantly ewes; however, 
the average percentage of marked rams and ewes ob- 
served each year from 1984-1994 differed by only 
8.1 percent. 

The precision of mark-resight population esti- 
mates relies primarily on three parameters: 1) the 
number of marked animals in the population, 2) the 
proportion of marked animals resighted, and 3) the 
number of resighting flights (Bear et al. 1989, Brower 
et al. 1990). White et al. (1982) stated that the most 
effective means of improving the precision of an es- 
timate is to increase the sample size, which we ac- 
complished by using the known number of bighorn 
in the NSRM as the number of "marked" individuals 
in the Chapman estimator (Table 2). The CGCF was 
another technique used to increase sample size, but 
this method assumes that the survey intensity and 
sighting probabilities were constant over all years. 
Although these assumptions were violated, the CGCF 
population estimates provided a useful comparison 
that averaged the correction factors associated with 
our population estimates due to sampling variation. 
We were able to adequately satisfy the assumptions 
for the mark-resight technique, and the conformity 
of the comparison estimates (Table 2) shows the ro- 
bustness of our Chapman estimates. As White et al. 
(1982) suggested for reliable scientific studies, all 
coefficients of variation for individual population es- 
timates, excluding 1986, were <20 percent. 

Population Trend 

Although oscillations are present, the overall 
trend of our data from 1983 to 1994 shows that the 
SRM Peninsular bighorn population declined signifi- 
cantly and then stabilized (Figure 2). Substantial fluc- 
tuations in population estimates occurring in 
1983-1987 (Table I) may be attributed more to sam- 
pling variation due to the new pilots and aircraft used, 
than to actual changes in the population. The decline 
indicated by the Chapman estimates from 1989 to 
1990 may have been falsely exaggerated due to po- 
tentially high estimates in 1988 and 1989. Addition- 
ally, the 95 percent confidence limits for the 1989 
and 1990 population estimates almost overlap (Table 
1 ), showing that the actug population may have not 
changed as much as the N values alone indicate for 
those 2 years. 

Compared to past SRM estimates and 
Arizona's average 0.38-0.69 bighornlkmz 
(Remington 1993), the current stabilized bighorn 
density of 0.15 bighornlkm2 in the SRM is low. In 
1970, when density was approximately 0.66 big- 
hornlkmz in the SRM, Weaver and Mensch (1 970) 
referred to this range as some of the best and most 
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important bighorn habitat i n  California. Potential 
outcomes of disease(s) causing high lamb mortality 
are: (1) a reduced carrying capacity; (2) periodic dis- 
appearance causing substantial population dynamics; 
and/or (3) population extirpation (Anderson and May 
1979, May and Anderson 1979, Wehausen 1992). 
Further monitoring will help to determine if the SRM 
population is capable of increasing to its previous level 
of approximately 500 animals. 

Recruitment 

An estimate of the number of lambs surviving 
to yearling age can aid in predicting population dy- 
namics and determining which segrnent(s) of a popu- 
lation islare most susceptible to the active mortality 
factors (Caughley 1977, Hansen 1980, Remington 
1993). The period of depressed recruitment during 
our study (1983-1990) appears to be a continuation 
of the low recruitment documented in the SRM since 
1977, when an apparent disease epizootic occurred 
(DeForge and Scott 1982, Wehausen et al. 1987). 
The SRM fall 1amb:ewe ratios obtained through he- 
licopter surveys from 1977-1982 ranged from 8.5 to 
28.6: 100 and averaged 15.7 lambs: 100 ewes 
(DeForge and Scott 1982). In what may have been 
the conclusion of a disease epizootic, andor a den- 
sity dependent response following 14 years of poor 
recruitment, the population stabilized and recruit- 
ment ratios improved. 

Suppressed recruitment is expected following a 
pneumonia episode in bighorn sheep (Onderka and 
Wishart 1984, Foreyt 1990). Clinically healthy big- 
horn can shed pathogens and transmit disease to off- 
spring, but the rate of shedding probably diminishes 
over time (Foreyt 1990). Additionally, there appear 
to be host-parasite specific threshold densities, be- 
low which the disease cannot persist (Anderson and 
May 1979, May and Anderson 1979). Serological 
evidence of viral exposure, as well as isolation of 
parainfluenza-3 (PI-3), bluetongue (BT), epizootic 
hemorrhagic disease, and contagious ecthyma viruses 
from wild-caught, sick lambs from throughout the 
SRM, has been documented (Bighorn Institute un- 
published data). Seemingly healthy, free-ranging 
adult bighorn in the SRM have yielded serologic ti- 
ters to these four viruses, as well as isolation of PI-3 
virus and BT virus (DeForge et al. 1982; DeForge 
and Scott 1982; Turner and Payson 1982a, b; Big- 
horn Institute unpubl. data). The diseases that sup- 
pressed recruitment in the SRM may have shown a 
regulatory function through their abatement at the 
lower population density maintained from 1990-1994. 

Subjective recruitment data (gathered through a 
combination of hiking, waterhole counts, and heli- 
copter surveys) available since 1953 for the SRM 

(Wehausen et al. 1987), combined with data from this 
study, suggest a long-term cyclical pattern: at least 9 
years of suppressed recruitment from 1953- 1961, 15 
years of stable or increasing recruitment from 
1962-1976, 14 years of low recruitment from 
1977-1 990, and 4 years of stable or increasing recmit- 
ment from 1991-1994. 

Witham (1983) suggested lamb mortality in 
southwestern Arizona is minimal from 
December-March, highest in April-June and Septem- 
ber, and variable in October-November. Our data 
from spring and fall surveys in 1983-1986 indicate 
that significant lamb mortality occurs between April 
and October. High spring and summer lamb mortal- 
ity make fall helicopter surveys preferable over spring 
surveys for obtaining accurate recruitment ratios 
(Russo 1956, McQuivey 1978, DeForge and Scott 
1982, DeForge et al. 1993). 

Maintenance Recruitment Ratios 

Assuming that lamb survival is a driving force 
for population trends, some investigators have calcu- 
lated minimum recruitment levels needed to main- 
tain stable bighorn populations (McQuivey 1978, 
Wehausen et al. 1987, Remington 1993). McQuivey 
(1 978) calculated 26.5 lambs: 100 ewes as the require- 
ment for a static population in Nevada by assuming 
equal sex ratios at birth and estimating annual ram 
mortality. However, this method depended on accu- 
rately aging rams from a helicopter, and the unsup- 
ported assumptions of a stationary age distribution 
with almost no bighorn mortality between fall lamb 
and yearling age. Maintenance recruitment ratios are 
dynamic and fluctuate with mortality rates; they 
should be used with caution, especially when extrapo- 
lating to other populations or time periods. Our 12 
years of data illustrate this. 

Data from the NSRM in 1977-1982 suggested 
that 17.5 lambs:100 ewes were needed to maintain a 
stable ewe population (Wehausen et al. 1987). From 
1984-1994, the Santa Rosa bighorn population aver- 
aged 25.8 lambs:100 ewes, yet the ewe population 
declined 74.0 percent with a similar decline of 69.1 
percent for the entire adult bighorn population. 
Clearly, a considerably higher recruitment ratio would 
have been necessary to maintain a stable bighorn 
population during this time period. 

We applied a method used by Wehausen et al. 
(1987) for estimating the annual recruitment needed 
to maintain a constant ewe population based on the 
assumption of equal sex ratios at birth and compen- 
sating for change in the ewe population. Our 
1984- 1994 data indicate a 12.6 percent annual ewe 
decline rate (Wehausen et al. 1987 found a 3 percent 
annual decline rate for ewes during the 1977-1 982 
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period). To adjust for the assumed 50 percent male 
lambs at birth, the 12.6 percent annual decline in the 
ewe population is doubled, resulting in a 25.2 
lambs: 100 ewes compensation factor. Adding this to 
the average 1amb:ewe ratio from 1984-1 993 of 23.2 
lambs: 100 ewes shows that an annual fall recruitment 
ratio of 48.4 lambs: 100 ewes was needed to maintain 
a stable ewe population in the SRM during those years, 
assuming that all lambs survive to yearling age. Be- 
cause minimum recruitment levels needed to main- 
tain a population will change as mortality rates change, 
we found it more accurate to calculate minimum re- 
cruitment ratios for three separate time periods. The 
18.0 percent annual decline in the ewe population 
from 1984-1988 resulted in a 62.1 lambs: 100 ewes 
maintenance recruitment ratio, while the 28.0 percent 
per year ewe population decline in the 1988-1990 pe- 
riod would have required 73.5 lambs: 100 ewes to re- 
tain stability. The ewe population increased an aver- 
age of 2.5 percent annually from 1990-1 994, produc- 
ing a maintenance ratio of only 18.2 lambs: 100 ewes. 

Yearling survival, or more precisely the percent- 
age of fall lambs surviving to the subsequent fall, is 
also an important factor to be considered for popula- 
tion analysis, since mortality has been shown to be 
higher for the period from lamb to yearling than after 
yearling age (Cunningham et al. 1993). Our data from 
the SRM suggest that yearling mortality is signifi- 
cant and should be considered when determining mini- 
mum recruitment levels needed to maintain a stable 
bighorn population. Actual fall 1amb:ewe ratios nec- 
essary to balance adult mortality must be higher than 
those calculated above and by Wehausen et al. (1987). 
Due to the difficulty of accurately classifying year- 
lings from a helicopter, we did not determine a cor- 
rection factor to compensate for yearling mortality. 

Age Structure 

Prior to 199 1, the SRM had an abundance of old 
animals and a corresponding lack of young, typical 
of a population declining from poor recruitment. 
More recently, the population has shown an increas- 
ing proportion of young animals, characteristic of a 
growing population. Yearlings were the largest per- 
centage of rams in 1992-1994, corresponding with 
increased 1amb:ewe ratios for 199 1 - 1993. However, 
the concurrent marked decrease in Class IV rams af- 
ter 1991 may have partly caused the increased per- 
centage of yearling rams in 1992-1994. Although the 
actual number of rams in all age classes continued to 
decline over the 12-year period, the shift in age struc- 
ture after 1990 suggests that ram numbers may soon 
stabilize or increase, matching the recent trend of the 
ewe population. 

Sex Ratios 

Bighorn sheep sex ratios vary greatly, ranging from 
36-1 37 rams: 100 ewes for 18 studies in 7 localities within 
the United States (Buechner 1960). During the rut in 
1977, the estimated 64 rams:100 ewes in the NSRM 
was considered consistent with other unhunted bighom 
populations (Wehausen et al. 1987). Our average 
ram:ewe ratio (44.9:100) appears low for an unhunted 
population where poaching is not known to be a sub- 
stantial problem. The 1989-1990 peak in ram:ewe ra- 
tios suggests that the mortality agent(s) in that time pe- 
riod may have more profoundly affected the female seg- 
ment of the population. The lower average ram:ewe 
ratio from 199 1-1 994 (Table I) reflects that while the 
actual numbers oframs seen during the surveys had con- 
tinued to decline, the number of ewes seen per survey 
ceased to decline after 1990. 

Assuming equal sex ratios for lambs, variances in 
sex ratios of adult bighom are a result of differential 
mortality between rams and ewes, and sheep behavior 
and movement patterns favor female survivorship 
(McQuivey 1978). Despite some potential classifica- 
tion error, our 1983-1994 cumulative fall yearling 
ram:yearling ewe ratio of 150.0: 100 is very high com- 
pared to the adult rarn:ewe ratio of 44.9 for the same 
time period. This suggests that considerable ram mor- 
tality is occumng during the first 2 years of life, when 
mortality factors typically increase due to changes in 
social behavior and expanded movements associated 
with the rut. The fact that ruttingmovement occurs dur- 
ing periods of high ambient temperatures, low water 
availability, and reduced forage quality, and that move- 
ment renders bighorn more susceptible to disease expo- 
sure, predation, and accidents (particularly in areas bor- 
dered by urbanization), could partly account for the low 
ram:ewe ratio in this mountain range. From 199 1-1994 
alone, four rams and three ewes are known to have been 
struck and killed by automobiles in the NSRM, and six 
out of seven of these deaths occurred during the rut (Big- 
horn Institute unpubl. data). Sampling error in the form 
of missing ram pastures during the surveys could also 
potentially contribute to a low ram:ewe ratio, although 
the high proportion of mixed sex sightings suggests that 
our surveys were conducted in the height of the rut, when 
the number of ram bachelor groups would have been 
minimal. Overall, sex ratios from our survey data (Table 
1) suggest that ewes in the SRM have higher adult 
survivorship than rams. 

Spatial Analysis 

We recognize that the assumptions for the Chapman 
estimator were violated when it was used for calcu- 
lating regional SRM population estimates. However, 
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this estimator provided an annual correction factor to 
adjust for sampling variation and produced results that 
could be analyzed for changes in trend, while main- 
taining consistency with annual estimates for the en- 
tire SRM population. 

The declining trend from 1984 through 1990 and 
the following stabilization are apparent in all three 
regions, but the changes occurred in varying degrees 
in each area (Figure 6). The augmented NSRM popu- 
lation remained substantially more stable over the 
years than the other regions, although it gradually 
declined despite the addition of 60 adult bighorn. The 
two major highways bordering this portion of the 
range, and the urbanization at its northernmost ex- 
tension, create a higher potential for human-related 
bighorn mortalities than in the other regions. While 
the NSRM were maintained at a higher density, the 
southern and central portions of the range both stabi- 
lized at densities near 0.15 bighornlkm2. Lamb:ewe 
ratios were the highest for all survey years in all three 
areas in 1994, perhaps indicating an increasing popu- 
lation trend for the entire SRM if recruitment can more 
than replace adult mortality. 

CONCLUSION 

We have shown the dynamics of a bighorn popu- 
lation exhibiting low recruitment for a prolonged pe- 
riod following a disease epizootic, which resulted 
in a 69.1 percent decrease in the adult population. 
Long-term depressed recruitment (1 977- 1990) led 
to an old age population with characteristic high 
adult mortality. Improved recruitment after 1990 
caused the age structure to gradually shift to one 
dominated by younger animals, and allowed the 
population to stabilize at low numbers. The SRM 
bighorn population required approximately 13 years 
to stabilize following the disease outbreak in the late 

1970s. Spatial analysis indicated that this trend was 
experienced throughout the range. 

It is important to note that maintenance recruit- 
ment ratios cannot be generally applied to other popu- 
lations or time periods; from 1983-1994 the SRM 
bighorn population averaged 25.2 lambs:100 ewes 
(which is higher than the maintenance recruitment 
ratio suggested by Wehausen et al. [1987], and near 
that suggested by McQuivey [I 978]), yet the popula- 
tion declined 69.1 percent from 1984- 1994. Consid- 
ering the SRM 1990-1994 estimated maintenance 
recruitment ratio and the present recruitment rates, 
this bighorn population should remain stable or in- 
crease if adult survival remains fairly constant. 

The compounded effects of disease and low re- 
cruitment, 4 years of drought beginning in 1987, and 
a high incidence of mountain lion predation in recent 
years (Bighorn Institute, unpubl. data; Steve Torres, 
CDFG, personal comm.), presumably had a cumula- 
tive influence on the SRM bighorn population. The 
decline response to disease or density dependent fac- 
tors may have subsided with the lower population 
density attained in 1990, thus the resulting leveling 
trend. However, even after the original causes of a 
decline are eliminated, small, isolated populations are 
vulnerable to demographic, genetic, and environmen- 
tal stochastic forces intrinsic to the dynamics of small 
populations, which may drive them to extinction 
(Lacy 1993, Caughley and Gunn 1996). 

There is a need for further research to identify patho- 
gen sources and pathways, the extent of infectious dis- 
ease, implications of urbanization in and adjacent to big- 
horn habitat, and specific characteristics of this subspe- 
cies and the region they inhabit that may make bighorn 
in the Peninsular ranges particularly susceptible to de- 
cline. Continued surveys of the SRM bighorn popula- 
tion are needed to monitor the dynamics of this now 
precarious population and to' maintain the long-term 
database already established on these bighorn. 
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Figure 1. Location of the Santa Rosa Mountains, California (stippled area). 
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Figure 2. Adult population estimates with 95% confidence intervals from 1983-1994 fall helicopter surveys of 
Peninsular bighorn sheep in the Santa Rosa Mountains, California. lnset graph shows annual adult 
ewe population estimates. The Chapman estimator was used to determine population estimates, 
excluding 1986 as an outlier 
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Figure 3. Adult bighorn seen per helicopter hour, or catch per unit effort (CPUE), along with ewes seen 
per helicopter hour during 1983-1994 helicopter surveys of Penitzsular bighorn sheep in the 
Santa Rosa Mountains, California. 
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Figure 4. Lamb:ewe ratios with the subsequent year's year1ing:ewe ratios, from 1983-1994 fall helicopter 
surveys of Peninsular bighorn sheep in the Santa Rosa Mountains, California. 
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Figure 5. Percentages of ram classes obtainedfrom 1983-1994 fall helicopter surveys of Peninsular big- 
horn sheep in the Santa Rosa Mountains, California. Approximate ages were assigned to rain 
classes as follows: Class 11, 2-4 years; Class 111, 5-7years; Class III, 28 years. 
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Figure 6. Adult population estimates for Peninsular bighorn sheep in the northern, central, and southern 
Santa Rosa Mountains from 1983-1994 helicopter surveys, excluding 1986 as an outlier Since 
1985, a total o f60  adult bighorn have been released into the northern Santa Rosa Mountains to 
augment a declining subpopulation. 
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Figure 7. Lamb:ewe ratios for Peninsular bighorn sheep in the northern, central, and southern Santa Rosa 
Mountains from 1983-1994 helicopter surveys. 
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Table I .  Resrtltsfi.onz 1983-1994 fall helicopter surveys of Peninsular bighorn sheep in the Snnta Rosa Mozmtains, Califontin. 

Total adults Adult 
Total seen in bighorn 

adults seen NSRW seen per 
Flight during Collared aAdult helicopter 
time helicopter Yearling Yearling Rams/100 Lambs/ Yearlings1 seeniTotal bighorn in hour 

Year (hours) survey Rams Ewes Lambs males females Ewes 100 Ewes 100 Ewes collared NsRM (CPUE) 

aMinimum number of adult bighorn confirmed in the NSRM through ground fieldwork prior to helicopter surveys. 

NSRM = Northern Santa Rosa Mountains; CPUE = catch per unit effort; NA = not available, adequate data are not available to determine reliable population esti- 
mates for the NSRM in 1983 and 1984. 
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Table 2. 1983-1994 Chapman and comparison population estimates of adult Peninsular bighorn sheep in the 
Santa Rosa Mountains, California. 

Year, aChapman estimate f Chapman estimate r f :  Population estimate 
(1.96) SE using collared (1.96) SE using NSRM using the CGCF 

bighorn subpopulation (1.896) 

aPopulation estimates used for analysis of population trends. 

b ~ o t  applicable, coefiecient of variation exceeded 20.0%. 

NSRM = Northern Santa Rosa Mountains; CGCF = cumulative general correction factor; NA = not available, 
adequate data are not available to determine reliable population estimates for the NSRM in 1983 and 1984. 
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WEATHER, NUTRITIONAL STATUS, AND RECRUITMENT OF DESERT BIGHORN 
IN DEATH VALLEY, CALIFORNIA 

TIMOTHY J. COONAN, National Park Service, Channel Islands National Park, 1901 Spinnaker Drive, 
Ventura. CA 93001 

Abstract: In arid regions, the nutrients available to free-ranging ungulates may be influenced primarily by environ- 
mental variation. For desert bighorn (Ovis canadensis nelsoni) in Death Valley, California, I investigated relation- 
ships between precipitation and nutritional status, as indicated by fecal crude protein (FCP), and precipitation and 
recruitment, as indicated by 1amb:ewe ratios. High FCP values in March of 1992 followed a period of high fall and 
winter precipitation, whereas high FCP values in June of 1991 and 1992 followed high precipitation during March 
of both years. Over a 2-year period, FCP was positively correlated with the previous 150 days' precipitation 
(p=0.001). Fecal crude protein values varied considerably, probably because of high variation in precipitation. 
Lamb:ewe ratio was not correlated with fall-winter precipitation, summer precipitation, or mean minimum spring 
temperature. Factors other than environmental variation may be influencing bighorn recruitment in Death Valley. 

Key Words: desert bighorn sheep, Ovis canadensis nelsoni, precipitation, nutrient availability, diet quality, bighorn 
recruitment, fecal crude protein values, Death Valley 

Desert Bighorn Council Transactions 39:68- 75 

INTRODUCTION 

Precipitation, acting primarily on the production 
and timing of vegetative growth, is thought to deter- 
mine nutrient availability and diet quality and ulti- 
mately recruitment in mountain sheep (Ovis 
canadensis spp.) inhabiting arid regions of North 
America (Wehausen et al. 1987, Wehausen and 
Hansen 1988). 

Fecal crude protein values have been used to 
measure diet quality and nutritional status of free- 
ranging herbivores such as bighorn (Wehausen 1980, 
Hebert et al. 1984, Leslie and Starkey 1985, Seip and 
Bunnel1985, Berbach 1987, Leslie and Starkey 1987, 
Wehausen and Hansen 1988, Wehausen 1990, 
Goodson et al. 1991, Irwin et al. 1993). Fecal protein 
reflects plant digestibility and protein content, which 
are highest in growing tissues of plants, and are there- 
fore limited by precipitation and soil moisture 
(Wehausen and Hansen 1988, Wehausen 1990). The 
value of FCP in measuring nutritional status may be 
limited by seasonal variation in FCP and nonlinearity 
between dietary protein and FCP, as well as the ef- 
fects of secondary plant compounds such as tannins 
on protein digestion (Holechek et al. 1982, Hobbs 
1987, Robbins et al. 1987, Wehausen and Hansen 
1988, Wehausen 1995). However, Wehausen and 
Hansen (1988) believe FCP is appropriate for track- 
ing diet quality in bighorn sheep due to the irnpor- 
tance of grarninoids in their diet. 

Environmental factors are thought to drive big- 
horn population dynamics in arid regions where en- 

vironmental variation is high; density-dependence 
may play a secondary role (Douglas and Leslie 1986, 
Wehausen et al. 1987). Annual precipitation is highly 
variable in the Mojave Desert. It limits vegetative 
growth (Turner and Randall 1989), affecting nutri- 
ents available to bighorn sheep for reproduction. 
Recruitment, as indicated by 1amb:ewe ratio, has been 
correlated with weather variables for some desert big- 
horn populations. Lamb:ewe ratio in the Santa Rosa 
Mountains of southern California was positively cor- 
related with November, January, and February pre- 
cipitation as independent variables (Wehausen et al. 
1987). In the River Mountains of Nevada, 1amb:ewe 
ratio was influenced by fall-winter (September-De- 
cember) precipitation, but not by annual, spring, or 
summer precipitation, minimum spring temperature, 
or spring winds (Douglas and Leslie 1986). 

In this study, I used weather records frbm Death 
Valley, California, to determine whether bighorn diet 
quality, as indicated by FCP, was correlated with re- 
cent precipitation, and whether bighorn recruitment 
as indicated by 1amb:ewe ratio, was correlated with 
fall-winter or summer precipitation, or mean mini- 
mum spring temperature. 

This work was supported by theNational 
Park Service, Death Valley National Park. I thank 
J. Aardahl and C. L. Douglas for encouraging this 
work; W. Dunn, P. Rowlands, and C. Schwemm for 
reviewing the manuscript; and P. Geissler and P. 
Rowlands for statistical advice. 
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STUD YAREA 

Bighorn fecal samples were collected from the 
Black and Funeral Mountains of Death Valley Na- 
tional Park, California. The Black Mountains encom- 
pass >100,000 ha and form the south end of the 
Arnargosa Range. Elevations range from -86 m to 
1946 m. The Funeral Mountains lie north of the 
Blacks and encompass >80,000 ha, with elevations 
from 0-1965 m. The Black and Funeral Mountains 
lie in the rainshadow of the higher Panarnint range to 
the west and have a less diverse flora and sparser veg- 
etative cover than the Panarnints. Schramrn (1982) 
and Annable (1985) described vegetation in the Black 
and Funeral Mountains, respectively, whereas 
Rowlands (1993) described vegetation of the entire 
Death Valley region. Dominant vegetation types in- 
clude creosotebush (Larrea tridentata)-desertholly 
saltbush (Atriplex hymenelytra) on the lower eleva- 
tion alluvial fans, bursage (Ambrosia dumosa)- 
creosotebush on the upper fan surfaces, and shadscale 
(Atriplex confertifolia) and blackbrush (Coleogyne 
ramosissima) in the middle and upper elevations. 

The climate of Death Valley and the northern 
Mojave Desert has been described as a rainshadow 
desert (Rowlands 1993, In Press). The annual range 
in temperature is large, with maximum July tempera- 
tures at Furnace Creek (elevation -51 m) averaging 
46.7" C. The Black and Funeral Mountains lie in the 
triple rainshadow formed by the SierraNevada, Inyo, 
and Panamint Ranges to the west. Annual precipita- 
tion is extremely variable. Most precipitation occurs 
during fall and winter, but some is derived from warm 
convectional storms which occasionally move up the 
Colorado River Valley from the Gulf of Mexico in 
mid- to late summer. 

METHODS 

Daily precipitation has been recorded since 
19 11 at a National Weather Service station at 
Furnace Creek, Death Valley, California (U. S. 
Weather Bureau 19 11-1991). A remote, solid- 
state weather station (Li-Cor Inc., Kansas City, 
Kansas) was installed in 1990 in Gold Valley in 
the southern Black Mountains (elevation 1160 m). 

Fecal pellet samples were collected along 
transects at 10 springs in the Black and Funeral 
Mountains. Transects at each spring were 
checked monthly for presence of fresh pellets. 
Pellet groups were cleared from transects after 
sampling to ensure that those collected were <1 
month old. Concentration of fecal nitrogen can 
decrease in pellet groups exposed to the ele- 
ments for >24 days (Jenks et al. 1990). If pellet 

groups were present on the transect, a composite 
sample was collected from 5-10 pellet groups. 
Pellet groups were not present at each spring each 
month. Bighorn use of springs decreases when am- 
bient temperatures decrease, or when summer 
storms provide alternative water sources (Blong and 
Pollard 1968, Hansen 1972, Turner 1973, Leslie 
and Douglas 1979). 

A Kjeldahl procedure (Williams 1984) was per- 
formed by Washington State University Wildlife 
Habitat Laboratory to determine the percent of FCP 
(%fecal nitrogen x 6.25). On a dry matter basis, 
FCP values include variation due to inorganic ma- 
terial (ash) in the sample. Therefore, percent of 
total ash was determined, and FCP values are re- 
ported on an organic matter (ash-free) basis. FCP 
values from springs were grouped for the northern 
and southern portions of the Black and Funeral 
Mountains, respectively, according to known big- 
horn herd use areas (Hansen 1972). 

Since time-series data (Figure 1) suggested a 
3-5 month lag between precipitation events and in- 
fluence on FCP, linear regression analysis (Zar 
1987) was used to test for significant correlation 
between FCP and precipitation. Fecal crude pro- 
tein values from the southern Black Mountains (all 
spring areas in the Black Mountains, with the ex- 
ception of Lemonade and Ward Springs) were com- 
pared with previous 150 days' precipitation from 
Gold Valley in the southern Black Mountains. 

Lamb:ewe ratio was used as an indicator of an- 
nual bighorn recruitment. A continuous long-term 
record of 1amb:ewe ratios was not available for Death 
Valley bighorn. Limited data were obtained from 
various research and monitoring projects in which sex 
and age class of bighorn groups was determined from 
ground or helicopter counts. Lamb:ewe ratios were 
considered acceptable for analysis if observations 
were from summer-fall (July-October), and if the 
number of ewes sighted was >20. 

Linear regression was also used to test for sig- 
nificant correlations between precipitation and big- 
horn recruitment. Weather data used were from Fur- 
nace Creek, since 1arnb:ewe ratios were obtained from 
several Death Valley mountain ranges. Lamb:ewe 
ratios were compared with total fall-winter precipita- 
tion (November-January), summer precipitation 
(June-August), and mean minimum spring tempera- 
ture (January-March). 

Lamb:ewe ratios and FCP values were sub- 
jected to the arcsin transformation (Zar 1987) prior 
to statistical analysis. Since time-series data are 
often autocorrelated, a Durbin-Watson test for 
autocorrelation was conducted for each regression 
(Neter et al. 1990). Significance levels were set at 
0.05 for all statistical tests. 
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RESULTS AND DISCUSSION 

Annual FCPmaxima at Death Valley varied from 
17 percent for the summer peak in 199 1 to above 2 1 
percent for spring and summer peaks in 1992 (Figure 
1). Low FCP values occurred in fall 1990 and fall 
199 1, and fell as low as 7 percent. FCP was signifi- 
cantly correlated with the previous 150 days' precipi- 
tation (p=0.001, r2=0.625) (Figure 2). A Durbin- 
Watson test indicated that the data was not 
autocorrelated (D=2.25, D,=1.37). 

FCP values reflect phenological green-up of veg- 
etation Wehausen and Hansen 1988). In this study, 
the influence of precipitation on FCP was evident. 
FCP peaks in June of both years followed precipita- 
tion in March, whereas the March 1992 FCP peak 
followed high fall and winter precipitation (Figure 
1). However, precipitation in July 1991 had no ap- 
parent effect on summer or fall FCP values. 

Only one high FCP value was recorded from sev- 
eral fecal samples collected in March and April 1992, 
suggesting that the sampling did not track nutritional 
status precisely. This may be partially due to de- 
creased bighorn use of water sources during both 
spring seasons, when cool temperatures and adequate 
precipitation allowed bighorn to meet their metabolic 
needs without regular visits to water sources. 

Death Valley FCP values vary annually, accord- 
ing to precipitation patterns and resultant effects on 
vegetation. Wehausen and Hansen (1988) compared 
FCP curves for several bighorn populations in Cali- 
fornia, and showed that variation in the timing of peak 
nutrient availability was due to delayed green-up at 
higher elevations, and that differences in maximum 
FCP values were due to the relative availability and 
productivity of nongraminoid forage species. In years 
of high fall-winter precipitation in Death Valley, such 
as 1991-1992, maximum FCP values in the Black and 
Funeral Mountains probably occur in spring. Spring 
FCP maxima have been observed in other Mojave 
Desert bighorn populations (Kirkeeng 1985, 

Wehausen and Hansen 1988). In contrast, the maxi- 
mum FCP value for 1991 occurred in June, similar to 
FCP patterns displayed by higher elevation popula- 
tions such as the White Mountains (Wehausen and 
Hansen 1988). However, high June FCP values in 
the Black and Funeral Mountains are probably not 
the result of delayed green-up at higher elevations 
because there is less high elevation habitat in those 
ranges than in the White Mountains. High summer 
FCP values in the Black and Funeral Mountains 
are more likely due to late spring precipitation 
events (Figure 1). 

Lamb:ewe ratio (Table 1) varied between 9.1 and 
54.5 percent, but was not correlated with fall-winter 
(p=0.555) or summer precipitation (p=O. 137), or with 
mean minimum spring temperature (p=0.265). 

In other areas, desert bighorn 1amb:ewe ratios have 
been correlated with weather variables such as precipi- 
tation and temperature (Douglas and Annable 1985, 
Douglas and Leslie 1986, Wehausen et al. 1987, Dou- 
glas 1991). In the Mojave Desert, production of an- 
nual plants is dependent upon the amount and timing 
of winter precipitation (Beatley 1969, 1974), and 
1amb:ewe ratios have been correlated with fall-winter 
precipitation in the River Mountains of Nevada (Dou- 
glas and Leslie 1986) and Santa Rosa Mountains of 
southern California (Wehausen et al. 1987). Death Val- 
ley has the highest variability in precipitation of any 
long-tenn meteorological station in the Mojave Desert 
(Rowlands 1993). Lamb:ewe ratio in this study was 
thus expected to vary with fall-winter precipitation, but 
did not. Although the statistical power of this regres- 
sion may be weak due to small sample size (n=10) and 
the relatively small number of ewes (22-49) in each 
sample, the results suggest that factors other than en- 
vironmental variation influence bighorn recruitment in 
Death Valley. Density-dependence and disease have 
been identified as secondary factors influencing recruit- 
ment in other bighorn populations (Douglas and Leslie 
1986, Wehausen et al. 1987), but effects of these fac- 
tors in Death Valley are unknown. 
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Figure 1. Daily precipitation in Gold Valley (elev. 1160 m) in the southern Black Mountains (vertical lines), 
and bighorn percent fecal crude protein values for the Black and Funeral Mountains, Death 
Valley, California, 1990-1992. 
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Figure 2. Bighorn percent fecal crude protein versus previous 150 days'precipitation, Death Valley, 
California, 1990-1 992. 
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Table 1. Bighorn 1amb:ewe ratios (lambs per 100 ewes)from Death Valley National Park (DVNP),Califomia. 

Year Mountain Range Month Rams Ewes Lambs L:E Ratio Source 

Blacks, 
Funerals 

Funerals 

Parkwide 

Parkwide 

Cottonwoods 

Cottonwoods 

Cottonwoods 

Cottonwoods 

Blacks 

Blacks 

July 

July 

Sept 

Sept 

Sept 

Sept 

August 

August 

July 

August 

Welles and Welles 1961 

Welles and Welles 1961 

DVNP unpubl. data 

DVNP unpubl. data 

Dunn 1984 

Dunn 1984 

W.C. Dunn, unpubl. data 

W.C. Dunn, unpubl. data 

Douglas 1988 

Douglas and Longshore 
1995 
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STATUS OF BIGHORN SHEEP IN ARIZONA - 1994 

RAYMOND M. LEE, Arizona Game and Fish Department, 2221 W. Greenway Road, Phoenix, AZ 85023 

Desert Bighorn Council Transactions 39:77 

POPULATIONS 

Estimates of Arizona's desert bighorn sheep (Ovis 
canadensis mexicana and 0. c. nelsoni) indicate a grow- 
ing population of approximately 6500 animals. The 1994 
helicopter surveys produced arecord 2758 observations 
in 292.4 hours (9.4 sheephour). Survey results yielded 
ratios of 51 rams: 100 ewes:20 lambs: 16 yearlings. 

The Rocky Mountain bighorn sheep (0. c. 
canadensis) population, estimated at 500 animals, con- 
tinues to expand both in numbers and range. This popu- 
lation was supplemented with 28 animals from Colo- 
rado this winter. The 26.5 hours of helicopter surveys 
resulted in a record observation of 383 animals (14.5 
sheephr). These survey results produced ratios of 54 
rams: 100 ewes:4l lambs: 10 yearlings. 

Since 198 1, a mean of 70 sheep have been trans- 
planted annually, with a mean of fewer than two mor- 
talities. In 1994, 76 bighorn sheep were successfully 
captured and transplanted to three release sites. This 
transplant effort included a trade of desert bighorns for 
Rocky Mountain bighorns with Colorado, and the re- 
lease of 25 desert bighorns into southern Utah. 

RESEARCH 

The Arizona Game and Fish Department (AGFD) 
is currently inyolved in several sheep research and man- 
agement projects, including testing of survey method- 
ology and efficiency; studies of movement and mor- 
tality of Rocky Mountain sheep; development of a big- 
horn sheep management program for Sonora, Mexico; 
and development of an interstate bighorn sheep man- 
agement complex between Arizona and Utah. 

HiFBlTAT IMPROVEMENTS 

The AGFD, primarily in cooperation with the 
Bureau of Land Management and the Arizona Desert 
Bighorn Sheep Society (ADBSS), undertakes up to 10 
bighorn sheep water development projects annually. 
These water projects may vary from simple tinaja 
modifications to extensive artificial water collection 
and storage systems. The AGFD tries to develop the 
most cost effective, environmentally sensitive, main- 
tenance-free waters possible-a very diff~cult task. 

HARVEST 

Bighorn sheep permits remain the most sought- 
after hunting permits in Arizona. There was a record 
total of 5673 applicants (4190 resident and 1483 non- 
resident applicants) for the 110 regular season per- 
mits. This represents nearly 52 hunters applying for 
each permit, with individual unit odds varying from 
as low as 16:l to 294:1, depending on the unit's ac- 
cessibility and harvest history. 

As a result of the 1994 survey, the number of 
permits was increased from a record 110 to 1 11 per- 
mits for the 1995 season. Two additional permits will 
again be issued to raise funds for bighorn sheep man- 
agement programs. Additional areas in game man- 
agement units 12B, 13A, and 39 will be opened for 
bighorn sheep hunting to take advantage of expand- 
ing sheep populations. There are a total of 14 units 
with transplanted populations being hunted in Ari- 
zona, with 30 permits being offered in these units. 

During the 1994 hunting season, 110 of the 112 
hunters participated, harvesting 101 rams for a 92 
percent success rate. The 1994 season produced 41 
animals (41.9 percent of the harvest) qualdying for 
the Arizona Trophy Book (minimum score of 162 
Boone and Crockett points). Of these rams, 20 (20 
percent) scored >I70 points, with 2 (2 percent) scar- 
ing above 180 points. Over the previous 5 years, these 
trophy harvest percentages have averaged 38 percent 
and 19 percent, respectively. The average age of the 
harvest was 7.3 years. 

Recent harvest data was analyzed to determine 
the differences between guided and nonguided big- 
horn sheep hunts. The number of days in the field 
and the green score were significantly higher for 
guided hunters. There was no difference in the hunter 
success rate. 

For the past 10 years, the AGFD and the ADBSS 
have entered into an agreement whereby the ADBSS 
auctions one permit (at the Foundation for North 
American Wild Sheep convention) and raffles another 
to raise funds for bighorn sheep management projects. 
Since the program started in 1984, $1,509,860 has 
been raised from the 21 permits ($743,000 from 11 
auction tags and $766,860 from 10 raffle tags). The 
success ofArizona's bighorn sheep management pro- 
gram is dependent upon the funds derived from these 
permits. 



1995 DESERT BIGHORN COUNCIL TRANSACTIONS 

STATUS OF DESERT BIGHORN SHEEP IN NEVADA - 1994 

PATRICK J. CUMMINGS, Nevada Division of Wildlife, 4747 West Vegas Drive, Las Vegas, NV 89108 

CRAIG STEVENSON, Nevada Division of Wildlife, 4747 West Vegas Drive, Las Vegas, NV 89108 
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POPULATIONS 

Three subspecies of bighorn sheep (Ovis 
canadensis) inhabit Nevada. In the northeast portion 
of the state, Rocky Mountain bighorn ( 0 .  c. 
canadensis) occupy five mountain ranges. In 
northcentral and northwestern Nevada, California 
bighorn (0. c. califomiana) have been released at 18 
sites. Desert bighorn (0. c. nelsoni) have the broad- 
est distribution and occupy 47 mountain ranges in 
central and southern portions of the state. Inclusive 
of each subspecies, there are approximately 6500 big- 
horn sheep in Nevada. 

Desert bighorn sheep observations totaled 2277 
as a result of aerial surveys conducted on 33 moun- 
tain ranges during fall 1994. Viewed on a statewide 
basis, the sheep encountered through aerial surveys 
yielded a composition of 1143 ewes, 697 rams, and 
434 lambs (61 rams:100 ewes:38 lambs). Derived 
primarily from these surveys, there are an estimated 
5200 desert bighorn sheep in Nevada. The 1994 popu- 
lation estimate closely approximates the 10-year state- 
wide average, and represents a 6 percent increase 
above the 5-year statewide average. Due to Nevada's 
varied temporal and spatial distribution of precipita- 
tion, some bighorn populations experienced recent 
successive years of drought, while other populations 
experienced more favorable moisture conditions. 
Regionally, measurable precipitation was below av- 
erage from the latter half of 1993 and through most 
of 1994. Overall, water developments have served to 
lessen the severity of reduced water availability en- 
dured by some populations of bighorn during drought 
years. Water catchment construction remains an in- 
tegral program element in efforts to reestablish moun- 
tain sheep into historic ranges. 

During fall 1994, 83 desert bighorn sheep were 
captured by private contractor in the southern por- 
tion of the state. Capture operations in southern Ne- 
vada were conducted in three ranges: Mormon Moun- 
tains, Lincoln County; Muddy Mountains, Clark 
County; and River Mountains, Clark County. The 
ensuing translocation phase involved two reintroduc- 
tions and three augmentations. In December 1994, a 
single ram was captured by a Nevada Division of 
Wildlife crew in the Gabbs Valley Range, Mineral 

County. The ram was fitted with a radio transmitter 
(Telonics Inc., Mesa, Arizona) and released in the 
Wassuk Range, Mineral County. All bighorn captures 
were accomplished using an aerial net-gun technique. 

Fall trapping operations were initiated with the 
capture of 21 animals in the Mormon Mountains. A 
reintroduction was subsequently achieved through 
release of all 21 sheep in the Hot Creek Range, Nye 
County. In the Muddy Mountains, 36 desert bighorn 
were captured, of which 20 were given to the state of 
Texas for reintroduction on the Black Gap Wildlife 
ManagementArea. The remaining 16 sheep from the 
Muddy Mountains' contingent were released as an 
au,mentation in the Highland Range, Clark County. 
Twenty-six desert sheep captured in the River Moun- 
tains were released to achieve three augmentations to 
populations in the Highland Range (n=3), Wassuk 
Range (n=22), and the Pine Grove Hills, Lyon County 
(n=l). 

Since 1968,971 desert bighorn sheep have been 
transplanted to 28 mountain ranges in Nevada. In 
addition, 210 desert bighorns have been furnished to 
Colorado (n=93), Texas (n=87), and Utah (n=30) to 
assist efforts to reestablish populations in other states. 
Future plans have been approved to translocate desert 
bighorn sheep into additional mountain ranges within 
Nevada. Bighorn capture and transplant operations are 
scheduled to occur during October 1995. 

HABITAT IMPROVEMENTS 

In 1994, one water catchment was constructed 
in both the Sheep Range, Lincoln County, and Muddy 
Mountains. A water collection apron was added to 
an existing project in the Specter Range, Nye County. 
Additional water storage capacity was added to two 
projects, the first in the Muddy Mountains and the 
second in the Las Vegas Range. Collectively, water 
project construction and unit upgrades equate to 
18,400 gallons of additional water storage capaci- 
ty. There are now 106 water developments in Ne- 
vada for desert bighorn sheep with a combined stor- 
age capacity of 488,700 gallons. These projects are 



1995 DESERT BIGHORN COUNCIL TRANSACTIONS 

funded all or in part by Nevada Bighorns Unlimited 
(Reno, Fallon, and Elko chapters), the Fraternity of 
the Desert Bighorn (Las Vegas), the Foundation for 
North American Wild Sheep, and Safari Club Inter- 
national (Desert Chapter). Catchment construction 
and maintenance is accomplished largely by volun- 
teers from these organizations. Projects were con- 
structed in cooperation with the Bureau of Land Man- 
agement and the U.S. Fish and Wildlife Service. 

In May 1995, the Nevada State Board of Wild- 
life Commissioners will authorize desert bighorn har- 
vest quotas for the 1995 season. Hunt areas and quo- 
tas are anticipated to remain largely unchanged rela- 
tive to last year. Two harvest permits were auctioned 
for Nevada desert bighorns in 1995: the first at the 
Safari Club International (Desert Chapter) banquet 
in Las Vegas, Nevada; the second at the Nevada Big- 
horns Unlimited (Reno Chapter) banquet. Funds 
raised from the tags totalled $191,000. 

HARVEST 

The desire to hunt desert bighorn rams in Ne- 
vada remains great. There were 2810 applications 
for 112 resident tags (25:l odds), and 1273 applica- 
tions for 13 nonresident tags (98:l odds). Two spe- 
cial bid tags were also allotted. In 1994, 90 rams 
were harvested, which equated to a hunter success 
rate of 73 percent (3 tag-holders did not hunt). Rela- 
tive to last season and the 5-year-average, hunter suc- 
cess declined 10 percent and 4 percent, respectively. 
The average age of rams harvested was 6.2 years, 
slightly below the average age of 6.4 years encoun- 
tered last year. Four rams exceeded the Boone and 
Crockett minimum score of 168 points. A ram har- 
vested in the Arrow Canyon Range attained the high- 
est Boone and Crockett score, 175 6/8. 

Thirty-seven (30 percent) tags of the available 
125 resident and nonresident tags in 1994 corre- 
sponded to hunt units with bighorn populations es- 
tablished through translocation efforts. Twenty-nine 
units were hunted in 1994, including the Last Chance 
Range, a newly designated unit with a resident herd 
established through translocation of 24 bighorn in 
1988 and a follow-up release of 25 in 1989. The es- 
timated population in this range is 141. 

Desert bighorn populations on the East Range 
and Tobin Range initiated declines in August 1991; 
the declines coincided with detection of trespass do- 
mestic sheep in bighorn habitat. In July 1994, it was 
concluded the Tobin population no longer existed and 
that the East Range population was nearly extirpated. 
In each situation, nasal and pharyngeal swab samples 
were collected from desert sheep and domestic sheep 
and subsequently analyzed to determine whether 
transmission of Pasteurella contagia had occurred. 
Publication of results is expected in 1996 (Ward et al. 
1996). 
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POPULATIONS 

Utah's desert bighorn sheep (Ovis canadensis 
nelsoni) occupy the desert canyonlands of the south- 
eastern and southern regions of the state. Helicopter 
surveys conducted on 14 areas during November and 
December 1994 produced 1195 observations. Three 
areas were not surveyed. Two small populations of 
recently transplanted animals were not included in 
the survey. Table 1 shows the current status of desert 
bighorn sheep in Utah. Estimates of Utah's desert big- 
horn sheep indicate a statewide population of approxi- 
mately 2233 animals. 

Since 1973, when 12 desert bighorn sheep were 
trapped from the Lake Mead area in Arizona and re- 
leased in Zion National Park, Utah has had an active 
transplant program. A total of 379 sheep have been 
translocated into, within, or out of Utah since 1973. 
Three sheep were shipped to Texas in 1985. Six were 
sent to the Hogle Zoo in Salt Lake City, Utah. Twenty- 
seven were brought from Nevada to Westwater Can- 
yon along the ColoradoRJtah border. The remaining 
306 were trapped within Utah from native or reestab- 
lished herds and released into areas devoid of ani- 
mals or to au,gnent small populations. In addition, 
25 desert bighorn sheep were trapped with a helicop- 
ter and net gun near Lake Mead in Arizona during 
November 1994 and released in the Beaver Dam 
Mountains. They consisted of 4 rams, 20 ewes, and 1 
ram lamb. Since the release, one ewe has died as a 
result of injuries sustained in a fence. The Founda- 
tion of North American Wild Sheep, Southern Utah 
Sportsmens Association, and the Arizona Bighorn 
Sheep Society participated financially in securing a 
domestic sheep operation buyout, making the trans- 
plant possible. Table 2 shows the various areas re- 
ceiving transplanted sheep since 1973. 

Another relocation of 17 desert bighorn sheep 
took place on February 19,1995. The 8 rams, 7 ewes, 
and 2 ewe lambs were captured by helicopter using a 
net gun. They were taken from the Escalante Unit 
and released into Rogers Canyon west of the 
Kaiparowits Plateau to augment a release of 13 big- 
horns made in December 1993. Since the 1993 re- 

lease, two radio-collared rams have died, possibly 
killed by mountain lions. One radio-collared ewe 
returned to her original home range but was recap- 
tured and translocated a second time in the February 
1995 project. Mortalities of four, radio-collared 
adult ewes shortly after their release indicate that 
a February 19 capture is too late in the season to 
stress pregnant ewes. 

RESEARCH 

The Bureau of Land Management, the National 
Park Service, and the Utah Division of Wildlife Re- 
sources began a 3-year, multiagency disease, genetic, 
and sightability study in 1992. The study area includes 
the North and South San Juan, Potash, the Needles 
District of Canyonlands National Park, and the Glen 
Canyon National Recreation Area. Sixty-three desert 
bighorns have been fitted with radio collars for the 
study. A companion study is being conducted to 
evaluate survival, movements, and habitat selection 
of the radio-collared bighorns. Three sightability 
flights have been conducted during which 153 groups 
of bighorn were detected. The helicopter observers 
spotted 73 percent of groups observed by ground 
crews. Statistical analysis (univariate Chi-square and 
logistic regression) indicated that bighorn activity and 
topographic position were significantly related to 
sightability, while group size, helicopter position, 
cover vegetation, and solar conditions were not sig- 
nificantly related. Blood samples collected indicate 
Pasteurella hemolytica has been isolated from nearly 
all bighorns tested. A Moraxella sp. was also identi- 
fied. Tissue samples from the various study popula- 
tions are being analyzed by Dr. James R. Purdue, Illi- 
nois State Museum of Springfield, Illinois. A narra- 
tive report, discussing the significance of findings for 
each herd, will be completed in 1995. 

During the winters of 1993 to 1995, captured 
deer in Zion National Park were found to be affected 
by an outbreak of Chlamydia or "pink eye." Future 
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plans are to examine desert bighorn sheep in the Park 
for the incidence of Chlamydia, since deer and big- 
horn ranges overlap during the winter in Main Zion 
Canyon. 

HABITAT IMPROVEMENTS 

In December 1994, volunteers from the 
Canyonlands Wildlife Federation installed their sev- 
enth water catchment since forming an "Adopt-a- 
Guzzler" partnership with the Bureau of Land Man- 
agement (BLM) in 1987. This catchment is the tenth 
to be completed within the Potash Habitat Manage- 
ment Plan area. 

Two water catchments were constructed during 
September and November 1994 by BLM and Divi- 
sion of Wildlife Resources personnel in the Burning 
Hills area west of the Kaiparowits Plateau near Rogers 
Canyon. The two 1200- to 1500-gallon "guzzlers" 
were funded by BLM's Kanab Resource Area. 

HARVEST 

Legal desert bighorn sheep hunting began in Utah 
in 1967 with the issuance of 10 resident permits. Nine 
rams were harvested that first year. Since 1967, the 
number of permits issued has fluctuated from no per- 
mits in 1973 and 1974 (to protect study animals) to a 
high of 25 permits in 1977. Nineteen hunting per- 
mits were issued on six units for Utah's desert big- 
horn sheep in 1994. The permits included 16 resi- 
dent, 2 nonresident, and 1 high-bid permit. Eighteen 
hunters were successful in harvesting bighorns for a 
95 percent success rate. One hunter was unsuccess- 
ful on the Escalante Unit, an area of very rough ter- 
rain and difficult access. The permit auctioned at the 
San Antonio, Texas, annual Foundation for North 
American Wild Sheep Convention generated $5 1,000. 
The 1995 permit auctioned at the Phoenix, Arizona, 
Convention brought $41,000. Money from these per- 
mits is used exclusively for desert bighorn sheep pro- 
grams in Utah. 

In the Potash Unit, chronic disturbances from 
mountain biking, vehicle travel, off-road recreational 
events, and commercial movie and filmmaking are 
being monitored for adverse effects on the bighorn 
population. There is evidence that some bighorn are 
becoming habituated to the presence of people. Dur- 
ing December 1994, a large ram charged and struck a 
man photographing bighorn in Arches National Park. 
The photographer was hit a second time while at- 
tempting to flee the area. 

FNAWS is negotiating with a domestic sheep 
permittee on BLM lands in the San Rafael Unit to 
purchase or offer incentives for conversion to cattle. 
Another plan has been proposed to keep domestic 
sheep from trailing through an important bighorn use 
area in this same unit. Livestock operators have ex- 
pressed cooperation. 

The pending BLM wilderness-designation pro- 
posal has caused some concern by bighorn sheep 
managers in areas where water development is nec- 
essary, such as the Little Rockies and areas west of 
the Kaiparowits. A proposed Utah Wilderness Bill 
will be prepared by June 1,1995. Other bighorn man- 
agement activities may also be enhanced or impacted 
depending on the language of the bill. 

Several ideas and studies are being proposed to 
increase interest in preserving and enhancing bighorn 
sheep on tribal lands. The first permit to be offered 
by the Navajo Tribe generated $36,000 at the Phoe- 
nix FNAWS Convention. This funding will be used 
for management of a small population along the San 
Juan River. 

Restoring desert bighorn sheep to historical 
ranges in Utah is a primary goal of State and Federal 
agencies and conservation and sportsmen's groups. 
Several transplant proposals are presently being con- 
sidered. However, protection and expansion of ex- 
isting populations are of foremost importance. 
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Table 1. Utah Deserr Bighorn Sheep populations based on1994 November and December helicopter surveys. 

Area Trend Rams Ewes Lambs Unclass. Total 

N. San Rafael 

S. San Rafael 

Potash 

Professor Valley 

S. San Juan 

N. San Juan 

Lockhart 

Escalante 

Kaiparowits 

Little Rockies 

Zion NP 

Capitol Reef NP 

Canyonlands NP 

UP 

UP 

dn 

UP 

UP 

no survey 

st 

UP 

UP 

UP 

st 

st 

Island in the Sky st 

Needles no survey 

Maze st 

Arches UP 

Rogers Canyon Tr* 

Beaver Dam Mtns Tr** 

Paria no survey 

Raplee st 

Westwater st 

Dirty Devil no survey 

TOTALS 425 555 222 4 1,401 

Rattlesnake (BLM)*** UP 32 40 32 0 104 

Rattlesnake (UTE)*** UP 19 45 14 0 78 

TOTALS 51 85 46 0 182 

Lambs:Rams: 
100 100 
Ewes Ewes 

incomplete counl 

dn - down 
st - stable 
Tr* - 12/93 Transplant 
Tr** - 11/94 Transplant 
*** - Rocky Mountain Bighorns 
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Table 2. Desert Bighorn Sheep management areas. 

Area Status 

North San Rafael 
South San Rafael 
Potash 
Professor Valley 
South San Juan 
North San Juan 
Lockhart 
Escalante 
Kaiparowits 
Little Rockies 
Zion National Park 
Canyonlands National Park 

Arches National Park 
Capitol Reef National Park 
Rogers Canyon 
Beaver Dam Mountains 
Paria 
Navajo Tribe 
Westwater 
Dirty Devil 

Transplanted 1979-86 - successful 
Transplanted 1979-86 - successful 
Established native population 
Transplanted 199 1 - uncertain 
Established native population 
Native population - uncertain 
Established native population 
Transplanted 1975-78 - successful 
Transplanted 1982-86 - successful 
Transplanted 1985 - successful 
Transplanted 1973 - successful 
Established native and transplanted 
population - successful 
Transplanted 1985-86 - successful 
Transplanted 1982-85 - successful 
Transplanted 1993-95 - uncertain 
Transplanted 1994 - uncertain 
Arizona transplanted 1984-85 - successful 
Established native population 
Transplanted 1979-90 - uncertain 
Transplanted 199 1-94 - successful 
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EAGLE MOUNTAIN BIGHORN MONITORING PROGRAM: AN UPDATE 
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INTRODUCTION 

The Eagle Mountain Bighorn Monitoring Pro- 
gram began in the summer of 1993 with funding pro- 
vided by the Mine Reclamation Corporation (MRC), 
in cooperation with the National Biological Service, 
Cooperative Research Unit, University of Nevada, 
Las Vegas, the California Department of Fish and 
Game (CDFG), the Bureau of LandManagement, and 
the National Park Service. The impetus behind the 
project is transformation of the closed Eagle Moun- 
tain Mine into a regional landfill for southern Cali- 
fornia, capable of accepting up to 20,000 tons per day 
of inert solid waste. The mine is located in Riverside 
County, California, approximately 40 miles west of 
Blythe, on the eastern edge of Joshua Tree National 
Park (Figure 1). 

The bighorn monitoring project was undertaken 
following a mandate from CDFG calling for a study 
of sheep movements and potential impacts of the land- 
fill on the Eagle Mountain bighorn sheep herd. Sev- 
eral ephemeral water sources (small ponds formed 
following rainfall) located in the main mine pit and 
on the compacted mine roads will be lost with con- 
struction of the landfill. One goal of the study is 
recommendations for, and successful placement of, 
artificial water units to offset the loss of the ephem- 
eral water sources. Because water development suc- 
cess may be tied to sheep home ranges and seasonal 
movements, it is hoped that movement patterns ob- 
served during the study will aid in successful place- 
ment of the artificial water units. 

Ephemeral water sources may play an impor- 
tant role for the Eagle Mountain bighorn herd be- 
cause there are only four natural water sources in 
the Eagle Mountains currently providing surface 
water: Buzzard Spring and Eagle Spring in the north, 
and Summit Spring, and Conejo Spring in the south 
(Figure 2). Of these four, only Buzzard Spring and 
Summit Spring appear to provide permanently avail- 
able surface water. 

COMPLETED WORK 

In support of the project, three sheep captures 
have been conducted to date. The first, on June 23- 
24,1993, yielded 12 ewes and 1 ram. The ram was a 
3 year old weighing 210 pounds, making him one of 
the heaviest rams ever weighed by CDFG. Unfortu- 
nately, a mortality signal was detected on this animal 
during the first telemetry flight following his capture, 
and although the cause of death was not ascertained, 
capture myopathy is suspected. Also during this cap- 
ture, 2 ewes were injured (one with a dislocated tar- 
sus and one with a punctured eye), but both have been 
spotted repeatedly and appear to have no ill-effects. 

A second capture was conducted on September 
27-28, 1993. During this capture, an additional 11 
ewes and 7 rams were captured, bringing the total 
number of collars in the field to 28, the makeup con- 
sisting of 21 ewes and 7 rams. The third, and most 
recent, capture was conducted on September 27-28, 
1994, with the sole intent of capturing additional rams. 
In order to document intermountain movements, a 
larger number of rams needed to be fitted with radio 
collars and monitored. Thus, an additional 7 rams 
and 1 ewe were captured and collared. 

The most notable aspect of the captures was the 
size of the animals. During the third capture, 6 of 7 
rams were weighed, with the lightest ram weighing 
154 pounds, and the heaviest weighing 209 pounds, 
resulting in an average weight of 182 pounds. 

During the third capture, two mortality signals 
were detected and located. The first mortality was a 
3-year-old ewe, whose collar was located, but whose 
carcass was not. The second mortality was a 10-year- 
old ewe, whose carcass was located. These two 
brought the total number of mortalities to three, with 
two animals missing. Currently, the number of mor- 
talities stands at four, with an additional ram having 
died earlier this year. Excluding the missing carcass, 
it appears none of the four dead animals died as a 
result of predation. Although it cannot be substanti- 
ated, it is felt that at least one, and maybe both, of the 
missing animals is due to radio transmitter malfunc- 
tion rather than an undetected, long-range movement. 
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Figure 2. Eagle Mountains and study area. 
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As of April 5, 1995, 45 aerial telemetry flights 
have been flown, with 702 groups of sheep located. 
The most striking result is that although rams can be 
found in dmost any part of the range, ewes form two, 
noninteractive groups, one in the north near the mine, 
and one in the south near Summit Spring (Figure 2). 
The dividing line between the two ewe groups ap- 
pears to be Big Wash, a large wash running east to 
west bisecting the two main se,ments of the Eagle 
Mountains (Figure 2). During hot summer months, 
both rams and ewes tend to congregate around two 
major water sources, Buzzard Spring in the north and 
Summit Spring in the south. 

One of the most anticipated results of the project 
was documented on January 19,1995. RamA361, a 
3-year-old male, was captured during the third cap- 
ture, but was not located until January 19, in the Cox- 
comb Mountains, some 15-20 kilometers from his 
capture and release site (Figure 2). The current hy- 
pothesis is that this ram spends most of his time in 
the Coxcomb Mountains and only came to the Eagles 
for the rut. It is hypothesized that this animal trav- 
elled to the Coxcombs from the Eagles via a penin- 
sula that extends more than half-way across the val- 
ley separating the two ranges. This ram will be moni- 
tored very carefully during the 1995 rut season to 
obtain further information to support or refute these 
hypotheses. 

A helicopter population survey was conducted 
on September 27, 1994. During this flight, it was 
estimated that prior to the third capture session, 41 
percent of the population was collared, and by using 

the Lincoln Index Mark-Recapture Method with a 95 
percent confidence interval, the overall population 
estimate for the Eagle Mountains is 68 + 28 individu- 
als. Using the natural break of the ewe groups and 
the same methodology, an estimate of 21 +9 ewes in 
the north, and 17 f 9 ewes in the south is obtained. 

The 1995 spring lambing estimate is 40 lambs 
per 100 ewes for the overall herd. But this should be 
viewed with extreme caution because of the disparity 
between groups. Because of inaccessibility of the 
southern range, and a study emphasis on the northern 
group, the southern lambing estimate is based solely 
on aerial data gathered in mid-February and is 15 
lambs per 100 ewes. The data for the northern group 
was gathered during February and March, both from 
the ground and from the air, and the latest figures show 
65 lambs per 100 ewes. 

FUTURE DIRECTIONS 

October 1995 will mark the end of the second 
year of radio telemetry flights. At that time, home 
ranges, animal associations, and critical habitat areas 
will be calculated. Based on these calculations, rec- 
ommendations will be presented to CDFG and MRC 
concerning sites for temporary water sources. After 
the locations of these units has been agreed upon tem- 
porary water sources will be placed in the field, and 
bighorn use monitored with video cameras and radio 
telemetry for 1-2 years to determine the effectiveness 
of placement and the amount of usage. 
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WILD SHEEP IN TURKMENISTAN: CURRENT STATUS AND 
CONSERVATION PROBLEMS 
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Turkmenistan, a newly independent (former 
RussianlSoviet) republic (Figure I) has probably the 
largest surviving population of wild sheep (also called 
mountain sheep, or arkhars) in Central Asia. Most of 
this population lives in mountains and foothills in the 
south of Turkmenistan within two natural reserves: 
Badghyz (established 1941,860 km2, 3000-3500 ani- 
mals) and Kopetdagh (established 1976, 498 km2, 
2000- 2500 animals). An additional 300 to 500 wild 
sheep inhabit the western and northwestern parts of 
the republic, including the Bolshoi Balkhan moun- 
tain range, the cliffs of South Ustyurt Plateau, and 
the areas around the Kara-Bogaz-Go1 Bay of the 
Caspian Sea. A number of Russian researchers 
(Tsalkin 1948, Geptner 1956, Ishadov 1964, Gorelov 
1968, 1978) documented the human-influenced de- 
cline of this population and its range reduction. A 
comprehensive survey of the Turkmenistan popula- 
tion of wild sheep has not been conducted in many 
years and is highly desirable. 

The diverse wild sheep of Eurasia are still pre- 
senting many problems for systematic zoology. Of 
three major recognizable groups of wild sheep 
(moufloniforms, argaliforms, and pachyceriforms), 
the Turkmenistan race belongs to moufloniforms 
(mouflons or urials). In Russian zoological tradition, 
there are various views toward the moufloniform and 
argaliform separation. Some authors traditionally in- 
cluded all Central Asian wild sheep into Ovis ammon 
Linnaeus (Tsalkin 1951, Geptner et al. 1961, 
Rustamov and Sopyev 1994), whereas others recog- 
nized a separate species for moufloniforms, Ovis 
orientalis Hutton (Nasonov 191 3, Sokolov 1959). The 
study of karyotypes of numerous wild sheep races 
(Vorontsov et al. 1972a, 1972b; Nadler et al. 1973) 
revealed that the Turkmen population from the 
Badghyz Reserve has 58 chromosomes, as do sev- 
eral other urial forms from Central Asia, Afghanistan, 
and India; mouflons have 54 chroinosomes (Valdez 
1982). Further genetic studies are necessary to de- 

tennine to what extent the discovered karyotype dif- 
ferences represent the geographical variation (Orlov 
1974, Gorelov 1978). 

The recent, and the most comprehensive review 
by Valdez (1982), recognizes 10 subspecies of Ovis 
orientalis, of which the valid name for the Turkmen 
population is the Transcaspian urial, or 0. orientalis 
arkal Eversmann 1850 (Valdez et al. 1978, Valdez 
1982). Another name used for Turkmen wild sheep 
in Russian sources, 0. orientalis cycloceros Hutton 
1842 (also quoted as 0. ammon cycloceros, e.g., 
Rustarnov and Sopyev 1994), should be reserved for 
the Afghan urial from Afghanistan, Pakistan, and east- 
ern Central Asia. This last subspecies is synonymous 
with Ovis bochariensis Nasonov 19 1 4. 

Ovis orientalis arkal is endemic to Turkmenistan 
and adjacent areas of Iran, Afghanistan, and 
Kazakhstan (Ustyurt Plateau). It contacts and freely 
interbreeds with the 54-chromosome Armenian mou- 
flon (0. o. gmelini), creating a hybrid form that in- 
habits the Alborz Mountains in Iran, south of the 
Caspian Sea (Valdez 1982). The map in Valdez (1982: 
p. 75) shows Badghyz as the easternmost boundary 
of the range of the Transcaspian urial. 

Rustamov and Ishadov (1985) summarized the 
known data on the biology of the Turkmen wild 
sheep. They quote the weight of adult rams from 
January through March as up to 80 kg, and of ewes, 
up to 46 kg (in fall, 85-90 and 56 kg, respectively). 
Females mature earlier than males (ca. 1.5 years of 
age in the Badghyz Plateau); mating occurs from 
November to December, gestation lasts slightly longer 
than 5 months. Birth of the young occurs from mid- 
April to the end of May when one or two lambs are 
born (very rarely three). The population structure in 
the Kopetdagh Mountains has a ma1e:female ratio of 
1:2.9; part of the ewes stay barren. Yearling sheep 
average 22 percent of the population. Lamb 
survivorship to 10 months of age averages 45 per- 
cent (Rustamov and Ishadov 1985). 
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During the 20th century, uncontrolled hunting, 
use of natural pastures by domestic sheep and cattle, 
and disturbance by human activity has significantly 
decreased the population of the mountain sheep in 
Turkmenistan (Rustamov and Sopyev 1994). The 
most critical point in the wild sheep ecology is water 
availability, especially in the semidesert plateau of 
Badghyz. There is no precipitation from June to Sep- 
tember in this area (annual average precipitation at 
Kushka meteorological station is 260 mm, or about 
10 inches). Because of the high air temperatures (35' 
to 4 0 ' ~  in summer) and soil temperatures ( 3 2 ' ~  av- 
erage in July) that lead to the drying of ephemerous 
grasses and sedges (primarily Carexpachystylis and 
Poa bulbosa), ungulates cannot get enough water from 
their food. In this hot period, with its water deficit, 
wild sheep have to use natural springs or migrate in 
their search. There are very few water sources in 
Badghyz (Gorelov 1964). These include three natu- 
ral springs in the western part of the Natural Reserve 
(Kerlek, Kamenny, and Central), and five currently 
existing artificial water sources in its southern part 
(where water is kept in concrete tanks regularly re- 
filled by a fire vehicle). 

The size of Badghyz ungulate populations de- 
pends directly on water supply. This refers not only 
to wild sheep, but also to local populations of the 
goiter gazelle (Gazella subgutturosa) and the onager, 
or wild ass (Equus hemionus onager). Wild sheep are 
more tolerant of water salt content than onagers and 

all local domestic ungulates (cattle, sheep, goats, and 
horses). In Badghyz, wild sheep use water sources 
with mineralization as high as 20 to 22 g/l (Gorelov 
1978). The water sources that wild sheep have to use 
are an excellent place for ambushes by predators such 
as wolves and leopards. Wolves (Canis lupus) can 
be found next to each of the water sources in Badghyz 
where they come to drink and hunt. The leopard 
(Panthera pardus) is also a common predator in 
Badghyz. On June 8,1994, one of the authors, Kh. I. 
Atamuradov, observed a leopard that approached the 
Kerlek Spring at 9 a.m. and frightened a herd of wild 
sheep. At.this spring, 650 wild sheep were surveyed 
drinking during this single day. 

The severe water limitations of Badghyz are non- 
existent in the Kopetdagh Reserve where sheep habi- 
tats are located in the mountains with many constant 
springs and streams, and there is sufficient access to 
water sources even in summer. 

The most important measures which should be 
considered now in order to promote wild sheep con- 
servation in the Badghyz area, and in all of 
Turkmenistan, is construction of additional artificial 
water sources ("guzzlers"), as well as cleanup of 
natural springs. The Turkmenistan Department of 
Natural Resources and Conservation is committed to 
further scientific studies directed toward the preser- 
vation and maintenance of biodiversity and welcomes 
joint surveys and sharing of technology by interested 
foreign specialists and agencies. 
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Figure 1. A schematic map of Turkmenistan. 
Legend: I - stabilized sand, 2 - semistabilized sands, 3 - drift sands, 4 - the Karakum Canal. 
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During the 1994 Desert Bighorn Council meeting, a panel discussion was conducted on livestock/bighom 
sheep disease transmission. The discussion was recorded. Speakers had the opportunity to edit their comments that 
are presented in this volume. 

LlVESTOCK/BIGHORN SHEEP DISEASE TRANSMISSION 

Moderator: Mike Miller, Colorado Division of Wildlife, Ft. Collins, CO 

Panel: Walter Boyce, University of California, Davis, CA 
Marie Bulgin, University of Idaho, Caldwell, ID 
Bill Foreyt, Washington State University, Pullman, WA 
David Hunter, Idaho Department of Fish and Game, Caldwell, ID 
Terry Spraker, Colorado State University, Ft. Collins, CO 

Mike Miller - We want to spend some time this 
afternoon talking about disease interactions that in- 
volve bighorn sheep and livestock, particularly with 
reference to policies on sheep relocations and graz- 
ing policies on public lands where bighorn and live- 
stock may commingle. We've been very fortunate to 
assemble such a distinguished panel who've spent a 
great deal of time over the last several years, if not 
decades for some, working with bighorn sheep dis- 
ease problems. Everyone should benefit from the 
expertise they have to offer. 

Mike stated that he would introduce each of the 
panel members as the panel proceeded and that ev- 
eryone should try to keep their comments fairly brief 
as there would be an opportunity at the conclusion 
for open discussion among both panel members and 
the audience. He said he wanted to start by briefly 
trying to frame up the problem. 

You're going to hear a lot about pasteurellosis 
this afternoon, I have no doubt, and you'll probably 
hear a lot about, hopefully, a number of other signifi- 
cant respiratory diseases, but one of the bigger prob- 
lems we're going to be talking about and probably 
one of the root causes of a lot of the problems with 
respiratory disease in bighorn sheep, be they desert 
sheep or Rocky Mountain bighorns in North America, 
is attributable to pasteurellosis. Disease, as all of you 
know, plays a significant role in bighorn sheep popu- 
lation dynamics. Specifically, there are really two 
ways this occurs. Obviously this isn't the desert sheep 
except maybe anywhere but in Colorado. But, we 
see these tremendous, explosive die-offs of bighorn 
sheep that can create significant harm to populations. 
These die-offs have been reported since the last cen- 
tury, for over the last 100 years. Probably some of 
these pneumonia outbreaks have been occurring with 
fairly regular "irregularity," but they can be absolutely 

devastating. Certainly, one of the sequels to these 
outbreaks that's maybe a little less well understood, 
but in my opinion is as devastating to overall popula- 
tion performance of bighorn sheep is the lamb mor- 
tality that follows the outbreaks. We get to work with 
captive sheep and we've seen a lot of examples in 
Rocky Mountain sheep in Colorado, and I know that 
it's been seen in desert sheep, in Rocky Mountain 
sheep in other places, where in the follow-up, in the 
aftermath of one of these explosive pneumonia out- 
breaks, lamb survival can be abysmal for a number 
of years. We have one herd in Colorado and it's been 
13 years now since it went through a significant pneu- 
monia outbreak and we still see pneumonia every 
summer in lambs in that population and lamb sur- 
vival is particularly poor. That population has taken 
over 10 years to double in size since that pneumonia 
outbreak occurred. So these things can really drag 
down populations in the long haul. 

The results of these kinds of processes are very 
erratic-unstable populations that certainly don't re- 
cover very well in the face of these pneumonia out- 
breaks, and may in fact go extinct because of not only 
continuing problems with disease but also problems 
with predation, weather, and other kinds of things that 
can easily waylay small populations after they get 
driven down to a very low point. 

The process appears, basically, to have two com- 
ponents. There certainly is opportunity and measure- 
ment opportunity historically in some cases for novel 
pathogens to be introduced into bighorn populations. 
We don't see these same kinds of patterns in more 
northern sheep species, in the Dall sheep and the stone 
sheep, which might suggest that some of these things 
are relatively new in an evolutionary sense. Certainly, 
in some of these, novel introductions do go on today. 
Once they occur, there seems to also be epizootic or 



1995 DESERT BIGHORN COUNCIL TRANSACTIONS 

endemic processes that go on. Again, with 
pasteurellosis, in many cases there are other bacteria 
and other agents that can be involved but the 
pasteurellosis seems most often to be the most com- 
mon cause of problems. Certainly stress, viruses, 
chlamydia, and bloodworms can, from time to time, 
contribute to these problems. Once these epizootic 
cycles begin they seem to be very, very difficult to 
break. 

What the panel is going to mainly talk about this 
afternoon is the introduction of novel pathogens. In 
particular, as I've said before, you'll be hearing a lot 
about Pasteurella. I hope you'll hear about some other 
pathogens as well and their relative importance in 
contributing to these cyclic pneumonia problems that 
seem to plaque our bighorn herds throughout North 
America. What we hope to do is to try to get a feel for 
the relative importance of these novel pathogen in- 
troductions from the epizootic cycles that are maybe 
sequela to those kinds of things. Certainly, some of 
these are going to be much more preventable than 
others. I think that you should get a fair bit of good 
information from our panel members and hopefully 
this will lead to some stimulating discussion as we 
proceed this afternoon. 

I'd like to introduce our first speaker at this point, 
Dr. Bill Foreyt. Bill received both his masters and 
Ph.D. in veterinary sciences from the University of 
Wisconsin and is currently a professor in the veteri- 
nary microbiology and pathology department at Wash- 
ington State University at Pullman. Most of you fa- 
miliar with the literature on bighorn sheep and do- 
mestic sheep diseases, with respect to pasteurellosis, 
I am sure will be familiar with Bill's name and so I'll 
turn this over to Bill. 

Bill Foreyt - Thank you Mike. Thank you ev- 
erybody for corning. I got involved in the domestic 
livestockhighorn sheep interaction in 1979 purely by 
accident. So we're involved in this area of interest, 
not intentionally, but because it proved so interesting 
we pursued this area of research. In 1979, we had a 
herd of 14 bighorn sheep and into that herd we put 
some domestic sheep to try to produce a hybrid, pri- 
marily to do some additional disease studies, and 13 
of 14 of those bighorn sheep dropped dead. This was 
purely circumstantial, but because we thought there 
might have been a causeleffect relationship we pub- 
lished the paper in the Journal of Wildlife Disease in 
1982. Then, in 1988, the Lostine Mountain outbreak 
occurred in Oregon where two-thirds of those big- 
horn sheep died after contact with domestic sheep. 
At that time we had some domestic sheep in captivity 
at Washington State University and we decided to 

become actively involved, to look at this domestic 
livestockhighorn sheep interaction. We began by try- 
ing to duplicate what we saw from that initial situa- 
tion that I described. We put 6 domestic sheep in 
with 6 bighorn sheep that had been in captivity for 1 
year and within less than 2 months all of the bighorn 
sheep died from pneumonia. Pasteurella haemolytica 
was the agent that was isolated from all the dead big- 
horn sheep. Previous to the experiment, using only 
nasal swabs, we could not demonstrate I? haemolytica. 
So we published this paper which I thought was one 
of the best pieces of work that I have ever done and it 
probably resulted in the most controversy of any pa- 
per. It became a very interesting story to look at. We 
repeated that experiment on about three more occa- 
sions where we would put bighorn sheep and domes- 
tic sheep together and in every instance the mortality 
rate in the bighorn sheep was close to 100 percent. 
Mortality rate in the domestic sheep was zero. So it 
looked like there was an adverse association between 
bighorn sheep and domestic sheep. The question then 
came up, what about other adverse interactions? What 
about elk, deer, and the other animals that often asso- 
ciate with bighorn sheep in the wild? So we repli- 
cated those experiments. We put elk into our pens 
with captive bighorn sheep at Washington State Uni- 
versity (WSU). The standard protocol is to keep the 
animals in a 1-acre pasture for 60 days, evaluate the 
Pasteurella that are there before you put the animals 
together, evaluate the Pasteurella that are there at the 
end of 60 days, and also from any animals that died. 
Well, elk seemed to be compatible because none of 
the bighorn sheep died in our replicated trials. We 
used white-tail deer on one trial, mule deer on one 
trial, and nothing happened there. We did one ex- 
periment with domestic goats and nothing happened. 
With llamas, we were not even able to isolate I? 
haemolytica from the llamas in the experiment or any 
of the llamas that came through WSU during this pe- 
riod. Llamas seemed to be compatible with bighorn 
sheep. We just completed a 60-day trial with moun- 
tain goats. Nothing happened with the mountain goats 
or the bighorn sheep. We also just completed a trial 
with cattle, using three cattle and four bighorn sheep 
in a very confined pen, and nothing happened in the 
bighorn sheep. Again, we always have to question 
these results because I? haemolytica is such a diverse 
organism. There are probably a hundred different 
kinds of I? haemolytica and when we select three cattle 
randomly, we don't get very many types of P. 

' 

haemolytica in a specific kind of animal. So some of 
these experiments will have to be repeated using the 
type of I? haemolytica we think is more serious in 
bighorn sheep that is usually carried by the domestic 
livestock in a nonpathogenic way. The other study 
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we did this winter was with mouflon sheep. We put 
five mouflon sheep into a herd of five bighorn sheep 
and all the bighorn sheep died from pneumonia. 

The conclusion to these interaction studies were 
that bighorn sheep are incompatible with domestic 
sheep and mouflon sheep. In other words, when they 
have close contact, the probability of bighorn sheep 
dying from pneumonia is very high. We went a little 
further to be sure that it was the Pasteurella that was 
killing the bighorns and not stress or viruses or air- 
planes flying over or other stress-type factors. What 
we did was to take P. haemolytica from a normal, 
healthy, domestic sheep. It's a very common type of 
strain we call biotype A, serotype 2. A majority of 
domestic sheep carry it. We took it from the healthy, 
domestic sheep and grew it in culture, and we inocu- 
lated it into bighorn sheep and into domestic sheep. 
The bighorn sheep that were inoculated died from 
pneumonia within 24 hours and the domestic sheep 
never sneezed. We replicated that trial three times 
using different levels of P. haemolytica and in each 
trial all of the bighorn sheep except one died. So the 
result from that experiment is that bighorn sheep are 
very sensitive to some strains of P. haemolytica that 
are carried by domestic sheep and that those strains 
don't affect the domestic sheep. 

We then began looking at the mechanism behind 
the pneumonia in bighorn sheep. Was there a way 
we could prevent it? Was there a way we could mini- 
mize the effects? That's where my colleague, Dr. Ron 
Silflow, has done almost all the work. His role was 
to look at the function of the lung and the function of 
these bacteria in terms of producing toxins in the lung 
and adversely affecting the bighorn sheep. He takes 
various strains of bacteria and grows them in culture. 
He isolates the toxin from the different strains and 
then evaluates that toxin against neutrophils from dif- 
ferent kinds of animals. If the toxin kills the neutro- 
phils, we then speculate that the bacteria will kill the 
kind of animals those neutrophils came from. If the 
Pasteurella toxin kills more than 50 percent of the 
bighorn neutrophils, we classify that Pasteurella strain 
as a pathogenic strain for bighorn sheep that is likely 
to cause pneumonia. 

We have also tested host-resistance or host-sen- 
sitivity based on their neutrophils. What we've found 
is that in every healthy wild herd of bighorn sheep 
that we tested, none of those sheep had ever yielded a 
toxic-type P. haemoly tica even though every bighorn 
sheep carries P. haemolytica. When we sampled do- 
mestic sheep, about 60 percent of the isolates that we 
tested were toxic. How do we know they're toxic? 
Because, if we took that same organism and inocu- 
lated it into a bighorn sheep and a domestic sheep, in 
every instance the bighorn sheep died. There's one 

exception to that and that's one toxic isolate that we 
found in an Oregon bighorn sheep that was found dead 
of pneumonia. It was a toxic isolate in our test. We 
inoculated it into two bighorn sheep and the bighorn 
sheep never got sick. We repeated it and again the 
bighorn sheep didn't get sick. We're hoping that this 
could be a vaccine strain. It's toxic enough in our 
test, but yet it won't kill bighorn sheep. Next week 
we'll challenge those same bighorn sheep with a do- 
mestic sheep isolate of our toxic strain to see what 
happens. If those sheep live, we may have an even- 
tual solution to this problem. 

The conclusions from these studies, then, are 
based on the neutrophil toxicity test. Bighorn sheep 
are very, very sensitive to pneumonia. They die very 
easily and I guess all of you know that already, but 
now we have the data. We've worked with Dall sheep 
this summer. Dall sheep are even more sensitive to 
pneumonia based on this test than are bighorn sheep. 
Domestic sheep are also relatively sensitive but five 
times less so than bighorn sheep. Deer, elk, and some 
of the other ruminants we've tested are essentially 
resistant to these kinds of bacteria. So, in terms of 
management guidelines, which you people are look- 
ing for, my suggestions are if you want to keep healthy 
bighorn sheep in the environment, you must avoid 
contact with domestic sheep and mouflon sheep or 
the probability of those sheep dying from pneumonia 
is very high. The other conclusion is that bighorn 
sheep are very sensitive to pneumonia, and that if they 
contact any of these toxic strains through nose-to-nose 
transmissions, they are likely to die. 

Mike Miller - Our next speaker will be Dr. Marie 
Bulgin. Marie received her veterinary training at the 
University of California-Davis. She is a board-certi- 
fied microbiologist and is very actively involved in 
the small ruminant health program at the Caine Vet- 
erinary Teaching Center in Caldwell, Idaho. Marie's 
going to be presenting some of the information that 
she brought with her and also providing some infor- 
mation that her colleague, Dr. A1 Ward, would have 
presented. 

Marie Bulgin - Thank you, Mike. I guess we 
can start out with the first overhead. I'd like to start 
by saying that there's actually been a lot of people 
involved in the research I'm going to talk to you about 
today. And, as you can see, I've really had very little 
to do with it, but I would like to comment that Dr. 
Ward, who isn't here, probably did the majority of it. 
Dr. Hunter will talk about some of the work that he's 
been involved in, and these other folks are really the 
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ones that did all the culturing, did all the tough stuff, 
so this certainly wasn't a one-person effort by any 
means. 

The perception of the problem of bighorn and 
domestic sheep has led to many groups being at dag- 
ger-point as you all know. But, in the state of Idaho, 
it has brought together some very diverse groups. The 
Idaho Wool Growers, the Department of Fish and 
Game, the University of Idaho, and the State Depart- 
ment of Agriculture have all banded together in an 
effort to search for knowledge, to help provide rea- 
sonable answers about how to manage our bighorns 
and our domestic sheep, and I think it's to their credit 
that this has taken place. It's my intent to try to sum- 
marize the research that's come out of that effort. 

Pneumonia, specifically that caused by 
Pasteurella hemolyticum, has been one of the most 
recent diseases, certainly one of the most controver- 
sial ones of recent years to be looked at. As a result 
of several die-offs in the state, specifically two in 
Hell's Canyon and one in the Salmon River area, we 
decided to look at the Pasteurella that are carried by 
bighorn sheep. So with the cooperation of Fish and 
Game, the State Department of Agriculture, and the 
Caine Veterinary Center, we have sampled and sur- 
veyed most all of the herds in Idaho as well as samples 
from Arizona, California, Nevada, Montana, Wyo- 
ming, Colorado, and North Dakota. So we've looked 
at quite a few bighorn sheep-probably somewhere 
in the vicinity of 450 animals. 

Let's go to the next overhead. When we began, 
we discovered several things. We discovered that the 
nasal swab is not a very good way to find Pasteurella 
in bighorn sheep. As a result, our first isolations are 
probably fairly low. We have here a slide that was 
made some time ago and we found that our isolations 
from both bighorn sheep and domestic sheep were 
about 60 to 70 percent. Since that time, since going 
to both the nasal and tonsilar swab, plus getting 
samples from the field to the laboratory faster, plus 
using transport media, we've improved those isola- 
tions to almost 90 percent both in bighorn and do- 
mestics. So, we did discover that bighorns do cany 
quite a large population of Pasteurellas. 

I guess I ought to say a little bit about identifica- 
tion of these Pasteurellas. Next slide please. This is 
the part that confuses me and I'm sure it's going to 
confuse you too. I'll do my best here. Of course 
Pasteurella is the genus, hemolyticum, the species, 
then we go to biotyping. We have three biotypes: A, 
T, and 3. I've always wondered why they threw this 
3 into the alphabet, but that's the way they do it. We 
talk about serotyping. This is where they take serum 
from animals that have been inoculated with various 
types of Pasteurella and then use that for identifica- 

tion. We have many, many serotypes. In addition to 
the serotyping that we don't even have on this slide, 
they're now doing biogrouping. The biogrouping 
includes quite a number of groups as well. And then, 
of course, you've heard about fingerprinting. That's 
what Dr. Ward has done a lot of work with and this 
breaks it down even further. So, you'll hear me talk 
about serotype and biogroup and biotype and if you 
get as lost as I do, I'm going to have you totally con- 
fused. Next slide please. This is just an example. 
Biotype A, as you can see, has a number of serotypes. 
You'll hear me talk about biotype A, serotype 1, or 
serotype 2. You'll hear me talk about biotype T. Se- 
rotype is not used as much or we haven't looked at it 
as much as we have biotype. You'll hear me talk about 
biogroup 2 which is not a serotype 2. And on biotype 
3, although we had none identified at the time this 
slide was made, we now have a serotype 11, biogroup 
11, that's important as you'll see in a few minutes. 

The incidence of isolation of Pasteurella of big- 
horn sheep seems to run about the same as it does in 
domestics. About 90 percent of them will yield 
Pasteurella and that's about what we've gotten out 
of the bighorn sheep. Interestingly enough, one ani- 
mal can carry many different serotypes. We find that 
in the bighorn sheep, the greatest majority of them 
carry T. As you can see, we do find some As. We 
find some that carry both As and Ts, some that cany 
some 3s, some that carry As and 3s, but the majority, 
about 60 percent of the bighorns will yield just Ts. 
There may be several different serotypes and several 
different biotypes. The domestics, on the other hand, 
are reversed. The majority of organisms that they 
carry usually biotype A, but some may have Ts, some 
3s, and some combinations, but the majorities areas. 

Before I go on, I should mention hemolysis. In 
the literature, you'll find that a lot of people relate 
hemolysis to pathogenicity. In other words, if they 
see a hemolytic organism on a blood agar plate, they 
assume that it is more pathogenic than one that shows 
no hemolysis. We feel that that's probably true. How- 
ever, whether you see hemolysis or not on a blood 
agar plate in the laboratory has to do with a lot of 
factors, one being where you got the blood. In other 
words, if you got the blood from a sheep, and we do 
use sheep blood for these tests, and that sheep hap- 
pens to have antibodies to the hemolysin you're test- 
ing for, you're not going to see hemolysis on the blood 
agar. Presently we're looking into a more reliable test 
for hemolysis. 

One of the interesting things that we have been 
able to do is look at bighorn herds that have actually 
come into contact with domestics. Probably the most 
interesting work, in this regard, has come out of Ne- 
vada. I think Dr. Hunter's going to cover that so I 
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won't go into any great detail except to tell you that 
we have some information that shows that we do have 
domestics and bighorns carrying not only the same 
strain and the same biogroup, but the same finger- 
print, indicating that there was some transmission 
from somebody to somebody, but not knowing which 
way it went. In that particular herd, there hasn't been 
a die-off and it could be because the organism isn't 
very pathogenic. It was the biotype 3, biogroup 11, 
and it could be that it's just not a very pathogenic 
strain. 

In the last 3 years, we've only had the opportu- 
nity to look at sick bighorns about 18 times. Unfor- 
tunately, it is seldom that bighorns have been found 
soon after death and that the finder is able to get 
samples to us. This is one of the weaknesses of our 
research. In the 18 that we've looked at, only 5 of 
these have been field isolates-sick bighorns out in 
the wild. The others have all been captive bighorns 
that we've had good accessibility to. The interesting 
thing about this is that the organism that's been iso- 
lated in five of six necropsies has been type T, the 
same type from 10 of 12 sick animals where we 
merely got a nasal or tonsilar swab. This has been 
type T, biogroup 2. It appears as if that particular 
strain, which is also carried by the majority of big- 
horns, can be pathogenic. For example, of 297 
Pasteurella species that we've gotten out of healthy 
bighorns, approximately 42 percent of them were the 
same strain and the same biogroup as this organism 
that we've gotten out of the sick bighorns, type T, 
biogroup 2. It's also interesting that of the wild elk, 
deer, antelope, moose, mountain goats, and bison that 
we have cultured looking for Pasteurella, the elk, deer, 
goats, and moose all carry the same strain of P. 
haemolytica, T biogroup 2. 

Marie stated that no fingerprinting had been 
done to determine ifthey are identical, but that they 
are the same in terms of type and biogroup. As stated 
by Dr. Foreyt, there has been enough research indi- 
cating that the commingling of bighorns and domes- 
tics is detrimental to the bighorn's health. Mane 
stated that Dr Foreyt is not the only one who has had 
this experience. There have been other researchers 
in other states who have had this problem and in 
Idaho's case, it happened recently. She stated that 
they had nine domestics that were all positive for ovine 
progressive pneumonia and they were interested in 
observing whether or not this was a disease that could 
be transmitted to bighorns as well. 

The domestics were placed in a pen and several 
days later four, 1- to 2-year-old bighorn males were 
placed next to them. Within 48 hours of placing the 
bighorns, a domestic sheep died. Interestingly, when 
the bighorns were placed with the domestics, we no- 

ticed that they were very curious about each other 
and that they all ran up to the fence on both sides and 
licked and sniffed noses. It was actually observed 
that one of the bighorns was licking the nose of one 
of the less healthy domestics. That was the domestic 
that died within 48 hours, and the bighorn died the 
next day. The day after the first bighorn died, the 
second bighorn died. The day after that, the second 
domestic died. By this time, we wised up, took the 
temperatures of the remaining bighorns, and when 
we found that they were exceeding 104', we put the 
bighorns on antibiotics. They survived. 

The organism isolated from that small die-off was 
l? haemolytica biotype A, biogroup 1. The organism 
had identical fingerprints in the four sheep (bighorn 
and domestic) that had died and the two living, re- 
maining bighorns, as well as in two of the remaining 
seven domestics. This organism is of relative inter- 
est because biotype A, serotype 1, biogroup 2 is an 
organism that is carried by cattle, not sheep. We do 
not know where it came from. However, in the two 
domestics carrying it, it died-out after a month or so, 
never to be seen again in that group. The two remain- 
ing bighorns that survived, however, continued to 
carry the organism. 

It was decided to see what would happen if all 
the sheep were blitz-treated with tetracycline in the 
feed. This was an effort to see if Pasteurella could 
be cleared from the domestic sheep in case we wanted 
to commingle the sheep again. Before the sheep were 
commingled initially, 27 different groups of 
Pasteurella were identified among all the domestic 
sheep mostly in biotype A. The bighorns only started 
out with a biotype A, biogroup 1, which they were 
now getting along with quite well, as well as a bio- 
type A, biogroup 7X. After the blitz treatment with 
tetracycline, we wiped out a number of the groups, 
but there were still plenty left. However, we did wipe 
out that group A, serotype 1, in the two remaining 
bighorns, that had killed off the bighorns and the two 
domestics. It was eliminated after the bighorns had 
carried it for several months. It was thought that all 
the groups weren't eliminated because some were 
resistant to tetracycline. However, only two biogroups 
were found to be resistant to tetracycline. The others 
were residing in the sheep in spite of being sensitive 
to it. It was further thought that perhaps not all the 
animals were eating the feed with the tetracycline in 
it, so it was decided to inject the sheep with an antibi- 
otic. The sheep were injected with ampicillin for 5 
days, which we had determined that all the biotypes 
were sensitive to. In spite of ampicillin treatment, we 
were unable to affect the number of Pasteurellas we 
were able to isolate. One thing accomplished, al- 
though it was hard to quantitate, was we did knock 
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numbers down. When we put swabs on plates and 
looked at them, there were many, many, many fewer 
colonies. However, the Pasteurella was still present. 
It seems safe to say that nose-to-nose contact is a good 
way of transmitting Pasteurella from one species to 
another in spite of prior treatment with antibiotics. 

Our next consideration was to determine if 
Pasteurella could be transmitted through water or 
forage. We looked at water from water troughs the 
sheep were drinking out of, sampling the water for 
14 days running. We never did isolate a Pasteurella 
out of the water. There was about a 2-gallon capacity 
in the trough. Next, it was decided to add Pasteurella 
to the water to see what would happen. Initially, we 
placed log 4 number of Pasteurellas per ml. in fil- 
tered sheep trough water. We just dipped it out of the 
water trough, filtered it, and then started culturing for 
Pasteurella one, two, four, six, and so forth hours af- 
terwards. We discovered at 2 ' ~  or almost freezing 
(refrigerator temperature), that the organism was com- 
pletely gone by the end of 48 hours. At higher tem- 
peratures, for example 2 7 ' ~  which is room tempera- 
ture, we found that Pasteurella lasted for afull2 hours. 
However, at incubator temperatures or body tempera- 
ture, we couldn't isolate it after the first 20 minutes. 
Obviously, Pasteurella doesn't survive very well in 
filtered sheep trough water. 

The next slide shows what happens in distilled 
water. In this experiment, we started with a larger 
number of Pasteurellas. We felt it was subjective how 
many Pasteurellas an infected sheep will put into a 
water trough and because we had no idea we started 
out by thinking a good practical number would be 
104. Then, after we kicked it around for awhile, we 
decided to go with a worse case scenario and upped 
our numbers. Consequently, we discovered that the 
more Pasteurellas we put in the water, the longer they 
lasted. Even if you get a 90 percent die-off in the 
first day, the remaining 10 percent of 107 lasts quite a 
bit longer than 10 percent of 1,000 (100). When we 
threw in 107 organisms, they lasted a lot longer. At 
4 ' ~  and it was more like 5 days that we could re- 
cover Pasteurella out of such a sample. Unfortunately, 
we have not inoculated 107 organisms into sheep 
trough water, but we have inoculated 104 organisms 
into distilled water and we find that Pasteurellas last 
longer in distilled water than they do in sheep trough 
water. We're conjecturing that there may be some 
toxic elements in the sheep trough water, perhaps from 
the algae or other bacteria that fall in. This is some- 
thing that we need to follow up on. 

Finally, we looked at forage. Although we need 
to do a lot more work with it, we find that alfalfa 
plants are fairly toxic to Pasteurella. At least at the 8 
a.m. temperature during August, Pasteurella will not 

last longer than 1 hour on an alfalfa plant in the 
sunshine. 

In summary, from our research, we can say that 
90 percent of the bighorns do carry Pasteurella spe- 
cies. Of those that are positive, most of them come 
from the tonsils. This says something about the 
method of spreading the disease. If it isn't found in 
the nasal cavity, then the sheep probably aren't shed- 
ding a lot. 

Of those that are positive for the Pasteurella spe- 
cies, only about 30 percent carry either the biotype A 
or 3. We have found that, geographically, biotypes 
tend to vary and that it's possible to determine the 
geographic area where the animal is from by the . 
Animals within an area tend to share the species. Elk, 
deer, antelope, and other wild ruminants also carry 
Pasteure lla species. 

We can say the most common isolated species in 
18 dead sheep has been type T, biogroup 2, which 
seems to also be the main organism bighorns tend to 
carry. 

Pasteurella species do not survive in the envi- 
ronment very well and are probably not transmitted 
via the environment. They probably require nose-to- 
nose contact to spread. 

Mike Miller - Mike stated that justfrom thefirst 
two talks he hopes everyone can appreciate how com- 
plicated a problem all of this is, especially as we are 
only talking about one species of bacteria even though 
there's a whole milieu of strains that appear to be out 
there and operating. Mike introduced the next 
speakel; DI: Terry Sprakel: Mike stated that Terry 
received both his DVM and Ph.D. from Colorado State 
University. Mike observed that Terry had been work- 
ing on bighorn sheep respiratory problems for a num- 
ber of years, at least 15 and probably closer to 20 
years. Mike said that Terry is currently a pathologist 
with CSU's diagnostic lab and that Terry would be 
talking aboutpasteurellas as well as some of the other 
health problems that can arise from bighorn sheep 
and livestock interactions. 

Terry Spraker - Terry gave a quick history of 
his background: he grew up in Wyoming and worked 
on sheep ranches during the summers when he at- 
tended high school. Because of this, he does have a 
basic understanding of sheep ranching and some of 
the associated issues. He stated that since veteri- 
nary school his work has involved investigating dis- 
eases in free-ranging animals, both terrestrial and 
marine mammals, and birds. Terry stated that he 
has had a particular interest in bighorn sheep and 
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has invstigated diseases of bighorn sheep for the last 
20 years. 

Because of long-time isolation of bighorn sheep, 
they seem to be more susceptible to many of the com- 
mon diseases that otherfree-ranging ruminants are 
more resistant to. When you consider the past inter- 
actions of bighorn sheep with man, there have been 
numerous problems including market hunting, loss 
of range because of use by man and his domestic ani- 
mals, and diseases. When one looks at the diseases, 
especially in the older literature, several diseases are 
mentioned, including scabies, anthrax, and 
pasteurellosis. Anthrax may have been misdiagnosed 
in these earlier days and, clinically, anthrax could 
look similar to acute pasteurellosis in bighorn sheep. 
Over the years many diseases have been diagnosed 
in bighorn sheep. Some of the diseases that are im- 
portant in bighorn sheep that could possibly come 
from domestic animals include blue tongue, conta- 
gious ecthyma, and in some areas, an upper respira- 
tory viral disease called bovine respiratory syncytial 
virus. Parainfluenza type 3 and chlamydia are other 
organisms that can be transmittedfrom domestic ani- 
mals to bighorn sheep. There are other potential vi- 
ral diseases that may affect bighom sheep that can 
be carried by domestic sheep; howevel; these viral 
diseases have not been diagnosed in bighorn sheep 
to date. One of these viral diseases is bovine virus 
diarrhea. Scrapie is another important chronic neu- 
rological disease of domestic sheep and whether this 
disease can be transmitted to bighorn sheep at the 
present time is not known. No evidence so far has 
incriminated domestic sheep as being able to trans- 
mit scrapie to bighorn sheep. Ovineprogressivepneu- 
monia, which is a slow progressive viral pneumonia 
that occurs in range sheep is another disease of con- 
cern. Howevel; to date, at least in Colorado, this dis- 
ease has not been found in bighorn sheep. Other 
bacterial diseases to be aware oJ; besides Pasteurella 
is Johne's disease. The etiological agent is an 
acid-fast organism that causes a chronic wasting and 
diarrhea in bighorn sheep. There are several herds 
in Colorado with this disease. This disease is a dev- 
astating disease to these free-ranging bighorn sheep. 
Recently we have found a mycoplasma in wild big- 
horn sheep populations with pneumonia. The sig- 
nificance of this organism is not known at the present 
time; howevel; we found this organism in the 1970s 
in association with a lamb mortality. Howevel; usu- 
ally when mycoplasma is found, bighom sheep also 
have pasteurella, lungworm, and in some instances, 
a respiratory syncytial virus. There are also various 
parasites that can be transmittedfiom domestic sheep 
to bighorn sheep. One of these parasites is Oestrus 
ovis. This parasite manifests itself as a chronic 

sinusitis, especially in desert bighorn sheep. 
Occasionally we also see a tapeworm cyst in the ab- 
dominal cavity in bighorn sheep that are from areas 
in which there is an abundance of sheep, sheepdogs, 
and coyotes. This tapewomz is usually not patho- 
genic to the bighorns, but in cases of extremely high 
infestation could cause death to young animals. 

In conclusion, we have been trying to study dis- 
eases offree-ranging animals because we think that 
many of the diseases of domestic animals can spill 
over into the free-ranging populations and can be a 
population-limiting factol: Any time bighorn sheep 
intermix with domestic animals, whether naturally or 
artificially, usually the bighorn sheep suffer in vari- 
ous ways. The problem with domestic sheep and big- 
horn sheep is nzore extensive than just disease trans- 
mission. There is a problem with interbreeding and 
probably with loss of range due to the domestic ani- 
mals occupying the nomal bighorn sheep habitat. 
Howevel; there does seem to be more of a problem 
with domestic sheep than other domestic animals, 
probably because the bighorn sheep and domestic 
sheep are so closely related genetically, and especially 
since they can interbreed. The domestic sheep ap- 
pear to have an increased immunity to many of the 
diseases as compared to that of the bighorn sheep. 
Therefore, the bighorn sheep appear to be more sus- 
ceptible to some of these domestic sheep diseases. It 
appears at the present time that we are enjoying fairly 
good success with bighorn sheep management for 
several reasons. One of the reasons is that there is a 
fairly extensive transplanting program in the west- 
e m  United States. In these instances, people are try- 
ing to transplant animals into clean habitats and they 
are also trying to transplant healthy bighorn sheep. 
Howevel; the habitat is still slowly decreasing, so even 
though intensive management including transplan- 
tation is showing promise at the present time, this is 
probably only a "temporary JFix" for bighorn sheep 
management. 

Mike Miller - Mike stated that he would like to 
underscore Terry's message that this isn't a simple 
problem with respect just to pasteurellas. He said 
that's what we hear a lot about, and certainly that 's a 
very common organism, but there are many other 
agents that we haven L spent the time and energy study- 
ing as we have the pasteurellas over the last 5 to I0 
years. Mike said he's afraid that the more we look, 
the worse the news is going to be. 

Mike, in introducing DI: Walter Boyce, stated that 
Walter received his veterinarian training at Auburn, 
has a masters degree from the University of Florida, 
and a PlzD. from Purdue. He's an associate profes- 
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sor of parasitology at the University of California- 
Davis in the veterinary school. Mike said Walter had 
his own news as well as information from DI: Dave 
Jessup, who wasn 'table to attend, about diseaseprob- 
lems as they relate to interactions with cattle. 

Walter Boyce - Walter stated that rather than talk 
about data, he wanted to discuss conclusions. He 
said in his mind it's been brought home very clearly 
that domestic sheep and bighorn sheep don't mix. 
Howevel; it's much less clear with domestic sheep and 
bighorn sheep. He said that to the best of his knowl- 
edge there is no sound data that suggests that domes- 
tic cattle and bighorn sheep share diseases that are 
of importance to bighorn sheep. Walter said he 
needed to talk about sharing diseases versus detect- 
ing diseases. Oftentimes, the way to determine 
whether or not an animal has been exposed to a dis- 
ease is to go out and collect a blood sample. Sera is 
submitted to a laboratory and examinedfor antibod- 
ies to these infectious disease agents. The presence 
of antibodies does not mean that the animal ever had 
clinical disease or will ever have clinical disease. The 
fact that bighorn sheep and domestic sheep or big- 
horn sheep and cattle have antibodies to the same 
infectious disease agents does not mean that those 
animals have beerz infected with the same infectious 
disease agent or that clinical disease occurred in ei- 
ther or both of those species. Walter said it's a fairly 
complex situation and that one can't generalize. How- 
evel; he said he was going to generalize: Put donzes- 
tic sheep and bighorn sheep together and there are 
problems. The problems clearly occur due to 
pasteurella pneunzonias. With domestic cattle and 
bighorn sheep, these problems haven't been evident. 
He said that in California for tlze past 4 years, they 
have been looking at one bighorn sheepkattle inter- 
action in particular and that his focus has been sca- 
bies as the primary infectious disease agent although 
they have also been looking at other viruses and bac- 
teria. What they found is that bighonz sheep that have 
scabie mites in their ears (and about 50 percent of 
the sheep do), that year after yeal; cattle in that area 
have never shown signs of having mites, they've never 
isolated mites from the cattle, and have never found 
antibodies to the mites in the cattle. Deer also occur 
in this area as well and they have never shown signs 
of infection. If one takes sera from these three differ- 
ent species, one can find tlzat they have antibodies to 
several dzfferent viruses and bacteria, but at this point 
it doesn't look like clinical disease results from any 
of those infections. Walter said in this one particular 
situation, it's possible to say that there are infectious 
disease agents that these animals have been exposed 

to that may or may not have been the same ones, but 
clinical disease has not beerz a problem. Even then 
it's not that simple because tlze cattle in this particu- 
lar drainage are what's called a closed herd. No new 
animals are introduced from the outside on a year- 
to-year basis, and as discussed, the introduction of 
novel pathogens is very important. After awhile, if 
the group in this room all lived in close harmony, some 
would survive and some wouldn't because of expo- 
sure to all the dzfferent infectious disease agents in 
tlze room. When one introduces new cattle into this 
bighorn sheep herd that's closed because it's not be- 
ing augmented, then there 5. a possibility that they can 
bring in new pathogens and the situation that's been 
seen during the past 4 years could change radically. 
Walter said he didn't want to say that just because we 
haven't seen disease interactions occurring between 
these animals that is always going to be the case. Most 
cattle operations (grazing on public lands in particu- 
lar) are not closed operations and disease interac- 
tions are still an open question. But, at this point, 
when asked if he knows of any evidence tlzat indi- 
cates that cattle and bighorn sheep interactions are 
important from a disease point of view, he says no. 
He doesn't think the evidence is out there, but possi- 
bly someone here on the panel has evidence to the 
contrary and he would like to hear it. 

Walter next brought up the issue of vaccination 
and treatment options. Walter said this gets a little 
bit into the philosophical realm but let's say, for ex- 
ample, in the case of pasteurella that we're able to 
clearly identify a potential vaccine. The use of a vac- 
cine in free-ranging animals is a decision that has to 
be very carefully thought through. There are several 
considerations to think about. Is it going to have to 
be used year after year? Is this a management strat- 
egy we can commit to over tlze long-term? Is this the 
best option we want to pursue? Walter said Amy 
Fisher talked earlier today about the fact that we used 
ivermectin in the San Andres this year to try to treat 
scabies mites. She said it was used primarily for hu- 
mane reasons because those animals had been suf- 
fering from an infestation for a prolonged period of 
time. It's extremely doub~ful that the administration 
of ivermectin at this particular point in time, how- 
evel; would have any effect on the population as a 
whole. Walter said his personal feeling was, that in 
terms of managing the diseases that need to be man- 
aged so that we're actually having effects on popula- 
tions, probably the single best thing that has happened 
in recent years regarding diseases shared between 
bighorn sheep and domestic sheep was the recom- 
mendation that we keep those animals separate. He 
would much prefer to see that management strategy 
employed than for us to rely on a vaccine and then 
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feel we can mix the animals as long as we go in and 
intervene on a year-to-year basis and vaccinate. 
That's a personal decision on his part, but he thinks 
there are some valid reasons for doing this in that 
over the long-term is the commitment really going to 
be there to deliver vaccines year after year? Is the 
funding going to be there to do that? Walter said 
he'd like to hear opinionsfrom the audience, many of 
whom are land managers and are the people that 
would actually be faced with implementing those sorts 
of decisions. 

Mike Miller - Thank you Walter. I think we'll 
go ahead and proceed to Dr. Dave Hunter who will 
wrap things up. Dave received his veterinary train- 
ing from Washington State. Dave worked with the 
California Game and Fish Department for a number 
of years, 5 years I believe, and then most recently has 
had a joint appointment in Idaho. He's veterinarian 
for the Idaho Department of Fish and Game and also 
for the Idaho Department of Agriculture, serving two 
masters with sometimes slightly different perspectives 
and agendas. I think Dave's going to try to bring 
some of this into a personal perspective and also from 
an agencylmanagement context. 

Dave Hunter - Well, first of all you heard that 
my job as wildlife veterinarian for the state of Idaho 
is a doubly-funded position to work on wildlife. My 
job is wildlife, my funding is from two agencies. The 
reason for that is my job was legislated as a double- 
funded position. My job was basically created be- 
cause of the bighorn sheepldomestic sheep interac- 
tion. Again, it kind of threw me in a new spotlight. 
Along with Dave Jessup in California, there were two 
of us wildlife veterinarians for the state at that time, 
so you always kind of have someone covering your 
backside. Well, it's like the difference between ba- 
con and eggs at breakfast. You guys know that dif- 
ference. You know the hen was involved in that break- 
fast, but the pig was committed to the breakfast. Well, 
my pork was now really on the line because I had 
two masters telling me there was no pressure on me, 
but go forth and prosper. Well, it was actually a little 
hard and you've heard about some of the research 
that's been done in regard to Pasteurella. Again, this 
is the organism that appears to be the final nail in the 
coffin. I think after 5 years in Idaho, we can reach a 
consensus. Walter mentioned it and Bill mentioned 
it, that what we can't do is put the two species to- 
gether. You put bighorn and domestic together, in 
nose-to-nose contact, and there's a good possibility 
that you're going to end up with the demise of the 

bighorn sheep. After 10 years I'm a little smarter 
than that. We knew going in, at least I did, that what 
we had to do was to look at all those factors that were 
involved. So we came in and we said, well, we're 
looking at this literature here that was done under 
confinement and does this really happen in the wild. 

There was an episode that came up about 3 years 
ago in Nevada. I got a call from Greg Tanner, who 
said all of a sudden they found domestic sheep in with 
their bighorn sheep populations and these were not 
in areas that had any kind of allotments, either a trail- 
ing allotment or a general allotment. So, they called 
and asked if I would be interested in looking at these 
animals and I said yes. Our whole objective was to 
see what happened in a range situation. This was like 
a controlled experiment and, no, I didn't do it, and I 
don't know who did. We went down there and were 
able to capture the domestic sheep out of three areas: 
the east range, the Desatoyas, and the Granites. Then 
we went into the bighorn population, net gunned those 
animals, and took samples. We've been able to get 
samples for 3 years from those populations. 

First of all, we were wondering if there'd be a 
die-off and if we could substantiate the die-off, what 
caused it to occur, and was it the domestic sheep put 
in there or not. We brought the domestic sheep back 
alive and keep them alive and serially sampled them 
for 6 months. Again, it sounds like we really knew 
what we were doing when we were talking about 
Pasteurella, but when you streak out a tonsilar swab 
you may have a hundred different colonies that may 
look like four to five different types. We picked the 
predominant colonies. We did not get all the 
Pasteurella out of every throat swab that we tell you 
we do. So, we serially followed these domestic 
sheep and went in and followed the bighorn sheep. 
What we found surprised me in many ways. We didn't 
find a lot of similarities in organisms. In the east range 
we found there was a big die-off of bighorn sheep 
and until we saw five animals-that's what's in the 
east range now, anyway, three rams and two ewes. 
From 87 animals from the first year we went in there, 
we now have five left. So, basically, as far as I'm 
concerned, that's almost an extirpated population. 
And did we find that domestic sheep were the cause? 
Boy, it'd sure be nice if I could say we did, but we 
didn't. We did find a lot of Pasteurella haemolytica 
which is a different species of Pasteurella in those 
animals and we know it's a factor. We know it's in 
domestic sheep and we know it's in bighorn sheep 
and it seems to be the one that was probably instru- 
mental in that die-off. So, we lost our east range 
contingent. We move onto the Desatoyas. In that 
population, we talked a little bit before about look- 
ing at the organisms according to the species they're 
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normally found in and in the Desatoya Range, we 
found an A2. Now remember, we had domestic sheep 
in there, now we find an A2. An A2 is the one we use 
as our standard for virulence on bighorn sheep. What 
we found was that was only (we did four animals that 
year) in one animal I believe at that time. There's 
two strata to the Desatoya Range-an upper and a 
lower. We found it down in the lower. I expected 
that the next year we'd go in and find a horrendous 
die-off. Well it didn't occur at that point in time. 
Again, it sure would have been nice if we could have 
documented that this organism, I mean if we were 
looking for incriminating evidence you're really push- 
ing pretty hard, so we did look very hard at those 
animals. But what I think is the third major piece to 
the puzzle was in the Granite Range. There was a 
trespass animal from a good operation that had bro- 
ken free and gotten in with the bighorn sheep. We 
went in and net-gunned the trespass animal, brought 
it out, took it back to Caine, and eventually I think it 
was sold at a BLM auction. Then we went into the 
bighorn population and sampled the bighorn. For the 
first time ever, and this may not sound like much to 
you, we found an organism that fingerprinted identi- 
cally from the domestic to the bighorn. The kicker 
was that it was type 3, biogroup 11, probably not a 
pathogenic organism but I don't think that matters. 
We know that domestic sheep carry very virulent or- 
ganisms, deadly organisms to bighorn sheep; now we 
know at least for whatever method of spread, we had 
fingerprinted an organism in both species after an in- 
teraction. On management decisions, I think we have 
to look at this as saying that domestic sheep have or- 
ganisms that are potentially virulent. 

Do all interactions between domestic and big- 
horns cause the demise of the bighorn? No. We have 
areas in Idaho where they're together every year. But, 
in a lot of cases and even in our experimental work, 
when we put the two together, within 96 hours all 
four of our bighorn were dead or dying. So, we now 
have that major piece. We've got to keep them apart. 
Also, can it spread in a wild situation? I don't care 
which way that organism went, I say that we got some- 
thing to say, that organisms can pass between sheep 
species. To me, that's a big piece of the puzzle be- 
cause we did some work with the water, you saw the 
water work and the temperature and all that, because 
we wondered if you could contaminate a water source 
and spread Pasteurella that way. That apparently isn't 
the way it happens. We tried it on alfalfa, to see if on 
the species they're browsing on if they could lick the 
twigs, stems, rocks, whatever bighorn sheep are eat- 
ing at that time of year, could domestic sheep spread 
it to bighorn that way? Apparently, that's even more 
toxic to Pasteurella than water. So what you need to 

complete this scenario is what Bill Foreyt has said 
for many years: Keep them from going nose-to-nose. 
Does it take 20 miles to keep them from going nose- 
to-nose or 6 inches or 3 inches? I think the problem 
arises in that what we have to look at is not letting 
them get nose-to-nose under range conditions or un- 
der research conditions. So, we've got some pieces 
to the puzzle that now allow us to manage the two 
species. 

To throw another kicker in, I think Walter who's 
been looking at cattle and their interaction with big- 
horn sheep, well you know the one that killed our 
sheep, the one Marie told you about, basically that's 
an organism normally found in cattle, but here it was 
in the domestic sheep before they were put in with 
the bighorn sheep and it did kill some domestics, but 
it would have killed all the bighorn. So, I think cattle 
could potentially carry Pasteurella organisms that are 
deadly to bighorn sheep, but why haven't we found 
it? Well, if you look on the hillside, I think you'll 
find that bighorn sheep and domestic sheep will get 
together. You know they're kind of curious; they do 
go nose to nose. But, I don't think bighorn like cows. 
Those of you who work on these allotments will see 
that bighorn sheep and cattle rarely, if ever, have been 
seen nose to nose. The potential is there although 
they do not get together. So, I think we've got an- 
other piece of the puzzle. I don't think these other 
species on the range are less lethal, I just don't think 
the opportunity is there to pass organisms. 

We've done deer, elk, and pronghorn down in 
Nevada, and we wondered if the pronghorn might not 
be a carrier between domestic sheep to the prong- 
horn; the pronghorn don't die but carry it to the big- 
horn sheep. No, in our experiments we've had deer, 
elk, pronghorn, just about everything in and next to 
our bighorn sheep without any problems. So, I don't 
think those species on their own are of much concern 
to bighorn sheep. We've got to watch what we do on 
our management areas and realize that we've been 
putting a lot of time and effort into Pasteurella and 
domestic sheep and this isn't a panacea for our big- 
horn sheep problems on the mountainside. In Idaho, 
we've got wilderness areas where we don't have do- 
mestic sheep or many domestic animals at all and we 
have horrendous die-offs. In researching these die- 
offs, I was involved in the Warner Mountains when 
we extirpated our population out of the Warner Moun- 
tains after a potential interaction with domestic sheep. 
I know it happened in the Lostines, it happened in the 
Lava Beds in California before I got there, and ap- 
parently it happened down in the east range here. One 
recommendation I think you guys are going to talk 
about tomorrow is when to do our transplants. It 
seems like most of these transplants where we have 
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extirpation of populations, I mean total die-offs be- 
cause of apneumonia outbreak whether it's questioned 
to be livestock-induced or whether it's one of these 
epizootics that come through, but I think what were 
doing is that all of these started out with transplants 
of 20 to 25 animals. In the east range, it was up to 80 
to 87 animals. The domestic sheep went in there and 
we've just about lost them all. I think when we do 
transplants, we have to look at transplanting bigger 
numbers of animals. I think we need to be looking at 
a little bit more genetic diversity ... 

(Tape problem) 

... we ought to be starting out with maybe 70 to 
75 animals and where we have done that, in our Wybie 
Canyon Range, what happens (in fact if anyone needs 
California bighorns, please give us a call) is that we're 
taking a lot of animals from our desert out there. (Tak- 
ing animals is not a problem there, that's the area 
where the Air Force is putting in a bombing range.) 
There's a lot of problems out there for bighorn sheep 
and Pasteurella, in a lot of cases, is the final nail in 
the coffin. It might be that we can work on our man- 
agement practices and if we can't put a greater num- 
ber of animals in each time, au,qent as heavily as 
we can for the first 3 or 4 years so that when that 
population starts it's upward growth, there will be a 
lot of diversity in there. In the east range, of the three, 
four, or five animals that make it out of that die-off, it 
appears that the Pasteurella that they carry is the same 
one that we found that potentially killed off the rest 
of the animals. So maybe they have something in 
their own immune system that allows them to carry 
on. We did also get the last animal out of the Tolkein 
Range that is about an 11-13 year old ram. It is the 
last animal out of the Tolkein Range that is carrying 
an isolate-a cattle isolate-and this ram is not dead. 
We put him in with our Rocky Mountain bighorn and 
he's doing fine. There's a lot of questions yet to be 
answered; Pasteurella isn't the only problem out there. 
It may seem like the biggest one right now, but again, 
we have a lot of areas in Idaho where we have popu- 
lations die-off, and the summer lamb mortality carry- 
ing on for 4 to 5 years, and then they come back up to 
a level of 80 to 100 animals. But, they don't crash to 
zero. 

Everyone on the panel has put a lot of time and 
effort into these studies and we've learned a lot of 
interesting and boring things, but in my estimation 
we need to start spreading out from Pasteurella and 
looking at some of these other factors. I personally 
think that the livestock industry in general, in Idaho 
anyway, we're working together to say we're not try- 
ing to put the wool growers under. We're trying to 

keep sheep on the mountain and trying to remain vi- 
able as an industry. Let's look at these areas where 
there's a potential problem and handle them each in- 
dividually by spreading it out or whatever. Also in 
Idaho, the evidence is strong enough that if we have 
bighorn sheep coming down into a domestic sheep 
flock, which happens quite regularly, our orders are 
now either to dart them and get them out of there or 
to kill them. If we have feral or trespass animals in 
with bighorn populations, instead of notifying the 
BLM or Forest Service and waiting 48 hours for them 
to pull them out, those animals are shot and sent to 
me. We do think that potential problems are there. I 
think you ought to look at that-to sacrifice two rams 
that come down into a domestic flock in order to save 
the population on the hillside. I think the evidence is 
there to support that. 

Mike Miller - Thank you, Dave. Part of the rea- 
son I wanted Dave to finish up is because I knew he'd 
raise more questions than he'd answer. I want to re- 
emphasize some things he mentioned, especially the 
idea of no contact between bighorn and domestic 
sheep. We've certainly had a couple of cases I know 
of in Colorado where bighorn that have spent time 
with domestic sheep have been captured and returned 
to the nearest herd of bighorn sheep. In one case at 
least, the animal died fairly soon after it was moved; 
in the other case, we don't know what happened. But, 
it's a very dangerous practice and I don't know of 
any place, at least in our state, where we have that 
desperate a need for single rams that we can afford to 
run that risk. If we really believe that this has high 
potential for transmission and for loss of a popula- 
tion, I just don't think it's a risk we can afford. But it 
does go both ways. We can't expect livestock to stay 
off of bighorn ranges, but to cut a lot of slack for 
bighorn sheep that tend to wander off and go places 
where they shouldn't isn't acceptable either. Tom 
Porter and I, several years ago, wrote a letter that 
ended up in the American Association of Wildlife 
Veterinarians newsletter. One of the things that we 
recommended was essentially having no-sheep zones 
in some of these places where, no matter which spe- 
cies it is, if they show up in these areas where there's 
potential for them to go back and intermix with a wild, 
free-ranging herd, that those animals not be allowed 
to survive. 

Another thing I want to mention and I'm sure 
it's going to be covered in more detail tomorrow is 
the idea of translocations. What Marie mentioned 
earlier in terms of the tremendous variety of diseases 
and strains of Pasteurella among wild sheep herds 
in Idaho, we've also been seeing in Colorado. In 
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contrast to some of Bill's work, we have isolates that 
appear to be pathogenic, at least according to the neu- 
trophil toxicity assays we've been running. In healthy 
bighorn sheep and also in dead bighorn sheep, one of 
the things I've grown real concerned about in look- 
ing at trapping and transplanting is the way we've 
been behaving with some of that over the last 20 years 
or so. How many of these problems have we actually 
brought on ourselves by moving bighorn sheep and 
intermixing bighorns in areas where we may be the 
ones bringing novel pathogens in by moving bighorn 
sheep from one place to another. Again, it cuts both 
ways and we need to be as careful as the other enti- 
ties we're asking to be responsible in terms of pre- 
venting disease introductions. Thanks largely to Kerry 
Swagert's efforts, we have a great wealth of informa- 
tion on health and exposure to a variety of pathogens 
for most of the bighorn herds in Colorado that we use 
as donor herds. Unfortunately, we haven't always paid 
a lot of attention to where we move those sheep, but I 
think as we start talking about metapopulation man- 
agement, genetic supplementation, and some of these 
kinds of things, the potential impacts of novel dis- 
ease introduction are things that really need to be 
weighed in there in a cost-benefit-type approach. With 
that, I'd like to go ahead and open this up to ques- 
tions. They want to get the questions and answers on 
tape, so holler your questions really loud. I'll repeat 
the question, then I'll hand the microphone to some- 
one on the panel to answer. If you want a general 
answer that's fine. If you have a specific individual 
you're targeting with your question, that's fine too. 

QUESTION AND COMMENT PERIOD 

(Comment/question from audience) 

Mike Miller - I'm going to summarize and para- 
phrase what was just said. Basically, the comment 
was that there are places in the southeastern comer of 
Utah where cattle and sheep, over a number of de- 
cades, probably developed sympatric uses of range 
where they actually separate themselves in space. Yet 
just across the border in Colorado, with arecent trans- 
plant, there's a situation where some transplanted 
desert sheep are actually interacting in .an area with 
cattle. It sounds like it's partly due to operating with 
other, supplemental feed. I guess another point to 
make would be that traditional movement patterns and 
range uses of established sheep herds are going to be 
very, very different from transplant herds. Another 
reason we see so many more problems in our trans- 
plant herds could be because some of the patterns that 
mav allow for this se~aration mav iust oo com~letelv 

out the door when you start moving animals into novel 
environments and into places where they don't know 
where they should and should not go. Places where 
they haven't been selected for going or not going. 

(Comment/question from audience) 

Mike Miller - The comment was that in 
California's experience with desert sheep transplants 
there are a variety of mortality factors including pre- 
dation, accidents, etc., that can lead to the demise of 
the transplant herd, and that simply talking about ge- 
netic diversity with respect to disease resistance may 
be something to think a little bit longer and harder 
about. I guess I would tend to agree. Small popula- 
tions are likely to become extinct. There's just not 
anything good to say about tiny populations over long 
periods of time and it doesn't really matter what kills 
them I guess. They just don't do well. It seems like, 
from my perspective anyway, if we're going to spend 
the time and energy moving sheep or any other spe- 
cies for the purpose of starting new populations, we 
certainly owe it to them to try and give them a popu- 
lation size that will ultimately be viable. I don't know 
if I completely agree with the magic number being 
50 or 100 or whatever, but the point is well taken that 
there are a lot of things that can contribute to bighorn 
demise. I think the metapopulation approach with 
respect to mixing sub-populations of animals that may 
be exposed to different groups of pathogens does have 
some potential for leading to problems with disease. 

Walter Boyce - I'd like everyone to save all their 
interesting questions about transplants until after 
tomorrow's panel, otherwise we're not going to have 
much to talk about then. 

(Comment/question from audience) 

David Hunter - Dick Weaver's question to me 
was concerning the areas in Idaho where we had big- 
horn sheep come into contact with domestic sheep 
populations. This occurs very frequently, at least once 
a year in our Salmon-Challis area. These are nor- 
mally young rams that come down into a band of ewes 
and they seem to do it every summer with regularity 
and it's not always the same sheep. I questioned what 
happened there too. We've gone over and taken a lot 
of samples from that area, and we do indeed have 
samples that do not show any compatibility. We have 
no A types. We have none other than what we con- 
sider the normal flora in our bighorn sheep there. 
Again, we believe strongly enough now, that that's 
such a potential problem that we do indeed take those 
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animals when they're seen with domestic sheep. So, 
I'm not saying that it's not a problem but that we've 
just not found a problem associated with it. Realisti- 
cally, in these ram bands, some of these Pasteurella 
may be so hot that the rams won't make it back by 
breeding season alive to the ewes that need to be bred. 
Again, that's speculation. 

Terry Spraker -Let me interject a statement here 
because there seems to be confusion in regard to goats 
and llamas. How many of you have experienced an 
increase in utilization of goats or llamas being used 
as pack animals? This is becoming an increasingly 
frequent request. We have primarily talked about 
Pasteurella, however there are numerous other patho- 
gens that eventually may turn out to be important. I 
would like to hear what the other panelists would say 
specifically in regard to pack animals. 

The answer to y o u  question, Amy (New Mexico 
Game and Fish), is Johne's disease. Johne's disease 
has been found in llamas by several veterinarians at 
Colorado State University. However, goats with 
Johne's disease may be more of a problem. Goats 
may or may not show diarrhea. Goats can easily be 
shedders of the organism for extremely long periods 
of time without showing any clinical signs, so they 
could easily spread the disease. We do not have very 
much information about caprine arthritislencephali- 
tis of goats as far as its transmissibility to bighorn 
sheep. At the present time, we have no evidence that 
this disease of goats has been transmitted to bighorn 
sheep. 

Marie Bulgin - I would wonder too about the 
contact. I think a domestic goat and a wild sheep 
might very well come into contact, because we do 
know that they breed with domestic sheep. So I think 
there might be the same contact you'd have between 
domestic sheep and wild sheep. 

(Comment/question from audience) 

Mike Miller - The question basically was that 
most of the discussion has focused on pasteurellosis 
which is a disease that we all agree requires fairly 
intensive, direct contact between domestic animals 
and whatever species of bighorn sheep. We're being 
asked to address some of the other arthropods and 
possible airborne pathogens that could also be equally 
important in terms of disease problems in bighorn 
herds. 

Terry Spraker - The disease in question is blue 
tongue. The actual distance that the blue tongue vi- 
rus can be spread is not known. The distance would 
be dependent on the distance that the Culicoides spe- 
cies of gnat could fly, since they are the primary vec- 
tors for transmission of this disease. If they are caught 
in the right types of winds, these organisms probably 
could be spread for miles. We have seen one instance 
where we had bighorn sheep in captivity near Fort 
Collins. There were domestic sheep about 3 or 4 miles 
away from this bighorn sheep enclosure. Two of the 
animals died during one summer due to blue tongue. 
There was a suggestion that the blue tongue may have 
been transmitted from these domestic sheep. To date, 
we have not seen blue tongue in the free-ranging big- 
horn sheep. However, blue tongue has been diag- 
nosed and is considered to be an extremely important 
disease of desert bighorn sheep. The other part of the 
question, in regard to Johne's disease, is that this or- 
ganism is deposited on the ground and can remain on 
the ground from up to 6 months to 1 year depending 
on the alkalinity and type of soil. Contagious ecthyma 
is another viral disease of domestic sheep that can be 
transmitted to bighorn sheep. This organism can re- 
main on the ground in specific circumstances for up 
to 20 years without losing virulence. 

Bill Foreyt - The one arthropod-transmitted dis- 
ease that we worked with was anaplasma. We found 
that anaplasma can kill bighorn sheep fairly easily. 
So ticks from cattle or possibly from sheep, after they 
fall off that animal, can transmit it to bighorn sheep. 

Walter Boyce - Let me follow up on the 
anaplasma situation in our sheep in California. In the 
desert regions, bighorns commonly had antibodies to 
anaplasma. This is true in areas where there are cattle- 
grazed allotments; it's also true in areas where there 
are no cattle-grazed allotments. When you move into 
some of the higher elevations, where the tick species 
that occur on sheep change, we don't see anaplasmosis 
in bighorn sheep or cattle even if they occur together. 
So, you have to look at it on a case-by-case basis. 

Another arthropod, just to bring it up, is the sca- 
bies mite. Once again, in the situation in the San 
Andres, was that mite there prior to the late 1970s or 
was it introduced and has it now become established 
in the environment, perhaps on deer? Essentially it's 
there now and for forever. The sheep that are there 
are going to have to deal with it. That's an issue we 
would really like to resolve. Another way to think 
about this, and it goes back to something I said we 
shouldn't talk about until tomorrow, is transplants. 
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That is that you may only have the opportunity to 
make certain mistakes one time. If you introduce an 
infectious disease that becomes established in the 
environment, regardless of whether or not the sheep 
that were there survive initially, you may never be 
able to put sheep there again. With something like 
Pasteurella, if you get rid of domestic sheep and big- 
horn sheep, it seems like okay, we can kind of start 
over, we have a clean playing board. But, that's not 
necessarily the case when we're talking about some 
of these arthropods, bug-borne viruses, and other in- 
fectious disease agents that can persist out in the en- 
vironment. So if we're going to err, we should err on 
the side of caution, because often times you intro- 
duce things you'll have problems you can't deal with 
down the road. 

(Comrnentlquestion from audience) 

Mike Miller - Two-part question. I'll try to re- 
member both parts. The first part was relative to the 
applicability of the experimental work that has shown 
that these Pasteurella isolates don't survive for very 
long in filtered water and in distilled water, when in 
fact in most of the situations where domestic sheep 
and bighorn sheep share a water source, the water 
source is somewhat less pure than might otherwise 
be related in these experiments. The idea is that per- 
haps these organisms can survive in soil or in situa- 
tions with high sediment content, in bottom sediment 
layers, or in situations where there may be high or- 
ganic matter content in water, if in fact that would aid 
Pasteurellas in surviving. We'll let Marie answer that 
one. The second part of the question was regarding 
horses and burros and the fact that nobody's really 
mentioned any potential pathogens of horses or bur- 
ros that could be problematic to bighorn sheep. 

Mane Bulgin -Yes, you're right, they generally 
don't drink filtered water or distilled water. That was 
to get rid of some of the organisms that would make 
it difficult to find Pasteurella such as proteus that 
spreads across plates. I think Pasteurella is a very 
poor competitor in the environment and my guess 
would be, although I can't back it up with the data, 
that in the water, without being filtered, Pasteurella 
would live even less long. As far as living in sedi- 
ment, it's an aerobe which means it needs oxygen. I 
don't think it would compete very long in depth of 
sediment; however, we are going to look at mud, 
thinking possibly that in muddy, shallow, cool areas 
it might survive for a longer period of time. I can't 
comment on whether it might or might not. I really 
don't know. 

As far as burros and horses go, actually they 
don't, unless one of you can think of some organisms 
that they share. Generally, they don't share too many 
organisms. The ruminants and the monogastrics seem 
to have their own set. 

Bill Foreyt - The horse is next on our list of ani- 
mals and I think it's the last one we're going to be 
checking. So hopefully next month, we'll have horses 
in with our bighorn sheep. They do have Pasteurella 
haemolytica. 

Mike Miller - I guess I would just add a note of 
agreement with what Marie has said. Based on some 
of our experimental work with Pasteurella isolates 
under different laboratory conditions, one of the things 
we had to do to improve our ability to recover 
Pasteurella from bighorn sheep was to cut down the 
competition with other bacteria. They seem not to do 
particularly well, in at least media-type situations, 
where there's any opportunity for other bacteria to 
overgrow them. Colder temperatures may somewhat 
offset that, certainly, but they don't tend to be par- 
ticularly good competitors outside the host. Even in- 
side the host, in some cases, they don't compete very 
well. So, they're a relatively fragile organism com- 
pared to some of the other things we've talked about. 

(Comment/question from audience) 

Mike Miller - ... conjunctivitis in mule deer. I 
believe it is mule deer in Zion National Park that ac- 
tually get two agents of bacteria, moraxella and also 
chlamydia that are involved. To date it is not spread 
into the desert sheep as I understand it, but the ques- 
tion is, first of all, how long is that likely to persist 
and in terms of maybe bringing other sheep in or us- 
ing these sheep as a source of animals for other places, 
what kind of period of watching and waiting is nec- 
essary? I know that there have been a couple of fairly 
recent cases where moraxella has been isolated in 
pneumonia outbreaks. Probably the most significant 
one is the Whiskey Mountain die-off several years 
ago in Wyoming where they lost several hundred 
sheep and moraxella was the primary bacteria that 
was isolated from the dead animals. There have been 
some outbreaks of chlarnydiosis in bighorn sheep. I 
know that Terry's had some experience with some in 
Colorado and there was a pinkeye outbreak in 
Yellowstone in Rocky Mountain bighorns about 10 
years ago. 
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David Hunter - In Idaho, of the first 93 animals 
that came out of one of our hunting units, 9 1 had le- 
sions that were pinkeye-type lesions. We did culture 
out bronomello, which used to be moraxella, but tax- 
onomists like to break things apart. Well, again, this 
one hit that population very hard. We went back in 
the spring and sampled some animals and we did 
hunter surveys coming out the next year and it was 
cleared up. The reason we believe it was in there that 
year was because we had an Indian summer type con- 
dition where we had a large gnat and fly bloom right 
around hunting season. What happened was that some 
of the animals weren't taken off the grazing allotment, 
and it was during a drought year, so they were all 
concentrated in one area. We have not found it since. 
We have not found any wildlife reservoir for those 
organisms at least in the eyes of the animals that have 
come out in the 3 years preceding that. But, it was up 
in the 95 percent range that the animals had severe 
lesions, corneal apastacices, and the whole bit from 
the organism. It seems like we lost the necessary 
conditions. The winter came on and we took away 
the carrier animals. We don't believe it was in that 
deer population. 

Terry Spraker - In regard to the question dealing 
with chlamydia and bighorn sheep-Yes, we have 
seen a variety of conditions with this organism. We 
have seen a mild, upper-respiratory problem in cap- 
tive sheep that clinically looked like a mild bacterial 
or viral pneumonia, and in this instance, the animal 
spontaneously recovered. In this instance, chlamy- 
dia was isolated; however, viral and bacterial organ- 
isms were not isolated in this particular incidence. 
We have seen herds of free-ranging bighorn sheep with 
antibodies to chlamydia and in these herds occasion- 
ally you would see animals with ocular lesions. These 
animals had a form of keratoconjunctivitis. We have 
also seen a type of keratoconjunctivitis in deer; how- 
ever, chlamydia could be part of this syndrome in deer, 
but we have also isolated a bacteria called Moraxella 
species. Therefore, I think that both wild and domes- 
tic animals can be carriers of chlamydia. Therefore, 
the importance of chlamydia in free-ranging bighorn 
sheep populations is not known at the present time; 
however, I think in some situations it can be patho- 
genic, whereas in other situations, it carries a relatively 
low pathogenicity. I think there has only been one iso- 
lated instance where chlamydia was isolated from an 
aborted bighorn sheep fetus. This was done, I think, in 
the mid-sixties by Jim England. 

Mike Miller -I don't think we've really answered 
your question, so maybe I'll stick my neck out and 
take a stab at it. Since you haven't seen problems in- 
and I got a little bit lost on which way you were talk- 
ing about moving animals, whether you were talking 
about bringing sheep in to supplement this popula- 
tion or the other way around-the fact that the dis- 
ease has been present for 2 years in deer and hasn't 
been seen yet in your bighorn sheep may just be luck 
or it may be a function of what we've been talking 
about in terms of direct contact. 

Frank, are those sheep some of the sheep that 
have been sampled as part of the Park Service survey 
work and have we seen any evidence of conjunctivitis 
in any of the sheep that have been sampled there? I 
know we've see titers to chlamydia. As Walter said, 
titers don't really prove much of anything except that 
the animal may have been exposed to something at 
some point along the line. But I know that we've 
seen titers in just about all of the herds that we've 
sampled for chlamydia. We have not been looking 
specifically for moraxella or moraxella titers. I think 
there is some likelihood, as we mentioned earlier, with 
translocated animals. We're going to hear more about 
this tomorrow-that as they spread and wander and 
go places that you may not expect them to, that they 
could certainly come into contact with them. It re- 
ally depends on how badly you want more sheep in 
there and what you're willing to risk I guess. If it 
were me calling the shots and these were bighorn 
sheep from a surplus area and all other things were 
equal, this was the only thing you were worried about, 
the potential for them getting chlamydia or moraxella 
from these deer, I guess I wouldn't wony a whole lot 
about it with respect to some of the other potential 
problems you might run into. 

If you had the luxury of waiting, you could wait 
until you stop seeing the large scale problems in mule 
deer. That would probably be the most prudent thing 
to do. Maybe also give it another year or two and see 
if it's ever going to get into your bighorn sheep if you 
have that kind of time to wait. I agree with Terry, 
there are places in Colorado where we see these kinds 
of things on pretty much a yearly basis if enough 
people are looking. It seems to be in deer and we 
don't really see it in much of anything else. The ex- 
tent to which some of these things may be more host- 
specific then we might realize, we just haven't looked 
at all the things that are out there. It's great job secu- 
rity for the people who are doing disease work be- 
cause there's many more things to look at than any- 
one has the time to do right now. So if you have the 
time to wait, you might watch existing herds and see 
what happens. I guess that's because there's some 
likelihood, from my perspective, that the transplanted 
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herd, for several reasons, might end up being more 
susceptible to becoming infected with this problem. 
If that happens, going from one group of bighorn 
sheep to another group of bighorn sheep is probably 
much more likely than going from a group of deer to 
a group of bighorn sheep. 

(Commentlquestion from audience) 

Mike Miller - I guess the only comment I would 
add is if that is a private land situation, it would prob- 
ably be more incumbent on the responsible agencies 

to keep their bighorn sheep off that private land by 
whatever means necessary. I think that's a situation 
where you really get into some difficult issues with 
respect to private land use and civil rights. That's a 
case where, yes, there'd certainly be some potential 
for concern, but it's going to be much more the re- 
sponsibility of the agency to try to keep those things 
from happening. 

If those are all the questions, I want to thank all 
our panel members, some of whom have traveled quite 
a long way to get here. And, I want to thank all of 
you for some good questions. 
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