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IN MEMORIAM

Kay Bowles, Game Warden with the Wyoming Game and Fish Department
died from a heart attack in February, 1992 while conducting routine
enforcemént and furvey activities near his home in Dubois, Wyoming.
These proceedings are dedicated to Kay and his accomplishments in
managing bigharn sheap.

Kay served the Wyoming GCame and Fish Department in west-central
Wyoming for 25 years. He was a skilled wilderness horseman with a keen
interest and intimate knowledge of Wyoming’s wilderness and the bighorn
sheep il supports. His dedication was instrumental in the acquisition
and management of important wintering areas for bighorn sheep in the
Whiskey Basin area. He was a member of the Whiskey Basin Bighorn Sheep
Interagency Managemeént Committee and a key player in the Whiskey Basin
bighorn sheep t?agping and transplanting program that has made
reintroduction of bighorn sheep possible in many western states. His
enthusiasm and Jjoyful attitude helped all who met Kay, more deeply
appreciate Wyoming's wildlife resource. Generations to come will
benefit from Kay's efforts.
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FOREWORD

Papers and poster abstracts in these proceedings were presented
during the Eighth Biennial Symposium of the Northern Wild Sheep and
Goat Council held April 27 - May 1, 1992 at Cody, Wyoming.

These papers and abstracts have been reviewsd, bul not refereed.
Each manuscript was read carefully by at least two peer biologists, and
suggestions were submitted to each author. Ho papers were rejected
based on peer review, although several papers were revised as a result
of review suggestions, Final wversions of all papers reflect author
responses to review comments. This  review process s designed to
enhance the timely dissemination of useful information. However, the
reader is responsible for critically evaluating the information
contained in these papers. This is always the responsibility of a
professional bialogist.
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EFFECTIVE POPULATION SIZES FOR EBIGHORN SHEEP

NANCY N. FITZSIMMONS,' Department of Zeology and Physiology, Box 3166,
University of Wyoming, Laramie, WY B2071

STEVEN W. BUSKIRK, Department of Zoology and Physiology, Box 3166,
Univarsity of Wyoming, Laramie, WY B2071

Abstract: Determination of effective population size allows
conceptualization of the effects of population size and demography on
rates of genetic drift and inbreeding. To better understand the extent
to which genetic factors may be affecting population viability, we
estimated effective population size for bighorn sheep (Ovis canadensis)
with varied population histories. For 13 populations of bighorn sheep
in Wyoming, Montana and South Dakota, we found ratios of effective
population size to actual population size ranging from 0.23 to' 0.42, and
averaging 0.33. This suggests that bighorn sheep populations should be
kept at total sizes of over 150 to avoid short-term loss of genetic
variability. Effective population size provides a conceptual Framework
for considering the managment of bighorn sheep populations, especially
those that are small or isolated.

The importance of genetic factors in Lhe management of free-
ranging wildlife populations is being increasingly recognized (Soulé
IGHE{, especially where populations are small, have undergone
bottlenecks, or are isolated (Leberg 1991). Genetic variability is
fmportant in contributing to population viability, and assumes 2 forms:
allelic variability and heterozygosity. Allelic variability refers to
the kinds and frequencies of genes that occupy specific positions (loci)
on chromosomes. Allelic variability is important in part because it
provides the basis for adaptation to local environments: without it,
selection cannot occur. Heterozygosity refers to the ways in which
dissimilar alleles are paired at loci, and reflects an intrinsic taxon-
specific value as well as recent breeding history. Examples of factors
that affect recent breeding history are genetic exchange among
?gngatiun:. and the breeding system within a population (Falconer

In very smal] populations, variability often is reduced. More
specifically, variability is lost at low values of effective populalion
size (N}, the size of an idealized population (one with panmictic
breeding, an even sex ratio, and no variation in size over time) that
has the same rate of drift as the population of concern (Falconer 1981).
In these populations, heterozygosity 1s reduced griiarlIy by inbreeding,
or breeding among close relatives, whereas allelic varfability is

'Present address: Department of Ioology, University of Queensland,
Brisbane, Queensland, 4072 Australia.



reduced primarily by drift, or the changes in allele frequencies that
pccur as a result of the ramdom sampling of gametes to form zygoles
{Falconer 1981). Both allelic variability and heterozygosity undergo
reductions at increased rates at low Tevels of N, and these reductions
are undesirable from the standpoint of population persistence.

Genetic variability has been alleged to affect population
performance of bighorn sheep (DeForge et al. 1979, Skiba and Schmidt
1982) because of the high insularity and low N, of many populations
(Schwartz et al, 1986). In captive-born bighorn sheep, lamb survival
was 34% less in inbred lambs than in non-inbred lambs (Sausman 1984).
Horn growth has been correlated with population history in bighorn sheep
by Stewart and Butts (1982), who found that herds in Montana that had
undergone bottlenecks of population size (N) < 60 had lower cumulative
horn growth to age 3.5 years than did herds that had maintained N > 150.
In other ungulate species, allozyme variability has been shown Lo be
positively correlated with reproductivity (Johns et al. 1977), fetal
growth rate (Cothran et al. 1983), longevity (Chesser et al. 1982), and
antler size (Scribner et al. 1989). Others have dismissed the
importance of loss of genetic variability to bighorn sheep populations
because interpopulation movements are difficult to detect and may be
relatively common (Schwartz et al. 1986).

Predictions of population viability rely on species-specific
knowledge of N . However, estimation of N, is problematic,
particlularly for polygamous species hunted for only one sex, such as
the bighorn sheep., This paper attempts to estimate N for bighorn sheep
using aerial survey data for 13 populations from Hynﬁﬁng. Montana, and
South Dakota, and discusses the potential conceptual importance of
effective population size in managing bighorn sheep.

Funding for this study was provided by the Wyoming Game and Fish
Department, and the Foundation for North American Wild Sheep.

METHODS

We analyzed demographic data for bighorn sheep herds in Myoming,
Montana, and South Dakota obtained from aerial surveys (Wyoming Game and
Fish Department completion reports 1975-1990) and from periodic surveys
by other agencies to estimate N,. We adjusted for unequal sex ratios of
breeders with the formula:

4NN,
N.I"+H-

N, =

where N, is the number of breeding females and N, is the number of
breading males (Crow and Kimura 1970). We adjd?%ad for the effect of
changas in N over time with the formula:



= E.ﬂ___-_l.iﬁl_j
g
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which uses a harmonic mean of estimates of N_ over Lime to emphasize
years of low population size (Crow and Kimura 1970). The number of
breeding females was estimated by multiplying the number of adult ewes
observed by the post-harvest proportion of ewes accompanied by lambs.
The number of males was estimated by multiplying the number of adult
rams (with = 1/2 curl horns) by 0.6b6. Thit¢ proportion reépresents the
midrange between the value {0.33) reported by Hogg (1987) to be the
dominant breeders of estrous ewes, and 100%, which is possible given
that sub-dominant rams also mate (Hogg 1987). From these calculations,
we obtained estimates of N /N for sach year. N_may be reduced by
overlapping populations, but we had too few data on age-specific
reproduction and mortality to address this issue. We assumed no
significant gene flow among native herds, which 1ikely is violated for
some herds we studied. Such gene flow would tend to increase N, to an
extent influenced by the gender of dispersers in polygamous species
(Chesser 1991). To assess the effect of changes in the number of
breeding rams or in lamb/ewe ratios, N also was estimated by reducing
the number of breeders of each sex hy"Eum. Inbreeding coefficients (F})
were estimated by the formula of Crow and Kimura [19?3}:

1

AT
2N,

RESULTS AND DISCUSSION

We estimated that the mean N_/N for all populations was 0.33
(range = 0.23 - 0.42), which resulted in N values from 36 to 326 in
native herds (Table 1). All introduced herds had N, < 50. In
calculating N /N, 1f the number of breeding rams or the lamb/ewe ratio
was reduced by 50%, mean H#fﬂ decreased to 0.21. Rate of inbreeding was
< 1% in all native herds except in a small remnant herd in the Teton
Mountains, where it was 1.4% (Table 1). Reintroduced herds had
inbreeding rates ranging from 1.0 - 4.6%. Because our estimated N
ratios varied by a factor of almost 2, herd-specific estimates should be
used to address any herd-specific question, Importantly, estimates of
N from aerial observations may be confounded by herd-specific biases in
Tﬁcating ewe/lamb or ram cohorts.

Our estimates of herd-specific N, values suggest that the
transplanted herds and the Teton herd are at riii of losing genetic
variability over Lhe short-term, and that several native herds may be at
long-term risk. To manage for Lhe maintenance of genetic variability
over the short term, Franklin (1960) recommended an N, > 50, which would
keap the inbreeding rate <1%. For bighorn sheep, this requires N > 150,
given a mean N /N of 0.33. Therefore, herds that have N < 150 should be
expected to lose variability over generational time. Persistently small
populations may fail to grow, even in the presence of adequate habitat,
if their reproductivity becomes impaired by the phenotypic changes
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caused by inbreeding (Sausman 1984). Franklin's (1980) suggested N, >
500 to reduce genetic loss over the long térm would necessitate
maintaining bighorn populations of over 1530, an estimate larger than
any herd size in Wyoming. This assumes l1ittle or no exchange of animals
among these herds.

The objective of genetic management of bighorn sheep populations
should be to minimize the loss of naturally-occuring genetic
variability, rather than to maximize genetic variability through
outcrossing to distant herds. For the large native herds, this may be
most effectively accomplished by maintaining habitat corridors to permit
continued migration between adjacent herds, which will increase the
of both populations involved. Habitat improvements to increase carrying
capacity also should be considered. Maintaining or restoring genetic
variability should be considered for persistently small or reintroduced
herds. Theoretically, an immigration rate of 1 per generation can
préevent allele fixation (Wright 1978). However, Lacy’s (1987) models
showed that 5 immigrants peér generation were required to retain at least
90% of long-term genetic variability. These values provide a range for
managers to consider in planning supplemental transplants. Chesser
(1983) found that inbreeding in polygynous species 1s more rapidly
countered when males that can impregnate several females are introduced.
This suggests the importance of rams of breeding age in both initial and
supplemental transplants. Transplant size also is important because it
determines initial inbreeding levels and the time necessary to expand to
population sizes with high persistence probabilities.

Genotic faclors should be considered along with vegetation,
topography, weather, disturbance and disease when assessing and managing
bighorn sheep populations. Managemenl of small or isolated herds to
achieve goals of N, rather than of N would place the management of these
herds into the theoretical framework of conservation biolegy, which
could suggest new solutions to old problems. For example, the effects
of hunting enly large-hovned rams may warrant further consideration. In
simulations of grizzly bear (Ursus arctos) populations, different
hunting regimes resulted in values of N_/N ranging from 0.24 to 0.32
(Harris and Allendorf 1989). Similarly, Ryman et al. (1981) estimated
that N /N of moose (Alces alces) would range from 0.24 to 0.36 under
different hunting regimes,

The role of genetic variability within and among populations of
bighorn sheep should be considered If populations are to persist,
expand, and have long-term viability with low management costs.
Management decisions may need to rely on genetic theory because
diagnoslic tools are not yet available. If habitat fragmentation and
herd isolation are not offset by corridors for dispersal or supplemented
gene flow, then genetic variability and population viability may be
compromised.,
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WHY IS5 MONTANA THE LAND OF GIANT RAMS?

DUNCAN GILCHRIST, Outdoor Ewxpeditions and Books,
Box 696, Corvallis, MI 59828.

5 Montana has been producing Boone and Crockett (B&C) record
book bighorn (Ovis canadensis } rams 1in ever increasing
numbers., Each year seems better than the Jast, and 1991 was no
exception. These high scoring rams are coming mostly from introduced
populations with the same genetic source (Sum River). There is much
variation in  horn qrowth among the introduced populations: the
phenomenon aof superior horn growth {5 explored and several hypotheses
are brought forth that are intended to stimulate thinking among bighorn
sheep managers.

As the 20th century draws to a close, a hunter would hardly expect
to find Targe numbers of outstanding big game trophies being harvested.
Such a phenomenon is occurring wilh Montana bighorn sheep. In 1990, a
new official state record ram was taken by Lester Kish. It i35 Lhe
largest recorded ram killed by a hunter in the United States, with a
BAC score of 200 7/8, and a left horn length of 49 2/8 inches,

In 1974, Jack Atchason spoke before the Northern Wild Sheep and
Goat Council. He explained that during the previous few years about
500 North American rams had been mounted in his shop. OF those 500
rams, he stated that Tess than 1% had horn lengths of 39 inches or more
(Atchason 1974). During mid-Decembar of 1991 [ visited Atcheson’s
Taxidermy. HMecord book bighorn rams were everywhere. They had just
finished mounting a ram with a score of 196 4/8. Another had a score
of 191 6/8. Others safely made the BAC minimum of 180. A couple of
weeks later [ returned to visit once again. There was a new set of
horns on the floor with a reported score of 185 and horn Tengths of
nearly 44 inches. Have times changed!

Forty-eight bighorn rams from Montana have been offictally scored
190 B&C points or more (Table 1), Others will score above 190 but have
not been officially scored or have been disqualified for wvarious
reasons. Of these 48 rams, 38 (79%) have been taken since 1980. It is
likely that at least 11 more rams were taken during Lhe 1992 hunling
season that will officially score over 190 points.

For the past decade and a half, Montana has produced up to 20 or
more record book rams each year. In  some management units half the
kKill, or more, is comprised of "Book® sheep (pers. records). Growth
rates are phenomenal with many high-scoring sheep only being 4 1/2
years old. One ram measured from the East Fork of the Bitterroot, that
had perished from pneumonia, was only 3 1/2 years old and had a 38 inch
horn length and 17 inch bases.



In the 1990 Montana state record book, 34 of 139 registered rams
are from Sun River. Most were taken many years ago. Gail Joslyn
(Mont. Dep. Fish Wildl. and Parks, pers. commun.) feels that the Sun
River herd produced 1ts highest scoring rams following fires a
generation ago. Fires no doubt stimulated forage growlh with a
possible reduction of lungworm larva (L.S. Nielsen, Monl. Dep. Fish
Wildl. and Parks, pers. commun.).

Most "Record Book" sheep are coming from introduced herds that are
genetically from Sun River stock. On new range, trophies tend to reach
their maximum size until the population reaches the capacity for the
range (Geist 1971, Shackleton 1973, Heimer and Smith 1975). Geist
{1971) has theorized that quality rams are most likely to occur on new
ranges where there is a low population density. Most of Montana's
introduced bighorn populations are still expanding, so carrying
capacities have not been reached (L.S. Nielsen, Mont. Dept. Fish Wildl.
and Parks, pers. commun.). The Thﬂnfsnn Falls area is apparently an
exception to this criterion (B. Sterling, Mont. Dep. Fish Wildl. and
Parks, pers. commun.). Sterling told me in an interview thal the
population had probably reached a maximum level and that horn growth
rates had drastically declined.

Stewart and Butts (1982) studied mean cumulative horn volume for
the first 4 growth periods. It was found that all {introduced herds
demonstrated greater average horn volumes than native herds. They
postulated that inbreeding has contributed to the small horns common in
native herds. They feel that inbreeding will occur in a population of
50 anmimals or less, with a corresponding reduction in horn size.
Additionally they feel inbreeding may also contribute to the eventual
demise of the herd.

Stewart and Butts (1982:77) state, "It appears that when sheep are
put  into a new and relatively unexploited habitat, the rate of horn
growth {2 éxceptional-Far surpassing that of the parent stock., As a
population expands, the rate of horn growth declines. Eventually,
carrying capacity is reached and horn growth 15 reduced to a level
gimilar to that of the parent stock with minor differences, due to
differsnces in productivity between the ranges.® This same phenomenon
has hbeen demonstrated in Mew Zealand with red deer (Cervus slaphus)
where antlers grew larger after transplanting than found 4in parent
stock coming from England and Scotland. When red deer numbers grew to
beyond the carrying capacity of the range, trophy antlers were not
found within the population (Banwell 1986).

This paper explores some of the possible reasons why Montana is
growing so many high scoring rams. It is hoped that it will stimulate
some Lhinking among game managers on the production of “Super Rams."®
FACTORS AFFECTING HORN GROWTH
Farage

Areas that are pruducinﬂ high numbers of large horned rams from
introduced herds have an abundance of good forage, such as rough fescue
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(Festuca scabrella). Rough fescue has a high protein content as dry
winter food, far exceeding most other plants that are natural foods of
bighorn sheep (Wishart 1969, Johnson et al. 1968). Rough fescue is
abundant only on range not overgrazed by domestic livestock or wildlife
(L.5. Nielsen, HMont. Dep. Fish Wildl. and Parks, pers. commun.).

It seems appropriate to compare forage quality among herds in
Montana, as all sheep with fast growing horns come from the same
genetic source, the Sun River. It appears that all the best Montana
rams are coming from areas that are producing a large volume of rough
fescue or other super food (L.5. Nielsen and D. Hook, Monl. Dep. Fish
Wildl., and Parks, pers. commun.). MNielsen has observed Jarge amounts
of rough fescue in areas noted for large horned sheep 1ike Rock Creek
and the South Flint Creek ranga. 1 have observed rough fescue in the
bigharn ram summeér range of the Highlands, which is another area noted
for 1ts large horned rams. Wishart (1969) noted that in Alberta large
horned rams appear to be the result of an optimum combination of
climate, soil, and vegetation. Rough fescue is the dominant grass in
those portiens of alberta producing large horned rams.

Hunting Seasons

In western Montana, introduced sheep herds have relatively small
home ranges. Rams use dense timber for security except during the rut.
Sheep seasons often run until the Sunday after Thanksgiving, which
includes some of the rut period. A few units such as Upper Rock Creek
and the Anaconda area close at the end of October before the rut. The
original intention of this regulation was to protect some rams,
allowing them to reach old age (L.5. Nielsen, Mont. Dep. Fish Wildl.
and Parks, pers. commun.). This  hunting season seems to work as
intended since these units produce a high percentage of trophy rams.
Over the past 2 seasons, nearly half the rams harvested in Upper Rock
Creek have scored in excess of 190 BAC points. Anaconda produced the
U.5. record in 1990 and has produced numerous other record book rams
under this type of season.

THE ROCK CREEK HERD

The area of Upper Rock Creek between Philipsburg and Missoula was
the home of a native bighorn herd that reached low levels several times
during this century (L.5. Nielsen, Mont. Dep. Fish Wildl. and Parks,
pers. commun.). In 1975 wild sheep from the Sun River were released in
the area. It has been stated that only 3 native sheep remained when
the release was made (L. Clark, local quide, pers. commun.). Horns
from mature rams before the release were small, seldom exceeding 30
inches in length (pers. observation). Since the season was reopened in
1983, record book rams have been taken with regqularity, including the
Larry Smith ram taken in 1984 scoring 199 0/8 (Table 1). Since 1990,
rams with high scores have appeared in larger numbers in the harvested
segment. In 1990, 4 of 10 rams had scores exceeding 190 points and in
19591, 2 exceeded 190 points (Table 1).

It has also been noted that ram body sizes in the area are
exceptional. Boone (letter to R. Dimarchi, B.C. Fish and Nildl.
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Branch, Cranbrook, 1985) wrote concerning the Gingras ram harvested in
1984, "What impresses me most is the size of the ram's body. The ram
was brought out in pieces and weighed the next day, minus the Tower
legs, much of the back cape and some trimmed meat and bone, and of
course the entrails. The weight was 255 pounds. The 1live weight is
estimated at 350 plus pounds.”

Butts (1980:69) had this to say about the Rock Creek herd:
"Berwick reported that horn size of original Rock Creek rams was
exceptionally small and tight. He attributed that to a lack of
phospharus (P), calcium (Ca) and other minerals, though he pointed out
that horn size was larger shortly before the population crash. The
availability of minerals on the Rock Creek range has probably not
changed since the mid-1960's. The forage quality and the genetics of
the population have changed.”

In the mid to late 1960°s, the range was considered in poor
condition. As & resull, cattle numbers were reduced and rest rotation
grazing systems initiated on public lands. By the mid-1970's, the
range was improving and ranked good to excellent according to the
Bureau of Land Management (Butts 1980). Rams from the herd established
after the 1975 release leave traditional wintering areas, allowing
batter utflization of forage including abundant rough fescue (Butts
1980). In a February 1992 telephone conversation, Rock Creek rancher
and bighorn guide Larry Clark said that sheep were continuing to
establish new splinter herds. The herd, which the state estimates at
300 findividuals, appears to still be expanding and continuing to
produce large horned rams.

MANAGEMENT SUGGESTIONS

Tha upper Rock Creek habitat should be studied to determine
whether the aréa possesses unigue propérties that contribute to the
arowth of large horned rams. A comparison of forage types and quality
among various bighorn sheep ranges may shed light on the role quality
forage, such as rough fescue, plays in the growth of large horns.

In addition more detailed analysis of the effects of supplemental
transplants of desirable genetic stock on sheep herd productivity,
survival, and horn growth should be undertaken. A better understanding
of these factors may help managers duplicate the current Hontana
phenomenon of extraordinary ram horn growth in other sheep herds.

Table 1. Montana bighorn sheep with an official Boone and Crockett
score of 190 or grealer.

Score Locality Year Hunter
200 7/8 Unit 213 1990 Lester Kish
200 3/8 Unit 680 1991 Eugene Knight

199 0/8 Unit 216 1984 Larry Smith
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Table 1. Cantinued.

Score Locality Year Hunter

197 5/8 Unit 213 1587 Art Dubs

197 1/8 Unit 121 1579 Armand Johnson
197 1/8 Unit 216 15590 Lee Hart

197 0/8 Unit 340 1988 Gene Riordan

196 7/8 Unit 216 1930 Keith Koprivica
196 5/8 sun River 1961 Don Anderson

196 4/8 Unit 340 1991 Vern Barnett

196 2/8 Unit 340 1989 Guy Miller Jr.
196 0/B Unit 203 1984 Claude Burlingame
195 7/8 Unknown 1890 Dole and Bailey, Inc.
195 5/8 Park Co. pick up Rodney Lawrence
195 &4/8 Unit 213 1988 Tom Matosich

195 3/8 Unit 203 1990 Leonard Thompson
185 0/8 Sun River 1911 Gold White

194 5/8 Unit 213 1987 Mitch Thornson
194 4/8 Unit 216 1990 Bill Pelc

194 3/8 Unit 213 1987 Norman Lesh

193 4/8 Unit 218 1986 Michael Girard
193 4/8 Unit 340 1990 Thomas Webster
193 2/8 Unit 121 1989 Jerry Landa

193 1/B Unit 203 1982 Bonnie Ford

192 &/8 Unit 216 1991 John Steel

192 7/8 Unit 216 1989 Ray Ovorak

192 5/8 Sun River pick up Robert Gabbert
192 /8 Unit 216 1991 John Sandman

192 2/8 Sanders Co. 1968 Richard Browne
192 2/8 Sanders Co. 1978 Michael Jorgenson
191 7/8 Unit 216 1984 Steve Gingras
191 7/8 Unit 203 1989 Car] Schmidt

191 7/8 Wildhorse Is. 1961 U of M (stolen)
191 &/8 Unit 340 199] Jim Dennehy

191 5/8 Unit 121 1982 Bryan Nelson

191 4/8 Lincoln Co. 1961 Ed Bayes

191 1/8 Unknown 1985 Mike Gesuale

190 7/8 Sanders Co. 1988 Terri Stoneman

190 6/8 Unit 122 1591 Gene Warren
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Table 1. Continued.

Score Locality Year Hunter

180 6/8 Unit 216 1950 Scott Campbell
190 6/8 Unit 203 1986 Art Dubs

190 5/8 Unit 203 1985 John Ottman
190 5/8 Unit 203 1886 Chris Mostad
190 4/8 Unit 340 1988 Quinn Ness

190 4/8 Unit 121 1931 Bob Blenker
190 3/8 Sun River 1957 F. P. Murray
190 1/8 Unit 203 1987 Joe Turner
190 0/8 Unit 210 1991 Rick Williams
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BIGHORN SHEEP MOVEMENTS AND SUMMER LAMB MORTALITY IN
CENTRAL IDAHO

JAMES J. AKENSON,! wilderness Research Center, University of ldaho,
Moscow, ID 83843

HOLLY A. AI{ENEGN,' Wilderness Research Center, University of ldaho,
Moscow, ID 83843

Absiract: Rocky Mountain bighorn sheep (Qvis capadensis canadensis)
wintering on Big Creek, in central ldaho experienced 5 years of low
lamb:ewe ratios, 1987-91, and an all-age die-off in 1990. Twelve ewes
weare radio instrumented on the winter range in 1989 and 1980, and
monitored to locate lambing areas and summer ranges and 10 determine
causes of mortality. Ewes from different parts of the winter range used 4
different drainages for lambing and had 3 separate summer ranges. Ewes
migrated from 1 to 40 km from winter ranges to lambing areas. All lambing
areas wera in steep south facing cliffs; elevations ranged from 1,150 to
2,450 m. Summer ranges were located within the same drainages as the
lambing areas, but at higher elevations. Two summer ranges weare in alpine
areas, while the low elevation Big Creek summer range was within the
winter range. Lamb production was consistently high in all areas (79-85
lambs: 100 ewes). By July, all 4 lambing areas experienced a major decline
in lamb numbers, for a ratio of 7:100 when lambs were 4 to 6 weeks old.
Nine lambs and 6 ewes were found dead and necropsied. Tissue samples
from 6 dead lambs and 1 dead ewe were cultured and examined for
diseases. Pasteurella haemolytica was cultured from 5 of 6 dead lambs and

multocida was cultured from 1 of 6 lambs. Pneumonia caused
by P. haemolytica was a signifi:ant source of early summer bighorn lamb
maortality. The record high bighorn population and recent drought conditions
may have caused these sheep to be more susceptible to pneumonia.

Bighorn sheep populations can experience large fluctuations in size. A
decrease in population size can be caused by a sudden die off, a long-term
decling in lamb production or survival, or an increase in adult sheep
mortality. Diseases are often implicated as the cause of bighorn population
declines, although disease agents and parasites are found ?n healthy herds
as well as declining populations. Factors such as adverse weather
conditions, poor range quality or quantity, intraspecific competition,
interspecific competition with other wild ungulates or livestock, contact with
domestic livestock, human digturbance, constriction of habitat, or a
combination of factors have been cited as causes of bighorn mortality or
susceptibility to diseases (Cowan 1947, Buechner 1960, Constan 1972,

! Present address: 62361 Leffel Rd., La Grande, OR 97850
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Trefethen 1975, McCollough et al. 1980, Mackie 1381, Wakelyn 1987,
Coggins 1988, Foreyt 1980, Spraker and Adrian 1990). Lamb survival has
been correlated with nutrient quality of summer food for bighorns (Cook et
al. 1980) and fall and winter precipitation for desert bighorns (Q. g. nelsonil
(Douglas and Leslie 1986, Wehausen et al. 1987). Although disease was a
proximate cause of lamb mortality, food ultimately limited an introduced
population of bighoms in Wyoming in a classical density dependent
requiation (Cook et al. 1990).

Bighorn sheep wintering in the Big Creek drainage had abnormally low
April lamb:ewe ratios from 1987 to 1991 (Fig. 1). Idaho Fish and Game
Department spring (Apr ) aerial counts averaged 43 lambs per 100 ewes
from 1873-82, and repetitive ground counts were 32:100 in 1985 and
46:100 in 1986. Lamb-ewe ratios from both aerial and ground counts were
16:100 in 1887 and 1888. Lamb-awe ratios in adjacent populations
remained stable at 35-45 per 100, Small coughing lambs with nasal
discharge were observad on Big Creek since the spring of 1886. This period
of low lambiewe ratios colncided with summer drought conditions and mild
winters. The Big Creek bighorn population increased significantly in the
1980's and reached record high numbers in 1988 (M. Schlegel, |d. Deap.
Fish and Game, unpubl, data). Elk also markedly increased in the 1980's.

Little was known about lambing areas and summer movements of Big
Creek sheep. This study was initiated in 1988 to: (1) locate and describe
lambing areas and summer ranges, (2) compare lamb production and
aurvivl?l for each lambing area, and (3) assess the potential causes of lamb
mortanty.

The Foundation for North American Wild Sheep provided the primary
financial support for this study. |daho Department of Fish and Game and
the University of ldaho provided additional support. We express special
thanks to M. Schlegel who provided advice in all phases of the study, to L.
Oidenburg for his efforts coordinating the project, and R. DiGrazia for his
enthusiasm for the study and sincere concern for these sheep. We
appraciate the dedication of R. Guse and D. Tomlinson for their exceptional
efforts in the field and D. Hunter and M. Dunbar who provided expertise in
all disease aspecis. Pilots T. Keogh and R. Arnold made aerial tracking safe
and productive,

STUDY AREA

) This study was conducted on a native population of Rocky Mountain
bighorn sheep in central Idaho, which winter in the lower 20 km of the Big
Creek drainage, a tributary of the Middle Fork of the Salmon River. Big
Creek and all of the seasonal ranges of these sheep were located within the
920,000 ha Frank Church River of No Return Wilderness (Fig. 2). Research
on this population of bighorns was conducted from the University of Idaho's
Taylor Ranch Field Station, on the Big Creek winter range. Access to Taylor
Ranch is via backcountry airplanes. Big Creek is in Game Management Unit
26, where there have been 15 bighorn ram hunting permits allocated each
fall. The Big Creek sheep are a subpopulation of the 2,500 Rocky Mountain
bighorn sheep in the central ldaho Salmon River Mauntains. In 1989 the Big
Creek sheep population peaked; 200 sheep were observed during the spring
aerial survey (ld. Dep. Fish and Game, unpubl data). They declined during
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the next 2 years and appearad to be recovering in 1982 with a spring count
of 107 sheep.

Elk were at record levels on Big Creek in the 1980's. Elk and mule
deer are potential competitors of bighorns on the winter range, however, elk
use of the sheep winter range was light and competition did not appear to
be significant in 1985 and 1986 (Akenson 1992). Below normal
precipitation was recorded at the Taylor Ranch weather station since 1986
(U.5, Weather Service Monthly Data Records, 1986-90), Winter weaather in
the late 1980" was more mild and snow-frea than in the early 1980°s.

Bighorns use the south aspects of the steep narrow lower Big Creek
canyon for winter range. The terrain is rugged and broken. Bluffs with

mountain mahogany (Cercocarpys ledifolius) are interspersed with talus
slides and grassy slopes containing bluebunch wheat grass (

spicatum), ldaho fescue (Eestuca idahoensis), and a variety of forbs. One
third of the Big Creek sheep winter on the grass slopes of the Cliff Creek
benches and adjacent bluffs, A fire burned 23,000 ha on the north edge of
the upper winter range in 1988.

METHODS

Bighorn ewes were radio instrumentéd and monitored during 2 field
seasons, from April 10 August 1989 and 1990, Twenly-one ewes were
captured during late winter using the immaobilizing drug carfentanil and a
dart gun. Blood, fecal samples, and nasal and tonsil swabs weare collected.
These samples were processed by the University of Idaho Caine Vetarinary
Teaching Center. Twelve ewes were radio instrumented by the 1390 field
season. We instrumented ewes from distinctly different herds to increase
the chance of finding several lambing areas.

Ewe movements wera monitored by both fixed-wing aircraft and
ground tracking techniques. Aaerial tracking for sheep locations and herd
composition intensified after spring migration began on 1 May. Flights ware
conducted on a weekly basis, until mid-August. A field crew monitored
herds containing radio-instrumented ewes on the ground in lambing areas
and summer ranges. Observers were constantly alert for indications of
sheep morality, including increased activity of ravens, eagles, and magpies
or erratic behavior of a8 ewe, which involved bleating, running, and
traversing an area constantly in search of the missing lamb. When lamb or
ewe carcasses were located, a preliminary cause of death was determined
and nasal and tonsil swabs were done. Carcasses or lissue samples (tonsil,
lung, eye, femur) were collected and transported to the State Veterinarian
for examination, necropsy, and disease culturing at the Caine Velerinary
Teaching Center.

Population dynamics were determined through composition counts
conducted weekly while aerial radio tracking. Supplemantal lamb:ewe ratios
wera ohtained during ground monitoring.
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RESULTS

Lambing Areas

Six lambing areas were identified which were used by Big Creek
sheep. Cliff Creek, Lobauer, and the Gorge lambing areas are in lower Big
Creek; West Monumental is in upper Big Creek; and Big Corttonwood and
Dynamite are in the Marble Creek drainage (Fig. 3).

All lambing areas have similar physical features. They were in
precipitous cliff formations with narrow ledges, bluffs, crevices, and steap
talus siides and had southern aspects. Springs or streams were available
adjacent 1o lambing areas. Heavily browsed mountain mahogany occurred
at most sites and grasses and forbs were sparse, indicating that feod was
scarce in lambing cliffs. Agropyron spicatum, Fesiuca idahoensis. Bromus

tegtorym, [ sagitatta, and a wvarlety of forbs were more
abundant outside of these cliff formations,

Lambing areas were scattered geographically (Fig. 3) and varied in
alevation, distance from winter range, size, and amount of use (Table 1).
The greatest difference between these areas was proximity to the winter
range. Ewes used lambing areas 1-40 km from their respective winter
ranges. Lower Big Creek lambing areas, including CIHiff, Lobauer, and Gorge
were mid-alevation cliffs within the Big Creek winter range, while the ather
lambing areas were high elevation canyons 40 km southwest of the winter
range. The size of lambing cliffs was determined as the entire extent of a
amall isolated cliff where ewes were consistently observed with newborn
lambs, or the area within a cliff complex that encompassed all observations
of ewes with newborn lambs. Mountain goats [Qrgamnos americaniis) were
observed in the three distant lambing areas.

Table 1. Lambing area characteristics, Big Creek bighorn sheep in central
ldaho.

Dist. from Number

Lambing Aspect Elev. winter Size of ewes
area (mj) range (km) (ha) (1989/90)
Cliff Creek 5 1.600-1,900 6 180 2014
Gorge S 1.150-1,300 1 5 -18
Lobauer g 1,250-1,300 2 3 2/1
Dynamite S 2,050-2,450 40 100 -120
Big Cottonwood 5 2,050-2,300 35 130 21/21
Monumental S 2,200-2,400 36 256 -6
Movements of Radio Instrumented Evwes

Winter Range.--The largest wintér concentration of bighorns along Big

Creek occurred on the bunch grass slopes of lower Cliff Creek. The
maximum number of bighorns in CHff Creek occurred in late November
during rutting activities, when 80-100 bighorn sheep weré présent on this
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Fig. 3. Big Creek bighormn sheep winter range and lambing areas.



20

130 ha area. With the arrival of winter snow cover, sheep dispersed to
rugged bluffs and outcrops with mountain mahogany and less snow.

ion.--ln January, mature rams separated from
ewe groups. At this time ewes broke into small groups. Radio-
instrumented ewes tended to winter with sheep from the same lambing
areas. Bighorns wintering on the western portion of the winter range
lambed on Cliff Creek. Ewes wintering on Clilf Creek, the central portion of
the wintar range migrated to Big Cottonwood and Dynamite Creek to lamb.
Those ewes that spent late winter on the eastern segment of the winter
range near the Gorge used either the West Fork of Monumental Creek or the
Gorge for lambing.

Spring Migration.--In April bighorn ewes used the bunch grass hillsides
of Cliff Creek as a staging area. May migration to lambing areas was rapid.
Ewes travelled maore than 40 km from Cliff Creek to the Marble Creek
drainage in less than 3 days. Pregnant ewes were observed swimming Big
Creek during flood stage to begin migration. Ewes followed rock outcrops
and broken open terrain, but the migration corridor also included forested
ridges and a snow coverad 2,400 m pass.

Some ewes did not migrate from the winter range to lamb. Three
radio instrumented ewes moved less than 5§ km from where they spent the
winter and lambed within the winter range. In both years a herd of barren
ewes, yearling ewes, and young rams remained on the winter range.

summer Movements.--Ewe movements were localized from mid-May
through early June within respective lambing areas. In late June awe-lamb

groups expanded their movements out of the lambing cliffs, but remained
near escape taerrain. By early July ewes from the higher elevation lambing
areas shifted 4-8 km to high elevation basins at the heads of the drainages
in which they lambed. Ridge-tops at elevations above 2,700 m weare
preferred for travelling. Ewes that used lambing areas on tha winter range
remained on the winter range throughout the summaer,

~~After lambing, some long
distance movements were observed by ewes which had lambs that died. In
2 successive years an instrumented ewe left Big Cottonwood Creek aftar
her lamb died and returned to CIiff Creek. In 1989 she made this journey
twice. When she returned to Big Cottonwood she was accompanied by
another radio-collared ewe which had lost her lamb earlier in the Chiff Creek
lambing area. Three other instrumented ewes made migratory-lype
movements from lambing areas. One had a lamb that died before she left,
the other 2 presumahly had lambs that died.

Summer Ranges

The Big Creek summer range was very different from the Big
Cottonwood, Dynamite, and Monumental summer ranges. Plants matured
aarly in the season in this arid, low elevation range. During summer farage
quality was probably significantly lower and insect harassment greater than
in the alpine summer ranges. Ewes utilized the recent burn heavily during
SUMMEr.



Fa |

Summer ranges for Big Cottonwood, Dynamite, and Monumental ewes
were 2,500-2,700 m elevation. Ewe-lamb herds used cirque basing and
ridges with nearby springs and highly nutritious vegetation at the highest
alevations availabla,

Few observations were made of other ungulates on the bighorn sheep
summer ranges. Summer ranges were more than 30 km from domestic
sheep grazing allotments.

Lamb:Ewe Ratios

Ewes were observed with newborn lambs from 12 May to early June,
Peak lamb numbers cccurred in the first week of June. Lamb production
was high in all lambing areas during both years (Table 2). Early June
lamb:ewe ratios were 70:100 in 1989 and B6:100 in 1990. Most lambs
died between 4 and B weeks after birth, which was from mid-June to mid-
July (Fig. 4). By mid-July lamb:ewe ratios had dropped to 15:100 in 1989
and 6:100 in 1990. Monality occurred at a similar rate in all lambing areas
(Table 2). Radio-instrumented ewes showed the same patterns of
production and survival. In 1989, 5 of 6 instrumented ewes gave birth 1o
lambs, but only 1 lamb was alive in mid-July. In 1930, 10 of 12
instrumented ewes were observed with live lambs; by late July none of the
instrumented ewes had lambs with them. Summer lamb mortality was the
source of low lamb:ewe ratios observed in April.

Mortality

Samples including organs, tissue, and blood were collected from 2
dead lambs, 3 dead ewes, and 4 hunter killed rams in 1989 and 7 dead
lambs and 3 dead ewes in 1990. Tissue samples from 6 dead lambs and 1
dead ewe were cultured and examined for diseases. Pasteurella hagmelytica
was cultured from 5 of 6 dead lambs and Pasteurella multocida was cultured
from 1 of & lambs (Table 3). Clinical examinations and culturing indicated
that pneumoania due 1o P. haemalylica was a significant cause of summer
lamb mortality. P. haemolytica (type A and T) and P. multocida were
opportunistic in Big Creek lamb populations and préesent throughout the
lambing environment (D. Hunter, |d. Dep. Fish and Game, unpubl. repart) .
Lambs were infected prior to weaning (D. Hunter, Id. Dep. Fish and Game,
unpubl. report).

Of the 10 live ewes that were sampled on Big Creek in spring 1989, P.

haemolytica Tqpn (hemolytic) and T4, T (hemolytic) were isolated from 3
tonsils, but no nasal swabs (Dunbar 1990}, Serum antibody analysis of
respiratory disease viruses including: respiratory  syncytial  wirus,

parainfluenza wirus, bovine virus diarrhea, and infectious bovine
rhinotracheitis were all negative (M. Dunbar, ld. Dep. Fish and Game,
unpubl. datal. Ewes sampled in spring 1989 and 18990 had extremely low
searum selenium, with a mean of 0.01 PPM (M. Dunbar, Id. Dep. Fish and
Game, unpubl, data; D. Hunter, |d. Dep. Fish and Game, unpubl. data). This
value was much lower than the mean selenium level in an adjacent
population (Margan Creek) and the normal value for selenium, which should
be greater than 0.08 PPM (M. Dunbar, Id. Dep. Fish and Game, unpubl.
raport; Dierenfeld and Jessup 1990,
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Fig. 4. Lamb:ewe ratios for all Big Creek, |daho lambing areas, 1990.

Table 2. Summer lamb:ewe ratios in lambing areas of Big Creek, ldaho
bighorn sheep, 1989 and 1990.

Year Lamb area _Juuu__pg,silsL late July
Ewes Lam amb:Ewe Ewes Lamb Lamb:Ewe

1989 Cliff Creek 16 14 88100 16 3 20:100
1989 Lobauer 2 1 50:100

1889 Big Cottonwood 21 12 57:100 26 3 12:100
1989 TOTAL 39 27 70:100 41 6 15:100
1980 Cliff Creek 14 12 86:100 22 0 0:100
1980 Lobauer 1 1 100:100

1990 Gorge 5 3 60:100

1930 Big Cottonwood 10 8 80:100 20 ? 10:100
1990 Dynamite 20 17 85:100 a 0 0:100
1990 Monumental 13 11 85:100 12 2 17:100
1990 TOTAL G3 b2 82:100 62 4 G6:100
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Cold wet weather during the early lambing period was also a mortality
factor. Temperatures of -10 C with new snow accumulations of 25 cm
occurred at lambing areas in both years during late May. Two dead
newborn lambs were recovered after a snowstorm and necropsied. They
cultured positive for E hagmolytica, but crgans were normal with no
indication of pneumonia. These lambs apparently died from exposure.
Many dead lambs were robust and in good body c:-undltmn Most of these
lambs tested positive for the presence of P.

Ewes displayed a strong maternal bond. Distraught ewes frequantly
cued us to search for a dead lamb. One was observed alone for 3 days at
the site where its lamb died. Several ewes aggressively defended the dead
lamb from human and raven intervention. One ewe was observed
protecting a dead lamb by horn threatening a coyote on a ledge.

Predation did not appear to be a significant lamb or ewe maortality
factor. Most dead lambs were found intact. Golden eagles were observed
in the vicinity of lambing sites, but only 1 dead lamb had been fed on by an
eagle. Coyotes were observed in the Cliff Creek lambing area, but the
terrain made access for most land predators difficuit. Lambs appeared 1o be
most vulnerable to predation during the migration from lambing areas to
summer range. This time coincided with the June drop in lamb numbeérs.
However, of the 7 dead lambs recovered in 1990, none appeared to have
died from predation. Bears scavenged 2 ewe carcasses.

Recent Events

The Big Creek sheep population experienced an all-age die-off in 1990,
The population plummeted from a spring count of 200 in 1989 to 93 in
1991. The April lamb-ewe ratio remained low, at 16:100 in 1989, 11:100
in 1990, and 6:100 in 1981, In 1992 the April lamb-ewe ratio showed a
congiderable improvement at 32:100. Adjacent populations have
experienced similar declines in lamb:ewe ratlos, but did not decline until
several years after the Big Creek lamb mortality. In 1992 adjacent
populations continued to have low lamb-ewe ratios of 11:100 (M. Schiegel,
Id. Dep. Fish and Gama, unpubl. data).

DISCUSSION

We expected to find differant mortality rates between the high and
low elevation lambing and summer ranges due 1o differences In forage
guality. Instead, we found that lamb production was similar in all areas,
summer moriality occurred at the same time, and lamb survival was
consistently poor. These factors indicate that summer lamb mortality was
not restricted to a single subpopulation or lambing or summer range.

Most lamb mortality had occurred by early July. The repetitive
intensive surveys of lambing areas were essential for verifying whether this
population was experiencing low lamb production or early summear lamb
maortality. If inténsive surveys are not conducted within a week after the
peak of lambing, low lamb production may be incorrectly designated as the
cause of low lamb:ewe ratios in a population, rather than early summer lamb
maoartality.
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Tha primary cause of summer lamb mortality n the Big Creek
population was pneumonia due to P. haemolytica. The chronology of this
epizootic was as follows: Coughing, nasal discharge, and poor body
condition, noted in spring 1986, were the fist signs that the Big Creek
population had a problem. Lambs ware the first to be affected by maortality.
Early summer lamb mortality occurred in 1986-90. An all-age die-off
occurred in 1990-91, decreasing the population by 54%. In 1992 the
spring lamb:ewe ratio was much higher than in earlier years and the
population appeared to have increased.

Complex spatial and temporal range use patterns were observed
among sub-populations of sheep from the Big Creek winter range. These
complex dispersion patterns occur in other native bighorn sheep populations
(Geist 1971, Festa-Bianchet 1886). The use of a range in winter and
summer by multiple groups of sheep may be detrimental to the sheep.
Summer residents on the winter range cause a reduction in the amount of
available winter forage, while concentrated uge of an area is likely 1o
increase wvulnerability to disease and parasite transmission, particularly
during periods when there is 8 high bighorn sheep population.

Bafore this investigation, it was not known whether Big Creek sheap
mixed with other bighorn populations. Big Creek sheep in the Big
Cotntonwood and Dynamite summer ranges on Marble Creek used the same
range as bighorns from a different winter range. Hickey (1982)
documented a ewe migrating 32 km 1o the summer ranges on Marble Creek
from a winter range on the Middle Fork of the Salmon River. Tha Marble
Creek drainage was the primary lambing area for the Big Creek sheep,
although they wintered approximately 50 km from the Middle Fork of the
Salmon River sheep. The winter ranges are geographically separate, but the
shared summer range can facilitate disease transfer between sub-
populations within the 3almon River Mountains.

Aegrial counts of the Big Creek shaep population indicated it was at a
racord high in 1989 (Fig. 1). The high number of sheep and the savere
lamb mortality problem suggest that these sheep have exceeded their
ecological carrying capacity.

An Important factor which likely contributed to the lamb maortality dua
to pneumonia was the long-term drought. Drought conditions result in a
decrease in plant production. Bighorn sheep in poor condition due to a
limited food supply are more susceptible to diseases. It is unknown whether
the selenium level measured in these sheep is “typical® for this population or
if tha drought may have affected minaral uptake in vegetation,

In summary the summer lamb mortality which occurred for B years on
Big Creek, in central ldaho was likely caused or exacerbated by the high
bighorn population and & decrease in available food caused by drought.
Matural patterns oOf socialization and migration may have facilitated the
tranamission of diseases within and bétween populations.
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TROPHY HUNTING OF DALL SHEEP IN ALASKA: AN EVALUATION OF THE
BIOLOGICAL IMPLICATIONS

FRANCIS J. SINGER, National Park Sarvice, Natural Resources Ecology
Laboratory, Colorado State University, Fort Collins, CO B0523

LYMAN NICHOLS, Box 783, Cooper Landing, AK 99572

Abstract: Several hypothesaes were investigated conceming the possible negative
effects of trophy hunting removal of large-homed Dall sheep (Quis dalli dalli),
including the social disruption, magnel, depressed survivorship, and immature ram
incompatence hypotheses. Observations on production, breeding behavior, and
survival of hunted and unhunted populations wers made from 1970-84 in the Kenal
Paninsula, and from 1881-85 in central and north-cantral Alaska. No evidence was
obtained that legal harvests of all or most = 3/4-cur (1968-1979) or = 7/8-cur
(1973 to end of study) reduced production or recruitment rates in Dall sheep. The
depressed ram survivorship hypothesis was nol supported by the data, young ram
(< 3/4-curl:100 ewes) versus old ram (> 3/4-cur:100 ewes) were not cormelated.
Limited evidence was gathered that breeding occured later and young rams
couned ewes more aggressively in hunted populations (juvenile ram
incompetence). Ewes accepled mounts at a higher rate in the unhunted versus
hunted cantral Alaska hard. Obsarvations concaming the magnet hypolhesis were
equivocal; mid-sized rams departed rut groups an equivalent amount in both
populations in central Alaska, but more young rams associated with ewe-young
groups outside of the rut in the hunted herd. No short-term effects of trophy
hunting under the 7/8-curl regulation were observed on productivity, or ram survival
of Dall sheap in Alaska, but the implications of more aggressive courtship, fewar
accepted mounts per ewe-hour of obsarvation and greater association of rams with
awas in winter in hunted herds neads to be investigated. Further, resaarch
involving greater replication of trealmenis sludy sites and greater use of control
and manipulated populations is suggesied.

Trophy hunting, the harvest of only older males, in mountain sheep has
baan hypothesized to result in a number of undesirable population and behavioral
consegquances (Margan 1973, 1974, Geisl 1971, 1974, Heimer and Walson 1982,
Heimer and Watson 1990, Festa-Bianchet 19839). These hypotheses may be
characierized (Hogg 1883, Murphy et al. 1930) as:

1.  The social disruption hypothesis: Young rams are observed to be more
socially disruptive than are dominani, large-homed rams. Younger rams,
in the absence of large-horned rams, wastefully court anastrus awes (Geist,
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1971, 1974, Nichols 1972), more wildly chase estrus awes (Morgan 1973,
1874, Gelst 1871), guard estrus ewss less (Geist 1974, Nichols 1972), and
cour anestrus ewes year-round (Geist 1974). Young rams are more overtly
aggressive and mora likely to attempt to mount any ewe (Geist 1971:171).
Oldar rams control the activity of younger rams and prevent the excessive
harassment of ewes (Geist 1974). Although age-specific differences in na
bahavior were documented by Geist (1968), quantitative behavior
differences are neaeded betwaean populations undear differing hunting regimes
(Fasta-Bianchat 1989, Murphy et al. 1990, Shackleton 1991).

The magnet hypothesis: In the absence of large-homed rams, young rams
are more lkely fo remain with ewe-young groups throughout the year
(Dunbar and Dunbar 1981, Hogg 1883). The |largest-horned rams are
foliowed away from ewe groups by younger rams; older rams tend to draw
younger rams away wilh them (Geist 1874, Dunbar and Dunbar 1981).
Adult male mountain sheep (Ovis canadensis) segregate spatially and by
habitat from ewe-young groups (Geist and Petocz 1877, Shank 1882).
Spatial segregation of rams outside of the rut may anhance individual
fitness ol rams by reducing sexual-agonislic behavior al a time when
reproduction is not possible (Morgantini and Hudson 1981),

The immature ram incompetence hypothesis: Depressed production and
recruitment have been hypothesized in Dall sheap populations in Alaska
subjected to intense cropping of trophy rams (Heimer and Walson 1982,
1990)., Predictions were that conception rates in yearling ewes would be
higher in hunted than unhunied populations, resulting in smaller body size
and reserves, and subsequently in alternate year or Intermittant
reproduction in ewes (Heimer and Watson 1982).

Breeding may be later and pregnancy rates lower in populations
whare all the breeding is dona by young males. Bubenlk (1971, cited in
siningham and Bubenik 1874) suggested that when young males assume
breeding in hunted populations, the rut is later and young may subsaguently
be bom later than the optimum birth date. Dall sheep lambs bom late in
the lambing period are smaller by the onset of winter and they survive at
lowar rates (Bunnell 1982). Young rams may be less competent in
breeding ewes. In domestic sheep, young rams weare less able 10 delect
astrus ewes and esirus ewas ware more likely o recognize and display
their receplivity 1o older, sexually active rams (Orgeur 1981). Hogg (1983)
speculatad thal ewes wera less receptive to young rams since young rams
might ba less competent at intromission, and since clder rams possess, on
the average, superor genotypes and produce superior young (Trivers
1972).

Scarcity of rams in intensely cropped populations might result in
lowar pregnancy rates, since estrus in ewes is less pronounced when



30

insufficient number of rams are present (Nichols 1972). Weakly estrus
ewes, such as those coming into estrus for the first time are less likely 10
be bred whan insufficient rams are presant (Fraser 1968, Grubb and Jewell
1966).

4. Depressed ram survivorship hypothesis. Young rams in the absence of
older rams, participate more heavily in the rut, and as a result they may
acquire the higher natural mortality rate typical of mature (> 8 years oid)
rams (Geist 1971, Heimer and Watson 1984). Young rams are reported 1o
court astrnus ewes more aggressively and 1o court anaestrus ewes more than
do mature rams (Geist 1971, 1874; Nichols 1978). Young rams that are
allowed to rut after larger rams are harvested may acquire even higher
mortality rates than 8+ year-old rams, since juvenile rams have smaller
body size and are a pron metabolically disadvantaged 10 survive the winler
(Heimer at al. 1584),

These concems over the possible effects of trophy hunting of rams
in Alaska resulted in progressively more restrictive harvasts, in 1968 > 3/4-
curl restriction was instituted, in 1979 the limit was raised 10 > 7/8-curl, and
in 1989 the limit was raised to full-curl. The purpose of this paper is to
raview the effects of trophy hunting removals of Dall sheep on productivity,
survival, and breading behavior. The results reported ware obtained from
tha authors' intense classification and behavioral data from hunted and
unhunted populations in the Kenal Peninsula, from 1974-84, and in central
and north-central Alaska, from 1981-85.

We acknowledge the field assistance of K. K. Laing, B. A. Cooper, D.
Groves, D. Waring, J. Van-Horn, and 5. R. Cooper. A. L Lovaas, J. D. Dalle-
Molle (now deceased), R. Cunningham, R. Kramer, R. C. Peterson, and R. M.
Sanbormn of the National Park Service (NPS) provided invaluable administrative
support for the work. D. Harkness, W. E. Heimer, R. W. Tobey, A. C. Smith, and
W. A. Troyer provided aerial classifications of sheep. This paper is dedicated to
the memory of J. D. Dalle-Molla.

STUDY AREAS AND METHODS

Population demography and breeding behavior were studied on the Kenai
Peninsula 1970-84 (Nichols 1971, 1972, 1978). The Dall shesp at Cooper Landing
ware unharvested, while the Surprise Mountain herd was subjected to > 3/4-curd
harvest. Nichols (1971, 1972, 1978) describes the Kenal study areas, where he
classified sheep annually from fixed-wing aircraft each of the 15 years. The Kenai
Peninsula study populations were located only 8 km (5 miles) from each other,
although the Sterling Highway separated them and apparently minimized
interchange, based upon observations of marked animals (Nichols 1878).
Breading behavior studies wera conducted 11 or 16 November - 17 or 20
December 1971 and 1972. All checking, breeding, and guarding interactions
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between Dall sheep were recorded following Geist (1968, 1971). An interaction
was defined as when 2 sheep come together and parform behavioral displays
toward each other (Gelist 1971:156). Guarding, breading, and checking
interactions (Geist 1971) were recorded each day. Dunng 1870-78 all or nearly
all » 3/d-curl rams were harvested from the Surprise Mountain study area, from
1980-89, all or nearly all >7/8-curl rams ware harvasted, and in 1989 tha regulation
was raised to full-curl in the hunted area. Lamb:ewe ratios were gathered during
fixed-wing (Super Cub) surveys by the junior author, 1970-82, as described in
Nichols (1978).

The Savage River (unhunted) and Usiballi Mine {(hunted) study areas in the
central Alaska Range where repeated ground and helicopter classifications were
made in 1983 and 1984 are described in Singer et al. (1991). Apparently all legal
(= 7/8-curl) rams were harvested from the area each hunling season, although
during the late-rut eaach year (21 Nov 1983, 9 Dec 1984), 1 or 2 7/8-curl rams were
observed in the breading groups. These animals either were not harvested or thay
moved onto the sludy area Breeding observations were made betwean 15
Novambaer-16 Decembar of 1983 and 1984. Two teams of 2 people each hiked
over and observed sheep on each study area each day. All ram-ewe and ram-ram
interactions observed wara recorded. All bahavioral displays (Gaeist 1968, 1971)
ware recordad during each inlaraction.

Mounis ware exprassed as no./ewa-hour, where ewe-hour = no. eweas X no.
hours of cbservation, fo correct for cbservation effot. More limited observations,
primarily on activity, were made on a second unhunted population in Denali
MNational Park al Igloo Creek in 1984 (see Singer el al. 1991); only classification
data from Igloo Creek in 1984 are presented. Group classifications were obtained
from the Savage River {(unhunted) and Usibelli Mine (hunted) study populations
during March-Aprnl of each winter. Helicopter classifications were conducted in
June of 1984 and 1985.

ns of population composition from aeral surveys wera made
between the humted and unhunted Kenal and central Alaska study areas in order
to test for lowered survivorship of young rams in the hunted herds. Comparisons
were also made in portions of Gates of the Arctic National Park and Lake Clark
National Park just after clogure to sport hunting and several years |atar. The
hypothesis that harvests of > 3/4-cud rams resulted in depressesed survivarship
of younger rams (< 3/d-curl) was additionally tested from 25 general surveys
throughout Alaska, 1974-84. This hypothaesis was tested with linear regression
under the assumption that the ratios of young (< 3/4-curl:100 ewes) rams would
be direclly correlated with ratios of older (> 3/4-curl:100 ewes) rams if the
depressed survivorship hypothesis held. Differences in ratios were tasted with the
Kolomagorav-Smirnov 1est using each complete aerial survey as a sample.

Aut behavior was observed In the Kenai Peninsula study areas for 21 days
In 1870, and for 22 days in the unhunied area and 25 days In the hunted area in
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1971. Observation conditions were good in 1970 on both areas, although low
clouds limited visibility on the hunted area during the late rut in 1970.

Rutting behavior of Dall sheap groups was observed for 74 hours in the
hunted central Alaska area and 55 hours in the unhunted area in 1983 (n = 28
days) and 1984 (n = 29 days). Plowed road access was avallable right to the
study areas in 1983 and 1984 and visibility was unrestricted in the ireeless
terrains. lypically 2-5 rutling groups might be visible at any ime. We hiked to
diffarant paints in the study areas each day and we attemptad to observe diffarant
groups each day.

RESULTS
Comparability of Study Populations

The Kenal Peninsula study populations of Dall sheep were very similar in
terms of density and productivity. Dall sheep density in the hunted area was 3
sheep’km® and density in the unhunted area was 2.2 sheep/km”. Lamb ratios did
not differ between the hunted and unhunted areas, 1970-92 (t-tests, P = 0.07, Fig.
1). Lamb ratios in the hunted herd were higher in 1880-92 (¥ = 53 £ 14.1
lambs/100 ewes) than during 1970-79 (X = 27 £ 145, t = -4.0, P = 0.001). Lamb
ratios were also higher in 1980-92 in the unhunted area, (£ = 389) than during
1970-79 (X = 30), but the difference was not significant (P = 0.18). A 4th degree

mial fit suggested upward trend in productivity for both areas through about
1986, followed by a downward trend. Lamb/ewe ratios fluctuated a great deal
annually, apparently in relation to weather, but the fluctuations were highly
synchronous batween the hunted and unhunted areas. Synchrony, when both
populations increased or decreased together, was observed in 15 year intarvals,
while asynchrony was cbservad in 4 intervals (sign test, P = 0.01, n = 19 intervals
with data). Considerably fewer rams per 100 ewes were present in the hunted
area (23.2 + 7.2) than in the unhunted population (54.0 £ 12.7), 1970-84, due to
the removal of nearly every legal sized ram each hunting season,

In the central Alaska study, population characterishics were similar for Dall
sheep in both study areas. Densities (X = 2.5 + 0.4 sheep/km®, % + standard
daviation) and group sizes (summer £ = 7 £ 6, wintar £ = 12.9 + 9.9 sheap/group)
did not differ between the 2 study areas (t-tests, P > 0,05). Slightly fewer rams per
group were observed in the hunted (rams/group, median = 3.5) than in the
unhunted area (rams/group, median = 2.8), but the difference only approached
significance (median test, x* = 2.16, df. = 5, P = 0.14). Lambs per 100 ewes (&
= 38 lambs/100 ewes) and yearlings (X = 15/100 ewes) did not differ between the
2 study areas either in 1984 or 1985 (Mann-Whitney U tests, P > 0.05).
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Fig. 1. Lambs per 100 ewes observed on the hunted and unhunted study areas
on the Kenal Peninsula, 1970-19%2,
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Both pairs of hunted and unhunted study areas ware highly similar with
regard to Dall sheep population charactenstics. Direct comparnsons of rutling
behavior batwean these pairs ol hunted and unhunled areas appearad justified.

Social Disruption

Young rams approached ewes differently in the hunted and unhunted areas
in central Alaska herd (Table 1); younger rams in the hunted herd performed one-
hall as many twisls, twicé as many butls, and seven times as many sniffs urine (P
< 0.05). Other behavior displays were performed in equivalent proportions (P =
0.03). Interactions observed per day were lower in the hunted Kenai population
both in 1970 and 1971 {Nichols 1971, 1972), the opposite pradicted by the social
disruption hypothesis, Ewes accepted an equivalant proportion of mount attempis
by rams In the hunted and unhunted central Alaska populations during the early
rut, but during late rut (whan mora ewas were in estrous) ewes in the unhunted

pulation accepted a higher rate of mount attempts, about 2 times as many, as
in the hunted area (Fig. 2).

Guarding or tending of ewes, the cooperative close association of a ram and
an estrus ewe during the ewe's cycle, was observed less in the hunted cantral
Alaska population, although the rale of guarding was low in both hunted and
unhunted Dall sheep populations. Guarding by younger rams in the hunted Kenal
population was weaker and more confused; ewes were guarded for 1-2 hours at
the most during the 1-2 day estrus perod in Dall sheep (Nichols 1972). We
observed only 1 tending pair in the hunted central Alaska herd, and 5 tending pairs
in the unhunied herd during 2 rut seasons. Only 0.3% of all interactions in the
hunted herd and 1% In the unhunted herd involved guarding behavior displays.
Tending pairs involved mostly the largest-homed rams (the only 7/8-curl obsarved
in the hunted herd during 1 rut; 4 full-curl plus rams and 1 3/4-curd ram in the
unhunted population).

Magnet Effect of Older Rams

Evidence for the magnet effect of older rams varied. Ratios of mid-sized
rams declined significantly during the late rut from both the hunted (Usibelll) and
2 unhunted (Savage River, Igloo Creek) herds in the ceniral Alaska Range,
suggesting the leadership of older rams was not required for young rams to depart
from ewe-young groups (Fig. 3). We observed several ram-only groups of mid-
sized hom classes 1-3 km (0.6-2 miles) from the rutting groups, suggesting the
drop in ratios was due to the departure of mid-sized rams from the rut groups and
not to movemenis of the other age classes. Mid-sized rams lost considerable
opportunities for breeding by deparing the rut groups, since most of the braeding
ol ewes occurred during the second half of the rut (Fig. 3).

All rams (mostly younger rams), however, associated more with ewe-young
groups during late winter in the hunted population (P < 0.05, Fig. 4) in comparison
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Table 1. Ram displays by all rams in sach herd towards ewes during ram-ewe
interactions in an unhunted and hunted herd of Dall sheep, central Alaska Range,

1983 and 1984,

Bahavior displays/ Unhunted Hunted
100 displays by all rams (Savage River) (Usibelli Mina)

Low stretch 13 13
Twist 43 25
Rush 5 5
Horn threat 1 0.3
Snill rear 15 18
Sniff urine 3 21
Lip curl 4 4
Butt & 11
Front kick 5

Mount 2

Guard 1 0.3
Sample size 1,940 2,388

(No. displays obsarved)

to the unhunted population, providing evidence for the magnet hypothesis during
late winter period. More rams were also seen in ewe-young groups during
summer in the hunted population, but the differance was not significant (P > 0.05).
The higher ram:awe ratios In the hunted herd were even more significant in that
rams per 100 ewes were less in the hunled herd during summer aerial
classifications (45 rams versus 71 rams per 100 ewes, P < 0.05).

Immature Ram Incompetencs

Later breeding dates were observed in the hunted central Alaska area
populations, and less breeding activily was observed in the hunted Kenai area in
comparison to the unhunted areas. On the Kenal Peninsula, fewer total
interactions were observed per day of observation par sheap group in the hunted
population than in the unhunted population both in 1970 (7.5 versus 17) and in
1871 (18.7 versus 31) (Nichols 1971, 1972). Breeding was initiated nearly 2
weaeks later in the hunted Kenal population in 1971 (Nicheols 1872). Rutling
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obsarvations and similar lambing chronology suggested breeding dates ware mora
similar between the areas in 1970. A wider range of lambing dates, however,
occurred in the hunted population in 1972. Later breeding dates were also
obsarved in the central Alaska Range hunted population in 1983 and 1984 (Fig.
5.

Less guarding behavior and lass gatharing of rams about eslrus ewes were
observed in the hunted compared to the unhunted Kenai population. As a result,
estrus condition was more difficult for the observers to detect in the hunted
population. Mounts were attempted in the hunted population with less preliminary
Indication of the ewes receptivity (Nichols 1972). More twists ware parformed in
the hunted central Alaska Range population by rams toward ewes (Table 1).
Possibly as a consequence of these courting differences, a higher proportion of
mount attempts were accepted by ewes in the unhunted area (no. mounis per
ewe-hour of observation) than in the hunted area during late rut (P > 0.05. Fig. 2).
whan mos!t ewes ware in esirous.

No evidence of depressed production or recruitment based on classification
ratios was observed in either the Kenai (Nichols 1878, Murphy et al. 1980) or
central Alaska study populations. Pregnancy rates ware not avallable for the study
populations and we do not know if they differed.

Depressed Survivorship of Young Rams

No evidence of depressed survivorship of young rams in the absence of
large-homad rams was observed in either the Kenai, Lake Clark National Park,
Gates of the Arctic National Park or other Alaska herd comparisons (Ff =0.133, P
> 0.05, n = 25 surveys, Murphy et al. 1990). No depressed survivorship of young
rams was demonstrable by classification technigues in the central Alaska hunted
areas 4 years after adoption of the more conservative 7/8-curl regulation; ratios of
young rams (< 5/8-curl) in the hunled central Alaska herd (35 young rams par 100
ewes) did not differ from the unhunted central Alaska herd (38 young rams par 100
ewas, P = 0.05) during halicopter classifications.

DISCUSSION
Social Disruption

Compared 1o mature males, young male ungulates court females in a less
ritualized, more hurried, and more aggressive fashion (Geist 1971, Ozaga and
Verme 1985, Valdez et al. 1981). Apparently as a result, adult ewas accepted a
higher proportion of attempted mounts in the unhunted area. Although we
observed differences in courtship behavior and accepted mounts between young
rams in hunted compared to unhunted sheep herds in central Alaska, we observed
no differences in production or recruitment of young in the Kenai or central Alaska.
Despite differances in counship behavior (as we observed for young rams), whan
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yearling whita-tailed deer (Odocoileus virginianus) bucks assumed all breeding
activity, there was no difference in breeding dates, pregnancy rate of does or any
other evidence of lower sire quality (Ozaga and Verme 1883). The high level of
synchrony of lamb ratios between the Kenai study areas suggested some other
factors such as weather, and not hunting, was responsible for the variations
between years in lamb success.

Ewes were potentially subjected to more stress in the hunted central Alaska
area. Young rams in the hunted area were more aggressive in their courtship, and
aweas wera more likely to run away than to walk away from courting rams (Singar
et al. 1981). The observation of more rams in ewe/young groups in late winter in
the hunted versus unhunted area, raises the possibllity of greater energetic costs
to both adult ewes and young rams during a critical period.

Magnet Effect of Older Rams

Qur data relative to the magnet hypothesis was equivocal; the magnet
hypothesis was not supported by our observations during the late rut, but the
hypothesis was supported by our observations during late wintar.

Equivalent early depariure of mid-sized rams from rut groups in the hunted
central Alaska population did not support the magnet hypothesis. Breeding activity
was more intense during late rut and we suspect the unsuccessiul competition with
large-homed rams for estrus ewes caused the mid-sized rams to leave. The
remaining smallest rams (mostly 1/4-curl) do compete less with the largest rams;
interactions are more frequent and intense between rams of most-neary equal
sizes (Geist 1971). Early departures of mid-sized rams in all 3 hards resultad in
a loss of immediate breeding opportunity for them, but possibly their residual
reproductive value and fitness may ba enhanced. Geist (1986) reported some
subadult male cervids opt out of rutting [the "dove” sirategy of Barash (1882)],
although these males were successiul when the opportunity arose, and some
bacamea dominant breaders later in life. We speculate that the energy savings to
mid-age classes of rams leaving rut groups during late rut contributes to their long-
term survival and fitness. Since sary depanures of mid-sized rams was chservad
in both areas, no apparenl effect of harvest removals on the energy saving
strategy was observed.

Young rams, however, associated aboutl 3 times more with ewe-young
groups In the hunted central Alaska herd in late winter, thereby supporting the
magnet hypothesis. Adult male and female mountain sheep lypically segregate
during all of the year except during the rut (Geist 1968, 1971, Shank 1982,
Aschcroft 1986). The selective force for the segregation remains equivocal.
Female ungulates occupy better ranges in many instances (Watson and Staines
1978, Shank 1985, Beier 1987), but Wehausen (1980) and Shank (1982) observed
the opposite. Male bighorn sheep were found on better ranges than female-young
groups. Male ungulates typically initiate the separation from female-young groups
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{Charles el al. 1977, Geisl and Peatocz 1977, McCullough 139739, Shank 1382).
Sexual segregation of ungulates outside of the rut period reduces energetically
expensive sexual and agonistic behavior between males and females (Rand 1952,
McCullough 1979). Avoidance of sexually agonistic slimuli outside of the rut by
rams should maximize their individual fithess (Morgantini and Hudson 1981).

Tha magnet hypothesis predicts that older rams are required to lead young
rams io segregaled ranges. An alternate explanation for winter associations of
young rams in ewe-young groups is that, in wolf-occupied habitat, young rams
seak out the oldest and mosl experianced sheep to aid them in detecling and
avoiding predators--in this casa older ewes. Fasta-Bianchet (1983) reported young
rams (< 3 years old) ware more vulnarable fo predators and diseases than older
rams. This hypothesis is consistent with our observations that rams in the hunted
population associated most with ewe-young groups during the late winter, a period
of more intense woll predation (Murie 1244, Haber 1977), than during the summer.
Successful departure of soma young rams from ewe-young groups without old ram
leadership during late rut, suggests the leadership is not required.

Immature Ram Incompetance

We observed no discernible, shor-term deleterious effects of trophy hunting
on reproduction or recruilment rates in Dall sheep. Qur data were limiled to aerial
or ground classifications, and we did not compara pregnancy rates or eary
neonatal losses betwean the populations. We obtained preliminary evidance
suggesting breeding occurred later and ewes accepted fewer mount attempts in
the hunted populations. We suggest further more detailed work on the question
of later breading since visibility conditions were limited during late rut in the hunted
Kenal population in 1971. ODbservation conditions were axcellent in the cantral
Alaska population in 1983 and 1984. although we did not try to monitor nighttime
breeding achivity, we observed 1,291 rutting interactions between rams and ewes
during 127 hours of daytime group cbservations. In his classic study of mountain
sheap, Gelst (1971) observed 596 interactions between Stone's sheep rams and
ewas, and 2065 for bighorns, or 62% of our total. A more definitive study than ours,
with a great deal more replication, will require considerable tima and parsonnal.

We conclude that guarding or tending occurs at a much lower rate in Dall
sheep in Alaska than in other mountain sheep. Only 16% of estrus ewes in our
central Alaska Dall sheep populations were observed in lending pairs under
canditions of uninterrupted views of the tundra rutting ranges, varsus 50% of
estrus pairs of mountain sheep in Montana (Hogg 1984). A tradecff in
reproductive fitness may exist between remaining with and defending an estrus
awa and maximizing the probability of siring her ofispring (Hogg 1988B), varsus
attemnpting 1o breed other estrus ewes prasent In the area. The larger density of
breeding sheep (and astrus ewes) presant in Dall sheep study populations may
explain the lower rate of guarding (Nichols 1872).
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Depressed Survivorship of Young Rams

Qur data, based primarily on aerial surveys, do not indicate that hunter-
reduced numbers of older rams adversely affects the survival of young rams in
Alaska. Howavar, aerial surveys are essentially snapshots in time of population
compasition; vanation due 1o cohon differences in size and survivorship (Murphy
and Whittan 1976) could obscure harvest-related effects on survival of sublegal
rams. Our most robust test of the hypothesis is the Surprise Mountain-Cooper
Landing comparison, where no evidence of depressed survivorship was detected
from aerial classification data even though virtually all 3/4-curl and larger rams
were cropped over a 15-year period of study (Murphy at al. 1990). Stewart (1980)
and Hoefs and Barichello (1984) also failed to find evidence of the depressad
survivorship hypothesis.

Sevaral other studias invelving tagged males provide conllicting evidance.
Fesla-Bianchel (1989) reported higher than expected monality rates in young
mountain sheap rams from a herd subjected 1o hunting in Alberta, but he had no
control study area. His control was skull remains from the unhunted Denali Park
Dall sheep population (Murie 1944). Biases In skull collections may preciude their
direct comparison of mortality studies invelving the tagging of live animals (Murphy
and Whitten 1976, Festa-Bianchet 19689). Festa-Bianchet (1989) reponed high
mortality of yeariing rams, which he could not attribute to hunting effects. Yearling
rams are not observed to paricipate in breeding even in trophy-hunted populations
(this study, Singer et al. 1991, Shackleton 1991). Either 4-5 year-old rams or 5-6
year-old rams, not yearing rams, {depending on the size class of the huniing
restriction) do most of the breeding, and therefore assume higher mortality rates
(Geist 1971, Murphy et al. 1990).

Heimer at al. (1984) reported a high disappearance rate of young rams from
a hunted population during a period of less restrictive (3/4-curl) harvesl. The high
disappearanca, however, could have also been due 10 dispersal. No comparable
data on disappearance rates were available for young rams from unhunted

populations.

Evidence that more restriciive harvests increase survivorship of rams is
reported from the eastern Alaska Range (Heimer and Watson 1880). Thirty-three
parcent more rams ware harvested from this area following raising the size class
restriction from 7/8-curl to full-curl (Heimar and Watson 1990). Ewe numbers were
apparently stable during the pericd. Hunter participation increased 58% during the
full-curl harvest, but Heimer and Watson (19880) rejected this as an explanation for
the increased harvest of rams. There were no control populations for the study
(i.e., a comparison population where the ram harvest ramained at 7/8-curl), ewe
fecundity and survival increased al Dry Creek during the study and weather and
woll numbers also varied (Heimer and Watson 1930). Festa-Bianchet (1989)
strassed that behavior obsarvations of rutting males, causes of death, and



44

axperimental manipulation of hunting regimes are nacessary to determine if the
depressed survivorship hypothesis applies.

ARESEARCH RECOMMENDATIONS

Wa recommend further research into the possible affects of trophy hunting
of male mountain and Dall sheep. Greater replication of study conditions, and use
of control study areas, or use of the same areas for control and manipulations
(crossover experiments) establish cause and effect relationships. Longer term
studies are suggested (1-2 decades or more) especially it crogsover experiments
are conducled. In particular, we recommend further research into tha possibility
of later breeding dates, the behavioral and ecological implications of more rams
associated with ewe/young groups during late winter, and the implications of
decreased compelition amang males in hunted areas.
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HMANAGING BIGHORN HABITAT FROM A LANDSCAPE PERSPECTIVE

JAMES A. BAILEY, Department of Fishery and Wildlife Biology, Colorado
State University, Fort Collins, CO BO5Z3

Abstract: Thres levels of bighorn (0Ovis canadensis) habitat management
address (1) metapopulations, (2) herds that comprise metapopulations,
and (3) local projects. Projects are implemented to enhance specific
seasonal ranges, migration corridors, or inter-herd corridors. There
has been an em?hasti on prnjacts in the management of sheep. Developing
comprehensive long-range plans for maintaining or enhancing herds and
metapopulations has been neglected. Three types of bighorn
metapopulation structures are proposed. Managemenl needs and
constraints for each of the 3 levels of management are discussed. State
wildlife departments are in the best positions to provide needéd
leadership in developing and coordinatimg management that will identify
and achieve long-term goals for metapopulations and for local herds.

Conservation of bighorn sheep and their genetic resources requires
strategies for maintaining local populations, and for maintaining their
interconnections as metapopulations. Ideally, these strategies are
implemented in a series of prioritized and coordinated management
projects., There has been an emphazis on projects in bighorn sheep
management. Meanwhile, developing comprehensive long-range plans for
maintaining or enhancing local populations and metapopulations has been
neglected. My objective is to emphasize the lTimitations of this
situation, and to stimulate discussion and development of more
comprehens ive management.

MANAGEMENT OF METAPOPULAT IONS

Metapopulations of bighorn sheep consist of local populations
{herds) interconnected by movements of animals across gntar-hird
corridors. Movement between 2 herds may be totally, or mostly, one way;
or may approach being equal in both directionz. Movements may be
frequent or occasional. Exchange of animals and their genes among
herds:

(1) may be necessary to maintain small herds having poor
demoegraphic characteristics. Berger (1990) concluded that
herds of <50 sheep were not viable, and herds <100 sheep
probably were not viable, for »50-70 years. Persistence of
such small herds would be enhanced by periodic immigrations
from nearby herds.

(2) may be necessary to avoid serious inbreeding depression
of reproduction and survival. Geist (1975:105) arbitrarily
selected 125 sheep as the number necessary to avoid thiz level
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of inbreeding. Franklin (1980) concluded that 50 "effective
breeders"” would be necessary to aveid an arbitrarily selected
1% level of inbreeding. Fitzsimmons (1992) calculated that a
herd of about 150 sheep is needed to provide the equivalent of
§0 effective breeders.

(3) allows the spread and persistence of genes, including
genes that may be relatively rare, thereby maintaining the
genetic diversity and adaptability of the species in the long
term. Recommendations (Franklin 1980, Thomas 1990) are that
>>1000 animals are needed for long-term maintenance of genetic
diversity in large vertebrates.

These 3 benefits of metapopulations are important to the wise use,
including preservation, of bighorn sheep and their genetic resources,

Metapopulation Structure

Identifying and managing metapopulations are needed to preserve
gepetic diversity within regional aggregations of bighorn sheep. [t may
also be desirable to preserve the genetic purity of sheep within a
region. If this is assumed, each managed metapopulation should exist
within only 1 major ecosystem, such as the Mojave Desert, or Central
Rocky Mountains, to preserve 1 ecotype of bighorn.

A widely distributed metapopulation will require management
coordination among many landowners and agencies. Too many landowners
and agencies may confound and perhaps preclude coordination. Also, a
widely distributed metapopulation may have multiple risks of exposure to
disease, especially from domestic sheep (Desert Bighorn Council
Technical Staff 1990). Thus, there are both practical and theoretical
considerations in choosing the size of a metapopulation for management
purposes.  This topic needs further discussion. [ arbitrarily propose
that management plans should recognize bighorn metapopulations having at
least 1000 sheep, or the potential for at least 1000 sheep.

Metapopulation structure may vary with 1) the mean and variance of
local population sizes; 2) the proportion of local habitat patches
pccupied at one time; and 3) the amount and frequency of movement among
local populations. At least 5 types of metapopulations have been
proposed (Hanski 1991:27, Harrison 1991:78). It is not clear how many
types apply to bighorn sheep because long-term studies of interherd
movements ﬂi?& been rare, and because metapopulations of bighorns in
pristine Morth America have been fragmented Er herd extinctions and
habitat loss - and have not been reestablished. Within a species,
metapopulation structure will vary with the number and spacing of
suitable habitat patches, barriers beétween patches, and the sizes and
qualities of patches. For managing hi?hnrn sheep, | propose 3 types of
metapopulations be considered. This classification is arbitrary and
intermediate combinations occur:

Megapopulations of bighorn sheep contain 21000 animals distributed
rather continuously over a large area. Bighorn megapopulations are
organized into herds that use different seasonal ranges, such as lambing



51

areas and winter ranges; but barriers between herds are fnconsequential
and movements of sheep among herds occur annually. Bighorn in the
Canadian Rocky Mountains and in the Black Mountains of Arizona are
examples of megapopulations. If habitat is lost or degraded,
meqgapopulations may decline inte either core-satellite or patchy
metapopulations.

Bighorn gore-satellite metapopulations contain >1000 animals,
distributed in >1 large, persistent core herd(s) and several smaller
satellite herds that depend upon the core herd(s) and may be transitory.
Core herds are expected to occupy relatively large, continuous areas of
quality habitat, with populations of 2150 sheep. Satellite herds occupy
lesser and/or poorer areas. Consequently, satellite herds occasionally
fluctuate to very low numbers of sheep, and may become extinct,
especially in times of stress such as drought or severe winter. Animals
may move gnth ways between core and satellite herds, but the
preponderance of movement is to the satellite herds. Satellite herds
depend upon this immigration for demographic persistence and genetic
diversity. (However, relatively isolated satellite herds in unigue
enyironments may develop locally-adapted genotypes that, in time, could
influence evolution of the metapopulation.) Megapopulations may also
have satellite herds. IF habitat is lost or degraded, core-satellite
populations may decline into patchy metapopulations.

Patchy metapopulations of bighorn sheep contain 21000 animals
distributed in interdependent herds of <100 sheep. Size and persistence
of herds may vary, but several herds should approach 100 sheep and be

ersistent ("primary-patch” herds). In patchy metapopulations, each

erd (and its inter-herd movements) plays an approximately egqual role in
m11nt11nin$ the metapopulation and its ?Eﬂit1£ diversity. Many herds
arg "stepping-stone® populations, facilitating movement of animals
between other pairs of herds. Bleich et al. (1990) described a bighorn
patchy metapopulation. If habitat is improved or expanded, patchy
metapopulations may increase and becomeé core-satellite metapopulations.

Management Needs

Although a need for managing metapopulations of bighorn sheep has
been noted (Bur. of Land Manage., n.d.; Bleich et al. 1990; Ramey 1991},
there appear to be few, iT any, metapopulation management plans.
Meanwhile, plans and projects affecting local herds and ranges, and
inter-herd corridors, are being developed and implemented without
considering existing or putant?a] metapopulation roles of the herds or
lands. Among these are federal agency plans for multiple-use and
wilderness areas, and state transplant projects.

Most metapopulations of bighorn sheep traverse lands managed by
many owners and/or agencies. Consequently, metapopulation management
requires interagency agreement and cooperation. Often, a state wildlife
department will be the only agency with responsibility across an entire
matapopulation. Occasionally 2 state departments will be involved.
State departments should lead in convening interagency discussions of
bighorn metapopulation goals and in developing interagency agreements
for management plans. Plans should 1denti¥y all 1uca? participating
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herds and establish goals for each herd and its range. Goals will
relate to a metapopulation role designated for each herd and range
{core, satellite, primary-patch, nnd?nr 5tnpting-5tnn: herds). Goals
should specify the desired number of sheep, the habitat conditions
needed for immigration and emigration, and desired habitat conditions on
herd ranges. Most goals should be measurable so that failure to achieve
or maintain them will trigger a response from management agencies.
Metapopulation management plans should (1) designate agencies
responsible for monitoring all herds, seasonal ranges and movement
corridors; (2) designate an agency that will maintain a complete record
of the metapopulation; and (3) be updated periodically as knowledge and
habitats change.

Particular attention should be paid to core herds and primary-patch
herds because: 1) they comprise major proportions of metapopulations;
2) other herds are at least somewhat dependent upon them; and 3)
political uncertainties and demands from other land uses will
increasingly threaten herd ranges and corridors, while resources for
managing bighorn sheep will always be limited, forcing difficult choices
and a need for priorities.

Management Constraints

A state wildlife department with broad responsibility for a
metapopulation usually manages little land. Rather, many landowners and
agencies with diverse, perhaps conflicting, objectives manage local
bighorn ranges and inter-herd corridors. Interagency coordination and
compromise are most difficult at this level of bighorn management.

The benefits, and failures, of managing or neglecting
metapopulations will accrue slowly, especially in relation to the
tenures of biologists and administrators in their jobs. Also, the
credit or blame for metapopulation conditions will be distributed among
several agencies. The resulting lack of agency commitment to
metapopulation management may provide little incentive or reward for
participating in this management, and personal identification of
individual wildlife biologists with metapopulation management may be
limited.

COMPREHENSIVE MAMNAGEMENT FOR BIGHORN HERD3

The year-round range of a bighorn herd may include up to 6 seasonal
ranges and connecting migration corridors (Geist 1971). Howaver, many
herds are sedentary because of limited habitat and/or because they are
transplanted herds that have not established long movements. Movement
across a diversity of seasonal ranges will benefit bighorn sheep in 2
ways. First, a diversity of habitats provides a herd with options for
responding to variable weather conditions or to harassment, thereby
maintaining security and access to quality forage. Second, altitudinal
migration provides prolonged access to green forage, as the seasons
change, thereby enhancing animal gquality (Geist 1987). Maintaining or
enhancing seasonal ranges and migration corridors, and maintaining or
reestablishing migratory movements, may be necessary for achieving
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either optimization goals or wilderness goals (Bailey 1992) for a
bighorn herd.

Management Needs

Bailey (1986) and Risenhoover et al. (1988) discussed management of
bighorn herds. They recommended that existing and potential seasonal
ranges and migration corridors be identified and managed. Despite their
recommendations, there appear to be few such management plans
@stablished and approved in agency documents. Rather, documented goals
are often vague (1. e. maintain at least 100 sheep) and usually specify
nothing about maintaining movements of sheep, or maintaining I{E
specific ranges and corridors that support these movements. Sometimes,
comprehensive management plans exist in the heads of biologists, and are
lost when they transfer among jobs.

Once the existing or potential seasonal ranges and migration
corridors have been identified, habitat conditions on each range unit
should be assessed. Several methods for evaluating bighorn habitats are
now avafilable (Hansen 1980, Armentrout and Brigham 1988, Smith et al.
1991) and are being tested and improved. Habitat evaluation will allow
prioritization of habitat-improvement needs, so that the most critical
needs are addressed first (and resources are not wasted treating habitat
conditions that do not Timit herd size or movement). Lastly, there
should be a realistic assessment of the constraints and of the resources
needed, in the long term, to achieve the plan’s goals. IFf the goals are
truly impossible, more realistic geals are needed, or agencies and
publics should be advised that resources are not adequate for their
expectations. We may have to abandon some seasonal ranges, or even some
herds, in order to maintain otheér rangeés, or herds, with the resources
and constraints that are 1ikely to prevail. Comprehensive planning for
bighorn herds will produce confrontations with budgets and reality, and
will demand difficult choices. However, without such plans, habitat
management projects may be inefficient or even worthless, in the long
run. (We may be just nibbling around the edge - even the wrong edge -
of a problem with unknown and large dimensions).

Where bighorn herds migrate across administrative boundaries,
coordination and compromise among landowners and agencies will be needed
in developing comprehensive, long-range management goals and strategies.
Usually a small numbar of landowners and/or agencies will be involved.
Leadership should rest either with a state wildlife departmant, or with
an agency responsible for the major portion of the herd’'s range. In
gither case, state involvement will ﬂe needed to coordinate herd
management plans with regional metapopulation goals.

Management Constraints

There is limited tradition for the level of inter-agency
coordination needed in comprehensive management. A common situatfon
involves state management to opltimize a bighorn herd, while much of the
herd's range is in a wilderness where optimization is not a goal and
wilderness management plans have not been done (Bailey 1992). In
addition, conflicts wilh the desires of private landowners may be
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difficult to resolve. An interspersion of private land on a seasonal
range may greatly 1imit options for habitat maintenance or management
(for example, with prescribed ignition of fire).

Agency priorities and incentives for bioloyists may emphasize
management projects at the expense of comprehensive planning. The
result of planning is a document. The results of projects are pumbers:
numbers of animals moved or treated, numbers of acres burned or
fertilized, etc. HNumbers are needed for year-end reports. Projects
dlso create positive, although sometimes naive, publicity; and attract
funding from private foundations. The rewards and incentives favor
prlaTinting more projects, while delaying comprehensive, long-range
planning.

HABITAT MANAGEMENT PROJECTS

Habitat management projects include vegetation manipulation, soil
fertilization and artificial water developments. Projects are numeérous
in bighorn management. Agencies requested funding from the Foundation
for North American Wild Sheep for 25 habitat improvement projects in
1992. Other foundations also suﬂpnrt habitat projects, and other
E:ujacts are funded entirely with agency monies. Habitat managemenl may

used on seasonal ranges and migration corridors of bighorn herds, or
on inter-herd movement corridors.

Managament MNeads

Factors Timiting the achievement of goals for bighorn herds must be
identified to assure effectiveness of management. Otherwise, habitat
management may not treat limiting factors and may be either inefficient
or worthless. [Identification of 1imiting Factors should be part of
comprehensive planning for bighorn herds,

Few management projects for bighorn sheep are evaluated for their
effectiveness in achieving goals {Eaiizy 1990). At least some projects
should be conducted as management experiments with suitable experimental
designs. Confounding of multiple projects on one herd should be avoided
so that effects of individual projects may be evaluated.

Management Constraints

Developing comprehensive plans for bighorn sheep, and testing the
effectiveness of management projects, requires a personal and public
admission of 1) the limitations of agencies and resources in solving
complex problems, and 2) some degree of ignorance of bighorn
populations, their habitats, and Timiting factors. The tradition in
wildlife public relations is not to admit limitations or ignorance.
Administrators, and the public, are more easily seduced by (unproven)
claims of effective management. Career advancement for wildlife
biologists should depend more upon producing bighorn sheep; and less
upon merely attracting funding and completing projects. In this regard,
wildlife professionalism and ldlinistritiiﬂn?ﬂldirﬁhlp are lacking.
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CONCLUSION

There 15 a need for coordination of habitat management for bighorn
sheep across seasonal ranges and migration corriders of local herds, and
across inter-herd corridors of metapopulations. Comprehensive planning
is needed to deal with long- and short-term problems of local herds.
Bureaucratic inertia, numerous constraints, funding mechanisms, and lack
of incentives For individual biologists are delaying the management of
bighorn sheep on such a landscape basis (Fig. 1). Biologists who will
gquestion current practices and provide a broader, more realistic, view
of bighorn management are needed. Agency leadership in developing and
coordinating management to achieve long-term goals is lacking. State
wildlife departments are in the best positien to provide this
Teadership.

Comprehensive Meta-
Fr'njﬂﬂ EEm— Herd - mpuh'nn,n
Management Management

COST/ACRE ($, Time )

GOALS REALIZED SLOWLY

CREDIT, PUBLICITY, DISPERSED

NEEDED INTERAGENCY COORDINATION
POUTICAL, LEGAL, LAND-USE CONSTRAINTS

PERSONAL: IDENTIFICATION WITH PROJECT, SUCCESS
REWARDS, RECOGNITION
PUBLIC AND AGENCY RECOGNITION OF NEED

AVAILABLE FUNDING
-

Fig. 1. Some fiscal and political Factors differing among 3 levels of
bighorn sheep management. They favor an emphasis on completing projects
that are not prioritized or coordinated within comprehensive Jong-range
plans for herds or metapopulations.
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MAMAGEMENT IMPLICATIONS OF AN INTENSIVE STUDY OF WINTER FORAGING ECOLOGY
OF BIGHORN SHEEP

MIKE J. GDODSOM, Box 1514, Estes Park, CO 80517
DAVID R. 5TE¥EH5I. Rocky Mountain Mational Park, Estes Park, CO 80517

Abstract: Factors limiting nutrition of Rocky Mountain bighorn sheep
{Ovis canadensis canadensis) were investigated on 2 montane winter-
spring ranges in north-central Colorada. Under snow-free conditions, we
investigated effects of rapid increase in forage quality during green-up
(Mar-Apr) on feeding behavior, diet quality, and nutrition of ewes.
Bighorn switched to green forage when availability of fresh vegetation
was limited. Conseguently, bite size and dry-matter fintake rates
declined, and increases in nutrition often lagged a month behind
increases in diet quality. Snow caused bighorn to nose or paw to reach
forage resulting in lower bite rates. Although Dbite gize of ewes
increased on both ranges with smow; dry matter intake rates declined at
1 area. Diel quality declined in both areas bacause bighorn were unable
to forage selectively, With snow, bighorn shifted from feeding in open
sites to areas of shrub cover and cliffs which enhanced forage
accessibility. Managers need to determine preferred habitats of bighorn
under both snow-free and snow-covered conditions even on ranges where
snow 1% usually shallow and transitory. If bighorn sheep have adequate
habitat during snow-covered condilions, enhancing availability of green
forage during green-up will Tikely benafit them. This objective can
often be met by removing overstory of shrubs, trees, or dead herbs
through prescribed fire, chemical, or mechanical treatment. In some
cases, avallability of snow habitat and/or green forage can be improved
by extending ranges of bighorn to lower E?Evltiun: or into different
habitats through transplanting.

Factors 1limiting nutrition of free-ranging ungulates are difficult
to determine. Observational studies can often identify important
factors, however, without experimental control researchers are limited
in determining their relative importance (Lauer and Peek 1976).
Experimental studies using tame, supplementally fed animals can control
variables more efficiently (Hobbs et al. 1983), however, results may not
accurately represent natural conditions. We combined observational and
experimental approaches in order te define limiting Factors for
nutrition of free-ranging bighorn éwes on 2 montane winter-spring ranges
in north-central Colorado.

lpresent address: National Park Service, Alaska Regional Office,
2525 Gambell St., Rm 107, Anchorage, Alaska 99503-28092.
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Two major natural contrasts were used to identify factors limiting
nutrition of bighorn ewes: the dramatic increase in availability of high
quality forage from March to April; and the conlrast belween forage
availability under snowfree conditions and with snow cover. Our
objective was to document behavioral responses of free-ranging bighorn
ewes to changes in forage availability and quality; and to determine the
affects of changes in behavior and forage supply on nutrition. To
accomplish this objective we estimated habitat selection, activity
budgets, biting rates, bite sizes, and diet quality of ewes under
different environmental conditions. Major guiding hypotheses were (1)
that foraging behavior of ewes was sensitive Lo changes in foraging
conditions, and (2) that changes in feeding behavior acted to enhance
nutrition.

The Department of Fishery and Wildlife Biclogy and the College of
Forestry and MNatural Resources of Colorado State University, the
Boettcher Foundation, the Colorade Mountain Club Foundation, Lhe
Foundation for Morth American Wild Sheep, the Rocky Mountain Bighorn
Society, the National Park Service, the Colorado Division of Wildlife,
and J. Goodson provided support for our study. We thank G. Bennett, R.
Humby, and the MacGregor Lodge for permission to observe bighorn on
their properties.

STUDY AREAS AND BIGHORN POPULATIONS

The 2 study areas were similar in size (2 hnz} and located on
predominantly south-facing slopes above the Fall River in north-central
Colorado (Goodson et al. 1991a,b). The Fall River area was bisected by
the east boundary of Rocky Mountain MNational Park and included private
lands. The Endovalley area was within the Park.

Distinct subpopulations of female and juvenile bighorn sheep used
the areas although adult rams moved between them (Stevens and Manson
1986). Herds were estimated at 100 bighorn at Fall River; and 80-100
bighorn at Endovalley. On both areas, due to lack of hunting and
abundant human activity, bighorn were habituated to people and easily
ohsarved.

Study areas were accessible parts of the total winter range of
each subpopulation, and have been previously deseribed (Goodson et al.
1991a3,b). The Endovalley area was higher in elevation (2,590-2,900 m)
than Fall River (2,400-2,650 m). Important foraging areas at Endovalley
were aspen (Populus tremuloides)-Kentucky bluegrass (Poa pratensis)
associations and grasslands dominated by bluegrass and cheatgrass

Bromus tectorum). These areas were interspersed with Douglas-fir
Pspudotsuga menziesii) stands with understories dominated by sedge

Carex spp. and mountain muhly (Muhlenbergia montana).

Mountain shrub with variable overstory of pondergsa pine (Pin
pondérosa) and Douglas-fir was the dominant wvegetation type at Fall
River. Uominant wunderstory species were mountain muhly, blue grama
{Bouteloua aqracilis), and needle-and-thread (Stipa comata). Bluegrass
lawns and sparsely vegetated disturbed sites were associated with
residences and motels.



METHODS
Foraging Behavior, Diet Quality, and Nutrient Intake Rates

Bighorn were cbserved at Fall River from January through mid-May,
1985 and 1986; and at Endovalley from January to mid-May 1985 and 1987,
and from March to May 1986. We located bighorn groups from roads or by
traversing study areas on foot. The first group sighted that included
adult ewes waere approached for behavioral obsérvations.

Methods were described in Goodson et al. (1991a.b). We observed
foraging activity of individual adult ewes with 9 X 35 binoculars from
distances of 6-76 m (X = 30 m). Bites of herbs and shrubs were recorded
orally on tape. An experimental unit was a foraging seguence (23 min
long) of 1 ewe. We recorded 141 sequences at Fall River, and 166
sequences at Endovalley.

For each foraging sSequence, the path of the ewe was described
using landmarks. After the bighorn left the area, we retraced the ewe's
path and 1located freshly bitten vegetation. To gstimate diet
composition we mimicked individual bites by clipping nearby vegetation.
At Teast 20 bites of herbs (x = 32) and 10 of each species of shrub
consumed were collected per sequence. For each sequence simulated herb
bites were combined and separated nto dead material, green grass, and
green forbs. We oven-dried and weighed samples to estimate mean bite
sizes and diet composition. To estimate dry-matter intake we multiplied
biting rates by mean bite size (dry weight) for each sequence.

Diet components (green grass, green forbs, dead herbs, browse)
comprising >5% of monthly diets were analyzed for protein concentration
(Kjeldahl nitrogen X 6.25), in vitro dry matter digestibility, and
neutral detergent fiber. HNutrient intake rates were estimated by
multiplying nutrient concentrations by dry matter intake rates.

Activity Budgets

We estimated activity budgets of ewes during dawn-dusk
observations under snow-free conditions and snow-covered conditions at
Fall River (n = 6, with snow; n = 6, without snow) and Endovalley (n =
2, with snow; n = 10, without snow). We classified activities of all
ewes fin the group at S-minute intervals as resting, resting-ruminating,
standing, traveling, socializing, or foraging.

Statistical Analyses

We wused Tinear regression to analyze relationships between
proportions of green forage in ewe diets and diet concentrations of
neutral detergent Fiber, protein, and digestible dry matter., We used
t-tests with separate estimates of variances if needed (Steel and Torrie
1980:106-107) to test differences 1in bite size, bite rate, dry-matter
intake rate, and foraging time (as a percent of daylight time) between
pré green-up and green-up conditions and between snow-free  and
snow-covered conditions within each study area.
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RESULTS
Diet Composition

Diets of swes in both study areas were dominated (85%, Fall River;
and 956%, Endovalley) by graminoids (grasses and sedges) (Goodson et al.
1991b). During mid-winter (Jan-Feb), there was some green material
available at the bases of graminoids, and ewes typically selected
foraging areas where they could obtain a mixture of green and dead
forage. Because percent ogreen material _in the diet was positively
correlated with percent d%nt protein {[1 = 0.88) and percent diet
in-vitro digestibility _ (r® = 0.80) and negatively correlated with
percent diet fiber (r® = 0.62), we used percent green material to
indicate diet guality.

Snow=free Conditions

The major impact of foraging behavior and nutrition of bighorn
ewes under snow-free conditions was the dramatic fincrease in diet
gquality that occurred during green-up (Mar-Apr) each year. Ewes began
switching to new green grasses as soon as green growth began in March.
Because new grasses were short, bite size declined (Table 1). Bite
rates increased during green-up but only partially compensated for
declines in bite size and dry-matter intake rates declined in both study
areas (Table 1).

The limiting effect of availability of green forage on ewe
nutrition was further demonstrated by the inyerse relationship between
bite size and diet quality during green-up (rc = 0.55, P < 0.0001, Fall
River; r© = 0,44, P < 0.0001, Endovalley, Goodson et al. 1991b). Despite
increases in bite rates dry-matter inta rates were also finversely
related to diet quality during green up (r* = 0.27, P < 0.0001, Goodson
et al. 1991b).

Bigharn shifted to green forage during green up although its
limited availability caused intake rates to decline. Effects on
nutrition were mixed. Intake rates of protein generally but not always
increased during green-up (Geodson et al. 1991b, Table 1). However,
intake of digestible dry matter which provides energy did not increase
significantly (Fall River) or declined (Endovalley) (Table 1). Levels
of energy intake finally increased 1in May as green grass became more
abundant, and new growth of shrubs and forbs increased in avajlability
(Goodson et al. 1991b).

During green-up, Fall River bighorn preferred open mountain shrub-
mountain grass areas, disturbed areas and blue-grass lawns. Ewes
favored previously grazed areas of mountain grass that began growth
early due to remnva? of dead material through previous grazing. At
Endovalley, bighorn preferred open areas dominated by bluegrass and/or
cheatgrass. These areas were heavily grazed and formed grazing lawns
(McNaughton 1984) characterized by dense, continuous short grasses. In
both areas, selected types offered low total biomass but a high
percentage of new growth.
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Table 1. Changes between pre green-up (Jan-Mar) and green-up (Apr) in
average diet quality ([estimated by percent green material in diet), bite
size, bite rate, and intake rates of dry-matter, protein, and energy
(estimated by in-vitro digestible dry-matter (DDM) ) of bighorn ewes at
Fall River and Endovalley, north-central Colorade, 1985-87.

Endovalley
Pre Green-up Green-up P Pre Green-up Green-up P
Diet quality 0.26 0.75 0.001 0.37 0.74 0.001
Bite size (g) 0.12 0.08 0.001 0.08 0 05 0.001
Bites/min 36.7 50.5 0.001 47.06 61.32 0.001
Intake rates (a/min)
Dry-matter 4.4% 3.79 0.038 3.76 2.70 0.001
Protein 0.35 0.63 0.001 0.41 0.54 0,001
DoM 2.16 2.58 0.06 2.13 1.81 0.006

Snow-covered Conditfons

With snow cover, foraging conditions for bighorn ewes changed
dramatically. Bighorn had to nose or paw through the snow layer Lo
reach forage. As a result, biting rates declined in both study areas
(Table 2). Ewes shifted foraging from open areas with short forage and
low biomass to areas which shed snow {(cliffs) or vegetation types
providing snow shielding (shrub types) (Fig. 1). In these areas, ewes
were able to obtain Targer bites. Despite the increase in bite size,
dry-matter intake rates declined with snow at Fall River, At
Endovalley, the increase in bite size offset the decline in bite rate
and intake rates increased (Table 2).

At both areas, diet quality declined steeply (Table 2). Bighorn
wera unablé to forage selectively with snow. MNew green forage was shovt
and buried under the snow and provided such small bite sizes that with
reduced bite rates intake rates would have been inadequate. At Fall
River, bighorn ewes shifted to areas with dense shrubs and rock outcrops
that were lightly grazed and had higher biomass of forage with a Tow
proportion of green material (Fig. 1). Ewes fed around the bases of
shrubs where the shrub canopy fintercepted snow and made forage more
accessible. At Endovalley, ewes shifted to areas with shrub overstories
and also to cliffs (Fig. 1). The south-facing cliffs shed snow and ewes
fed at rock edges where snowmell was most rapid.

The inability of ewes to maintain intake rates and/or diet gualily
influenced their activity budgets. Without snow, Fall River bighorn
ewes foraged 63%, and Endovalley ewes foraged 79% of total daylight time
(Table 2). With snow, ewes at Fall River increased their foraging time
to 75% of daylight time. In contrast, foraging time at Endovalley fell
to 58% (Table 2). Ewes at Fall River were able to compensate for
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Fig. 1. Changes 1in habitat use between snow-free and snow-covered
(5-12 cm) conditions for bighorn ewes on 2 montane study areas in
north-central Colorade, 1985-87. Habitat types were GRASS (open
grasstand], OM5S {open mountain shrub), DRAW (riparian), MMS (moderately
ense  mountain shrub), DMS (dense mountain shrub), POA
(bluegrass-dominated grassland), ASPEN (open aspen stand with
bluegrass-dominated understory), MTN G (bunchgrass-dominated grassiand),
DFIR (Douglas-fir stand with sedge-dominated understory), SHRUB (alder
and/or goeseberry dominated habitats), and CLIFF (cliffs).
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Table 2. Changes between snow-free and snow-covered (1-12 cm)
conditions in average bite size, bite rate, dry-matter intake rate (DM
intake), diet quality (estimated by percent green material in diet), and
foraging time (expressed as a percent of total daylight hours) of
?;32&;; ewes at Fall River and Endovalley, north-central Colorade,

Fall River Endovalley

Ko With Mo With

Snow  Snow P Snow Snow P
Bite size (g) 0.12 0.18 0.001 0.07 0.13 0.001
Bites/min 45.07 27.19 0.001 50.47 35.04 0.001
DM intake (g/min) 4.99 4.75 0.001 3.44 4.26 0.025
Diet quality 0.60 0.12 0.001 0.50 0.17 0.001
Foraging time 0.63 0.75 0.001 0.79 0.58 0.001

declines 1in dry-matter intake rates and diet quality by increasing
foraging time during the day. At Endovalley, foraging time was already
near maximum during snowfree conditions. With snow, ewes at Endovalley
decreased foraging time, presumably because foraging was unproductive.

Changes in ewe distribution during periods of persistent snow cover
a1so0 indicated that snow prevented Endovalley ewes from foraging
erft:ignt1¥. In 1986, snow was unusually heavy during early winter,
The Endovalley area was blanketed with over 20 em of snow when fieldwork
began in January and no bighorn were present. Periodic snowfalls
maintained snow cover through most of February and bighorn did not
return to stay in the study area until early March.

Endovalley 1is the only low elevation winter range used by this
subpopulation. The remainder of the winter range 1lies at higher
elevations, primarily above treeline. Even during heavy snow periods
there are some alpine areas blown free of snow by the strong winds
typical above treeline. Our observations indicated that during perieds
of persistent snow, Endovalley bighorn were fForced to leave the study
aFea and move up to windswept alpine ridges to find foraging areas free
of snow,

DISCUSSION

Factors limiting nutrition of ewes differed with snow conditions.
Without snow, bighorn selected open areas providing opportunity for
selective foraging. These areas were the first to green-up in spring
and provided high quality forage. Without snow, our observations
fndicated nutrition of ewes was limited by the area and productivity of
habitats providing early green-up.

With snow, ewes selected areas for snow shedding or shielding
characteristics. These areas provided greater availability of forage
with lower quality, and enabled ewes to enhance total intake. MNutrition
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of ewes during snow-covered conditions was limited by the extent and
productivity of habitats providing accessible forage.

With snow, bighorn shifted foraging Ffrom open areas with low
biomass and a high proportion of green growth which permitted selective
feeding to areas prﬂvidinﬂ more accessible forage of lower quality.
Their foraging strategy changed from optimization of diet quality te
maximization of bite size and total intake. Despite this change in
foraging strategy, intake rates declined at Fall River and diet quality
declined in both areas.

MANAGEMENT IMPLICATIONS

Managers need to determine habitat selection of bighorn sheep
under snow-free and snow-covered conditions even if snow is normally
shallow and transitory. Limiting habitats should be determined, then
n?nage:ent strategies to extend or enhance these habitats can be
planned.

If habitat preferences differ with snow conditions as in our areas,
managers need to insure that sufficient areas of snow-shedding or
shielding habitat are available Lo provide adeguate forage even in
gevere winters. Information on frequency, and duration of snow cover
during average and severe wintaers is necessary to estimate bighorn sheep
requirements for snow habitat. If preferred habitat during snow-covered
conditions 1is adequate or abundant, managers should consider increasing
the area and/or productivity of vegetation types providing early
green-up.

Two basic approaches are available to enhance 1imiting habitats.
the more common way is to treat current ranges to change habitat
composition or enhance productivity of limiting habitats. The second
approach 1is to extend ranges of the population te increase the area of
limiting habitat.

If areas providing early green-up are lacking habitat improvement
will generally increase exposure to the sun through setting back
succession. Options finclude converting tree stands to shrub-grass or
grassland; canvertinq dense-shrub to open-shrub or grassland; and
enhancing grassland by removing dead material. Methods to accomplish
these ngJect!ves include mcchnn?:ai methods such as logging, chaining,
and chopping; chemical treatment; and burning.

Methods which provide longterm habitat enhancement are to be
preferred over methods such as fertilization, which provide only
shortterm benefits. Natural or prescribed fire that maintains
g;iiiliﬂdi or converts tree stands to grasslands can provide lasting

nefits on bighorn ranges. The aspen-dominated slopes which provide
most of the foraging areas on the Endovalley range were created by fires
about 100 years ago. These areas are still providing habitat for
bighown and will continue to do so Tor the indefinite future. Wakelyn
(1987) documented the negative effects of advancing Forest succession
(permitted by fire suppression) on bighorn ranges in Colorado.
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Range extension can effectively 1m#rnvz habitat for bighorn sheep.
Our 2 study areas provide an example. The Endovalley areas is a small
low-elevation range used by a bighorn population whose primary winter
range is above treeline in the Mummy Mountains of Rocky Mountain
Mational Park. The Mummy Range bighorns are a native herd which lost
most of their lower elevation range through human interference (Goodson
1980). Our results indicate that the remaining low elevation winter
range at Endovalley is inadeguate to support bighorn during winters of
above average snowfall.

The Fall River bighovn population 45 the result of a 1977
transplant in which Rocky Mountain Natfonal Park and the Colarado
Division of Wildlife cooperated (Stevens and Hanson 1986). The
objective of the transplant was to restore highorn sheep to low
elevation winter range near the east boundary of Rocky Mountain Matiomal
Park. The transplant reestablished use of low elevation winter range in
the ponderosa pine Zone which provides a complete winter range capable
of supporting bighorn sheep through the normal range in winter snow
conditions.

Although the Endovalley and Fall River ewes share summer range
above treeline in the Mummy Range, the female-juvenile segments of these
2 herds remain distinct. Adult males, however, move between the areas,
The transplant has succeaded in doubling the bighorn population in the
area, and the Fall River herd has provided over 100 bighorn Ffor
transplants.

This example suggests the magnitude of benefits which successful
range expansion can provide. Managers need to be open to opportunities
to improve bighorn habitat through extending ranges into new areas
capable of providing limiting resources.
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STATUS OF MOUNTAIN SHEEP IN MORGAN CREEK, EAST-CENTRAL IDAHO

GINA L. KARASEK', Department of Fish and Wild1ife Resources, University
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JAMES M. PEEK, Department of Fish and Wilalife Resources, University of
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Abstract; Habitat relationships of the Morgan Creek mountain sheep (Quis
cangdensis) population were observed in 1989 and 1990. The population
increased from approximately 100 in 1970 to at least 278 fin 1988, the
highest level recorded. Rams used areas further from water and
freguent ly-used roads than did ewes. Comparisons of areas subject to
grazing by cattle along with a 1417 ha area excluded from livestock
grazing show improved grass cover simce 1973, with no differences
between the excluded area and adjacent grazed areas. Blood chemistry
data indicated this population to be in relatively poor condition in
late winter. Live-trapping individuals for restoration to vacant
habitat could be intensified as & means of recovering the vigor of this
populat ion.

HMountain sheep populations and the habitat in Morgan Creek, a
tributary to the 5aimon River in east-central Idaho, were the subject of
4 major controversy in the late 1960°'s between livestock and wildlife
interests. Populations of sheep had declined from over 250 in 1963 to
approximately 70 in 1970 (Morgan 1970). The resulting management
activities included establishment of a rest-rotation grazing system for
cattle using the area, closure of hunting, and a continuing population
monitoring program by Idaho Department of Fish and Game. Subsequently,
sheep populations incredased and distributions were probably altered by
the changed grazing pattérn (Bodie and Hickey 1980). Objectives of this
study were to determine sheep population size, distributions, and
condition, and to assess vegetative composition and trend.

We thank Gary Power and Jack Connelly, ldaho Department of Fish
and Game, for thelr support of this investigation. This work was funded
by the Idaho Department of Fish and Game in cooperation with the Idaho
Cooperative Fish and Wildlife Research Unit, University of Idaho, and
HMcintire-Stennis Project 158K958, College of Forestry, Wild1ife and
Range Sciences, University of ldaho. This is Paper No. 636 of the
Forest, Wildlife, and Range Experiment Station, University of Idaho.

‘Presented as: Gina L. Ballard; Present address: Department of
Fish and Wildlife, Michigan 5tate University, East Lansing, MI 48824
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STUDY AREA

The Morgan Creek sheep winter range 1ies approximately 21 km north
of Challis, Idaho (Fig. 1). Elevations range from 1450 m at the mouth
of Morgan Creek to 2700 m at the top of Red Butte. 50ils are granitic
and basaltic in origin, shallow and very rocky (Morgan 1970). Annual
precipitation at Challis, Ildaho, 40 km southeast of the winter range
averaged 24 cm from 1968-90, mostly as snmow, and averaged 17.5 cm for
years 1988-89 (N.0.0.A. 1969-1990).

Sheep habitat is dominated by sagebrush communities. Hyoming big
sagebrush (Artemesia fridentata wyomingensis) - bluebunch wheatgrass
{Agropyron spigatum) {Arwy-Agsp)occurs on shallow soils at Tower
southerly aspects. A Wyoming big sagebrush-bluebunch wheatgrass-
bluegrass (Poa sandbergii and P. fendleriapa) (Arwy-Agsp-Poa) community
gLcurs on more mesic sites on lower slopes and other aspects. A
threetip sagebrush (A. tripartita) - Idaho fescue (Festuca idahgensis)
(ArtrZ-Feid) community occurs on higher elevations on deeper sofls. A
threetip sagebrush-bluebunch wheatgrass (Artr2-Agep) community occurs on
s1lightly drier sites, and is found with big sagebrush and Tow sagebrush
(A. arbuscula). A low sagebrush community is present on dry flat ridges
with poorly developed sofls. CI1iffs were separated as a unique
community and were comprised of mixtures of the above communities and
plants representative of more mesic microsites where moisture and shade
allowed their development.

In 1973, a 3 pasture rest-rotation grazing system was established
in Morgan Creek. Additionally, approximately 1147 ha of primary sheep
winter range were fenced to exclude livestock. Most of the Morgan Creek
winter range 15 administered by the U.5. Bureau of Land Management with
small portions of private land along creek bottoms, a few sections of
state-owned land, and some in the Challis National Forest.

METHODS

Sheep were captured using a helicopter and a net-gun (Jessup et
al. 1988). Seasonal distributions of radio-collared sheep were
determined from 11 rams and 9 ewes in 1988 and 1989 using ground and
aerial search. Each sheep relocation was recorded by Universal
Transverse Mercator (UTM), slope, aspect, elevation, group size, and
sexfage class throughout winter, spring, and summer of 1989 and 1990.
In March 1988 and April 1990, aerial censuses of the winter range made
with a Hiller 12E helicopter. Sheep were classified according to sex and
age class following Gefst (1968). Mean ram:ewe and lamb:ewe ratios and
variances were estimated using each group as an observation.
Relocations of radio-marked sheep were plotted on a USGS topographic map
and distances to water sources and roads were recorded.

Vehicle use of roads on the winter range was monitored daily from
January through April, after which roads became too dry and hard for
vehicle tracks to be observed. Vehicle traffic was classified as high
(=1 time per day) or low (<5 times during Jan through Apr). Fifty
random locations were also plotted to determine random distances from
roads and water.
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Fig. 1. Morgan Creek bighorn sheep winter range, showing the expansion of area occupied from 1970 to 1989-1990.
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Multivariate analysis of variance (MANOVA) was used to test for
differences between sheep relocation distances and random distances to
water and roads, and least squares means were used to determine where
differences existed. A chi-square test was used to test for differences
in use of cover types between males and females. Cover types used Jess
than 5 times were dropped from the analysis, After the chi-square
indicated overall significance, 90% confidence intervals were
constructed to determine where differences existed (Marcum and
Loftsgaarden 1980).

Clusters of permanent vegetation transects established by Morgan
(1970) were reanalyzed using his techniques. Three transects per
cluster were laid in a straight line following the contour of the slope.
Three clusters of 3 transects each were analyzed. The cluster sites
were Catear Mountain (Cluster 5), Mud Springs Gulch (Cluster 7), and
Spring Gulch (Cluster 9). Each transect consisted of 20, 2X5dm plots to
determine canopy coverage of all plant species, and percent of bare
soil, rock, litter. and moss and lichen at ground level. In addition,
the 4 corners of each plot (leg point hits) were recorded as hitting
bare soil, rock, litter, moss and 1ichen, or vegetation. For 1977,
cluster 7 data and leg point hit data for all clusters were missing.

For 1986 only 19 plots per transect were recorded. MANOVAS tested the
null hypothesis that winter range plant species composition was similar
amaong 1968, 1977, 1986, and 1990,

Ten to 40 m1 of blood were taken from each sheep trapped in the
winter of 1989, centrifuged, and protected from freezing and extreme
heat. Levels of blood urea nitrogen (BUN), calcium, phosphorous, and
magnes fum were determined at the Washington State University Clinical
Diagnostic Laboratory in Pullman, Washington. BUN, magnesium,
phosphorus. and calcium levels were compared with those from bighorn
sheep in the Poudre River area in Colorado (Davies 1976) and to values
established as normal in winter for bighorn sheep from Canada., Montana,
Wyoming, and Washington by Franzmann {(1971a). T-tests were used to
compare the data (Sokal and Roh1f 1973).

RESULTS
Humbers

Two hundred and seventy eight sheep were counted im March 1988,
including 36 class IV rams, 23 class III rams, 27 class II rams, § class
| rams, 156 ewes, and 31 lambs. Overall ram:ewe ratio was 58:100
{variance = 0.056) and overall lamb:ewe ratio was 20:100 (variance =
0.003). In April 1990, flights over the winter range recorded 130
theep, including 13 class IV rams, 12 class I11 rams, 18 class I1 rams,
9 class [ rams, 66 ewes and 12 lambs. Overall ram:ewe ratio was B2:100
{variance = 0.135) and overall lamb:ewe ratio was 15:100 (variance =
0.004). No significant differences occurred in the ram:ewe ratio or the
lamb:ewe ratio from 1988 to 1990 (P = .2236 and P = .2004,
respectively).

Distribution
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Relocations totalled 222 in 1989 and 364 in 1990. Most collared
ewes wintered in lower Morgan Creek, primarily in the Catear Mountain
and Mud Springs Gulch area; a few wintered in Darling Creek (Fig. 1).
Rams generally used higher elevations and different areas than ewes.

The mean distance between winter and summer ranges was 37.03 km
(S0 = 81.02, n = 90). Ewes averaged 24.2 km (50 = 12.6, p = 51) to
summer range, while rams averaged 53.8 km (50 = 120.2, p = 39
Hovements to summer range began in mid-May each year and continued
through June. 3Some ewes returned to winter range in early August.

Habitat wse

Cover type use was significantly different (P < 0.0005) between
rams and ewes. The ARWY-AGSP and CONIFER cover types were used more
freqguent 1y by rams, whereas the ARWY-AGSP-POA and ARAR cover types were
used more frequently by ewes (P < 0.01). Both sexes used CLIFF and
ARTRZ-FEID types similarly.

Rams stayed Further from water and high-use roads than ewes.
Distance to water and high-use roads was significantly greater for
random sites than for sheep relocations (P < 0.05) (Table 1), but there
was no significant difference in distance to low-use roads between
random sites and sheep relocations. Ewe relocation distances were
significantly less than random location distances from both water and
high-use roads, but ram relocation distances were significantly less
than random distances from high-use roads only.

Vegetation trend

Significant changes 1in canopy coverage of 9 common species
occurred on the permanent transects (Table 2). Wyoming big sagebrush
cover remained stable over the 22 year period on both Catear Mountain
and Mud Springs Gulch. Low sagebrush increased on Catear Mountain (P =
0.0001), and shadscale did mot change on Spring Guich. Bluebunch
wheatgrass increased on Catear Mountain (P = 0.0001). and increased from
1968 to 1986 then declined in 1990 on Mud Springs Guich (P = 0.0001).
Wildrye showed an increasing trend through 1986 and declined from 1986
to 1990 at Spring Gulch, but the changes were not significant. Indian
ricegrass slowly increased at Spring Gulch (P = 0.0093). The
bluegrasses remained stable on Mud 3prings Guich, and showed an initial
decrease in 1977 (P = 0.0033), then increased to 1986 at Catear Mountain
(P = 0.0405). Forbs, including lava aster (Aster scopulorum), phlox
(Phlox spp.). rock cress (Arabis hpelbelli). and stonecrop (Sedum
lanceolatum), generally increased from 1968 to 1986 and declined from
1986 to 1990, reflecting the drought. Additionally, mean canopy
coverage on all 3 sites of 13 common species 1s shown for each year of
the Tong term study. Canopy cover of vegetation appeared to increase
with increasing precipitation, and decrease with drought. However,
because only 4 estimates of canopy cover were made, no statistical
analysis was done. Litter generally increased on all three sites over
the 22 year period. Mosses and lichens fluctuated, while vegetation
increased at Mud Springs Gulch and Spring Gulch, and was stable at
Catear Mountain.
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Table 1. Proportion of relocations of radio-collared mountain sheep
within cover types and proportional availability of these cover types on

the Morgan Creek winter range.

and roads for both sheep locatfions and random sites.

Least squares means of distances to water

Cover Type Availability Rams Ewes A1l Sheep
ARWY-AGSP 0.10a" 0.1lla 0.06b 0.07a
ARWY=-AGSP=-POA 0.27a 0.21a 0.2Ba 0.26a
ARTRZ-FEID 0.15a 0.09a 0.06b 0.07b
ARTRZ-AGSP 0.0la 0.02a 0.00a <0.01la
ARTRTR D.0la 0.00a <0.01a <0.01a
CLIFF 0.19%a 0.46b 0.45b 0.46b
CONIFER 0.11a 0.0% 0.02b 0.04b
ARAR 0.03a 0.00a 0.11b 0.08b
SHADSCALE 0.06a 0.0Zb 0.01b 0.0lb
RIFARIAN 0.06a 0.01b 0.01b 0.01hb
o - 126 320 446
Distances({meters):

HWater:

L5SMean 728.17a 658.41a 469.41b §525.36b
50 a402.63 398.65 398.64 a406.58
High use roads:

L SMean 3041.3% 2165.48b B52.67b 1241.33b
0 1431.75 1417.40 1417 .37 1526.61
Low use roads:

L5Hean 952.47a B53.71a B49_38a B50.66a
50 532.52 527.15 527.10 526.59
n 50 135 321 456

*Same letter denotes no significant difference from availability at
P < 0.056; Comparisons were made between availability and ram locations,

availability and ewe
locations.

locations,

and availability and

total sheep
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BUN and calcium levels for Morgan Creek sheep were significantly
lower than for Poudre River sheep, but phosphorous was not (Table 3).
Normal BUN Tevels (Franzmann 19714) were greater than levels for Morgan
Creek sheep, while levels of calcium, phosphorus, and magnesium in
Horgan Creek sheep wére greater.

OISCUSSION

The area used as winter range by sheep has increased since 1970
(Morgan 1970) (Fig. 1) probably reflecting a doubling of population
size. Movements to and use of summer range were similar to those
reported by Morgan (1970), as was mean distance between winter and
SUFMET ranges.

The population survey in 1988 was more reliable than in 1990.
Deep snows in 1988 concentrated animals on windswept slopes. and no sign
was noted in timber. In 1990, very 1ittle snow cover occurred, sheep
were widely dispersed, and often seen in timber. Signals from several
radio=collared animals were heard, but the sheep were not seen in 1990,
suggesting that significant numbers of sheep were not counted. Assuming
that no sheep were counted more than once, the 1988 total count of 278
sheep 15 the highest population number ever recorded on the Morgan Creek
winter range.

Rams appeared to select only cl1iff habitats, while ewes selected
lower elevation, cliff areas. Geist and Petocz (1977) found that rams
preferred open slopes and ewes preferred cliffs.

The main water sources, Morgan Creek and Saimon River, OCCur
adjacent to high-use roads and major c1iff areas, s0 the corresponding
use of areas closer to high-use roads may reflect this, MacArthur et
al. (1982) found that reactions by sheep to road traffic were minimal.
However, -the sheep population studied was partially habituated to humans
due to recreational activities in the area, and the authors predicted a
greater reaction by sheep in less habituated populations such as the
Morgan Creek population.

The differences in distance to high-use roads and water sources
and in use of cover types between the sexes were not necessarily due to
differences in habitat selection. Geist and Petocz (1977) and Shank
{1982} found that although both sexes occupy contiguous range, they were
concentrated in different areas on that range. Reasons for these
differences in spatial use of the range are poorly understood. Geist
and Petocz (1977) theorized that rams minimize competition with females
and their prospective offspring by seqregating spatially and by using
different habitat, thereby maximizing their own reéproductive fFitness.
Shannon et al. (1975) found that mountain sheep distribution was only
loosely coupled to environmental cues with most of the variation related
either to random search or to "occupational” patterns that were strongly
shaped by tradition. Environmental varfables not yet identified may be
important to sheep in determining habitat use.

The greater amount of tota)l canopy cover for cluster 5 in 1986
than a1l other years may reflect the continuing improvement of the
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Morgan Creek winter range through the years. The fact that Catear
Mpuntain had less overall canopy cover in 1990 than in 1986 may be
attributable to the severe drought that has occurred for the past
several years in this area. Generally, there was greater canopy cover
and leg point hits of litter in 1990 than other years. Although there
were no differences in leg point hits on vegetation between years, the
greater amount of 1itter in 1990 may reflect the greater vegetation
availabi1ity due to Increasing quality of the range. but earlier
seasonal senescence of plants due to several years of drought.

Relative changes in canmopy cover over the 22-year period were
compared for the permanent transects. Cover of Wyoming big sagebrush,
the dominant shrub on Catear Mountain (within the exclosure) and at Mud
Springs Gulch (grazed), remained stable over the 22-year period. Cover
of shadscale, the dominant shrub at Spring Guilch (grazed), also did not
change. It appears that the rest-rotation grazing system in this area
generally did not affect shrub cover. Bluebunch wheatgrass, the
dominant grass species at Catear Mountain and Mud 5Springs Gulch,
increased through time at both places, but decreased with drought only
in the grazing system. This may reflect an interaction between drought
and grazing effects on this species. [t must be noted that these
transects were located in different cover types and differences between
the sites themselves may explain differences in relative changes over
the years. Canopy coverage of bluegrasses remained relatively stable
over the ?2-year period through both wet and dry years.

These general increases in canopy cover of forage species,
especially bluebunch wheatgrass, over the last 22 years provided more
forage for sheep. Dissipation of the drought would improve production
and possibly foster a continuation of the observed trends in plant
composition, until some eguilibrium is again reached. Similar changes
following establishment of a rest-rotation grazing system in a nearby
drainage were documented by Yeo et al. (1990), suggesting that these
systems are an appropriate means to fmprove grass cover on mountain
rangeland in east-central Tdaho.

Franzmann (1971h) found that differences in gquality of forage
intake most affected BUN levels, while magnesium, calcium, and
phosphorus did not seem to change with either forage quality or
excitability. Protein intake is significantly related to BUN levels
{S5eal et al. 1978, Lewis 19567). However, since protein anabolism may
change to protein catabolism during mid-winter to early spring (Hebert
1978}, BUN samples taken during this period may or may not be a
reflection of forage quality at this time. The relationship between
time of year and protein metabolism is highly variable.

Although calcium, phosphorus, and magnesium levels for the Morgan
Creek sheep in 1989 are within normal limits (M. R. Dunbar, Cascade,
ld., pers. commun.), this could be due to elevated serum levels from
depletion of bome reserves. Hebert (1978) stated that previous superior
nutrition can maintain a sheep's nutritional status while it is feeding
on low-quality winter forage. However, the prolonged drought may
indicate the greater amount of calcium, phosphorus, and magnesium, but
lower BUM levels in Morgan Creek sheep in 1989 than in sheep sampled by
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Franzmann in 1971 s due to body protein catabolism and bone reserve
depletions by the sheep hecause of low quality forage rather than to
previous superior nutrition on the fall range. This may explain the
overall poor body condition of the herd and the 1ikelihood of poor
quality forage at that time period.

No estimation of body condition was given for the Poudre River
herd, so we don't know if this herd was catabolizing body protein or
depleting bone reserves of calcium and phosphorus. Perhaps they were in
better condition than the Morgan Creek sheep in 1989, however, because
of high hemoglobin and packed cell volume values of the Poudre River
herd {Coles 1967, Franzmann 1971p) in addition to its higher levels of
BUN and calcium than the Morgan Creek herd (Davies 1976).

Fecal nitrogen can be used to indicate whether an animal is above
or below the protein maintenance level (Hebert 1978). The Morgan Creek
herd in 1989 had only 1.26% Fecal dry matter nitrogen and body condition
wis poor in January-February, $0 it was Tikely catabolizing body
protein. We recommend future studies of nutritional status of sheep
determine both blood urea nitrogen and fecal nitrogen levels to better
understand herd condition.

The count of 278 sheep in 1988 is the highest number ever recorded
on the Morgan Creek winter range. However, the sheep are also in poor
body conditfon and incidence of lungworms is higher than normal (Ballard
1991). Adequate protein appears to be lacking in the diet. It is
unlikely that these sheep are 1imited by the available forage because
forage utilizations does not appear to be high. Poor forage quality and
early senescence of grasses due to extended drought may be a factor.
Signs of pneumonia were evident in this population during the trapping
in January and February. This was not surprising due to the very high
lungworm loads, and the stress on these animals from poor winter forage
quality (due to extended drought), and from being chased by a helicopter
during this stressful time perlod. Overall, the Morgan Creek sheep
appear to be in relatively poor body condition in mid to late winter.
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POPULATION DYNAMICS, SEASONAL DISTRIEUTION AND MOVEMENT PATTERNS OF THE
LARAMIE PEAK BIGHORN SHEEP HERD

DANIEL A. HENGEL, Wyoming Cooperative Fish and Wildlife Research Unit,
Box 3166, University Station, Laramie, WY 82071

STANLEY H. ANDERSON, Wyoming Cooperative Fish and Wildlife Research Unit,
Box 3166, University Station, Laramie, WY 82071

WILLIAM G. HEPWORTH, Wyoming Game and Fish Department, 528 5. Adams,
Laramie, WY B2070

Abstract: Radio-collared adult bighorn sheep ewes and associates were
relocated from fall 1989 to spring 1992. The Laramie Peak bighorn sheep
herd appears to be stable to declining based on herd unit numbers and sex
ratios. Annual adult ewe morality was 10.8%. Mortality of three radio-
instrumented ewes was caused from a fall, from E;iiggr;{lj sp., and from
coyotes. Lambing rates were as high as 75%, but lamb survival was 33% or
less, Lungworm infection levels were higher than levels found in other
sheep herds in Wyoming. Ewes exhibited movements greater than 51 km from
wintering areas to lambing areas, Bighorn ewes exhibited a social
intolerance of domestic livestock when cattle were grazing in riparian
areas.

Rocky Mountain bighorn sheep (Ovis canadensis canadensis) were re-
introduced into the Laramie Peak area of east central Wyoming in 1964 from
the Whiskey Mountain herd near Dubois, Wyoming (Bohne 1989). By 30 June
1989, 186 bighorn sheep had been released in the Laramie Peak Dala
Analysis Unit (DAU). In spite of the transplants, the Laramie Peak
bighorn sheep herd appeared to be declining (Bohne 1989). Quantitative
data on the Laramie Peak sheep herd are inadequate. Seasonal ranges,
lambing areas and diet quality were poorly documented or unknown.
Considerable effort has been expended to document sex and age ratios of
the herd. However, due to the rugged and remote terrain, insufficient
data have been collected.

The Wyoming Game and Fish Department has set the sbjective for the
Laramie Peak bighorn sheep herd at 500 animals and the harvest objective
at 24 rams annually. However, since the first hunting season in 1969, no
single year harvest has exceeded 7 rams (Bohne 1989). The postseason 1991
population was estimated at 218 sheep, including 20 sheep released in
January 1989 near Marshall.

In this paper we: (1) Evaluate herd composition and productivity,
(2) examine mortality factors, and (3) estimate overlap for forage and
space with domestic livestock,
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STUDY AREA

The Laramie Peak bighorn sheep herd was composed of subherds that
inhabited: the Laramie Peak Wildlife Habitat Management Area and the
Laramie River (DUC), the Sheep Creek drainage near Marshall (MAR), the
LaBonte Canyon and Horseshoe Creek drainages (LAB), the Black Mountain-
Albany Peak area (B-B), and the North Laramie River (NLR) canyon (Fig. 1).

Sheep were primarily found on steep slopes composed of big sagebrush
(Artemisia Lridentata)/and mixed grass and mixed shrub/mixed grass.
Grass-dominated communities on windblown ridges were heavily used during
winter months while ponderos&a pine (Pinus ponderpsa) and lodgepole
pine/Douglas Fir (Pinus contorta/Pseudotsuga menziesii) forests were used
occasionally. Elevation ranged from 1,585 m to 3,131 m. Predominant 01l
types were very stony sandy loam and very cobbly sandy loam (Malcolm
Edwards, Medicine Bow MNational Forest Soil Scientist, pers. comm.).
Temperatures ranged from 33 C in summer to -40 C in winter. Precipitation
averaged 35 cm at lower elevations., Wind speed exceeded 100 km/h in
January and February during each year of the study.

METHODS

Fifteaen adult bighorn sheep ewes were captured using a CODA netgun
from a helicopter or immobilized with a dart containing a
ketamine/xylazine mixture. Ewes were affixed with Telonics radio collars,
aged by tooth replacement and horn annuli, ear tagged and blood samples
were drawn by jugular wvenipuncture. Radio-instrumented sheep were
relocated at least twice a week at MAR and DUC.

Herd composition was determined by relocating radio-collared ewes and
their associates. Individuals were categorized into: adult ewes,
yearling ewes, lambs, yearling rams, Class Il, Class III, and Class IV
adult rams (Beist 1971). A1l groups of sheep encountered were classified.
Wyoming Game and Fish Department herd composition data collected between
1977 and 1989 were used to supplement population data from this study.
These classifications were also used to assess herd productivity and
population dynamics.

Mortality factors and lamb survival were assessed from
classifications of radio-collared ewes and their associates. Dead sheep
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encountered were necropsied in the field or taken to the Wyoming State
Veterinary Lab in Laramie for diagnosis.

Levels of lungworm infection in sheep were estimated by counting
lungworm larvae per gram of dried fecal material using the Baermann
technique (Beane and Hobbs 1983). Fecal samples were collected whenever
found fresh in the field. They were grouped together for each area.
Comparisons were made on a monthly basis. Fecal samples were divided into
adult or lamb based on size of pellet. We were not able to collect in all
winter months. Density of larvae in bighorn fecal material generally
rff]?ggg}Eavnr1tf of lungworm infection in lungs (Forrester 1971, Uhazy et
al. %

Relocations of radio-collared sheep were plotted on USGS 1:24,000
topographic maps. Spatial and temporal overlap of habitats by domestic
cattle (Bos taurus) and bighorn sheep in the Duck Creek subherd were
estimated by recording location, date, time, number, habitat type, and
activity of the 2 species when encountered. Relocation points of cattle
and radio-instrumented bighorn sheep ewes were plotted on USGS 1:24,000
topographic maps. Movement maps were constructed to compare seasonal
ranges for cattle and bighorn sheep.

To menitor cattle grazing on the Duck Creek allotment, 5 square
exclosure cages (1.2 mx 1.2 mx 1.2 m [4 fL. x 4 Ft. x 4 ft.]) and 2
cone-shaped exclosure cages (0.9 m x 0.9 m at the base [3 ft. x 3 ft.])
were placed along Duck Creek in the riparian zone. Five cone-shaped
exclosure cages of the same size as above were placed from 45 m (ca. 50
yds.) to 90 m (ca. 100 yds.) up the slope from the riparian 2zone.
Vegetation inside and adjacent to the EI?EE was clipped in May 1991 and
1992 prior to turnout of cattle on the allotment. Vegetation was clipped
in and adjacent to the cages in September or October .:}QEID and 1‘.;91 aftar
cattle were removed from the allotment. Three 0.089-m" (0.96-ft*) random
circular plots were clipped inside the exclosure cages and 5 were clipped
outside the cages.

RESULTS
Herd Composition

Herd composition consisted of a minimum of 29 adult ewes at DUC, 27
at MAR, 24 at NLR, and 3 at B-B (Table 1). HNumber of adult males included
a minimum of 14 at DUC, 9 at MAR, & at NLR, and 3 at B-B. The single day
non-repetitive high count of Class 111 rams was § at DUC, 4 at MAR, and 1
each a NLR and B-B. Single day non-repetitive high counts for lambs were
12 at DUC, 11 at MAR, 16 at HLR, and 2 at B-A.

Yearling male and female ratios per 100 adult ewes declined from 27.5
in 1989 to 12 in 1991 apparently at DUC. Similar declines were observed
at the other subherds. Lamb ratios at DUC were variable between years and
declined within the year (Table 1). Similar results were observed at other
subherds (Table 1).

A group of 5 ewes wintering south of the main herd at MAR during 1990
and 1991 apparently was not bred and did not produce lambs for 2
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Table 1. Minimum, non-repetitive estimates of sheep at Duck Creek, and the
North Laramie River, Wyoming.

Adult Yearling Yearling Summéer Winter
Year ewes awes wﬂrg}ru_g“ lambs  lambs
1989 29 4 4 4 2
1990 27 5 1 8 3
1991 25 2 1 12 4
Marshall
1989 19 i 1 ! ]
1930 21 4 2 7 2
1991 22 4 1 11 4
North Laramie River
1989 10 3 3 5 3
1990 18 1 2 9 3

1991 24 2 ! 16 12
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consecutive years. One radie-instrumented ewe, after spending the
majority of the winter with these non-breeding ewes in 1991, rejoined the
main group of sheep at MAR during April 1991. This ewe made a substantial
movement to LaBonte Creek (LAB) during July-August 1991, The ewe
subsegquently died apparently From a fall on 19 August 1991. When
necropsied, the éwe was pregnant with a near term ewe lamb,

Mortal ity

Three radio-collared ewes died during the study. Two died at LAR,
1| from a fall (the pregnant ewe) and the other from Pasteuyrella- induced
pneumonia. Coyotes killed a radio-collared ewe at DUC. Fifteen adult
pwes were monitored for an average of 1.84 years, yielding an average
annual adult ewe mortality of 10.8%.

Parasites

Mean monthly lungworm larvae per gram dried fecal material for adults
ranged from 279 in February 1992 to 24 in July 1991 at DUC. Lungworm
levels were higher at MAR ranging from 1,811 in November 1991 to 60 in
August 1990. Lungworm larvae in lambs-at MAR ranged from 0 in October
199] to 571 in August 199]1. Lungworm infestation rates at NLR were 1,166
larvae per gram in April 1991 and 26 in August 1990. Lungworm larvae in
lamb feces from NLR ranged from 0 in August 1991 te 294 in January 1990.
Seasonal lungworm infection rates for the Laramie Peak sheep herd were
higher than levels reported from herds in other parts of Wyoming (Table
2).

Spatial and Temporal Overlap

Bighorn sheep ewes used the Duck Creek riparian zone and adjacent
canyon walls extensively during April-June (Fig. 2). Bighorn sheep ewes
were not found in or near lheﬁ%mj.frﬂﬂk riparian area during July (Fig.
3). From August to September, bighorn sheep ewes again used the riparian
zone and canyon walls extensively (Fig. 4). Bighorn sheep seasonal diet
composition shifted from grasses and forbs in April-June to bitterbrush
{Purshia tridentata) browse in July and back to grasses and forbs in
August-September. Cattle used the Duck Creek and Ashley Creek riparian
fones exclusively while on the allotment in July. Cattle were not
abserved qrazing up the slopes of the canvon walls.

Forage utilization by cattle in the Duck Creek riparian zone
indicated moderate to heavy grazing. Forage removal was 66% in 1989, 52%
in 1990, and 57% in 1991. Pre-turnout utilization was 51% in May 1992
compared to 15% in May 1991.

Small bands of 15 to 75 domestic sheep (Qvis gries), occurred within
1.0 km of most of the subherds of the Laramie Peak bighorn sheep herd. At
MAR, a flock of domestic sheep cccupied range frequented by bighorn sheep.

Radio-collared ewes al DUC used the Duck Creek riparian area
extensively during April-May, June, and August-September. These ewes were
not observed in that riparian zone during July, 1991. Winter distribution
of sheep at DUC was more dispersed than at any other time of year.
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DISCUSSION

Variation in productivily among the subherds could have been due Lo
available forage. For example, bighorn sheéep in the MAR subherd had
access to irrigated meadows. These meadows provided lush forage during
hot summer months. Sheep in the NLR subherd had access to large alfalfa
fields, while sheep at DUC did not have access Lo irrigated meadows or
alfalfa fields, but had access to riparian vegetation. Sheep at DUC used
springs and seeps on Lhe higher slopes of Reese Mountain and Split Rock if
other forage was not available.

Ewes at NLR had higher lambing rates and higher lamb survival than
ewes in the Marshall or Duck Creek subherds perhaps due to the higher
guality alfalfa diet. Lambing rates and survival were higher in 1981 than
the previous 2 years due to increased forage from heavy summer rains.
Over 20.3 cm (B in,) of rain fell in the Duck Creek area from 15 May to 15
Juneé 1991. Another 6.9 cm (2.7 in.) fell on 24 July 199]1. Increased
forage production due to above average rainfall could have been
responsible for the increased lamb recruitment in winter 1991. High
lamb:ewe ratios in 1989 at MAR were probably due to release af 9 aduit
ewes and 5 Tambs from the Whiskey Mountain herd in January 1989. The ewes
were likely pregnant prior Lo rélease. High yearling:ewe ratios at MAR
during winter 1989 could also be attributed to the transplant.

Bighorn sheep ewes avoided the riparian zone of Duck Creek during
July 1991 when cattle were present. Other studies indicate conflicts
between bighorn and cattle for forage in ldaho (Anderson 19768) and British
Columbia (Demarchi 1970). In Utah, desert bighorn sheep did not move into
an area after it had been grazed by cattle (King and Workman 1984). When
cattle grazed areas year-round, bighorn sheep avoided the areas (Bodie and
Hickey 1980). Other studies concluded l1ittle overlap in distribution by
desert bighorn (0. ¢. mexicapna) and cattle or a social intolerance of
cattie by bighorn sheep (Wehausen and Hansen 1986, Dodd and Smith 1588).
Cook et al. (1989) found little impact on bighorn sheep grazing from
livestock at Douglas Creek, Wyoming. Bighorn sheep that used Ouck Creek
when cattlie wére not present, avoided the area when cattle were present,
and returned to the area after cattle were removed indicate a secial
intolerance to cattle. Our results show sheep were displaced to higher
slopes that the cattle did not utilize. Because of displacement,
lactating bighorn ewes were deprived of high quality forage found in Lhe
riparian zome. Cook et al. (1989) inferred that milk production by
lactating ewes declines when forage quality decreases. Lamb survival was
also reported to decline when ewes produce low levels af milk during July
End August (Cook et al. 1989). Lamb survival declined during September at

Four trespass horses were confined to approximately 1.25 km (0.78
mi.) of the Duck creek riparian zone for 4 weeks in early 1992. This
stretch of the Duck Creek riparian area was severely grazed when checked
in May 1992.
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A combination of factors appeared to control the Laramie Feak bighorn
sheep herd. Lamb survival and recruitment could drop to levels that
cannot maintain the herd if lactating ewes are unable to find high quality
forage from riparfan areas, alfalfa fields or irrigated meadows.

Although Tamb productivity and yearling recruitment were variable
among subherds, data for 1989-1991 suggest sufficient recruitment for the
herd to maintain itself most years (Table IA_ 1f adult mertality of
radio-collared ewes 15 representative of this segment of the sheep
population, then adult ewe mortality may offset recruitment.

Small isolated bands of ewes that were not bred indicated rams were
few or could not locate ewes during the normal breeding season.
Differences in available forage could explain variation in juvenile:adult
pwe ratios between subherds. Alfalfa fields at NLR provided high gualily
forage for lactating ewes during late summer, when lamb:ewe ratios were
67:100 in 1991 (Table 1).

More important tham high quality forage, small bands of domestic
sheep occurrved within 1.0 km of most of the subherds of the Laramie Peak
bighorn sheep herd. Transmission of pathogens from domestic sheep to
bighorn sheep has been implicated (Foreyt 1990, Foreyt 1992). Exposure of
domestic sheep to bighorn sheep, permitting nose to nose contact has
caused 100% mortality of bighorn sheep (Foreyt 1992). No amount of high
guality forage will compensate for exposure to lethal pathogens. Bighorn
sheep and domestic sheep are not compatible on the same range according to
Foreyt (1992).

HANAGEMENT IMPLICATIONS

Disease and inadequate forage are major problems facing biologists
attempting Lo manage the Laramie Peak bighorn sheep herd.

If habitat for bighorn sheep is the primary goal, and forage is a
1imiting component of the habitat, domestic livestock and horse grazing
must be curtailed. A major problem for bighorn sheep in the Duck Creek
subherd was displacement from an area containing high quality and quantity
of forage at a time when lactating ewes were under nutritional stress.
Appropriate Tences or removal of Tivestock grazing are needed Lo resolve
the problém,
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DECLINE AND HABITAT ABAMDOMMENT BY BIGHORN SHEEP ON BATTLEMENT MESA,
COLORADO, 1906-1990

MARY L. CUNNINGHAM, United States Forest Service. Blance Ranger District,
317 E. Markel Street, Meeker, CO Blo4]

JAMES A. BAILEY, Department of Fishery and Wildlife Biology, Colorado
State University, Fort Collins, CO 80523

Ahstract: Bighorn sheep (Ovis canadensis) on Battlement Mesa, Colorada,
numbeéred up to 250 animals in the early 190075 and declined to about 50

animals by 1970. MWinimum hévd sizes during 1989 and 1990 were 23 and 26,
respectively, fincluding 4 lambs each year. Since 1961, the herd has
abandoned about 56 km' of historic range. The decline corresponded with
probable vegetation changes on Battlement Mesa, intensive livestock
razing through the 1950°s, reports of peaching and an increasing elk
Cervus elaphus) herd. Bighorn sheep remained on the western portion of
the range during winter and spring, 1989. During dry months (Jul 89, Aug
89, Jun 20), sheep concentrated in Anderson and Durant Gulches near a
free-Flowing spring and seep. Bighorns on Battlemenlt Mesa appear 1imited
by densé mountain shrub stands that szeparate productive meadows fFrom
gescape terrain and cover historic migration routes. In 1989-90, sheep
remained mostly on shale slopes. Without intensive and long-term habitat
management this small unigue heérd will rémiain static or decline.

In 1915 Colorado supported about 7,320 Rocky Mountain bighorns but
by 1970, only ahout 2,200 remained (Bear and Jones 1973). Today there are
approximately 6,100 sheep in 67 herds, including about 2,400 in
transplanted populations (Bailey 1990). Many of these sheep are in small
remnant herds intermittent throughout historic range. Herds that were not
extirpated persisted in isolated or highly productive portions of their
range. The bighorns of Battlement Mesa are a classic example of a
remnant, isolated population. The Battlement Mesa bighorn sheep are | of
4 indigenous, low-elevation, herds remaining in Colorade (J. A. Bailey,
Colo. State Univ., pers. commun.), Battlement Mesa is within the
gaugraph1c range of desert bighorn (Ovis canadensis pnelspni) as reported

y Manville (1985). It is not clear if Battlement Mesa bighorns should be
considered 0. c. canadensis or 0. ¢. nelseni. [In 1988, information on the
herd was Timited to scattered Colorado Division of Wildlife (CDOW) aerial
counts and hunter surveys, scattereéd United States Forest Service (USFS)
reports, local newspaper clippings and knowledge held by local residents.
A Coloradn State University (CSU) internship project in 1976 (McGowan and
Van Sant 1976) and an Environmental Assessment daveloped for the herd in
1986 (White River Wildlife Team 1986) provided the most current herd data.
CDOW classified the herd as declining or static. Seasonal ranges and
factors limiting the herd were uncertain. We initiated a research-
descriptive study to gather data necessary to effectively manage
thisunique herd. Pre-treatment data on numbers of sheep and areas of use



were needed to measure post-treatment effects for any herd or habitat
management that might be implemented.

Study objectives were Lo (1) develop an historic perspéctive of
bighorn sheep on Battlement Mesa, (2) determine hevrd size and sex-age
composition, (3) determine seasonal distributions, including lambing
area(s), water sources, migration corridors, timing of major activities
and movements including rutting (1989) and lambing (1989, 1990), (4)
evaluate potential limiting factors, and (5) suggest management options.

This study resulted from cooperation among the White River National
Forest (WRNF), Grand Mesa National Forest (GMNF), CDOW and the Rocky
Mountain Bighorn Society (RMBS). J. Ellenberger, J. Frothingham, J.
Broderick and A. Truji1lo from the CDON are thanked for their assistance.
J. Grode, WRNF, is acknowledged for coordinating the USFS support.
Numarous volunteers assisted with feld data collection.

STUDY AREA

Battlement Mesa is located in northwest Colorado, approximately B0
km east of Grand Junction, and encompasses 96 km' on National Forest,
Bureau of Land Management (BLM} and private lands (Fig. 1). The range
crests northeast to southwest, with lands of the GMNF and BLM on the south
slopes and WRNF on the north slopes. Elevations range from 1830 m at the
west to 3337 m on North Mamm Peak. Righorn sheep remain within about 40
km” on the west end of Battlement Mesa at elevations of 2040-2700 m (lower
Battlement Mesa). There are 2 private inholdings within the range.
Topography is characterized by steep south-facing cliffs with scattered
shrubs, forbs, and grasses and steep north-facing slopes with forest and
shrub communities.

Arid to sub-arid conditions exist at Tow elevations, especially on
south-facing slopes. The highest elevations on upper Battlement Mesa are
more moist. Lower Battlement Mesa receives 38.1-63.5 cm annual
precipitation while upper Battlement Mesa recefves 50.8-76.7 cm.

Lower Battlement Mesa has 5 major habitats: 1) pinyon pine (Plinus
edulis)-Jjuniper (Juniperys osiepsperma) at lower elevations, 2) Douglas-
fir (Psuedotsuga menziesii) on north-facing slopes at higher elevations
and in draws, 3) mountain shrub, predominantly gambel oak (Quercus
gambelii) and serviceberry (Amelanchisr alnifolia) at middle te higher
elevations, in draws and on dry sidehills, 4) aspen (Populus tremuloides)
on north-facing slopes at higher elevations, and 5) fescue meadow (Festuca
Lhurberi-Festuca ) at higher elevations on north facing slopes
(White River Wildlife Team 1986). Shale slopes were considered a sixth
habital for analysis during this study. Upper Battlement Mesa has 3 major
habitats: (1) fescue meadow interspersed with (2) aspen and (3) Douglas-
Fir.

Historically, rangelands on Battlemenl Mesa were overgrazed by both
domestic sheep and cattle based on historic Forest Service reports (U.S.
For. 5Serv. 1914-1990). Lower Battlement Mesa is presently divided among
3 allotments of which 1 is utilized by cattle on a 3-pasture
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rotation system for 117 days from mid-June through mid-October. HNo
livestock grazing occurs on the other allotments.

METHODS
Determining Curvent and Historic Bighorn Ranges

We determined present bighorn sheep range on Battlement Mesa from
observations (1988-90) and by mapping reported sheep locations (1980-90).
Seasonal range boundaries followed the lowest elevation centour recorded
for locations during summer and winter, respectively. We searched CDOW,
WRNF, GMNF files and local newspapers for information on historic bighorn
sheep sightings and distribution to gain an historic perspective on the
herd. We interviewed 13 local residents, fincluding ranchers and
outfitter-guides familiar with the area, for knowledge of past herd
numbers and areas of use.

Historic migration routes were estimated from historic observations
and the Tocations of potential sheep escape terrain. We estimated
historic bighorn sheep summer range (upper Battlement Mesa) from past COOW
surveys, documents and from interviews. We searched these areas on 15
occasions in 1988-90, using fixed-wing aircraft and horses, to validate
range abandonment,

Determining Herd Sizé and Sex-age Composition

We attempted to capture bighorn sheep for radio-collaring from 1988-90
(Cunningham 1991). Clover traps (Clover 1956) baited with alfalfa hay,
apple pulp and salt were unsuccessful. One ewe, a 36 kg 2.5 year-old, was
captured using a dart gun and fitted with a radio collar on 15 March 1989.

Intermittent observations of sheep began 5 December 1988, with
intensive data collection occurring 3 January 1989 through 12 January 1950
and 5 June 1990 through 11 July 19%0. We divided the suspected present
range into 16 units to effectively search for sheep (Cochran 1977). HWe
based unit boundaries on topographic features and the ability of field
persgnnel to completely search a unit in 1-2 days. Sheep were located by
{1} tracking 1 radio-collared ewe from the ground to obtain visual
observations, (2) systematically searching the 16 units between 13 July
1989 and 27 Dctober 1989 (4 complete searches) whén all units were
accessible, (3) Ffiwed-wing and helicopter flights along predetermined
routes, and (4) ground reconnaissance of the range. Located sheep werae
classified by sex and age (Geist 1971). When possible we determined
percent slope with a clinometer. We tested the nul)l hypothesis that there
was no difference in use of slope categories between uncollared and radio-
eollared groups of sheep with the Chi-square test for association (Steel
and Torrie 1980). Maximum unduplicated counts of sheep in each sex-age
class determined a known minimum population for 1989 and for summer, 1990.

Seasonal Ranges
We determined seasonal ranges by lTocating sheep in the 4 seasons

based on forage phenology: (1) spring (16 Feb-30 May), (2) summer {1 Jun-
30 Sep), (3) Fall (1 Oct-15 Nov), and (4) winter (16 Nov-15 Feb) (Dale
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1987). We monitored movements by the radio-collared ewe and by other
identifiable sheep and inferred migration corridors within the present
sheep range. We located potential lambing areas based on the lTambing-area
reguirements of desert bighorn sheep because of the similarities between
the present sheep range and desert environments (Bear and Jones 1973,
Hansen 1985). We lacated ewes with lambs <2 months old to define and map
present lambing areas. We determined rutting perieds and rutting range by
observing sheep behavior, changes in group composition, and Tlocalions

during the fall.
Determining Potential Limiting Faclors

We investigated factors affecting the Battlement Mesa bighovn sheep
for the past 75 years and analyzed data from 1988-90, to identify
potential limiting Factors., Literature revealed factors limiting or
adversely affecting other Rocky Mountain and desert bighorn sheep herds:
{1) habitat, (2) diseases and parasites, (3) predation, (4) conflicts with
elk, deer and livestock, (5) hunting and poaching, (&) exotic free-ranging
ungulates, and (7) limited summer water supply. “Potential” is the key
work in this summary of limiting factors. Unless a factor postulated as
limiting to a herd of sheep 15 manipulated and a treatment and control

roup of animals defined, we cannot demonstrate Lhe factor is indeed
imiting. Each of the above factors were evaluated for their potential in
limiting the Battlement Mesa bighorns.

.~=We measured the area available to sheep for each of the &
habitat types within the present range from USFS Resource Information
System maps (U.5. For. Serv, 1986). Randomly selected sites were ground-
truthed te confirm habitat types. We tested the null hypothesis that
bighorn sheep use the available habitat on Battlement Mesa in proportion
to the availability of each habitat type with the Chi-square goodness-of-
Fit test (MNeu et al. 1974, 5tee] and Torrie 1980). We developed a
preference index for each habitat type by dividing the proportion of
observations within a habitat type by the proportion of that habitat type
within the available study area. Preference and avoidance refer to the
likelihood that a habitat will be selected more or less freguently than
predicted based on availability (Petrides 1975, Thomas and Taylor 1994).

Other potential limitipg factors.--We collected 9 fresh bighorn
sheep fecal samples between January 1989 and April 1989. Samples were
analyzed for lungworm larvae (Protostrongylus sp.) at the CDOW Research
Laboratory, Fort Collins. MNasal swabs and skin scrapings from the
captured ewe were analyzed for incidence of the Psorgptes mite or other
external parasites., We recorded any clinical signs of pneumonia in
obsevved sheep and récorded observations and sign for predators, elk, mule
deer (Odocoileus hemionus) and cattle on lower Battlement Mesa, We
summarized COOW bighorn sheep harvest records for the herd between 1960
and 1982, interviewed long-time residents of the area and investigated
reports of poaching incidents. We documented all reports of exotic, free
ranging ungulates in the area, all water developments, and permanent water
sources for sheep on the present range.
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RESULTS
Systematic Searching and Opportunistic Observations

Between 5 December 1989 and 28 June 1990, we observed uncollared
groups of sheep on B4 occasions and groups of sheep with the radio-
collared ewe on 21 occasions, We observed shéep 14 times during &
systematic searches of study avea units between 12 July and 16 Movember
1989 (included in 105 total).

Bighorn Range

Current range.--The current range of bighorn sheep on Battlement

Mesa 1is approximately 40 km', including summer and winter ranges.

Observations during 1988-90 revealed 2 overlapping seasonal ranges and 1

migration corridor (Fig. 2). Mature rams were scattered over a larger

area than were ewe-juvenile groups, which remained comcentrated during

éin;ng seasons and for most of the summers in Anderson and Durant
ulches.

Sheep remained on the west end of the range from December 1988 to
May 1989 at elevations of 2073-2400 m. From Apri]l te July 1989, sheep
migrated to summer range at 2340-2700 m. Observations between January and
July 1990 revealed szeasonal ranges similar to those recorded in 1989.
Migration to lambing and summer range during 1990 occurred from 15 May to
28 June,

Historic range and herd size.-—-We observed no sheep or sheep sign
during B8 searches of historic summer range on uppér Battlement Mesa. We
estimated historic range (including present range) at 96 k. On the upper
Mesa, talus slopes, rock piles and cliffs occur in many areas adjacent to
open meadows (potential and perhaps historic areas of sheep use) and there
areg numerous permanent water sources. All evidence suggests that bighorn
sheep have abandoned this summer range, with no sheep observed since a
sighting on Mamm Peak in 1961. Snow depth on upper Battlement Mesa may
@liminate the possibility of sheep using the area in winter.

According to records and recollections of local residents, the herd
numbered up to 250 animals in the early 1900's and declined to an
estimated 50 animals by 1970. CDOW aerial and ground counts of sheep on
Battlement Mesa from 1969-88 Fluctuated widely with a general downward
trend beginning in 1970. Search effort was not consistent over years and
methods varied between helicopter counts and more intensive, though less
extensive, ground counts. Agency records, newspaper articles and
interviews also documented (1) 4 historic low-elevation bighorn herds
within 19-74 km of Battlement Mesa, (2) alleged poaching and predation
incidents, and (3) changing vegetation on Battlement Mesa, from 1906-88
(Cunningham 1991).

Habitat Use
sheep used 3 of the 6 habitat types on lower Battlement Mesa in 73

observations of uncollared sheep and 21 observations of the radio-collared
ewe and her group (Tables 1, 2). They used shale slopes with scattered
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grasses, forbs, and shrubs most of the time. MWe naever observed sheep in
nearby meadows that were separated from shale slopes by stands of mountain
shrubs or aspen. Sheep were found in open Douglas-fir stands (<20% canopy
cover) on south slopes on 2 occasions. These stands were adjacent to a
shale slope and the sheep never ventured more than 30 m from escape
terrain. Pinyon-juniper habitat was used by uncollared sheep during
winter and sprin? when sheep were at lower elevations where this habitat
was more available.

Table 1. Use of habitat types by uncollared bighorn sheep in 73
observations on Battlement Mesa, Colorado, 1989-90.

Habitat type Hectares available Bighorn observations®
Hectares (%) (¥ of 73)
Pinyon-juniper 2320 38 12.3
Mountain shrub 1366 22 0.0
Douglas fir 1335 2z 1.4
Shale slope 713 12 86.3
Aspen 303 5 0.0
Meadow 49 1 0.0

"% = 381.1, P < 0.001; based on observed numbers of observations in each
habitat type vs. expected numbers calculated from habitat composition.

Table 2. Use of habitat types by collared bighorn ewe in 21 observations
on Battlement Mesa, Colorado, 1989-90.

Habitat type Hectares available Bighorn ohsarvations”
Hectares (%) (% of 21)
Pinyon-juniper 2320 i8 0.0
Mountain shrub 1366 22 14.3
Douglas fir 1335 22 4.8
Shale slops 713 12 81.0
Aspen 303 5 0.0
Meadow 43 ] 0.0

*¥° = 96.6, F < 0.001; based on observed numbers of observaltions in each
habitat type vs. expected numbérs calculated from habitat composition.

The observations (73) of uncollared sheep emphasized slopes »>200%
while observations of the radio-collared ewe (19 with slope category
recorded) were more oftem on slopes 51-100¥ (Table 3). Use of slope
categories was not significantly different between the 2 groups. When
sheep were not observed on slopes >200%, distance to escape terrain
averaged 6.1 m for uncollared sheep and 35.6 m for the radio-callared ewe.
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Table 3. Steepness of terrain used by bighorn sheep in 73 observations of
uncollared sheep and in 19 observations of a radio-collared ewe,
Battlement Mesa, Colorado, 1989-90.

Slope category (%) Observations (% of total)”
Uncollared (73) Radio collared ewe (19)

0-50 4 5

51-100 23 37

101-150 21 iz

151-200 q 8

»>200 48 21

Y o= 4.59; P> 0,05

Rutting, Lambing, and Population Size

Rutting behavior was observed during November-January on both summer
and winter ranges. Lambing occurred on summer range with estimated dates
of birth from 15 April through 25 June during both 1989 and 1990
(Cunningham 1991).

The known minimum population of sheep during 1989 was 23 individuals
including 4 1989 lambs, 3 yearlings, 7 adult ewes and 9 adult rams. Less
search time and a restricted search area during 1980 leaves no doubt sheep
were missed. The known minimum population of sheep during summer 1990 was
18, although 26 is a more 11kely number assuming no %nss in any age
classes between December 1989 and June 1990, except for 1 lamb not
observed after August 1989. Four lambs were observed in 1990. Based on
known minimum numbers of ewes, lamb:ewe ratios were 57:100 and 50:100 in
1989 and 1990, respectively.

Potential Limiting Factors

ﬂg?l;g;--—ﬂfgharn sheap did not use habitats in proportion to their
availabilities on Battlement Mesa and emphasized use of shale slope
habitat (Tables 1, 2). This suggests they were selecting the most secure
habitat on or near escape terrain, and avaiding less secuve, but more
productive, foraging areas. Preference-avoidance indices for bath
uncollared and radio-collared sheep support these results (Table 4).
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Table 4. Preference indices for 6 habitat types available to bighorn
sheap on Balttlement Me<a, Colorado, 1989-90.

Habitat Type Preference Index’
Uncol Tared sheep Radio-collared
(N = 73) (N = 21)

Pinyon-juniper 0.3 0.0
Mountain shrub 0.0 0.6
Douglas fir 0.1 0.2
Shale slope-cliff 7.3 5.8
Aspen 0.0 0.0
Maadow 0.0 0.0

" Proportion of observations within a habitat Lype divided by proportion
of that habitat type within the available study area.

Other potential limiting factors.--Three of 9 bighorn sheep fecal
samples had low incidences of Protestrongylus larvae (0.4-B.6/9). The
remaining samples were negative. No die-offs or clinical signs of
pneumonia were recorded. No parasites were recovered from swabs or
scrapings from the radio-collared ewe., Contact between bighorn and
domestic sheep probably occurred in the early 1900's when up to 40,000
domestic sheep grazed in the area. Chances for disease transmission wero
presumably high, but no records of die-offs were discovered.

Evidence of predation was limited to Finding 3 decayed lamb skulls,
One skull had punctures on the cranium, indicating mountain lion (Felis
concolor) predation. Reports of alleged lion predation on the sheep have
occurred since 1927.

On Battlement Mesa, elk, mule deer and bighorn ranges overlap
Lthroughoul the year, but especially in winter on the western portion of
the bighorn range. CDOW trend counts indicate elk numbers increased
substantially on Battlement Mesa From 1973-89. There was no range overlap
between bighorn and cattle during 1989-90. Exotic ungulates occurred in
3 areas, 3.2-19.3 km from the present bighorn range.

Hunting for bighorn sheep occurred from 1960-82 when 121 licenses
were issued and 17 rams harvested. The area was closed in 1982 due ta
suspected low numbers of sheep and hunter complaints of seeing few or no
sheep. Five of the 13 residents interviewed knew of sheep poaching
incidents.

We found 12 springs and seeps on Tower Battlement Mesa. One guzzler
and 3 redwood tanks were installed on or near the sheep range in the early
1980"s, but 3 sites were outside of the present range. The tanks were
either destroyed, not holding water, or reguired maintenance. We observed
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no sheap sign at 3 of the water development sites. The destroyed site,
which contained a natural ponl, had sheep sign.

DISCUSSION

Historic Perspective on the Herd

A1l evidence indicates {hat the Battlement Mesa bighorn sheep herd
once was larger and occupied a larger range. The herd migrated farther to
summer vange and wintered at lower @levations adjacent to the present
winter rangs, Local residents reported changing vegetation on Battlement
Mesa, indicating that more oakbrush and heavy timber are present in the
area today. Battlement Meza bighorns abandoned historic summer range
about 30 years ago and today occupy about 42X of the historic 96 km'
yearlong range. The present summer and winter ranges have similar
vegetation, but no water sources occur on present winter range.

Wallace Creek and Ory Kimball Creek, north and east, respectively,
of present sheep range, are likely historic migration routes based on
historic sheep observations and topography. These drainages are dominated
by dense shrubs, a habital avoided by Battlemenl Mesa sheep. Beyond these
migration routes, historic summer range 5till has escape terrain adjacent
to permanenl water and productive foraging areas with little visual
ohstruction., Abandonment of this summer range was verified during 1989-
0. Range abandonmant, decline of sheep numbers and the general decline
of herd quality on this isolated range, have coincided with habitat
change.  Expan=zion of dense shrub vegetation was presumably due to
historic overgrazing by livestock and curtailment of wildfire for over 60
yeaars, Other tfactors that may have contributed to herd decline are
considered less impoartant in limiting the herd today (Cunningham 1991).

Present Condition of Battlement Mesa Bighorn Sheep

Lamb:ewe ratios on Battlement Mesa (0.57 and 0.50 in 1989 and 1990,
respectively) were not unusual for bighorn herds. Ratios vary greatly
among and wilthin herds (Goodson 1978, Turner and Hansen 158%). This
variation has been attributed to population density, forage guality (Geist
1971) and possibly to degree ol inbreeding (Skiba and Schmidt 1982).
Goodson (1978) concluded that yearling:ewe ratios, not lamb:ewe ratios,
havé been correlated with herd trends. The yearling:ewe ratios at
Battlement Mesa (0.4]1 and 0.38 in 1989 and 1990, respectively) were
simitar to thosé reported for "slowly increasing” herds (Goodson 1978).
However, given the small number of sheep at Battlement Mesa, herd increase
cannot be predicted as loss of one yearling (or ewa) would alter Lhe ratio
greatly.

The Bartiement sheep exhibited 2 characteristics that Geist (1971)
considered common 1n low quality bighorn herds with static or declining
population size. These are Jl} small bady size, and (2) tightly curled
horns. The 36 kg ewe captured on Battlement Mesa appeared similar in size
to her associates. In contrast, Hansen (1985) estimated the average
desert bighorn ewe at 47 kg. Risenhoover and Bailey (1988) reported an
average weight of 66.4 kg for ewes at Waterton Canyon, Colorado and Blood
et al. (1970) estimated the average Rocky Mountain bighorn owe at 72 kg.
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Rams harvested from the Battlement herd also exhibited small body size and
small horns (John Ellenberger, Colo, Div. of Wildl., pers. commun,).

Geist's "dispersal theory” (1987) Tinks herd quality to the duration
of available green forage, which 15 aenhanced when animals migrate
altitudinally. On Battlement Mesa, loss of migration and consequent loss
of summer ranges, has reduced the duration of access to green forage. On
habitats preferred by Battlement sheep (shale slopes), green forage is
scarce, sparsely distributed, and available only briefly each year. On
present summer range, forage options are limited to true mountainmahogany

{Cercocarpus montanus), bitterbrush (Purshia tridentata), Indian ricegrass
(Oryzopsis himg_gigg%} and scarce forbs and other grasses near permanent

n
water sources. A few small meadows occur on summer range but are
separated from sheep escape terrain by barriers of dense shrubs. On
historic susmer range, shrub types are absent and meadows are dominated by
Idaho and Thurber fescue, Kentucky bluegrass (Poa pratensis). other
grasses, and several species of forbs.

Battlement sheep must have been primarily grazers during summer on
historic summer range, Today their summer diet is dominated by shrubs.
The loss of grasses From the diet may have caused natural selection to
Favor the smaller-bodied animals; or the current small size of Battlement
sheep may be a phenotypic response to limited Fforage resources,
gruductiuity of the herd may also be limited by quantity and quality of

orage,

CONCLUSION

Currently, the Battlement Mesa bighorn heérd 15 limited in
distribution, herd size, and perhaps in animal quality. The strongest
evidence indicates that habitat change, especially the expansion of dense
shrub vegetation, has influenced the decline of Battlement Mesa bighorn,
and that habitat conditions limit the herd today. This evidence includes
coinciding changes in habitat and herd decline with range abandonment, the
current non-use of excellent foraging areas surrounded by barriers of
dense shrubs, and the use restricted primarily to secure habitats with
good visibility. As a case study, the Battlement herd 11lustrates trends
that Wakelyn (1987) concluded have been common in Colerado. Habitat
improvement, including reduction of shrubs, will be necessary to restore
this unigue herd (Risenhoover and Bailey 1988, Cunningham 1991). A 4-
phase management plan for the Battlement Mesa herd is proposed by
Cunningham (1991).
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CRITIQUE OF CARRYING CAPACITY CONCEPTS CONCERNING DALL SHEEP

WAYNE E. HEIMER, Alaska Department of Fish and Game, 1300 College Road,
Fairbanks, AK 99701

Abstract: The classic concept of nutritional carrying capacity tends to
complicate management of 0Dall sheep (Ovis dalli dalli) populations
because they often éxist at relatively constant population sizes over
extended periods. The  fundamental axiom taught in the wildlife
management curriculum is that population growth will fallow the logistic
curve until it reaches or exceeds carrying capacity where further growth
iz limited by nutritional constraints. A common extension of this is
concept is that any numerically static population has reached
nutritional carrying capacity. Obviously, Dall sheep populations grew
to present-day levels by overcoming environmental resistance until the
equilibrium we typically observe in continental climates was
established. Hence, managers reason that lewering population density
will result in compensatory increases in productivity, recruitment, and
individual growth as the population Lries te reach carrying capacity
again. However, in northern ecosystems with abundant predators,
environmental resistance resulting From non-nutritional causes is highly
dynamic, and probably more influential than density-dependent
nutritional constraints in limiting population growth, This calls the
fundamental axiom and its commonly assumed postulate into question. It
is fimportant For managers to récognize this confusion because managed
cropping mortality of a population limited by density-dependent
nutritional constraints may result in compensatory fncreases  in
productivity or growth as the axiom predicts. However, managed cropping
mortality in a population 1limited by non-nutritional environmental
resistance will be additive. The former cropping scheme will not lower
population size or productivity; the later uil?.

When articulating the working hypothesis of Dall sheep management
(Heimer 1988}, 1 slated that Dall sheep should not be expected to show
explosive population growth, and that we should anticipate relative
stability in population size over Lime. This hypothesis was based on
the conclusion that Dall sheep are adapted to continuous use of climax
vegetative systems. Adaptation to a stable Food source (in contrast to
the eyelically transient forage bonanzas which occur in successional
habitats) should confer no selective advantage For nutrition-mediated
increases in reproduction such as the multiple births or accelerated
sexual development seen in seral-adapted species such as moose (Alces

alces) and deer (Qdocoileus spp.) under ideal conditions.

Dall sheep populations which exhibit relatively consistent sizes,
particularly where sheep densities are high, have often been assumed to
be at nutritional carrying capacity. This conclusion has typically
resulted from the assumptions which underlie the carrying capacity
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theory. Population reduction, the classic managemant action suggested
by this conclusion, is risky. If the assumptions and conclusions are
correct, managers succeed; if not, they fail. Hence, understanding our
general thinking and 1its relevance to specific situations has
significant management implications.

Review of Dall sheep adaptations to their environment, as well as
awareness of their specific ecological relationships, will show that
assuming populations of Dall sheep are at carrying capacity because they
exist al relatively static population sizes is nol dependable. The
purposes of this paper are to identify general adaptations of Dall
sheap, to discuss specific biological Findings about Dall sheep, and to
highlight the likelihood of incorrect reliance on classic population
"symptoms® to diagnose nutritional Timitation. Clearly, managementl
actions are recommended as results of diagnosis by managers. Hence,
incorrect diagnosis may lead to inappropriate management actions. An
alternate approach to management will be offered.

METHOOS

The common, operational understanding of carrying capacity theary
and its underlying assumptions were assessed by interviewing wildlife
managers and hunters over the last 15 years. Literature relevant to
Dall sheep population adaptations as well as their autecological
relationships to classically defined symptoms of nutritiomal carrying
capacity constraint were also reviewed. Findings were related to the
prevailing interpretations of the carrying capacity model as assessed by
the interviews.

RESULTS
The Carrying Capacity Model

About 15 years age, | began to question the relevance of carrying
capacity theory to management of Dall sheep fin intact ecosystems
{ecosystems where natural predators still exist)., At that time, | began
Lo raise the question with working wildlife managers and hunters. |
interviewed managers because most approach management from this
perspective. 1 interviewsd hunters because they are commonly taught to
use carrying capacity in their justifications for hunting. Whatever the
original and true intent of the carrying capacity model may have been,
the common understanding among those | interviewed was as follows.

The carrying capacity model is commonly expressed as a plot of
population size over time (Fig. 1). It is based on several assumptions.
These include:

1. Range resources are fixed and finite while ungulate populations are
dynamic and capable of outgrowing their food supply.

2. When ungulate populations reach a certain size or densily, access
to nutritional resources becomes an inverse function of the number
of animals present in the population, i.e. the higher the number of
animals, the lower the per capita food.
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Fig. 1. Classic logislic growth curve,
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3. A result of this inverse function is a symmetrical second degree
polynomial we call the logistic growth curve., It predicts that
population size in a "new™ population will increase geometrically
until food becomes limiting. Then the rate of increase will slow,
initially to linearity, and eventually approach a "zero growth"
asymptote when food resources can no longer support higher
population numbers.

4. The asymptotic populatifon size defines nutritional carrying
capacity.

5. Populations always strive to reach carrying capacity.

Aftarnately, in temperate or sub-tropical climates where predators
are absent, environmental resistance may be so low that introduced
populations reach a level greatly above carrying capacity. This over-
population may then result in a nutrition-mediated population crash. As
a result of overgrazing which occurred when the population was above
carrying capacity, habitat is presumably damaged; and the post-crash
population size is projected to stabilize at a lower nutritional
carrying capacity (Caughley 1870).

Dall Sheep Adaptations and Autecology

Dall sheep exhibit relatively slow population increases compared
with seral-adapted ungulate species. In spite of observations of aloe-
mothering (Hoefs 1978), multiple births are unknown in Dall sheep.

With respect to their relatively small body size, onset of
reproductive activity among Dall ewes 15 typically delayed--to 3 or 4
years of age. However, this delay is not a result of delayed ovulation
resulting from poor nutrition but of delayed breeding (Heimer and Watson
1986a,b).. Available data show Dall ewes uniformly ovulate at 18 months
in the wild (Heimer and Watson 1986a, b, Nichols 1972} and in captivity
{R. Bullerman, Milwaukee County Zoo, P. Smith, Denver’s Zoo pers
commun.). In captivity ewes typically breed at 18 months and have their
first lamb at 24 months of age (Heimer and Watson 1986a). However, in
the wild Dall ewes normally don’t deliver their first lambs until age 3
or 4 years (Bunnell and 0lsen 1981, Heimer and Watson 1986a). In
unysual eircumstances associated with a scarcity of matuve vams (which
iz frequently the case in zoos), a significant percentage of ewes breed
at 18 months and have their first lamb in the wild at 2 years of age
{Heimer and Watson 19863).

In addition, mortality during the first year is typically high for
Dall lambs, averaging about 40% in measured herds, (Murie 1944, Deevey
1947, Heimer and Watson 1986a). 0Dall sheep live in hazardous ecosystems
where unfavorable weather, snowslides, falling rocks, and falling sheep
combine with full compliments of predators to produce formidable
anvironmental resistance to population growth. This environméntal
resistance s variable, but when coupled with comparatively low, climax-
adapted fecundity it appears to have resulted in populations which tend
toward slow growth or maintenance.
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I previously suggested (Meimer 1988) nutritional limitations are
more probably produced by a "bottleneck™ in winter food quality than by
chronically insufficient forage quantity or compromised food quality
resulting from overgrazed ranges. Summer food quality and abundance are
very higﬂ (Whitten 1975, Winters 1980). Conversely, winter food is of
such uniformly poor quality (Heimer 1983} that slow passage rates
through the digestive tract probably 1imit the ability of Dall sheep to
gather energy. Hence, Dall sheep lose weight during winter (Heimer
1983). 1 think it follows that these circumstances result in a relative
abundance of low quality food being available under normal winter
foraging conditions. If so, the number of individuals on winter range
is not critical as long as there is enough lTow quality food to keep each
rumen fi1lled and Functioning.

5till, sheep show greater mortality during (Watson and Heimer
1984}, and lower productivity after (Heimer and Watson 1986h) winters
with deap snow accumulation than they do when winters are less severe,
This is probably because lighter snow interferes Tess with access to the
higher guality food plants which occur on the lower fringes aof their
ranges (Heimer 1983). Severe winters preclude access to these more
nutritious plants by confining sheep to windblown ridges throughout
winter and delaying their access to high quality forage at Tlower
elevations during late winter and early spring. Hence, at observed
population levels, winter severity should be expected to influence
population productivity and survival more than does sheep density. Even
crowdad populations (where the guantity of forage is most likely to be
limiting) produce spectacularly high lamb:ewe ratics when envirenmental
conditions are Ffavorable (Heimer and Watson 1986b, F. Mauer, USFWS,
pers. commun.). That iz, when environmental resistance Is transiently
lowarad, populations which otherwise appear to be at carrying capacity

Egugg:e lambs at the rate of 70 to B5:100 ewe: instead of their usual

Further confounding the definition of carrying capacity for Dall
sheep Is the demonstration that several classic {indicators of
nutritional insufficiency in other species are mimicked by unusually low
ram abundance and the accompanying distortions of ram age and social
structures (Heimer and Watson 1986a). These symptoms appear 1n
populations where ram age structure is radically skewed toward young
rams. In 1980, | raised the guestion of whether population quality
(Geist 1971), then considered a function of food quaf?t ; Was a result
of nutrition or other Factors (Heimer 1980). Subsequently, Sarah Watson
and 1| (Heimer and Watson 1986a,b) demonstrated that several classic
indicators of nutritional carrying capacity were more rationally
attributable to behavioral than nutritional factors. These indicators
included low lamb production (Heimer and Watson 1986h), low ovulation
rates (Heimer and Watson 19863), and low ram survival (Heimer et al.
1984). We now have data that suggest even ram horn growth may be
compromised by these conditions (Heimer unpubl. data).

QISCUSSION

Reviewing Lhe suite of evolutionary adaptations and the specific
autecology of Dall sheep reveals an almost bewildering array of
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circumstances which may conspire to produce relalively unchanging
population sizes. 5till, high Dall sheep densilies, and relatively
static population sizes, have led many managers to suppose Dall sheep
populations typically exist at or above nutritional carrying capacity.
Extending the density-dependent assumptions of nutritional %imilitiun.
which derive from the carrying capacity model, typically leads managers
to 1 of 2 conclusions.

The first is that sheep populations are “"too high" for their food
resource, and that any decrease 1in population performance 15 an
indicator of insufficient nutrition. Based on these assumptions,
managers frequently suggest reducing the number of sheep will increase
the amount of Food available te each remaining sheep. Hence, as a
result of increased food availability, each survivor will eat better.
The cumulative result of better per capita nutrition will be a
collective increase in population productivity and growth.

The second conclusion is that because Dall sheep populations are at
or above carrying capacity, and because the carrying capacity model
stipulates populations will always gqrow until constrained by density-
dependent nutrition, any reduction (below carrying capacity) will result
in sustaimable production of a harvestable surplus as the population
tries to return to carrying capacity. It is assumed that this surplus
will be produced annually, and that the population will be stabilized
below carrying capacity by annual removal of this surplus. In this
scenario, it is assumed that reducing the population to generate the
surplus and then removing it annually will become stable and manageable,
limiting components of environmental resistance,

However, if Dall sheep populations, or populations of other
ungulates, are already being held below carrying capacity by cumulative
envirenmental resistance, density dependent nutrition should not be a
factor. When this is so0, managers should not expect downward adjustment
of population size by managed cropping to produce the theoretically
expected increases in productivity and growth, Instead, cropping should
be expected to Tower population size because the increased mortality
{which would be expected to stimulate productivity im a population
limited by density dependent factors) will be additive, not
compensatary. Continued cropping will, inm all likelihood, result in
continued population declines.

Fuck (1980) reported carefully managed cropping of female mountain
goats (Oreamnos americanus) in ldaho produced this exact result. This
gxperience, and the arguments presented here suggest managers should
critically evaluate their assumptions with awareness of adaptations
common Lo K-selected species before applying carrying capacity theory to
climax-adapted species. Similarly, managers should be careful when
assigning causes to changes in population performance and status.

Even climax-adapted species selected for population stability or
maintainence, Tike Dall sheep, exhibit population fluctuations about the
stable level or "asymptote" (Figs. 1 and 2). Consequently, it may be
productive for Dall sheep managers, or managers of other ungulates which
do not exhibit radical, density-dependent "boom and bust," cycles, to
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reconsider the causes and biological significance of population size
fluctuations. 1 suggest that we consider the notion of "base effective
population size” as the relevant population statistic rather than mean
population size (Fig. 2).

Variations in environmental resistance produce the observed
variatfons in population size through a variety of mechanisms. Given a
data set with fluctuations over time, our natural inclination iz to draw
a2 line through the middle with positive and negative fluctuations about
the mean (Fig. 2). MHowever, if we consider the typical lower laevel
reached by population size fluctuations as the base effective
population, and any fluctuations above this line as results of transient
decreases in environmental resistance, management 1s simplified.

Setting population objectives al the base effective population
affers practical advantages not available when the mean population size
is used to define the population size objective. If a manager selects
the mean, the population objective will not be mel about half of Lhe
time. Thal i+, the populalion objeclive will nol be obtained whenever
population size is below the mean. Hence, the manager will face
uncertainty about whather corrective management actions are appropriate.
This will not be a problem if the population objective is set at base
effective size.

When populations are above base effective population size, managers
must monitor; but need not take corrective action for every observed
downward fluctuation. Only those dips which fall below the population
size objective, which was set al base effective population size (Fig.
2), will require corrective management actions. The appropriate
management responses in these cases are actions to reduce environmentsal
resistance. Further Jlowering of population density in hopes of
increasing per capita nutritional benefits Lo survivors is unlikely to
succeed in increasing production or survival,

For example, Dall sheep populations in Interior Alaska experienced
population declines which approached 25% during winter 1981-82 (Watson
and Heimer 1984). These changes were results of variations in cohort
size precipitated by changes in environmental resistance (Watson and
Heimer 1984). The declines were alarming, but actually of 1ittle
management import because mild weather (transient, low environmental
resistance) had produced transiently high population sizes by allowing
several strong cohorts of sheep (which were earlier results of transient
decreases in environmental resistance) to survive longér Lhan normal.
Hence, Lthese decreases from “"high" populations did not require
corrective managemenl aclions. 1 do not recommend ignoring longer-term
downward population trends, particularly if their cause and npature are
not understood.

Here 1t should he emphasized, that base effective population need
not represent the lowest Teve] reached by naturally regulated, unmanaged
populations. Base effective population size should be set by Lhe
manager to produce a level of human benefils sustalnable by practical
sunagement actions, For example, in the Eastern Alaska Range 25 years
of expearience have shown that satisfactory ram harvests by humans are
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associated with a trend-indicator population size of 1,200 sheep in the
Ory Creek study area (Heimer and Walson 1986a, b, 1990). Recorded high
population sizes in this trend-indicating population have approached
1,800 sheep, and the Eastern Alaska Range has yielded increased ram
harvests resulting from periods with higher population levels.
Unrequlated Tows have not been observed because past management
practices, including predator reduction programs (Heimer and Stephenson
1982), have maintained population size in the indicator area above 1,170
sheep. Experience suggests the base effective population required to
preduce acceptable ram harvests from the Eastern Alaska Range is
indicated by a minimum population of about 1,200 sheep in the Dry Creek
study area.

Obviously, determining the base effective population size requires
a fairly long-term data base including population size, the magnitudes
of documented fluctuations, and thﬂn?evei of human benefits desired.
However, we should remember management has always, and will always,
require application of specific information about the managed
population.

As a manager, | think this approach has merit because [ consider
carrying capacity theory secondary to specific observation. That is, as
a sheep manager, [ am willing to rely more on the specific autecology of
Dall sheep than on the synecology of ungulates in general. While
reliance on the observed specifics of Dall sheep binlogy has produced
management benefits (Heimer and Watson 1990), my past failure to
directly address the carrying capacity qguestion, which is fundamental to
the thinking of most traditionally trained wildlifers, has interfered
with their ability to consider and understand my arguments. 1 hope this
discussion results in creative interchange among biologists regarding
components of environmental resistance in addition to density-dependent
nutrition. I also hope it results in greater direct application of what
we know specifically instead of what we postulate in general.
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DETERMINING THE FUTURE OF BIGHORN HERDS IN WILDERNESS AREAS

JAMES A. BAILEY, Department of Fishery and Wildlife Biology,
Colorado State University, Fort Collins, CO BD523

MELANIE M. WOOLEVER, Region 2, U. 5. Forest Service, Box 25127,
Lakewood, €O BO255

: Outside wilderness, managers usually seek to optimize some
characteristics of bighorn sheep (Dvis canadensis) herds for abundant
consumptive and nop-consumptive use. In contrast, the Wilderness Act of
1964 and subsequent wilderness regqulations emphasize protecting natural
processes in wilderness,  Agency manuals appear naive regarding the
dynamics of matural populations and offar inconsistent directions for
maintaining these wilderness values. Processes expected in natural
bighorn populations are proposed as goals for management of wilderness
bighorns. Strict interpretation of the Forest Service manual could
jeopardize many herds, especially in small wilderness areas. In 11
western states, Lhere are »>287 wilderness areas and 63 ¥ are <20,250 ha
(50,000 acres)., Over 100 areas contain bighorn sheep. Few wilderness
management plans have been completed. Consequently, policies for
managing wilderness vary greally among administrative units, especially
in the Forest Service. Recommeéndations for managing bighorn sheep in
wilderness areas include revising the Forest Service manual, designating
bighorns as primary componénts of much wilderness, and management
intervention Lo simulate natural processes in order to achieve the
highest possible degree of naturalpess in most wilderness bighorn herds.
Plans should specify goals for bighorns, including reintroduction lo
historic range, participation in regional bighorn metapopulations,
minimum acceptable levels for herd sizes and movements, and &limination
of contact with domestic sheep.

In 11 western states, more than 100 designated wilderness areas
contain bighorn sheep populations. In additien, there are numercus
wilderness study areas with bighorm herds. 3Several wilderness
management plans are now being developed by the U, 5. Forest Service and
Bureau of Land Managemeént, and many plans will be written in the next 5-
10 years. These plans will set precedents and will determine the future
of many of the nation's htahnrn sheep. Consequently, policies and
practices for managing bighorn sheep in wilderness areas deserve
abundant discussion and careful consideration.

The objectives of this paper are to (1) compare goals for
optimizing bighorn sheep to goals for maximizing wilderness values of
bighorn sheep; (2) illustrate some inconsistencies, confusion, and
naivete in the manuals guiding wilderness management, as they apply lo
bighorn sheep: {EL document the current status of wilderness management,
as it applies to bighorns; and (4) recommend policies and practices Lhal



may maximize wilderness values of bighorns, yet reduce conflicts between
optimization management and wilderness management of bighern herds,
especially those herds that migrate across wilderness boundaries.

We thank the following for responding to our survey of management
policies and practices in wilderness areas: Ariz. BLM, 5. Richardson;
U.5. Forest Service, R1, A. Christensen: R3, B. Rickel, M. Ross, B.
Wagenfehr, 7. Skinner, D. Garcia; R4, P. Shields; R5, 5. Loe, P. Rich,
E. Rodriguez, K. Noland, and 2 anonymous respondents; R6, G. Silovsky.
V. Bleich, G. Byrne, J. Emmerich, A. Fisher, M. Hess, G. Jensa, R.
Johnson, R. Lee, M. McCarthy, L. Oldenburg, J. Olterman, and W. Van Dyke
identified wilderness areas containing bighorn sheep.

OFTIMIZATION MANAGEMENT OF BIGHORN SHEEP

Many, perhaps most, management plans for bighorn herds and habitats
do not contain detailed statements of management goals., However, there
is usually an intent to optimize oné or several characteristics of the
managed herd and habitat. These optimal characteristics may include:

(1) 2 large herd, perhaps controlled at some level believed to be the
range carrying capacity, with the herd well above the minimum
viable level, allowing abundant consumptive and/or non-
consumptive use.

(2) a fairly stable herd size, without periodic declines or local
extinctions of herd segments.

{3} high and stable levels of animal condition, repreduction, and
resistance to disease.

(4) abundant, high-quality, diverse and Fairly stable habitat resources,
inclyding a diversity of seasonal ranges and migration corridors
accessed by periodic movements of animals.

(5) local forage resources in good condition; “excessive® use of forage
does not occur, except perhaps locally in exceptional years.

(G6) no contact with domestic sheep.

{7) genetic diversily is maintained by the large herd size, by
immigration from nearby herds, or by occasional transplants
into the herd.

WILDERNESS MANAGEMENT

The goals for wilderness areas are not consistent with all of these
goals of optimization management for bighorn sheep. (While the Forest
Service manual, FSM2323.35, and the Bureau of Land Management manual,
BLMMB560.34.C.1, state similarly, "Objectives for the management of
wildlife and fish habitat are normally compatible with the objectives
for maintaining wilderness values", it is abundantly clear that
optimization of a wildlife species is not a wilderness goal. For
example see FSM2323.35a, 2324.22.7, BLMMB560.34.C.3.)
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The Wilderness Act of 1964 defines wilderness as "an area where the
earth and fts community of 1ife are untrammeled by man ...undeveloped
«.. Without permanent improvements ... and managed so0 as to preserve its
natural conditions.” A wilderness “"generally appears to have been
affected primarily by the forces of nature, with the imprint of man's
work substantially wonnoticeable". [Italics have been added to emphasize
that this wording does not preclude man’s works; it allows works that
are not apparent. In fact, the Wilderness Act allows certain
"grnnﬂfntﬁeruﬂ‘ uses of wilderness areas to continue, in the pre-
existing manner and degree, after wilderness designation. These uses
are mining and grazing, and the use of aircraft and motorboats (Keiter
1988). Also, wild horses or burros may be considered part of the
natural wilderness system, although their numbers will be controlled by
human intervention (BLMMBS560.37.C).

The Wilderness Act and subsequent legislation (National Forest
Management Act of 1976, Federal Land Policy and Management Act of 1976)
emphasize the preservation of natural features, including species, and
natural forces or processes in wilderness areas. Consequently, the
Bureau of Land Management Manual, BLMMBS560.11A, states, " BLM must
foster a natural distribution of native species ... by ensuring that
natural ecosystems and ecolegical processes continue to function.®
Likewise, the Forest Service seeks to "maintain wilderness in such a
manner ... that plants and animals develop and respond to natural
forces,™ (FSM2320.2.2) and to "provide an environment where the forces
of natural selection and survival ... determine what numbers of wildlife
species will exist.™ (FSM2323.31.1).

However, there is inconsistent and confusing directien for the
managemant and mainténance of natural processes in Forest Service
wilderness areas. For examples:

(1) While natural selection and survival are to determine
numbers of wildlife (F5M2323.31.1), predators may be
controlled to protect Vivestock (2323.33c), domestic sheep may
be allowed to transmit serious diseases to bighorn herds (if
“grandfathered in® during wilderness designatfon), and
wildlife shall be held in balance with their habitat through
public hunting or trapping (2323.35).

(2) While an objective of wilderness is to permit lightning
caused fires to play, as nearly as possible, their natural
ecological role in wilderness (FSM2324.21.1), prescribed
ignitions may be used only to reduce unnatural buildups of
fuels (2324.22.6). This may preclude use of prescribed
ignitions Lo maintain the natural ecological roles of fire.
Fortunately, the BLM Manual recognizes these other roles of
fire (BLMMB560.35.3a) and allows prescribed ignitions for
ma#ntiinfn? fire-dependent ecosystems, for sustaining a
primary wilderness value, or for promoting endangered species
(BLMMB560.34.C.4).

Furthermore, it is becoming clear that the idealistic goal of
allowing all ecological processes to function naturally in wilderness
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areas will be impossible, especially in the small areas that predominate
in our wilderness system. The Forest Service admits thal "absolute
wilderness" is impossible and that activities including mining, grazing,
visitor-use, and contrel of fire and pests will constrain achievement of
absolute wilderness (FSM2320.6). (A neglect of the constraints imposed
by small wilderness size and by boundary conflicts in this seclion of
the Manual suggests naivete regarding natural processes in mobile
wildlife populations and metapopulations.) Recognizing these
Timitations, the Forest Service and BLM Manuals require that human
activities deviating from absolute wilderness be minimized. The manuals
also allow human activities that might replace and simulate natural
processes in wilderness areas. Manipulation of vegetation or wildlife
habitat may be used to enhance or perpetuate the wilderness resource
where natural processes have been unsuccessful, or to correct abnormal
conditions resulting from human influence (BLMMBS560.34.C.2-4,
F5M2323.35a). However, strict interpretation of FSM2324.22.6 would
indicate that prescribed ignition of fire may not be uzed to manipulate
vegetation for these purposes. Manipulation of habitats within
wilderness areas has also been delayad by the lack of completed
wilderness management plans; and may be limited by a Tow federal
priority and budget for wilderness, and by the relatively high costs and
risks associated with management, especially prescribed fire, in
wWwilderness.

It is implied that all matural processes in wildlife populations
contribute to wilderness value. However, the Forest Service and BLM
manuals offer few and very general examples of these processzes. Fire,
biotic succession, and evolution are mentioned. But the Forest Service
manual provides directions that conflict with maintaining these
processes, as noted above. Directions for maintaining matural
ecological processes in wilderness areas are probably unclear because
these processes are very diverse and complex. For example, Christensen
(1988) described the great range and complexity of natural processes in
plant populations.

NATURAL PROCESSES IN BIGHORN POPULATIONS

1f bighorn sheep populations are to contribute as much as possible
to wilderness values, then wilderness management plans must recognize
and provide for the natural processes expected in natural bighorn
populations. These include:

(1) variation of herd size and sex-age composition; variation of animal
condition, reproduction and survival; some herds may fluctuate
a great deal, othérs may never be large.

(2) emigration and immigration.

{3) natural selection: coevolution with dynamic populations of diseases,
predators, and forage plants; adaptation to a variable
physical and biotic environment through selection from a large
and diverse gene pool; however, herd bottlenecks, local
inbreeding incidents, re-foundering, and outbreeding From
fmmigration may also occur in some populations.
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(4) variation in range use: occasional habitat abandonment
and pioneering of new ranges; some herds relatively sedentary,
others migrate annually over varying distances; local impacts
on forage resources vary widely among areas and years, with
persistent and sometimes obvious forage impacts in zootic
climax (Cayot et al. 1979) areas, such as near water sources
or mineral 1icks, and in snow-free or thermally-attractive
situ.

{5) metapopulation dynamics: some herds are core populations
supporting the persistence and/or genetic diversities of ather
herds; some are dependant, perhaps ephemeral, satellite
populations; some herds are interdependent in a patchy
distribution (Bailey 1992).

(6) no contact with domestic sheep.

In pristine North America, some of this natural variation of
bighorn herds has been caused by fires and biotic successions that
periodical 1y improved and degraded habitats; by occasional severe
winters and periodic droughts; and possibly by epizootics that occurved
because of the bighorn's marginal immune capacity (Desert Bighorn
Council Techmnical Staff 1990). Optimization management addresses these
factors. Prescribed fire is used to maintain habitats (Risenhoover et
al. 19B8); winter ranges are often emphasized; water supplies are
maintained artificially in deserts; some diseases are treated (Miller et
al, 1987); and disease-carrying domestic sheep are avoided,

Natural processes in bighorn herds are not all congruent with goals
for optimizing bighorn sheep, listed above. Many bighorn herds migrale
across wilderness boundaries, so herds are often managed by agencies
with conflicting goals. Conflicts between state and federal agencies
have resulted (S5izer and Carr 1989, Bleich et al. 1991). However,
federal regulations leave 1ittle, if any, room for compromising
wilderness objectives. Where there are conflicting decisions ar
choices, "the wilderness resource 15 the overriding value® and this
value "shall dominate over olher considerations™ (FSM2320.6, 2320.3.1).
Khere objectives for managing wildlfife habitat are incompatible with
wilderness character or values, the requirements for maintaining
wilderness values take precedence (FSMZ2320.35, BLMMBSG0.34.C.1).

Smaller wilderness areas will experience 2 lower Frequency of
lightning caused fires that may be necessary to maintain bighorn ranges
and migration corridors. Small and narrow wilderness areas also have a
large ratio of boundary to area. As a result, most natural Firves will
be suppressed in these wildernesses due to the high risks of fire
leaving the areas (F5M2324.21.2 and .22.6d, ELHHﬂgEn.JE.Al}‘ In
addition, Fire suppression outside wilderness will reduce the frequency
of natural fires entering wilderness. The resuiting lack of fire could
gradually diminish the amount of ®ar'y-successional habitats benefictal
to bighorns (and othér early-successional species). It could also allow
fuels to accumulate, producing very infrequent, but very large, fires.
For bighorns, a long period with few Fires would cause gradual
population decline and increasing sedenlariness. Such a population may
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decline to the size of non-viability and disappear. If the population
survives, it may expand rapidly in response to an infrequent, very
large, fire. These possibilities of sedentariness, extirpation, or
boom-and-bust Fluctuations, are probably not natural in most wilderness
dareas.

A small wilderness may not contain the diversity of habitat
resources that a pristine, mobile bighorn herd once used. Some of the
once-used habitat diversity (including water sources or mineral 1icks)
may, or may not, persist cutside the small wilderness. Habitat
diversity provides a wildlife population with eptions for responding Lo,
and compensating for, adverse environmental variation, particularly
adverse weather such as drought or severe winter. A bighorn herd unable
to use a diversity of habitat resources would fluctuate more widely in
response to environmental variation. For small herds, these
fluctuations may result in loss of genetic diversity or extirpation.
Bath thejeu::s: fluctuations and the possible extirpation may be
unnatural.

The natural processes listed above occurred in pristine North
America when bighorn sheep were much more abundant and more continuously
distributed than today. Bighorn herds and ranges have contracted for
several reasons, including fire suppression in the Rocky Mountaing
(Wakelyn 1987, Cunningham 1991}, and other human-caused impacts upon
desert environments, especially upon water sources (McCutchen 1981:174-
lTﬁ;, Many natural processes of bighorn populations will not occur, or
will be limited in degree, within small, isolated wilderness areas.

This may lead to extirpation of bighorn herds from these areas, unless
limited unnatural human intervention is used to compensate for the small
size and restricted habitat diversity of many wildernesses. If
wilderness managers fail to recognize this dilemma, and pursue a purist
non-intervention policy, many bighorn herds may slowly decline, become
unnatural |y sedentary, and may disappear from the smaller wilderness
areas. The frony 15 that some intervention will be necessary to provide
the highest possible degree of naturalness in many wilderness bighorn
herds.

STATUS OF WILDERNESS MANAGEMENT RELATING TO BIGHORN SHEEP

The Forest Service and BLM administer 287 wilderness areas in 11
wastern states, excluding Alaska (U.S. For. Serv. 1990, Bur. of Land
Manage. 1991). Many of these areas contain both BLM and Forest Service
lands; 7 wilderness areas overlap state boundaries. (Additional
wilderness areas administered by the U. 5. Fish and Wildlfife Service and
the Park Service are not included here.) Bighorn sheep occur in 106 of
these wilderness areas, according to a survey of state biclogists.
Additional wilderness areas contain histeric range from which bighorns
have been extirpated.

Sixty-three percent of these 287 wilderness areas are <20,250 ha
(50,000 acres, Table 1) and 40 of these smaller wilderness areas
currently have bighorn sheep. Arizona added 39 BLM wilderness areas in
1990; 33 of these were <20,250 ha. Consequently, Arizona has the
largest number of small wilderness areas among the western states
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(Table 1). The preponderance of small wilderness areas may increase
2imilarly in other states when more BLM itud{ areas are designated as
wilderness. Small wilderness areas are not likely to include the entire
annual ranges of bighorn herds. A survey of 18 bighorn herds in
Colorado (Wakelyn 1984:55) suggests that a herd of 150 sheep will range
over about 16,000 ha (40,000 acres). While many wilderness areas exceed
this area, some proportion of each wilderness area is not suitable
bighorn habitat.

Table 1. Characteristics of Forest Service and Bureau of Land Management
wildarness areas in 11 western states.

517e -l ¥
GA CO ID MT NM WV OR UT WA WY Total
<10 18 4 3 1] 1 F i F | q i 40
10-50 48 24 4 0 3 13 7 18 110 11 5 14]
50-100 9 [ 7 0 2 2 3 A 1 1 0 36
100-150 4 3 b 0 0 0 Z 3 0 3 s 23
150-200 1 4 3 0 | 0 0 Z 1] 3 2 16
200-250 1] ) | Z Z Z 1] (1] L] D 0 9
»250 1 3 1 Fa 3 ] o__ ¢ 1 3 5 22
Total al 46 25 ] 12 20 13 34 13 25 14 287
Hvej size
(10° acres) 34 86 103 1031 262 76 61 62 60 104 219 95
% <50,000

ACres Bl 61 28 0 33 75 B4 @88 B5 60 36 63
No. with

bighgrn 32 119 4 8 6 10 3 3 3 1 106
*Seven wilderness areas occurring in 2 states are listed in the states
having the largest portions of the areas. This "diminishes" the number
of wilderness areas in ldaho, Montana and Wyoming by 1 area each, and
in Oregon and Utah by 2 areas each.

Not only are many wilderness areas small in relation to the ranges
of bighorn sheep, they are often narrow in width. The average width
across 25 wilderness areas in Colorado 15 about 9.7 km [6 miles, § = 4.8
km or 3 miles); the average width across 81 wildernesses in Arizona is
about 5.6 km (3.5 miles, S = 3.2 km or 2 miles). In contrast to these
dimensions, many bighorn herds once migrated annually over longer
distances, and some stil) do. For example, Smith (1954) noted that
Idaho bighorns commonly migrated 16-32 (10-20 miles), and 1 herd
migrated 64 km (40 miles), each year. Maintaining or reestablishing
such migrations, often across wilderness boundaries, would enhance the
naturalness, and therefore wilderness value, of bighorn herds.

We surveyed the status of wilderness management in 6 western
regions of the Forest Service and the Arizona BLM. Our survey
emphasized practices and policies related to prescribed natural fires,
prescribed ignitions of fire, development and maintenance of wildlife
water sources, and use of aircraft for wildlife census, reintroduction
of native species, and capture of animals. Responses were obtained from
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the BLM, from 4 Forest Service regional offices, from 4 of 11 Forest
offices in the Southwest Region, and from 5 of 17 Forest offices in the
California Region of the Forest Service. These responses related to 226
wilderness areas.

We found only 14 wilderness areas (7 FS, 7 BLM) with approved
wilderness management plans, or wilderness fire management plans.
Another 41 plans (20 F3, 21 BLM) were reported as currently being
developed or scheduled before 1995. Without such plans, almost all
natural fires must be suppressed in wilderness. (In 1 Forest Service
region, respondents from 3 Forests indicated that their Forest plans
authorized letting some natural fires burn in some wilderness.) We
found evidence that some natural fires had been allowed to burn in 21
Forest Service wilderness areas since 1980. Apparently, all fires have
been suppressed in more than 200 wilderness areas in the West.

Respondents identified 30 wilderness areas that are, or are
expected to be, managed under a policy allowing some natural fires to
burn. Twelve of these areas are >8],000 ha (200,000 acres). Ten are
<20,250 ha (50,000 acres), 1 in California and 9 in Arizona.
Respondents from the heavily forested Rocky Mountains believed that
natural fires could not be allowed to burn in "small”® wilderness areas
because the risk of fire leaving the area would be unacceptable.

Respondents were asked {f prescribed ignitions of fire might be
used in wilderness to allow fire to play its natural ecological role, or
to correct unnatural vegetative conditions resulting From human
influence. Results were highly variable. For 2 Forest Service regions,
respondents gquoted the agency manual (2324) to claim that prescribed
ignitions were not authorized for these purposes. In another region,
the respondent believed that prescribed ignitions were authorized, but
would not be approved. In 3 regions of the Forest Service, prescribed
ignitions of fire to maintain natural vegetation in wilderness is
authorized, at least on some Forests, We found only 1 instance of
prescribed ignition having been used in wilderness to restore fire to
its natural role in the ecosystem., (It was also noted that bighorn
sheep were a significant wilderness value that would be sustained by
this fire.) The Arizona BLM 15 allowed to consider using prescribed
ignition of fire to maintain natural vegetation under the guidelines of
T completed wilderness fire plans.

We found water developments for bighorn sheep in 18 wilderness
areas in Arizona (16 BLM, 2 F5) and 1 wilderness in California (F5).
There was complete agreement among respondents that maintenance of these
structures must be by primitive means and with the minimum equipment
needed - to minimize disruption of wilderness conditions. We found no
evidence that proposals to construct water developments for bighorn had
been denied; although the Arizona BLM policy is to defer such proposals
until the appropriate wilderness management plans are done.

The Arizona BLM responded that aircraft may be used in wilderness
areas for wildlife census, for capture of animals, and for
reintroduction of native species. However, responses varied greatly
among units of the Forest Service. Use of aircraft for census is not
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allowed on 1 Forest; it reguires a special decision on 2 Forests and
throughout 2 Regions; it is allowed on 1 Forest and throughout 2
Regions. (These 4 Forests with different policies are in 1 Region.)

Use of aircraft for capture of animals is not allowed on 1 Forest and
throughout 1 Region; requires a special decision on 2 Forests and
throughout 3 Regions; is allowed on 1 Forest and throughout 1 Region.
(Again, the Forests are in 1 Region.) WUse of aircraft for reintroducing
native species requires a special decision on 3 Forests and throughout &
Regions; is allowed on 1 Forest and throughout 1 Region. (The Forests
are in 1 Region.)

The status of wilderness planning and the interpretation of
wilderness regulations in the manual vary greatly among Forests and
Regions of the Forest Service. At an extreme, 1 Regien has no
wilderness management plans completed or being developed, suppresses all
natural fires in wilderness, responded that prescribed ignition of fire
is not authorized in wilderness, and would not allow use of aircraft for
capture of animals in wilderness. In another Region, there iz an
emphasis on developing wilderness management plans, natural fires may
burn in several wildernesses - even relatively small ones, and a
prescribed ignition of fire has been approved to enhance wilderness
yalue. In our survey, several state biologists complained that
wilderness management policies also varied when supervisors changed
within BLM or Forest Service units. We believe some of this variation
is due to lack of clear direction in the Forest Service manual.

RECOMMENDAT IONS

Although the wilderness act emphasizes preservation of natural
processes as a goal of wilderness management, the Forest Service manual
provides limited and inconsistent directions for achieving naturaliness
in wilderness. A Forest Service workshop, with experts in ecology and
the dynamics of ecosystems, should be convened to revise at Jeast those
portions of the manual dealing with wildlife, habitat management, and
fire. Until revisions are done, wilderness plans should be based upon
interpretations of the entire wordings of the manual, and not upon
strict interpretations of isolated sections.

Each wilderness area 15 unique and offers original opportunities
and challenges for maintaining - to the extent possible and practical -
a natural ecosystem. Small wilderness size and abundant interactions
across boundaries characterize most wilderness areas. These problems
should be addressed for each wilderness area by convening
representatives of agencies and publics affected by each wilderness
management plan, including state fish and wildlife agencies that manage
animals migrating across wilderness boundaries (F5M 2323.32, BLMN
A560.34.A.2). Joint understanding of specific wilderness goals, and
joint determination of the extent to which these goals may be achieved,
should reduce conflicts between optimization management and wilderness
management; and may el iminate conflicting and inefficient management
activities.

In desert areas, development and care of bighorn water sources can
maintain both optimization and wilderness values of the animals. Water
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sources are often funded by agencies and/or foundations primarily
interested in optimization vu%ues; while costs for development and care
are often increased by requiring primitive methods that will preserve
wilderness values. In these cases, finmancial support of bighorn water
SOuUrces E?HM federal agencies or from wilderness foundations is
Justified.

The western states need almost 300 wilderness management plans.
A1l these plans will not be completed quickly. Until plans for
wilderness bighorn sheep are developed, management should maintain
options for maximizing wilderness values of bighorn herds. Interim
goals should be to maintain existing populations amd their genetic
diversities, and to maintain existing traditionally-used seasonal ranges
and migration corridors. (This may require some of the management
strategies suggested below.) In wilderness areas where bighorns have
been extirpated, and it is clear that reestablishing bighorns i%
possible and will contribute to the wilderness area’s natural
biodiversity, transplanting sheep need not be delayed until detailed
wilderness managemeant plans are done.

In summarizing the results of a workshop on ecosystem management
for parks and wilderness areas, Johnson and Agee (1988:11-12) suggest
that planners (1) identify primary components of wilderness systems; (2)
define ecosystem boundaries, perhaps going beyond wilderness boundaries,
for these components; (3) adopt goals and management strategies for
primary components; and (4) develop monitoring systems to assess goal
achievement for each component. (The concept of identifying “primary
values” of wilderness areas is introduced in F5M 2323.3%a.) In most, if
not all, wilderness areas containing bighorn sheep, they should be
designated as primary components for many of the following reasons:

(1) Most wilderness bighorn herds have exceptional recreational and
esthetic values.

(2) Some herds have locally important economic value. Congress has
recognized economic values of other wilderness resources by
allowing grazing and mining to be “"grandfathered in®.

(3) Most bighorn herds should have large home ranges. Mafintaining their
habitats may protect smaller species having similar habitat
needs and may stimulate coordination of management across
wilderness boundaries. Thus, bighorn sheep qualify as an
indicator species (Salwasser 1988:95).

(4) Bighorn sheap are far below their pristine abundance and
distribution (Buechner 1960). Only a few other large western
mammals have been reduced as much (or more) as bighorns.
Bighorns are listed as "threatened® inm California.

(%) Dispersed, relatively small bighorn herds must be managed as
metapopulations in order to preserve the genetic resources of
the species (Bleich et al. 1990, Bailey 1992), and these
resources contribute to wilderness value. Some
metapopulations will include herds in wilderness areas.
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Wilderness plans should not be vague in defining goals for bighorn
sheep, The "compléte naturalness” goal and “let it be™ strat can
result from indoient disregard of the diversity and dynamics of natural
processes and of the real constraints for achieving naturalness in
wilderness. Indolence may be fostered by the slow rates at which herds
decline and become sedentary, in relation to the rates at which
government employees transfer among jobs.

Goals for wilderness bighorn sheep should be developed according Lo
local opportunities and constraints. They should include reintroduction
of sheep intoe historic ranges, participation in regional bighorn
metapopulations, minimum acceptable Tevels for herd sizes and movements,
and the elimination of contact with domestic sheep.

Bighorn sheep should be reintroduced onto historic ranges within
wilderness (BLMM B560.34.D.1, FSM 2323.33a). Goals for reintroduced
herds should include reestablishing historic movement patterns.

Each wilderness plan for bighorn sheep should address the potential
contribution of the wilderness herd and habitat to a larger
metapopulation that will conserve genetic variation of the species.
This mandate is implied in many sections of the BLM and FS manuals that
emphasize the presarvation of natural resources and processes - in this
case, genetic resources and evolutfon. Metapopulations should be
recognized in management plans of all agencies responsible for the
metapopulations® herd-components and their habitats. [Ideally, contacts
between herds would involve matural movements. However, some wilderness
bighorn herds surrounded by unsuitable habitat should be augmented
genetically by occasional transport of sheep from other herds.

Herd sizes and movements should be allowed to fluctuate, without
human interference, above threshold levels., These thresholds should be
selected to reduce to acceptable levels, the threats of herd extinction,
and of long-term loss of migratory habits and genetic resources. When
bighorn herds or their movements decline to threshold levels, human
intervention is warranted. This may include prescribed ignition of
fire, simulating a natural fire regime (BLMMB560.35.A.3, FSM 2323.35A);
providing artificial water sources to replace waters that have been
depleted inside or out of wildérness by human activities [BLMM
8560.34 .C.6, FSM 2323.35A); and transplanting sheep to provide
"artificial immigration" and augment genetic diversity. Such
intervention may be necessary to maintain a herd im as natural a state
as possible.

Selecting a minimum population threshold for a wilderness bighorn
herd will be somewhat subjective and arbitrary. 5Small herd size fosters
inbreeding, but acceptable rates of inbreeding are unclear. The risks
of stochastic fadeouts due to small herd sizes are also uncertain, and
Wwill be greater in wilderness areas with more variable physical
environments and less diverse habitat resources. These risks must be
weighed against the amount of human intervention, and compromise of
other wilderness values, necessary to maintain a larger, less
threatensd, herd.
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In reviewing the historic record, Berger (1990) concluded that
populations of <50 bighorns are not viable, and that long-term
persistence of herds <100 1s questionable. Soule’ [lﬂﬂﬂ? suggested that
vertebrate populations equivalent to <50 "effective breeders” will
exceed an (arbitrarily selected) unacceptable rate of inbreeding. In
bighorn sheep, having the equivalence of 50 effective breeders will
require a herd of about 150 animals (Fitzsimmons 1992), depending upon
sex-age structure and other factors. Even with 150 bighorns, genetic
variation and adaptability will gradually be lost through random
selection (drift). Maintaining genetic variation in large mammals will
require >1000 animals (Franklin 1980). These animals may exist in a
metapopulation of several herds connected, genetically, by occasional
movements of individuals.

Given the scientific uncertainty, we suggest that wilderness
planners select >150 bighorn sheep as a minimum threshold for herds
proposed as core populations (Bailey 1992) of recognized
metapopulations. Selecting a threshold of <150 sheep may be appropriate
for 1) small wilderness areas incapable of supporting many sheep, for
which herds are designated interdependent components of patchy
metapopulations; and 2) wilderness bighorn ranges for which occasional
extirpation and refoundering are considered natural processes in
satellite populations, Most often the metapopulation will include herds
outside wilderness boundaries. We encourage abundant critique and
discussion of these suggestions (cf. Geist 1975:105, Thomas 1990).
However, ? recent surveys (Thorne et al. 1985; Bur. of Land Management,
n.d.) indicate that »>60% of bighorn herds in the United States contafin
<100 sheep. Achieving 150 bighorn would improve the security of many
wilderness bighorn herds, and goals may be revised as new information
may dictate. We believe many wilderness bighorn herds are now isolated
and <150 animals. For these herds, human intervention is already
warranted and should be considered In dnvulnpin? wilderness plans and in
interim management of areas without completed plans.

We suggest that wilderness planners establish goals to maintain at
least | migration corridor between each pair of seasonal bighorn ranges
within a wilderness, and to maintain suitable corridors between some
wilderness herds and nearby herds outside the wilderness., A common
threat to these corridors will be biotic succession, a consequence of
lack of fire. We balieve many wilderness bighorn herds are now
unnagurT1;5}szdentary, warranting timely human intervention (Risenhoover
et al. 19 8 .

A wilderness goal for bighorns should be to eliminate contact with
domestic sheep (Desert Bighorn Counc. Tech. Staff 1990). Options are to
vacate existing allotments, or convert Lhem to cattle, perhaps through
gxchange of use with areas away from bighorns. Other options &re to
stringently control the distribution of domestic sheep, and to encourage
and maintain dense forests as barriers to discourage movements of wild
sheap toward domestic shaep.
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EFFECT OF PNEUMONIA ON POPULATION SIZE AND LAME RECRUITMENT IN WHISKEY
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Abstract: During the winter of 1990-91, a major die-off of Rocky
Mountain bighorn sheep (Ovis canadensis canadensfis) occurred in the
Whiskey Mountaln area near Dubois, Wyoming. Onset of the die-off was
attributed to Tncreased physiological stress resulting from several
weeks of -40 C temperatures and 80 km/hr winds during peak rutting
activities and human visitation. Three carcasses and various tissues
from B additfonal sheep were collected from affected winter ranges and
gxamined at necropsy. All lungs were grossly pneumonic  and
microscopically characterized as suppurative to fibrinopurulent
bronchopneumonia. Pasteurslla haemplytica was isolated from all tonsils
cultured, but from only 1 Tung. No bacterial pathogens were isolated
From 4 lungs, Moraxella sp. was isolated from 2 Tungs and Chlamydia
psittaci was isolated from 1 lung. Viral respiratory pathogens,
lungworms and other parasites did not appear to ba significant in
causing mortality. The deaths of 124 bighorn sheep were directly
attributed to pneumonia, although computer simulations suggested actual
mortality probably exceeded 450 sheep. Animals died in approximately
the same sex and age categories as existed prior to the die-aoff, based
on examination of carcasses in the field. Lamb:ewe ratios declined from
44:100 in December 1980 to 16:100 in May 1991, but the percentage of
yearling sheep observed in December 199] indicated lamb mortality
during the die-off did not exceed normal Jlevels. Hunting 1icenses
issued in 1991 for 3/4 curl rams were reduced by 22% from previous
years. This reduction tended to mask effects of the die-off as success
and average age of harvested rams remained similar to previous years.
By December 1991, surviving sheep recovered from acute effects of
pneéumonia. Reduced Jamb recruitment during 1991 (6 lambs:100 ewes in
Dacember) and predicted sub-normal production in 1992 will pose future
management challenges as these age classes carry through the
population. However, 1in spite of losing an estimated 30-40% of the
population in 1991, the long-term prognosis is favorable.

lnuceased
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Pneumonia is a well documented and significant mortality factor in
bighorn sheep populations throughout their North American distribution
(Spraker 1979, Feuertefin et al. 1980, Wizhart et al. 1980, Spraker and
Hibler 1982, Festa-Bianchet and Samson 1984). Although not completely
understood, outbreaks of pneumonia generally occur when animals are
stressed above levels which they are accustomed to and/or contact
domestic sheep. Further, extant wviral and bacterial respiratory
pathogens and parasites can affect the severity of a given pneumonia
related die-off.

The Whiskey Mountain area in west-central Wyeming supports one of
the world’'s largest wintering concentrations of Rocky Mountain bighorn
shee?_ Sheep from this area have been utilized to re-establish or
supplement populations throughout Wyoming and § other western states.
They are also becoming more important locally as a source of economic
revenue  from nonconsumptive wildlife users. One of the reasons this
population has been attractive as transplant stock §s because it has
not undergone a major disease-related die-eff in recent history. This
paper documents the effects of the first large-scale pneumonia outbreak
in Whiskey Mountain sheep.

We thank A. BoergerFields, .J. Cavender, T. Fulk, T. Haven, C.
Lynn, and V. Welch, Wyoming State Veterinary Laboratory; 5. Anderson,
Wyoming Game and Fish Department; and A. J. Welch, U.S. Bureau of Land
Management for assistance with this study. Dr. R. Ellis, Veterinary
Oiagnostic Laboratory, Colorade State University, assisted with
{dentification of the Moraxella-like bacteria.

STUDY AREA

The majority of winter habitats utilized by bighorn sheep in the
Whiskey Mountain herd lie " immediately south of Dubois, Wyoming.
Geology, climate, and vegetalion of these habitats were summarized by
Butler ([1977). Within the genmeral wintering area, sheep have
historically congregated on 3 “"key" sites. These sites include Sheep
Ridge, BLM Ridge., and Torrey Rim. The combined number of animals
utilizing these sites varies between G00-300 annually.

Livestock grazing has been greatly reduced over the past 20 years
a5 habitats were acquired for management as sheeép wintér range.
Currently, 20-40 domestic horses (Equus caballus) gqraze portions of the
winter range and only 2 forest allotments have active cattle (Bos
taurus) preference within the Fitzpatrick Wildernass. There are no
domestic sheep (Ovis spp.) grazing permits in the area. Winter and
summer ranges of bighorn sheep are also used extensively by
backpackers, photographers, fisherman, hunters, and other wildlife
enthusiasts.

METHODS

Clinical evidence of pneumonia was first documented in Whiskey
Mountain sheep on 13 December 1990. By 6 January 1991, pneumonia was
s0 prevalent that annual trapping operations were cancelled in order to
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prevent stress  and avoid possible introduction by translocation of
disease to other bighorn sheep herds. To determine the cause of the
pneumonia outbreak, 2 animals shot while exhibiting clinical signs of
prneumonia, 1 complete carcass of an animal found dead, and various
tissues from B additional bighorn sheep were examined at the Wyoming
State Veterinary Laboratory, Oepartment of Veterinary Sciences,
University of Wyoming.

Carcasses and tissues were examined grossly and body condition
assessed subjectively based on the amount of visceral and bone marrow
fat. Representative tissues were fixed in 10X buffered formalin. These
wore processed routinely for paraffin  embedment, stained with
hematoxylin and eosin and examined by lighl microscopy. Special stains
included PAS and Gram®s,

Tissues collected at necropsy were cultured at 37 C on Columbia
agar base with 5% sheep blood and MacConkey agar incubated aerobically
in 5% COZ. Isolates were jdentified using accepted methods (Lennette ot
al. 1985, Carter and Cole 1990). Lung and/or spleen samples were tested
by fluorescent antibody tests for bovine respiratory syncytial virus
(BRSY) antigen, bovine virus diarrhea virus (BVOY) antigen,
parainfluenza 3 {FIE} virus antigen, infectious bovine rh1nntracheitis

virus (IERV) ant+? (Carbrey et al. 1971), and Chlamydia psittaci
antigen (Riggs 1979). Virus isclation was attempted an uvinﬂ embryonic
testicle cells using the techniques of Carbrey et al. (1971).

Chlamydial isolation was attempted on McCoy cells (Haven et al. 1992).
Feces ware examined fFor intestinal parasites by sugar Flotation and for
lungworm larvae by the Baermann technique (Soulsby 1982).

In addition, to assess what potential respiratory pathogens might
have been present in the herds prior to the epizootic and in the
subsequant year, sera collected in January 1990 and 1992 were tested by
virus neutralization for antibodies against BVDV, IBRV, PI3 virus, and
BRSY (Carbrey et al. 1971), by compliement fixation for Chlamydia
spp.  (Texas VYeterinary Medical Diagnostic Laboratory, Callege Station,
Texas), and by enzyme-1inked immunosorbent  assay (ELISA) far

haemolytica specific antibody (K. W. Mills, unpubl. data).
Sera were not collected during the epizootic in 1991 because trapping
operations were cancelled.

From 11 January through 16 May 1991, sheep were surveyed
approximately every 12 days. All animals observed were classified as to
sex, age (Geist 1968), and whether or not they exhibited signs of
pneumonia (i.e., coughing and/or nasal discharge). Percentages of Lhe
population infected with pneumonia were estimated using these data.
All dead animals found were recorded as to location, sex, age, and, if
suitable, submitted for necropsy.

Classification data were compiled and analyzed using Version 6.10
of the computer model POP-I1 (Barthelow 1990). Simulations were
directed at data alignment from 1986-91 wusing harvest mortality,
post-hunting season sex and age ratios, and trapping/transplanting
removals. To determine total mortality associated with the pneumonia
outbreak, winter Mortality Severity Indices (M51) in the model were



139

fncreased to simulate the observed decline in lamb:ewe ratios from
December 1990 (fi.e., post-season) to May 1991 (j.e., end-of-biological
year). Following ULthese analyses, license quolas were set For 1991.
Harvest data for 1991 were collected and analyzed, and sheep were
classified again in December 1991. The simulation model was updated in
spring 1992 using all 1991 data. Vegetation data presented in this
paper were collected using methods outlined in Butler (1977).

RESULTS
Winter, 1990-9]

From 1985-89, western Wyoming experienced above normal daily
temperatures and below normal precipitation patterns (U.5. Department
of Commerce 1992). Drought conditions peaked during 1988 apd
contributed to the massive Yellowstone wildfirves. In the Wind River
Mountains, drought appeared to moderate during the summer of 1990. As
a result, lamb survival through the 1950 post-hunt period was slightly
higher than the previous 3-yr average (A4 lambs:100 ewes wversus 39
lambs:100 ewes). Lale-winler snows and heavy rains just prior to the
birth of Tlambs apparently resulted in good post-partum foraging
conditions. Better than average forage production on summer range was
reflected in data collected on key winter use sites (Table 1).
Herbaceous forage production improved dramatically above long-term
average levels for sampling sites on BLM and Sheep Ridge. However,
production was well below the long-term average For sampling sites on
Torrey Rim.

Table 1. Comparison of herbaceous forage production (kg /ha) among
Whiskey Mountain bighorn sheep winter usze sites.

Site 1990 1981 5 yr. avqg.
Torrey Rim West 302 537 417
Torrey Rim East i7a 817 540
Sheep Ridge East 563 567 451
Sheep Ridoge West 484 359 i1z
BLM Ridge East 998 639 873
ELM Ridge West 458 476 404
Averages 537 569 450

The winter of 1990-9]1 was generally mild exceplt for a 2-week
interval in December 1990. Temperatures during this time dropped as
low as -40 C. Under these conditions, winds are usually negligible,
Howevar, during the December cold period, winds in excess of B0 km/hr
were comman. Thus, wind chill factors of -BS [ accurred during the rut
when animal energy expenditures were high and human visitation was at a
peak. The combination of high animal energy expenditures, increasad
human disturbance, extremely cold temperatures, and below normal forage
production on Torrey Rim corresponded to the appearance of clinical
pneumonia within that segment of the herd. By mid-February, the
disease appeared in animals on BLM Ridge and Sheep Ridge.
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Since pneumonia was not diagnosed in sheep on BLM or Sheep Ridges
until mid-February, those areas were not surveyed az intensively until
that time (Table 2). Several trends are evident when comparing
classification data collected from 13 December 1990 to 16 May 1991.
First, rams left wintering areas in large numbers following cessation
of the rut. Total ramiewe ratios declined significantly in
late-January, February, and April and those rams observed were
primarily yearlings and Class 1 animals. Second, on Torrey Rim where
the disease was first diagnosed, the 1990 lamb crop was essentially
eliminated by May. Lamb mortality was not as significant on BLM and
Sheep Ridges. Finally, numbers of sheep observed in the area declined
steadily until May. ODeclines were probably caused by a combination of
increasing sheep mortality and movement of some animals off primary
wintering sites. Increased numbers of sheep observed in May were
thought to be the result of early plant green-up at lower elevalions.
Lugh, succulent wvegetation probably attracted animale which had
previously left these aveas.

A total of 124 dead bighorn sheep were found, mostly by horn
hunters during and after the die-off. Thirty-six percent of all rams
observed during 1990 post-season classifications were yearlings. Only
11% of documented ram mortalities were yearlings. Thus, yearlings died
at a lower rate than they exisled in the population prior to onset of
pneumonia, while older, breeding-age rams succumbed at a higher rate.

Class [ rams comprised 35% of al] rams aged 2+ and older. Yet,
only 19% of adult ram mortalities occurred in this age category.
Conversely, Class Il rams made up 30% of the classification sample,
but 51% of the documented adult ram mortalittes, Class III and Class
IV rams died at rates similar to percentages of the population observed
in Dacember (24% observed versus 22% of mortalities and 11% observed
versus B% of mortalities, respectively). Total ewe mortality was not
determined through data collection efforts, but is thought to have
occurred in proportion to this sex class’'s occurrence in the herd.

Late, heavy snow accumulations in  April 1991, coupled with heavy
rains and more high elevation snow in May, forced sheep to remain on
winter habitats much later than in most years. By 31 May, snow depths
exceeded | m at elevations above approximately 2,900 m and many animals
remained at low elevations. As a result, early lambs were being born
on traditional wintering sites.

Using a POP-II computer model, post-season lamb:ewe ratios from
1986-90 were aligned to within 1 lamb:100 ewes of observed values.
Simulated post-season ram:ewe ratios were left to track approximately
11 rams:100 ewes above observed values because some ram bands winter at
high elavations and were missed during ground surveys.

After aligning the model with observed data by adjusting winter
Mortality Severity Indices, 4t calculated a total mortality of 4&7
animals. Estimated ewe and lamb losses appeared feasible when compared
with changes in observed age ratios from December 1990 to May 1991 and
documented mortalities. However, the model could not accurately
simulate documented ram mortality with its existing initial age
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Table 2, Bighorn sheep classifications conducted on Whiskey Mountain
winter use sites during the pneumonia outbreak of 1590-91.

Total
Location Rams: 100 ewes: counted
and date Rams Ewes  Lambs 1ambs (% sick)
Torrey Rim:
12/13/90 71 195 86 36:100:44 352 (0%)
1/11/91 a7 125 64 30:100:51 226 (9%)
1/18/91 50 151 47 33:100:31 248 (8%)
1/24/81 52 162 42 32:100:26 256 (5%)
1/30/91 31 124 40 25:100:32 195 (4%)
2/08/91 55 188 52 29:100:27 295 (4%)
2/15/91 21 164 47 13:100:26 227 (4%)
2/22/91 1 82 23 13:100:28 116 (3%)
4/15/91 29 139 12 21:100:9 180 (2%)
5/16/91 29 115 8 25:100:7 152 (0%)
BLM Ridge/Sheap Ridge:
12/15/90 8z 221 94 37:100:43 397 (0%)
1/11/918 42 59 12 105:100:20 113 (0%)
1/18/918 46 97 33 47:100;34 176 (0%)
1324;91; 8 9] 35 31:100:38 154 (0%)
1/30/91 130 (0%)
2/08/910 156 (10%)
2/15/91¢ 2f 233 95 12:100:4] 355 (1%)
27224914 26 207 17 13:100:37 310 [2%)
47157914 2] 138 3z 15:100:23 191 (3%)
5/16/914 50 710 52 29:100:24 322 [24)
Area-wide Surveys:
12/15/90 153 419 180 37:100:43 749 (0%
2/15/91 48 397 137 12:100:35 582 (2%
2/22/91 37 289 100 12:100:35 426 [3%)
4/15/91 50 277 44 16:100:16 371 (2%)
8/16/91 B9 320 &0 27:100;18 474 (1%)

"BLM Ridge surveyed only.

DELM Ridge surveved only, noné classified because no sick sheep
observed.

CBLM & Sheep Ridge surveyed, no sick sheep observed on Sheep
Ridge.

EBlH % Sheep Ridge surveyed, sick sheep observed on both.
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structure. Thus, total estimated mortality was considered
conservative.

A1l carcasses and Lissues examined at necropsy were collected on
the Torrey Rim portion of the winter range from 4 January to 5 February
1991. Three carcasses and scavenged remains from 8 bighorn sheep were
examined. Eight samples were from ewes, | was from a ram, and the sex
of 2 were unidentified. Four of these ztamples were from lambs, 1 was
from a yearling, 5 were from adults, and age of 1 specimen was not
determined., Body condition was determined to be excellent in 2 cases,
good in 4 cases, poor in ] case, and 1 animal was judged to be
emaciated. Two adult ewes were pregnant. Other documented carcasses
h'-erva1 difcuﬂered. but were not suitable andfor not submitted for
examination.

No bacteria were isolated from 4 of 7 Tungs cultured.
Moraxella-like bacteria were isolated from 2 lungs, and P. haemolytica
was isolated from 1. Tonsils from 3 bighorn were cultured and all were
positive for P. haemolytica, including the animal that had this
bacteria in the lung. Actipomvces pypgenes was also isolated from the
lung of this affected animal. Al]l P. haemolytica isolates were
nonhemolytic and typical of T types. The Moraxella-Tike organism was
fdentified based on the following biochemical and other criteria: Gram
negative, oxidase positive, catalase negative, wvancomycin resistent,
151 K/K, urea negative, motility negative, nitrate negative, and no
growth on MacConkey agar (R. E11is, Colorado State Univ., pers.
commun. ).

A1l Floorescent antibody tests om lung tissues for respiratory
viruses and Chlamydia were negative as were attempts at wvirus
isolation. However, C. psittaci was fisolated from the lung of 1
animal. Parasite burdens were considered low to moderate; 10, gn, and
150 1larvae of Protostropgylus sp. per gram of feces were found in 3
animals. Eggs and oocysts of Nematodirus sp., Irichuris sp., and
Eimeria sp. were detected in fecal samples, but numbers were low.
Sarcocysts were identified in skeletal andfor cardiac muscle of 4
animals by microscopic examination.

Bronchopneumonia was grossly apparent in all Tungs examined. Some
were autolytic and many had been frozen and thawed prior to
examination. The anteroventral regfons were involved in all animals For
which distribution could be determined. In those animals, grossly
recognizable lungworm nodules were in the dorsal diaphragmatic lobes.
Microscopically, the Tlesions in lung were characterized by vascular
congestion and exudation of edema, neutrophils and macrophages into
bronchi and alveoli. Fibrin within alveoli and on the pleura was
observed in some animals. Areas of necrosis occurred fin 2 animals,
including the animal from which P. haemolytica was fsclated from the
lung. Mild bronchial epithelial hyperplasia was recognized in 1 animal.
Bacteria were observed within pulmonary parenchyma, bul large celenies
were not common. Mild multifocal ogranulomatous to pyogranulomalous
1?f1a?Tatiﬂn was associated with eggs, larvae, and adult lungworms in
diveoln.
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Results of virus neutralization tests indicated that BYOV was not
present in the Whiskey Mountain herd (0 of 12 seropositive in 1990 and
0 of 27 seropositive in 1992). However, serclegic evidence indicates
other potential respiratery pathogens are very common. Eleven (92%) of
12 bighorns were seropositive or antibodies against FI3 in 1990
(reciprocal geometric mean titer [GMT] = 106, range 1:16 - 1:256) and
27 glﬂﬂi} of 27 were seropositive in 1992 (GMT = 131, range 1:16 -
1:1024). Similarly, 11 (92%) of 12 bighorns were seropositive (GMT =
60, range 1:16 - 1:512) for respirvatory syncytial virus antibodies in
1991 and 27 {lﬂﬂE% of 27 were seropositive (GMT = 69, range ]1:16 -
1:2048) in 1992. Twelve (100%) of 12 bighorn were seropositive (GMT =
30, range 1:16 - 1:64) in 1990 and 25 (93%) of 27 were seropositive
{GMT = 59, 1:16 - 1:64) for antibodies against Chlamydia spp. in 1992.
In 1990, 9 (69%) of 13 bighorns were positive for P. haemolytica
antibodies by ELISA and 1in 1992, 25 (93%) of 27 animals were
seropositive. Seropositive animals for respiratory pathogens in 1992
included 1 lamb, indicating that transmission geeurred between the time
of it's birth in June 1991 to January 1992.

Winter, 1991-92

Because preliminary data analyses from 1990 suggested a
substantial die-off had occurred, the number of hunting licenses for
fall 1991 was reduced from B2 to 64. Reducing total Ticenses by 22%
was successful in lowering the harvest of 3/4 curl or larger rams by
17% from the previous 3-yr average (39 versus 47, respectively).
However, hunter success incréased from 57% ta 61%, the average age of
harvested rams veémained at 6.5 yrs, and the percent of Class [I] and [V
rams in the harvest increased from 33% to 46%. Thus, reduced license
numbers effectively masked any detectable influence of the die-off on
harvest statistics.

On 17 December 1991, bighorns were again classified on Jow-
elevation winter ranges. A total of G608 sheep was observed during these
classifications. An additional 354 animals were observed during aerial
surveys. Only 1 animal exhibited signs of pneumonia and il was shot;
necropsy revealed chronic resolving pneumonia. Lamb production
declined to & Tambs:100 ewes, the lowest level ever documented for this
sheep population. Ram:ewe ratlos were similar to those observed in
1990 (i.c., 39 rams:100 ewes each year).

DISCUSSTON

Acute to subacute, suppurative to fibrinopurulent bronchopneumonia
was responsible for the mortality observed in the Whiskey Mountain herd
in 199]1. No known respiratory pathogen was consistently isolated from
Tungs and in 4 cases no bacteria were isolated. Microscopic lesions
ware most consistent with P. multocida or other bacterial induced
bronchopneumonia and were not tyﬂzcal of lesions usually observed with
P. haemolytica Jlung infection (Dungworth 1985). There was no evidence
to suggest that viral respiratory pathogens were involved in this
epizootic, even though the serologic data indicate that these viruses
are ubigquitous in this herd. The role of Chlamydia spp. is not clear.
It may act synergistically with bacteriz to produce pneumonia and may
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have been important in at least 1 animal.

P. haemolytica was isolated from the tonsils of 3 bighorns, but it
was only present in the lung of 1 animal. Apparently, even though this
bacteria is carried in the oropharynx, it may not be important in
initiating bronchopneumonia even in the face of considerable
environmental stress. The bighorn that had P. haemolytica in the lung
was in poor body conditfon, also had A. gxgggﬂﬁi_;ﬁﬁiﬁﬁfimxgjg in the
lung, and the course of clinical disease was more prolonged Lhan
observed in the other animals. Perhaps, multiple Ffactors allowed P.
haemolytica to colonize the lung.

Moraxella and Pasteurella are taxonomically similar bacteria,
though Moraxella is not considered a primary respiratory pathogen in
domestic ruminants (Timoney et al. 1988). Mora liguifaciens was
isolated from healthy bighorns from Whiskey Basin in 1976 and 1977
(Thorne et al. 1979) suggesting that L is probably npet a primary
pathogen., Similarly, PI3 virus appears to have been present fin the
Whiskey Mountain herd for a lTong period of time without causln?
appreciable clinical disease. Thorne et al. (1982) reported 23 (77%) o
30 bighorns sercpositive by wvirus neutralization in 1976 and 1977.
Long-term data are not available on the other potential respiratory
pathogens, but there was Tittle difference in seroprevalence to BRSY,
Chlamydia, and P. haemolytica batween 1990 and 1992. This, along with
no evidence these were active in animals necropsied, suggests they were
unimportant in the epizootiology of this pneumonia outbreak.

The epizootic occurred following a period of severe environmental
stress.  Animals varied in body condition. Two animals shot because of
pneumonia were judged to be in excellent body condition. Thus, body
condition alone was not a predisposing Ffactor. However, a comparison
of 1990 post-season ram classifications with the age structure of ram
mortal ities suggest that males may have been the first animals to
become sick during the December cold period. Since Class II, III, and
IV rams perform most of the breeding, these age classes would be
expected to be in poorer physical condition than yearling and Class I
rams, Thus, they should be more susceptible to & stress-related
disease outbreak and would theoretically be more likely to succumb at
higher rates than other ram age classes.

Originally, lambs were thought to have died at a much higher rate
than they occurred in the population. However, the percentage of
yearling sheep observed in December 1991 surveys was nol significantly
lower than average. Thus, lamb mortality during the diE-u%F may have
been compensatory to normal natural mortality in this segment of the
herd. Although relatively few lamb mortalities were documented, avian
scavengers and other predators rapidly removed all evidence of a
carcass soon after death. During several sheep surveys, lambs which
wore discovered within hours of death were almost completely consumed.

During the pneumonia outbreak, wintering animals foraged in large,
compact herds. This herding behavior probably facilitated spread of
the disease among animals, Because several dead rams were found in Dry
Whitkey Creek between Torrey Rim and BLM Ridge, male: traveling between
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owie=Tamb groups in these areas during the rut may have carried the
dizsease to western portions of the area.

Daspite death of an estimated 30-40% of the population, the
long-term ?rugnus1s for this herd is favorable. Since approximately
1,000 animals were observed 1 yr after the die-off, adequate numbers of
sheep remain to retain learned migratory behavior. We feel this
behavior 1is essential to reduce %hr&gf use on wWwinter ranges and
maintain high physiological and genetic fitness. In addition, winter
habitats at Whiskey Mountain continue te be intensively managed to
increase forage production and expand sheep distribution into suitable,
but currently unused areas. Reduced lamb recruitment during 1991 and
predicted sub-normal production in 1992, however, will pose future
management challenges as Lhese age classes carry Lhrough the
population.
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LAMB SURVIVAL AND HERD STATUS OF THE LOSTINE BIGHORN HERD FOLLOWING A
PASTEURELLA DIE-OFF

VICTOR L. COGGINS, Oregon Department of Fish & Wildlife,
82119 Fish Hatchery Lane, Enterprise, OR 97828

PATRICE E. MATTHEWS, Oregon Department of Fish & Wildlife,
82119 Fish Hatchery Lane, Enterprise, OR 97828

Abstract: Two=thirds of the Lostine bighorn sheep herd (Northeast
Dregon) died during & Pasteurslla epizootic 1in winter 1986-87.
Circumstantial evidence indicated the disease was transmitted from
domestic sheep. Lamb survival was poor the first 2 years following the
die-off, but gradually improved thereafter. The current herd status,
productivity, and managemenl implications are summarized.

Rocky Mountain bighorn sheep (Ovis canadensis canadepsis) (Bailey
1936) were native to WNortheast Oregon, but disappeared by the mid

1940'=, Recent archaeological evidence indicates bighorns were abundant
in what is now Wallowa County. Faunal remains from archaeological digs
in Hells Canyon indicate bighorns were the most important unqulate Tood
item for pre-settiement Indians.

Restoration efforts in Oregon began in 1971 when 15 ewes and 5 rams
from Jasper Mational Park, Alberta, Canada were released in the Lostine
River drainage of the Wallowa Mountains (Coggins 1988). The herd was
migratory, wintering on open grass slopes on the north end of the
Wallowa Mountains (Lostine Wildlife Area) and summering 8 to 16 km (5 to
10 miles) south in high-elevation alpine basins along the Hurricane
Divide. The Lostine bighorns did well and limited ram hunting started
in 1978. Trapping and transplanting was initiated in 1977 and 152
bighorns were moved te 9 different <ites by 1986. Winter population
levals were kept at relativaly stable numbars of about B0 sheep by
hunting and live trapping.

An all-age die-off from Pasteurella pneumonia was diagnosed in
November, 1986 and reduced bighorns from an estimated 100 to 34 animals
(Table 1). Circumstantial evidence linked the die-off to contact with
domestic sheep (Coggins 1988), as has been reported by Onderka and
Wishart (1988), Foreyt and Jessup (1982), and others.

The assistance of many Oregon Department of Fish and Wildlife
parsonnal , numerous volunteers, and others that aided with this project
is greatly appreciated. Special thanks are dugs to Dr. Bill Foreyt,
Washington 3State Universily (W5U), for his assistance and advice on
disease monitoring. Also special thanks are due Rosemary Peterson, who
Lyped and retyped Lhe manuscript.
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METHODS

Surviving Lostine bighorns were captured in a corral trap and ear
tagged with alflex numbered tags. Al kKnown surviving bighorns except |
ram were aventually ear tagged.

Individual records wérd kept on animal movemants, body condition,
treatments received, blood and nasal test results through January 1992.
Herd composition counts were conducted in June-July on the summer range
and again in December-February on the winter range. Trapping was
conducted during mid-winter to tag surviving lambs and collect blood
samples and nasal smears. Cotton tipped swabs were used to rub the
nares. Nasal swabs were placed in Amies transport medium and submitted
within 48 hours after collection te the Washington Animal Disease
Diagnostic Laboratory, Pullman, Washington, for bacteria amalysis.
Bacterial isolates were confirmed by biochemical testing (Carter 1984).
Biotyping and serotyping methoeds for P. haemolytica were completed using
established formats (Biberstein 1978, Frank and Wessman 1978).
Replicate ground counts were made From December through February on the
wWinter range until observers were satisfied that the census was
complete. Ear tag numbers were recorded on individual record cards that
alded im the accuracy of the surveys. Marked animals that were not
located for 2 years were considered dead.

RESULTS AND DISCUSSION
Lamb Survival Since Die-0ff

June-July lamb production counts indicate lamb;ewe ratios varying
from a low of 43:100 in 1988 to 71:100 in 1990 (Table 2). December-
February herd composition counts (Table 2) indicated lamb survival was
poor the first 2 years following the die-off with lamb ratios of 11 and
10:100 ewes in 1987 and 1988, respectively.  Survival increased from a
Ig;]uf 22% the first lambing period after the disease outbreak to 66% in

Table 2. Bighorn lamb:ewe ratios from surveys conducted during June-
July and December-February, and percent lamb survival between July and
December counts, 1987-91.

June-July 3 r
Lambs / Lambs / Percent
Year 100 ewes (n) 100 ewaes (n) Survival
1987 50 (21} 11 (21) 22%
1988 43 (30) 10 23) 23%
1989 No data 37 36)

1990 71 a6 43 (30) 6 1%
1991 65 izu 43 (33) 66%
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Poor lamb survival following Pasteurella die-offs has been reported
by Onderka and Wishart (1984}, Festa-Bianchet (1988), and Foreyt (1988).
Foreyt (1988) reported lambs born to caplive ewes shedding P.
haemplytica in nasal secretions were healthy until & to 11 weeks of age
when they developed pneumonia and died. Im his study, all lambs died
for 3 years after the pneumonia outbreak. Festa-Bianchet (1988) also
reported low recruitment following & pneumonia epizootic. In the
Alberta study, only 13% of the lambs born the year of the die-off (1985
survived to 1 year of g?e- Lamb survival 2 years later was 41% (1986
and 36% (1987}, respectively. Onderka and Wishart (1984) alse reported
low lamb production and survival the 2 years following a die-off in
southern Alberta. Lamb:ewe ratios were 23 and 18:100 in 1983 and 1984,
respectively, following the disease outbreak.

Time of Lamb Losses

The timing of lamb lossés appeared Lo be similar to that reported
by Forayt (1988). Mozt Lostine lambs were born batweén 15 May and 1
June. July herd composition lamb counts were conducted on the summer
range when lambs were 6 to 8 weeks old. Random counts conducted between
September and Movember indicate lamb Tosses had occurred by this date,
A few sick lTambs (generally smaller in size than normal) were observed
during this time peried, but by December when winter surveys began,
lambs genarally looked healthy. Visual observations of lambs pre- and
post-disease, suggest & greater proportion of poor oqualily lambs
(smaller body size) since the die-off; however, information on body
weights were nol obtained.

Lambs Jless tham 11 weeks of age born to ewes surviving a
Pasteurslla die-off may be protected by colostral immunity as reported
by Foreyt (1988). Our observations indicate lamb mortality began
shortly after birth; however, most lamb mortality occurred after 15 July
at a time when consumption of milk appears to be dropping as grasses and
forbs make up an increasing proportion of their diet.

Lambs born in 1987 and 1988, that survived umbtil winter, also
suffered a 50% mortality through winter 1991-92. Both 1987 lambs have
survived to date, but the 2 1988 lambs (] male, 1 female) were last seen
in spring 1989 and are presumed dead. Survival of lambs beyond wintar
counts was difficult to assess in 1989-91 since fewer survivors were
ear-tagged.

Adult Survival Since "Die-0ff"

Twenty ewes (1 year or older), 2 lambs, and 12 rams {1 to 4 years
of age) survived this die-off. Six of these adult ewes, have since been
found dead or disappeared and are presumed dead, for a 70% post die-off
survival rate, Two ewes died or disappeared in 1988, 1 in 1989, and 2
in 1990, Four ewes weré seen with injuries, in poor condition, or
appeared lethargic prior to their dizsappearance. Predation c<ould have
been a factor im at least 1 case judging from injuries on the animal.
Of the 2 lambs, a female and male, only the female appeared to have
survived. The ram was last seen in 1990 as a & year old, 16 km north of
the wintér range in flat agricultural Jand.
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Six of the 12 surviving rams (50%) have disappeared and one 7 1/2
year old was taken by a huntéer in 1991 (the first year sheep season
reopened). Four rams were last seen in 1988 and they were 3 and 4 years
of age at that time. Two & year old rams were last seen in 1989 and
1990, Why En;t die-aff ram survival was lower than for ewes is unknown.
It is possible that some emigration occurred, but no tagged Lostine rams
have been observed in other herds. None of the rams unaccounted for
appeared in poor condition or were noted with injuries as was the case
with ewes. Poaching or cougar predation are other possibilities, but
known illegal kills have rarely occurred in the area. The cougar
population is moderate to high in this unit (Minam Wildlife Management
Unit) and a few rams killed by cougars were found in past years when
sheep population densities were higher. Harrison and Hebert (1988)
found that cougars were selective in preying on rams in British Columbia
and that kills were seldom located without intensive searches of qully
bottoms and thickets. They also found the heaviest mortality in
Movember and December after the rut. Older Lostine rams generally moved
away from lamb-ewe groups, following the rut, to winter range that had
more cover. Presumably this could make them more vulnerable to cougar
predation. However, no dead rams were found or reported since the die-
off, but brushy bottoms and thickets were not searched.

Herd Recovery

Bighorn losses from the Lostine die-off took 2 forms. The direct
logses from the disease reduced the herd by 66% and poor lamb survival
kept the herd at static levels for 3 years following pneumonia episodes

(Fig. 1).

Herd size began a slow increase as lamb survival improved (Table 1)
and 40 animals were counted the winter of 1990-91. This past winter
(1991-92), 48 bighorns were counted and the herd size was estimated at
55 animals. Lamb survival appears to be approaching normal Tevels with
43:100 ewes classified on the winter range.

Ram numbers are also increasing with 15 rams located this past
winter or 65:100 ewes. Most rams are 1 to 3 years old, the result of
improved recruitment since 1989. Only 6 rams between 7 and 9 years of
age are known to be in the herd.

Disease Testing

Masal swabs and blood samples have been collected from bighorns
captured on the winter range. It iz beyond the scope of this paper to
report on these results. However, test results from nasal swabs appear
to indicate a drop in Pasteurella spp. shedding by adults.

MANAGEMENT IMPLICATIONS
The Lostine Pasteure]la die-off has had a devastating impacl on

Oregon's Rocky Mountain bighorn recovery program. This herd was used
as a source of transplant stock as well as providing the bulk of hunting
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Fig. 1 Lostine bighorn sheep herd composition and population status
based on surveys conducted during winters 1972-92. Excludes 1978 when
no data were collected.

opportunity. Bighorns have not been transplanted from this herd since
1986. HRam hunting opportunity dropped from & tags authorized annually
from 1979 to 1986, to no hunts authorized from 1977-90. One tag was
offered in 1991 and future tag numbers will be Increased if the herd
size and ram numbers continue to grow. There is a gap in the age
structure of the ram segment of the herd with no known surviving rams
between the ages of 4 to 6 and 10 to 12+ years. Hunting opportunity for

trophy quality rams will be very limited until the age structure becomes
more evenly distributed.

The disease problem also had other implicatiens to Oregon's Rocky
Mountain bighorn (RMB) programs. Only 1 RMB transplant in an adjacent
wildlife district has been completed since the 1986-87 die-off.
Disagresment between Oregon Department of Fish and Wildlife (ODFW), and
the Wallowa-Whitman National forest over domestic sheep grazing on sites
occupied by bighorns led to a cancellation of all bighorn transplants on
the forest. Considerable controversy occurred when hunting and
conservation groups, several Indian tribes and livestock interests
entered the dispute. Agreement between ODFW and Wallowa-Whitman
National Forest was finally reached this past winter and several
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transplant sites on the forest will be available in the future to
continue restoration efforts. Attitudes are changing. ODFW completed
several controlled burns on bighorn ranges during 5pring 1992. These
habitat projects were partially financed by the Foundation for North
American Wild Sheep in cooperation with the Wallowa-Whitman National
Forast. Hopefully, restoring Oregon's Rocky Mountain bighorns to
suitable former range will proceed in a more timely manner with multi-
agency support.

There are several other management questions regarding bighorn
herds surviving Pasteurella die-offs that need to be answered:

1. At what point (iF ever) should supplemental transplants be
considered?

2. Should bighorn herds that have recovered from a Pasteurella
outbreak be used for Lransplant stock? If so, at what point should
trapping and transplanting begin?

3. What are the risks (if any) of contact between higharns from a
"recovered” herd and adjacent “healthy" animals.

MANAGEMENT RECOMMENDAT IONS

The main lesson learned from the Lostine disease problem 15 to keep
domestic sheep and bfighorns separated. When contact occurs, serious
long-term disease problems and drastic reductions in bighorn numbers and
lamb survival can be expected.
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FATLURE OF AN EXPERIMENTAL PASTEURELLA HAEMOLYTICA VACCINE TO PREVENT
HEEE]RMEIF.‘I‘ DISEASE AND DEATH IN BIGHORN SHEEP AFTER EXPOSURE TO DOMESTIC
SHEEP

WILLIAM J. FOREYT, Department of Veterinary Microbiology and Pathology.
Washinglon 5tate Universily, Pullman WA 99164-7040

Abstract: An experimental bacterin-toxoid vaccine of Pasteurella

haemolytica A2, T3, and 7110 was evaluated in  bighorn sheep (Ovis
canadensis canadansis] Three bighorn sheep were vaccinated twice, 14 days
apart, and 3 highorn sheep were not vaccinated. Challenge infection was
accomplished by introducing 4 clinically healthy domestic sheep that had
detectable P. haemolytica in nasal sinuses onto the 2.4 ha pasture with
the bighorns. Five of & bighorn sheep, including the 3 vaccinates died
within 40 days after expesure to domestic sheep. Pasteurella sp., P.
hasmolytica 73,4,10,11, an untypeable P. haemolytica, and P. multocida
were isolated frum dﬂid bighorn sheep, and F haemolytica Al, AZ, and P.
multocida were isolated from the domestic sheep. Vaccine efficacy could
not be determined, as Pasteurella spp. in dead bighorns differed From
those in the vaccine. However, the vaccine did not protect the vaccinated
sheep from clinical pneumonia and death. The experiment reinforced the
premise that domestic sheep and bighorn sheep should be separated or
bighorns may die from pneumonia.

Respiratory disease is a major mortality factor in bighorn sheep
populations in North America (Bucchner 1960, Spraker and Hibler 1982).
Predisposing factors, such as lungworms (Protostrongylus spp.),
respiratory viruses and bacteria, and varfous stressors, are often
associated with bighorn sheep pneumonia (Post 1962, Forrester 1971,
Spraker and Hibler 1982, Onderka and Wishart 1984, Spraker et al. 1984),
however, the major organism isolated from pnnumanic bighorns is P.
haemolytica, a gram negﬂtive pneumephylic bacterium (Coggins 1988, Onderka
and Htﬁﬁarl 1984, Foreyt 1989). Two major biovars, A and T,
serovars | thrﬂugh 15, and several untypeable serovars are part of the E.
haemolytica complex. The T biolype, which 15 often nonhemolylic on blood
agar, is i1solated commonly From pneumonic and clinically healthy bighorn
sheap (Onderka et al. 1988, Wild and Miller 1991).

Contact with domestic sheep is an important predisposing factor for
some pneumonia episodes in bigharn sheep. Under experimental and field
conditions, high mortality rates have occurred for bighorn sheep after
such contacts (Coggins 1988, Onderka and Wishart 1988, Onderka et al.
1988, Foreyt 1989, 1990). EerntypEE of P. haemolytica Lhal are usually
nonpathagenic in dnmcstif sheep are 1ikely transferred to bighorn sheep,
resulting in fatal pneumonia in bighorn populations (Foreyl and Jessup
1982, Onderka and Wishert 1988, Foreyt 1989, 1930). It is also probable
that recruitment in residual bighorn sheep populations surviving P.
haemolytica pneumonia after domestic sheep assoclation or from
indigenously acquired pneumonia will be low for several years (Bailey



156

1986, Coggins 1988, Foreyt 1990). Lambs likely acquire P. haemolytica
from oral and nasal secretions from their dams, and die from pneumonia at
6-11 weeks of age when colostral immunity wanes (Foreyt 1990). Although
the exact mechanism which is responsible for pneumonia im bighorn sheep
follawing association with domestic sheep 15 not known, experimental and
field data 4indicate that bighorn sheep and domestic sheep are not
compatible species on the same vrange. Physiologically, bighern sheep
alvealar macrophage function and arachidonic acid metabolism differ
significantly from domestic sheep and may be factors in the increased
sensitivity of bighorn sheep to respiratory disease compared to domestic
sheep (Si1flow et al, 1991).

This study evaluated the officacy of an experimental P. haemolytica
bacterin-toxeid vaccine against respiratory disease in bighorn sheep by
placing domestic sheep on the same pasture with vaccinated and
unvaccinated bighorn sheep. Clinical pneumonia and mortality were the
major parameters used to delermine effectiveness of the vaccine.

I thank John Lagerquist and the veterinary students at Washington
State University who assisted in this experiment. The cooperation of Dr.
Richard Hansan and NOBL Labovatories 1s greatly appreciated for providing
the vaccine. This work was supported in part by the Washington Department
of Wildlife, the Oregon Department of Fish and Game, and The Foundation
for Horth American Wild Sheep.

MATERIALS AND METHODS

Six Rocky Mountain bighorn sheep (Ovis canadensis canadensis), 3 males
and 3 females, ranging in age from | to 5 years, were used. Five of the

sheep were boarn and raised in captivity at Washington State University,
Pul Iman, Washington, and 1 sheep (No. 5) was captured in the wild and held
for & months with the other 5 sheep before the experiment began. Fresh
water and a shelter were available at all times, but supplemental feed was
not provided because pasture forage conditions on the 2.4 ha pasture were
excel lent.

Nasal swabs were collected from each bighorn 5 months prior Lo
imitiation of the experiment, and at the time of the First vaccination.
Sheep were sampled far bacteria by inserting cotton tipped swabs into the
nares of each sheep, and immediately placing them in Stuart’s transport
medium without agar. Swabs were submitted within 2 hours after collection
to the Washington Animal Disease Diagnostic Laboratory (WADDL), Pullman,
Washington 99164, for bacteriologic amalysis. Bacterial isolates were
confirmed as P. haemolytica by routine biochemical testing (Carter 1984).
Efuly?ing and rapid plate serotyping methods were done according to
establ ished formats (Biberstein 1978, Frank and Wessman 1978).

Three bighorn sheep, a 3 yr-old and a § yr-old Female, and a 1 yr-old
male, were not vaccinated, and 3 bighorn sheep, 2 3-yr-old males, and a 3
yr-old female were vaccinated intramusuugirlr with 2 mls of an
aexperimental P. haemolytica vaccine (NOBL Laboratories. Sioux Center, lowa
2125%0) on 10 and 24 April 1990. The formalinized vaccine was a bacterin-
texoid prepared from leucotoxeid and outer membrane proteins of P.
haemolytica, types A2, T3, and T10. The eoriginal strains of P.
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haemolytica were isolated from bighorn sheep that died from pneumonia
after exposure to domestic sheep (Foreyt 1990). Types A2, T3, and TI10
antigen components were prepared in fdentical fashion until batching into
the wvaccine. Each component was grown in RPMI-1840 containing L-
glutamine. Bovine serum albumin was supplemented at 0.1%. Fimal bulk
harvest was 6 passages beyond the original isolate. Growth was at 37 C in
a glass bottle, and cultures were stirred at a moderate speed. Cullures
were harvested during log phase at & hours and found to be well
encapsufated. Fluids were centrifuged and the cells separated from the
supernatent. Fluids were concentrated approximately 10 times using an
Amicon unit equipped with a Y-10 Filter. Formalin was added to a
concentration of 0.5% (v/v) and the mixture stirred at 4 C for 48 hr.
This leukotoxoid was adsorbed to 10% aluminum hydroxide (v/v). The call
fraction was resuspended in normal saline and sonicated until capsules
weré no longer evident by microscopic examination. The sonicate was
centrifuged and the supernate retained. The leukotoxoid and the crude
outer membrane proteins were combined with an o1l adjuvant for
administration.

On 10 April 1990, 28 domestic sheep at the University of Idaho Sheep
Center, Moscow, Idaho, were sampled for bacteria using nasal swabs as
described previously for bighorn sheep. Duplicate swabs were collected
and submitted for viral isolation. Routine laboratory isolation
techniques were used for isolation of aerobic bacteria and viruses.
Isolation of Chlamydia spp. and Mycoplasma spp. was not specifically
attempted., Four jumﬁstic sheep, identified as carriers of P. haemolytica,
wirg purchased and introduced into the bighorn sheep pen on 8 May i%ﬁﬂ, 2
weeks after the second bighorn vaccipation. A second nasal swab was
collected 30 days after the first.

Fecal samples were collected from the rectum of all animals at the
inittation of the experiment, and from dead animals that were necropsied.
A Baermann apparatus was used to isolate larvas from feces, and the
sediment was examined microscopically for lungworm larvae. All sheep were
observed twice daily for clinical signs of disease. Sheep were to be
authanized if they became clinically affected. A complete necropsy, with
emphasis on isolation of respiratory pathogens, was done on each dead

sheep. Standard necropsy, histolopathogic, parasitologic. and
microbiologic techniques were used by WADDL personnel.
RESULTS

Pasteurella haemolytica was not isolated from naszal swabs from any of
the bighorn sheep before or at the time of vaccination. From the 4
domestic sheep, P. haemolytica Al was isolated from 2, P. haemolytica A2
from 3, and P. multocida from 3 (Table 1). Some coliform bacteria,
Streptococcus sp., Bacillus sp. and Pseudomonas sp., were isalated from |
or more of the bighorn sheep, but were not considered important.

Five of the & bighorn sheep, including the 3 vaccinates, died between
26 and 40 (X - 34) days after exposure to the domestic sheep. A1l 5
bighorn sheep that died developed a clinical syndrome of tachypnea,
dyspnea, incoordination, and weakness prior Lo death. Sheep developed
¢linical signs within 24 hr of death. A1l bighorn sheep died during the
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night and were found in the morning. At necropsy. all bighorns had
adequate body fat and had Tesions which were typical of severe
hemorrhagic, necrotizing bacterial pneumonia. Grossly, lung lobes were
dark red, firm, friable, and conzolidated, and were often covered with
fibrin tags. Up to 90% of lung parenchyma was involved with Fibrous
adhesions between lung lobes, pericardium, and parietal pleura.
Histopathologic pulmonary lesions were consistent with bacteérial pneumonia
and included marked accumulation of neutrophils, macrophages, cellular
debris, and proteinaceous fluid. The pleura was thickened and disrupted
by infiltrates of histiocytes, lymphocytes, and neutrophils. Fibrin and
necrotic debris replaced much of the pulmonary tissue.

Bacterial isolates from the vaccinated bighorns included Pasteurella
sp. (species could not be identified) from Tung and tracheobronchial 1ymph
node of bighorn No. 1, an untypeable P. haemolytica and P. multocida from
lung, and P. multocida and P. haemolytica {cross reacted with T13,4,10, and
11} from tracheobronchial Tymph node of bighorn No. 2, and P. multocida
from lung of bighorn No. 3 (Table 1). The 2 unvaccinated bighern sheep
that died yielded P. multocida and P. haemolytica (cross reacted with 13,
T4, T10, and T11) from Tung of No. 4, and P, multocida from lung of MNo. 5
{Table 1). Viruses were not isolated, lungworms were nol detected in
lungs, and lungworm larvae were not detected in feces or histologically in
any bighorn sheep., The last bighorn survived the experiment and remained
healthy for 12 months after the termination of the experiment.

A1l 4 domestic sheep remained clinically healthy durin% the 60 days
they were on the pasture with the bighorn sheep. Viruses, lungworms, or
lungworm larvae were not isolated from them.

DISCUSSION

Five of & bighorn sheep developed clinical pneumonia and died 26-40
days after exposure to domestic sheep, supporting previous reports that
association with domestic sheep may predispose bighorn sheep to fatal
pneumonia (Foreyt and Jessup 1982, Coggins 1988, Onderka and Wishart 1988,
Foreyt 1989, 1990). In previous reports, P. haemolytica has been
incriminated as the major pathogen transmitted from domestic sheep. In
this experiment, P. multocida was the only pathogen isolated from lungs of
2 of the bighorn sheep (1 vaccinale and 1 nonvaccinate), and was also
isolated with P, haemolytica in 2 others, supporting the results of Callan
&t al.(1991), who isolated P. multocida from 5 of 6 dead pnaumanic
bighorns after exposure to a flock of exotic wild and domestic sheep.
Easedlnni all I;“hF:HihE'Idt rz;p&u-rts, !'tt:': H!::e‘ly t;?th same 5f'r_traints of FE,

aemolytica an . multacida are pathogenic to orns after transfer
from domesties. ’ ! !

Vaccinated and unvaccinated sheep died within the same time period,
26 to 40 days after exposure to domestic sheep, and lesions in all dead
sheep were similar. This indicated that the vaccine did not exacerbate
clinical disease. Wilke ot al. (1980) reported that calves vaccimated
with a P. haemolytica bacterin and then challenged with P. haemolytica,
were more severely affected by clinical disease and lesions Lhan were
unvaccinated calves.
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The only P. haemolytica 1solated from vaccinated bighorn shae? lungs
was untypeable. A second vaccinated bighorn sheep had a Pasteurella sp.
Md n?t hrh1idelr’|ttifiuﬁ1tn spn:iads. "ll'hesu n!su'lt; ‘lmrniv.li{'lg Ps

. untypeable P. haemolytica, and uncharacterized Pasteurella sp.
further complicate knowledge regarding the epizootiology of the bighorn
shee? pneumonia complex and the association with domestic sheep. It is
likely that a variety of Pasteurella spp. organisms may be lethal to
bighorn sheep, and more reliable diagnostics are needed for bacterial
isolation and identification. Bacteria may have similar morphologic
characteristics in culture, yel their identities may differ, suggesting
that many colonies per agar plale must be identified. Several serotypes
of P. haemolytica have been jsolated from single morphelogic colony types
(Onderka ot al, 1988), and several DNA types and ribotypes may be present
within serovars (Snipes et al. 1992). DMA analysis, ribolype analysis,
and cytotoxicity studies may clarify the identification and pathogenicity
of organisms important in the bighorn sheep pneumonia complex.

Culture of tonsillar biopsies and pharyngeal swabs from bighorn and
domestic sheep has indicated that many bighorn and domestic sheep are
carriers of P. haemolytica, even though bacteria cannot be iszolated From
nasal swabs (Shreeve and Thompzon 1970, Gilmour et al. 1974, Al-Sultan and
Aitken 1985, Onderka and Wishart 1988, Dunbar et al. 1990, Wild and Mi1ler
1991). ©Only nasal swabs were used in this experiment: therefore, it is
possible the bighorns were carriers of P. haemolytica and/or P. multocida
sequestered in pharyngeal tissue, without shedding bacteria in nasal
secretions. However, no Pasteurella spp. were isolated from bighorn
sheep nasal swabs 5 months bDefore the experiment and on the day of
vaccinati?n, indicating that if Pasteurslla spp. were present, shedding
rate was low.

Possible important factors in the epizootiology of the pneumonia
complex include stress from the presence of domestic sheep in close
proximity to bighorns, and bacteria from domestic sheep suppressing
bighaorn immune Ffunction, allowing indigenous bacteria to colonize and
initiate pathogenic responses. However, based on available data, bacteria
transferred from domestic sheep to bighorn sheep likely resulted in
bighorn deaths.  Unusual human activity, noise, inclement weather,
nutritional deficiencies, adverse social encounters, population density
factors, or other stressors could not be identified specifically before or
during the experiment, but stress in various forms could have occurred.
Stress parameters were not eliminated. The bighorn sheep usually
segregated from the domestic sheep on the pasture, but occasionally shared
common resting and feeding areas, and interacted socially with the
domestic sheep. Effects of inapparent stressors that could be impartant
in the epizootiology of bacterial preumonias in bighorn sheep remain to be
evaluated. Although adequate nutrition, minimal population density, and
other management factors reduce the probability of disease related die-
offs, associalion with domestic sheep appears to function independently in
predisposing Fatal pneumonia.

Only 1 bighorn sheep survived the experiment, and remained clinically
normal 1 year later. This sheep was born in captivity, and to my
knowledge did not experience respiratory disease before, during, or after
the experiment. Inherent genetic resislance or acquired immunity are
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possible explanations for survival. Acquired immunity or inherent genetic
resistance could protect sheep from pneumonia, and could explain bighorn
ewes surviving a die-off related to domestic sheep exposure and producing
lambs that for several successive years succumb to fatal pneumonia
{Coggins 1988, Foreyt 1990).

The vaccine used in this experiment did not protect bighorn sheep
against clinical pneumonia and death. However, Pasteurella spp. strains
isolated from dead bighorns may not have been 1fin the wvaccine,
specifically, P. multocida, untypeable P. haemolytica and I;hw s5p.
Therefore, vaccine efficacy could not be evaluated from this experiment,
but the vaccine was a fallure in terms of preventing sickness and death.
Newer vaccines are likely to include many serovars important in the
Pasteurella spp. complex. Yaccines incorporating serovars types that have
cross protective characteristics would be most effective. An effective
vaccineg against P. haemolytica and P. pultocida in free-ranging bighorn
sheep, and possibly domestic sheep, would represent a significant and
needed advance in wildlife management by protecting herds from massive
die-offs caused by Pasteurella spp., and the deleterious affects of low
recruftment Following the initial mortality (Bailey 1986, Coggins 1988,
Forayt 1990).
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NATURALLY OCCURRING PNEUMONIA IN CAESARIAN-DERIVED ROCKY MOUNTAIN
BIGHORN SHEEP LAMBS
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MARTHA D. JAWORSKI, V. MICHAEL LANE, JERRY L. IAUGG, MARIE 5. BULGIN,
University of ldaho, Caine Veterinary Teaching and Research
Center, 1020 E. Homedale Road, Caldwell, ID 83605

Abstract: Survival of bighorn lambs beyond 10 weeks of age was reparted
to be as low as 4% in some regions of central Idaho in 1988-89.
Observations of lambs during the Ffirst weeks of 1ife in 1990 confirmed
early death losses but did not establish the causes. Pregnant ewes were
captured in April of 1991 from 2 herds in which low lamb recruitment had
been reported. Single male lambs were taken by caesarian-section from 2
of the ewes and a third ewe gave natural birth Lo 2 single ewe lamb. The
cagsarian-derived lambs were bollle fed in isolation for the first 3 weeks
of 1ife and remained Free of Pastourella spp. until they were exposed Lo
their mothers. AL B and 10 weeks of age the 2 lambs developed evidence
of fnner ear irritation and pneumonia. The infections were allowed to
progress until 1t was concluded that the lambs would die due to the
preumonia complex 1f left untreated. Transtracheal wash samples wore
collected from the lungs of each lamb. Lungworms (Protostrongylus
stilesi), transmitted from the dams by the placenta, and biotype T P.
haemalylica were recovered from transtracheal wash samples of both lambs.
Both lambs recovered fully after treatment with antibiotics and an
antihelmintic.

Idaho Department of Fish and Game officials, backpackers and hunters
reported hearing harsh coughing from the majority of bighorn sheep (Ovis
canadensis %gngﬁgnﬁ[ﬁ} ohserved on the Salmon River drainage of central
Idaho in fall and winter 1988-89. Survival of lambs was subsequently
reported to be low in herds of that area in 1989 and 1990. Respiratory
disease has been reported to be a primary factor associated with poor Tamb
survival (Spraker et al. 1984). Potential causes of respiratory discase
are multiple and may vary between herds, climatic conditfons, and other
contributing factors. Viruses, bacteria, and lungworms have been
identified as causes of pneumonia associated with lamb mortality (Parks
and England 1974, Spraker et al. 1986). University of Idaho, Department
of Fish and Game, and [daho Departmenl of Agriculture personne] joined in

efforts to identify causes of respiratory disease and poor lamb survival
in ldaho herds.
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During spring and summer 1990, 10 radio-collared ewes were monitored
to determine the health status of their lambs (J. and H. Akenson, pers.
commun, ), Each of the 10 ewes delivered Tive lambs, all of which died
within 8 weeks of birth, Three lamb carcasses were found and examined for
causes of death., However, scavenger activity and the small number of
carcasses found limited the amount of information that could be applied
to determination of causes of death of the )0 lambs., Therefore, the
following study was conducted to evaluate the health of lambs in a
controlled environment.

METHODS

Two 4-year-old ewes were captured on 11 April 1991 by helficopter
net-gunning techniques from free-ranging herds near Challis, Idaho on the
Morgan Creek drainage. They were hobbled, blind-folded, and transported
by helicopter in sheep-bags from the caplure site to a processing
location. Blood, feces, tonsillar, and nasal samples were collected from
the ewes while physical and pregnancy examinations were made. Body
temperatures of the ewes were closely monitored Lo avoid hyperthermia.
The ewes were loaded into & 1.3 X 2.5 m darkened wood box and transported
approximately 358 km (222 mi) to @ 30.3 X 30.3 m pen near the University
of Idaho Caine Veterinary Teaching and Research Center (CVTRC) south of
Caldwell, Idaho. A third ews was captured on 8 April 1991 on the Big
Creek drainage east of McCall, Idaho by fimmobilization with 3 mg
carfentanil citrate injected with a dart gun. This ewe was hobbled,
blind-folded, and injected with 300 mg naloxene. Half of the naloxone was
{njected intramuscularly and the remainder subcutaneously into the ewe
prior to her transport by airplane to the Caldwell airport. S5She was then
taken by truck to the Caldwell fTacilitles and placed in a pen 15 m from
the pen for the ewes from Morgan Creek. The pens were constructed of wood
poles 20-30 cm in diameter, 1.85 m high MNew Zealand fencing and topped
with 3 strands of high tensile wire which was connected to an electrical
fepce unit. Black depredation netting was attached to the inside of Lhe
Mow Zealand fencing to make it more visible for Lhe sheep. The ground
level on the eastern side of the pen was approximately 3 m higher than on
the west side thus providing an area where the sheep could seek highaer
gelevation and reduce stress associated with the presence of people
presenting feed at a lower gate. Mixed grass and alfalfa hay was placed
in the lower portion of the pen once a day and water was provided in an
automatic waterer. The animals were watched with field glasses from a
distance of approximately 100 m to monitor mammary development signalling
approaching parturition.

On 16 May when it was judged that the ewes were close Lo lambing,
they were captured by use of 1inear drive nets, blind-folded, hobbled, and
transported to the CVTRC surgical section. The ewes were prepared for
abdominal ultra-sonogram (Aloka 210 instrument; Corometrics, Wallingford,
Connecticut 06492 USA) and checked for colostral secretions. Both of the
Morgan Creek ewes were producing colestrum and ultra-sonegrams indicaled
well developed lambs. The udder of the Big Creek ewe conlained minimal
secretions and the ultra-sonogram of the Tamb indicated a less developed
lamb. Therefore, the decision was made to take the lambs by caesarian-
section from the highly excitable Morgan Creek ewes, but not from the more
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docile Big Creek ewe, Anesthesia of the ewes was induced and maintained
with halothane. Caesarian-sections were performed through a wentral
midline surgical approach., Both lambs (BR91-017 and BR91-018) were males
and judged to be near term. Colostral secretions were collected from the
ewes and given to their respective lambs, both of which nursed vigorously
from bottles. Surgical sites were closed and the ewes were returned to
their enclosure. Antibiotics were not administered postoperatively,
Recovery of Lhe ewes was complete and unremarkahle. The third ewe gave
birth to @ ewe lamb (BRO1-019) 1 week after caesarian-sections were
performed on the 2 other ewes.

The caesarian-derived lambs were isolated from other animals and fed
non-sweetened canned evaporated milk every 4-6 hrs for the first 2 weeks
ef Tife. At 15 days postdelivery (PD) feeding of pasteurized milk from
domestic ewes was initiated. A lamb milk replacer (Land 0'Lake, Inc.,
Fort Dodge, Iowa 50501 USA) was used to supplement ewe milk as needed
through the 7th week., Milk replacer was the only source of milk fed
during weeks B-18. Rectal body lemperalures were Laken at each feeding
time. Froe access to mixed gras: and alfalfa hay and water was provided
following the 2nd week. The lambs were placed in pens wilh their mothers
for 1-4 hrs/day on PD days 20, 22, 28, 29, 34, 35, 37 and 44 to allow them
to acquire microbial flora from their dams.

Culturette swabs (Marion Laboratories, Inc., Kansas City, Missouri
64114 USA) were used Lo collect nasal and tonsillar samples from the ewes
and lambs. These samples and transtracheal wash samples were cultured for
bacteria at CVIRC. Viral transport swabs (Becton Dickinson Microbiology
systems, Cockeysville, Maryland 21030 USA) were used to collect samples
from ewes and lambs. The latter swabs wore submitted to the Washinglton
State Animal Disease Diagnostic Laboratory (WADDL) for virus isolation
procedureés. Fecal samples were collecled from ewes at the time of capture
and monthly for 2 months, from the caesarian derived lambs at 12 days, and
from all lambs at approximately 1 month of age, A1l Fecal samples were
examined for parasites at CVTRC, In addition, sera were submitted to the
Idaho State Animal Industries Laboratery for testing to detect antibodies
against viruses and bacteria (Table 1).

Three media; Columbia blood agar with 5% ovine blood (CBA), Columbia
blood agar with bovine blood plus antibiotics to Praﬂida selectivity for
Pastourslla (Ward et al, 1986), and Hayflick's agar selective for
Mycoplasma (Stalheim 1990) were inoculated for isolation of bacteria.
Culture media were incubated at 35C in an atmosphere with 5% added CO,.
A1l bacterial isolates were evaluated. Pasteurel identification and
biotype differentiation were conducted by established FTHEEdurEﬁ (Carter
1990, Kilian and Frederiksen 1981). Serotyping of the Pasteurslla
hagmolytica isolates was conducted by slide agglutination tests with
specific antisera (Frank and Wessman 1978).

RESULTS

All ewes were clinically normal prior to and following delivery of
their lambs. The naturally delivered ewe lamb BR91-019, was vigorous and
did not demonstrate clinical 11lness during the 5-month observation
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Table 1. Antibody titers in sera of adult bighorn ewes te bacterial and
viral pathogens, Caldwell, lIdahe.

Antibody titers/animal

Disease agents (tests)" BR91-003 BR91-008 BR9I-012
Bacterial:
Anaplasma marginale (CF) 10° NEG NEG
Brucella gvis (ELISA) REG NEG NEG
Ca obact etus venerealis (MA) HEG HEG HEG

F somnus (MA) NEG NEG NEG
Leptospira interregans (MicroA) 50 NEG 20
Viral:
Bluetonque virus [AGID) NEG NEG NEG
Bovine viral diarrhea vivus (SN) 8 NEG NEG
Epizootic hemorrhagic virus (AGID) NEG NEG NEG
Infectious bovine

rhinotracheititis virus (SN) a a HEG
Ovine progressive pneumonia virus NEG NEG NEG
Parainfluenza-3 virus (5N) NEG NEG REG
Respiratory syncytial virus (3SN) NEG B 8

“Antibody titers were quantitated by: CF, complement fixation procedure;
ELISA, Enzyme-linked immunosorbent assay: MA, macroscopic agglutination;
MicroA, microscopic agglutination:; AGID, agar gel immunediffuesion; 5N,
serum neutralization.

"A titer of 10 to Anaplasma marginale antigen is considered significant.
A1l other 1isted titers are too low to be considered diagnostic.
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period. At 50 days PD, lamb BR91-018 developed ear irritation as
demonstrated by Lilting of the head to the right, drooping of the right
ear, scratching of the ear with his rear leg, and head shaking. Otoscopy
revealed a reddened ear-drum but no evidence of external irritants. On
day 52 the lamb coughed frequently and the rectal temperature was alevated
to 40.2C. The temperature continued to increase to 41.5C by day 54. The
lamb reduced his milk intake, had signs of dehydration, depression,
dyspnea, and was reluctant Lo move on day 55 when the decision was made
to collect a transtracheal wash sample and inftiate antibiotic treatment.
An initial injection of Durapen™ (VEDCO, Inc., Overland Park, Kansas 66204
USA) was given followed by & daily injections of amEI=111in+ Both lambs
coughed easily when pressure was applied to their chests. However, Lamb
ERS?*U]? did not demonstrate clinical illness until day 6% when a head
tilt and drooping of both ears became evident. The latter lamb was
febrile (29.8C) on PD day 70 and was reluctant to nurse a bottle. The
lamb was depressed by the following day when the rectal temperature was
40.6C. Therefore, a transtracheal wash sfample was collected for
examination, Two days later it appeared the lamb was becoming
progréssively worse and death appeared imminent., Lamb BR91-018 also
continued to cough and appear slightly depressed. Therefore, both lambs
were given daily injections of Naxcel™ (The Upjohn Company, Kalamazoo,
Michigan 49001 USA) for 2 days followed by amoxicillin for 5 days.
Ivermeclin (MSD AGVET, Division of Merck & Co. Inc., Rahway, New Jersey
07065 USA) was given to both lambs on day 76 for elimination of
Protostronaylus spp.

Pasteurella spp. were not isolated from nasal and tonsillar swab
samples taken from the caesarian-derived lambs until they were 40 days old
and had been placed in the pens with thelr mothers on repeated occasions
{Table 2). Biotype A isolates were recovered from Lonsillar samples of
bolh caesarian-derived lambs when they were sampled at 40 days PD. At day
23, the predominant organisms in samples from these animals was P.
haemalytica biotype T which agglutinated in antisera for types 3, 4, and
19. Biotype T P. haemolylica was isolaled in pure culture and high
numbers from the transtracheal wash samples. Pasteurella haemelytica
biotypes A and/or 3 were isolated from all samples collected from lamb
BR91-019 beginning at 10 days after birth. Biotype T P, haemolytica was
not isolated from any samples collected from either this lamb or her dam.

Pasteurella haemolytica biotypes T and 3, and P, multogida were
isolated from samples collected from the ewes (Table 3). The majority of
P. haemolytica biotype T {solates agglutinated in antisera 3, 4, and 10.
However, | biotype T isolate agglutinated only in antiserum for serotype
10.

No parasiles or ova were detected in any of the first fecal samples
from the lambs. However, P. stilesi was detected in the transtracheal
wash samples from the 2 caesarlan-derived lambs but not from the other
lamb. Lungworm larvae were detected in the feces of the ewes from both
Morgan Creek and Big Creek areas. In addition coccidia, Trichuris and
Nematodirug were detected in feces of the ewes.
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Table 2. Pasteurella cultured from samples collected from bighorn lambs
at indicated ages, Caldwell, Idaho.

Lamb age Lamb 1D Type of Pasteuralla
{days) No. sample® isolated
10 BR91-019 N none
T P. haem ;F (UT)®
12 BR91-017 N, T none
ER91-018 N, T none
29 BR91-019 N P. haem A (1,2)
T P. haem A (UT)
P. haem 3
34 BR%1-017 K, T none
BR91-018 M, T none
38 BR91-019 N none
T P. haem 3
a0 BR91-017 | nong
T P. hasm A (5)
BR91-018 H nong
T B. haem A (UT)
53 BRO1-017 N P. haem T (3;4,10)
T Proteus overgrowth
BRO1-018 N B, haem T (3,4,10)
T B. haem T (3,4,10)
55 BR91-018 TIW P. haem T (3,4.10)
64 BR91-018 n P. haem A (UT)
T P. hasm A {UT)
P. haem T (3,4,10)
72 BR91-017 N P. haem A {5)
P. haem T (3,4,10)
i} P. haem A (5)
E' .....'E..E.!II-Ii I 3!‘|Iﬂ=
BrR91-018 N P. haem A (5)
T E. hacm T (3,4,10)
73 BRA1-017 ™ P. haem T (3,4,10)
143 BRO1-019 N P. haem 3
T P. hagm 3
TR nona

® Samples: N = nasal, T = tonsillar, TIW = transtracheal wash,

Pasteuralla haemolytica biotypes A, T, and 3.
serotypes in (), UT = untypable.
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Table 3. Pasteurella spp. cultured from samples of bighorn ewes at time
of capture and Tollowing caesarian-section delivery of lambs from 2 owes

and natural delivery by the third ewe, Caldwell, ldaho.

Sampling Type of Pasteuralla spp. and
time Ewe ID mo. sample® Sorotypes isolated
At capture ER91-003 N None
T .E haem 3*
P. haem T (3,4,10)
ER®1-008 H Hone
T E. aopm 3
. T (3.4,10)
BR91-012 N E. haem 3
T P. haem 3
P. haem T (3,4,10)
¢ days post BR31-008 N None
caesarian T P. haem 3
B haem T (3,4,10)
BR91-012 N None
T B. hﬁ.ﬁ! 3
P mT [3 4,10)
P, _JT lﬂj
T F. haom T [3.4,10)
B. EI-U_T-_EIEJ_
37 days post BR91-008 N None
caesarian T P. haem 3
P. haam T (3,4,10)
BR91-012 | Hone
T P. haem T (3,4,10)
¢7 days post ER91-003 H P. haem 3
dalivery T E. haem 3

P. haem T (3.4,10)

Samples: N = nasal, T = tonsillar, TIN = transtracheal wash.
* PB. haem - EBELEJI!lli haemolytica biotypes: T and 3; serotypes in ().

P. multocida - Pasteurella multocida: serotyping not conducted.
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A1l nasal, tonsil, and transtracheal samples cultured negative for
viruses. Low sorum antibody titers were detected against several
potential infectious agents (Table 1). However, the only titer considered
significant was that against Anaplasma marginale.

DISCUSSION

Disease development in animals is dependent upon a number of factors
including; the presence of infeclious organisms in the environment, age
and immunity of the host, genetic predisposition of an animal to specific
diseases, nutrition, and s$tress (Biberstein 1981, Wiseman et al. 1978,
Yates 1982). Most of our knowledge of respiratory disease in ruminants
comes from studies of disease in cattle and domestic sheep. In these
animals, virus infections of the respiratory tract are commonly associated
with development of diseases caused, in part, by opportunistic bacterial
pathogens (Carter 1973, Yates 1982). Pasteurslla spp. are among the
opportunistic bacterial pathogens which are commonly associated with viral
infections which predispose their hosts to pneumonia. Infections with
viruses or Mycoplasma spp. (Corstvet et al. 1973, Jensen et al. 1976) or
infestations with parasites (Spraker 1979) which reduce the defense
mechanlsms of the lungs may contribute to respiratory pasteurellosis.
Protostrongylus stilesi is a common parasite of bighorn sheep which i3
known to compromise the ability of the lungs to resfist infection with
opportunistic bacterial pathogens. These parasites may cross the placenta
during the third trimester and infest the liver of lambs ip uteroc. They
subsequently migrate to the lTungs after birth of the lambs and develop to
sexual maturity at about 20 days. Larvae then develop and migrate up the
bronchial treé causing granulomas in the Jung. These events resull in
reduced resistance to infection with opportunistic bacterial pathogens
(Spraker 1979).

Viruses were not {solated from samples collected from the caesarian-
derived lambs prior to or at the onset of clinical pneumonfa. However,
P. haemolytica biotype T and P. stilesi were both prezent in lung lavage
samples collected transtracheally. Both organisms appeared to have played
a role in the pneumonic condition of the lambs. Antibiotic therapy
improved the general appearance and responsiveness of the lambs but did
not eliminate the persistent cough, However, following treatment with
ivermeclin, the cough response decreased, the lambs became more active,
and antibiotic therapy was discontinued without subsequent recurrence of
pheumonia.

Protostrongylus stilesi larvae were present in the lungs of the 2
caesarfan-derived lambs monitored in this study. Due to age of the lambs
at onset of disease and the mode of transmission of these parasites, it
1% evident that they would have been present in the lambs prier to birth.
Thus, the lungworms were present prior to transmission of P. haemglytica
from the ewes to their lambs initiating tissue damage resulting in
increased susceptibility of the lambs to pneumonic pasteurellosis,
Transplacental transmission of P. stilesi to lambs is common in free-
ranging herds and may predispose Jambs to pneumonfa associated with
particular strains of P, haemolylica to cause the "summer lamb mortality”
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syndrome. Isolates of P. haemolytica are being evaluated to identify
strains which are associated with this syndrome.

Egsteurella hacmalytica 1s a diverse group of bacteria which appears
to be ubiguitous in ruminants (Timoney et al. 1988). These opportunistic
pathogens rarely finitiate disease but urr generally associated with
disease only if other factors, such as viruses or lungworms, reduce the

resistance of the host, Differentiation between P. haemolytica strains
can be achieved by identification of genetic differences revealing
"ribotypes® (Snipes et al, 1992) and DHA "fingerprints®. The DHNA
fingerprinting procedure which provides highly discriminatory and
reproducible information was subsequently conducted on P. haemolytica
isolates from the lambs and their mothers to determine the source of the
organisms associated with disease in the Tambs (to be published).

Summgy lamb mortality causing low recruitment rates in bighorn
populations for 4-5 years following a pneumonic outbreak is devastating
to the affected herds. Monftoring will continue in bighorn populations
to identify additional factors which contribute ta this syndrome in
efforts to alter or remove those factors which result in disease.
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THEORETICAL CONCEPTS OF DISEASE VERSUS NWUTRITION AS PRIMARY FACTORS
IN POPULATION REGULATION OF WILD SHEEP

MIKE R, DUNBAR, Wildlife Disease Research Institute, P.0. Box 411,
Cascade, 10 83611

Abstract: Concepts concerning population regulation, including
carrying capacity as it relates to nutrition as the primary
population regulating mechanism in wild sheep, are discussed.
Literature 15 reviewed and theoretical concepts are postulated that
implicate evolution of the immune system as an important intrinsic
facter in population regulation. Population density., as an
environmental stresser additive with other envirommental stressors,
acting upen animal's immune system may be a2 major population regulatory
factor in wild sheep. The concept of immune system dependence versus
independence of  pathogens, especially regarding  Pasteurella
hapmolyvtica, is proposed by the author, Management implicabtions and
recommgndations are discussed,

Numerous studies have been conducted to understand complex
interactions among animals and environmental factors thought involved
in regulatfon of wildlife populations. As a result, basic concepts
have been develeoped to explain fluctuations or stahility, in wildlife
numbers and density. These include concepts such as carrying capacity.
density dependency, environmental stressors, limiting factors and
athers, which have helped shape our understanding of population
regulation, Without an understanding of concepts and mechanizm= that
regqulate wildlife populations, many management strategies will be
ineffective, Although controversy exists and neither scientific nor
empirical data adequataly justify the relative importance of these
concepts, they form the basis of current management strategy. Other,
more recent, concepts used to explain population regulation in large
ungulates, such as stress and disease as primary factors, have,
until recently. been mostly fgnored. And, because wild sheep appear
more susceptible to adverse affects of epizootic disease than other
wild ungulates in North America, they may have eovolved with different
population regulatory mechanisms making disease more  important.

Among biologists, there appear a wide array of  opinions
concerning cause aof sudden declines in wild sheep populations that
are similar in nature and circumstance. Most investigators support
the concept of carrying capacity and suggest nutritional deficiencies
cause or act as triggering mechanisms for these declines. Management
strategies, based on this concept. are then used in attempts to reverse
or pravent further declines.

However, current management of Rocky Mountain bighorn sheep (Ovis
canadensis canadensis) and their habitats does not appear effective
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despite genuine efforts (Risenhoover et al. 1988, Smith et al. 1991).
Without more effective management, bighorn sheep numbers could be
expected to further decline over the next 25 years (Jahn and Trefethen
1978), Therefore, if we are to more effectively manage wild sheep
populations, we must critically analyze not only management technigues,
but concepts on which current management is based. Although the concept
of animal population regulation has not been proven, [ .support the
hypothesis and believe that wild sheep are regulated at least partially
by fntrinsic factors such as the influence of chromic stress upon immune
systems,

This report reviews past studies on population dynamics of wild
sheep and proposes concepts that may allow better understanding of
proposeéd population regulation, therefore contributing to  more
effactive management.

NUTRITION VERSUS DISEASE

In 1798. Rev. T. R. Malthus pointed out that animal populations
always increase up to the limit of their food resources. nd, that
lack of food through starvation and disease, then acts to provent
further increase (5inclair 1%89). The Malthusian hypothesis hac boen
at the center of all subsequent debate on what regulates populations.
Howaver, others have proposed that animal populations may be regulated
at ? lovel below that imposed by food supply (Chitty 1960, Stelfox
1974).

Carrying capacity is a concept developed to explain the
relationship between habhitat and ungulate population size or density.
It is defined as., an eqguilibrium between animals and vegetation
(Caughley 1979), This or some szimilar concepts are used hy wildlife
managers Lo justify various strategies and technigues to alter habitat
or population size to achieve desired goals, These strategies are
premised on the idea that animal numbers and recruftment are based
primarily on nutrition and intraspecific competition. Disease, as
a population regulator, is often relegated to 2 proximate mechanism
based on nutrition (Davidson 1981, Cook 1990, Cook et al. 1990).

Many investigators of wild sheesp in North America have concluded
nutrition is the primary factor dnvolved in population regulation.
Allen (1962: 59) 4n discussing the decline of bighorn sheep, stated,
"There are numerous factors involved, 1t seems, in actual contral of
herd size; but & great deal of 1t appears tracesble to range.” Johnson
{1983: 149) stated. "diseases have probably been responsible for large
scale mortalities in many bighorn populations in North America." He
believes that the impact of parasites and disease on population
dynamics of bighorn sheep is not well understood, and concludes, "The
most important factor 1in management of bighorn sheep s habitat"
(Johnson 1983: 174). '

Buechner (1960: 107), stated, "“as & population regulation
mechanism, the parasite-disease complex,..,.operatez almost independently
of the condition of range vegetation," However, in concluding remarks,
he considered poor nutrition as the "triggering” mechanism predisposing
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bighorn shaep to the parasite-disease complex. Stroeeter (1970a2)
belioved Buechner's final conclusion was unfounded because nutrition
range-analysis studies before, during and after die-offs were not made,
This was often the case with studies of wild sheep die-offs or annual
variations in natality where poor nutrition was considered an important
factor (Marsh 1938, Buechner 1960, Woodward et al. 1972, Stelfox 1974,
Whitten 1975, Long 1980, Schuerholz 1984, Whitfield and Keller 1984,
Festa-Bianchet 1988, Cook 1990), And, when correlation of range
conditions and mortality or low recruitment was made, physialogical
assessment of nutrition was not (Marsh 1938, Buechner 1960, Streeter
1970b, Harejst1 1972, Stelfox 1974, Whitten 1975, Hoefs and Brink 1378,
Long 1980, Hoefs and Bayer 1983, Schuerhalz 1984, Festa-Bianchet 1988,
Cook 1990), «casting suspicion on conclusions that vegetation had
a primary effect on the population. Complex forces such as
nutritional, behavioral. environmental and genetics that act upon
a population, have been traditionally assessed by secondary indicators
such as habitat. food habits, and population characteristics.
Theoretically, assessment of primary indicators obtained directly from
animals representing @& population would minimize many sources of
variation and provide greater precision for studies., Primary indicators
raflect the health of the animal, and by proper sampling. the health
of a population (Franmann 1972, Fowler 1986), Consequently, there
has been a gradual shift from assessment of carrying capacity by
vegetation utilization studies and change in population characteristics
to that of establishment of nutritional status of wild populatiens
(Franzmann 1971a, Franzmann 1971b, Hebert 1978). It should no longer
be sufficient to simply monitor animal numbers or habitat conditions.
One should view with suspicion previous studies conducted on wild sheep
population dynamics that suggested nutrition as a cause for population
declines, when assessment of health or physiological status was not
conducted, [nvestigators that document a positive correlation between
recruitment and range vegetation or precipitation often fail te acknow-
ledge decreased Forage production may serve to decrease area of
available habitat, thersby increasing population densities. Increase
in population density could account for decreased natality without
regard for decreased forage quantity or quality,

Some investigators found that preceding a disease induced die-off,
bighorn sheep were in fact i1n good body condition, suggesting little
correlation between nutrition and the die-off. Festa-Bianchet {(1988:
1) in his study of a pneumonia epizootic 1n bighorn sheep in Alberta,
found “dead sheep in good body condition, with no obvious evidence
of malnutrition.”  Post (1962:4) investigated an outbreak of
pasteurellosis in a captive sheep population in Wyoming and found the
dead animals to be in “excellent body condition, as denoted by amount
of body fat." Other studies involving captive sheep found similar
results (Foreyt 1988, Miller et al, 1991). Rvder et al. (1992) in
investigating a bighorn sheep die-off in 1991 near Whiskey Mountain,
Wyoming, concluded there were good range conditions prior to the die-off
of approximately 40% of the herd.

Bailey (1986:333) studied a bighorn sheep herd in Waterton Canyon,
Colorado, and after investigating an all-age die-off, concluded
"Waterton sheep were in excellent physical condition, indicating no
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shortage of forage." Other investigators (Fisher 1927, Spraker 1974,
McQuivey 1978, Wishart et al. 1980, Spraker and Hibler 1982, Underka
and Wishart 1984, Spraker et al, 1984, Andryk and Irby 1986) found
similar results, Cook (1990:215) studied two bighorn sheep herds in
Wyoming and, even though he concluded poor nutrition was the cause
ef death, found nearly all mortalities to be lambs dying from disease
and stated "Chlamydia infection likely originated from outside sources
and caused substantial mortality evem in lambs considered to be in
good condition." Heimer (1988:42) in discussing Dall sheep (Ovis dalli
dalli) management in Alaska, stated "Nutritional stress may occur
in wnusual circumstances, but normal circumstances do not lead to
this problem, Comparisons of nutrient quality of winter range plants
selected by sheep, the summer nutrient quality of these food plants,
and the body condition of ewes during rut and in late winter revealed
no caloric advantage for a low density population when compared with
a high density population."” He concluded “S5ti1l1l, population
perfarmance was strikingly different between the two; the low density
population had better performance.”

If nutrition 15 not a predisposing Tacter in many die-offs or
population regulatien of bighorn sheep, what 1s? Seme investigators
{Forrester 1971, Hudsen 1972, Thorne et al, 1982, Hoef:s and Bayer 1983,
Spraker et al. 1984, Bailay 1986) beltfeved stress was an important
factor in disease caused die-offs in bighorn sheep. And, some (Post
1976, Feuerstein et al. 1980, Spraker and Hibler 1982, Stevens 1982)
suggest stress without regard for nutrition, may play a role in
bighorn sheep die-offs,

Stress s defined as the need for an individual te make abnormal
or extreme adjustments in physiology or behavior to cope with adverse
aspects of its environment (Fraser et al. 1975). Stress operates hy
inducing elevated circulating glucocorticoids and possibly other
hormanes, which may inhibit immune or reproductive systems, predisposing
an amimal or population to reduced natality or infectious disease
{Christian and Davis 1964, Hunninghake and Fauci 1977, Spraker 1977,
Kelley 1988, Griffin 1989, Andersen 1991). Although stress has been
shown to affect reproductive Function by lowering natality in some
animal species (Christian and Davis 1964, Christian 1971), evidence
iz not available to suggest it operates in this manner in wild sheep
populations and will not be discussed. Cohen (1987) proposed that
acute stress does not exert a significant effect on immunocompetence,
and it 13 only chronic siress which causes an impairment of immunity
compatible with the development of disease. Therefore experiments
designed to acutely reduce fmmune system function by administration
of glucocorticoids to mimic stress, may lead to erronecus conclusions.
Chronic stress factors, or environmental stressors occur 1n a variety
of forms. MNutrition may be a stressor, acting upon an animal's immune
system, predisposing to disease (Chandra and MNewberne 1977). Other
stressors  include population density, finclement weather, chronic
diseases, parasitism and harassment.

Several investigators have discussed concepts of stressors that
reduce immune system functions and the role stress plays in reducing
a populations’ resistance to disease. Spraker et al. (1984) discussed
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stress and the pathogenesis of stress upon bighorn sheep in a die-off
in Colorade resulting in the death of 755 to BAI of the population.

They concluded stress, mostly from human disturbance caused increased
lavals of cortisol resulting in inhibition of the inflammatory process
and increased susceptibility to bacterial pathogens.

Sochwantii (19865 247) studied 3 herds of bighorn sheep in
southeastern British Columbia and concluded, "...at a certain
population density, additional or increased levels of pre-existing
streszors appear to overwhelm the functional fimmune system and
precipitate the occurrence of epidemic disease." Streeter (1970b:
50), in comparing demography of 2 bighorn sheep herds in Colorade stated
"Based on these statistics, mean breeding population mortality varied
directly with mean population density. Mean survival of lambs and
mean breeding population growth varied finversely with mean population
density."” He concluded, "The mechanism could be social stress induced
by intraspecific interaction er a nutritional stress induced by a
decrease in available ferage." He did not find a definitive correlation
between mortality and specific forage limitations.

Wehausen et al. (1987) reviewed data from s desert bighorn sheep
herd in southern California during 1953 through 1982, During the
periods 1953-61 and 19/7-82, the population experienced low recruitment
rates and suvipected disease epizdotics. Concerning the population
deciine beginning 1in 1977, they stated (p. 95): "Given that average
recruitment ratios suggest that this population essentially had been
stahle since 1977, 1t would be tempting to interpret its recent dynamics
a5 nothing more than a wusual attainment of an ecological carrying
capacity set by the interaction of vegetation and the sheep population
density alone. Under Lhis interpretation disease would act only as
secondary Tactors precipitated by nutrition., Two factors do not support
this finterpretation: (1) the substantial discontinuity in recruitment
rate that occurred in 1977 and (2) the fncreased precipitation in
critical months during the 1977-82 period, the effect of which should
have been a raised carrying capacity and subsequent population increase
rather than stabilization," They Ffurther concluded, "Our analysis
indicate that 3 indepéndant précipitation factors, 1 disease factor
and 1 probable population density factor all exhibited measurable
affects on the dynamics of lamb recruitment in the Santa Rosa Mountains
between 1962 and 1982.°

Hudson (1972:33) investigated the functional activities of
Iymphocytes in sheep that wera subjected to capture, transport, and
confinement fed medium gquality hay and demonstrated alterations of
in witro characteristics of peripheral Iymphocytes during stress
associated with introduction to captivity. He concluded., "Since bighorn
sheep are particularly susceptible to disease when brought dnto
captivity, 1t 15 possible that depressed in vitro Iymphocyte resctivity
reflected impaired immunity." Other investigators have also suggested
stress is a factor that reduces the ability of the immune system and
increases susceptibility to disease.

Balden et al. (1990) found, in their study of captive bighorns,
fluctuations in B cell responses occurred around time of lambhing and
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concluded that this would not be beneficial to the population. This
suggests that stress factors are operating upon the jmmune sysitem at
a critical time, during lambing. Time of lambing and especially
6-8 weeks thereafter, when colostral antibodies begin to wane, are
certainly a time of high susceptibility im bighorn sheep. At this
time densities of sheep can attain highest levels on nursery areas
and cause social stress and increased disease ‘transmission,
predisposing to disease. Spraker et al. (1984) suggested that
stress-related summer lamb mortality was a result of 1 of 2 factors:
stressed ewes producing less colostral antibody resulting in lambh deaths
due to lack of maternal protection or secondly, surviving ewes carry
high levels of Pasteurella spp. which they may transfer to lambs,
overwhelming their immune system and causing Tatal pneumonia. | suggest
both factors could be a result of stress caused by high population
density.

Population density historically was viewed as a factor wpon which
environmental variables depended; increasing Lheir effect as denzity
increased and functioning to reduce dentity to an equilibriom. These
dengity dependent wvariables were thought te be an integral part of
population regulation. In fact, environmental factors that were not
density dependent were not part of the regulation mechanism (Sinclair
1989).

However, [ propose population density. or overcrowding, acts as
another environmental stressor, intrinsic in nature and may at Ltimas
act independent of nutrition. It acts upon an animal's immune system
via complex interactions of hormones, including mainly glucocorticoids,
pradisposing to disease. And, other environmental stressors, as
previously mentioned, are additive forces serving &g suppress
population numberzs 4in the same manner ai stress resulting from
population density.

Marsh (1938) pointed out that ecrowding was an important factor
in pneumonia in bhighorn sheep in hi1s studies in Glacier National Park.
Hobbs et al. (1990) reported that disease—induced die-offs in bighorn
cheep were reEuatud at approximately 20 year intervals when populations
attained peak densities,

Onderka and Wishart (1%84) found that the timing of pneumonia
outbreaks corresponded to the breeding season of bighorns, when animals
are concentrated, Dunbar (Wildl, Dis. Res, Inst,, wunpubl, data)
found high susmer Tamb mortality in a bighorn sheep herd in central
Idaho, when population density was at or near a recorded all time
high (Idaho Fish and Game files), and physiclogical assessment of ewes
just prior to lambing revealed they were in good physical condition.

Murphy and Whittemn (1976) found ewe:lamb ratios of Dall sheep
in McKinley Park, Alaska, was significantly lower in the area of highest
density. Investigations into all-age die-offs of bighorn sheep in
the East Kootenay region of British Columbia in the 1960's and 1980's
determined these die-offs were preceded by high population density
{Schwantji 1986). Burles et al. (1984) in their study of Dall sheep
in Yukon Territory, Canada, found population density to be a significant
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contributor to wvariations in productivity among populations. These
studies found little or no correlation with mortality and any specific

forage limiting factor.

Based on these and other investigations., [ believe information
exists that supports a concept that nutrition does not necessarily
serve as a predisposing agent to either catastrophic die-offs or
reduced natality due to disease. While much remains to be discovered
about proximate causes, predisposing agents, and etiology of disease,
circumstantial ovidence suggests that bighorn prneumonia 15  induced
by multiple stress factors (Potts 1938, Spraker 1977, Feuerstein et
al. 1980, Spraker and Hibler 1982, Spraker st al. 1984, Onderka and
Wishart 1984, Bailey 1986).

This interaction of stressors can he wisualized if a stress
index factor of 1.0 is required to suppress a population to the point
of stabilization. The eoffect of population density could have a stress
factor range of 0.3-1.0, inclement weather 0-1.0, harassment 0-0.4,
chronic parasitism 0-0.2, nutrition 0.71-0.6 (unless the regulatory
system 15 overrvidden, then 1.0). One could then understand how these
factors become additive. However, population density or weather alone
could account for a population decline, or with no inclement weather
and & lowered density., a combination of other factors could achieve
a population decline. But a lowered population density, hence reduced
stress, would allow & populstion to dncrease again to an equilibrium
once the other stressors returned to lower levels, The sffact of
all environmental stressors acting upon a population would be in a
dynamic equilibrium with the population.

The concepts of carrying capacity, density dependency and intra-
specific competition for forage are not discounted here. Stelfox (1976)
hypothesized that bighorn populations that increase in density will
suffer die-offs before they reach a balance with their environment.
Chitty (1960) proposed that intrinsic factors, those characteristics
of an individual such as behavior, physiology and genes, could act
to regulate the population at a level below that imposed by the food
supply. | believe that forage iz the ultimate factor that will limit
population size, but that food serves in many cases, not as a
regulatory but a Timiting mechanism, Concepts of population Vimitation
and regulation should not be confused, For example, the amount of
space, food, or water (limiting factors) may limit the size of a
population but competition (stress) for space, food, or water may serve
to regulate a population and is a Ffunction of population density,
Extrinsic and intrinsic factors may function to regulate populations,
For example, an intrinsic factor such as chronic stress resulting from
high population density may influence physiologic functions such as
immune systems and cause disease (extrinsic factor). Populations that
are regulated may attain optimum size or density that would be
beneficial for long term survival of the species. Populations that
are not regulated but Timited may at times reach peak population numbers
but may not be beneficial for long term survival.

Bailey (1986:332) states, "...if we become satisfied with., or
promote "stress" as an explanation [for die-offs], we may impede
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development of understanding of the causes of stress in bighorn sheep,”
| agree; however, many biologists have accepted the simplistic concept
of carrying capacity which has impeded our wunderstanding of
population regqulation in bighorn sheep. [ believe the acceptance
of the concept of stress, its effect on the immune system and 1its
role in  population regulation would be a major step towards
understanding this complex issue.

IMMUNE SYSTEM DEPENDENT VERSUS INDEPENDENT

To combat an array of pathogens, animals, including wild sheep,
have developed various sophisticated immunological defense mechanisms,
The pathogenicity of potential disease causing or ﬂni:imrﬁ ts wsually
dependent wupon the functional level of the animal's fmmune system.
| will call those pathogens that rely upon the Ffunctional 1&?&1 of
the immune system to cause disease as "immune system dependent”. Those
pathogens that, because of their high virulence, the high susceptibility
of shesp, or their ability to overwhelm an uncompromised immune system
and cawse disease, | will term "immune system independent", These
immune system independent pathogens are those that usvally are not
enzootic in sheep populations but increase in virulence or number due
to Factors independent of sheep populations, These factors may include
numbers of secondary or fintermediate hosts, or wvector populations.
An example of an immune system independent pathogen would be Bluetongue
virus. lts affect on bighorn sheep populations is related to the size
of the wvector population Culicoides spp., and not to the functional
lavel of the highorn sheep's immune system. Some pathogens may serve
as both immune system dependent and independent. depending on their
nature or virulence such as P. haemolytica. However, most pathogens
are immune system dependent and are enzootic to wild sheep populations.
1t iz my belief that immune system dependent pathogens serve to regulate
populations versus independent ones that do not.

It is my belief if Pasteurella haemolytica., regardless of source,
pperated only in an immune system dependent manner, epizootics would
be a major Factor in regulating populations. However, in my opinion,
P. h lytica, originally dependent on the functional level of the
animal’'s immune system to cause disease, gains in virulance (Spraker
1977, Feuerstein et al, 1980, Ellis 1984, MWilkie and Shewen 1988,
Callan et al, 1991) as it passes through many animals weakened by
its effects and thereby begins operating in an  immune  system
independent manner. The effects of P. haemolytica would then not be
regulating populations, but serve as a catastrophe.

A more virulent P. haemolytica would then be transferred, usually
by young rams (Onderka and Wishart 1984), to adjacent sheep and to
other populations, overwhelming the immune system without need for
stressors, It would then lose 1ts {ncreased virulence over Lime
due to intrinsic factors operating within the bacterial population
and again become immune system dependent. A mechanism similar to
this may have been proposed by Fasta-Bianchet (1988:73) when he
stated, "Population dynamics after the [bighorn sheep] epizootic,
particularly lamb survival may reflect lingering effects of the disease
and therefore not show the expected density dependent relationships."
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In an attempt to model population dynamics of bighern sheep, Hobbs
and Miller (1993) postulated that epizootics due to Pasteurella spp.
requlated bighorn numbers and that external forces such as habitat
changes, environmental stress, parasitism and contact with domestic
animals, do not appear necessary to produce periodic pasteurellosis
epizootics in bighorn herds. In my opinion, I believe their model
points out that bighorn numbers are reduced by epizoolics caused by
Pasteurella spp. but these epizootics do not function to requlate
bighorn populations because they are apparently operating in an immune
system independent fashion,

In this postulated system of population regulation, 1t seems
logical that wild sheep have evolved to "fine tune” their immune system
to regulate population density and compensate for other environmental
streszors to their benefit in long term survival., However, this system
has ewvolved 1in close association with the enviromment, Therefore,
man's manipulation of the environment may be disrupting this system.

DISEASE VERSUS DIE-OFF

Disease is defined as a specific state of malfunctioning in an
animal (Dorland 1963)., It 1is the culmination of wvariouzs defects,
abnormalities, excesses. deficiencies and injuries as they occur at
the cell and tissue level which ultimately result in clinically apparent
dysfunction (S5lauson and Cooper 1982). Dizease may somebimes go
undetected at the clinical level even though the lesions underlying
the disease have been present in the tissues for a long time, [n this
discussion, disease will be limited to a dysfunction caused by living
organisms (bacteria, viruses and parasites, etc.).

Traditional 1nvestigations on causes of mortality where disease
was believed involved were aimed at identifying single cause (a
pathogen) and effect (morbidity and mortality). These studies. in
effect, equate disease with die-off or population crash.
Inyestigators (Stelfex 1976, Hobbs et al. 1990, Hobbs and Miller 1993)
therefore, attempted to model population dynamics of sheep based
on this concept and suggest disease 1is a population regulator.
However, one should realize that disease causing organisms are numerous
in bighorn sheep populations (Adrian 1981, Dieterich 1981, Goodion
1982, Thorne et al, 1982, Fowler 1986), and to ignore their significance
to long term regulation 15 missing the point. Die-offs 1n sheep
populations are mostly a result of a respiratory pathogen which is
usually P. hasmolytica. To study only the mechanics of a population
die-off due to Pasteurella spp. will lead only to understanding
pathogenesis of die-offs, not of mechanisms of population regulation
due to disease factors that constantly affect and regulate sheep
populations, Te understand population regulation, mora omphasis
should be placed on understanding bighorn sheep populations that are
apparently stable, or whare numbers fluctuate little. To understand
the regulatory nature of environmenta)l variables and intrinsic factors
that are constantly at work, we should not place emphasis on studying
populations that may temporarily have lost contral due to s catastrophic
event, disease or otherwise,
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Stelfox (1974) was probably correct in  concluding that bighorn
sheep 0 the Canadian HNational Park did not exhibit any density
dependent self-regulating mechanism, He waz considering population
die-offs, or disease pathogens that are not dependent upon functional
level of the immune system, rathar than long term effects of pathogens
that are dependent upon the animal's immune system to cause disease.

Hudson and Stelfox (1976:110) pointed out in their attempt to
model, "“disease interfered with a more finely tuned mechanism of
population regulation." They equate disease with die-off in their
mode]l and would have been justified in their conclusions if they had
ctated that die-offs dinterfered with & fine-tuned mechanism for
population regulation. The finely tuned mechanism of population
requlation they elude to, may in fact be disease other than Pasteurella
spp. at least, it may be Pasteurella spp. that operates in an immune
systemn dependent rather than independent manner to which die-offs
may be attributed.

The term  disease must include pathogenic or potentially
pathogenic organisms operating in a population. One should not single
out a pathogen, in most cases Pasteurella spp., and model their affect
under the guise of disease. nsequently, one must understand the
pathogenesis of combined diseases and realize the difference between
disease factors that regulate by their immune system dependence and
those that effect but do mnot regulate, by their immune system
independence. Many pathogens, combined with or without Pasteurella
spp. may serve to regulate bighorn sheep populations by operating on
newborn lambs, where mortality due to disease 1is often high but often
ignored by investigators, especially when populations appear stable.

DENSITY VERSUS MOBILITY

Nicholson (1933) revolutionized thinking about population
regulation when he introduced the concept of density dependent factors.
Because population density appears to be so important, ] wish to give
somé definftions of density amd propose a concept which should be
considered when disease factors are fnvolved. Animal density 1is
defined az, “individuals per unit of area" (Dasmann 1964:90), He also
points out densities should be related to occupied habitat rather
than mere geographic area and must always be measured at a particular
point in time, | believe density must also be considered when disease
is the object of study as & stressor acting upon the animal's immune
system. Population density is also a factor as it relates to disease
transmission among individuals within & population. The greater Lhe
density, the higher the rate of disease transmission. And, in regards
to density and disease transmission, another factor to be considered
is mobility of a population. Mobility refers to the distance
traveled per day. Optimum mobility would include a large mean distance
traveled per day with a low standard deviation value.

As individuals become weakened due to disease, number and virulence
of pathogens may increase, making transfer of pathogens te others
easier. Larger distances traveled would tend to increase the likeli-
hood of weakened individuals lagging behind and being excluded from
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the group, thereby reducing disease transmission.

The greater the mobility of a population, the greater the effect
of this natural quarantine, which allows populations to achieve
greater densities. This would have a dramatic effect at lambing and
Aursery areas, where ewes concentrate and reach high densities. Lambs
in nursery areas that are on discreet limited habitats would suffer
greater losses to disease than those on expanded habitats where density
is less and mobility greater. Hoefs and Bayer (1983), in their study
of Dall sheep in Canada, found sheep densities more than doubled on
nursery arcas as compared to year=round ranges., Lenarz (1979) reported
most lamb mortalities in his study in New Mexico occurred during
movements between ewe ranges (those lagging behind).

Howaver, as population size may diminish, lamb nursery areas may
diminish in size due to an attempt by ewes to concentrate onto key
habitats as determined by physiographic features. Densities may vary
11ttle until population size 15 reduced to a certain point. This
concept of sheep maintaining high densities by concentrating themselves
into mare highly preferred areas in the face of population declines
has been observed by Spraker (1974),

It should alse be mentioned that mobility may have negative
effects on a population. Onderka and Wishart (1984:360) in their study
of & sheep die-off in Canada state, "The highly mobile component of
rutting rams was probably responsible for spreading the disease
[pasteurellosis| over such a large areas.”

MANAGEMENT IMPLICATIONS

As stated, despite genuine efforts current management of Roacky
Mountain bighorn sheep populations and their habitats does not appear
to be effective (Risenhoover et al. 1988). Transplanting of bighorn
sheep onte historic ranges may, in some instances, be an effective
management tool teday. Transplants invalving California . ighorn sheep
(Ovis canadensis californiana) into southwestern I[daho ranges is an
gxample of the success of this type of management (Bodie et al. 1990).
However, historic ranges suitable for transplanting are limited. And
Risenhoover et al, (1988) suggests that many transplanted bighorn sheep
populations are not expected Lo survive, Smith et al. (1991) alse
balieve that transplanting bighorn sheep as a management tool to
increase numbers has failed in the western United States,

Protection of existing habitats from degradation and protection
of =sheep from illegal harvest are also management strategies where
success 15 1n guestion. Habitat manipulation and range improvements
an auistin]g key bighorn sheep ranges has shown little success. Bighorn
sheep populations continue to decline. Jahn and Trefethen (1978) warned
that without more effective management, an additional loss of BE of
bighorn sheep could be expected over the next 25 years.

If disease is a major factor comtributing to population declines,
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and if it 1is based on population density rather than nutrition, then
management strategies based on reducing densities should take priority.
However, does reduction of sheep nusmbers through Jincreased hunter
harvest of ewes or Lransplanting from a population decrease density
toe the degree required? Possibly not, Decreasing numbar of ewes
on lamb nursery areas should be of greatest benefit if it  results
in decreasing ewe densities. But in many cases, even if harvest
strategies allow swch a reduction, they may have to be substantial
because ewes 1in bordering marginal nursery areas may concentrate on
key nursery arecas, maintaining high densities. It would therefore
seem more beneficial to increase the size of nursery areas through
habitat manipulation. These habitat manipulations would probably
consist of creating optimum physiographic characteristics. 1d.e..
fncreasing visibility in steep rocky areas overgrown with small trees
and shrubs or creating or improving movement corridors between nursery
areas, rather than increasing vegetation guality.

This same concept applies to manipulation of winter range habitat.
In other words, one should create more area of sheep habitat, rather
than c¢reating better guality habitat in the sane key areas, az is
the present management strategy. Management strategies based on
creating more and larger areas of sheep habitat nob only would reduce
sheep densities but would increase mobility.

A similar management strategy of increasing area was postulated
by Risenhoover et al. (1988). They believe bighorn sheep have abandoned
migration corridors ta less favorable ranges due to forest succession
reducing visibility. And. "The resulting phenomenon of mostly small,
isolated, and sedentary sheep herds perpetuates population declines
and habitat loss through loss of traditiomal movements". (Risenhoover
et al, 1988:348). They also concluded that burning existing winter
range will mot expand a herd's area and will not encourage a herd to
re-establish abandoned movement patterns. They stated, "For many herds,
we believe that population size, distribution, and movement must be
increased {f they are to remain viable", {Risenhoover et al. 1988:348).
Increasing access to escape terrain and Amproving visibility within
habitats are generally believed to be the primary determinants of
distribution and habitat use (Cock 1990). These management strategies
are similar to those that consider immune system dependent disease
factors as primarily regulating sheep populations through population
density and mobility.

Other factors found important in sheep management such as reducing
harassment should be considered. Chronfc stress from harassment
on shoep populations at high densities, low mobility. and low planes
of nutrition may produce catastrophic die-offs. These additive stress
factors may lead to respiratory, or other pathogens, reverting from
a regulating fimmune system dependent effect to an immune system
independent associated die-off,

SUMMARY

Current management of bighorn sheep does not appear effective.
Bighorn sheep numbars continue to decline. If we are to more
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Managemént strategies based on reducing population density and
increasing mobility, rather than increasing forage quantity or quality
should produce more effective results. Increasing area of habitat
rather than increasing forage values in existing sheep habitats should
be considered 1f increasing and stabilizing numbers of bighorn sheep
is the desired goal. Howewer, research on the role disease and
parasites play in the population dynamics of wild sheep is also needed.
The effect of dizease on bighorn sheep populations cannot be determined
unt1]l its dnterrelationship with populatien density and nutrition are
measurod and understood.
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ﬂhilrﬂﬂli Anticipating the occurrence of disease-related, all-age
die-offs is a common component of contemporary bighorn management
slrategies. Domestic sheep have often boen implicated in these bighorn
die-offs. In Alaska, documented exposure of Dall sheep to domestic
sheap has been limited to 2 3-to 6-week pericds during late-winter when
domestic sheep were run on a Dall sheep winter range near Palmer. The
results of this exposure are not yet known, but a disease-related die-
off in Dall sheep has never been documented. As the exposure of Dall
sheep to domestic sheep near Palmer demonstrates, wildlife managers in
Alaska were unable to exclude domestic sheep from Dall sheep ranges.
Because data demonstrating effects of domestic sheep diseases on Dall
sheep are not available, we began to finvestigate a possible causative
relationship between domestic sheep and disease In Dall sheep. We
started with a bacteriologic survey of tonsils from 16 domestic owes
produced in the Tanana I::?a'l'h:_'w near Fairbanks. These ewes carried
pharyngeal microflora typical of those reported for domestic sheep
@lsewhere, including the Pasteurella haemolytica strains and serotypes
which have been implicated in bighorn die-offs. HNext, 43 wild Dall
sheep of both sexes from a remote area of the Brooks Range were also
assayed for pharyngeal flora using tonsil biopsies and nasal swabs.
These Dall sheep carried numerous species of bacteria, including the P.

strains and biotypes implicated in bighorn sheep die-offs.
Relevance of these findings to the domestic-bighorn sheep connection and
future research possibilities are discussed.

Anticipating occurrence of disease-related die-offs of bighorn
sheep is a common component of bighorn sheep management strategies in
North America (Meimer 1990). The literature which necessitates this
manageménl position s extensive. After description of the Tungworm
(Protostrogylus stilesi) 1ife cycle came the demonstration of alternate-
host “hot spots” (Lange 1974), and theé demonstration of transplacental
transmission of lungworm larvae (Schmidt et al. 1979). These findings
led most bighorn managers to conclude that the lungworm-pneumonia
complex was a classic density-dependent factor Tlimiting bighorn
populations. With the development and administration of anthelmintic
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drugs (Schmidt et al. 1979, Foreyt and Johnson 1980), it became possible
to mitigate some of these effects; and many managers thought the disease
problem had been solved.

These Findings had scarcely been presented when & major, well
documented die-off of bighorn sheep began in the Kootenay region of
British Columbia. This die-off was the best-studied large disease event
in the history of bighorn sheep. The results implicated P.
varieties as etiologic agents (Onderka and Wishart 1984, Schjwantje
1984).

In classically slmglu experiments, Onderka and Wishart (1988)
demonstrated that this fatal pneumonia could be produced in healthy
bighorn sheep by P. haemglytica nonhemolytic biotype T cultured from the
tonsils of bighorns that died during the epizootic. Onderka also
demonstrated this bacterium, cultured from healthy domestic sheep,
caused Fatal pneumonia in captive bighorns. Additionally, Onderka
{1986) produced fatal pneumonia among captive bighorns with biotype A of
this Pasteurella spp., which had been modified for use as a cattle
vaccine. These experiments also demonstrated a predisposing viral
infection was unnecessary for development of fatal bacterial pneumonia
in captive bighorns. Domestic sheep were consistently and uniformly
refractory to the organisms which killed bighorns.

Domestic sheep were further implicated as carriers of pathogens for
bighorns by the work of Foreyt (1988, 1990). In replicate trials, he
showed that apparently healthy bighorn sheep soon perished when
apparently hoalthy domestic sheep were introduced into their pens.
Callan &t al. (1991) also demonstrated fatal pneumania among desert
bighorns penned with domestic sheep. Again, Pasteurella r wWas
implicated. These findings clearly suggest that lllnuing domestic sheep
on wild bighorn ranges carries some risk.

In Alaska, exposure of Dall sheep to domestic sheep was
undocumented until domestic sheep were found on Dall sheep winter ranges
between the Knik and Matanuska Rivers near Palmer, Alaska in spring
1990. These domestic sheep mingled with Dall sheep on grazing leases
let by the Chickaloon Native Association (CNA). CNA had received the
land as part of the seltlement of their aboriginal land claims (Heimer
1980), and leased grazing on it to generate income. These unfenced
grazing leases were adjacent to late-winter ranges used by Dall sheep.
Immediately after snow at lower elevations melted in spring of 1990,
domestic sheep were introduced to the unfenced grazing leases by the
lease holder. There, they mingled with Dall sheep on their late-winter
ranges for several weeks before the Dall sheep moved te summer ranges.
The domestic sheep remained alone on the Dall sheep winter ranges until
fall 1990 when they were moved to wintering grounds away from Dall sheep
ranges. In early spring 1991, the domestic sheep were again returned to
Dall sheep ranges where Lthey once again mingled with Dall sheep until
the Dall sheep again Teft for their summer ranges. After the domestic
§heep were removed in Fall 1991, they were sold, and not returned to the

pase.
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Although we were surprised by this specific introduction of
domestic sheep to Dall sheep range, Alaskan Dall sheep and wildlife
disease researchers had already identified potential problems with
introduction of diseases by domestic Tivestock (Heimer &t al. 1982). As
a result of our earlier concern, we continued to document the disease
histories of Dall sheep throughout Alaska. Our previous work centered
on viral serology (Zarnke et al. 1983; Zarnke 1587, 1991; Zarnke and
Rosendal 1989).

As a response to demonstration that fatal bacterial pneumonia could
occur in bighorn sheep independent of lungworm or viral infeclion, we
expanded our program to include bacterial pathogens, Bacterial
diseases, particularly pneumonia involving Pasteurella spp., were of
greatest finterest because of the Findings listed above.  Bacterial
investigations of both domestic and Dall sheep in Alaska became
practical when it was reported bacteria could be isolated from the
tonsils of wild and domestic sheep under Alaskan field conditions (D.
Onderka, Univ. Alberta, pers. commun.: Dunbar et al. 1990).

METHODS

We slaughtered 16 adult mixed-breed domestic ewes which had been
produced and maintained in the Tanana VYalley in Interior Alaska. Prior
to slaughter, nostrils were swabbed with rayon-tipped swabs. 5Swabs weére
introduced into Amies modified medium with charcoal. Specimens were
stored for 36 hours at 25 C, then packaged in insulated cool containers,
and shipped by same-day mail to Al Ward of the Caine Veterinary Center,
Ealduulg‘ Idaho where they were immediately plated and subsequently
identified (Queen et al. 1992).

At slaughter, the soft palates of these domestic ewes, including
the tonsilar crypts, were removed and packaged in plastic bags. Samples
were then air-expressed to Dr. Ward where he inoculated cultures within
48 hours. See Queen ot al. (1992) for details.

Dall sheep from the south slope of the eastern Brooks Range were
captured by helicopter using & skid-mounted projectile net (Heimer and
Maugér 1990). MNasal swabs and tonsil biopsies (Dunbar et al. 1990) were
collected from 19 sheep in October 1990. An additional 9 swab and
biopsy samples were collected from Dall sheep in the same area in 199].
Fifteen sample sets were also collected from the north side of the
Brooks Range in the Hula Hula River drainage at this time. A1l samples
were flown to Arctic Village and air-expressed to bacterial Taboratories
identification and typing.

RESULTS

Domestic sheep produced in Alaska harbored pharyngeal micreflora
typical of domestic sheep in the lower 48 states and Capada. This
included the Pasteurslla spp. organisms which have been implicated in
wild sheep die-offs. Details of the bacterial species found in the
tonsils of domestic sheep in Interior Alaska were reported by Queen et
al. ({1992). Six gram-pegative bacteria were present in notable
percentages (Table 1).
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Table 1. Gram-negative bacteria present in 16 adult domestic ewes from
the Tanana Valley, Alaska in summer, 1990.

_ Dcgurrence (%) 000

Bacteria Nazal Tonzil
Enterobacter agglomerans b4 45
Enterobacter Elﬂi%ﬁ 45 1]
ng_;_;g%a denitrificans 1; ?;
Moraxella ovis

Pasteurella haemolytica T 0 91
Pasteurella haemolytica A i 27

Dall sheep From the remote portions of the Brooks Range, had
pharyngeal microflora which included P. haemolytica biotypes A 5,
A-untypable, T 3, T4, T 10, and T-untypable (Table 2). Pasteurella
$pp. organisms were not fsolated from material collected in 1991. Delay
in getting the material to the laboratory was the probable cause of
these negative results.

DISCUSSION

There are currently 3 schools of thought regarding the origin of
Pasteurella spp. pneumonia in bighorn sheep. One school, led by Foreyt,
suggests contact with domestic sheep infects bighorns with a fatal
Pasteuralla spp., which is foreign to them, but iz carried by domestic
sheap without affectls. Once bighorns are infected, high mortality
résults (Foreyt 1990). Prevention of exposure by keeping domestics and
bighorns apart s seen as unlikely for political and economic reasons,
s0 treatment by development of a vaccine and vaccinating bighorns has
been recomménded by this school.

The second school suggests bighorn sheep typically carry the
pathogenic Pasteurella spp. strains and biotypes, and that stress
compromises the bighorn immune system resulting in fatal pneumonia
(7. Spraker, Colo. State Univ., pers. commun.; Belden et al. 1990) . HWe
infer that the managemént recommandation of this school s to limit
stresses to benefit bighorn populations.

The third school suggests there are both bighorn and domestic
varieties of Pasieurella spp.. Should bighorns becoeme infected with the
domestic strain, they will develop pneumonia and die, but domestic sheep
are not affected by the bighorn strain (Onderka and Wishart 1988). We
infer the recommendation of this school is to prevent contact between
domestic sheep and bighorns. If separation of bighorns from domestics
is not maintainable, bighorns should be managed as wild sheep to
minimize losses to disease, but not vaccinated or treated (W. Wishart,
Alberta Wildlife Branch, pers. commun.).
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Table 2. Bacteria isolated from nasal swab and tonsil biopsies of
19 Dall sheep from the Brooks Range, Alaska in 1990.

Fositive isplates
Bacteria Hasal Tonsil
Pseudomonas flourescens s 3
: 1 0
P. syringae PV aptata 1] 1
£. 35p. 1 1]
Flavobacteriym meningosepticum 1 o
T i i
oens i 1 l
Moraxella sp 0 1
Actinobacillus actinomycetem comitans 2 0
Actinobacillus sp. 1 0
Pasteurella haemolytica T 3, T 4, T 10 0 b
Pasteurella haemolytica T-untypable 0 1
Pasteurella hagmo] A S 0 1
haemolytica A-untypable 1 1
-1ike 4 3
Eschericia coli 1 8
Acinetobacter 1 0
Enterobacter ﬁ%ﬂi 0 1
Micrococcus sp. 1 0
staphylococcus aureus ] 2
S. epidermidis 0 3
5. haemolyticus 1 ]
2. homins 2 0 1
e . :
E_ ﬁ'_ﬁfh 0 1
5. warneri 2 3
5. xylosus 3 1
Streptococcus bovis 1 1 2
5. povis 2 3 ?
5. bovis 1 or 2 1 3
3. equisimilis 1 0
5. mitis 0 1
3. moribillorum 0 1
5., multans 2 1
5. salivarius 1] 1
2. Sanquis 1 0 2
5. sanguis 3 1 0
S. suis 1 i 0
5. spp. 1 '
Bacillus spp Z 2
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Dall sheep in the remote parts of the Brooks Range have, in all
probability, never been in contact with domestic sheep. 5till, these
Dall sheep carry P. haemolytica biotypes A 5, T 3, T 4, and T 10, as
wall as untypable varieties of A and T. These are presumably the same
Pasteyrella spp. biotypes which produce fatal pneumonia in bighorns, yet
no disease-related die-offs have been documented in Dall sheep. These
findings, along with the commonly accepted origin of North American wild
sheep, a common ancestor which migrated frem Asia via Beringia (Cowan
1940, Geist 1971), suggest Pasteurella spp. bacteria are enzootic to
wild Morth American, and perhaps Asian, mountain sheep. If this is so,
it is probable that North Ameérican wild sheep have "always" had these
bacteria. Hence, 1t s unnecessary to postulate domestic sheep as the
source of all Pasteurella spp. bacteria which have been implicated in
bighorn pneumonia. Furthermore, apparently healthy bighorns, both in
pens and in the wild, carry Pasteurella spp. bacteria (T. Spraker, Colo.
state Univ., pers, commun,). Our conclusion, that the pneumonia
pathogens need not come entirely from domestic sheep, 15 based on these
data and the assumption that conventional laboratory techniques (Ward et
al. 1990) characterize these bacteria adequately.

Still., we question whether conventional JTaberatory techniques
adequately characterize these bacteria. Pasteurella spp. is one of
several gram-negative, pleomorphic bacteria (Ward et al. 1990).
Pleomorphic bacteria change their form, or morphology, depending on
culture media. If the morphology of these bacteria is variable, we
suggest it is possible that ability to use specific metabolites, which
is the basis of conventional taxonomy, may change also. Should changes
in metabolic capability be associated with morphological changes, they
would produce differing results in biotyping and perhaps even species
identification. If this were the case, conventional classification on
the basis of Gram-staining and metabolite use in culture would result in
differing designations for a single organism which is more adaptable
than we presently appreciate. Techniques beyond metabolic capability in
culture may be required to address these guestions.

The Finding that Dall sheep have pharyngeal microflora which are
quite similar to those of domestic sheep does not contradict the itress
or species-specific schools of thought. However, it is difficult to
imagine that Dall sheep exist with less stress than commonly defined for
bighorn sheep. Most Dall sheep have lungworms. Those which have been
studied appear to have moderate larval fecal outputs of 200 larvae per
gram of feces. Additionally, Dall sheep endure at least & months of
winter each year, are subject to natural predation, human harvest,
intense non-consumptive use, and industrial development. Finally, Dall
sheep frequently exist at densities which are greater than bighorn
populations which have suffered die-offs in the past. 5till, we do not
see all age die-offs among Dall sheep.

Thirough the process of @limination, the Onderka and Wishart
hypothesis seems most acceptable for describing the origin and
pathogenicity of P. hemolytica. Without better {dentification of these
bacterial varieties, we are unable to offer a better explanation.
Several laboratories are working on the nueclide sequences from the
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E?slﬁurgl]g spp. organisms isolated from Dall and domestic sheep from
Alaska as well as from bighorn and domestic sheep from other regions.

We are currently unaware of their findings.

The possibility that Dall sheep are immunelogically more competent
than bighorn sheep also exists. If specialization, which Geist (1971)
postulated for bighern races, resulted in a narrower spectrum of immune
responses, it would be reasonable to anticipate more robust
immunocompetence in the less specialized thinhorn races.

These possibilities could be addressed experimentally by
fnoculating Dall sheep with various spp. organisms from
domestic and bighorn sheep under well-controlled laboratory conditions.
Aternately, comparative studies of Pasteurella spp. cytotoxins on Dall
and bighorn sheep white blood cells may be useful. We plan such
experiments in the future. We will cooperate by supplying Dall sheep or

spp. organisms from Dall sheep to investigators who present
well designed experiments to test these possibilities. In any case, we
suggesl that Dall sheep with no history of involvement with domestic
sheep present good experimental opportunities to further investigate the
development of Pasteurella spp. pneumonia pending the outcome of DNA
sequence analysis.

Whatever the cause of Pasteurella spp.-related die-offs, history
shows that prevention of disease is more effective than treating it.
Consequently, our recommendations are:

1. Wherever possible, prevent domestic and wild sheep mixing.

In Alaska, the Alaska Department of Fish and Game (ADFAG) will
continue to oppose introduction of domestic livestock, especially
domestic sheep, to Dall sheep rianges.

Close cooperation between ADFAG and the Foundation for North
American Wild Sheep recently resulted in removal of domestic sheep
from Dall sheep range near Palmer, Alaska. Sampling of sheep from
the domestic and wild sheep herds finvolved fin this transient
exposure 5 a high priority. Management actions appropriate to
the Findings will be recommended.

2. Wherever possible, minimize stresses on mountain sheep
populations,

Dall sheep appear, by our standards, to be highly stressed.
5till, most of the stresses we can identify are stresses to which
they have become adapted over time. Introductfon of new stressars
should be carefully weighed and mitigated to the extent possible.

3. Accelerate work on ONA sequencing of Pasteurella spp. and other
Gram-negative pleomorphic bacteria.

4. Address the question of differing levels of immunocompetence among
bighorn and thinhorn races of wild sheep.
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GASTROINTESTINAL PARASITES OF BIGHORN SHEEP IN WESTERN MONTAMNA AND
THEIR RELATIONSHIP TO HERD HEALTH.

DAVID E. WORLEY, Vetarinary Molecular Biology Laboratory, Montana State
University, Bozeman, MT 53717

FLOYD M. SEESEE, Veterinary Molecular Biology Laboratory, Montana State
University, Bozeman, MT 59717

Abstract: Gastrointestinal parasites of bighorn sheep (Dvis ganadensis canadensis)
from 11 wastern Montana herds were investigated by postmortem examination of 68
animals over an 18-year pariod. MNecropsy findings wera supplemanted by fecal
examination data from additional sheap for which pastmortam matérial was not
available. Sixtesn helminth and coccidian spacies were found, of which 64% also
parasitize domestic sheep. Major enteric parasites included nematodes (10 species),
cestodes (2 spacias) and coccidia (4 species). The abomasal nematode Marshallagia
macshalli was the most pravalant spacies ovarall, occurring in all hards and in 62% of
the sheap examingd statewide. The thrand-nu:had strongyle Namatodirus was next
in order of frequency, occurring in 8 herds with a composite prevalence of 40%. The
whipworm Trighuris was found in 7 hards, in which 26% of the sheep were infected.
Low provalence nomatodes, characterized by rastricted geographic distribution and
usually by low numbers, includad the pinworm Skriabinama, 3 herds; the intestinal
threadworm Trichostrongylus, 2 herds; and the stomach worm Ostertagia, 2 herds.
Gonera limited to 1 herd wera the small intestinal roundworm Cooparia. the larga-
mouthed bowel worm Chabertia and the nodular worm Qasophagostomum. Cestodes
wera present in 6 of tha hards axaminad: the bighorn tapaworm Wyominia Leloni was
found in 5 herds, and the double-pored tapeworm Maonigzia was recovered from 2
herds, 1 in which Wyominig also occurred. Four spacies of coccidia were idantified
in sheep from 4 hards. Eimeria crandallis was the most commaon type and occasionally
occurred in association with Eimerna shsata. Oocyst counts suggestive of clinical
coccidiosis were seen infreguently but in several instances were superimposed on
mixad intastinal halminth populations. Management implications of these findings
suggest that entenic parasites 85 a Qroup may constituta a recognizable strass factor
in Montana sheep, particularly the Wildhorse Island, National Bison Range and Sun
River herds.

Among the variety of disease agents having a recognized impact on bighorn sheap
populations, protostrongylid lungworms have received extensive attention (Pillmore
1887, Fomestar 1871, Spraker 189793). OCther parasite-related problems such as
psoroptic scabies (Lange et al. 1880, Boyce ot al. 1990, Forayt et al. 1990) have bean
identified as factors responsible for periodic declines of wild sheap in westarm Unitad
States. In somae instances recognition of parasites as etiologic agents associated with
field outbreaks of disease has stimulated the development of control programs which
hava demonstrated managament value (a.g., Schmidt et al. 1979).
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On the other hand, limited information is available on the prevalence in wild sheep
of parasitas other than lungworms, and their petential role as disease agents in free-
ranging bighorm populations is virtually unknown. Awailable data indicate that many
worm parasites and coccidia reported from Quis canadensis are recognized pathogens
of domastic sheep (Heness and Winter 19856, Becklund and Senger 1967, Mielsen and
Neiland 1974), Howaver, their impact on the health of bighorn sheep exposed to a
variaty of environmeantal strassas is unclear. The purposa of this report is to presant
retrospective data on the occurrénce of enteric parasites in 11 wastern Montana
bighom herds. The ultimate goal is to help clarify existing uncertainties about the
managament implications of this type of parasitism, particularly in view of its fraguent
association with acute and/or chronic disease problems in domestic sheap.

METHODS

Animals for postmortem examination wera obtained from a variety of sources
including road-killed specimens, field mortality cases, huntar-killed rams, and sheap
provided by the Montana Department of Fish, Wildlife and Parks. At necropsy, the
pastrointastinal tract from the abomasum to tha lowor colon was romoved intact.
Most animals were processad within 48 hrs, although in some instances viscera ware
frozen for later examination. Fecal analysis was used to supplement postmortem data
in & imited numbar of sheap for which necropsy material was nol available, Of the 11
herds represented in the study, 7 were located west of the Continental Divide in
extrame western Montana and 4 herds were situated east of tha Divide in or around
Yellowstone or Glacier Mational Parks. Population sstimates and the number of sheep
examingd from each herd at postmortem are histed in Table 1.

At necropsy the gastrointastinal tract was opened and the contents of each area
ware washad separataly onto 20-, 40-,B0- or 100-mash screans 1o saparata worms
from ingesta. The entifeé gut mMucosa was scraped and washed to remove attached
parasites. Washed ingesta and mucosal scrapings were examined in illuminated trays
and with a dissecting microscope to facilitate recovery of worms. Fecal samplas wera
collected routinely during postmaortem processing of sheep viscera. In some instances,
random pallet collections ware also made in the field to obtain additional data on
parasite prevalence in specific herds for which limited postmortern data were availabla.
A modified version of the Wisconsin centrifugal flotation techniqgue was used to
astimate the prevalence and intensity of halminth ova and coccidian oocysta [Lana
1928). Nematodes ware fixed in @ mixture of 956 parts 70% ethanol and 5 parts
glycerin for microscopic examination. Tapeworms were fixed in 10% buffered
formalin. Total worm counts ware estimated from the number of parasites present in
aliguots of washed gut contants. Intensity of coccldial infactions was ranked from +
ta + 4+ 4+ according to the rélative number of oocysts observed in fecal flotations.

RESULTS

Gastrointestinal helminths were noted in 10 of the 11 herds surveyed between
1873 and 1881 (Table 2.) Ten species of nematodes wera found in 68 sheep
examined. The most common parasite was the abomasal nematode Marshallagia
marshalli, which securred in all hards and in 2% of the sheep examined overall. The
thread-necked strongyle Nematodirus was found in 9 herds in which 40% of the
animals sampled ware infected. Third in order of frequency was the whipworm,



TABLE 1. Demographic summary of 11 western Montana bighorn herds examined for

gastrointestinal parasites (1973-81)"
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Herd Total Present status® No. sheep
na. sheap axarminad
Sun Rivar 1.100 Decreasing? 27
Thompson River 431 Growing 4
Ural - Twoad 100 Growing 7
Kootanai Fallz 175 Stable 2
Lost Creak 180 Deareasing B
Spanish Peaks 160 Stable 1
Bittarroot 100 Stable 4
(East Fork)
Yollowstono 300 - 350 Dacreasing 4
Stillwater 33-38 Stabla/ 4
Decreasing
Wildhorse &0 Stable 7
Island
National 60 Stable 2
Bison Range

"Thorne &t al, 1985:78-79)
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Trighyris, which occurred in the cecum and uppar colon of 40% of the sheap axaminad
in 7 herds,

Other nematode infections encountered included & genara of stomach and
intastinal roundworms which wara limited geographically and typically were presant
in low numbers, The intestinal threadworm Trichostrongylus and the medium stomach
worm Ostertagia ocourred in 2 and 3 herds, respectively, in limited numbers. The
pinworm Skriabinama parasitized the lower colon of sheep from 3 herds. Intensity of
individual infections ranged from less than 10 to mora than 2,000 worms par animal.

The intestinal nematodes Cgoperia, Desophagostomum. and Chabartia had the most
limited geographic distribution of tha roundwarms identifiad in the study. Two animals

were infected with the nodular worm Desophagostomum and the large-mouthed bowel
worm Chabertia: the intestinal roundworm Cooparia was limited to a single individual,

Cestode infactions of 2 types werae found. The bighom tapaworm, Wyominia
tetoni. occurred in B herds. It was particularly prevalent in the Sun River herd, where
12 of 27 shaep wara infected. Infaction intensity wvarded from 1 o 25
tapaworms/animal, with adult worms located in the gall bladder and bile ducts. The
double-pored tapaworm, Mopiazia, was prasant in the Sun Rivar and Stillwatar hards,
whare 3 positive sheap wara found.

Four species of cocoidia wera identified in a total of 40 sheep originating from the
Wildhorse Island, Sun River, Yellowstone, and Spanish Peaks herds. Prevalence was
highest in Sun River shesp, where approximately 52% of the animals sampled wera
infected, and on Wildhorse [sland, where 43% were positive. The proadominant spacias
in all instances was Eimaria crandallis. which was originally described from bighorn
sheap in Wyoming (Honess 1942). Other coccidian specias that occurrad sporadically
in 1 or mora af the infected herds were E. ahsata, £. granulosa and E. ovina.

Fraquancy of infections with 2 or more parasite species existing concurrantly in
the same animal is shown in Table 3. Multiple infections were most frequent in the
Wildhorse Island and Ural-Tweed heérds, but occurréed at all locations except the
Bitterroot East Fork herd. All 7 Wildhorse sheep examined were concurrently infected
with Marshellagia and Nematodirus. Three of 7 animals from this herd had 3
gastrointastinal nomatode infections concurrantly. One sheap from this herd had
mixed populations of 5 nematode species and in anothar mstance, 6 different
roundworm species were found.

A comparison of the prevalance of gastrointestinal parasites in native s,
introduced bigharn herds in wastarn Montana indicated that, in genaral, native shaap
had fewer parasites than transplanted animals (Table 4). An average of & species of
helminths wera found in sheep grazing ancestral ranges, whersas 9 spacies were
recoverad from introduced herds. Coccidian infections were acquired by shaep on both
typas of ranga.

DISCUSSION

Aside from providing basic infarmation on tha natura and extent of parasitism of
the gastrointestinal tract in wild sheep, data derived from the present study have
saveral potential applications for bighorn management. For exampla, it is possibla to
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rank the relative severity of parasite burdens ancountered in the survay area and to
estimate thair impact on the health of a spacific herd. Two paramaters that appear 1o
be most useful for this purpose are (1] the total number of parasite species in a
particular herd, and (2) the relative frequency of multiple infections. Using these
eriteria, Wildhorss Island sheap ranked as the most haavily parasitized herd studied,
followad by tha Bison Range and Sun River hards. Depending on the relative waight
attached to total parasite invéntory va. fraquency of multiple infections, Ural-Tweed,
Thompson River and Stillwater herds ranked next in terms of severity of entaric
parasitism. Sheep from the Kootenai Falls, Lost Cresk, Bitterroot East Fork and
Yellowstong hards showed the lowast levels of infection.

Attempis to estimaie the relative pathogenicity of tha helminths and coccidia
identified in western Montana bighormns require axtensive axtrapolation from tha
wvatarinary literature. In most instances, relavant infarmation on thair disease-producing
paotantial in wild sheap is lacking and must be inferred from studies with domestic
sheep. Based on these sources and other supporting data on parasite prevalance and
intensity. Marshallagia and Nematodirus appear to be the 2 most important entaric
parasites (Table 2). Both genara are known to dastroy intastinal epithalial tissue and
interfere with digestion and absorption of nutrients (Soulsby 1965. Thorne et al.
1982). Four other nematode genera that ocourred infrequently and in limited numbars-
-Trighostrongylus, Ostartagia. Chabertia and Oesophagostomum-—-are regarded as
sarious pathogens in domastic shoap. Howavar, thair absence in major hards such as
tha Sun River and Thompson River sheep suggests that they are not a current threat
to the health of sheep in the region. The other nematodes (Copperia and Capillaria)
were recovered rarely and appear to ba accidental in bighomm sheep in the study area.
Meither of the tapeworms found during the survay is known to cause clinical illness in
wild sheap, although Mgnigzia is thought to be a possible cause of retarded growth
and decreased wool production in domestic sheep (Spasskii 1951).

The role of coccidien infections in producing disease in bighorn sheep has not
bean documeaentad, although sevaral spacies of Eimaria recoverad during the presant
study are recogmized pathogens in domestic sheep (Honess 19421, Eimeria phsata is
considered to be the most pathogenic species of demestic sheap, where it produces
fatal infections in lambs (Smith et al. 1960). It ocourred only in Wildhorse Island shaap
in this study. Eimeria granulosa and E. oving occurred sporadically in the Sun River
and Spanish Peaks herds. Meither species is regarded as highly pathogenic in domastic
sheep (Levine and Ivens 1870). Overall, the possibility that coccidiosis prasently exists
as a clinical problem in wastern Montana sheep seems remota. Nonetheless, the
prasence of moderate to high leval coccidian infections in approximately half of the
Sun River and Wildhorse Island bighorns examined indicates that the potential exists
for symptomatic coccidiosis to occur whara heavy ranga use occurs on a ragular basis,
Routing diagnostic testing involving periodic fecal analysis supplemanted by necropsy
data whan availabla appaar ta ba tha bast procaduras for monitoring parasite levels
and datecting significant accumulations of gastrointestinal parasites requiring
management intervention.
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EXPERIMENTAL CONTACT ASSOCIATION BETWEEN BIGHORN SHEEP, ELK, AND DEER
WITH KNOWN PASTEURELLA HAEMOLYTICA INFECTIONS.

WILLIAM J. FOREYT, Department of Veterinary Microbioloqy and
Pathology, Washington 5tate University, Pullman, WA 99164.

Abstract: Rocky Mountain bighorn sheep {ﬂv15 canadensis canadensis),
were placed with elk {Cervus sla hus}* and deer (Odocoileus spp.) at
Washington State University to determine susceptibility of bighorn
sheep to pneumonia caused by Pasteurella spp. carried by these
animals. Four elk, 2 white-tailed deer (Odocoileus wirginianus), and
1 mule deer (Odocoileus hemionus hemipnus) were introduced inte a 0.72
ha pen which contained 10 resident bighorn sheep. Another group of 4
elk waz placed in a 0.4 ha pen with 3 additional bighorn sheep.
Pasteurella haemolytica was isolated from the pharyngeal swab samples
of all elk and deer and 11 of 13 bighorn sheep cultured at the time of
elk and deer introduction. An isolate of P. haemolytica which
reacted in antisera to serotypes T3, 4 and 10 was the most prevalent
serotype detected, and was isolated from &5 of 8 elk, 3 of 3 deer, and
6 of 13 bighorn sheep. Pasteurella multocida was izolated from elk
and bighorn sheep, but not from deer. A1l animals remained clinically
healthy during the & months of close association. Therafore, no
disease was associated with Pasteurella spp. carried by any of the
animals included in this study.

The bighorn sheep pneumonia complex is a major mortality factor
in bighorn sheep populations, and large scale mortality can result.
Viruses, lungworms, stress factors, and bacteria can be important as
multifactorial predisposing factors in the disease;, and are often
isolated or identified during episodes of pneumonia. Bighorn sheep
in wild populations (Foreyt and Jessup 1982, Coggins 1988,) and in
captive herds (Onderka and Wishart 1988, Foreyt 1989, Foreyt 1990,
Callan et al. 1991) have developed bacterial pneumonia and died
following exposure to domestic sheep. Domestic and exotic sheep were
circumstantially incriminated as the source of bacteria, primarily P.
hagmolytica, that caused pneumonia in bighorns in the reports ciled
above owever, the potential role of elk and deer to serve as
reservoirs of bacteria which may cause pneumonia in bighorn sheap has
not been investigated.

Therefore the objective of this experiment was to determine the
affects of close association of elk and deer known to be carriers of
P. hagmolytica on the health of captive bighorn sheep.

1 thank the Washington Department of Wildlife, the Oregon
Department of Fish and Game, and the ldaho Department of Fish and Game
for @escistance 1in obtaining the elk calves. The assistance of John
Lagerquist and a number of enthusiastic veterimary students who
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participated in capturing the elk and obtaining samples from the
animals is appreciated. Cooperation of personnel in the Washington
Animal Disease Diagnostic Laboratory who fsolated and evaluated the
bacteria isolates is gratefully acknow]edged.

METHODS

Animals.--Eight elk, ? white-tailed deer, 1 mule deer, and 13
Rocky untain bighorn sheep were used in this experiment. The elk
calves, 7 males and 1 female, were captured in the wild as free
ranging calves before they were 7 days of age, and raised on
unpasteurized goat milk until they were weaned at approximately 10
weeks of age. Calves were originally obtained Ffrom southeastern
Washington (n = 4), northeastern Oregon (n = 3), or central Idaho (n =
1). The Washington and Idaho calves were captured by searching the
alk calving areas on foot and physically catc ing tha calves when
found. The Idaho calf was captured after it fell off a cliff and
fractured the dorsal spinal process of 3 lumbar wvertebrae. It
recovered with supportive care, but walked with a 1imp. The other
calves were normal and healthy. The deer fawns were orphans from
southeastern Washington, and were raised in the same manner as the
elk. All elk and deer were raised on a private facility with no
contact with other ungulates. The bighorn sheep were 2 captive herds
at Washington State University, Pullman, Washington. All bighorn
sheep had been born 1in captivity or had been in captivity for a
minimum of 2 years, and were well acclimatized to captivity and their
respective pens.

On 16 August 1991 (experimental day 0), all deer and elk were
transported to Washington 5State University and placed in 2 pens with
the bighorn sheep. Four elk calves (3 males and 1 female), and the 3
deer were released into pen | which was 0.72 ha and contained 10
resident bighorn sheep §? adult females, 1 adult male, 2 lambs). Four
male elk calves were released finto pen 2 which was 0.4 ha and
contained 3 bighorn sheep (a 2Z-yr-old castrated male, a 2-yr-old ewe,
and & ewe lamb). Both pens had abundant natural grasses, a shelter,
feeder, and water. Supplemental feed consisting of alfalfa and
barley, and mineralized sall were available at all times. Animals
were observed daily for abnormal behavior or signs of disease.

Bacteria sampling procedurses.--On experimental day 0, pharyngeal
swabs were obtained from ecc’ zmimal. A mouth speculum was wused to
hold the mouth open while a sterile cotton-tipped swab was used to
briskly rub the tonsillar area. Swabs were placed in Amies (Lransport
medium (Spectrum Diagnostics, Inc., Houston, Texas 77032, USA) and
submitted within 1 hour after collection to the Washington Animal
Disease Dilagnostic Laboratory (WADDL), Pulliman, Washington, Ffor
bactera isolations and anzlysiz. Bacterlal isolates were confirmed by
routine biochemical testing (Carter 1984). Biotyping and rapid plate
serotyping methods for P. haemelytica were done according to
established Formats (Biberstein 1978, Frank and Wessman 19278). A1l
animals were sampled a minimum of 2 additional Limes between 1 and &
months after initiation of the experiment (Table 1). Kot all animals
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ware sampled at each sampling period (Table 1).
RESULTS

A1l animals remained healthy throughout the & month experimental
period. Signs of respiratory disease were not observed, and all
animals survived.

On day 0, P. haemolytica was isolated from 11 of 13 bighorns, and
all deer and elk. An fisclate of P. haemolytica that reacted in
antisera to serotypes T3, 4 and 10 was the most common, and was
detected in & of 13 bighorns, 5 of B elk, and 3 of 3 deer. Other
serotypes in bighorns included A7 (p = 1), and serotypes that were
untypeable because they did nol agglutinale with known antisera (pn =
8); in elk; untypeable serotypes (n = 5); in deer: T3 (p = 1
white-tailed deer), T3, 4 and 10 (n = 1 mule deer), and an untypeable
serotype (n = 1 white-tailed deer), P, multocida was isolated from |
of 13 bighorn sheap and 2 of 8 elk, but not from the deear (Tabla 1).

For the remainder of the 6 month expariment, P. haemolytica was
{salated at least once from every animal. An fszolate o P.
haemolytica that reacted in antisera to serotypes T3, 4 and 10 was the
most common in all 3 animal species. Other isolates nf P. ha 4
reacted in antisera to serotypes T3 and 4; T3, 4 and 10; and
untypeable isolates in bighorn sheep; T3; 73 and 4; T3, 4 and 10; and
untypeable in elk; and T3, T3, 4 and 10; and untypeable in deer. P.
miltocida was isolated from bighorns and elk, but not from deer (Table
1) Other bacteria of potential importance that were {solated
included Moraxella sp. from 2 elk, and Hemophilus sp. from 2 elk.

DISCUSSION

Close association between bighorn sheep, elk, and deer in this
experiment did not result in pneumonia or death of any animal.
Throughout the expériment, P. hasmolytica and P. multocida waere
isolated commonly, but attempts to track transmission of the isolates
between species was not attempted. However, future studies using ODNA
analysis techniques may indicate which bacteria were cross-transmittaed

between species, but without svidence of disease.

Previous research involving close association between bighorn
sheep and domestic sheep has clearly indicated that bighorn sheep
often die after assoctation, most 1lkely due to transmission of
specific types of P. haemolytica from domestic sheep to bighorn
sheep. When T strains of P. haemolytica from domestic sheep were
given intratracheally to 2 bighorns at a concentration of 2x107
organisms, both bighorns develo respiratory disease and died within
42 h postinoculation (Onderka et al. 1988). HRecenl results from my
laboratory indicated that a strain of P. haemolytica A2 from healthy
domestic sheep is wusually Jlethal to bighorn sheep within 48 h when
administered intratracheally at a concentration of less tha 2Zx]Qie
organisms. The same strain did not affect domestic sheep at the same
inoculum level (Foreyt, Wash. State Univ., wunpubl. data). Based on
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experimental data and data collected from dieoffs of bighorn sheep in
the field after exposure to domestic sheep, it has become a widely
accepted tenet to prevent contact between domestic sheep and bighorn
sheep in order to minimize domestic sheep induced mortality in bigharn
populations. Similar recommendations could not be made regarding elk
or deer and bighorn sheep based on the results of this experiment
because all animals remained clinically healthy.

Information regarding Pasteurella spp. in wild ruminants is less
extensive than for domestic animals (Rosem 1970, Thorne 1982,
Biberstein 1990), but based on unpublished data from our ongoing
investigations, it is 1ikely that most wild ruminants carry a wvariety
of strains of Pasteurella spp., and 1f samples are collected and
processed according to EitlE]15ﬁﬂd recommendations (Wild and Miller
1991), the probability of 1isolating P. haemolytica is high. It has
been my experience that the most reliable method of isolation of P.

1 from bighorn sheep and other wild ungulates is to collect
pharyngeal swabs and streak them directly on blood agar for bacterial
isolation. This has resulted in significantly more isolations from
live animals and a greater percentage of positive animals.

Based on the limited results from the current experiment, the
strains of P. haemolytica and P. multocida that were identified in the
elk and deer did not result 1im clinical disease 1in the bighorn
sheep. Because the elk and deer in these studies were reared in
captivity, it is not known 1f the bacterial isolates identified in the
experiment are representative of the isolates found in wild
populations of elk and deer. Future studies that compare isolates
from wild pepulations and the iselates from animals in these studies
will clarify that question.  Further research is necessary to
evaluate the association between bighorn sheep, elk , deer and other
ungulates.
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SEASOMAL CHANGES IN LAMB:EWE RATIOS

JON T. JORGENSON, Alberta Fish and Wildlife Division, #200, 5920-1A S5t.
$.W., Calgary, AB T2H 0G3, Canada

Abstract: Lamb:ewe ratios were calculated seasonally (birth, Jun, Sep,
and iate winter) over a lb year period for marked individuals in a
bighorn sheep population which experienced a phase of population growth
{1981-91) and a period of stability (1975-80) during which adult ewes
woere oxperimentally removed, Despite fecundity rates that averaged 92%
(range B2-100) over the 16 years, lamb movtality by September had reduced
lamb:ewe ratins (ewes > 2 yrs) to 63 lambs:100 ewes {ran?ﬂ 36-82). Post-
hunt and late winter ratios caleculated during ewe removal years failed to
accurately reflect additional lambk mortality since ratios actually
increased because of a reduction in the number of ewes, June ratios were
weakly correlated with yearling recruitment the following year. Post-hunt
and late winter ratios were alse correlated with yearling recruitment but
only during non-removal years. MNone of the ratios were correlated with
the percent change in population size the following year. Significant
correlations were found, however, if Jlambs were excluded Ffrom the
following year's population total. June ratios combined over 2
consecutive years (non-eéwe reémoval years only) were significantly (P <
0.01) correlated with the percent change in the population between those
years. Consecutive winter ratios were also found to be significantly (P
< 0.05) correlated with changes in winter population size but again, only
during years with no ewe removals.

Lamb:ewe ratios are commonly used as indicators of the health of
bighorn sheep (Qyis canadensis) herds (Leslie and Douglas 1980, Wehausen
et al. 1987, Hebert and Harrison 1988). High ralios are assumed Lo imply
healthy, expanding herds of high quality while the reverse is applied to
herds with low ratios (Geist 1971). Smith (1988) found that declining
populations of mountain goats (Oreamnos americanus) fn Alberta were
associated with low kid:adult ratios. There have, however, been no
studies where actual ratios have been used to correlate with known
changes in population size. There have also been no attempts to document
seasonal changes in lamb:ewe ratios. Most studies use winter ratios
obtained from either ground or aerial surveys. Such ratios, however, do
not accurately reflect fecundity because of unknown levels of lamb
mﬂ{tulltjd which occurred belween birth and whenever the ratic was
calCulaied,

Further compounding the accuracy and interpretation of Tamb:ewe
ratiog, are how animals ave classified during surveys. It s usually
difficult to distinguish yearlings (ewes and rams) and 2-year-old ewes
from older reproductively mature ewes. These animals end up included in
the "ewe" component of the lamb:ewe ratio. How this factor affects
actual ratios has not been determined.
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The purpose of this paper is to examine how lamb:ewe ratios change
seasonally and are affected by the inclusion of non-reproducing
individuals. Ratios are also examined for their usefulness as indicators
of population change and recruitment. Funding support 1is gratefully
acknowledged from the Alberta Fish and Wildlife Division, the Alberta
Recreation, Parks and Wildlife Foundation, the Craighead Wildlands
Wildlife Institute, and the University of Sherbrooke.

STUDY AREA AND METHODS

Ram Mountain is an isolated outcrop of sheep habitat in west-central
Alberta. The study area ranges in elevation from 1082 to 2173 m, with
treeline at about 1830 m, and includes approximately 38 km* of alpine and
subalpine habitat used by sheep. [t is surrounded on 3 sides by conifer
covered foothills. On the fourth side, the North Saskatchewan River
separates Ram Mountain from Shunda Mountain, a similar outcrop that
supports a small population of sheep,

Sheap have been trapped since 1971 in a corral trap baited with salt.
A1l sheep are trapped annually and marked with either individually
identifiable ear tags or collars. Any unmarked animals were lambs which,
if not captured in the year of their birth, were captured and tagged as
yearlings the following year. The population has ranged in size from a
low of 34 in 1977 to a high of 232 in 1991.

Lactation was determined each year by examining the udder at capture
or by observing the ewe suckle a Tamb. Fwes that were lactating in early
June but were never seen suckling a lamb were assumed to have lost their
lamb at or soon after parturition. This type of mortality was classified
as neonatal mortality. Lambs were paired with ewss on the basis of
suckling. The disappearance of marked lambs and the subsequent cessation
of lactation in the respective mother was considered summer mortality.

Between 1972 and 1980, 12-24%X of the total number of ewes one year of
age and older, were removed from the population in September. Ewes were
either shot or transplanted.

Ratios were calculated by dividing the number of lambs alive at a
particular time by the number of ewes alive at that same time. Al ratios
and population sizes were based on actual numbers of marked animals which
represented the entire population. Post-hunt ratios were ratios
calculated after the annual ewe removals. Since field work was completed
by October, mid-winter ratios were unknown, however, late winter ratios
were calculated based on animals surviving to the following spring. Mid
winter ratios would, therefore, fall somewhere between post-hunt ratios
and late winter ratios. Linear regression was used to look for
correlations between ralios and various population parameters.

RESULTS
Spasonal Lamb:ewe Ratins

At birth.--Bighorns normally do not produce their first lamb until 3
years of age. Considering only ewes 3 years and older, lamb:ewe ratios at
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birth on Ram Mountain averaged 0.99 (range 0.82-1.36) between 1975 and
1991 (Table 1). Values greater than 1.00 were years when some 2-year-0ld
ewes produced lambs. Most ewes of reproduclive age therefore gave birth to
a lamb each year. Including 2-year-old ewes, the average ratio was only

0.78 (range 0.65-0.91).

June.--The average ratio (ewes » 2yrs) at birth declined from 0.78 to
0.67 (range 0.48-0.82) (Table 1). There was considerable annual varfation
in the level of neonatal lamb mortality. MNeonatal mortality ranged from
4% In 1976 to 33X in 1977.

September.--By the end of summer, ratios (ewes > 2Zyrs) had declined
further to average 0.63 (range 0.36-0.82) (Table 1). This represented a
drop from June of only 0.04, indicating that lamb mortality during the
summer was very low. With the inclusion of yearlings in the ewe component
of the ratio., the average ratio was 0.43 (range 0.25-0.54).

Post-hunt.--Following the hunting season for trophy rams and the
removal of any ewes (only during 1972 to 1980), the ratio (ewes > 2yrs)
averaged 0.71 (range 0.36-1.13) (Table 1). This ratio was higher than the
September average ratio of 0.63.

Late-winter.--At the end of winter, the ratio (ewes > 2yrs) averaged

0.61 (range 0.24-1.00) (Table 1). By including yearlings in the ewe
component of the ratie, the average dropped to 0.40 (range 0.17-0.59).

Table 1. Seasonal lamb:ewe ratios from Ram Mountain, 1975 to 1991.

Lamb:Ewe Ratio
Season Mean Range N Ewe Component
At Birth 0.99 0.82-1.38 17 Ewes > 3 yrs
0.78 0.65-0.91 17 Ewas > 2 yrs
Jun 0.67 0.48-0.82 17 Ewes > 2 yrs
0.45 0.34-0.56 17 Ewes and yrlgs
Sep 0.63 0.36-0.82 17 Ewes > 2 yrs
0.43 0.25-0.54 17 Ewes and yrlgs
Post-hunt 0.71 0.36-1.13 16 Ewes > 2 yrs
Late winter 0.61 0.24-1.00 16 Ewes > 2 yrs
0.40 0.17-0.59 16 Ewes and yrigs

* No. of years
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Ratios as Predictors of Recruitment and Population Change

June and September ratios (ewes > 2yrs) were positively correlated
with the number of yearlings recruited to the population the following
year #Tabia 2). Post-hunt and late winter ratios, howaver, were not
correlated.

When all years (1975 to 1991) were combined, ratios (ewes » 2yrs)
calculated during any season were poor predictors of percent population
change to the next year (Table 3).

However, if the following year's lamb crop was excluded from the
calculation of percent population change, then June and September ratios
were strongly correlated (P < 0.01) with percent population change (Table
4). Post-hunt ratios were correlated as well but only during those years
when no ewé remdvals occurred,

Table 2. Pearson correlations between seasonal lamb:ewe ratios' and
yearling recruitment, 1975 to 199].

i L £
Jun ratie ¥E No. of yrlgs. the 16 0.54 <0.05
following May
Sep ratio vs HNo. of yrlgs. the 16 0.54 <0.05
following May
Fost-hunt vs HNo. of yrlgs. the 16 0.09 NS
following May
Late winter vs HNo. of yrlgs. the 15 0.16 NS

following May

“Ewes > Z yr5s  ® No. of yrs

Table 3. Pearson correlations between seasonal lamb:ewe ratios" and
percent population change from one summer to the next summer, 1975 to

1991.

N L 4

Jun ratio vs % Pop. change 16 0,14 NS
(summer)

Sep ratio vs % Pop. change 16 0.09 NS
{ summar)

Post-hunt ¥s % Pop. change 16 0.28 NS
(includes (summer)

removal years)

* Ewes > 2 yrs * No. of yrs.
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June and September ratios were also correlated (P < 0.05) with percent
population changes from the previous year (Table 5). Post-hunt ratios
were not correlated (r = 0.05, P > 0.05) except during non-removal years
(r = 0.88, P < 0.01).

Table 4. Pearson correlations between seasonal lamb: ewe ratios® and
percent population change, excluding lambs, 1975 to 1991.

N L P
Jun ratio ¥s % Pop. change 16 0.85 <0.01
(excludes 1ambs)
Sap ratio vs % Pop. change 16 0.78  <0.01
(excludes lambs)
Post-hunt vs % Pop. change 16 0.31 NS
{includes (excludes lambs)
removal years)
Post-hunt Vs X Pu?- change 9 0.92 <0.01
{post removal (excludes lambs)
yrs only)
* Ewes > 2 yrs.
* No. of yrs.

Table 5., Pearson correlations between seasonal lamb: ewe ratios® and
parcent population change from the previous year, 1975 to 1991.

N L 4
Jun ratio Vs X Pop. change 17 0.56 <0.05
(summer)
sep ratie vs % Pop. change 17 0.46 <0.05
( summer)
Post-hunt vs % Pop. change 9 0.88 <0.01
{post removal) from previous yr.
Post-hunt vs % Pop. change B 0.31 NS
(removal yrs.) from previous yr.
* Ewas > 2 yrs.
*No. of yrs.
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Because the 2 apparent largest factors affecting change in population
size from one year to the next, appeared to be a combination of
recruitment and lamb production, lamb:ewe ratios (ewes > 2Zyrs) from 2
consecutive seasons were combined and regressed with population changes
between the 2 years. Consecutive year June ratios were significantly (r
= 0,58, N =16, P < 0.05) correlated with changes in percent population
change. That correlation was stronger during post-removal years (r =
0.87, n=19, P<0.01) (Fig. 1). Two consecutive winter ratios were also
significantly correlated (r = 0.73, N = 8, P < 0.05) with a change in the
winter population but during post-removal years only (Fig. 2}.

DISCUSSION

Lamb:ewe ratios varied considerably between seasons and between years
on Ram Mountain. This variability was due to differences in Tamb mortality
and not to differences in adult mortality except during years when ewes
were experiméentally vemoved from the population. During these removal
years, calculated post-hunt and late winter ratios were actually greater
than the corresponding June or September ratios. Additional lamb mortality
could, therefore, no longer be estimated from changes in the lamb:ewe

ratio.

Ratios were not good indicators of fecundity. Most ewes 3 years or
older produced a lamb each year but varying levels of lamb mortality
reduced ratios such that by late winter ratios as Tow as 0.24 were seen,
Obtaining true ratios was further compounded by the inability to correctly
classify younger animals such as 2-year-olds or yearlings. Including
these non-producers into Lhe ewe component of the ratio, resulted in a
further lowering of the calculated ratio.

It is important, therefore, to try and classify yearlings during any
survey and to specify what age class of individuals were included In any
age ratio calculations. This is important {Ff comparisons are to be made
with ratios reported in other studies.

At Ram Mountain, June and September lamb:ewe ratios were good
predictors of recruitment to the next year. Such predictive value was
lost, however, if ratios were determined following the hunting season in
years of ewe removals. Despite the correlation of summer ratios with
recruitment, there was no correlation with percent population change the
next year.

While not useful in predicting population Ehiﬂ?ﬂi betwoen consecutive
years, ratios were, however, useful in predicting population changes
between one year and the previous year. This was due to the large
influence the number of lambs born the following year had on population
change. There was also a good correlation between summer ratios and
population change the following year but only if the followings year's
lamb crop was not included in the population total.

Post-hunt and late winter ratios could be used to predict similar
changes in population size but enly during years when there were no ewe
removals. The additional ewe "mortality”™ in those years altered the
ratios enough to negate the correlation.
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Those factors contributing most to a change in population size from
one year to the next would be recruitment from the previous year, lamb
production during that year, and mortality over the previous winter.
Since summer ratios were good predictors of both recruitment and
population change (from the previous year), it would follow that a
combination of ratios taken over 2 consecutive years would be good
predictors of population change between those years. This was the case at
Ram Mountain, but was applicable only to years of no ewe removals.
Similarly, consecutive winter ratios could be used to predict changes in
winter population size.

Overwinter mortality could also be expected to have a significant
influence on populatien change. In order for there to be a correlation
between ratios and population change, adult mortality rates would have teo
be consistent on an annual basis. Such was the case at Ram Mountain where
annual survival rates averaged B3X with a range of only BO-B6X over 10
years. Most of the predictive value of lamb:ewe ratios would thus be lost
for populations experiencing large fluctuations in annual adult mortality.

The relationships found inm this study were developed based on actual
ratios and not from estimates of lamb:ewe ratios based on a sample of the
population. Such detailed information s not usually available for most
bighorn populations and managers must rely on data gathered during ground
or aerial sampling. Such surveys vary in their ability to accurately
sample the population. If only a small proportion of any herd is actually
sampled, the bias of the subsequent age ratio will likely increase,
further weakening the value of such raties as indicators of population

change.
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USE OF AGE RATIOS TO PREDICT BIGHORN SHEEP POPULATION DYNAMICS

MARCO FESTA-BIANCHET, Départemant de biologie, Université de
Sherbrooke, Sherbrooke, PO J1K 2R1, Canada

Absiracl: Age ratios are used as an index of the well-being of wild sheep
populations under the assumplion thal high ralios indicate a growing and
healthy population. | tested whether age ratios in June and in January
predicted recruitment {number of yearlings) to the population or changes in
total and nursery herd size: Lambawe ratios In Juna did not predict either
racruitment or population changes. Lamb:ewe ratlos in January were good
predictors of yearling recruitment only il yaarlings ware not classilied as
ewes. Lamb:ewe ralios, however, were nol good predictors of population
changes, regardiess of whether or nol the year ol a pneumonia epizoolic
was included in the apalysis. Lamb survival from June to January,
calculated by the change in lambiewe ratio, was not correlated with change
in population size. Yearling:ewe ratios In January were a poor predictor of
changes in population size. These resulls suggest that age ratios in June
are not useful for predicting population changes, and age ratios in January
have limited usefulness. The inability to distinguish adult ewes from
yearlings of both sexes during aerial surveys lurther limits the usefulness
of age ratios. The results question the ralevance ol yearly variations in
lamb survival with respect to changes In population density.

Wildlife managers are often interested in predicting changes in
population size of wild animals. For bighom sheep (Ovis canadensis),
population size is usually estimated from winter counts. Bighomns inhabil
opan habitat, aré gregarious, very traditional in their use of winter ranges.
and easiar o see than most othar ungulates, paricularly it surveys are
flown after fresh snowlalls. Similar techniques are used lor Dall sheep
(Qvis dalli), except tha summear counts are preferred (Michols 1878),
because a while sheep is easier 10 spol against a brown-green background
than on snow. Thera are few published eslimates of potential errors in
aarial or ground censuses ol bighomn sheep (Irby et al. 1888), and thare is
litle information on potential biases. For example, lambs may not be
distributed randomiy among nursary groups; moreavar, that differences in
snow condilion, weather, sheap distribulion and observer axperience can
blas the probability of finding and correctly classilying sheep.
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Aerial mountain sheep censuses are expensive and can cause
harassment (Bleich at al. 1920). Tharefore, raplicate censuses are raraly
undertaken and managers have to rely on single survays to aestimate
population size and trends in population dynamics. As an alternative to
accurate complete counts, age ratios are often used lo aftempt to predict
changes in population size, or lo assess the "health® of a sheep population
{Leslie and Douglas 1980, Burles and Hoefs 1984, Douglas and Leslie 1986,
Wehausen et al. 1987, Coggins 1988, Jorgenson 1988, Hebert and Harrison
1988)., The use of age ratios relies upon the assumption that high lambewe
or yearling:ewe ratios ara indicative of a healthy, growing sheep population.
Thera have been, however, no allempls 10 aclually compare age ralios 10
changes In recruitment or in population size, nor is there any information
on how any uselulness of these ralios may change according lo the time of
year when censusas are undertaken. For example, Hoets and Bayer (1983)
reporled wide fluctuations in lamb:ewe ratios (0.10 - 0.84) during a 12-
year study of Dall sheap characterized by only 10% wvariation between tha
minimum and the maximum number of ewes obsarved. On the other hand,
Smith (1988) found that a decline in kid:adult ralies in mountain goats
(OQreamnos americanus) accompanied a decline In overall population size

over a wide area in west-central Alberta.

Hera | compare several lypes of age ralios with changas in
recruitment and population size in a marked bighern population menitored
for 11 years. | test the null hypothesis that age ralios are not correlated
with either recruitment {number ol yearlings present the following May) or
changes in population size.

Research was supported by the Matural Sciences and Engineering
Research Council of Canada, the Fonds pour la Formalion da Chercheurs et
I'Aide & la Recherche (Québec), the Alberta Fish & Wildlife Division, the
Alberta Recrealion, Parks & Wildlife Fund and the American Museum of
MNatural History. | thank Bill Wishart and Jon Jorgenson for their halp.

STUDY AREA AND METHODS

The study population in southwestern Alberta overwinters in the
Sheep River Wildlife Sanctuary and areas to the easl (Festa-Bianchat
1986a.0). The study began in March 1981 and since 1982 over B5% (X = 94%)
of the ewes present each year have been individually marked with colored
ear tags. The high proportion of marked ewes and the ease of finding them
in the winter range (an average of 97% were seen during each census in
winter} allowed exacl counts of nursery herds (ewes, lambs, and yearlings
of both sexes). The proportion of rams marked was smaller (51 - 74%, ¥ =
61%). Estimate of ram numbars were made mare difficult by the seasonal
prasance of non-resident rams, and by their use of areas east of the
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Sanctuary in winter, whare they ware difficult to find (Festa-Bianchat
1986h0).

Rams in this population are hunted outside the Wildiife Sanctuary
(Fasta-Bianchet 1986g). Ewe permils are also issued, bul ewe harvest
averages less than 1 ewelyear. A minimum of & rams, 3 ewes and 1 lamb
were poached during the study.

The number of lambs produced each year was eslimated by the number
of ewes thal had extended udders or were seen nursing a lamb. Lamb:ewe
ratios in June were obtained by dividing the total number of lambs saen
(therefore not including those thal presumably died at or soon afler birth)
by the number of ewes alive in Juna. Lamb:ewe ratios in January were
obtained by dividing the number of lambs alive in January by the number of
ewes alive in January. An average of 69% of the lambs were marked by
January. January yearling:ewe ralics were obtained from lotal counts ol
yearlings and ewes. Beginning In 1882, an average of 83% of yearling
females and 65% of yearling males were ear-tagged each year. To
approximate aerial surveys, soma of the lamb:ewe ratios were recalculated
including yearlings of bolh sexes as ‘ewes”.

Lamb survival was calculated in two ways: actual survival (the number
of lambs that survived to May 1 divided by the number bormn the previous
year) and survival calculated dividing the January lamb:ewe ratio by the
June lamb:ewe ratio. The data are complete counts, not astimates based
upon a sample. Although it is likely that some small errors ware involved
{not all sheep weré marked, especially in the first few years of the study).
the data ars more accurate than censuses of unmarked populations.

RESULTS
Population Changes

Table 1 summarizes the changes in population size and in age ratios
during the study, The drop in numbers after 1985 was causad by pneumaonia
(Fesla-Bianchet 1988a). Because of the die-off, the number ol sheep in
March varied considerably during the study, from a low of 99 to a high of
153 (65% difference). The nursery herd varied from 65 to 106 animals, a
difference of 63%. Age ratios also varied during the study; in most cases
the highest ralioc was twice or more the lowesl ratio.
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Relalionships of Age Ralios to Recruitmeant

Most attempts to find correlations belween age ratios and recruitment
failed (Table 2). The only exceplion was the significant comralation
between the January lamb:ews ratio and the number of yearlings recruited
the following May. The Juna lamb:ewe ratio had no relationship to the
number of yearlings recruited the following May, and when yearlings of both
sexes were included as “ewes’ | even obtained a near-significant pegative
correlation.

Table 1. March population size and age ratios for the Sheap River bighom
sheap herd, southwestam Alberla, between 1582 and 1891. Ralios in June
rafer o the same year, while January ratios refer to the following year.
The category “ewe” Includes yearlings ol both sexes.

“ear

82 83 84 85 B6 87 B8 89 080 M

Numnbers

Adull females 49 48 50 53 49 46 44 48 50 54
Yearling females g 18 12 18 8 3 7 5 g &5
Yearling males & M 9 8 7 3 3 B 7 B8
Total Mursery herd 97 103 100 106 71 65 68 B0 88 89
Adult males 43 M4 47 47 38 34 3 28 30 29
Total population 140 144 147 153 107 99 99 109 118 118

Rl os

Lamb:ewe (Jun) 0.88 0.76 0.85 0.81 0.69 0.87 0.80 0.67 0.77 0.68
Lamb:"awa" (Jun) nfa 0.52 0.58 0.59 0.62 0.70 0.62 0.50 D.56 0.50
Lamb:aws (Jan) 0.54 0.64 054 0.31 0.42 0.35 0.41 0.53 0.42
Lamb:"ewe" (Jan) 0.33 0.46 0.35 0.24 0.36 0.208 0.32 0.40 0.35
Yearling:ewe (Jan) nfa 0.47 0.37 0.13 0.21 0.28 0.33 0.34 0.36

Relationships of Age Ratios to Population Changes

Lamb:ewe ratios in either June or January were very poor predictors of
population changes. The January yearling:ewe ratio was correlated with
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change in total herd size only because of the inclusion of data from 1885-
86, a year of vary poar yearling survival followed by a drastic decline in
herd size caused by pneumonia. When 1985-B6 was excluded, the
correlation was no longer signiticant (Fig. 1). A similar situation was
found lor the correlation belween January lamb:ewe or yearling:ewe ratio
and the change in nursery herd size excluding lambs, the most variable
componant of the population (Hoefs and Bayer 1983) (Table 3).

Lamb survival from birth to 1 year was correlated with changes in
population size (Table 3), butl only bacause of the pneumonia die-ofl. The
correlation disappeared when that year was eliminated, suggesting that the

Table 2. Pearson correlation coefficients (r) batween recruitment of
yearlings (number of yearlings the lollowing May) and age ratios or
population characteristics for the Sheep River herd, 1881 to 1881. The
category “ewe’ includes yearlings ol both sexes. P values: NS, not
significant; * <0.05, **=<0.01. For each comparaison, the first line indicataes
the results from all years, the second line indicates the results of the same
analysis excluding 1885, the year ol a pneumonia die-ofl,

Age ratio or population character N I F
Jun lamb:ewa 8 0.03 NS
7 0.18 NS
Jun lamb:"awe"® 8 -0.54 NS
7 -0.65 NS
Jan lamb:ewe B 0.89 L
7 0.85 .
Jan lamb:"awe" 8 0.75 *
s 0.860 NS
% lactation B8 0.64 M
7 0.72 hNS
% lactation, 23y dds 8 0.16 NG
7 0.41 NG

significance was spurious and due moslly to point-cluster correlations like
the one illustrated in Fig. 1. Lamb survival from Juna to January,
calculated by the change in lamb:ewe ratio, was not correlated with
changes in population size (Table 3), particularly il the die-off year was
excluded from the analysis.
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Fig. 1. Correlation between January yeardingewe ratio and percent change
in total herd size for bighorn sheep at Shesp River, Alberta, 1982 - 91.
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characteristics and relative change in population size for the Sheep River
herd, 1981 - 91. The category "ewe" includes yearlings of both sexas. The

Jan:Jun lamb:ewe ralio Is the survival of lambs from June to January

according to the change in lamb:ewe ratio. P values: NS, not significant; "
<0.05, **<0.,01. For each comparaison, the flirst line indicates the results
from all years, the second line indicales the resulls of the same analysis
excluding 1988, the year ol a pnaumonia dia-off.

Correlation

between and N I P

Jun lambiawa Jun [amb:"ewa" 9 o.e7 *~
g 0.68 Ng
Jun lambiewe % total change a 0.06 N5
8 0.08 N5
Jun lamb:ewe % nursery hard change g 0.068 KB
8 0.2 N5
Jan lamb:ewe % total change g 0.57 N5
8 0.22 N5
Jan lambiewe % nursery hard change 8 0.40 N3
8 0.16 NS

Jan lamb:ewe % nursery hard change® 9 0.66 *
a8 0.468 NS

Jan yearling.ewe % total change g .77 *
8 0.45 N5
Jan yearling:ewe % nursery herd change g 0.64 Mo
8 0.11 NS
Jan yearling.ewe % nursery herd changad 9 064 *=°*
3 0.68 N5

Lamb survival from % nursery herd change 9 o7 *
birth to 1 year 8 018 N5

Lamb survival from % lotal change 9 .78 °
birth to 1 year a 035 NS
JanwJun lamb:ews % tolal change 9 0.52 N5
8 0.16 N5
Jan:Jun lamb:ewes % nursery herd change ] 0.33 N8
3] 024 N5

4 Mursary herd excluding lambs
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Data from the die-off year strongly aflacted most correlations
belwean age ralios and changes in population (Table 3), butl had little effect
upon the correlations between age ratios and recruitment of yearlings
{Table 2).

DISCUSSION

Age ralios appear lo be poor predictors of either recruitment or
changes In population size in bighorn sheep. Tha only age ratio that may
have some use is the winter yearling:ewe ratio, thal is almost impossible
1o oblain from aernal surveys. By their second wintar, “yearlings® are
almost 2 years old and difficult to distinguish from adull awes. An
experienced observer, however, could classily most yearlings correctly in a
ground count. Owverall, it seams that information on the number of yearlings
is mora uselul than information on the number of lambs.

Lamb:ewe ratios (or, even worse, lamb:"ewe” ratios) in June appear to
be useless to predict either recruitment or population changes. This result
is not surprising In view of the very high fecundity rates of northern
populations of bighorn sheap (Festa-Bianchet 1888b, Jorgenson and Wishart
1986). It appears thal since almost all adult ewes produce lambs, year-lo-
year fluctuations In yearling recruitment or in population size are due
mostly lo varalions in survival, not in production. The number of lambs
produced, sither in absolute terms or in relation lo the number of ewes, is
not by itselt a useful parameter to predict population changes. The survival
ol lambs and oldar sheep is likely o be ol greatar intarest, although my
analysis suggests thal lamb survival calculated simply by the change in
lamb:ewe ratio is not very useful to predict recruitmant or population
changes,

Lamb:ewe ratios in January (when mosl aerial censuses are done) were
a slightly more useful indicator of recruitment than lamb:ewe ratios in
June, bul wera nol a rellable pradictor ol populalion changes. Nevertheless,
the number of yearlings thal may recruil in a bighorn population remains a
parameatar of interas! to managers, especially in populations where awes
ara harvasted. Therafore, It would appear that lamb:awe ratios in January
¢could be used to forecast changes In recruitment, but any such forecast
would likely include a wide margin of arror,

In conclusion, it appears that there is no substitute for complete
counts fo assess changes in bighormn population size. Age ratios cannot
reliably forecast such changes. MNevertheless, drastic changes in age ratios
(Wehausen et al. 1987, Fasta-Blanchet 1988a), could be delected by aarial
counts. These changes would provide clues to the possible occurrence of
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dizsease or lo changes in other factors, such as predation, that may affect
lamb survival {(Wehausen et al. 1987). I remains to be saen, howeavar,
whather changas In lamb survival altect populalion size in bighorn sheeap.
The data presented hera and in other sludies (Hoefs and Bayer 1983,
Jorgenson 1992) suggest thal yearly variations in lamb survival may not
have very strong effects upon bighorn sheep populations. Lamb production
varies little between years, and changes in survival of yearlings and adults
may play a key role in determining population size. That pattern is to be
expected in populations of long-lived animals.

It would be interesting o compare these data with other long-tarm
sludies. In my study, the population sulfered a pneumonia epizootic. It Is
possible that results obtalned from populations not aflected by disease
would be differant. It remains o be seen whether age ralios are a more
reliable predictor of changes in populalion size in populations whose
density changes over a wider range than thal available during my study.
Results from the Ram Mountain study (Jorgenson 1892) suggest that the
usefulness of age ratios may Indeed be universally limited.
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JOHN KERM, Department of Statistics, University of Wyoming, Laramie, WY B2071

Abstract: Aerial sample surveys of Dall {ﬂjiulnﬂil ) s were conducted
in Wrangell-St, E'I‘lﬁﬂat‘lmﬂ Park, Alaska, in y% and 1991. The sample

surveys included a 2-stage stratified random sampling procedure combined with
double sampling. Observers in a fixed-wing aircraft completed an aerial survey
on a random sample of count units in high, medium, and low density sheep regions
in the entire survey area (fixed-wing survey). The double sampling consisted of
A more intensive survey by observers in a helicopter on a subsample of these
units (heli er survey). The helicopter survey provided groups o sheep known

to exist in the count units which were either ted or missed during the
fixed-wing survey. The probability of detection of a given size during the
fixed-wing survey was then estimated using logistic regression. 2-stage

sample combined with double sampling allowed extrapolation of sheep counts,
corrected for visibility bias, to the entire survey area. The 2 years of survey
al lowed a rison of independent estimates of Dall sheep density using nearly
identical met logy.

Aerial surveys designed to count all the animals present in an area
ally lack information necessary to estimate the accuracy and precision of
counts, Unfortunatély these surveys often underestimate animal abundance
(Caughley 1977). A major reason for inaccuracies in aerial surveys 15 the lack
of an estimate of the number of animals not counted due to visibility bias
(Caughley 1974, 1977). In an evaluation of the effects of several factors on the
accuracy of aerial surveys, Caughley et al. (1976) found that speed, height above
ground, width of survey strips, and observers had significant effects on survey
results, Samuel et al. (1987) found that visibility of elk in northcentral Idaho
was significantly influenced by group size and vegetation cover. Other studies
of visibility bias in aerial surveys have reported affects from species (Broome
9B85), season (Gasaway et al. 1985), sex, terrain, past experience with aircraft
{(Singer and Mullen 1981), and age-specific behavior (Miller and Gurnn 1977).

several methods of adjusting aerial survey data for visibility bias have
been described.  Samuel et al. (1987) described sightability models for
Ereﬁ‘[cting tm;arnbahi'ﬁt:r of observing elk groups during winter aerial counts.
bernardt and Simmons (1987) suggested "double sampling” as a way to calibrate
aerial observations. McDonald et al. (1990) estimated visibility bias associated
with aerial surveys of Dall sheep in the Arctic Mational Wildlife Refuge (ANWR).
Alaska. wusing logistic regression to estimate visibility as a function of
measurable explanatory variables,
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Because of the size of the parks in Alaska, conventional surveys can cover
only a small portion of sheep range. Mrangell-St. Elias Mational Park and
Preserve (WRST) was last surveyed by the National Park Service (NPS) and the
Al aska artment of Fish and Game (ADF&G) during a 4-year period from 1981
through 1984 These and previous sample surveys of WRST were an attempt to count
all the sheep in the areas surveyved using a variety of aircraft and personnel.
Past surveys provided valuable information necessary for the managesent of
in the Park and Preserve. However, the survey design, potential visibility bias,
and extended survey period made interpretation of sample survey data diftficult.
In addition, the extensive flying necessary for a total count, much of the time
in fized-winged aircraft, made surveys expensive and dangerous.

An aerial sample survey of Dall s was conducted in late June - Ear_!,g
July of 1990 and 1991 in WRST. WRST iz & 53,418 square kiloseter (20.625 mi
national park in southcentral Alaska. The sample surveys were conducted in the
Wrangell ntains and the adjacent portion of the Ch h Mountains in the park.
The surveys used a stratified random sample with double sampling for correction
of visibility bias. Sheep sbundance was estimated by coumting s from a
fixed-wing aircraft in a random sample of count umits stratified by sheep
dgensity. Counts made dum:tg: the fixed-wing ﬂiﬁc were corrected for visibility
bias by comparison with a double sample from a helicopter on a subset of units,
and u“ll-lﬁsi'll'l a 2-stage sampling plan to estimate the abundance of sheep in the
entire 2

This project iz part of & regional effort to improve sample surveys of
Oall sheep in Mational Parks of Alaska. The specific objectives of the sample
SUrveys were:

1. to estimate abundance of Dall sheep in the Wrangell and Chugach mountains
within WH5T with known accuracy and precision;

Z. to develop and test a sampling design that is more cost effective than
those used in past surveys and can be completed easily in 1 season; and

3. to develop and test a saspling design that is safer than those used in
past surveys.

The authors would 1ike to thank National Park Service personnel for their
assistance including Ken Faber, for assistance in counting sheep, Jim Hannah,
park ranger and pilot. Bill Route, and Karin Route for their review of the
manuscript, Russell Galipeau. Chief of Resource Division. and Karen
Wade, Park Superintendent. We also would like to thank helicopter pilot Ken
Barnes of Soloy Helicopters and airplane pilot Ken Bunch, deceased.

METHOOS

Surveys were conducted during the Tast week in June and first week in July
both years. The surveys utiliz a 2-stage random saspling procedure with
stratification combined with double sampling. The double sampling method
involved conducting a ratively extensive survey of Dall sheep from a fixed-
wing aircraft in a stratified rendom sample of survey units, followed immediately
by a comparatively intensive survey from a helicopter on a subsample of these
units, as5 that the intensive helicopter survey detected a random sample
of sheep groups present, “marked™ their location, and gave an exact count of
sheep nuabers present in detected groups. The fixed-wing survey either detected
or did not detect the marked groups. ble $mlin? with helicopter and fixed-
wing surveys allowed the use of logistic regression for estimation of visibility
bias inherent in the extensive fixed-wing survey (Eberhardt and Simmons 1987,
Samuel et al. 1987). We used the results of the reélatively Targe sample size of
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the fix-edwm? survey, corrected for wvisibility bias, to extrapolate a density
pstimate to all units in the stratum.

WRST, was divided into 31 primary sampling units (Fig. 1) ;rm1p!d into
high, medium, and low-density strata according to res described in Taylor
et al, (1989), Previous surveis (Singer 1982, Mullen and Cella 1984) established
the primary sampling units, that ranged in size from 96 to 2002 ke’ (37 to 773
mi’) (Table 1). We selected a random sample of primary units from each density
stratum for conducting fixed-wing surveys. The number of units selected in each
stratum was proportional to expected sheep density. Each of these primary
sampling units Was further divided into subunits ranging in size from 132 to 471
k' {49 to 182 mi’) (Table 2). The subunits were small enough that they could be
sampled in 1 flight by the helicopter in the same ssount of time required to fly
the entire primary unit in the fixed-wing and Targe enough so that movesent
between subunits was minimized. The large size of some primary sampling units
presented logistical problems for counting sheep from a fixed-wing aircraft
within the time frame of the survey. Therefore. in larger primary units, a
random sample of subunits was counted in the fixed-wing survey rather than the
entire primary unit. [In thase cases, the helicopter survey counted sheep in a
random sample of the subunits included in the fixed-wing survey.

Table 1. Area in square kiloseters of the primary units in the Dall sheep survey
at Wrangell-5t.Elias Mational Park and Preserve, July 1990 and 1991.

Unit Unit Unit
T 1185, 76 1] 119963 i 1
2 1361.36 13 535.76 26 1158_41
3 2002.15 15 507.90 27 469.17
4 103793 16 513,133 901 .63
5 B52. 65 17 363,04 29 748. 26
B 793.39 .65 30 1323.90
7 19 1161.15 kil 19942
g 733.47 20 550.54
] 734,63 22 916.50
11 337.54 23 716.14
ﬁ 610.33 24 475.49
21 213.32

Total 10758.52 783401 7059, 74

While the same basic sﬁﬁnu procedures were used in both years, survey
methodology was changed s1ightly in 1991 as a result of experience gained in
1990, To the extent possible, the same sample units randomly selected for the
1990 survey were also sampled in 1991 to permit comparisons between years,
Counting procedures from the fixed-wing aircraft were modified slightly in 1991
50 comparisons with 1990 counts (unadjusted for visibility bias) were limited to
counts from the helicopter survey, Additional primary units and subunits were
randoaly selected from the low, medium, and high density strata in 1991 to
provide additional units and subunits for both the fixed-wing and helicopter
surveys in the event that larger sasple sizes were possible.

Experienced pilots and observers conducted both the fixed-wing and
helicopter surveys. Data collected during surveys included the number of groups
of sheep detected, number of sheep counted 1n each oup, and habitat
characteristics at the location of the group. All observed s were classified
to the extent possible as Tambs, rams (=1 year old). and ewe-like (ewes plus
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Fig. 1. Map of the Wranoel1-St. Elias Mational Park and Preserve showing 31
primary sampling wnits. Dashed 1ines divide units into subunits.
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subadult rams). Observers recorded habitat variables including substrate
(vegatation or rock color), terrain, and percent slope. Locations of groups were
marked on U.5.6.5. 1:2580,000 scale quadrangle maps with a contour interval of 61
m (200 feet). Groups were considered distinct 1T they ared to consist of a
unique group of individuals based on location and sex and age composition.

Table 2. Actual survey time spent by the fixed-wing aircraft and the helicopter
jﬂu;*i g.'ﬁge rﬁﬂey of Dall sheep at Wrangell-5t.Elias Mational Park and Preserve.
¥ ’ :

Time Area Min. ime Area Min.
__ Unit min. k._; per ko' min, k_:' per ka'
Fixed-wing flights:
A NS.* N.5. N.S. 70 277.81 0.29
3B H.5. H.5. N.5. 78 343,15 0.23
in 50 131.91 0.38 36 131.91 0.27
G 10 313.78 0.22 58 313,77 0.18
bAD N.5. H.5. N.5. 83 397.59 0.21
A 179 471.72 0.38 N.S. N.S. N.S.
7B N.5. H.5. N.5. 101 278.64 0.36
7C N.5 N.5. N.5. a9 236,00 0.21
L1AB 66 337.53 0.20 76 337.54 0.23
14 27 95.99 0.23 26 95.99 0.27
10A 45 353.79 0.33 N.5. H.5. H.5.
10DE 76 291.17 0.26 60 201.17 0.21
13ABCD 117 535.77 0.22 76 83577 0.15
16ABC 93 51334 0.18 118 513.34 0.23
2TABEC BS 459 .18 0.18 98 469.18 0.21
J1ABC 109 1199.8 0.039 83 1199.7 D.07
Helicopter flights:
A N.5. N.5. H.5. g9 217.81 0.32
0 66 131.51 0.50 a1 131.91 0.69
i 76 205.72 0.37 N.5. N.5. N.5.
Th 106 471.72 0.22 H.5. N.5. N.5.
7B N.5. N.5. N.5. 155 278.63 0.56
11A 55 164.13 0.24 36 153.15 0.24
14 a0 95.95 0.31 43 95.99 0.45
10E 40 164.13 0.24 12 164.13 0.44
13D 19 152. 0.26 58 152.89 0.38
16A N.S. N.5. N.S. 40 116,99 0.34
2786 N.5. NS, H.5. [713] 473.97 0.14
ilc N.5. N.S. N.5. 43 473.02 0.09

N.5. = No survey conducted.

Fixed-wing flights were made in & Piper PA-1B Super Cub or an Arctic Tern
over the entire primary unit or subunit. F'med-umi flights used the same aerial
survey procedures as the helicopter flights, but at a greater distance from the
sheep, with less circling, and with less time used. The fixed-wing flights in
both years were conducted at a speed of approximately 0.19 min/km® (0.3 min/mi®):
but 1991 survey Tlew farther from the mountain s and with less circling
than the 1990 survey. Helicopter surveys were conducted from a Bell Jet Ranger
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II in 1990 and a EO0D in 1991. Helicopter flights occurred at the rate
of approximately 0.3 min/ke (0.48 l*Imflili,‘.l,ml:I o

In 1990 either the fixed-wing or the helicopter survey may have been
conducted first in a subunit. Howewver, in 1991 the fixed-wing flight was
conducted first to minimize disturbance potentially caused by the helicopter
survey. For safety. the helicopter surug usually whan informed the fixed-
wing aircraft was leaving a count unit. ally only 1-3 hours elapsed between
surveys and never more than 6 hours. Data were not used 1f more than 6 hours
passed batween the 2 surveys flights. Both surveys were conducted so that there
was a minimum of disturbance to sheep (fe. minimal efrcling and avoiding Mying
directly toward sheep).

Each . Tmmediately following survey flights, helicopter and fixed-wing

crews compared mapped locations and descriptions of sheep groups, Criteria used
to decide if groups were ohserved by bualgtsw* erews included proximity of

recorded locations and age and sex composition of observed . Reconciled
groups were used to show which groups “marked” by the helicopter survey were
missed by the Tixed-wing survey and which were sighted. Often, recorded
and marked in close proxXimity were pooled to account for mov . aggregation,

and segregation between surveys based on deductive judgement of the survey crews.
Crews used a conservative approach so that it was unlikely that incidental
movement of sheep between surveys resulted in sheep recorded as seen by the
helicopter and not the fixed-wing surveys. This approach yielded a conservabive
estimate of the population size because 1t tended to overestimate the probability
that a given group will be detected during the fixed-wing survey.

We estimated visibility bias with logistic regression (Samuel et al.
1987} and standard errors and sampling distributions of sheep density using the
Jackknifing (Manly 1991). vigibility bias of a sheep group during
the fixed-wing survey within a given density stratum was estimated using a
logistic regression mode] that was a function of the explanatory

variables group size and habitat. We also examined helicopter and fixed-wing
survey counts of sheep in groups sighted by both surveys to decide if the
helicopter survey but detected by fixed-wing survey did not enter the
calculation of wisibility bias in any way.

Ihg_‘in;ml&:m%ﬂm Jackknife method I:Ham{ 1991). 1% & repeated sampl ing
procedure which allows the calculation of confi intervals when no better
methods are available. In our case. the method was used to estimate a mean and
standard error of population density.

We first it 1 Togistic mode]l using data fTrom all primary units,
calculated the visibility bias, adjusted all fixed-wing surveys and estimated the
density of sheep using the sppropriaste formula for 2-stage stratified random
saapling, These calculations were then repeated n times dropping each primary
unit from the Togistic r sion ong-at-a-time. These el estimates of density
m1 then used in the Jackknife procedure to compute n pseudo-estimates of

ty:

D, = n*D,-(n-1)*0,,
where [, was the pseudo-estimate of density with 1 primary unit dropped, n was

n
the nusber of pr"E-nr'g units in the sample, D, was the estimated density with all
w-lts present, and D, was the estimate of density with the kth primary unit
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Finally, the jackknife procedure was leted by averaging these n
pseudo-estimates to arrive at a single estimate of density. The standard error
of estimated density was computed from the variation in the n pseudo-estimates.
The total nusber of s in WRST was computed by sultiplying the jackknifed
estimate of density by the total area of all primary uniti. The stratified
random sampling formula and Jackknife procedures are described in more detail in
McDonald et al. (1990), Confidence intervals based on the jackknife procedure
were computed as if the n pseudo-values represented a simple random saaple of
5178 n using the standard t-distribution.

We examined the initial stratification of prisary units based on the
number of sheep seen by the 1990 and 1991 surveys. A primary unit was placed
into a different density stratum if the analysis suggested the unit was
misclassified. Following post-stratification we roggttd the estimation
rocedures described above and obtained additional estimates of ﬁlﬂ? density for
fm purpose of evaluating the effectivensss of the inmitial stratification.

%ﬂm* regressions were run on PC-SAS (SAS Institute, Inc. 1985) using
the CA procedure, VMS SAS (SAS Institute. Inc. 1986) using the LOGIST
procedure, and SOLO (BMDP Statistical Software, Inc. 1988) using leogistic
regrassion, A1) programs gave comparable results.

RESULTS

1991 fixed-wing and hn-‘ti%mm' SUrve more area (8191 km';
Blzllum:tm:pm 1990 s#:q (heli kn'; 235.1"5-1 ) and res{.l;tted in ?_t:m'um;
sample of s 3 copler survey cov all or a portion o
7 primary umits 1nr:iud1ng 6 subunits. an area of {35? ﬂfu{ﬂl mi*). The 1990
fixed-wing survey covered all or & portion of 9 primary units including 21
subunits, an area of 4713 ka' (1820 mi®) (Table 2). In 1991 the helicopter survey
covered all or alpartim of 9 primary units including 10 subunits, an area of
2318 kx' (R3S mi"), while ﬁ:; ixed-wing survey covered 10 units including 25
subunits, an area of 5773 (2229 mp") (Table 23, The fixed-wing survey Took
less time in both years (0.19 min/km®; 0.5 win/mi*) than the helicopter survey
(0.30 win/ka’; 0.78 min/mi’}.

A total of 2 486 individual s were seen in 1990 and 3,518 individual
sheep in 1991. The 1990 survey detected 348 séparate _qlrms and the 1991 survey
detected 624 separate groups (Tables 3 and 4). The helicopter crew saw 15 more
groups than the Tixed-wing survey in double sampled units in 1990, and 89 more
?*n-ups in 1991, However, the helicopter sur missed 21 gr séen by the
ixed-wing survey in 1990 and 30 groups in 1931 indicating surveys are
subject to visibility bias. The logistic regression modeél used only the groups
of sheep seen by the helicopter survey as the test set of of sheep known
to be present in the survey area (7% in 1990 and 218 in 1991).

The relationship of sightability, group size. and substrate was evaluated
by logistic regression (Fig. 2). Only size had a significant affect on
sightability in 1990 (P = 0.0009) and 1991 (P = 0.0039). The fixed-wing SLH"U'Eﬂ
detected approximately 1 out of every 3 solitary sheep both years (35 ¥ in 199
and 38 ¥ in 1991). As group size increased to 40 the probability of detection
increased to approximately S0%.,

The estimate for the average density of sheep for the study area in 1990
when cwpts are emg-mded without correction Tor visibility bias. was E.Ha'u“
(1.65/mi*) (Table %). This resulted in an estimate of 16,313 sheep. The
iiﬂkhnklfﬂd E:itTH!te. corrected for visibility bias in the fixed-wing survey, was

OL/km' (2.62/mi"). The jackknifed standard error of density was 0,12 with a CV
= 11.8%. The approximate 95% confidence interval on the total number of sheep
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Fig. 2. Estimated probability of detection of Dall sheep for fixed-wing survey
1540 f“g‘:llgg? of group size in Wrangell-St. El1as National Park and Preserve,
an ,
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Table 3. Humber of Dall shﬁ;;i counted by unit or subunit during fixed-wing and
helicopter surveys at Wrangell-St.Elias Mational Park and Preserve, 1990,

Double sampling survey

Fixed-wing Helicopter
SLUFVEY SUCVey B
5
Unit Sheep  Groups  Sheep  Groups  grouse heli-  fixed-wing
D 220 o4 276 13 [ 15
Th &7 9 104 16 3 10
10E 11 2 26 1 2 1
11A &0 4 79 ¥ 1 4
13D 167 8 127 i 3 2
14 134 13 124 11 b 4
Total 649 60 736 75 21 J6
Unit No. sheep 1990 No. groups 1980
3 571 76
7 523 b
10 147 15
11 219 12
13 355 28
14 149 19
16 185 18
27 5 14
31 16 3
Total 2240 Zal
was 25,972 £ 6, 333 sheep (Table 6). The estimated density of s for the study
area in 1991, mqlts were expanded without correction for visibility bias,
was 0.52/kn’ (1, 3-:?3:1 ) (Table ?:I This resulted in an urr:ur're:ted estimate of
13,341 sheep. ackknifed estimate of density, corrected for visibility bias

in the Fixed- wirrg SLIF'\"E]I'. was 0.978/ka’ (2.533/mi’) (SE = 0.46, CV = 18%). The
Bpmmilate 95% confidence interval on the total number of sheep was 25,088 +

598 sheep (Table 6).
A total of 10 subunits in 8 primary units and 1 entire primary unit was
surveyed from a helicopter in 1991 compared to 5 subunits in 5 primary units and

1 entire unit in 1990 al:u':e ). The 4 subunits and 1 primary unit surveyved both
years provided some comparative data. Counts in 1991 exc 1990 counts in 2
subunits and the primary unit, but are lower than 1990 counts in 2 subunits.

h surveys provided complete coverage of the subunits and primary unit using
similar technigues.

The range of estimated density of in individual prisary units in the
high density stratum overla with estimates for units in the medium density
stratum. Likewise, estimated density of sheep in individual primary units in the
medium density stratum over) with estimates for units in the Tow density
stratum (Table 9). During both years the density estimate for unit 11 in the
high density stratum fell within the range of densities estimated for the sedium
density stratum. Units 11 and 12 in the high density stratum and 13 15, and 16
in the medium density stratum are similar in --e@etahm terrain,
Additionally. the density estimated in 1991 for unit 10 in the medium density
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stratum was less than the estimated density im umit 27 within the low density
stratum. Density estimates for units 10 and 27 were almost identical in 1990.

Table 4. HNumber of Dall sheep counted by unit or subunit during Tixed-wing and
helicopter surveys at Wrangell-St_El1as National Park and Preserve, 1991,

Fixed-wing Helicopter
e - (] heli & fimed
Unit Groups S Groups roups . roups -
i % neep oy copter missed  wing missed

JA 185 20 235 37 [ 23
an 140 a0 234 &0 4 24
7B 105 13 237 75 10 52
10E 19 5 3 & 0 1
11A 24 5 35 5 1 1
130 151 13 162 17 2 [
16A 2 1 2 1 ] 0
14 137 11 172 16 1 b
278G 10 3 o4 B ] 5
31C 27 8 16 3 b 1
Total ain 129 1181 18 30 119
Unit No. s 1991 NG . 5 1991
k] 1354 213
f 152 a3
7 437 a3
10 47 18
11 130 18
13 2n 249
14 137 12
16 161 19
27 73 12
il 27 a
Total 2995 505

This overlap in density of the 3 strata prompted us to investigate the
potential effects of re-stratification of primary units (with a new stratified
random sample in future years). Unit 10 was post-stratified into the Tow density
stratum and units 11 and 12 were placed in the medium density stratum. Following
post-stratification, the jackknifed estimate of density for 1991, corrected for
visibility bias in the fixed-wing survey, was 1.08/ks’ (2.8/mi") (SE = 0.28, CV
= 10%). The approximate 95% confidence interval on the total nusber of sheep was
27.796+ 6,448 (Table 10). \Using the same post-stratification, the revised
estimate of sheep using 1990 data was slightly higher (Table 10), but with a
smaller variance (CY = 7X) than the original 1990 estimate (CV = 11.8%).

We examined the difference in counts of sheep within groups detected by
both surveys in 1991 to find if & correction should be made for counting errors
in the fixed-wing survey (Table 11). The fixed-wing survey counted 97% of the
sheep counted by the helicopter survey suggesting counts by the fized-wing survey
s1ightly underestimated the number of sheep in a group (assuming counts from the
helicopter were correct). However., we chose to be conservative and made no
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under-count correction to fixed-wing counts and rew data were used to correct for
visibility bias.

Table 5. Estimated total mmbor of Dall sheep by wvnit (uncorrected for
wigsibility bias), estimated densiiy by strata, and estimated stratified density
in the h'rangel'l-St. Elias Mational Park and Preserve, July 1990,

i Area Total No. s Estimated Density
Unit surveyad kn'’ obsery total sheep sheep/ kn’
High density strata:
3 21.11 202,15 &7l 2705
7 4717 9949 59 23 1104
11 100.00 337.54 219 219
14 100,00 96 .00 149 149
Total 3435.68 1462 4182 1.22
Medium density strata:
10 A 0T 1199.53 147 2713
13 100,00 535.76 355 355
16 100, (0 513.33 185 185
Total 2248.62 687 813 0.36
Low density strata:
27 100,00 469.17 5 5
i) § 100.00 1199 .82 16 16
Total 1668.99 21 g1 0.05

Table 6. The estimated nuaber of Dall shee'futmd density, corrected for
visibility bias, by stratum in Wrangel]-St.Elias National Park and Preserve, July

1990 and 1991
1540 1991
Density of Densi No. Msif! No.
strata Area” ka' per sheep per sheep
High' 10758.52 2.03 21849 1.811 19484
Medium* 7834.01 0.52 4083 0.398 3117
Low’ J1059.74 0.11 Ta3 0.116 819
Total 2565227 1.04 26RG5" 0.913 2320°
Jackknifed 1.01 Fail P 0.978 25088°
fstimates
SE 0.119 3060 0.179 4596

" S5tandard errors are not available because the sample size in each stratum s
tuu small to use the jackknife procedure.

" Corrected for visibility bias but not jackknifed.
" Corrected for visibility bias and mathematical bias by the jackknife procedure.

Sheep observed during the helicopter surveys were classified by sex and
age as completely as possible irL 1991 (Table 12). These data were not corrected
far differences in visibility. ?rwgs likely contained rzaﬂ ing and 2-year-
old rams that were not easily classified. Thus. we cat p as either
mature ram, ewe-1ike, or Tamb (Table 12). The ratio of lambs to m like was
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A7, EIEE ratio of young to all adults was .12, and the ratio of rams to ewe-like
was .42,

Table 7. Estimated total nueber of Dall sheep by wunit (uncorrected for
visibility bias), estimated density by strata, and estimated stratified density
in the Wrangell-5t. Elias Wational Park and Preserve, July 1991,

A Area Tﬁ?l Ho. s Estimated Density’
Unit surve obser total sheep  sheep/km’
High density strata:
3 53.27 2002, 15 1354 2542
6 50.11 793.40 352 702
7 61.46 999.95 437 B49
11 100.00 337.54 130 130
14 100.00 96.00 137 137
Total 4229.08 2410 4360 1.03
Medium density strate:
10 B3.77 1199.53 47 a7
13 100.00 535.76 217 277
16 100.00 513.13 161 161
Total 2248.62 485 525 0.23
Low density strata:
27 100.00 469.17 73 73
3l 100.00 1199.82 27 27
Tatal 1668.99 100 100 0.06

' Stratified average density: 0.52 sheep per ke’

Table 8. Comparison of the nusber of sheep observed by helicopter surveys in 1990
and 1991 at Wrangell-5t. Elias National Park and Preserve.
Unit No, sheep 1930 No. sheep 1991
aa N.5.* 235
a0 276 234
TA 104 N.5.
78 M.S. 237
10E 2b H
11A 79 35
13D 153 162
16A N.5. 2
14 124 172
27RC N.S. bl
31C N.5. 16
TOTAL 762 1181

* H.5. = Ho survey conducted.
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Table 9. Stratification analysis by unit for the 1990 and 1991 surveys at
Wrangel1-5t. Elias National Park and Preserve.

Mo Plioky e R P ok
e H r
Strata Unit Y =i g o R
High i 571 1.93 1354 2.27
High 6 N.S. N.5. 152 1.81
High 7 523 1.65 437 1.69
High 11 219 0. Mh 130 0.68
High 14 149 2,34 137 2.30
Hedium 10 147 0.34 47 0.17
Hedi um 13 355 0.86 277 0.85
Mesd i um 16 185 0.45 161 0.47
Low 27 75 0.26 73 D.14
Low 31 16 0.022 27 0.05

" N.5. = No survey conducted,

Table 10. Post stratified estimated number of Dall sheep and density. corrected
Eﬂq w‘l ﬂiﬂ“r bias, by stratum in Wrangell-5t. Elias National Park and Preserve,
Y X

1990 1991

Density of Area” Densit No. ﬂmsilgj No.
strata knt per sheep per sheep
High* G9810.65 1.858 18216 2.033 19950
Medium® 7hE2. 35 0.687 5211 0.667 5047
Low' B259.27 0.193 1598 0.138 1141
Total 2565227 0.976 25025" 1.019 26138"
Jackknifed 1.0E5 26286 1.083 27792

estimate

SE 0.0678 1740 0.1090 2796

* Standard errors are not available because the sample size in each stratum 15
I!:mzl small to use the jackknife procedure.

Corrected for visibility bias but mot jackknifed.
* Corrected for visibility bias and mathematical bias by the jackknife procedure.

DISCUSSTON

The most recent attempt at sample survey of sheep in the WRST was durin
the E:rind 1981-1984. Singer and Mullen (1981) reported covering 17 1/2 (73%
of the count units in a helicopter survey in 1981, Singer (1982) reported the
results of the 1981 surveys as well as surveys of additiomal areas in 1982, and
Mullen and Cella (1984) reported surveys of b additional count units in 1983 and
1984. HNo estimate of survey time was provided for the first 2 survey years. The
1983 and 1984 surveys took sl t]l'lﬂl" over 16 hours of survey time, 1981 and
1982 surveys covered a much larger area than the 1983 and 1984 surveys and
probably required more than twice the time. It appears our surveys in both years
were more COSt effective, AlSo, our Surveys were safer than previous surveys if



250

it is accepted that more flight time with an objective of counting all sheep
increases risk,

Table 11. Analysis of possible bias by group size durin the survey of Dall
sheep at Wrangell-5t, Elias Mational Park and Preserve, July 1991,

No. sheep Mo. sheep Ratio fixed

Group size fixed-wing helicopter to No. groups
helicopter
1tob 134 146 0.92 60
6 to 10 131 131 1.00 18
11 to 15 157 184 0.85 14
16 to 20 18 16 1.13 1
21 to 25 41 46 0.89 i
26 to 30 23 30 0.77 1
3l to 35 57 A 1.68 1
36 to 40 A4 38 1.16 1
41 to 45 1] 0 0 0
46 to 50 i] a 0 0
51 to 55 53 52 1.02 1
Total B58 677 0.97"
* Ratio of totals.
Table 12. sition data for Dall sheep from helicopter flights at
Wrangel] - St EHa ational Park and Preserve, July 1991.
Ewe- Unc)as- Ram; Lamb :
Unit fams 11ke Lambs 5ified ewe-1ike ewe-11ke
i 105 310 55 15 0.339 0.177
7 69 106 20 42 0.651 0.189
11 2 33 ] 0 0.610 0
14 38 48 5 81 0.792 0,104
L 8 26 0 0 0.308 1]
13 41 102 19 0 0.402 0.186
16 1] 2 0 0 0 0
27 10 12 6 2h 0.833 0.50
Total 2ib 650 107 147 0,425 0.165

It can be argued that cost effectiveness 95 a function both of cost and
accuracy of results. Our results provide an estimate of sheep abundance with a
measure of accuracy and |I:r|:c1'51'un. Sample surveys during the 1981-1984 period
were an effort to count all sheep present, Over this 4 year period, 10,496 shee?
were counted in 25 af the 29 primary count umits in the T Einger (1982
estimated sheep numbers in uncounted units in the Wrangell's portion of the area
and corrected the total using a factor of 1.25 to account for missed 5hee|i».
Singer’s "corrected” estimate was 15,723 sheep. This estimate is only slightly
below our estimates of sheep without correction for visibility bias. Mo measure
of accuracy or precision was provided by Singer.
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Both the 1990 and 1991 surveys resulted in substantially higher estimates
of sheep in the WRST than the previous surveys. However, the densities reported
by Singer (1982) in some high density units exceeded our overall estimate of
density in this stratum, Singer (Undated) reported densities of 1.08/ks’
(2.8/mi") in the Preserve ion of WRST and 0.656/ks” (1.7/mi") in the Park

rt1-1:|n In a survey of Dall sheep at the mrthvmstgrn limit of their range in
ks Ran c-r ATask:a Singer. et al. rﬁs tiEﬂsmEs as high a:.
EII 71/km* (1_B5/mi*) with an aw:ra;f_r of 0.162 (0. 42.1’.1 y. Densities in
Alaska Emulal‘.fun.'. as k.?y nger (Undated) ranged from a low of 0. 154!I'-'.l'
(0.4/mi") in Noatak to HU (2.1/mi") in the Gates of the Arctic MNational
Park. Densities from both the 1990 and 1991 surveys of WRST after correction for
visibility were well within this range,

The estimate of 25,088 total sheep in 1991 based on the original
stratification is very close to the estimate of 25,972 obtained in 1990,
But, the precision of the 1991 estimate is less than the 1990 estimate.
precision of the estimates made in our survey was a product of the jackknifing
procedure and was sensitive to the variation 1n estimates of sheep density among
individual units in each stratum included in the survey sample. The Jackknife
procedure calcul ated pseudo-values for 5hew dennl:]g by dropping 1 surveyed unit
at a time and then Eitilﬂt‘[ﬂ% total sheep Dropping a misclassified
unit from the calculation of density for a particular stratum effected the
dﬁ;iitﬂ' estimate for that stratum far more than dropping a properly classified
un

The original stratification used in this study was based on an extensive
agrial reconnaissance of WRST (Taylor et al. 1989). However., the existing
geﬂnm*lng of units resulted in overlap in densities between high and medium

sity strata and medium and low density strata. This E;eathr contributed to
the mdth of confidence intervals in 1 and 991 the overlap was
greater in 1931 the relationship was consistent for both the 1990 and 1991
surveys suggesting a problem in the initial stratification. Following post-
stratification, the estimate of sheep fn WRST increased for both areas and the
precision improved. It is possible that estimates of sheep numbers with the
smaller standard errors following post-stratification were a better
reprn-smtatim of sheep numbers in T at the time of the surveys. However, it

5 likely that a new stratified random 531}1& from the re-stratified units for
ruturve survey will yield more precise results than the 1990 or 1991 surveys.

The Togistic regression indicated that group size was the only significant
explanatory variable in determining sightability from the fixed-wing. The
logistic regression with substrate variables indicated that tundra, dark rock.
light rock, and mixed substrate lacked significant influence on sightability.
McDonald et al. (1990) also found that group size was the only significant
variable affecting the probability of detecting Dall sheep in ANWR. When the
roles of the fixed-wing and helicopter aircraft were reversed in the analysis of
our data, this same relationship existed, although the helicopter was better able
to detect single sheep and small groups. This suggests the helicopter is a
better vehicle for observing sheep and confires the important influence of group
size on detection probabilities. Each variable recorded durmg aerial surveys
increases the difficulty of the survey. Future surveys of Da in similar
habitat could ignore substrate as a potential influence on mqht Tity.

Ouring both years of survey the fixed-wing and helicopter crews counted
approximately the sase number of sheep in groups seen by both. While a slight
upward adjustment of less than 3% could have been made to the fixed-wing counts,
in the interest of a conservative estimate, no correclion was made. In future
surveys, this relationship should continue to be monitored since different
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mﬁegvers. and changes in habitat and counting conditions may affect fixed-wing
counts.

This study was not desiogned to evaluate the difference in sheep response
to helicopter wersus fixed-wing surveys.  Nevertheless, no extraordinar
avoidance behavior was noted during either survey in 1990 or in 1991, On
occasions during the 1990 helicopter survey. a large group of sheep seeén in open
flat terrain responded to the helicopter by grouping tightly together and
running. However, these gr :veelE terrain or escape cover.
Theére was some concern voiced by reviewers of the 1990 survey that the helicopter
may disturb she% and bias subsequent counts by the fixed- ':ﬁ crew. To address
this concern, 1991 helicopter flights occurred after fixed-wing flights in all
double sample surveys. Disturbance of sheep was kept to a minisum 1n our surveys
as neither survey flew close enough to obtain a complete classification of sex

or age and repeated circling was avoided.

The design of our surveys did not provide accurate composition counts.
But, the helicopter survey in 1991 attempted to classify all sheep as lamb, ewe-
like, or ram. Identification of lambs in small groups of was relatively
ea:ly while differentiating between yearling rams and ewes and classification of
individuals in the larger groups of sheep was more difficult. Young rams and
Tambs were Tikely misclassiTied in the Targer groups and some yearling rams were
likely misclassified in all groups.

The ratfo of rams to ewe-like in our study may be biased since
classification of large ewe-Tamb groups contained few yearling rams. The raas
classified in the ewe-lasb groups contained some youmg rams, but we made no
estimate of the bias associated with misclassifying rams in large groups.
Nonetheless, our estimate of the ratio of rams to ewe-1ike was within the range
of similar ratios recently reported for Dall sheep throughout Alaska (Singer et
al, 1981, Singer et al. 1983, Ayres 1986, Heimer and Watson 1986, Ayres 1987,
Taylor et al. 1987, Singer Undated). The 42 rams per 100 ewe-1ike in our study
ﬂ;ﬂlffmtil:al with the ram:ewe ratio reported for WRST by Singer and Mullen

singer (Undated) reported the proportion of Tambs in the 1970"s and 1980°s
within National Parks and Preserves in Alaska. Proportions ranged from 18Y to
J2% with WRST reported as 18X in the 1970°s and 19% in the 1980°s. Kellyhouse
(Undated) surveyed a portion of WRST in 1981 and 1984 and reported 19% and 16%
lambs, respectively. This is slightly higher than our estimate of 10% in 1991.
The ratio of lTambs to ewe-1ike in our semple was similar to the ratio reported
by Garrett (1987) for Dall sheep in the Hulahula River and adjacent drainages of
ANWR, Alaska. However, the ratio in our study was lower than other 1amb:ewe
ratins recently reported for Dall sheep in Alaska (Singer et al. 1981, Singer et
al. 1983, Ayres 1986, Heimer and Watson 1986, Ayres 1987, Taylor et al. 1987,
Singer Undated). The ratio was much lower than the most recent lamb:ewe ratio
reported for WRST (Singer and Mullen 1981). While erli.' an underestimate, the
low ratio of lasbs to ewe-1ike in our study and the declining lamb proportions
reported by Kellyhouse (Undated) suggest the need for a survey des‘lgne?u
accurately find the sex and age composition of Dall sheep in WRST.

RECOMMENDAT TONS

1. Estimates of 0all sheep in the WRST from the 1990 and 1991 surveys are
substantially higher than previous surveys and contain estimates of
préecision, Future surveys using the same methods would provide managers
with a better measure of the trend in sheep numbers.

to more
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Future surveys using the double sampling strategy should attempt to
increase the speed of the Tixed-wing survey. is would allow more
primary units to be surveyed and thus increase the confidence in
pxpansions of d&nsit{ data to the entire area. Or. surveys of a fixed set
nf ;;Mlar_l.r umits could be done with less flying and thus result in & less
costly and safer survey.

The 1991 survey attespted to classify sheep as to sex and age. Lamb:ewe
ratios are minimum estimates due to the inclusion of young males as ewes.
Future surveys combining helicopters with Ffixed-wing aircraft should
inciude sex and age composition counts 1n the data collected by helicopter
surveys, Classification of animals into age and sex categories should be
done by a combination of observations from the helicopter and a sample of
herds classified from the ground. Ground counts cam be used to correct
hel icopter counts of young males and ewes. Observations from a fixed-wing
aircraft should be used to expand estimates of abundance and age and sex
ratios to the entire population based on double sampling procedures. A
random survey would reésult in & less biased estimate of the ratios than
provided by the more haphazard approach used in 199]1.

Sex and age composition data are characteristics of populations. WRST is
a large area cmta‘rmn% several management units. IT more than 1
popul ation exists in WRST then classifications and lation estimates
should be made so they are relevant to individual populations.

Because the fixed-wing survey crew saw groups not seen by the helicopter
crew, an alternative approach is suggested to population estimation when
m?ns'ftfun counts are considered unnecessary, A sample survey could
employ 2 fixed-wing crews which could calibrate each other (i.e., develop
sightability correction factors) by flying the same units prior to ﬂrir?
mitirq} separate units. This method should be evaluated in the WRS
or a simlar area.

Planning for future surveys should attempt to reduce time lost in ferrying
pbetween fueling locations. the base of operations. and survey units.

The survey depends on the accurate location of s groups by fixed-wing
and helicopter survey crews. Global Fmitim*rnghgq}tumtmémm‘mw should
be investigated for use in locating sheep groups by both surveys.

Some subunits in our surveys were too large for the helicopter survey and
some boundaries were difficult to follow. Boumdaries of all subunits
should be evaluated before future surveys. Past sheep observations should
be used to evaluate existing boundaries.

The 2-staged sampling plan used in 1990 and 1991 was necessitated by the
NPS's desire to survey sheep within the existing sampling units. The
variance of the jackknifed estimate of sheep demsity should decrease if
more ssaller units are used. An alternative to the present sampling
strategy is to subdivide all primary units so that subunits are
approximately the same size. A stratified random or systematic sample
could then be taken of the subunits, treating them as primary units.

WRST should be re-stratified using the existing or smaller survey units.
A few units r misclassified in the original stratification based on
both 1990 and 1991 survey results, Most of the subunits should be placed
in the same stratum as the original primary unit. However, there may be
enough variability in some of the larger units to warrant a change in the
stratum for somé smaller units. The original stratification was based on
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an aerial stratification survey. [tml],\r stratification surveys should
be completed immediately prior to s anp @ surveys. However, logistics and
cost constraints may prevent stratification surveys prior to each sample
survey, A.n alternative approach is to use the data from the 1990 and 1991

surveys al with data on habitat, precipitation, harvest, etc., and re-
stratify wi stratification surveys.
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Abstract: Since 1850, 45 populations of mountain sheep (Qvis canadensis
ssp.) have become locally extinct in Californja. Conservation efforts for
this species emphasize restoration of these extirpated populations.
Although models that assess potential relocation sites exist for mountain
sheep, none have been adequately tested. We used the overlay capabilities
and proximity functions of a vector-based geographic information system,
and aerial telemetry data from a reintroduced population of
desert-dwelling mountain sheep, to test the significance of vegetation,
topography. and availability of water as predictors of mountain sheep
presence. Statistical results indicate that. while these variables are
important, their use in the model evaluated was not ﬁ;‘ﬂdictw&. For
instance, while slope was a significant variable, and the steepest slope
categories were selected bfu mountain sheep, all other categories of slope
wore m-'luided, even though the model suggested moderate use in some
categories.

In the decades following the California gold rush., a rapid loss of
mountain sheep populations occurred (Wehausen et al. 1987). Unregulated
market hunting and grazing of domestic livestock are implicated in this
decline, as are certain diseases that are associated with livestock.
particularly with domestic sheep (Buechner 1960). Despite legal
protection of the species by the California legislature in 1873.
ﬂgpulattuns failed to increase in size, or to recolonize vacant habitats.

reaver, the extirpation of mountain sheep populations continued: 45 of
104 mountain sheep populations thwg'lt to exist prior to 1850 are extinct
in California (Wehausen et al. 1987). Although management efforts may
have resulted in some population increases, little natural recolonization
has occurred. Mountain sheep conservation strategies currently emphasize

‘Current address: California Department of Fish and Game, 407 West
Line Street, Bishop, CA 93514
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3 approaches: (1) isolation from domestic sheep (Desert Bighorn Council
1990);: (2) habitat improvement., primarily through the construction of
artificial watering devices (Bleich and Pauli 1990): and (3) the
astablishment of this species on formerly occupied ranges (Bleich et al.
1990D) .

Several habitat evaluation procedures have been develo for
desert-dwelling mountain sheep (Ferrier and Bradley 1970, Merritt 1974,
Hansen 1980, Wilson et al. 1951], Holl 1982, Armentrout and Brigham 1988,
Cunningham 1989, Wakeling and MWiller 1990), but they have not been
adequately tested. Of those currently available. the model developed by
Hansen (1980) is the most widely-used. However, given the expense and
compiexity of mountain sheep translocation projects (Bleich 1990, Bleich
et al. 1'3:}11. it seems prudent to evaluate that model further, in an
ningﬁrt to enhance the success of future translocations (Smith et al.

1.

Hansen's (1980) procedure rates the suitability of mountain sheep
habitat on 7 factors: natural vegetation, topography, precipitation,
evaporation, water availability, e:ﬂsﬂnﬂ mountain sheep use, and human
impacts. Individual sections (1 mi®) of habitat are rated, using a point
system, based on these factors. and a total score is calculated. Sections
having the highest numerical scores are deemed the most important, or most
suitable, for mountain sheep. Sections with moderate, or low, scores are
considered to be of lesser value to mountain sheep.

A geographic information system {GIS) is a computer tool that can be
used to rapidly analyze and model the types of spatial data necessary for
informed decisions on wildlife management options (Johnson 1990, Nicholson
and Bowyer In Press). Indeed. several authors have used the overlay
capabilities and spatial analysis functions of & GI5S to evaluate habitat,
and wildlife use of habitat (Donovan et al. 1987, Broschart et al. 1989,
Pereira and Itami 1991, and others). Several parameters in the Hansen
Model lend themselves well to GIS analyses: therefore, we used a
vector-based GIS to test predictions of the model with respect to
topography, vegetation, and water availability.

Wa thank D. Pearson of the Southern California Edison Company (SCE)
for providing digital data used in the GIS analyses, R. W. Anthes, M. W.
Berbach, L. Heitz, M. J. Kie and .J. Santana for providing telemetry data,
J. G. Kie for access to digitizing hardware, and Envirommental Systems
Research Institute (ESRI) for providing training in the use of ARC/INFO.
GIS analyses were funded by the Environmental Data Center, University of
Rhode Island., and the Fitzpatrick Institute of African ﬂrn’:thu'lmiﬂ.
University of Capetown. Funding for data acquisition and manuscript
reparation was provided by the Boone and Crockett Club, California
Essm:iatinn of Professional Scientists, California Department of Fish and
Game (CDFG), Foundation for North American Wild . MNational Rifle
Association. M. P, Northam, Sacramento and San Diego Chapters of Safari
Club International, Society for the Conservation of Bighorn Sheep, and the
Graduate School, University of Alaska Fairbanks. This is a contribution
from the COFG Bighorn Sheep Management Program.
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STUDY AREA

The Sheephole Mountains are a relatively precipitous, Tow elevation
mountain range located in the southern Mojave Desert, San Bernardino
County, California. The mountain chain follows a northwest - southeast
orientation and reaches a maximum elevation of 1,406 m (Pauli and Bleich
1991). Soils predominantly are of granitic origin (Weaver and Mensch
1971). Daytime maxima frequently exceed 38 C during the summer, but
temperatures < 0 C are not uncommon in winter (Freiwald 1984).
Precipitation averages 7 cm annually, and occurs mostly during winter from
Pacific weather fronts; summer storms are infreguent. unpredictable and
highly localized (Weaver and Mensch 1971). Vegetation in the study area
is predominantly creosote bush (Larrea tridentata) scrub, with higher
elevation slopes supporting Ephedra spp. and Yucca spp.

The study area was defined by the extreme southwest and northeast
distribution of mountain 5 in the Sheephale Mountains, as determined
from aerial telemetry data. The study area is 12.4 km from east to west,
10.5 km from north to south, and is 132 km® in size. Htst{:ricuﬂ{,
mountain sheep occurred in the Sheephole Mountains, but they were nearly
extirpated during the recent past. Mountain sheep were translocated to
the range during 1984 (o = 11) and 1985 (p = 16) (Bleich et al. 1990a).

SOURCES OF DATA

From 1984 -86, 401 aerial telemetry fixes were obtained from 11 adult.
female, mountain sheep. Bimonthly flights were conducted as described by
Krausman et al. (1984}, and the estimated locations of mountain sheep were
plotted on 15" United States Geological Survey (USGS) topographic maps
during each flight. These locations were digitized. and projected into
Universal Transverse Mercator coordinates (Monmonier and Schmell 1988).

We extracted vegetation data from anm Integrated Terrain Unit Map
(Dangermond et al., 1982) supplied by SCE. Categories of vegetation were
then reclassified as either "low desert shrub®™ or "middle desert shrub”
(Hansen 1980:326, Table 1),

We used the ARC/INFO TIN Module (ESRI, Redlands, Calif.) to derive a
slope map from commercially available USGS 3.-arc-second Digital Elevation
Modals (Carter 1988). Because Hansen (1980) described slope in relative
terms, such as flat or steep, we adapted the eriteria of Armentrout and
Brigham (1988) to quantify 5 of Hansen's slope descriptors: level (01
5'tnge]|, undulating (=0-8% slope), rolling hills (=B-100X slope), and steep
(>100% slope) (Table 2). For some analyses of slope selections, we also
separated rolling hills into two categories (~8-30% and >30-100%).

Using the criteria of Hansen (1980:325), the slope map adapted from
Armentrout and Brigham (1988), and a map of dry Stream courses. we created
a terrain model that incorporated 3 topographic parameters. This model
considers slope. as well as the juxtaposition of steep terrain to slope
classes, and the brokenness of terrain. Thus, we were able to simulate
six terrain categories that Hansen included in his model.
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Table 1. Mountain sheep use of Hansen's (1980) vegetation t in the
Sheephole Mountains, San Bernardino County, California, 1984-1986. Sheep
use of vegetation was significantly different from availability (X" =
20.2. P < 0.001, 1 df).

Available EHEE
Vegetation type hectares locations
Low Desert Shrub 2,108 3l
Middie Desert Shrub 11,110 370

No naturally-occurring permanent water sources occur in the Sheephole
Mountains (Weaver and Mensch 1971, Pauli and Bleich 1991). The location
of the only artificial water source was plotted on a 15" USGS topographic
map, and digitized into the GIS.

ANALYTICAL METHODS

All spatial data mentioned above were inventoried and analyzed with
ARC/INFO. We evaluated whether mountain sheep used habitat in a manner
consistent with predictions based on Hansen's (1980) model. We used the
method of Neu et al. (1974) to calculate whether use of vegetation and
terrain differed statistically from expected values, based on
availability.

The Hansen Model effectively is raster-based, and the cells are 1 mi’.
In the Model, the value of each cell is rated. in part. on the presence or
absence of water: however, if we simply examined the study area for
presence of water. our results would be of little value. Because we used
a vector-based GIS. we were able to calculate the distance of each sheep
location to the point source of water in the Sheephole Mountains.

We tested the hypothesis that mountain sheep distribute themselves
randomly with respect to the availability of water by comparing the
distribution of s lacations 1n 11 classes of distance to water (each
1 km in width) with the distribution of an equal number of randomly
generated points. Because the water source was located in steep terrain,
we corrected for possible interactions between slope class and distance to
water by eliminating “flat™ areas from analyses. Frequencies were
compared using the Bonferroni procedure (Meter et al. 1985).

RESULTS AND DISCUSSION

Mountain s in the Sheephole Mountains selected middle desert
vegetation (Table 1), This was consistent with the prediction of Hansen
(1980). Although the Hansen Model includes a total of 8 vegetation types.
only two were present in the study area. The predictive power of the
Model remains to be tested with respect to the six other vegetation types
recognized by Hansen (1980).
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Table 2. Mountain sheep use of five slope classes in the Sheephole
Mountains. San Bernarding County. California. 1984-1986. Mountain sheep

@ not distributed in proportion to the availability of slope classes
(X =542, P < 0,001, 4 df).

Available Sheep
Slope class(k) hectares locations
1] 336 5
0.01-8.00 6.599 21
8.01-30.0 3,237 97
.01-100.0 4,040 2ib
>100.0 9 2

Mountain sheep selected steep terrain and avoided flat areas: this is
consistent with the expectations of the Model (Table 2). However, sheep
also avoided moderate slopes (>8-30%), and this is contrary to the Hansen
Model. We suggest additional tests, in & number of mountain ranges,
before conclusions can be reached regarding the predictive power of
terrain classes in the Hansen Model.

Table 3. Mountain sheep use of 6 terrain classes (Hansen 1980) in the
sheephole Mountains., 5San Bernardino County. California. 1984-1986.
Mountain sheep were I not d1str1hutad in proportion to the availability of

terrain classes ( . P = 0,001, 5 df).
Available Sheep
Terrain class hectares locations
Level, »1.6 km from rocky 6.366 11
or steep terrain
Level, <1.6 km from rocky 569 15
or steep terrain
Rolling hills >1.6 km from 1,963 13
rocky or steep terrain
Rolling hi'l'ls <1.6 km from 4,313 361
rocky or steep terrain
y and steep, w/o washes, 5 1
slopes >100%
Rocky and steep, cut by 4 1)

washes, slopes =100%
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When we quantified Hansen's (1980) slope categories by adapting the
criteria of Armentrout and Brigham (1988), we discovered an apparent

raphical error in their paper that eliminated a major slope category
(=30-60%). We call this to the attention of the reader because this slope
class was strongly selected by the animals in our study, and is of clear
importance to mountain sheep (Table 3).

Mountain sheep distributed themselves significantly closer to water
than would expected 1f they behaved randomly with respect to proximity
to water (X" = 765, P < 0.001, 10 df). This result was unchanged when
slope interactions were eliminated (X" = 302, P < 0.001, 10 df).

These results, although preliminary in nature, indicate that the
Hansen Model has value in evaluating sites that are being considered for
the reintroduction of desert-dwelling mountain sheep. However, further
multivariate GIS analyses are necessary before firm conclusions can be

reached.

GIS technol was used to test this model in an effort to bring the
potential value of this analytical tool to the attention of wild sheep
managers. This is the first application of a GIS to the management of
mountain sheep, and 1t proved to extremely valuable. However. managers
are cautioned that the accuracy of the results of their analyses wil
a function of the quality of the original data that they use to develop
their application (August In Press. Lunetta et al. 1991).
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Abstract; Prescribed burning has been used as & habitat management
tool on the South Fork of the Shoshone River, near Cody, Wyoming for
over 15 years. The primary emphasis has been to improve foraging
conditions for wintering Rocky Mountain bighorn sheep (Ovis canadensis
canadensis). In 1986 a study was initiated to determine the effect of
prescribed fire on winter range vegetation, sheep diet quality, and
foraging behavior, Burning increased herbaceous plant production and
removed shrubs that obstructed visibility. Diet quality and foraging
efficiency of wintering sheep were greater on burned vegetation types
when compared to sagebrush and juniper dominated sites. Radio-collared
sheep selected burned areas as foraging habitats in spring. Prescribed
burning may increase nutrient density, allowing sheep to obtain higher
quality diets and higher nutrient intake rates. Implications of these
findings to bighorn sheap habitat ecology management are discussed.

Bighorn sheep populations in the western United States have
declined markedly in both distribution and density since the early part
of this century (Buechner 1960). Transplants of sheep into their
former ranges and supplements to stagnated populations are often
attempted to reverse the decline. In Wyoming, such efforts have been
reélatively unsuccessful (Smith and Butler 1988). Failure of
reintroductions and attempts to rejuvenate herds can be attributed
primarily to altered habitat conditions. Loss of open foragin
areas and traditional migration routes to conifer and shru
encroachment has been suggested as being responsible for the loss of
many sheep populations (Wakelyn 1987).

Fire suppression and lack of habitat management have been

Ipresent address: Wyoming Game and Fish Department, 117 §.
SuhTEEtE Ave., Pinedale, WY B294]

Present address: Mational Council for Air and Stream Improvement,
Box 458, Corvallis, OR 97339



265

identified as major factors responsible for the degradation and less of
suitable bighorn sheep habitat (Wakelyn 1987). Many bighorn sheep
winter ranges exfst within shrub-grass vegetation communities, where
fire plays an important role in the maintenance of ecolegical processes
(Wright and Bailey 1982). Fire increases herbaceous plant production,
eliminates competing shrubs and trees, facilitates nutrient recycling,
and encourages use by herbivores. Following settlement of the west,
fires were suppressed and livestock qrazing increased. These changes
altered the structure and productivity of big game habitats (Houston
1973, Gruell 1980, Gruell 1986).

We examined the effect of prescribed fire upon winter range
vegetation and determined the effect of vegetation changes upon bighorn
sheep foraging behavior. Specific objectives were to determine:

1. Herbaceous forage production responses to prescribed fire.
2. Shrub and tree response to fire.

1. Diet quality of wintering sheap on burned and unburned vegetation
types.

4, Foraging efficiency of wintering sheep in burned and unburned
vegetation types.

Bighorn sheep on the South Fork of the Shoshone River are
habituated to humans and can be approached clesely without interrupting
normal feeding behavior. Such habituation allowed us to collect
detailed diet quality and foraging behavior data.

This project was supported by several agencies and individuals.
Financial support was provided by the Foundation for North American
Wild Sheep, Marathon 0i1 Ce., Amerada-Hess Corp., National Rifle
Assocfation, Safari Club International, U.S. Forest Service (USFS), and
the Wyoming Game and Fish Department (WGFD). Specific individuals
deserving recognition include Terry Killough, Gary Brown, Jim
Yorgason, Tim Fagan (WGFD), Jay Carlson, Martin Mufich, and Barb
Franklin (USFS). Alsoc many thanks to the residents of the upper South
Fork, especially Mike and Jackie Strain, Harvey and Reta Collins, and
Jerry and Kim Capron.

STUDY AREA

The South Fork study area is located approximately 64 km (40 mi)
southwest of Cody, Wyoming (Fig. 1), and 1ies within the Shoshone
National Foresl. Within this geographical area, we sampled a narrow
strip of sheep winter range that rarely exceeded 1.6 km (1 mi) in width
and covered approximately 1,066 ha (2,618 ac). The boundaries of the
study area included Ishawooa Creek, Cabin Creek, the South Fork of the
Shoshone River, and Ishawooa Mesa. Although the winter range is
primarily on Forest Service lands, several parcels of private land
intermixed with the federal holdings are used extensively by sheep.
Although quite variable, sheep numbers on the winter range averaged 275
to 300 animals.
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Topography within the study area consists of massive cliffs, steep
hillsides, and gently sloping sagebrush grasslands with 1ittle or no
transitional areas. The majority of the winter range is composed of
southeast-facing, sagebrush-covered slopes that vary in elevation from
1,891 m (6,200 ft) to approximately 2,135 m (7,000 ft). These
sagebrush grasslands are characterized by foothi11s and alluvial fans
with moderate to deep soils varying in texture from cobbly sand loam or
loamy sand to gravelly sand or clay loam (U.S. Dep. Agric. 1986).

Although a variety of vegetation communities exist on the South
Fark of the Shoshone River, For purposes oF this study 3 general
vegetation types were delineated based on structural and compositional
characteristics: sagebrush-grassland (SG), sagebrush-grass-juniper
(56J), and burn (BURN).

The 56 type consists primarily of Wyoming big sagebrush (Artemiszia

tr1ﬁgngggg wyomingensis) and basin big sagebrush (Artemisia tridentata
tridentata) with an understory of various grasses including bluebunch

wheatgrass (Agr an icatum), needle-and-thread (Stipa comata),
prairie junmegrass Eﬂuglu[ﬁg 5[{5511;}. and Sandberg bluegrass {%*g
secunda). Most forbs that occur on the study area are essentially
unavailable to wintering sheep due to desiccation and senescence.

The 5GJ type 15 similar to the 56 type, except for the addition of
Rocky Mountain juniper (Juniperus scopulorum), creeping juniper
}Jun1nerus horizontalis), and an occasional limber pine (Pinus

}. Herbaceous vegetation production in SGJ types is scant due
to competition for light and nutrients from the juniper and dense
sagebrush componénts.

Four prescribed burns (BURN) were sampled, ranging from 3 to 14
years in age and varying in size from 2.4 ha (6 ac) to 8.1 ha (20 ac).
They encompassed both spring and fall burns, and occurred in both 56
and 56J vegetation types. Species composition of the burned areas
included many of the same species as unburned areas, except for the
addition of kingspike fescue (Leucopoa kingii), green needlegrass
(5t viridula), rubber rabbitbrush (Chrysothamnus nauseosus), and
Douglas rabbitbrush (L. viscidiflorus). The most nuticeaﬁ%u %uature
within the BURN vegetation type, however, was the significant reduction
in shrubs and trees.

METHODS
Vegatation Sampling

Permanent transects were established to monitor vegetation
responses. The four burned sites were sampled using four 25-m
transects each. An unburned contral area of similar elevation, slope,
and nipect was sampled in the same manner at each BURN site. Fifteen

-1 m* gquadrats were sampled along each transect for percent canopy
covar and frequency of herbaceous species (Daubenmire 1959). Herbaceous
T;:g;ct1un was estimated using a double-sampling technique (Wilm et al.
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Shrub cover was sampled along each transect with a point-intercept
technigque [Mueller-Dombois and Ellenberg 1974). Presence or absence of
shrubs was recorded at each of 50 points along the transect. Maximum
height of each shrub was also measured,

Diet Quality

Simulated diets af bighorn sheep were collected by following
randomly selected adult ewes and hand-plucking a 50-100 g sample that
mimicked plants and plant Enrts that were observed to be eaten. Samples
were collected every 2 weeks in each of the 3 vegetation types.

Simulated diets were oven dried at 65 C for 24 hrs, ground in a
Wiley mill to pass through a lmm mesh screen, and analyzed for crude
protein. Crude protein content (Kjeldahl nitrogen X 6.25) was
determined using methods described by the Association of Official
Agricultural Chemists (1963). Data were averaged for winter (Nov-Feb)
and spring (Mar-May) periods.

Foraging Habitat Selection

Selection of foraging habitats was determined by comparing use
with availability of Lhe various vegetation types. Use of vegetation
types was obtained from weekly visual relocations of 13 radio-collared
sheep. Availabfilfity was estimated from aerial photos and
ground-truthed vegetation maps.

Foraging Behavior

Information collected on foraging behavior included bite rates and
foraging time, Bite rates were obtained by recording the time required
for an individual ewe to obtain 100 bites., The stopwatch was running
only while the animal’s head was down biting or searching for forage,
When the animal’s head was 1ifted, the clock was stopped. A bite was
defined as a distinctive jerking motion of the head while the animal
was feeding. Time required per 100 bhites was converted to the number
of bites/minute. Bite rate estimates were obtainad monthly in each
vegetation type (n = 594). This sampling technique was designed to be
an index to the time required to 5earchl¥ir and ingest forage.

Foraging time was determined from 10-minute activity profiles
conducted in each vegetation type (p = 581). The behavior of an adult
ewe was recorded each minute (instantaneous sample). Behaviors
recognized were feeding, walking, alert, resting, running, and
courtship. Data wére summarized by vegetation type to arrive at an
estimate of minutes spent Feeding/10 minutes. Information gathered
concurrently with activity profiles included date, time, Tocation,
aspect, slope, elevation, snow depth, group size, distance from escape
terrain, and distance travelled during the 10-minute sample. Foraging
behavior data were also averaged over winter and spring periods.
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Data Analysis

One-way analysis of variance (ANOVA) was used to test for
differences in vegetation between burned areas and their respective
controls (Zar 1984). One-way ANOVA was also used to examine differences
in diet guality and foraging behavior among vegqetation types. If the
ANOVA was significant (P < 0.05), least significant difference (LSD)
multiple range tests were parformed to determine the significant
differences among the various vegetation types.

Foraging habitat selection was determined using Chi-square
analyses, which tests the hypothesis that all vegetation types are used
in proportion to their availability (Neu et al. 1974). Application of
Bonferroni confidence intervals to situations where the null hypothesis
has been rejected allows identification of selected habitats, avoided
habitats, and those used in relation to their availability (Byers et
al. 1984). Selection behavior of sheep was analyzed for winter and
spring periods separately.

Data reported are from the 1988-1989 winter, This winter followed
a drought period responsible for extensive fires in the Greater
Yellowstone Ecosystem (Romme and Despain 1989).

RESULTS
Vegetation Response

Herbaceous production was consistently greater on burned areas
compared to contrals (Fig. 2). However, significant differences were
found on only 2 sites. Shrub cover was significantly less en burned
areas compared to controls for all sites. (Fig 3). Shrub height on
burned areas was less than that of nearby unburned control areas (Fig.
4). Significant differences were detected on 2 of the 4 sites.

Diet Quality

Crude protein content of simulated sheep diets from BURN
vegetation types was consistently grealer than diets obltained from SG
and 56J types. However, this relationship was significant only in
spring (Fig. 5).

Foraging Behavior

Bite rates of sheep feeding in BURN vegetation types were
significantly greater than rates obtained by sheep feeding in SG and
S5G6J communities with one exception. Although greater, bite rates in
the BURN did not differ significantly from those in the 56 type in
winter (Fig. 6). Time spent feeding was significantly greater for sheep
feeding in BURN vegetation types compared to those feeding in 5G and
56J types in both winter and spring (Fig. 7).
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Fig. 2. Herbaceous forage production (+ S.E.) on burned and
unburned vegetation types, South Fork Shoshone River, 1988.
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Fig. 3. Awverage shrub cover (4 S5.E.) on burned and unburned
vegatation types, South Fork Shoshone River, 1988.
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Fig. 4. Awverage shrub height (+ 5.E.) on burned and unburned
vagetation types, South Fork Shoshone River, 1988,

¥1s6 B4 s . BURN
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Fig. 5. Crude protein content (+ 5.E.) of simulated bighorn sheep
diets, South Fork Shoshone River, 1988-89. SG = Sagebrush/Grass,
SGJ = Sagebrush/Grass/Juniper.
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Fig. 6. Bite rates of bighorn sheep {4 5.E.) In burned and

unburned vegetation types, South Fork Shoshone River, 1988-89.
SG = Sagebrush/Grass, SGJ = Sagebrush/Grass/Juniper

SEASON

Fig. 7. Foraging time of bighormn sheep {4+ S.E.) in burned and
unburned vegetation types, South Fork Shoshone River, 1988-89.
SG = Sagebrush/Grass, 5GJ = Sagebrush/Grass/Juniper
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Foraging Habitat Selection

Winter habitat sclection analysis revealed that 5G vegetation
types were used less than would be expected based on availability.
Although selection for BURN types approached significance, both BURN
and 5GJ types were used in relation to their availability (Table 1).
Selection of foraging habitats in spring revealed a preference for BURN
vegetation types, while use of the 56 was less than expected and 5GJ
types were used in proportion to availability.

DISCUSSION

Observed vegetation responses to burning have a profound effect
upon the foraging ecology of bighorn sheep. Subtle fncreases in
nutrient content of forages in burned areas have been documented
(Willmset al. 1981, Harris and Covington 1983, Cook et al. 1990).

Table 1. Foraging habitat selection by bighorn sheep, South Fork
Shoshone River, Wyoming, 1988-89.

Vegetation Proportion Proportion 95% Selection
type expected observed c.l. behavior

WINTER (n = 103)

SGa 0.694 0.417 0.296 - 0.539 d
5GP 0.195 0.262 0.154 - 0.370 Ns®
BURN® 0.024 0.087 0.018 - 0.157 NS

SPRING (n = 121)
56 0.694 0.322 0.216 - 0.428 -
SGJ 0.195 0.28] 0.17% - 0.383 NS
BURN 0.024 0.174 0.088 - 0.260 +f

% Sagebrush-grass vegetation type

b Sagebrush-grass- juniper vegetation type

© Burn vegetation type

d Use of vegetation type less than expected

; Use of vegetation type in relation to availability

Use of vegetation type greater than expected
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Although such increases may appear to be slight, when coupled with
increased forage production, nutrient density is increased. Increased
nutrient density should allow an animal to obtain a higher gquality
diet. Our data support this contention, as sheep diet gquality was
greatest in BURN vegetation types. The combination of increased forage
guality and quantity may allow an animal to be more selective,thus
optimizing diet quality.

Observed vegetative responses to prescribed fire also had a large
@ffect on the foraging behavior of wintéring sheep. Higher bite rates
were observed from sheep feeding during foraging bouts in burned areas
and sheep spent more time n:tuu?lj feeding in burned areas compared to
unburned communities. This can be explained by the reduction in shrub
cover and shrub height as a result of burning. The removal of the
shrub canopy allows sheep to forage more efficiently. Less time is
spent in search of potential bites as a result of increased forage
densities, and time spent feeding increases as a result of the
increased visibility resulting from shrub removal. In addition, sheep
preferred these open areas as foraging habitats.

Many researchers have examined total daily feeding time in
response to vegetation characteristics, pasture conditions, and animal
foraging behavior responses (Allden and Whittaker 1970, Seip and
Bunnell 1985, Hudson and Frank 1987), but few have looked at the
percentage of time spent feeding in various vegetation types on an
instantaneous basis. Studies that have been conducted to address this
question have found that visibility and group sizes are very important
in determining the amount of time spent feeding in different habitats
&Hurgar 1978, Alados 1985, Risenhoover and Bailey 1985, Warrick and

rausman 1987).

Visibility iz a very important aspect of sheep foraging ecology.
This is primarily due to the predator avoidance response of bighorn
sheep. Sheep rely almost exclusively on eyesight to detect predators
(McCann 1956, Geist 1971). When vision is occluded, the ability to
detect predators is reduced. Therefore, when sheep feed in areas where
visibility is limited, a substantial amount of time is spent walching
for predators or watching for visual cues from cohorts (Risenhoover and
Bailey 1985). Such time spent in alert behaviors can seriously reduce
the amount of time actuwally spent ingesting forage. Data from the
10-minute activity profiles revealed that sheep did spend significantly
more time in alert postures when feeding in 56 and 5GJ vegetation typas
when compared to BURN vegetation types. This §is, as stated abave,
attributable to decreased visibility in 56 and 5GJ types. When feeding
in BURN types, sheep could scan the environment for predators while
their head was down, Thus, foraging time need not be spent surveying
for predators.

With increased diet quality of sheep feeding in BURN vegetation
types, and increased foraging efficiency (bite rates, time spent
feeding), one would expect that nutrient intake rates could be enhancad
by prescribed burning. Prescribed burning on the South Fork of the
Shoshone River has been shown to increase forage production,
visibility, diet quality, and foraging efficiency. EIl'ugnthnr. these
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factors represent the creation of high quality habitats for bighorn
sheep.

HMANAGEMENT RECOMMENDATIONS

By nature, bighorn sheep are very sensitive to habitat loss or
alteration. Fire suppression and lack of habitat management have been
identified as factors which have caused the degredation and loss of
many suitable bighorn ranges [Wakelyn 153?%. Efforts must be made to
actively manage sheep habitat or risk further losses. Although these
recommendations are specific for the South Fork of the Shoshone River,
they may have broad application for burning on bighorn sheep winter
ranges. Recommendations are:

1. Implement Eres:rihed burns when and where applicable. Although
dominated by low potential range sites, there are areas on the
Wwinter range that will respond favorably to fire. Even if
herbaceous vegetation response is not optimal, the creation of
open foraging areas without obstructing shrubs and trees, will
benefit sheep through increased foraging efficiency. Areas that
might not burn in average years may have sufficient fuels
fu?iuuing high forage production years. Efforts should be made to
treat pre-determined areas when these circumstances arise.

2. As stated by Smith (1988), prescribed burns should be large
enough, to attract sheep. This would also reduce the potential
for over utilization of recent burns. It appears from this work
that the benefits of burning last a minimum of 15 years. A
rotational treatment schedule in which 1/15 - 1/20 of the
“"burnable"” winter range is treated each year might be optimal.
This would create a diversity of seral types, providing high
quality foraging areas For sheep while providing for habitat
requirements for other wintering ungulates as wall.

3. As emphasized in many prescribed burn plans, resting the burn from
livestock grazing the first growing season after the fire is a
must. One of the burns on the South Fork was grazed the season
following treatment. This resulted in removal of preferred grass
species and establishment of cheatgrass and other undesireable
annuals. If fine fuel accumulations are necessary in order for a
project te succeed, deferment of grazing prior to burning should
be considered.

4. Treatmenls should be applied in a manner that creates a mosaic of
vegetation types. PBecause large concentrations of other big game
species exXist on the South Fork, habitat improvements should not
be directed solely at bighorn sheep. Consideration should be given
to other species, especially mule deer (Odocoileus hemionus),
when vegetation manipulation techniques involve the removal of
shrubs. In addition, Gooadson et al. (1991) has shown that sheap
forage in dense shrub communities when snow precludes feeding in
open vegetation types. This behavior was not observed on the
South Fork of the Shoshone River, but could be explained by the
very mild winters during which data were collected.
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5. Although not applicable to most areas in the high security, alpine
summer ranges of the Abszaroka Mountains, prescribed burning may
provide foraging efficiency benefits to other sheep herds where
spring-summer-fall ranges areé threatened by shrub-conifer
encroachment. This would be particularly useful to the semi-low
elevation sheep herds of south-ceéntral Wyoming.

6. Numbers of sheep utilizing the South Fork winter range seems to be
increasing and may be approaching ecological carrying capacity.
Due to heavy use of hay meadows, private landowners play a
significant role in the determination of acceptable/allowable
numbers of sheep. In addition to unacceptable levels of use in
the private meadows, nalive vegetaltion types might be adversely
affected. Repeated overuse could degrade native communities and
increase dependence of sheep upon the meadows. This situation
should be addressed promptly. Transplant options, as well as
female harvest, should be investigated as potential methods of
herd reduction. Harvest objectives for other big game species
should be achieved as well in order to reduce the potential for
direct and indirect compétition for space and forage.
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THE ROLE OF PRECIPITATION AND TEWPERATURE IN THE WINTER RANGE DIET
QUALITY OF HOUNTAIN SHEEP OF THE HOUNT BAXTER HERD. SIERRA NEVADA

JOHN 0. WEHAUSEN, University of California. White Mountain Research
Station, 3000 E. Line St.. Bishop. CA 93514

Abstract: The study of population ecology of wild ungulates often has
emphasized the role of nutrition relative to demography, notably
reproduction and survival. Consequently, diet quality is an important
consideration in modeling such populations. An assessment of the
principle environmental variables driving winter range diet quality of
mountain sheep from the Mount Baxter population in the Sierra Nevada was
made using 14 years of fecal crude protein data. Fecal crude protein, a
measure of diet digestibility. should reflect the availability of growing
plant tissues. which in turn should reflect the role of temperature and
precipitation. The amount of winter precipitation proved to be a
relatively unimportant influence, while the timing of the first major
storm that 1initiated plant growth was very important. Second 1in
importance was temperature. These results are discussed in the context of
application to demographic models.

Diet quality has long been considered an 1 tant parameter in the
population ecolegy of wild ungulates (Lecpold 1933). Most studies have
approached diet quality from the standpoint of the quantity of available
forage and resultant resource competition when forage quantity is in short
supply. This approach has been influenced strongly by work on winter
ranges where forage quantity is obviously limiting to the ungulate
population(s)., Fundamental concepts and models of density-dependence, as
a negative feedback leop regulating herbivore populations, have been
derived from such environments (McCullough 1979). Such simple population
models may adequately represent ungulates whose populations are |imited by
the availability of nutrients on a winter range. and whose winter range
affords no opportunities for forage growth during the winter months due to
low temperatures. However, such models will become increasingly less able
to predict population parameters as more variables influence diet quality.
Warm arid ecosystems of variable precipitation input, in which the gquality
of winter diets may be influenced by active plant growth., in addition to
ﬁ;rﬂ%e ;igaﬂ; !lahle from a previous growing season, are an example (Wehausen
et al. 1

Because of the frequent warm winter daytime temperatures, the eastern
base of the Sierra Nevada in Owens Valley may be such an ecosystem. On
the basis of fecal crude protein (FCP) curves, Wehausen (1980) noted
substantial differences for 1976-78 in both winter and summer range diet
guality of the Mount Baxter mountain sheep (Ovis canadensis) population in
the Sierra Nevada. Winter range diet quality was hypothesized to be
influenced by the timing of the first winter storms. This Fupﬂr
reexamines the factors underlying the winter range diet quality of the
Mount Baxter population based on FCP data from 14 different winters.
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These analyses are made in the context of attempting to derive a
predictive model of winter range diet quality that can be incorporated in

& demographic mode].

Wehausen (unpubl.) has shown that FCP measures apparent digestibility
of the diet rather than other quality parameters, which are measured only
to the extent that they are correlated with digestibility. For her-
bivores, forage digestibility is inversely related to the amount of plant
structural components in the diet, especially lignin (Van Soest 1982). In
general, the more rapidly plant tissues are growing, the lower their
content of structural components, and the higher their digestibility. For
a foraging sheepr, the more growing plant tissue there is around them, the
better they will be able to select a diet high in digestibility.

Of various factors potentially influencing plant growth. water and
temperature were hypothesized to account for much of the variation in
winter range plant growth and, hence. forage digestibility and FCP values.
Precipitation was expected to be the major influence on FCP levels through
both the timing and amount of winter rain; the latter should determine the
length of the growing season through soil moisture reserves. HNo plant
growth and, thus, no rise in FCP was expected prior to the first soaking
winter rain. Temperature was expected to influence forage growth and sheep
diet quality in 2 ways. First, there 15 a temporal sequence in the
initiation of growth among the plant species present, beginning with the
most cold tolerant (e.g., grasses) and ending with the most cold
intolerant (various shrubs). As the growing season becomes progressively
warmer, there will be more species growing and more from which 5hee§a can
choose; additionally, some of the species that initiate growth later
produce higher quality forage (Wehausen 1980). 5econd, within any period
of the growing season, year-to-year variation in temperature was expected
to influence diet quality through the rate at which plants produced new

growth,

The Los Angeles Department of Water and Power provided the precipita-
tion and temperature data used. Support for this research has come from:
The California Dept. of Fish & Game; The University of California, White
Mountain Research Station; The National Park Service; The U, 5. Forest
Service: and The Foundation for Morth American Wild Sheep: and was
conducted as part of the California Dept. of Fish & Game Bighorn Sheep
Program. V. C. Bleich and S. G. Torres provided useful comments on the

manuscript.
STUDY AREA

The winter range of the Hount Baxter population encompasses the base
of the eastern escarpment of the Sierra rﬂ-\rada from Thibaut Creek to
Sawmill Canyon, northwest of Independence, California. Sheep occupied
elevations as low as 1,450 m (4,800 ft) but rarely exceeded 2,075 m (6,800
ft) while on this winter range. Their alternate range encompasses alpine
and subalpine habitats at considerably higher elevations. Winter range
use by this population has varied considerably among years. Peak mumbers
of sheep have consistently occurred in March., coincident with ewes
entering their third trimester of pregnancy and rapid increase in winter
range diet quality. While most ewes have usually left the winter range in
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April prior to the onset of lambing, in years of heavy snow, rams have
remained there into the second half of May. Only in the the heaviest snow

rs has there been much winter range use prior to February. potentially
ﬁ;inning as early as late November., During the recent series of
consecutive drought vears beginning in 1987, winter range use, even in
March, has dropped to almost nothing.

The vegetation on this winter range i5 a sagebrush scrub community
dominated by shrubs, but includes a substantial cover of perennial grass,
primarily St1 E_pg_gjg%g- Young et al. (1977) classified this vegetation
as a southern Great Basin community seﬁgute from the more northern
sagebrush steppe, which begins morth of ns Valley: milder winters in
the south were considered the importamt discriminating fTactor. More
detailed description of this community, and of the food habits of the
sheep occupying it, can be found in Wehausen (1980).

METHODS

Fresh fecal samples were collected from mountain sheep on the winter
range every year from 1976 to 1990 except 1980. An attempt was made to
ogbtain samples at least once every month while sheep were on the winter
range. Because winter ra use varied considerably among years. the
number of samples collected in any year has varied from 2 to 6. The
earliest samplings were in December, but tyricnl l‘ir] began in late January
or early February. Sampling occurred on a single day and represented that
point in time, rather than the month as a whole. At each sampling,
pellets were collected from numerous sheep, from which a composited sample
was submitted for Kjeldahl crude protein analysis.

Temperature data were from the town of [ndependence at 1,200 m (3,925
ft). Precipitation data were from Independence, as well as from Onion
Valley at 2,700 m (8,850 ft), which lies in the Sierra Nevada due west of
Independence. Because the rain shadow on the east side of the Sierra
Nevada causes a steep precipitation gradient with elevation. precipitation
data from Independence substantially underestimated rainfall on the sheep
winter range. while those from Onion Valley represented an overestimate.
Consequently. an average of the precipitation from the 2 sites was used as
an approximation of what occurred on the sheep winter range.

sixteen variables were developed for use as independent variables in
regression models (Table 1). Three were time variables: (1) the sampling
date measured as the number of days after 30 November: (2) the sampling
date measured as the number of days after the storm that initiated winter
range forage growth; and (3) the date of the initiating storm, measured as
the number of days after 31 October. To qualify as the initiating storm,
it had to produce enough rain or snow to soak the soil deep enough to
initiate perennial grass growth. This usually was ba on direct
observations of soil moisture and plant response on the winter range. In
most cases. this date was obvious on the basis of such observations or
precipitation data; in the few cases in which it was not, the first storm
to exceed 13 mm (0.5 in.) of rain was chosen. There was considerable
variation in the date of this initiating storm. ranging from 5 November to
13 February. For the 14 years of data, this storm occurred 5 times in
November, 6 times in December. once in January, and twice in February.
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Table 1. Independent variables and their abbreviations used to build re-
gression models of winter range diet quality for mountain sheep from the
Mount Baxter herd in the Sierra Nevada.

Variable Abbreviation
1. DAYS AFTER NOV 30 DATE
2. DAYS AFTER FIRST STOURM DAYS/STORM
3. 1ST STORM DATE (DAYS AFTER OCT 31) STORMDATE
&, PPT 7-30 DAYS PRIOR TO SAMPLING PPT/7-30D
5. PPT 7-60 DAYS PRIOR TO SAMPLING FPT/7-60D
G. PPT NOV 1 TO 7 DAYS PRIOR TD SAMPLING FPT/7D-11/1
7. PPT 31-60 DAYS PRIOR TO SAMPLING PPT/31-600
B. PPT NOV 1 TO 61 DAYS PRIOR TO SAMPLING PPT/610-11/1
9. PPT FIRST MONTH AFTER INITIATING STORM PPT/15THO
10. AVERAGE HIGH TEMP. PREVIOUS 15 DAYS TEMP/15D
11. AVERAGE HIGH TEWP. PREVIOUS 30 DAYS TEMP /30D
12. AVERAGE HIGH TEMP. PREVIOUS 45 DAYS TEMP /45D
13, DEGREE-DAYS ABOVE 40 F 0-D=40
14. DEGREE-DAYS ABOVE 48 F D-D=48
15. SQUARE ROOT OF DEGREE-DAYS ABOVE 40 F SORT D-D=40
16. SOUARE ROOT OF DEGREE-DAYS ABOVE 48 F SORT D-D=48

Precipitation variables were defined by amounts occurring during
different time Er‘lnds prior to each FCP point. The 3 basic periods were:
7-30 days; 31-60 days: and >6l days. but not earlier than 1 MNovember.
Combinations of these variables were used to provided 2 more such
precipitation time periods: 7-60 days prior: and 7 days to 1 November. A
minimum of 7 days prior to the sampling time was chosen on the assumption
that it would take at least a week after rain for vegetation to produce a
response that might influence sheep diet quality. In the couple of cases

where 5an11:_ﬂe:a were obtained prior to the initiating storm, it took about
1 month for any FCP response to be measured. A sixth precipitation
variable was the amount occurring in the first month of the growing

season. beginning with the initiating storm.

Three rature variables investigated were the avera high
temperatures 15, 30 and 45 days prior to each sampling point. Add tinm?-
ly., 2 composite variables were developed that combined temperature and
days since the initiating storm into & single variable. This was done by
integrating daily high temperatures in Independence between the initiating
storm and the sampling date above 2 baseline temperatures: 4.4 and B.9 C
(40 and 48 F), These 2 baseline values were used to approximate 1.7 and
6.1 € (35 and 43 F) on the sheep winter range, based on elevation
differences from Independence and the te?mrature lapse rate from further
north in the Sierra Nevada (Major 1977). The latter t rature is
considered the minimum for grass growth (Langvatn and Albon 1986). These
composite variables were measured in degree-days, where 1 degree F above
the baseline temperature for 1 day was 1 degree-day.
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The relationship between :I'Iga-stihilitE and FCP 1is curvilinear
(Wehausen unpubl.). log transformation of FCP linearizes this relation-
ship well; consequently. InFCP was used in all analyses as the measure of
diet quality. Analyses consisted of building simple and multiple

ression models with an interactive stepwise regression program using
InFCP as the dependent variable. Automated stepwise regression was not
used. A correlation matrix also was produced to investigate any possible
lack of independence among variables that would cause multicollinearity
{Neter and Wasserman 1974).

Subsequent to developing a variety of predictive models from the
existing data set, 5 previously unused fecal samples from the years used
to derive these models were discovered. FCP values were obtained for
these, and they were used to test the predictive abilities of these
models. These 5 samples included considerable variation in the variables
most influential in the resulting models.

RESULTS

There was a significant (P < .001) overall increasing seascnal trend
in InFCP values, However, points were widely scattered. with DATE (days
after 30 November) accounting for only 56.6% of the variation in 1nFCP.
Examination of the residual variation by individual years points out the
strong influence of the timing of the growth initiating storm (Fig.l).
Changing the independent variable to days after this storm substantially
tightened the cluster of points and accounted for 78.4% of the variation.
Alternatively, adding the date of the first storm as a second ‘mdqiaenderﬂ.
variable with DATE increased this to 82.3% (Table 2). ain, examination
of yearly patterns within the residual variation shows clear patterns. In
this case. 1t can be explained by temperature differences among 5
Figure 2 11lustrates 3 of these. The 1985 growing season began with an
early first storm; but it was followed shortly by a particularly cold
early winter period that almost ceased gains in diet quality unti]l warmer
weather again prevailed. The 1983 season also had an early first storm:
but instead, that year experienced a particularly cool late winter and
ﬁing- The result 1s a InFCP curve that crosses from the side of
the data points to the lower side during spring. In contrast. ause the
first storm did not occur until mid-February in 1987, it was followed
immediately by warm weather, causing the diet guality curve to climb
completely out of the rest of the data points (Fig. 2).

An attempt to account for these temperature differences with the
composite d_ﬁm-d s variables was only partly successful., First, the
variable with the lower baseline temperature (4.4 C/40 F) provided the
better fit of the two (Table 2), but the relationship was somewhat
curvilinear. A sgquare-root transformation straightened this and improved
the fit: but it still accounted for only an additiomal 3.7X of the
variation in 1nFCP compared with DAYS/STORM. and essentially nuthtng
additional when compared with the mu'ltuﬂe regression of DATE an
STORMDATE (Table 2). Second, there remained yearly temperature differen-
ces apparent in the residuals (Fig. 3). The 1978 and 1983 growing Seasons
were particularly wet years (Fig. 4), the former of which was a warm
winter, while the latter was cooler, especially in spring, &s noted above.
This temperature difference 1¢ very apparent in the parallel curves.
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Fig. 1. Winter range fecal crude protein as a function of date for
mountain sheep in the Mount Baxter herd, 5ierra Mevada. Four vears are
plotted separately from the rest to 11lustrate the influence of the timing
(by month)} of the first major storm.
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Fig. 2. Winter range fecal crude protein as a Tunction of days since the
first major storm for mountain s in the Mount Baxter herd, Sierra
Nevada. The years 1983, 1985, and 1987 are labeled to i1llustrate the
effects of temperature differences: a very cold _rer‘lud following growth
initiation for 198%; very warm temperatures following ve%hte growth
initiation in 1987, and a cold late winter and spring in 1983,
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Fig. 3. Winter range fecal crude protein as a function of the square root
of degree-days above 40 F since the first major storm for the Mount Baxter
herd in the Sierra Nevada. 1981 and 1987 were both dry years, while 1978
and 1983 were particularly wet years, the former of which was notably
warmer than the latter. 1981 experienced two months without rain
follewing the growth initiating storm. This first storm did not occur
until mid February in 1987.
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Fig. 4. November-March precipitation at Onion Valley (2700 m/8550 ft) in
the Sierra Mevada for the years of study.
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Table 2. Results of si

range diet quality (InFCP) on time,

variables for mountain s

temperature,

le and multiple regression analyses of winter
and precipitation
heep from the Mount Baxter herd in the Sierra

Nevada. Abbreviations are explained in Table 1.

¥ X, : 8 X 5.E. (Y} [
DATE 206 .566
DAYS/STORM 145 784
DATE STORMDATE 133 .B23
PPT/7-30D .08 027 (N5)
PPT/7-600D 312 000 (N5)
PPT/TD-11/1 247 376
PPT/31-600 310 014 (N5)
PPT/61D-11/1 219 508
PPT/15THD -a01 068 (NS)
TEMP/150 204 570
TEMP /30D 170 .703
TEMP /45D 170 704
0-De=40 144 . 786
D-D=48 153 760
SORTD-D=40 132 821
SORTD-D-48 140 800
SORTD-De=40 PPT/7D-11/1 .124 845
SORTD-D-40  PPT/LSTMOD 120 856
SORTD-0=40  PPT/7D-11/1  TEMP/30D 110 882
SORTD-D=40  PPT/1STHO TEMP /300 110 .80
DAYS/STORM  TEMP/45D .118 861
DAYS/STORM  TEMP/30D A17 BE3
DAYS/STORM  TEMP/30D PPT/7D-11/1 .108 i
DAYS/STORM  TEMP/30D PPT/7-60D .1loa .BB6
DAYS/STORM  TEMP/30D PPT/15THO 107 .Ba7
TEMP/45D PPT/ID-11/1 122 B&0
TEMP/30D PPT/7D-11/1 122 .B&0
TEMP/30D PPT/7D-11/1 DATE STORMDATE 108 .BBB
“ For simple regressions, all variables are significant (P < .05)

except where noted otherwise; for multiple regressions, all variables

are significant at P < _01.
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Also, 1987, warm because of 1ts late first storm, stil] exhibited a curve
that 1increased upward through the other points, although no longer
exceeding them.

Precipitation effects are also apparent in Figure 3. First. the 2
wettest years, 1978 and 1983, fall along the top of the points. Second.
the drier years, which include 1981 and 1987, fall largely along the lower
side. The 1981 season is 1llustrated because it was an extreme year due
to a hiatus of 2 months with no precipitation that followed the storm
Tg:ChE;nﬂhm growth. The effect on diet quality is clearly apparent

g 3).

The variance in total winter precipitation was great during the studﬂ
period (Fig. 4). I.Isirﬁr 25 and 50 om (10 and 20 in.) of November-Marc
precipitation 1n Onion Valley as ration points, years were partitioned
into 3 categories: dry, normal, &nd wet. Covariance analysis of InFCP for
these categories, usging SORT D-[=40 as & covariate, produced a very
significant precipitation effect (P = .006), but this rainfall factor
accounted for only 2.3% of the variation explained by the overall model.

When multiple regression models were built on SQRTD-D=40, precipita-
tion and temperature variables could be entered significantly as second
and third variables, respectively: however, these 2 added variables
accounted for only an additional 6% of the variation in 1nFCP. Further,
using the same second and third wvariables with DAYS/STORM produced
somewhat better models (Table 2). Clearly, the composite degree-day
variables did not functioned as expected.

The ability to build statistically and biologically meaningful
miltiple regression models for 1nFCP was somewhat 1imited by the lack of
i among some of the important variables, The greatest
difficulties lay in correlations with time. Of the precipitation
variables, only the long term ones that extended to the beginni of
November correlated wWith time variables, especially with DAYS/STORM {];%h'le
3). This pattern of correlations is to be expected. since later dates
rovide greater opportunities for increased cumulative precipitation.
ecause of the normal temperature rise from winter to spring, the
temperature variables are strongly correlated with time variables (Table
3). Because of this lack of independence. when temperature variables were
entered as second variables with DATE, the latter no lTonger contributed
significantly to the overall regression. This result suggests that the
time variables are significant by themselves largely because of this
correlation with temperature. Of these 2 variable classes, temperature 1s
biologically the more meaningful one. When temperature variables were
used as the starting point of mu'lt1?'le regression models, total winter
precipitation entered as the most significant second variable, and the
total regression accounted for almost as much variation as 2-variable
regressions beginning with time variables (Table 2). In these tempera-
ture-based models, the precipitation variable accounted for an additional
14.7% of the overall variation in InFCP, and 17.3% of the variation
accounted for. These were the only models in which the amount of

ecipitation accounted for more than & trivial portion of the variation.
Eir]i'le it would be desirable to add STORMDATE alone to this model. it must
be added along with DATE as a time reference to be meaningful. Both were
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Table 3. Correlation matrix for the more important inde]pondent variables
used in regression analyses of winter range diet quality for mountain

from the Mount Baxter herd in the Sierra Nevada. Abbreviations are
explained in Table 1.

DAYS/ STORM SORT PPT/  PPT/ PPT/ PPT/  TEMP/
STORM DATE D-D=40 7-300 7D-11/1 61D-11/1 15THO 300

DATE 70 s . 37 .38 .65 -.02 B0
DAYS/STORM 1 -.45 .96 .22 .66 .80 21 K
STORMDATE 1 =aM o ¥ -.40 -.25 -3l .04
SORTD-D=40 1 ol - 0 .08 .86
PPT/7-300 1 29 .10 37 4
PPT/7D-11/1 1 .86 B 29
PPT/61D-11/1 1 .45 50
PPT/15THD 1 -.02

highly significant as added variables. but together accounted for only an
additional 3.8% of the variation (Table 2). and the model again became
fraught with the problem of the lack of independence between temperature
and date,

In an attempt to quantify the relative importance of different
classes of variables influencing diet quality. tml{nwere each investigated
as second variables in multiple regressions with DATE by looking at their

artial correlation coefficlents and additiomal variance accounted for.
he former measures the relative importance of these variables if date
were held constant (Dra and Smith 1981). Storm date was clearly the
most influential variable, precipitation variables the least influential.
and temperature variables intermediate (Table 4),

Sixteen of the models in Table 2 were tested using the 5 additicnal
past data points. The models with more independent variables that
accounted f%? more of the variation in InFCP did not generally yield
smaller average deviations from predictions. In fact, the mode]l with the
smallest average deviation was the single-variable model using DAYS/STORM.
However, this mode]l also exhibited the highest variance among deviations
from predictions (Table 5). With the exception of this model, all models
tested overestimated InFCP. It is possible that this bias reflected the
length of time these samples had been stored before analysis. It will be
necessary to make a prospective comparison using future samples to test
this possibility and adequately test these equations. Because the average
deviations from predictions are in units of TnFCP. their magnitudes are
not easy to grasp and vary the FCP level. The smallest average deviation
in Table 5 represents YFCP deviations of 0.1 and 0.3% for B% and 20% FCP,
respectively. . while these values are 0.6 and 1.5% for the largest average
deviation. These deviations are guite small compared with the natural

seasonal variation,
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Table 4. The relative importance of sejected variables when entered as a
second independent variable with DATE (days after Nov. 30) in regressions
of winter range diet quality (dependent variable) for mountain sheerl:l from
the Hu?nt Baxter herd in the Sierra Nevada. Abbreviations are explained
in Table 1.

Additional variance Partial Part’ial
Variable accounted for (%) R R
STORMDATE 25.7 . 769 591
TEMP/45D 15.8 604 365
TEMP30D 15.5 L5a7 356
TEMP15D 7.9 A25 181
PPT/7-30D 1.5 . 186 034
PPT/31-600 8.8 450 202
PPT/61D-11/1 8.6 A6 .199
PPT/7-600 8.1 431 . 185
PPT/7D-11/1 12.7 540 291
PPT/15THO 7.5 414 172
DISCUSSION
A number of the variables investigated can be discarded due to their
relative lack of 1importance in the analyses. Among the rature

variables, TEMP/150 was consistently less important than the 2 longer
periods. For the precipitation variables. PPT/7D-11/1 and PPT/1STHD were
the 2 that consistently provided the best fit. PPT/61D-11/1 accounted
for the most variation in InFCP when considered alone (Table 2): however,
it also was the grecipitatmn variable most strongly correlated with DATE
and DAYS/STORM (Table 3), which probably accounts for its strength alone,
but not in conjunction with other variables.

The degree-day variables that integrated high te-u';:erntures after the
first storm were the best single correlates with 1nFCP; {'Et they failed
to improve the models when additional variables were included. I;I'rl: may
be because the level of diet digestibility is not entirely a cumulative
phenomenon, but is additionally influenced by forage quality differences
among species with different tLemperature requirements for growth
initiation. Sheep cha their diet composition as these higher quality
forages become available (Wehausen 1980). Consequently. temperature
variables may be biologically the most meaningful representation of this
process, as may be the multiple regression equations built on them.

Table 2 provides a welter of possible predictive models: which is
best will be a function of the gqrﬁt‘mn being asked. If the goal is
simply to predict winter range diet quality for specific dates usimg
available temperature and precipitation data, the regression equation that
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Table 5. Hetm%pective test using 5 data points from 1976 (2). 1978,
1979, and 1984 of selected regression models from Table 2 of winter range
diet quu'llH‘rfnr mountain from the Mount Baxter herd in the Sierra

Nevada. eviations are explained in Table 1.
Average
X, X, X, X,  Deviation’ S0

DAYS/STORM -.014 207
TEMP /45D 071 127
SQRTD-D=40 018 187
DATE STORMDATE 042 .158
DAYS/STORM  TEMP/45D 043 113
DAYS/STORM  TEMP/30D 036 .181
SQRTD-D=40  PPT/7D-11/1 016 188
SORTD-D=40  PPT/15TMO 046 .18
TEMP /450 PPT/7D-11/1 073 .141
TEMP/30D PPT/7D-11/1 .058 .147
SORTD-D=40 PPT/7D-11/1  TEMP/30D 046 . 166
SOQRTD-D=40  PPT/1STMO TEMP /30D 074 .169
DAYS/STORM  TEMP/30D PPT/7D-11/1 045 174
DAYS/STORM  TEMP/30D PPT/7-60D 025 178
DAYS/STORM  TEMP/30D PPT/15THO 065 176
TEMP/30D PPT/7D-11/1 DATE STORMDATE 047 170

! Deviations were measured as observed minus predicted.

best predicts future values will be the most useful. The ultimate measure
of nutrient intake by sheep on this winter range is an integration of diet
quality values over the period of occupation. The model that best
predicts values by date could be used to produce such an integration: and
the value of this integration then could be used as a variable in

pulation models. Alternatively, a less rigorous modeling approach might
?Enk. for a small set of variables that sufficiently represented the
overall inter-annual variation in winter range diet quality. This would
best be assessed by looking for correlations with values of the integra-
tions discussed above. In the analyses above, the influence of timing of
the first storm and temperature were each very strong and weak depending
on how the analysis was built. This 15 probably because each accounts for
different aspects of the overall variation. Temperature accounts for much
of temporal variation within each year, and only a small amount of the
inter-annual variation. In contrast, the strong influence of the timing
of the first storm is entirely a function of inter-annual variation. As
such, the date of the first major storm should be the single most
important wvariable to represent inter-annual wvariation. Second in
importance is likely to be a variable that indexes the relative winter-
spring temperature regime. The amount of winter precipitation, while
easier to obtain, appears least important.
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Both integration and S"I?'lE variable approaches to representing
winter ramge diet quality in demographic models assume that the entire
population uses this winter range for the time period in question. In
reality, the population is commonly split between animals using the winter
range and others wintering much higher, where diet quality 1is very
different. Like the diet quality on the winter range, this split in use
of the 2 ranges varies greatly, from rs when the entire population uses
the winter range to years of essentially no winter range use. Any attempt
to mode] nutrient intake at the population level must take this split into
account,

The elucidation of cause-and-effect relations of any ecological
system reguires observing dynamics in that system through natural or
artificial perturbations (Sinclair 1979). The southern Sierra Nevada is
clearly an ecosystem with considerable natural dynamics, but the years of
this study have had the additional advantage of including a number of
years of extreme conditions. Levins (196B) noted that of the attributes
generality, precision, and reality, models in ecology and evolution can
maximize only 2 at the expense of the third. If models are to represent
reality, they will not be both general and precise. The approach taken
here was to generate a precise model for a particular system. General
models are classically simple. and include few parameters. These can only
represent simple systems. The system investigated here cleur'l_]y is
complex, and not 1ikely to be modeled adequately by simplistic models.
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ABSTRACT: The timing and causes of mortality of 11 of 26
radio-collared mountain goat (Oreamnos americanus) kids were monitored
from June 1988 to April 1992 in westl-cenlral Alberta. The annual
mortality rate of radioed kid to yearling age was 42%. Most
mortalities (8/11) occurred by 30 Novembér of each year and were caused
by wolves (Canis lupus) (3/8), and grizzly bears (Ursus arctos) (2/8B).
A cougar (Felis concolor)-caused movtality, a fall, and a suspected
grizzly bear-caused mortality accounted for the other 3 autumn deaths
while the cause(s) of the 3 winter deaths were unconfirmed. We suggest
that predation on kids is a major cause of poor recruitment inte
mountain goat herds in Alberta.

“Variation in age-specific mortality rates is the primary cause of
different rates of dincrease for ungulates (Caughley 1970, 1976).
Accordingly, managers charged with regulating harvests of ungulates
should have knowledge of both the magnitude and agents of mortality.

Unfortunately, age-specific mortality rates of free-ranging
unguliates are difficult to obtain. Indirect estimates, based on life
tables derived from hunter-killed animals, are commonly used but are
Jjeopardized by violation of several assumptions inherent in life table
construction (Caughley 1977:90-96). Direct estimates of mortality
based on marked animals are superior, particularly when animals are
fitted with radio transmitters that provide certain knowledge of the
;;;E 1:§}ET1 animals in the sample (Heisey and Fuller 1985)% (Smith

Indirect estimates of mortality rates for kid and yearling
mountain goats have been published (Hibbs 1966, Holroyd 1967, Rideout
1978, Stevens and Driver 1978, Youds et al. 1980, Adams and Bailey
1982). Moreover, smith (1986) provided direct estimatesz of
age-specific mortality rates and causes of death for mountain goats |
year of age and older and concluded that predation and other natural
causes of mortality primarily affected yearlings and goats older than 8
years. Prime-aged goats (age 2 - 8 years) were relatively invulnerable
to natural mortality factors, but suffered considerable hunting
martality.
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One factor which may limit population growth is the poor survival
of mountain goat kids. On average, only half of the kids produced each
year survive to yearling age (Chadwick 1983). Chadwick (1983}
speculated on possible causes of high kid mortality and concluded that
winter weather was the main limiting factor.

Annual mountain goat surveys in the Willmore Wilderness Area of
west-central Alberta have been conducted since 1973. Results indicated
a steady increase in mountain goat herds exposed to a a limited harvest
of approximately 5 percent until 1980 (Smith 1988b). This increase
appeared to be lTargely due to relatively Euud productivity and survival
to 1 year. However,, between 1980 and 1983, populations began to
decline coincident with poor kid:adult ratios and survival of kids.
This decline occurred despite a reduction in harvest and very mild
winter weather. Unhunted herds used as ‘"conlrols" maintained
themselves or increased s)1ightly over the same time frame. However,
they too experienced reduced kid:adult ratios and survival of kids
although not at the same magnitude as hunted herds.

Direct assessment of mountain goat kid mortality has been limited
to monitoring radio-collared or marked nannies with kids at heel
(Joslin 1986, Foster and Rahs 1983). This technique has allowed the
evaluation of timing and magnitude of kid mortality but not the causes.

Our study was designed to assess the timina and proximate causes
of mountain goat kid mortality using radio-marked animals from June
1988 through April 1992,
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Festa-Bianchet, the ODepartment of Employment and Immigration,
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STUDY AREA

The Caw Ridge study area (549H,119%W) is located approximately 30
km northwest of the town of Grande Cache, Alberta (Fig. 1). Caw Ridge
is a front range of the eastern slopes of the Rocky Mountains and is
ceparated from the main range by large tracts of coniferous Forest.
Areas used by mountain goats (approximately 21 km®) range in elevation
from 1750 to 2170 m., The weather is characterized by long, cold
winters and cool, wet summers with annual precipitation averaging
540 mm, Above treeline (about 1950 m), the alpine meadows are
comprised of grass and sedge species as well as lichens, mosses and a
variety of herbaceous species. Vegetation below treeline is dominated
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Fig. 1. Five mountain goal survey areas in west central Alberta
including the location of the Caw Ridge study area.
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by white spruce (Picea glauca) and alpine Fir [Abies lasiocarpa) with
lodgepole pine Pinus contorta) on fire-regenerated sites.

About 25-30 bighorn sheep (Ovis canadensis) inhabit the ridge,
which is along a migration route and staging area for at least 250

woodland caribou (Rangifer tarandus). Elk (Cervus elaphus), mule deer

Odocoileus heminous) and moose (A a1;g§} are also present at low
densities. Putenti:i predators include ves, coyotes [;L ]itriﬂE;

grizzly bears, black bears (U. americanus), wolverines
cougars and golden eagles Aguila chrysaetos). Further descriptiuns can
be found in these proceedings (Fournier 1992) and Smith (1988b).

METHODS

Mountain goats werse trapped in self-tripping clover traps and
remotely-triggered Stevenson box traps baifted with salt. Adults were
fmmobilized by IM injection of xylazine. The effect was later reversed
by IM injection of Idazoxan (Jorgenson et al. 1990). Adult females
were fitted with color-coded radio collars or canvas collars and ear
tags. Kids were handled without drugs and radio-collared with an
expandable, break away elastic collar stitched with biodegradable
thread. Each transmitter contained a 4-hour mortality switch
(Telonics, Inc., Mesa, Ariz.). Standard measurements and weight were
recorded and each kid was tagged with small Allflex ear tags. Collared
kids were monitored daily from the ground for the period July 1989 to
November 1991. Monthly helicopter relocations were conducted from
December 1991 to April 199Z.

Survival rates were estimated by dividing the number of mountain
goal kids collared at time L and still alive at time t + 1 year by the
number of collared Kkids at time t. We determined the cause of
mortality by evidence at the mortality site including the presence of
predators, hair, scats, tracks, the condition of the carcass (buried,
covered or scattered) and presence of prey stomach contents. Scats
were {dentified as bear, wolf or cougar based on size and shape
characteristics (Larsen et al. 1989, Pall et al. 1988). The identity
of predators could not be confirmed for the 3 mortalities which
occurred during winter due to continued snow fall.

The study area was censused daily whenever weather permitted, if
censusing did not affect trapping operations. Mountain goats were
located wvisually or by following signals from radio collars. Groups
were observed with binoculars and spotting scopes and location (UTM
coordinates). group size and composition, identity and percent melt of
marked goats were recorded

Helicopter surveys of Caw Ridge and 4 other complexes were
conducted in July 1991 and again between December 1991 and February
1992 in order to determine if the same pattern of autumn kid mortality
that was being observed at Caw Ridge was also occurring in other herds
in west-central Alberta. Ouring the survey, mountain complexes were
flown in a counter-clockwise pattern above timberline. The navigator-
principal observer was to the left of the pilot, the second observer
was 1in the left rear seat with the recorder in the right rear seat.
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Mountain goats were classified as kids, yearlings and adults based on
size (Smith 1988a). The July surveys were conducted between 0600-0300
and between 1700-2200 when goats were most active. The winter surveys
were conducted throughout the day and tracks in the snow were utilized
to locate herds.

RESULTS

A total of 26 mountain goat kids were radio-collared between June
1988 and August 1991. Kids were captured between 2 and 17 weeks of age
(X = 9.7) assuming June 1 as date of birth. The annual mortality rate
from kid to yearling age was 42% (Table 1). Most losses (8711 = 73%)
occurred by 30 November of each year. Wolves and grizzly bears
accounted for 3 and 2 of the summer/fall deaths, respectively. A
cougar, a fall and a suspected gqrizzly bear contributed to the other
kid losses during that time of year (Table 2). Although the cause(s)
of the 3 winter deaths could not be confirmed, wolves and a cougar were
implicated by the presence of tracks and scats in 2 of the 3 cases.

Table 1. Mortality rates of radio-collared mountain goat kids at Caw
i I - 2

Yoar Mortality Rate (M)
1988-1989 o (2)
1989-1990 40% (10)
1990-1991 46% (11)
1991-Apr 1992 67% (3
TOTAL 42% (26)

Table 2. Timing and causes of mortality of 11 collared mountain goat
kids, west-central Alberta, July 1989-April 1992.

Date Cause Sex of Habitat? Time between last
kid live signal and

discovery of
CArcass

16 Sep 1989 Wolves Male Subalpine 25 hr.

3 Oct 1989 Grizzly Bear Female Subalpine & hr.

28 Nov 1989 Wolves Male Krumholz 22 hr.

11 Fab 1990 7 Male Subalpine 22 hr.

19 Aug 1990 Fall Female Krumholz 6 hr.

10 Sep 1990 Holves Male subalpine 20 hr.

21 Oct 1990 Grizzly Bear Female Subalpine 2 days

23-28 Oct 1990 TGrizzly Bear Male Krumholz 2 days

25-30 Jan 1991 TCougar Male Subalpine 2 days

14 Sep 1991 Cougar Female Krumholz 3 days

14 EgE-§1 Mar 1992 ?Wolves Female  Subalpine 45 days

dSubalpine = forested area below timberline, Krumholz « timberline
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Aerial survey results indicated that the pattern of kid mortality
observed on Caw Ridge in the fall of 1989 and 1990, did not occur on
Caw Ridge in 1991 nor in any of 4 other mountain complexes (Fig. Z).

U.Er-
0.5

0.4

0.3}
0.2}
0.1
i S—

Caw Ridge Llama/Turr. Hamell/fMGoat Monoghan  Daybreak
MOUNTAIN COMPLEXES

KID/ADULT RATIOS

Fig. 2. Mountain ?n:t aerial survey results for 5 mountain complexes
in west central Alberta during July 1991 (solid bars) and December
1991, January and February, 1992 (open bars). (Numbers above bars are
sample size).

DISCUSSION

Our original hypothesis was that the majority of mountain goal kid
mortality at Caw Ridge would occur during winter (1 Dec-30 Apr) when
deep snow and cold temperatures would reduce the availability of forage
(that had already declined in food value) thereby placing the smallest
members of the herd in a negative energy balance (Hobbs 1983).
Moreover, snow would alse restrict movements of mountain goals and
increase the likelihood of predation. Because the majority of the kid
mortality occurred by 30 November fin 1989 and 1990 (when Lhe sample
size was 10 and 11, respectively) we reject this hypothesis.

In almost all instances, grizzly bear and wolf predation occurred
at or below timberline. In 2 of the 3 years (1990 and 1991), mountain
goats at Caw Ridge increased the amount of time spent foraging at
timberline during the fall {Fig. 3). In the year when this habitat
shift did not occur (1989), summer rainfall (Jun-Rug) was almost double
that observed during the 2 subsequent years (Fig. 4). This might
suggest that high precipitation during the summer months may have
maintained green-up for a longer period which encouraged mountain goats
to remain in alpine habitats later into the fall. Conversely, snow
accumulation in the fall might be expected to drive mountain goats oul
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Fig. 3. Seasonal habitat use by mountain goats on Caw Ridge, Alberta,
Juna 1989-Novembay 1991, ([Summer = Jun-Aug; Fall = Sep-Nov; Winter »
Dec-May; solid bars = alpine habitat; open bars = treed habitat;
numbers at top of bars are sample size).
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Fig. 4. Comparative summer rainfall (Jun-Aug) for 1989-91, Grande
Cache, Alberta.
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of the alpine. However, the snowfall accumulation in 1990 (Sep-Nov)
wat more than double that experienced in the year previous or the year
following (Fig. 5) without any noticeable effect in habitat selection
in the fall of 1990 (Fig. 3). Sample size is small and no conclusions
can be made.

=

=

a

) 140~

[+

[FF]

L 120

="

G 100—

£ B0}

ol E|:|l|—

=

<=

= 40—

=

=

(P Fﬂ.—.

il

o

= ot

= 1989 1930 1991
YEAR

Fig. 5. Comparative autumn (Sep-Nov) snowfall for 1989-91, Grande
Cache, Alberta.

If the search for grean forage results in mountain goats shifting
to timberline habitats inm autumm it should reduce their ability to
visually detect predators and might take them further from escape
terrain. This coincides with the period when grizzly bears may also be
feeding on mast crops in the same vegetation zone (Mundy and Flook
1973, Russell et al. 1979, Hamer and Herrero 1983). In addition, we
suspect that the number of wolves on the study area may increase in the
fall as they follow up to 250 woodland carfibou which are migrating out
of the mountains to winter in the boreal Fforest foothills. (Caw Ridge
provides the major staging area for woodland caribou in wesl central
Alberta and has also provided winter range for up to 50 woodland
caribou in 1990/91). Cougar predation is a recent development and
pccurs throughout the year. Increased use of treed habitats might be
expected to result 1in increased predator caised mortality of kids;
however, there wasn't & detectable difference in the mortality rate of
radio-collared kids between 1989 and 1990 despite a much greater use of
treed habitat in the Jlatter year (Fig. 3). (The 1989 and 1991
radio-collared samples were insufficient to detect a pattern).

Joslin (1986) monitored the repreductive histories of 11 marked
female mountain goats Ffrom 1979-86 along Montana’s Rocky Mountain



301

Front. In 4 cases, the earliest dates where the absence of a kid at
heel was reported were 28 July, 31 July, 10 October and 13 October. In
a fifth instance, the kid was missing sometime between 11 August and 25
February (6. Joslin, unpubl. data). The timing of mortality at Caw
Ridge appears to be similar to that reported in Montana. Mortality of
the radio-collared sample at Caw Bidge was not significantly different
from the unmarked kids (Table 3; x* = 0,00; 1 df; P < 0.0001).

Table 3. Mortality of radio-collared vs unmarked mountain goat Kids at
Caw Ridge, Alberta, 1989.914

Kid 1.0, Died Survived Total
Radio-collared 9 12 21
Unmarded 8 11 15

4Data are not available for unmarked kids in 1988 or 1992.

We are not able to provide a direct estimate of post-patal
mortality since kids were not radio-collared immediately Following
birth. However, results from daily censusing efforts indicated that
total kid numbers on 1 June of 1990 and 1991 did not decline any more
by the end of the trapping season (mid Oct) than would have been
expected based on the radio-collared sample.

We believe that predators and/or predator sign found at kid
mortality sites within 72 hours indicate that predation was the cause
of death. Ballard et al. (1981) suggests that large carnivores do not
find moose calf carcasses until 230 hours after death. Similarly,
Franzmann et al. (1980) found that moose calves were not scavenged by
wolves and bears up to 8-10 days following death. Any of the Caw Ridge
mortality sites that weren't visited by the observers within 72 hours
were considered unconfirmed (Table 1).

In only 1 instance was the separation of the kid from the female
thought to have contributed to the mortality of the radio-collared kid
(the mortality resuiting from a fall). In all 25 other cases, the
female and kid were observed together following capture and abandonment
was not considered a factor in subsequent mortality (see Livezey 1990).

We are not aware of any significant disease agents or parasites
that have limited other mountain goat populations (Cooley 1976, Hebert
et al. 1977, Kerr and Holmes 1966, Samuel et al. 1975). Forage
availability appears to be exceptional at Caw Ridge and nutritional
stress is not considered a limiting factor predisposing kids to
predation; particularly during the period when the majority of
mortality was detected. With the exception of the mortality caused by
the fall, there was insufficient material at any of the mortalfity sites
to provide samples for the determination of body condition.

Eight of the 9 known-age nannies whose kids died were 5 or 6 years
of age. Although we have documented reproduction by nannies at Caw
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Ridge at 4 years of age, the majority do not conceive until age 5.
Therefore, 1t would appear that the majority of kids which died in
their first year were offspring of first or, at most, second time
mothers. In addition, none of the 4 members of the 2 sets of twins
observed during the course of the study, survived to their first

birthday.

The aerial survey data (Fig. 2) supports the rationale of being
able to extrapolate kid mortality rates and timing from Caw Ridge to
other herds in west-central Alberta. However, the pattern of mortality
observed in 1989 and 1990 (73% by 30 Mov) was not detectable in either
the radio-collared sample (only 3) or the aerial survey sample for
1991. It would be desirable to obtain aerial survey information in a
year with a greater fall mortality of kids as documented 1{n the 2

previous years.

In summary, preliminary evidence indicates that the majority of
mountain goat kid murtallt{ on Caw Ridge occurs before November 30 of
each year and 1t 15 a result of predation by wolves, grizzly bears and
cougar. Summer precipitation may influence mountain goat distribution;
however, the increased seasonal density of large predators at or near
timberline would appear to be the single, most important factor
influencing the timing and amount of mortality. On a provincial basis,
all of these predators would not influenceé all mountain goat herds
(wolves decrease 1in density in a north-south gradient while cougars
increase). However, kid mortality rates are comparable throughout the
Province of Alberta and, in fact, may be similar to many herds in North
America (Rideout 1978, Chadwick 1983). Management objectives for
grizzly bears and cougars in Alberta are to increase the number of both
of these species while only site-specific, temporary reductions in
wolves have been targeted in exceptional circumstances (Alberta Fish
and Wildlife 1990, 1991, 1992). Consequently, a predator reduction
program to enhance mountain goat kid survival will not be implemented
in Alberta and further work will be required before mortality rates can
be accurately predicted.
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WINTER HABITAT SELECTION OF MOUNTAIN GOATS IN THE NORTH TOLT
AND MINE CREEK DRAINAGES OF THE NORTH CENTRAL CASCADES
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Saattle, WA 98195
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Seattle, WA 98195

66510 determine haietuse by mountain Qosts (Qreamnos emerianus) in 5

to det ne itat use by mountain goats ' in
drainages of the north-central Cascades. Mountain goat locations were evaluated
for aspect, topography, stand age and structure, elevation, and snow
accumulation levels. Forage production was estimated for clear-cut, partial-cut
and forested stands. Winter diet composition was determined through fecal F-Bilﬂt
analysis. Snow accumulation data were used to detect elevational shifts in
response 1o major snow events. Mountain goals in these drainages of the north-
central Cascades have habitat selection characteristics that are intermediate
between coastal and interior mountain goat ecotypes. The present Washington
mountain gost habitat model is discussed, with specific regards to forest
management activities.

Considerable research has been conducted on mountsin goat habitat
selection in coastal (Hebert and Turnbull 1977, Schoen 1978, 1979, Schoen et al,
1981, Fox and Taber 1881, Fox and Raedeke 1982, Schoen and Kirchoff 1982,
Fox 1983, Smith 1986, Fox et al, 1989) and interior (Saunders 1955, Hjeljord 1973,
Kuck 1977, Hebert and Turmbull 1577, Adams and Balley 1980) regions.
However, the habitat selection by mountain in the Cascade Mountains,
where climatic characteristics are intermediate between these extremes, is poorly
understood. With increasing legging activity occurring in mountain goat winter
range, it is essential that we better understand the relationships between timber
harvest and mountain goat habitat usage.

The 4 cbjectives of this study wera: (1) to determine mountain goat winter
habitat use with emphasis on areas of potential timber harvests; (2) to understand
the role of goat diets, forage production, and snow accumulations in winter
habitat selection; (3) to assess herd productivity and population status; and (4) to
resvaluate the Washington Department of Wildife's mountain goat habitat
classification model.

This study was a cooperative effort of the Washington Department of
Wildlife, the Weyerhaeuser Company, and the authors, We would like to thank
Bob Anderson, Jess Hagerman, Val Spooner Kelly, Rocky Spencer, Corin
Crawford, and the Weyerhasuser Company for their assistance with data
collection, aerial surveys, and other work connected with this project.



STUDY AREAS
North Tolt River Drainage
The North Tolt study site covers 41 km? on the Weyerhaeuser 's
i Trea Farm in wast-central Washi mmaﬂ?'f 45" N, 1%1@1],
approximately 50 km northeast of Saattla, MNorth Tolt River drains in a

direction to the Puget Sound lowlands. The Cascade range in this
area varies in elevation from 488 to 1828 m.

The climate in this area of the Cascade mountains has both maritime and
continental influences. Average annual precipitation in this area ranges from 120
cm to 300 cm. The average winter temperature (Dec - Mar) for the weslermn
Cascade mountains (213 10 1524 m) is 31.8 F, and rangeés from 28.9 F (Jan) w0

34.7 F (Mar).

This area Is dominated by coniferous forest, with weastern hemiock (Tsuga

and Douglas-fir ?I‘!g_au@:m menziesi) at lower elevations, and

hemiock mertensiana) and true firs (Abies spp.) at mid to upper

elevations, Extensive chiff systems, which are dispersed throu the basin, are

a composite of distinct cliffs and steep, rocky terrain, intermingled within forestad

and clear-cut habitats. The area is managed for timber production, and has

undergone considerable recent harvest activity. Ha ng has ressed

upsiope from the valley fioor and is curmently occurring at elevations where
mountain goats are found in the winter.

Mine Creek Drainage
Tha Mine study site encom s 3 km2 35 km south of the North
Tolt drainage (4 "N, 121%38' W), Mine Cresk drains in a northerly direction

into the Snogualmie River. Elevation varies from 366 to 1500 m and vegetational
associations, as well as climatic characteristics, are similar to the North Tolt site.
This area has been intensively harvested, and the habitat consists primarily of
recent clear cuts and residual patches of old-growth timber.

METHODS
Habitat Selection

Systematic helicopter surveys were conducted In the North Tolt drainage
during the winter of 1985-20, and in both study areas during the winters of 1990-
91 and 1991-92, to determine winter habitat use patterns mountain goats.
Preliminary surveys in the North Tolt drainage were conducted 18 January to
18 March 1990 for & total of 4 surveys. Techniques and procedures were tested
and areas of concentration were identified. Information from these surveys
was not used in the analysis of habitat refationships.

Agrial surveys were conducted bimon from & December 1590 to 28
March 1891, for a total of B complete surveys (only 1 survey was completed in
December and 3 surveys were completed in March). Mr.}nthg' SUNVeys were
conducted in the North Tolt and Mine Creek drainages from 13 January to 12
March 1992 for a total of 3 surveys.
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~The geographic location of each goat observation was recorded by
latitude, longitlude and elevation, Lﬁl‘ﬁ a LORAN-C navigational system.
Locations were also plotted on aenal photographs and/or i maps at
the time of cbservation. A goat location was defined as any n of mountain
observed in close proximity and appm%lmﬁaﬂ. A track location was
efined as any number of tracks in the snow rved in areas when no goats

were visually

Goat observations were recorded by habitat type and presence or
absence of cliffs. Habitat es were clear cuts (including I'HFEI'IHEIIDI'T
less than 15 years old), -cut old growth forests, open old growth nr&m@
than S50% closure), and closed old-growth forest (greater than

mmp-hg“nsum}. Canopy closure was determined by visual estimation. "Forests®
in the h Tolt drainage are predominantly remnant old growth stands. Clilfs
were found in most classifications, so cliff designation was used only it no other
habitat type was noted.

A cover type map for the entire North Fork Tolt basin was compiled using
sateliite imagery. The reflected eleciromagnetic wavelength signatures from the
sateliite image were grouped into cover § as follows: roCks, old forest (Conifer
=70 yrs old), mature (conifer 35-70 yrs oag young conifer (conifer 15-34 yrs old),
old regen (conffer-hardwood 15-34 yrs old), new regen (replanted cuts <15
old), and non-stocked (unplanted cuts). The conifer > 70 yrs class rggrmnta
rumuh'lrﬁﬁmu.rt old growth of the area. The results of the satellite classifications
wera verified by cross checking with existing timber stand data. The
cover map was incorporated into a GIS data base that could then determing
percent coverage by plant cover types for different elevational bands or
geographic areas within the basin.

Satelite imagery data and GIS procedures were used to habitat
within concentration areas and the habitat within the North Tolt basin in
ﬁur:am bamaﬁ':'T';Il.‘B! and 1524mm in elevation. Ehasu elevation limits coincide

8 ra o vations whera were observed during aerial su :
Goat mnﬁﬂﬂnns were defined h%n:mniru'mmn COnvex on from oftex
goat locations. Relationships between the perce available forest and
elevation were determined by separating the North Tolt drainage into 151 m
elevational bands from 762 to 1524 m and then analyzing the available habitat
within each band.

Forage Production

Parcent plant cover was used as a measure of forage production in
representative areas of recent clear cut, parﬁah:utn rowth, and closed forest
old-growth stands. In each stand type, 20 circular plots were located 10
paces apart on transects running paraliel o the slope from a randomly located
starting point. For each piot, percent plant cover was recorded for 3 general
vegetation cam%nrrm; (herbaceous plants, shrubs, and trees). Plant cover was
recorded only potential forage 0.15 to 1.83 m above ground. We did not

quantify lichen and litterfall availability, which could be another source of fo in
forested stands. e
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Food Habits

Winter mountain goat diet composition was determined through micro-
histological examination of fecal pellets. Pellets were collected in the early Spring

of 1891 and 1892 in winter goat concentration areas. Five pellets from 20 different
@J;‘: roups were collected from 3 areas in North Tolt drainage. Pellets were

rom groups of varying depositional ages (fresh to oid), to capture the
variation in the diet over a greater portion of the winter.

For each sample, pellats were ground, mixed, and sub-sampled to
determine diet composition. Analysis was conducted by the Wildlife Habitat
Management Labor at Washington State University using wcal
methodologies described by Davitt and Nelson (1980) and Nelson and Davitt
(n.d.). Results are reported as percent diet composition, by forage classes and
major plant species, using epidermal fragment cover as the sampling criterion.
E::rrﬂr:li:é\ factors for the differential digestibility of forage plants were not
calculated.

Goat Distribution and Snow Patterns

General snow conditions were noted on each aerial survey, and recordings
of snow conditions were made for each individual goat observation. Snowfall and
snow accumulation records from nearby weather stations were used to analyze
relationships between goat elevational patterns, snow patterns, and habitat use,

Herd Composition and Productivity

Goats observed during the helicopter surveys were classified by sex and
'ﬂ;amﬂ'ﬂhasis of body size (for kids and yearhngs) and horm configuration.
ost goats were cbserved from relatively close quarters (50-100 m) o more
conhdently classify ?u&tﬁ into sex and categories. In some cases Qoats were
located in cover that did not allow classification, and were recorded as unknowns.
No attempt was made to distinguish 2.5 year-old goats from adult goats.

RESULTS
Mountain Goat Observations

A total of 92 goat observations in 54 locations (42 in the North Tolt, 12 in
Mine Creek) and 24 track locations (16 in the North Tolt, 8 in Mine Creek) were
recorded during surveys conducted in the winter of 1890-81. A total of 38 goat
observations in 19 locations (15 in the North Tolt and 4 in the Mine Creek
drainage) were recorded during surveys in the winter of 1581-82. Only 1 track
location was recorded In 1891-82, and this was in the Mine Creek Drainage. The
low number of track locations may have been a result of the low snow levels
throughout this winter.

Habitat Selection
Mountain goat habitat selection was closely tied to the presence of cliffs.
Cliffs were noted in 77% and 65% of all goat in the North Tolt and Mine

Creek drainages respectively.
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With regards to habitat ty selection, mountain goats were most often
observed in open habitats (Fig. 1). Over the 2 year period, open forest and clear-
cut habitats accounted for 53% and 26% respectively of the goat locations in the
North Tolt drainage. In the Mine Creek drainage, goats showed a greater use of
clear-cut habitats (67%) and less use of open forest habitats (28%).

ARemnant old growth forests in the North Tolt area had relatively open
canopies, with 57% of all stands older than 70 years of age classified as open
forest (less than 50% canopy closure). Open and closed remnant forest where
highly intermingled throughout the North Tolt drainage.

We found no significant differences (Chi-square, P = 0.253) between tha
composition of cover types in the goat concentration areas and in the basin in
%EI'I"IE:I'EII (Fig. 2). A comparison of the goat locations with available cover types in

e basins indicates a seleclion against closed forest stands.

Farage Production

Fﬂfﬂgﬁ production was inversaly redated 1o forest canopy Cover. Percent

ggargt cover was consistently greatest in Clear-cut habitats, lowest in forested

bitats, and intermediate In partial-cut habitats {tﬁg' 3). An exception to this was

the increase In tree browse production in partial cut units. The Mine Creek site

lacked partial cuts. However, the same pattern of increased forage production in
clear-cuts was found (Fig. 3).

Food Habits

Conifers were the dominant forage of mountain goats in the North Tolt
drainage, making up an average of 45.1% of the winter diet (Table 1). Shrubs,
forbs, and graminoids made up a considerable lprnp-::rﬁnn of the remaining winter
diet, with ichens and mosses accounting for only a small

Tabile 1. Diet composition of mountain goats in the North Tolt drainage based on
fecal pellet analysis.

Percent of Composite diet

Forage

Component 1890-91 1891-82 Average
Conifers 41.9 48.2 45.1
Shrubs 20.9 223 216
Forbs 11.5 0.8 6.2
Grasses 9.0 3.2 6.1
Sedge,/rush 26 206 11.6
Ferns B4 43 6.4
Mosses 25 0.0 13
Lichens 1.3 0.7 1.0
Seed/nut 1.9 0.0 1.0
Insact 0.1 0.0 0.1
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percentage. Diet varied little between the 1580-81 and 1891-82 winters, with the
exception of a decrease in forbs and an increase in the sedge-rush class.

Goat Distribution and Snow Patterns

Winter snow conditions, expressed as snowfall and snow accumulation
levels, were considerably different in the winters of 1990-91 and 1991-92 (Fig. 4).
The winter of 1991-82 had considerably less snowtfall, and snow accumulations
were well below annual averages.

Mountain goats were widely distributed in elevation over both winters (Fig.
5). The average elevation of goat locations for both winters combined was 11
m in the North Tolt and 1055 m for the Mine Creek drainage. There was little
diference in elevational dlslrihutlnn of goats between years (Table 2), even
though snow patterns varied greatly, Dunng the 1980-91 smasun. agrial surveys
were conducted immediately following or wlthln aweek of § snow events.
The goat cbservations recorded during these flights showed no elevational shift.

Table 2. Average elevation (in meters) of mountain goats observations in the
winters of 1990-91 and 1991-82.

1990-91 1991-92
Area Avg. Elev  Std Error Avg. Elev  Std Error
North Talt 1116 140 1182 177
Mine Creek 1058 147 1164 144

When the elevation of goat observations in the North Tolt drainag
broken down by month, a pattern did appear (Fig. 6). We noted a
change in average elevation from February to March during the winter of EEh}E‘n
(E = 3519, P = 0.004). However, multiple comparisons indicated that the
difference in elevation of goat cbservations between flights was only significant for
the last fight, when weather conditions restricted the survey o the lower
elevations. In the winter of 1991-32, no decline in average elevation was noted,
however lower snow levels during this winter may confounded any
COMParsons betweaen winters.

Herd Composition and Productivity

In 199091, 74 goats (with 20 unknowns) were classified in North Tolt, and
18 (with & unknowns) in Mine Creek. In 1891-92, 30 goats (with 8 unknowns)
were classified in North Tolt and 8 goats (with 3 unknowns) in Mine Creek.
Average group size varied from 1.8 l‘nr the North Tolt site and 1.5 for the Mine
Creek site over the winter of 1930-81, to 2.0 in both the North Tolt and Mine Creak
gites in 1991-92.
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The average kid to nanny ratios for both winters combined were relatively
high in the North Tolt (100: 1D|J]|, and slightly lower in Mine Creek (80: ‘:nﬂF I[THHJEI
3). The proportion of billies in the classifications is refatively low {l:r:‘-l lies
nanrny), ggprmuﬂ}maﬂng ratios from introduced herds in the Olympic mountai ns
(M 197

In order to minimize the bias associaled with our failure to identify some
in the 18990-91 surveys, we classified unknown goats into sex and age
categories based on herd composition records of billy to nanny ratios from
Cascade mountain goat herds (Anderson 1940, Wright 1977, and Johnson 1383).
fﬁf*]ugﬁ Eﬂlvamga ratio of 0.81 billies per nanny to agjusted herd composition data

Table 3. Herd composition from aerial surveys conducted in the North Tolt and
Mine Creak drainages during the winters of 1950-91 and 1991-82. Composition is
based on 100 nannies. Sample size (n) does not include unknowns.

Goats per 100 Nannies

Area Year Kids Yearlings Billies n

North Tolt 90-91, 83 17 30 o4
90-91° 70 15 B85 74
91-52 200 100 150 22
90-82 100 33 a2 [

Ming Creek 20-91 &7 33 167 12
91-82 S0 100 0 5
9082 &0 80 100 17

2 Herd composition was adjusted to account for the unknowns

No billies ware positively identified in the Mine Creek site during the winter
of 1891-82. Unknowns accounted for 38% of the cbservations. Unlike the 1890
91 surveys, 75% of the unknown observations were in groups of 3 or more. This
would indicate that a Ian%ar proportion of the unknowns were nanny groups and
not single bilies. The failure to classify these suspecled nanny groups may
explain the very high Kid:nanny ratios and the elevated billy:nanny ratios.

DISCUSSION
Habitat Selection

Mountain goats wintering in this area of the north-central Casecades were
closely associated with cliffs and rock outcroppings. The cliff ms were
dominated by predominantly open canopied, old-growth forest . partial-cut,
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and clear cuts habitats. Open cliffs without trees were uncommon on goat winter
range in this area.

Based on our mountain goat observations, closed forest stands were not
heavily utilized E{ w throughout the study period in both drainages. However,
a comparison co tion of the cover types in the goat concentration
areas showed no selection for or against cover type. In addition, an
observational bias against detection of goats in forest must be considered.
However, most cliff systems do not have extensive closed forest components.
Unless goats are less dependent on cliffs than we have noted, or as has been

elsewhera (Johnson 1883), closed forest detection bias would not have
a significant effect on determining overall habitat selaction.

Thers was a noted increase in goat observations in forest stands in mid-
winter, coincident with the upward shift in elevational distribution (Fig. B). This
mhmmmmmmmmﬁmawwnm
area. The percentage of avall forest increased as elevation increased.
Elevations at 762-1067 m were 58% forested while upper slevations at 1220-1372
m were 73% forested. Clear-cuts declined from 33% to 14.5% from the lower to
the higher elevation band. This land pattern is a result of the historical
logging activity, which proceeded sequentially upslope from the valley floor and is
currently occurting in mountain goat winter range.

Forage Production

Although clear cuts produced the most , Snow accumulations and
logging slash must be considered when evaluating the availability of this fo to
wintering mountain goats. It is energetically costly for goats 1o move in
Snow, Or to maneuver through extensive slash accumulations. Heawvy snow
accumulations can bury forage. However, unlike southeast Alaska, where heavy
snow accumulations restrict goat use to canopied habitats (Fox et al. 1989), the
snow accumulations of the western Cascades are ic, lighter, and affected
by rain on snow dynamics, especially at elevations 915 t0 1220 m. Use of
open forest and partial-cut units may have been a response by the goats to
Incr&.:‘;ed forage availability and decreased snow accumulations under open
canopies.

Food Habits

Analysis of dist composition over the two winters indicated that mountain
goats in this area of the north-central Cascades have diet characteristics that are
mtermediate between coastal and interior eco (Fig. 7). The high proportion
of shrubs, forbs, and grasses indicates foraging ity in clear-cut or open
forested stands. Lichens and mosses account for only 3 8% of the winter diat,
which indicates very limited reliance on a canopied overstory for forage
mmﬂ:“cﬁnn. However, portions of the conifer component may have coma from
itterfall.

Coastal diets are characterized by forest related forage components such
as conifers, lichens, and mosses, with small percentages of forbs, shrubs, and
virtually no graminoids (Fox and Taber 1881, Fox and Smith 1988, Fox et al
18689). Rocky mountain goat diets are characterized by hi?h gﬂmantagas of open
space forage plants such as gramincids, shrubs, and forbs (Saunders 1955,
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Brandborg 1955, Adams and Bailey 1583). There is a substantial component of
conifer usa in interior diets, however lichens and mosses are relatively unused.

Other studies have indicated great variance in diet composition over
several winters (Johnson 1883). The diet of North Tolt mountain goats did not
vary greatly between the winters of 1890-81 and 1891-82.

Goat Distrnbution and Snow Patterns

elevational distribution or habitat selection. The elevational distribution of

was unchanged between two winters with great i?fﬁﬂl’ﬁﬂp&ﬁ in SN0oW accumu
levels. There was no increase in forest use during periods of higher snowfall or
accumulations. In Mine Creek, goats used the forest stands only in 1992 when
thera was little or no snow on the winter range. Snowfall and goat habitat use
patterns did not appear to be related in the North Tolt drainage.

Herd Productivity and Compaosition

Major snow evenls did not cause noliceable shifts in mountain goat
bon

Few studies have reported on the sex and age compaosition ol mountain
goats on winter range. The average fall kid:nanny ratio in an introduced and
expanding herd on the Olympic Fr;rn'tnsula of Washington stale was 55:100 over a
6 year period from 1976 to 1881 (Stevens 1883). Brandborg &955} reported an
average ratio of 34:100 in the winter and early spring from 1845 to 1 in the
Salmon River range of Idahe. A kid to nanny ratio of 60:100 was reported for
winter range in the Cascades of Washington fram 1877 to 1980 (Johnson 1583).

The productivity of the mountain goats wintering in the North Tolt and Mine
Creek drainages, interpreted from kidinanny ratios and possible incidence of
twinning, indicates high reproductive success. In the winter of 1992 in the North
Tolt :Irzuna;l:;u. 29% of observed nannies had 2 kids at heel, which may indicate
twinning. In addition, possible bias from classification of 2 yr-cld females as
adults would only increase Kid:nanny ratios.

Possible bias due to classification of goats into an "unknown" category
must be considered. During the winter of 1990-91, 80% of unknown goat
classifications were singles. Due to the solitary nature of billies in winter (Johnson
1983), we feel that a majority of these unknown goats were males. Anderson
(1940) found billy:nanny ratios of 77:100, 98:100, and 83:100 for various areas of
the Cascades, and Johnson (1983) reported a ratio of 1:1 in the north Cascades.
Our observed low proportion of adult males in this winter (0.3 bilies per nanny)
supports our conclusion that adult males are under-represented in our class-
ifications.

During the winter of 1891-82, more of the unknown observations (75%
were in larger groups that included nannies. The bias from failing to classify a
the nannies is reflected in the very high kid:nanny and nanny:billy ratios for this
season.

MANAGEMENT IMPLICATIONS
As in other studies, cliffs were the primary factor determining mountain

goat habitat selection in this area of the north-central Cascades. gation or
maintenance of a diversity of habitals, centered around commonly used cliff
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systems, would have beneficial effects on mountsin goat productivity and
conservation.

Timber harvesting in mountain goat habitat have both beneficial and
detrimental cis. Primary among the negative eff is increased disturbance
and vulnerability of mountain goats caused by road access to winter ranges
(Johnson 1883). In our study sites, road access was sirictly controlled by the
Weyerhaeuser Company. The high productivity found in our study sites may
indicate the positive results from increased forage production resulting from
limber harvesting, coupled with effective control of access.

The Washington Department of Wildlife describes mountain goat habitat b
map cover types. This habitat mapping focuses on “thermal® and “transitional®
cover types. The use of winter th cover by mountain goats has not been
documented by previous studies. Fox and Taber (1981) indicated that
thermoregulato havior was not an overriding determinate of goat habitat
selection in Alaska goat populations. In the Department of Wildlife's description of
mountain goat hahitm,:ﬁﬁm' bath “winter thermal® cover and “transitional optimal®
cover is associated mature, old growth, and young forests with closed

canopies.

In our study areas, non-forested habitats were selected by mountain
goats. Although storm events are relatively short lived in the Cascades, goats may
use closed forests more intensively during these periods. Future assessment is
needed 1o determing if the increased use of forested habitats in mid-winter is an
artifact of the distribution of the forest as a result of past logging activity, or if
thesa upper elevation old growth forests are an important element of winter
miountain goat habitat.

Mountain goats in our sludy areas exhibited habital use patterns
intermediate between coastal and interior ecotypes (Table 4). The study area
goats occupled a wide range of elevations from 762 10 1524 m, while coastal
goats generally range lower, and interior goats range higher.

Habitat selection by these mountain goats appeared to be a compromise
between the dependence on forests by coastal ecotypes and the avoigance of
forested areas by interior ecotypes. Unlike coastal ecotypes, the diet composition
ol Cascade goats indicates no dependence on forage from the forest canopy,
although a portion of the conifer component may have come from litterfall under a
canopy. The dominance of goat diets in the Cascades by conifers, inoids,
and shrubs indicates foraging in open habitats. However, graminoids do not
dominate the diet as they do in interior regions.

snow characteristics have been reported %ﬁw a dominant role in the
winter site selection of mountain goats (Fox et al. 1583). Coastal regions receive
wet, h snows that limit forage availability and goat mobility. Interior regions
receive relati light, dry snows that can be swept off by the wind. The North
Cascades snow charac- teristics are influenced by coastal and interior
climes. Snow conditions change over the winter and heavy snowfall events are
sporadic and short lived.

Whether mountain goat habitat selection in this area of the Cascades is
representative of the Cascades in general is arguable. At this time there is very
limited information avalable on habitat selection, population dynamics, and food
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habits of mountain goats in the Cascades Mountains.  Although the North Tolt
and Mine Creek information may not be applicable to undisturbed areas, it may
be applicable to areas where intensive forest management has and is occurring.
Our study areas are fairly representative of commercial forests in upper elevation
river drainages of the north central Cascades. Issues of access and timber
harvesting impacts in other areas of the north-central Cascades could be assisted
by the information in this study.

Table 4. Summary of selected winter Charactenstics of coastal, interior and
Cascade mountain goat ecotypes

Characteristic Coastal Cascades Intaricr
Elevation 0-14948 762-15240 15244 €
Habitat types Cliffs in Cliffs in Cliffs,nan

dense forest™ clear-cut & -

open forest® ridges

Diet composition 1)Conifer 1)Conifer 1)Graminoid

2)Moss 2)Graminoid 2)Conifer

J)Lichen 3)Shrub 3)Shrub
Snow wet, heavy intermittent, dry, light
Characteristics variahle windblown

4 Fox et al. 1982, Schoen and Kirchoff 1982, Smith
b 1986, Fox et al. 1589
Wright 1977, Authors
€ Hebert and Turnbull 1977, Adams and Bailey 1980
d Hebert and Turnbull 1977, Fox and Taber 1981, Fox
1983, Fox et al. 1989
f.}nnrmm 1883, Authors
I-guékrd 1873, Hebert and Turnbull 1977, Adams and
ley 1380
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MOUNTAIN GOAT HABITAT OF WYOMING'S BEARTOOTH PLATEAU: IMPLICATIONS FOR
MANAGEMENT

LISA A. HAYNES, Shoshone Mational Forest, P.0. Box 2140, Cody, WY B2414

Abstract: From 1989 te 1991 characteristics of mountain goat (Qreamnos
americanus) habitat were investigated on the RBeartooth Plateau in
northwestern Wyoming. Habitat information was gathered by cbserving non-
radioed goats and by relocating 2 radio-collared goats. The potential
bias of using observations versus radio telemetry are discussed. Habitat
characteristics examined were cover type, slope, aspect, distance to
cliff, elevation, and terrain. The data were analyzed using the
usefavailability technigue. Just as in other areas, mountain goats on the
Beartooth Plateau used cliffs and steep rocky slopes >75% as their primary
habitat. They were usually within 402 m (1/4 mi) of cliffs and used the
top half of slopes more than they were available. The goats did not
exhibit a preference for aspect or elevation. Parturition areas,
distribution, and movements are also discussed. Literature pertaining to
mountain goat management and their sensitivity te human access and
disturbance is reviewed. Finally, management recommendations are made for
the major land uses: timber, minerals development, livestock operations,
and recreation.

This study focused on habitat use and distribution of mountain goats
on the Beartooth Plateau in northwestern Wyoming. Objectives were to:
(1) supplement Hanna's (1989) information on goat distribution over the
study area, (2) determine general mountain goat habitat selection

atterns, (3) identify parturition (birthing) areas, (4) make a thorough
iterature review to compare results of this study to others, and (5) make
management recommendations regarding livestock distribution, Cimber
harvest, recreation, and petroleum exploration and development in relation
to mountain goat habitat.

The study, conducted as part of a Masters thesis (Haynes 1991), was
supported by the Shoshone National Forest and by Sigma Xi, the Scientific
Rescarch Society. 1 would lTike to acknowledge the assistance of the many
Wyoming Game and Fish Department personnel who went out of their way to
help with this study, as well as Brad Cicci, a local outfitter, and
several volunteers, Finally, | would like to thank Dave Henry, of the
Shoshone Forest, and Dave Patton, of Northérn Arizona University. Both
helped me immeasurably on this project.

STUDY AREA AND METHODS

The Beartooth Mountain range is located in southwestern Montana and
northwestern Wyoming. The majority of the range is in Montama. Part of
the range known as the Beartooth Plateau extends into Wyoming. The study
area encompassed the Wyoming Beartooth Plateau south of Highway 212 and
the eastern edge of the Line Creek Plateau in Montana (Fig. 1). The
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southern boundary of the study area was the Clarks Fork of the Yellowstone
River (hereafter referred to as the Clarks Fork}). The western boundary
was Thief Creek. There are four major drainages in the study area: the
Clarks Fork River, and Little Rock, Bennett, and Line creeks. The study
area is primarily used for sheep and cattle grazing and for dispersed
recreation: hunting, fishing, backpacking, and horse-pack trips. It is
open to lease for petroleum exploration and development.

The climate and vegetation on top of the Beartooth are alpine and are
very similar to the Arctic [Billings 1988). Due to the wind, much of the
study area, such as the lower part of the Clarks Fork Canyon, is often
snow-free in winter. Vegetative composition is diverse ranging from
alpine tundra near permanent snow fields on the top of the plateau to
Er1:k1r pear (Opuntia spp.) and Yucea spp. at the bottom of Clarks Fark

anyon.

Two nannies were captured on Line Creek and radio collared in July
1989, They were stalked om the ground and darted with a Zoolu Arms
Simmons rifle using a 3 cc Palmer Dart. In both cases 3.5 mg of
Carfentanil were used and the antagonist was 25 mg of Xylazine. Seven
more capture attempts were made in July 1989 and March 1990, all
unsuccessful. Attracting goats to salt blocks was tried, but :pﬁarantly
these goats were not as attracted to salt as other populations. They ware
seen licking the salt {(Jon Hanna, Wyo. Game and Fish Dep., pers. commun.),
but not with any regularity or pattern. This may indicate there is
adeguate salt in their forage (Fox et al. 1989) or that it takes time for
them to become habituated to artificial salt.

Goat number 3 was a 3-year-old and she had 1 kid of the year when she
was collared. Number 0 was a 2-year-old and had no kids. They were
relocated by air once or twice per month from August 1989 to September
1990 and once every several months thereafter by Western Alr Research,
Inc., a company specializing in wildlife telemetry Flights. The Flights
were in a Maule M5-235C fixed-wing aircraft equipped with Yagi antennae on
each wing strut, an on-board Loran navigation system, and a computer with
g-h;ch tth‘ie pilot logs telemetry coordinates, date, weather, and other
mrormation.

In addition to the radioed goats, other goats were located during the
course of the study. From August 1988 to August 1990, 29 trips were made
to the study area, each trip varying from i-5 days, and 329 goats were
observed. Fach group of goats seen was counted as 1 lecation, if thay
were together such that their location could be identified by 1 small dot
or circle on a map. These goals were assumed statistically dependent.
This was especially true with nannies with kids. Therefore, the 329 goats
observed resulted in 120 locations. The same goat or group of goats was
ne:er I:l:llll'lt.El.'l twice in 1 day. [If there was any doubt, the observation was
not used.

There were days when few or no goats were located due to legistical
problems and bad weather (fog, rain, hail, and snow, even in mid-summer).
Most of the trips to locate goals were made in the spring, summer and
fall, with an intensified effort made during spring and early summer 1990
to identify birthing areas. The entire study area was covered as much as
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possible to determine goat distribution and gather habitat-use data
throughout the study area,

Goats were located using 8 X 35 binoculars and a 15-60 power spotting
scope. Locations were photographed and plotted on 7.5-minute USGS
topographic quadrangle maps. Date, time, weather, activity, goat age-sex
classification (if possible), and cover type were recorded. Cover-type
classifications were divided into 3 categories: cliff-rock-talus, grass-
forb-shrub, and forest-krummholz. Categories were limited to these simple
types, because this was the limit of detail that could be determined from
aerial photographs for the comparative random points.

Several topographic characteristics were determined later from maps.
These were slope, aspect, terrain, elevation, and distance to cliff. From
a combination of slepe values listed in the literature and from goat
observations, cliff was defined as a rocky substrate with a slope > 100%.
Slope categories were 0-24%, 25-49%, 50-74%, 75-99%, and >100%. Aspect
was divided into B categories: north, northeast, east, southeast, etc.
Terrain categories were flat/ridgetop, top half of slope, and bottom haif
of slope/valley. Elevation was divided into 7 categories of 305 m (1000
ft) each between 1220 m (4000 ft) and 3355 m (10,992 ft). Distances to
¢1iff were 0-402Z m (0-0.25 mi), 402-BO5S m (0.25-0.50 mi), and >BO5 m
(»0.50 mi). The “usefavailability® technique, including Bonferroni I
analysis, was used to analyze habitat and topographic data (Neu et al.
1974, Marcum and Loftsgaarden 1980, Byers et al. 1984). The P level was
0.05 for all tests.

Regarding bias, there were 2 choices: (1) either use the 2 radiced
goats and assume they represented the population or (2) use primarily the
observed goats and have the potential of under-counting habitats in which
they are not easily visible, such as forested areas, The latter route was
chosen for 2 reasons: first, assuming that 2 radioed goats vepresented
the population was a very weak assumption, and the small sample size would
have further complicated amalysis. Second, the radio locations, either
from the ground or the air, were not accurate enough to determine detailed
habitat-topography use. The Loran locations from the air were as much as
800 m (0.5 mi) from the actual location, if the goat was observed. On the
ground, there was too much signal bounce off rocks te identify locations
without visual verification. 5Smith (1976) had the same difficulty. Radio
locations were not used unless a visual observation was made, because
vegetation, slope, and aspect can change drastically within a few melers
%i.u.. extreme patchiness of habitat-topography). As a result, the radio

ocations were almost as vulnerable to observability bias as the general

ground lecations. In summary, the larger sample size associated with
observed goats, even with the possibility of underestimating goats’ use of
forested habitats, was considered better than using the small sample size
and potentially ervoneous data from the radio-telemetered goats. If
radioed goats were located visually from the ground or air, however, those
locations were added to the data pool.

Johnson (1980) concluded that organisms select habitats in a
hierarchical manner; what a researcher determines as available can greatly
affect the outcome of use/availability amalysis. He suggested that the
order of selection varies from geographical range down to food items
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available at a feeding site. He contended that animals selecl habitat
components only after they select a home range within a geographical
range, because a home range contains all the habitat components an animal
needs to survive and reproduce. Only then can a researcher look at the
relative importance of habitat components. Unfortunately, home ranges of
unmarked goats could not be determined and sample sizes were insufficient
for radioed goats. Therefore, the availability of habitat variables over
the entire study area were examined to at least determine general
selection patterns on a study area-wide basis. The null hypothesis was:

H: Mountain goats on the Beartooth Plateau wtilize habitat
characteristics in proportion to their availability (i.e., "no
difference” in use) on the study area.

Since goats on the Beartooth live an a plateau incised by canyons
rather than the more typical mountain-valley goat habitat, patterns of
goat use of habitats in the Beartooth were compared to goat use of
habitats in other areas. [f patterns of use were similar, the available
litarature could be used to make management recommendations.

RESULTS AND DISCUSSION

Habitat Amalysis

Chi-square.--Elevation was the only characteristic for which the null
hypothesis was not rejected (Table 1). The null hypothesis of “no
difference” between goat Tocations and random points was rejected for the
other habitat attributes.

Table 1. Summary of Chi-Square analyses between goat locations {used) and
random points (available) for & attributes of mountain goat habitat in

northwestern Hgnming

Attributes Chi-Square DF P Reject H,
Covar type B64.679 4 0.000 y&s
Aspact 20.158 ) 0.005 yes
?ésé?qii a3.418 2 0.000 yes
Terrain 35.001 Z 0.000 yes
Elevation 10,852 = 0.193 no
Slope B88.357 L] 0.000 ¥es

Use/availability analysis.--0Of the 3 cover types, only cliff-rock was
used by goats more than its availability (Table 2). Grass-forb-shrub was
used less than its availability probably because large expanses of the
study area are grass-forb-shrub. Goats use and require this type, both on
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alpine and grassland ranges, for forage (Fox 1983). However, its use is
limited by distance from steep terrain. These results probably reflect
the use of the entire study area instead of home ranges for the
availability analysis. One cannot necessarily conclude that a component
is of 1ittle value, just because it is used less than it is available

(Johnson 1880).
Table 2. Use indhﬂ?iillh1]itj of 3 cover types by mountain goats in

northwestern Wyoming

Covar Proportion Praportion Confidence Selection”
type available used interval
(F,) for P,

Cliff-

rock 0.125 0.625 0.519 < P, < 0.731 ¥
Grass-

shrub 0.475 0.233 D.141 < P, < 0.326
Forest-

krummholz 0.400 0.142 0.065 < P, < 0.218 -

“The + sign means that the proportion used 15 greater than the
proportion available, the - sign means proportion used is Tess than
available, and 0 refers to no difference.

Forest-krumsholz was also used less than available, probably due to
observation bias (Foster 1982). Goats probably use forest-krummholz as
travel corridors between cliffs and for forage in the understory
{Brandborg 1955, Chadwick 1973). However, in interior populations,
research has shown they do not use forested areas nearly as much as cliff-
rock-talus (Chadwick 1973, Thompson 1380).

Three categories of slope were used less than available: 0-24%, 25-
4%%, and 50-74% (Table 3). Goats used 75-99% and >100% slope categories
more than available in their habftat. Goats were located on cliffs or
within 402 m (0.25 mi) of c1{ffs much more than they were availabla (Table
4). Goats used distances to cliff 402-805 m (0.25-0.50 mi) and 805 m
(0.50 mi) Tess than they were available. They used flat-ridge top and
bottom half of slopes less than available, and used the top half of slopes
more than available (Table §).

Even though mountain goats on the Beartooth Plateau appeared to use
various aspects in a manner other than random (Table 1), they did not show
a preference for any one aspect (Table 6). This may be due to the
physical nature of the study area. Drainages which form the cliffs Mlow
in several directions., The Clarks Fork of the Yellowstone River, for
example, enters the study area flowing southeast, makes a horseshoe bend,
and then flows northeast. Little Rock Creek Flows almost due east, but it
has steep side canyons which flow north. Every canyon has steep c¢1iffs on
opposing sides, and goats seemed to utilize almost every available cliff
regardiess of aspect,
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Table 3. Use and availability of § slope categories by mountain goats in
northwestern Wyoming

5lope Proportion  Proportion Confidence Selection®
available used interval
(P) for P,
0 - 24% 0.467 0.142 0.060 < P, < 0.224 .
25 - 49% 0.250 0.092 0.024 < P, < 0.160 -
50 - 74% 0.192 0.100 0.029 < P, < 0.170 -
75 - 99% 0.058 0.167 0.079 < P, < 0.254 +
> 100% 0.033 0.500 0.382 < P, < 0_618 +

Table 4. Use and availability of 3 distances to cl1iff by mountain goats

rt ter in
Distance Proportion Proportion Confidence Selection®
to cliff available used interval
m (mi) ({2 for P,
0 - 402 0.383 0.933 0.879 < P, < 0.988 +
(0 - 0.25) i
402 - BOS 0.225 0.058 0.007 < Fj < 0.110 -
(0.25 - 0.50)
» BO5 0.392 0.008 -0.012 < P, £ 0.028 -
(> 0.50)

“The + sign means that the proportion used is greater than the proportion
available, the - sign means proportion used is less than available, and 0
refers to no difference.

The same is true for elevation. Line Creek carves the plateau at

3050 m (10,000 ft); the Clarks Fork carves a lower terrace at 1769 m (5800
ft). Therefore, the lack of a clear pattern suggested by the Chi-square
analysis may be due to the propensity for goats to select cliffs wherever
they occur. Other studies indicate a variety of aspect and elevational
preferences (National Council of the Paper Industry for Air and Stream
Improvement 1989), probably due to the unique topographic characteristics
af each study area.

In summary, the 4 characteristics which seem to be ‘"preferred" by
goats in the use/availability analysis all pertain to Etﬂﬂﬂ, rocky slopes
and cliffs. The characteristics are slopes 275%, top half of slope,
cliff-rock-talus cover type, and 0-402 m (0-0.25 mi) distance from cl1iff.
The use of cliffs by mountain goats on the Beartooth Plateau in Wyoming is
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Table 55 Use and availability of 3 terrain categories by mountain goats
in n rn W

Terrain Froportion Proportion Confidence Selection”
available used interval
(P.) for P,

Flat/ridge top 0.308 0.175 0.092 < P, < 0.258 -
Top half of

slope 0.225 0.600 0.493 < P, < 0.707 *
Bottom half
of slope & 0.467 0.225 0.134 ¢ Fi < 0.316 -
valley

Table 6. Use and availability of B aspect categories by mountain goats

northweste
Aspect Proportion Proportion Confidence Selection”
available used interval
(P,) far P,
Morth 0.042 0.117 0.036 = P, < 0.197 o
Northeast 0.067 0.100 0.025 = P, < 0.175 0
East 0.217 0.117 0.036 < P, < 0.197 -
Southeast 0.242 0.300 0.185 = P, < 0.415 0
South 0.12% 0.192 0.093 ¢ P, < 0.290 1]
Southwest 0.183 0.067 0.004 < P. < 0,129 -
West 0.075 0.033 -0.012 ¢ P, < 0.078 o
Northwest 0.050 0.075 0.009 < P, £ 0.14] 0

“The + sign means that the proportion used 15 greater than the proportion
available, the - sign means proportion used is less than available, and O
refers to no difference.

very similar to goat habitat selection in almost all other ranges that
have been studied (National Council of the Paper Industry for Air and
Stream Improvement 1989).

It §s safe to conclude that, just as mountain goats in other ranges,
goats in the Beartooth requive cliffs and steep rocky terrain assocfiated
with alpine and subalpine vegetation. This is a general, macro, study-
area wide conclusion, and there is still much to be learned about how
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mountain goats use micro areas within their home ranges on the Beartooth.
Distribution and Movements

Mountain goats were distributed in almost all available cliff
habitats in the study area, with the exception of the southeast, south,
and southwest slopes of Clarks Fork Canyon. Although the majority of
observations were in the spring and summeér, drastic changes in areas of
goat use were not observed seasonally. Many of the aerial locations of
goats were not used in the statistical analysis, especially in winter, due
to the potential telemetry error mentioned previously. Therefore, sample
sizes were too small to amalyze the data seasonally. However, general
observations on flights revealed that goats used some areas yearlong.
Goats that wintered with radioed goat number 3 spent both winters at high
elevations on Line Creek and "Middle" Line Creek, in the same places they
used in the summer. Goat number @ initially made a significant move from
her capture site on Line Creek to Deep Lake, which may have been a
response to capture stress. 5She spent the first winter, 1989-1930, in
what was commonly thought to be summer range only, on the south side of
Deep Lake. Although some goats do seem to shift to higher elevations in
the summer, many remain low or travel occasionally to lower elevations, as
number 3 did in early Auqust when the moved to the base of Bennett Creek.

Some mountain goats that have been studied on other ranges make
changes in areas of use, elevation, and/or aspect on a =easonal basis
(Smith 1976, Nichals 1985). Other populations show little change batween
seasons (Chadwick 1973), and within populations both extremes can be
exhibited. Nichols (1985) reported movements as far as 68 km (42 mi)
between ranges (associated with billies) in Alaska, and yet had a female
that spent 4 years on the same ridge, summer and winter. Nichols' (1985
p.11) comment sums it up: “Herd movements between winter and summer
ranges may be generalized, but individual variations occur, and it is not
always possible to predict where individual goats can be found or when
they might be present in a particular area.®

Parturition Areas

Although number 3 spent the majority of time near Line Creek and
"Middle" Line Creek, she made movements to other drainages, such as North
Bennett Creek and, unexpectedly, to Ruby Creek in Montama, approximately
8 km (5 mi) away. Previously, few sightings had been reported in Ruby
Creek. In 1990 she had twin kids there. Nannies often select isolated
cliffs away from other goats to have their young (Chadwick 1973). Ruby
Creek and similar isolated rocky areas may be parturition areas. Number
3 was also relocated in Ruby Creek once each winter,

Nannies with newborn kids were located the first week in June on Line
Creak and “Middie® Lime Creek. [t is not known whether parturition
actually took place there or, 1ike goat number 3, they moved back there
shortly after delivering their kids in more isolated, secluded spats. The
Eniy parturition area identified with some degree of confidence 15 Ruby

reek.

Areas where there are concentrations of nannies and Kids after
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parturition are sometimes called nursery areas. Such concentrations were
noted on Line Creek, "Middie® Line Creek, the south side of Deep Lake, and
the big cliff face on the north side of the mouth of Clarks Fork Canyon.
However, since I was not able to survey all the areas in the early summer,
there may be other nursery areas not yet identified.

Mountain Goat Managemant

Human Disturbance, Hunting. and Roads.--Many wildlife biologists
balieve goats are particularly sensitive to human disturbance (Smith 1976,
Geist 1978, Chadwick 1983, Pennmer 1988). Goats do not survive wall in
caﬁtivity and are not common in zoos (Rideout 1978). In protected,
unhunted populations, such as those in national parks, they seem to adapt
to humans, especially when humans are a source of salt (Geist 1971).
However, even without overt responses to human interaction, animals may
?;;g}phys1uing1:11 effects, such as increased heart rates (McArthur et al.

Mountain goats have become increasingly desirable as trophy animals.
In mountain goats it has been shown that hunting mortality may be more
additive Lhan compensalory, as with other ungulates (Kuck 1977, 1985).
That s, goats do not increase productivity to offset mortality.
Therefore, they must be hunted and managed very conservatively.

Roads, often built for development activities, increase the level of
general human disturbance and are very much the key to il1legal and legal
hunter harvest levels. Several herds or populations have declined after
increased access and disturbance following development (Brandborg 1955;
Quaedvileig et al. 1973; Chadwick 1973, 1983; Foster 1977; Pendergast and
Bindernagel 1977; Phelps et al. 1983; Joslin 1986). “Motorized access in
or near mountain goat habitat is probably the single biggest threat to
goat herds throughout North America® (Joslin 1980 p.3).

Land Management Recommendations.--For Tland management purposes,
mountain goat “"crucial range" was mapped on the Shoshone National Forest
according to the following criteria: slopes >75%, foraging areas and
travel corridors in between steep slopes, and foraging areas within 402 m
(0.25 mi) of the tops of cliffs. “"Crucial range" for mountain goats on
the Beartooth is similar to "occupied yearlong mountain goat habitat®
defined by Gorman et al. (1984).

Evary season and every goat-use site is important on the Beartooth,
because mountain goat habitat is limited, goats do not move or disperse to
different areas seasonally, and conditions for survival and reproduction
are severe. For many ungulates, summer s not a crucial time, because
they are widely dizpersed and summer range is not limited. The same fs
not true for goats. Summers are extremely short, and it "is the summer
range...which sustains the population from year to year® (Joslin 1980
p.62), 1.e., in 3 or 4 months goats must garner enough physiological
resources to prepare and sustain them for the long winter, as HE?] as
reproduce. They must do so on the same ranges they occupy year around.
Obviously, winter 15 a crucial time for goats, because it often lasts 8 Lo
9 months and is metabolically demanding. Therefore, the following
management recommendations apply to "crucial range" year around:
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Timber Harvest. Goats use forested areas as travel corridors between
cliffs and for forage (Brandborg 1955, Chadwick 1973, Fox et al.
1989). Chadwick {1&%3} found that goats either used logged areas
less frequently or abandoned them completely.

Recommendations: (1) There should be a buffer zone of 402-805 m
{0.25-0.50 mi) adjacent to goat habitat where no logging activity or
road bullding takes place (Smith 1976, Fox et al. 198%). (2]
Completely close and obliterate all Togging roads within 1609 m (1
mi) of Crucial range. (3) Mo activity within 1609 m (1 mi) of goat
habitat during birthing (1 May to 30 Jun) or breeding {1 Nov to 3]
Dec) seasons (Joslin 1980). (4) Slash should be removed from
potential travel corridors between goat habitats (National Council of
the Paper Industry for Air and Stream Improvement 1989). {Ea Leave
vegetation and tree cover to screen activities from goat habitat
(Joslin 1980). (&) Promote high-intensity, short duration activities
rather than long drawn out activities (Joslin 1980). (7) Schedule
operations in adjacent drainages so they are not concurrent (Joslin
1980). (8) A wildlife biologist familiar with mountain goat
requirements should help Tay out timber sales (Gorman et al. 1984).

Minerals Development. 0i1, gas, and mineral developments are
increasingly affecting mountain goat habitats. It is the one
management activity that can increase human disturbance manyfold in
the rugged back-country goat ranges. Roads and access are a
significant impact as mentioned previously. In addition, many
minerals activities include the impacts of helicopters, drilling,
blasting, noisy machinery, and toxic chemicals. Mountain goat
populations, kid production, and nanny survivorship have
significantly declined fuIInwtng gnergy exploration and development
{Pendergast and Bindernagel 1977, Joslin 1988).

Recommendations: (1) Avoid constructing wells, pipelines, or roads
within 1609 m (1 mi) of occupied yearlong habitat (Gorman et al.
1984). (2) Helicopter activity should be at least 500 m (1641 fL)
above ground (Stockwell 1989) and over forested areas (Joslim 19B0).

Livestock Operations. Since mountain goats forage on a wide variety
of plants, any livestock grazing within 402 m (0.25 mi) of ¢liffs is
potential competition. A lack of success in mountain goat
introductions has been linked to prior heavy grazing by sheep
(Rideout 1978). Finally, livestock operaters often have dogs with
them. MacArthur et al. (1979) found, with the exception of direct
helicopter passes, that bighorn sheep (very similar to goats
ecologically and behaviorally) had the highest heart-rate increases
in response Lo dogs.

Recommendations: (1) Livestock operators should be discouraged from
grazing within 402 m (0.25 mi) of goat habitat. (2) Two crucial
"peninsulas"” (surrounded by cliffs on 3 sides) should not be grazed
by domestic livestock: (a) Cyclone Mountain, between Little Rock
Creek and Clarks Fork Canyon; (b} the Line Creek peninsula between
Line Creek and "Middle" Line Creek. (3) Place salt for livestock at
least 1207 m (0.75 mi) from goat habitat, preferably much further.
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(4) Livestock operators should keep dogs at Teast 402 m (0.25 mi)
from goat habitat. (5) Allotments should not be expanded to include
more livestock (Joslin 1980). (&) ﬂrazin? should take place between
1 July and 1% Oct (Joslin 1980). (7) Joslin (1980) recommended that
no sheep grazing be allowed in goat range, although that fs not often
possible, given land management multiple-use precedences. I the
opportunity arises, however, the Beartooth sheep allotments should be
converted to catlle or eliminated.

4. Recreation. "Although certain forms of recreational activity are
Tegal and socially accepted, they may become detrimental Lo mountain
goats and other wildlife if they are undertaken by increasing numbers
of people or if recreation managers fail to fdentify conflict areas
and thus do not take steps to aveid impacts to the wildlife" (Joslin
1980 p.76). Goats in a hunted population avoided suitable habitat in
areas of intense hiker use (Benzon and Rice 1987). The key to
managing recreation on or near goat habitat is to keep it primitive
and Tow density.

Recommendations: (1) A1l roads and trails on the Beartooth should
stay very primitive, especially the Morrison Jeep Trail, including
“the switchbacks" and the road in Clarks Fork Canyon. (2) No new
permanent roads. (3) All developed recreation sites should be 1imited
to the Bearteoth Corridor [Highu:y?, except between the East and West
Summits, where it should be disallowed. (4) Snowmobiling should be
prohibited within 1609 m (1 mi) of goat habitat and limited to the
Beartooth Corrider, if possible.

The areas on the south side of the Clarks Fork River can be managed
somewhat differently. This is "suftable low occupancy mountain goat
habitat® (Gorman et al. 1984). Prior to initiation of a development
activity, surveys should be made by a wildlife biologist to determine T
goats are starting to use the area consistently. If so, then the area
gshould be changed to "crucial range®. If not, activities such as
exploratory drilling, road construction and maintenance, timber harvest,
off-road and trail vehicle travel, and any other mechanized aclivity which
extends beyond 1 week in duration should have timing restrictions from |
Nov to 31 Dec, for breeding, and from ]| May to 30 June, for parturition
(Gorman et al. 1984).

SUMMARY

The evolutionary adaptations of mountain goats to their cliff habitat
make Lthem more vulnerable to management impacts than most other ungulates.
Goats are restricted to cliffs which leaves them with few options when
faced with disturbance other than to move to different, probably already
occupied, cliffs. Geist {1978) noted that displacement into areas already
pccupied results in increased social contacts. Goats are aggressive to
gach other just for the purpose of aveiding aggregations in the face of
limited habitat options. The other option they have is to acclimate to
human disturbance (Smith 1982). It is clear from the evidence that hunted
populations do not acclimate well. “Regardless of the mechanism of
interaction, the ultimate result of a close association between humans and
mountain goats seems Lo ba the eventual reduction or elimination of goats”
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(Joslin 1980 p.27).

Mountain goats seem especially sensitive to cumulative effects of
human impacts (Joslin 1986, Penner 1988). Managers cannot have both the
impacts of hunting and land development activities on the same herd of
goats at the same time (Chadwick 1978). Goats can probably get by,
conservatively, with 1 or the other, but not both. Since the Beartooth
population is highly valued for hunting (and viewing), other potentially
disturbing activities should be carefully managed if hunting is to
continue, especially since the Beartooth population 1s essentially an
*i{sland® population. There are no opportunities for goats to immigrate
from other areas.

The main key Lo goat habital management was best expressed by Kuck
(1985 p.6.), "Encourage the public land management agencies to avoid or
Timit use or access into, or adjacent to, goat habitat”™.
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Abstract: The Gore Rangeé mountain qoat (Oreamnos americanus) population
started from 15 animals released between 1968 and 1972, Maximum
population was estimated to be 120 in 1979. During the summers of 1990
and 1991, mountain goats were observed on E1liott Ridge, an area they
began using in 1981. This alpine ridge lacks escape cover. Goats are
attracted to 10 mineral licks on the ridge, regularly traveling at Jeast
24 km, round-trip, to them. A radio collared nanny with kid moved >84 km
from 2 July to 5 September 1991, primarily because of repeated visits to
the 1licks., Group size averaged 26 animals for the 2 summers (Maximum =
69). Adult billies were absent from the ridge in late summer. During
1977-1991, the number of kids per 100 older animals ranged from 14 to
48, averaged 29.6, and negatively correlated to May snowfall and maximum
snow depth. The population of 128 animals appears to be stable or
increasing slightliy. Hunter harvest averaged 6.9 adults since 1978
(range 1-12). Because of the large number of mountain goats
congregating at 1licks, aggressive behaviors occurred at high rates.
Large separations of >30 m between nanny and kid were often observed and
the number of successful suckling attempts was Tow.

Between 1968 and 1972, 15 mountain goats were introduced into the
Gore Range-Eagles’ Nest Wilderness Area in Summit County, Colorado. The
population was estimated at 120 animals in 1979 (Thompson 1981). Since
then, there has been some concern over a possible population decline.

Thompson (1981) evaluated habitat wuse, food habits, distribution,
and population dynamics of the Gore Range mountain goats. At that time,
the Gore Range population exhibited one of the highest "r" (rate of
growth) values reported for introduced mountain goats (Guenzel 1980).

lpresent address: Great Basin National Park, Baker, NV 89311
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The population has been hunted since 1978. Hunting has varying
impacts on mountain goat herds. Hebert and Turnbull (1977), Kuck (1977),
Chadwick (1983), and K. Smith (1988) reported hunting being additive to
mountain goat mortality in native populations. Adams and Bailey (1982),
Stevens (1983), and Swenson (1985) observed density-dependent reproduction
in introduced populations.

Since Thompson®s (1981) study, Gore Range mountain goats began making
extensive summer use of the relatively flat Elliott Ridge which has 1ittle
of the typical steep goat habitat described by Hebert and Turnbull {1977),
Kuck (1977), and Chadwick (1983). The area lacks significant escape
cover, usually important to mountain goats (Brandborg 1955, Fox 1983,
von Elsner-3chack 1986). However, Adams et al. (1982h) noted goats using
habitat far from escape terrain in Colorado. The First report of goats
using Elliott Ridge was 198]1. Presumably thay use this Ridge for its
mineral licks.

We (1) review the status of Gore Range mountain goats and how
different factors such as hunting and snow depth may affect kid
production; (2) discuss mountain goat summer use of E114iott Ridge and goat
behaviors at lick sites; and (3) document changes in summer range and
habitat use by mountain goats in the Gore Range.

STUDY AREA

In north-central Colorade, the Eagles Nest Wilderness Area (542 I:mE
encompasses most of the Gore Range. The range's highest peak is Ht
Powell {4125 m). The north eénd of the range forms an B.6 km long, alpine
ridge called Elliott Ridge. The Ridge descends northward from Meridian
Peak (3787 m) to 3400 m at Blue Lake, Blue Lake 15 a major trailhead.
Snow conditions preclude access until late June - early July. Elliott
Ridge is relatively flat, averaging 0.6 km wide, with steep flanks east
and west. The flanks have only a few rocky cliffs, potential escape
cover. The Ridge supports alpine vegetalion. Tufted hairgrass (Deschampia
caespitosa), sheep fescue (Festuca gvina), sedges (Carex spp.) and clovers
(Trifolium spp.) are dominant plants wWith some dense willow (Salix spp.)
in wetter areas, More than 90% of Elliott Ridge is above treeline. Ten
mineral 1icks occur along the ridge-top. The licks may be natural or
could be areas where past herders have salted. About B00 domestic sheep
ann¥a1ly1?razed the Ridge from at least 1953 until 1989, primarily in the
early fall.

METHODS

We used weather data from the National Oceanic and Atmospheric
Administration statfon at Climax, CO (3460 m) which is 45 km southeast of
the study area. Climax approximates the Lerrain and elevation at the
study site.

Four mountain goats were caplured and radio-collared during 1991.
Collared goals were relocated from the ground and in monthly fixed-wing
flights. Homé ranges were calculated from the 3 most distant locations
for each goat.
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The field season lasted from & July to 2 September in 1990 and from
28 June to 5 September in 1991. On 54 days (1990:15; 1991:39), mountain
goats were observed for a total of 242 hours. We made all observations at
mineral licks uwsing a 12x-36x spotting scope. On some days, randomly
chosen nanny-kid diads were observed in 10-minute sessions. Activities
and interaclions were recorded during 22 separate sessions in July and
August, 1991. Group size with each diad was recorded.

Mountain goats on Elliott Ridge were counted and classified, based on
B. Smith (19B8). Final ratios for sach year were detéermined by averaging
thie daily counts. On most days, some goats were not classified and the
final ratios do not include days when more than 50% of the total were
unclassified. Kid:100 older animal (K:100 OA) ratios are considered most
reliable when estimating production of goats classified while in large
herds (Lentfer 1955; R.D. Schultz, unpubl. rep., Colo. Div. of Wildl.,
Fort Collins, 1973). The "older animal" classification lumps yearlings,
subadults, and adults,

Data from past Colorade Division of Wildlife (CDOW) ground and f1ight
observations were converted to K:100 OA ratios. Flights covered the
entire Gore Range in some years [1976-79, 1982, 1985, lggﬂj. During 1982
and 1986, there were coordinated ground counts by volunteers. The
"minimum observed population” was the largest number of mountain goals
seen on any day. “"Minimum calculated population® size was computed by the
cohort completion method (Smith 1976, Hayden 1984).

5011 samples were collected by hand from each of the mineral licks.
Control samples from each of the different parent materials on Elliott
Ridge were also collected, The Soils Laboratory at Colorade State
University analysed soil samples from Tick and non-lick [control) areas.

Spearmann  and Pearson correlations were used to evaluate
relationships between variables (Steel and Torrie 1980).

RESULTS
Movements

Mountain goats in the Gore Range often made 24 km round-trips to
mineral licks on Elliott Ridge. Animals typically came from near Mt.
Powell, travelled out the ridge to a lick, and often, after several hours
moved back to the Mt. Powell area, completing a 24 km circuit.

In 1991, 4 radio-collared goats were relecated on 3 days from
fixed-wing aircraft (18 Jul, 12 Aug, 27 Sep) and on 3 - 11 days from the
ground. The collared adult nanny with kid travelled extensively, moving
at least B4 km during 2 July - 5 September, including many trips out
Elliott Ridge. On one occasion, she was relocated 16 km south of the
Ridge, the furthest that any collared animal moved Jrom the mineral licks.
Her summer home range size was estimated at 48 km®,
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The adult collared billy moved a minimum of 32 km during the summer
of 1991. Observations of the billy were few because he retired to steep
terrain that prohibited location of his radio signal fFrom Elliott Ridge.
ThE billy's home range was estimated from flight and ground data to be 4.9
km™ between 2 July and 27 September.

The 2 collared yearling billies spent the whole month of August and
early September on Ell1ott Ridge gr in the area nearby. Their home ranges
were both estimated to be 5.3 km™ between 2 August and 27 September.

Population Dynamics

Group size and composition.--On E11fott Ridge, group size averaged 26
animals (27.4 in 1990, 24.2 in 1991). Maximum observed group sizes were
53 in 1990 (12 July) and €9 in 199] %Ei July). The maximum number of
goats seen on Elliott was 100 on 28 July 1991.

On some days (36% in 1990; 45% in 1991), at least 1 adult billy was
observed on Elliott Ridge. However, adult billies ware rarely seen on the
Ridge after 17 July.

Group size on Elliott Ridge decreased as the summer progressed in
both years (1991: Fig. 1; 1990: r = -0.05, P = 0.08, o = 13).
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Fig. 1. Group sizes of mountain goats observed on E1liott Ridge, summer
1991. (11 Jul = day 192;: 29 Aug = day 241).
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Totals and ratios.-- Data from counts made in previous years for the
entire Gore Range, including E11iott Ridge, are shown in Table 1. K:100
OA vatios from 1977 to 1991 ranged from 14 to 48 (avg. = 30). Minimum
calculated population sizes for 1990 and 1991 were 76 and 128,
respectively.

Table 1. Minimum observed population of mountain goats and calculated kid
to 100 older animal (K:100 OA) ratios in the Gore Range, including E11{ott
Ridge, from 1977 to 1991. Hinimum population size represents the largest
number of mountain goats observed at one time.

Minimum
Census Date population K:100 0A Mode
Sep 1976 53 478 Flight
Summer 1977 77 48 Flight
Summer 1978 92 20 Flight
Summer 1979 a9 14 F'lightb
Aug 1981 49 34 Ground
Aug 1982 57 30 Ground
Aug 1982 75 4 F1ighth
Jun 1984 60 20 Eruundb
Jun 1584 &9 26 Ground
Aug 1985 75 44 Flight
Aug 1986 73 40 ﬂrnundh
Jul 1987 53 33 Ground
Aug 1989 65 18 Flig:|hl,|:|
Summer 1990 53 31 Ea-'num:ih|
Summer 1991 100 32 Ground

g Yearlings were lumped with kids.

Counts made only from E117ott Ridge.

Weather effects on kid production.--Increasing snowfall and snowdepth
during winter and early spring (especially in May) had negative effects on
K:100 QA ratios (Figs. 2, 3). Cumulative November thru May snowfall
showad a close-to-significant negative relatfonship with K:100 OA ratios
I! — -ﬂ,551 _F - I:I_EIE:', n= .12:'-

Hunting.--During 1978-1991, hunters averaged 66% success in the Gore
Range and nannies comprised an average of 52% of the harvest (Table 2).
Mo gender data was available for 1986.  Success has not changed
significantly since 1978 (r - -0.26: P = 0.93; n - 14). Ages of the
harvested mountain goats in 1989-1991 (CDOW) averaged 4.3 years (range 1-
8). There was a negative, but not significant (r = -0.33; P = 0.35; n
= 10) trend between the number of animals taken in the fall harvest and

the K:100 OA ratic of the following spring.
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Fig. 2. The number of kids per 100 older animals in the Gore Range
mountain goat herd in relation to total snowfall in May of the same year
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Fig. 3. The number of kids per 100 older animals in the Gore Range
mountain goat herd in relation to maximum snow depth in May of the same
year as the birth of the kids.
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Table 2. Harvest statistics for mountain goats, Gore Range, 1978-199]
(COOM). B = billy; N = nanny; Res = resident; Non-res = non-resident.

Licenses Jssued _Harvest Total % Nannies
Year Res Non-res B (] harvest % Success killed
1978 4 0 2 2 4 100 50
1979 8 0 4 1 5 B3 20
1980 8 0 2 § 7 88 71
1981 8 0 3 4 7 88 57
1982 12 0 2 2 4 32 50
1983 10 0 ) 3 7 70 43
1984 9 1 1 1 3 20 20
1985 9 1 1 0 1 10 o
1986 9 1 - - 5 50 -
1987 11 1 5 7 12 100 58
1988 11 1 2 4 B 50 67
1989 11 1 ) 5 9 75 56
1990 9 1 ) 5 9 90 86
1941 ] 1 5 3 8 80 i8
Totals: 128 a 39 42 B6 Averages: 66 52

For 1990 and 1991, ki1l locations for 13 of 17 harvested mountain goats
are known. One (8%) was killed on Elliott Ridge, 9 (69%) within 2 km of
Mt Powell, 2 (15%) near STate Lake 8 km southeast of Mount Powell, and 1
(8%) near Deluge Lake 18 km southeast of Mount Powall, Ninety-two percent
of the 13 known kill sites were in the northern-most portion of the Gore
Range, within an area of approximately 14 square miles (36 square
kilometers).

Behavior

Aggression.--While observing nannies and kids, 153 aggression evenls,
as described by Geist (1964), DeBock (1970), and Chadwick (1977), were
recorded (Table 3).

Aggression involving bodily contact between nannies and kids was
recorded at Teast 20 times. In all but one of these interactions, the
aggressinn was addressed towards the nanny's own kid. MNannies would butt
and push their own kids out of the way when it interfered with the nanny's
access Lo a lick.

Aggression occurred more frequently as summer progressed (Fig. 4? and
as group size increased (Fig. 5). The rate of aggressive events at licks
averaged 41.7 per hour or 0.7 per minute.

.==Twenty-four suckling attempts and 1 successful suckle were
ohserved in 10 observation perieds. This is a rate of 0.24 attempts per
minute or 14.4 per hour. The overall success ratio (number of successful
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Table 3. Aggressive threat behavior between mountain goats at mineral
licks, Gore Range, Colorado, summer 1991. Data were recorded during
10-minute observation periods of nanny-kid diads. Nan = adult nanny; Bil

= adult billy; 5a = subadult.

Percent of 153 Observed Threat Interactions
Threat Man-Bil Man-Man MNan-5& HNan-Kid 5a-Kid Total
Behavior

Present 0.5 4 0 i 0 4.5
Weapon 0 0.5 a & 0 5.5
Rush 1 3 7 5 2 18.0
Orientation 1 28 16 18 q 72.0
Totals 2.5 35.5 23 28 11 100.0

r=0.93

P = 0.002

n=17

D=8 JIO=006"OD s

ﬂ ¥ | ¥ T
190 200 210 220 230 240 250
Time (Julian days)

1 1

Fig. 4. The average number of aggresiive evénts occurring between
mountain goats at mineral 1icks during 22 10-minute observation perieds on
! days in the Gore Range, summer 1991. (11 Jul = day 192; 29 Aug = day
241).
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Fig. 5. The average number of aggressive events occurring between
mountain goats at mineral 1icks during 22 10-minute observation periods in
the Gore Range, summer 1991 in relation to the number of mountain goats in
Lthe group.

attempts/total number of attempts) is 0.04 for the observation periods.
The average duration of a suckling event was 9.2 seconds (range 1-35).

.==Kids were often separated from their nannies. Kids were
230 m from their nannies at least 20 times. Once separated, the kid often
vocalized. Upon reunien, the nanny and kid touched noses 10% of the time
and the kid attempted to suckle 35% of the time. Maintenance of proximity
is the kid's responsibility because a nanny will move off without lTooking
at the kid (DeBock 1970, Hutchins 1984). Chadwick (1973) noted that kids
maintained distances of <5 m from thair nanny, but playing or exploring
youngsters strayed 9-15 m and occasionally up to 20 m,

Mineral Lick Use and Soil Analysis

A1l age and sex classes used mineral licks. Relative use of the 10
licks differed between 1990 and 1991 (Table 4). A1l lick sites on E11iott
Ridge, except number 10, contained much higher concentrations of Ha and K
than do the corresponding control areas (Table §). In the Gore Range,
Thompson (1981) noted a significant decline in Na and K concentratlions on
Dora Mountain. Analysis of soil from a Dora Mountain 1ick during my study
showed lower mineral concentrations than he recorded and lower levels than
most samples from Elliott Ridge.
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Table 4, The number of days of use of 10 mineral licks on Elliott Ridge,
Gore Range, by mountain goats, 1990 and 1991.

Days of use (%)
Lick 1990 1991

12 (34
5 (14
14 (40)
6 (17)
10 (29)
10 (29
14
17
11
12 (34
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Table 5. Sadium %Ha and potassium (K) concentrations in licks 1-10 on
E1l1ott Ridge, a lick on Dora Mountain, and Elliott Ridge control (non-
1iek) areas (C1-C4) in the Gore Range in 1991. Parent soil materials on
E1liott Ridge: 55 = sandstone; LS = limestone; B = basalt; G = gneiss.

Lick Parent Na K
No. Material {ppm) {ppm)
1 58 152 184
2 55 295 125
3 g5 229 1147
4 L3 L1 | 92
5 g8 298 500
b &5 324 482
7 LS 158 89
B B 138 ig4
9 G 193 181
10 G ] 152
Dora Mt. G 4 87
Cl 55 28 93
ce LS 22 67
L3 G il 129

C4 B 51 67
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DISCUSSION
Movements

Mountain goats in the Gore Range move unusual distances in summer.
Multiple trips to and from mineral licks on E1liott Ridge comprised much
of the mileage (4-24 km ruund-trip%+ These represent greater distances
and more frequent visits to mineral licks than in previous studies
(Hebert and Cowan 1971; F. J. Singer, unpubl. rep., Matl. Park Serv.,
West Glacier, Mont., 1975; Bansner 1976). Hebert and Cowan (1971)
reported goats travelling 3-24 km Lo mineral 1icks but only once per
summer. In Colorado, Adams et al. (1982a) reported the average greatest
Tinear distance between any 2 observations of a mountain goat was
greater in summer (6.4 km) than in winter (1.7 km). In this study, the
average greatest linear distance between any 2 observations for the 4
callared mountain goats in summer was 10.8 km.

ThE home-range sizes of the collared yearling (5.4 knEJ and adult
(4.9 km™) billies are similar to those of previous studies of nu!ntnin
goats where yearly home range size was generally less than 25 km™ (Wigal
ang Coggins 1982}, but the collared nanny with kid®s summer range (48
km“) is much larger.

Habitat

Mountain goat behavior, in terms of use of ElTiott Ridge,
contradicts studies suggesting that goats’ primary consideration in
choosing habitat is proximity to escape terrain (Fox 1983, von Elsner-
Shack 1986). Mountain goats in the Gore Range use open terrain on
E1liott Ridge, up to 8 km from escape terrain, despite considerable
human recreational use, which does disturb them according to our
observations. The reasons for the frequent mineral lick visitation in
the Gore Range are unclear, The abundant alpine vegetation on Elljott
Ridge may play a role in attracting mountain goats. Together,
vegetation and minerals, may serve as strong enough attractants to
warrant the expenditure of energy and the risk of moving from escape
cover to get to the Ridga. The absence of walves in the Gore Range may
reduce goat dependency on escape cover, although eagles and coyotes do
frequent the area.

Population Dynamics

There does not seem to have been a great decline in kid production
or change in the number of mountain goats in the Gore Range herd since
the late 1970's (Thompson 1981). There were over 100 goats in the Gore
Range in summer, 1991, with an estimated minimum calculated population
size of 128 animals. This compares favorably with minimum estimated
pepulation of B9 and maximum of 116 in summer, 1979 (Thompson 1981).

The K:100 DA ratios for 1990 and 1991 (31:100 and 32:100,
repectively) are near the average reported for native herds and herds
established at least 16 years (28 kids:100 OA) (Bailey and Johnson
1977). The average ratioc for 1977-1991 for the Gore Range herd is
30:100. Two populations in Colorade, 18-31 years after introduction,
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had higher averages. The ML. Shavano average was 42:100 (R. F. Smith,
unpubl. rep., Colo. Dep., Fish and Wildl., Fort Collins, 1979): at Sheep
Mountain, the average was 41:100 (Adams and Bailey 1982).

Thompson (1981) and Adams and Bafley (1982) also reported spring
snow depth negatively affecting reproductive success. Other studies
have found lower kid production after seversa winters (Brandborg 1955,
Chadwick 1973, Hjeljord 1973, Rideout 1974, Smith 1984).

Although not significant, the trend that hunting megatively affects
kid production is important. Others have reported that mountain goat
populations are sensitive to over-harvest (Hebert and Turnbull 1977,
Kuck 1977, Adams and Bailey 1982, Chadwick 1983, K. Smith 1988).
Conservative harvesting of mountain goat herds seems justified.

Behavior

Behavior of mountain goats on Elliott Ridge is somewhat different
from that reported by DeBock (1970), Chadwick (1977}, Thompson (1981),
and Hutchins (1984). Average group size is high compared to other
areas, where il ranges from 2.5 - 6.4 (Brandborg 1955, Lentfer 1955,
Smith 1976, Chadwick 1977, Smith and Raedeke 1982). On Elliott Ridge,
average group size was 27.4 in 1990 and 24.2 in 1991. Adams et al.
(1982b) found that Colorado goats tended to congregate in large groups,
with a maximum summer group s$ize of 83. Large group sizes on Elliott
Ridge may provide numerical security from human disturbance or natural
predators, such as eagles, as the goats travel far from escape terrain,

A behavioral cost of using Elliott Ridge licks in large groups is a
high rate of aggression between animals. Pedevillano [lHEg} reported
3.2 aggression events/hour at a lick. We observed 41.7/hour. This
difference is likely due to group size, as aggression increases with
group size (this study, Chadwick 1977, Masteller and Bailey 1988). When
groups were larger than 20, Singer (1977) and Dane (1977) found high
rates of aggression (1 every 20 sec. or 180/hr.). Chadwick (1877)
reported a rate of 6.1 agonistic encounters/goat/hour at salt licks with
a group size of B.

Kids on E1liott Ridge had a Tow overall suckling success ratio in
comparison with a herd studied by Hutchins (1984) for several summers.
This may be due to the sample size in this study, the higher number of
aggressive interactions we observed, or the increase in nanny-kid
separations in large groups.

Mineral Licks

Although Hebért and Cowan (1971) noted mountain goats using mineral
licks only once in a summer, Singer and Doherty (1985) reported multiple
trips to licks. At Elliott Ridge, the radio-collared mountain goats and
other recognizable goats made several trips to licks. Most adult
billies retired Lo remote areas after making visits to mineral Ticks
during early summer.
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S0il1 compaction may explain the variance between years in the use
of licks on ElTiott Ridge. Some 1icks which received high use in 1990
were so compacted in 1991 that we could barely obtain a soil sample.
This might sometimes deter goats from intensely using a lick for 2
consecutive years. Compaction of the Dora Mt. licks, and their low
levels of Na and K, may explain the onset of use of the licks on Elliott
Ridge.

Management Recommendations

Using the calculated minimum population from this study (128
animals), current harvest levels in the Gore Range are 8% of the herd.
However, if the average harvest for the last 14 years (6 animals) is
used, harvest levels are at 5%, the recomménded rate. Hebert and
Turnbull (1977) suggested a harvest of 4% of the total population or 5%
of the adults (2 year-olds and older) in native goat populatiens. Youds
et al. (1980) and Smith (1986) stated that a 5% harvest of adults would
be sustainable given moderate production (57 kids per 100 females).
Bailey and Johnson (1977) and Guenzel (unpubl. rep., Univ. of Wyoming,
Laramie, 1978) suggested similar management for goat populations that
have been established for more than 15 years. In Colorado, Adams and
Balley (1982) suggested a harvest of 7% of the late summer population
for the Sawatch Range herd.

As Thompson (1981) suggested, the survival of the previous year's
kid crop and a reliable estimate of kid production should be 2 important
management considerations. For the Gore Range population, present and
historical census data shows an average K:100 OA ratio of 30:100
suggesting that present kid production is moderate and warrants a 5%
harvest. Harvest levels should not be increased from current levels.

It is also important that, based on 1990 and 1991, most of the
mountain goats in the Gore Range are being harvested in a 36 square
kilometer area of the northern portion of the range, near easy access
via E1liott Ridge. If numbers of permits remain at present levels it
may be wise to allocate Ticenses on a drainage basis. Others have found
that increased access into mountain goat range leads to over-harvesting
in accessible areas (Chadwick 1973, Foster 1977, Hoefs et al. 1977,
Johnson 1977, MacGregor 1977).

Yearly inventories are suggested to monitor the growth and sex-age
composition of the Gore Range mountain goats. These censuses would be
most effective if aerial surveys are combined with ground observations.
As Risenhoover and Bailey (1982) suggested, the survey method must be
standardized so biases are consistent and accurate trends in population
changes may be determined.
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SOCIAL DOMINANCE AND ITS INFLUENCE ON THE FORAGING EFFICIENCY OF
THE MOUNTAIN GOAT: A PRELIMINARY REPORT.

FRANCOIS FOURNIER, Départament de Biologie, Universite da Sherbrooke,
Sherbrooka, PQ J1K 2R1, Canada

Abstract: The social behavior of mountain goats (Qreamnos americanus)
was studied as part of a study of reproductive success and population
dynamics in an unhunted population in west-central Albaerta, Canada.
Social dominance relationships were examined, in a nursery herd, 10
assess the possibility that dominance influenced the foraging efficiency of
adult nannies. Foraging efficiency was measured as the proportion of time
spent feeding during the time the goats were active. It was hypothesized
that dominant animals would forage more elficiently than subordinate
goats. There was no significant difference between thesa 2 classes.
Dominance hierarchies have bean suggested for this species, but detailsd
guantitativa measuras are lacking. This study reveals a non-linear
dominance hierarchy that is weakly age-related.

During the evolution and radiation of ungulates in the northern
hemisphera, animals immigrated intoe unoccupied suitable habitats
following glacial retreat (Geist 1971). This led solitary forest-dwelling
animals to ventura into open areas where the secunty of vegelative cover
was absent. Mammals evolved social systams to benelit from group living
(Wilson 1875), and since living in an open anvironmenl involved an
increased predation pressure, ungulates benefited from groups in the form
of anti-predator behaviors {(Hamilton 19871).

There are disadvantages as well as benefits in soclality. Animals
living in groups must compete with other group members for resources
such as food or mates and individual space sometimes must be delended.
Delense of resources produces intraspecific aggression and mechanisms (o
cope with competition. One such mechanism is social dominance.

Social dominance is defined as the relationship between 2 individuals,
where one (the subordinate} yields to the second (the dominant) during
aggressive interacltions (Kaulmann 1983). Rowell (1974) suggested thal
when a group establishes a social dominance hierarchy, the outcome of
subsequent aggressive interactions are predictable according to previous
gncounters. Dominance may serve 2 major functions. First, it may allow
priority access to a limited resource which enhances the fitness ol the
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individual (Kaufmann 1883). Second, it may reduce the level of aggression
in a group (Rowall 1974, Bernstein 1981).

The benefits of dominance are the same for males and females, but the
currency may be differenl. For most polygynous sexually dimorphic
mammals, a dominant stalus is necessary for males in order lo obtain
access to astrous females during reproduction (Emlan and Oring 1977).

For famales, on the other hand, dominance usually ansuras priority
access o a food resocurce. Il dominance status does guaraniee priority
access o lood, this advantage could translate into better growth and
theraefore may influence reproductive success. Such priority, and ils
benefits, have been described for other lemale ungulates such as red deer
(Cervus glaphus. Clutton-Brock et al. 1982), woodland caribou (Bangifer
tarandus, Barrette and Vandal 1986) and bison (Bisgn bison, Rutberg 1986).

The influence of dominance on feeding behavior may be evaluated by
measuring foraging efficlency, defined as the amount of time that an
individual spends foraging during its active time (Owen-Smith 1979).
Individuals should benefit from Increased foraging efficiency.

The mountain goat social system Is based on dominance-subordination
ralationships. This syslem should favor a more predictable social
environment, thus reducing the risk of injury and also lowering energy
axpenditures through diminished fighting. Reduction In aggression would
ba very profitable since these animals possess weapons than can Inflict
savere wounds to conspecifics (Geist 1964). I this social system does in
fact provide a predictable environment, rates of aggression should be |ow.
On the other hand, one may expect the rates of aggression to increase with
group size since the distance bestween individuals may be reduced.

The objectives of this study weare to characterize social dominance
relationships between adult nannies, o determine whether social
dominance affacts the foraging efficiency of mountain goats, and to test if
rates of aggression are a function of group size. Mountain goats are a good
model for examining the possible advantages of social dominance because
goats have a social system based on aggression, and they have a higher
level ol aggression compared to other gregarious lemals ungulates (Fig.1).

Financial support was provided, by operaling grants to Dr. Marco
Festa-Bianchel, from Alberta Fish and Wildlite Division, Alberta
Recreation Parks and Wildlife Foundation, Natural Sciences and Englneearing
Research Council of Canada, and Fonds pour la Formation de Charchaurs et
Assistants a la recherche (FCAR). Additional support was provided by a
Thaodorea Roosevell Memaorial Scholarship lrom the American Museum of
Matural History. This manuscript greatly benefited from criticisms and
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advica of D. Bereaux, C. Bérubé, M. Festa-Bianchel, M. L'heureux, 5. Lovar.
M. Lucherini, K. Smith, M. Urquhart, and an anonymous reviewer.

METHODS
Study Area and Population

This study was conducied at Caw Ridge (54°N, 119°W), located
approximately 30 km northwesl of Grande Cache, Alberta. This site
harbors the largest native population of mountain goats, in Alberia,
outside of the National Parks. The area used by mountain goats

{approximately 21 kmE} is a lypical alpine habital, characterized by forbs
and grasses, between 1750-2150 m In elevation. The sludy area is a fronl
ranga of tha eastern slopes of the Rocky Mountains, and is separatad from
the main mountain ranga by 10-30 km of conilerous forest. Goatl hunting
on this site has been prohibited since 1969.

Goats were (rapped with 2 remole-controlled Stevenson's box lraps
and 4 salf-releasing clover traps. All traps were baited with sall blocks.
Goats were drugged via intramuscular (IM) injection of xylazine and, once
the handling ol the animals was completed, the eftects of the drug were
revarsed by IM injection of ldazoxan (Jorgenson et al. 1890), Kids and
most yearlings were nol drugged. Caplured goals were measured and
weaighad, then fitted with either plastic sar tags or canvas collars o
permit easy identification. As of Movember 1981, about 62% of tha B2
goats wera individually marked and recognizable, including 23 adulis
fitted with radiocollars.

Goats wara localed visually and/or by radio telemelry on a daily basis
balween May and September 1991. Once located, the animals in the group
ware classified. Animals were separaled into age-sex classes as follows:
kids (male, temale), yearlings (male, femala), 2 year-olds (male, female)
and adults (male, female). Nannies were also classified as with or without
a kid.

Data Collection

Behaviors were observed with a 15x-45x spotting scope or 15X80
bingculars. Observations were centered on the nursery herd. Focal animal
sampling (Altmann 1974) was used o measura lime budgets and
aggressive interactions. During aggressive inleraclions the following
information was noted: initiator, receiver, winner, and approximate
distance bstween the 2 goats al the start of the aggression, All
aggressive interactions seen were noted using all-occurence sampling
(Altmann 1974).  Aggressive Inleraclions were wused lo establish
dominance relationships among adult nannies. Foraging efficiency was
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dafined as the propaortion of time that a goal spent feeding during its
active time (Owen-Smith 1978). The remaining behaviors included in the
tima budget were alert, bedded, social and other.

Addilionally, in order to avaluate the assumption that mountain goalts
defend a personal space (Chadwick 1877), | designaled an arbitrary area ol
approximately 4 m around each focal animal. Whenever another goal
entared this area It was noted as a possibility ol aggression and the
outcome ol this meeting was noted, Ensuing aggression was noled, and

lack of aggression was noted as no delense.
Dominance Relationships

Cominance ranks were determined by assembling a win-loss matrix
(Schein and Fohrman 1955) based on outcomes of aggressive Interactions
between adult nannies (= 3 years old). Individuals were ordered according
te the ratio of wing versus losses, the highest ratios indicaling superior
ranks.

Since age was presumed to be a major determinant of dominance, a
dominance index, which removes the ellects ol age, was calculated for
gach individual nanny. The index used was a modilication of the one used
by Cilutton-Brock et al. (19868) which can be found in Festa-Bianchet
(1991). First, the following ratic was calculated

OSD+0U=1YS0+YU=1

where O3S0 is the number of nannies of the same age or older dominated by
the subject, OU is the number of older nannies with whom the subject
intaracted with no clear outcome, ¥YSODis the number ol nannies of the
same age or younger that dominated the subject, YU is the number of
younger nannies with whom the subject interacted with no clear outcome.
The ratio was used to rank animals in each cohort, then the ranks were
divided by the number of nannies in the cohorl, rasulting in dominance
indices ranging from 0.25 to 1, in which higher indices represent higher
ranks within the cohorts.

The linearity of the hierarchy was measured by Kendall's coefficient,
K (Appleby 1983), using the win-loss matrix. Values of Kendall's
coelficient range from 0 (complete absence of linearily) to 1 (complete
linearity). For this study, a hierarchy is considerad linear if K = 0.9.
Arranging win-loss malfrices into a specitic order may create linear
relalionships were no such raelationships exist, so the structure of the
higrarchy was tested using the x2-lest presentad in Applaby (1983). This
test measuras the probability of the hierarchy occuring by chanca.
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RESLILTS

in this population, rates of aggression of adull nannies were nol a
function of group size (2 = 0.008, P = 0.5, Fig. 2). Aates ranged in values
from 0.01 to 13.5 interactions/individual/hour with an average of 2.18.
The average group size sampled was larger than those examined in other
studies (E = 58.9, SD = 8.59, n = 50, range = 34-68).

Regarding the defense of a personal space, the relationship between
the possibility of interaclion and the resulting numbar of aggressive
interactions was significant but weak (12 = 0.283, P < 0.001, Fig. 3).
Removing the oulermost datum produced a weaaker corralation [12 = 0.217,
P = 0.0008). Possibilities of intaracting with another goat averaged 9.1
per hour of observalion, and the aclual number of résulling Interactions
was 2.02 (n = 50).

Dominance Hierarchy

A sample of 123 aggressive interaclions belween marked adult
nannigs was used to calculate the dominance hierarchy. Resulis of the
win-loss malrix (Table 1) revealed a hierarchy among adull nannies thal
was nol linear, bul significantly non-random (K = 0.57, x2 = 105.9, P <
0.001). Forty percent of possible dyads (nanny-nanny pair) were observed
to interact.

The correlation between dominance rank and age was tesled since B6%
of the interactions were won by the older animal. The relationship
batween dominance and age lor adull nannies was significant but weak (2
= 0.443, P < 0.001). Rank appears to increase with age untll the animal
reaches the age ol 7, and then it may drop (Fig. 4).

In 50 hours of focal animal sampling the time budget of nannies did
not vary significantly according to their dominance indices (Kruskall-
Wallis ANOVA, P > 0.05). More specifically, there was no corralation
between dominance index and the percent of lime spent foraging (rZ =
0.004, P = 0.80, Fig. §), or the percent of time spent alert ((2 = 0.057, P =
0.32, Fig. B).

DISCUSSION
Previous studies of the ellecls of group size on the rates ol

aggression ol mounlain goats provide conflicting results. Chadwick (1977)
found that rates of aggression Increased with group size, whereas
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Fig. 2. Relationship between individual rates of aggression by adult
fernale mountain goats and group size (2 = 0.008, P = 0.8, g = 50).
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Fig. 8. Relationship between dominance index and the percent of
active time spent In alert behavior by adull female mountain goats,

Caw Ridge, Alberta, summer 1991 (i€ = 0.057, P = 0.32, n = 19).

Risenhoover and Bailey (1985) reporied that rates ol aggression declined
as group size increased to about ten animals. Their resulls differed from
those of Chadwick because goats they observed in Colorado were
introduced and their social struclure might differ from native herds.
Average group sizes recorded by Chadwick in Montana were small (2-3
goats), making it difficult to measure effects of group size. Furthermore,
the goats used different habitats. In Montana (Chadwick 1977), the goals
wara on cliff ocuterops wherae food was spatially limited, while Colorado's
animals were In alpine lundra where food was more available (Risenhoover
and Bailey, 1985). Although Caw Ridge might have offered me a chance 1o
test the predictions that group sizes aflect rates of aggression, il was
tound, however, that rates of aggression were nol correlated with group
size. In my study, the average group size was larger than those previously
reporied making a comparison with small groups ditficult.

Chadwick (1977} suggesied that the soccial organization of mountain
goats was based on delense of a mobile personal space. A preliminary tesl
of this assumption suggests that the goats do not always delend a personal
space. The occurence ol 2 adult females did not always result in  an
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aggressive Interaction. These results must be Interpreted cautiously since
they ara praliminary, and this question will be addressed more thoroughly
in the second summer of research.

Although the social organization ol mountain goals has bean classifiad
as a dominance higrarchy (Chadwick 1977, Masteller and Bailey 1988}, a
detailed study ol this organization is lacking. The goats have a dominance
higrarchy, but this hierarchy is non-lingar, indicaling many reversals of
rank. These conclusions have been drawn from sludies on wild bighorn
ewes (Hass 1991), caplive ewes (Eccles and Shackleton 19B6), bison
(Rutberg 1986), and feral cattle (Hall 1986). Hass and Jenni (1991) found
that for bighom rams, the dominance hierarchy was linear and stable over
many years. This suggests thal a linear hierarchy is possible mainly when
a contesled rescurce (estrous femalas) may be delended. It is not clear if
fermale mountain goats can defend a non-patchy food resource, and this
might account for the lack of linearity in their hierarchy.

Dominance is correlated with age in bison [Rutberg 13988), red dear
(Clutton-Brock et al. 1984, Thouless and Guinness 1986), while-lailed
dear (Qdocoileus yvirginianus, Townsend and Bailey 1981), bighorn sheep
(Ovis ganadensis, Festa-Bianchet 1981) and addax (Addax nasomaculatus,
Reason and Laird 1988). Waeight and age determined dominance in chamolis
(Bupicapra pyrengica, Locati and Lovari 1991), whereas weight (Hirotani
1990) but nol antler size (Barrette and Vandal 19886) correlated with
dominance in caribou. Although most interactions were won by the older
goat in each dyad (B6%), dominance rank was only weakly corrrelated with
age. This sugges!ts a batter clua for dominance in this population of goats
may be weight or hom size; bui available data are Insufficient to permit
me (0 explore thesa possibilities.

Other studies have shown thal dominants differ in their time budget in
comparison with subordinales (Appleby 1980, Deutsch and Lee 1991).
Dominant animals had a priority to lood resources In captive rhesus
monkeys (Magaca mulatia, Deutsch and Lee 1891), in red deer stags
(Appleby 1980), woodland caribou (Barreite and Vandal 1986) and
wintering mountain goats al a localized bait (Mastellar and Balley 1988).
Although | expected similar leeding competition in this population, no
differential access 1o food, or foraging afficiency, was found. Thouless
(1290) suggested thal, for red deer hinds, feeding compelition is a passiva
process whareby subordinates avoid conflict with a dominant by moving
away from them during feeding bouts, He also found that dominant hinds
had a belter feeding elficiency than did subordinates (Thouless 1880). The
data from Caw Ridge do not support this hypothesis tor mountain goats.
Lovari and Rosto (1985) found that, in a group of Apennine chamais,
dominance affected foraging efficiency. Dominant females had a greater
number of bites per minute and significantly fewer head-lifts par minute,
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a measure of alertness, than did subordinate lemales. These authors
suggested that the stress encountered by subordinates was not from
predation pressure bul rather from the presence ol potentially aggressive
conspecitics (Lovari and Rosto 1985). This conclusion may be also
valuable for mountain goats, but further work needs o be done in ordar to
test this assumption.

According to Hamilton (1971) subordinate goats should be found more
often on the pernphery of the group and should therefore spend maore time
in alert behavior. These results ware found for pronghorns (Antilogapra
americana, Lipetz and Bekolf 1882). Although predation was a major
mortality factor in this population (Smith et al. 1992), the goats often fed
a lair distance away (> 400 m) from what appeared lo be escape lerrain
and | found no difference between dominant and subordinate goats In the
amount of tima they were alert.

Although mountain goats demonstrate a high level of aggression, the
reasons behind their aggression are poorly understocod. This behavior must
sarve a purpose since valuable eanergy is spenl on aggression. Furthar
investigations into this aspect ol mountain goat social bshavior may
enable us to beller understand these animals,
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HITOCHONDRIAL DNA VARTATION AND GENETIC POPULATION STRUCTURE IN ROCKY
MOUNTAIN BIGHORN SHEEP

GORDOM LUIKART, Division of Biological Sciences, University of Montana
Missoula, MT 59812

Abstract: Maintaining fitness and high adaptive potential in a species
requires the maintenance of genetic wvariation both within and between
populations. Transplanting individuals between genetically

differentiated groups may cause outbréeding depression. On the other
hand, if herds are not genetically differentiated, supplemental
transplanting can prevent loss of genetic variation and concomitant
inbreeding effects within small herds. Understanding the genetic
population structure (i.e., distribution of genetic variation within
and among populations) of bighorn sheep would help in making
transplanting decisions that do not compromise the species genetic
resources. [he amount and distribution pattern (i.e., genetic
population structure) of mitochondrial ODNA (mtDNA) variatien in Rocky
Mountain bighorn sheep was assessed to determine relationships among
populations and Lhe wusefulness of mtDNA analysis as a tool for
conserving genetic variation in bighorn sheep. Restriction enzyme
analysis was conducted on mtDNA from 292 individuals from 22 indigenous
herds located throughout the entire geographic range of the Rocky
Mountain subspecies of bighorn sheep, Eleven different mtDNA genotypes
weré  identified. A  phylogeographic analysis revealed relatively
divergent miDNA genotypes within herds, and several geographically
widespread genotypes. This suggested that gene flow has occurred on a
reqional scale at some time in the past (perhaps during colenization of
the Rocky Mountains) and that populations have not been subdivided by
long-term barriers to gene flow. Significant differentiation in mtDNA
genotype frequencies among local herds and among herds from 6 regions
(Canada, central Montana, southern Montana, Idaho, Wyoming, and
Colorado) suggests that JTittle mitochondrial gene flow exists among
current populations. The differentiation may be due to population
fragmentation and bottlenecks during the last 200 years,
Alternatively, because significant mtDNA frequency differentiation
occurs  on a microgeographic scale (i.e., among herds separated by only
4 to 15 miles) much of the observed mtDNA differentiation could be due
te philopatric behavior. Female philopatry and population substructure
may have existed for thousands of years. Although population
differentiation is extensive for mtDNA wvariation, we cannot determine
how extensive differentiation 1is for the nuclear genes which make up
most of an organism’s total genome. This study and the population
fragmentation and die-offs of recent years, suggest a need for an
assessment of population differentiation for nuclear genes in Rocky
Mountain bighorn sheep. Thus, our lab (under F. Rl]indurf} in
collaboration with J. Hogg are currently developing nuclear DNA
analysis techniques (i.e. polymerase chain reaction and DNA segquencing)
which will allow for a thorough assessment of genetic differentiation,
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MODELLING DALL SHEEP HABITAT IN THE NORTHERN YUKON

MANON DESFORGES, Yukon Department of Renewable Resources, Box 2703,
Whitehorse, YT Y1A 2C6, Canada

JEAN CAREY, Yukon Department of Renewable Resources, Box 2703,
Whitehorse, YT Y1A 2Ch, Canada

Abstract: The ddentification of important wildlife habitats in the
Yukon Territory has been limited by the vastness of the land, the
inaccessibility, and the associated costs of conducting field work in
remote Jlocations. Demands on the land in terms of land use
development, wutilization of renewable and non-renewable resources, and
native land claims are increasing. Land planners and wildlife managers
urgently need quality basze-level data at various scales to incorporate
inte the decision making process. This pilot project was designed to
demonstrate the capabilities of GIS (Geographic Information Systems) to
quantify and map habitat parvameters to better protect and manage
wildlife.

This project was limited to Dall sheep lambing habitats where
spring 1umE locations were related to slope, aspect, and distance from
escape terrain and winter range. The study area was extracted from a
1:250,000 digital topographic map and the contour Tines used to
generate a digital elevation model defining both slope and aspect.
Escape terrain was mapped and hand digitized from stereoscopic aerial
photographs; point locations of sheep seen during a winter ﬁeli:upter
survey were used to define winter range.

With the modelling capabilities of the GIS we then predicted
potential Tamhinﬂ habitats for a test region, using the relationships
identified in the first phase. While the model needs further
refinement, this project clearly demonstrated the utility and
cost-effectiveness of using GIS technology to predict the occurrence of
a2 key habitalt type and thus allow managers to recommend an appropriate
level of protectlion.
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POPULATION DYNAMICS OF BIGHORN SHEEP USING RECLAIMED HABITAT IN OPEN PIT
COAL MINES IN WEST-CENTRAL ALBERTA

BETH MACCALLUM, Bighorn Environmental Design Ltd., 110 Seabolt Drive,
Hinton, AB T7V 1K2, Canada

Abstragt: The population dynamics of bighorn sheep (Ovis canadensis)
using a reclaimed landscape between the years 1985 and 1991 are

discussed. Maximum pre-rut counts have increased from 198 in 1985 to
314 fin 1991. Alberta Fish and Wildlife have captured sheep from this
site since 1984 for various transplant purposes. A non-trophy hunt has
been conducted on the Cardinal River Coals Ltd. mine site for & out of
the past 8 years. Ewe removal rates have averaged 15%. Ewe numbers
showed an initial increase over the first 2 years but have remained
stable since then. Individual sheep exhibit characteristics of a
healthy, expanding fnpu]atinn_ The total amount of revegetation area on
Cardinal River Coals Ltd. has increased by 96% between 1985 and 199]1.
Bighorn sheep have responded by quickly moving into new areas once a
grass-legume mixture has been seeded, and incorporaling these new areas
into their seasonal occupation of range. Seventy-five percent of all
sheep observations during & vear period between September 1985 and
September 1986 were within 300 m of escape terrain. Similar range
expansions onto newly cleared or newly seeded reclamation have been
documented at the neighboring Gregg River Resources Ltd. mine site.
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SPINSTER BIGHORN EWE GROUPS IN THE ARKANSAS RIVER CANYON, CANON CITY,
COLORADOD

DALE F. REED, Colorade Division of Wildlife, 317 W. Prospect, Ft.
Collins, CO BOS526

MICHAEL W. MILLER, Colorado Division of Wildlife, 317 W, Prospect, Ft.
Collins, CO 80526

JACK VAYHINGER, Colorado Division of Wildlife, 498 01d Wagon Trail,
Woodland Park, CO 80863

Abstract: A bighorn sheep (Ovis canadensis canadensis) habitat study
using GIS (Geographical Information System) technologies has been
conducted on a sheep range about 13 km long north of the Arkansas River
between Parkdale and Eche Canyon in Colorado. Counts and observations
indicated approximately 50-60 ewes in 2-7 subgroups with no signs of
parturiency, nor any lambs, during spring, summer, and fall of 1991. No
yearling or older rams have been observed in the area north of the river
since the 1990 hunting season when two 1/2 curl vams were harvested. This
contrasts markedly with the situation south of the river (across a narrow
corridor of the Denver and Rio Grande Western railroad, Arkansas River,
and U.5. Highway 50) where a more "normal™ sex-age class has been
consistently observed during the same period: the area south of the river
had a lamb:ewe ratio of about 90:100 excluding females younger than 3.
The difference in lamb:ewe ratios in these adjacent areas has led us to
question the hypothesis that the river does not act as a barrier to sheep
movemenl (ewes on the north consistently cross the railroad tracks for
forage and water, and some cross the highway from the south as indicated
by 2 road-kills during the summer of 1991). Failure to breed, however,
represents the most plausible explanation for the absence of lambs. Other
hypotheses, such as those involving habitat “sinks® and the role of
reproductive disease, merit examination. A proximate solution to the
problem has been bried by transplanting three 2-year old rams into the
aréa north of the Arkansas River. Two of the 2 rams initially seclalized
Wwith ewe groups north of the river and some late breeding (later than 21
Jan 92) may have occurred. By 28 and 38 days post-release, however, these
2 rams had laft the ewes novth of the river, crossed the river and
highway, and joined other ewes south of the river. Whether they will
rejoin ewe groups on the north remains equivocal, Long-term management
should include assessing roles of hunting and non-hunting mortality on
rams in this population.
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602-274-6901

WAYNE HEIMER

AK DEPT FISH & GAME
1300 COLLEGE ROAD
FAIRBANKS, AK 99701
907-456-5156

AN HENGEL

C/0 JOHN COOK

PO BOX 122
LaGRANDE, OR 97850
503-963-T122

TOM HENRY

CO DIV OF WILDLIFE
300 W NEW YORK AVENUE
GUNNISON, CO 81230
303-641-1202

DAN HOOK

MT DEPT FISH, WILDLIFE, PARKS
13 MOUNTAIN VIEW

ANACONDA, MT 59711
406-563-5612

ANNE HOPKINS

GREAT BASIN NATL PARK
BAKER, NV 89311
702-234-7331

H.G. LONGOEARDI

WY GAME & FISH DEPT
PO BOX 97
MEETEETSE, WY 82433
307-868-2212

LYNN IRBY

MONTANA STATE UNIV
BIOLOGY DEPT
BOZEMAN, MT 397135
406-994-3253

LARRY IRWIN

NCAS]

PO BOX 458
CORVALLIS, OR 97339
503-752-8801

STEVE JOHNSON

UNIV OF MT S5CHOOL OF FORESTRY
703 PIONEER COURT

MISS0ULA, HT 59801
406-549-6735

JON JORGEMNSON

ALBERTA FISH & WILDLIFE DIV
#200 5920 1A STREET SW
CALGARY, ALBERTA T2H 0G2
CANADA

403-297-6423

JEFF KEAY

DENALT NATIONAL PARK
PO BOX 9

DENALT PARK, AK 99755
907-683-2294

BART KROGER

WY GAME & FISH DEPT
2820 STATE HWY 120
CODY, WY 82414
307-527-7125

JOHN LAUNDRE®

IDAHO STATE UNIV

OEPT OF BIOLOGICAL SCIENCE
POCATELLD, ID B3209
208-236-3765

WALLY MURPHY

22 WE NELSON DRIVE
PENDLETON, OR 97801
503-276-3B811



BERT LOWRY

FISHLAKE NATL FOREST
2450 EAST LOWRY LANE
RICHFIELD, UT 8470]
801-896-9233

GORDON LUIKART

UNIV OF MONTAMNA

DEPT OF BIOLOGICAL SCTENCES
HISSOULA, MT 59812
406-721-3231

DON MASDEN

CO DIV OF WILDLIFE
2300 5 TOWNSEND AVENUE
MONTROSE, CO 81401
303-249-3431

PAT MATTHEMWS

OR DEPT FISH & WILDLIFE
ENTERPRISE, OR 97822
203-426-3279

FRAN MAUER

US FISH & WILDLIFE SERVICE
1220 MILLER HILL EXT. ROAD
FAIRBANKS, AK 99709
907-456-0250

ANN MEBARE

BRIDGER-TETON NF/PINEDALE RD
PO BOX 220

PINEDALE, WY 82941
307-367-4326

MIKE MILLER

CO DIV OF WILDLIFE

217 WEST PROSPECT

FORT COLLINS, CO BO526
303-484-2236

LARRY RAU

BUREAL OF LAND MANAGEMENT
PO BOX 3388

BUTTE, MT 59702
406-4594-5059

ars

BETH MacCALLUM

BIGHORN ENVIRON. DESIGN LTD
110 SEABOLT DRIVE

HINTON, ALBERTA T7V 1K2Z
CANADA

403-B65-3390

JOHN McCARTHY

MT DEPT FISH, WILDLIFE, PARKS
PO BOX 306

AUGUSTA, MT 59410
406-562-3366

DOUG McWHIRTER

WY GAME & FISH DEPT
PO BOX 830
PINEDALE, WY 82941
307-367-4353

LYN NIELSEN

MT DEPT FISH, WILDLIFE, PARKS
525 WILLOW CREEK CROSSING
CORVALLIS, MT 59828
406-961-4670

JOHN NISHI

UNIV OF ALBERTA

DEPT OF ZOOLOGY

EDMONTON, ALBERTA TEG 2E9
CANADA

403-492-1299

DAVE OLSEN

UTAH DIV OF WILDLIFE RESOURCES
3151 SOUTH 1500 WEST

VERNAL, UT 84078

801-789-3103

JODY PETERS

BUREAL OF LAND MANAGEMENT
DRAWER 911

HAVRE, MT 59501
406-265-5891

DON SERRAND

BUREAU OF LAND MANAGEMENT
PO BOX 119

WORLAND, WY 82401
307-347-987]
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TOM RAUCH

CO DIV OF WILDLIFE

PO BOX 903

MONTE VISTA, CO B1144
T19-852-4583

DALE REED

CO DIV OF WILDLIFE

317 WEST PROSPECT

FORT COLLINS, CO B05Z6
303-484-2836

TIMOTHY REYNOLDS

IDAHO STATE UNIV

DEPT OF BIOLOGICAL SCIENCE
POCATELLO, ID 83209
208-236-3765

JIM RICHTER
PO BOX 420
NYE, MT 59081
406-328-6400

LORA RICKARD

OREGON STATE UNIV

COLLEGE OF VETERINARY MEDICINE
CORVALLIS, OR 97331

LARRY ROOP

WY GAME & FISH DEPT
2820 STATE HWY 120
LODY, WY 82414
307-527-7125

TOM RYDER

WY GAME & FISH DEPT
260 BUENA VISTA
LANDER, WY 82520
307-332-2688

JIM TORLAND

OR DEPT FISH & WILDLIFE
640 BRENTWOOD DRIVE

THE DALLES, OR 97058
o03-296-4628

FRANK SINGER

COLORADD STATE UNIV

NATURAL RESOQURCE ECOLOGY LAB
FORT COLLINS, CO 80523
303-491-7056

KIRBY SMITH

ALBERTA FISH & WILDLIFE DIV

ST 108, 111-54 PROVINCIAL BLDG
EDSON, ALBERTA T7E 1T2

CANADA,

403-723-8244

TIM STEPHENS

BUREAU OF LAND MANAGEMENT
FO BOX 119

WORLAND, WY 82401
307-347-9871

BRUCE STERLING

MT DEPT FISHM, WILDLIFE, PARKS
PO BOX 35

THOMPSON FALLS, MT 59873
406-827-4389

DAVE STEVENS

NATIONAL PARK SERVICE

2525 GAMBELL STREET ROOM 107
ANCHORAGE, AR 99503

DALE STRICKLAND
W.E.5.T., INC

1402 § GREELEY HIGGHWAY
CHEYENNE, WY 82007
307-b34-1756

TOM THORMNE

WY GAME & FISH DEPT

PO BOX 3312 UNIV STATION
LARAMIE, WY 82071
307-766-5629

MITCHELL WILLIS

Ok DEPT FISH & WILDLIFE
PO BOX 8

HINES, OR 97720
a03-573-6582



STEVE TORRES
CA DEPT FISH & GAME

1416 NINTH STREET
SACRAMENTO, CA 95814
916-653-7889

MARTIN URQUHART

ALBERTA FISH & WILDLIFE DIV
51 108, 111-54 PROVINCIAL BLDG
EDSON, ALBERTA T7E 172

CANADA

403-723-8244

NMATHAN VARLEY

MONTANA STATE UNIV

DEPT OF VETERINARY RESEARCH
BOZEMAN, MT 59717
406-587-3658

ALTON WARD

CAINE VETERINARY TEACHING CTR
1020 E HOMEDALE ROAD
CALDWELL, 1D 83605
208-454-8657

JOHN WEHAUSEN

UNIV OF CALIFORNIA
3000 E LINE STREET
BISHOP, CA 93514
619-873-4563

JALK WELCH

BUREAU OF LAND MANAGEMENT
PO BOX 589

LANDER, WY B25Z0
307-332-7822

CHET WHEELESS

BUREAL OF LAND MANAGEMENT
PO BOX 119

WORLAND, WY 82401
307-347-9871

gl

BILL WISHART

8108 144A STREET
EOMONTON, ALBERTA TSR 052
CANADA

403-483-4715

MELANIE WOOLEVER

US FOREST SERVICE REGION 2
PO BOX 25127

LAKEWOOD, CO Bozzs
303-236-9534

DAVID WORLEY

MONTANA STATE UNLV

DEPT OF VETERINARY RESEARCH
BOZEMAN, MT 59717
406-994-4705

RANDY ZARNKE

ALASKA DEPT FISH & GAME
1300 COLLEGE ROAD
FAIRBANKS, AK 93701
907-456-5156
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GUIDELINES OF THE NORTHERN WILD SHEEP AND GOAT COUNCIL

The purpose of the Morthern Wild Sheep and Goat Council 135 tea foster
wise management and conservation of northarn wild sheep and goat
populations and their habitats.

This purpose will be achieved by:

I

111

1) providing for timely exchange of research and management
information;

2) promoting high standards in research and management; and

3) providing professional advice on issues involving wild sheep
and goal conservation and management.

The membership shall include professional research and management
biologists and others active in the conservation of wild sheep and
goats. Membership in the Council will be achieved either by
registering at, or purchasing proceedings of, the biennial
conference. Only members may vote at the biennial meating.

The affairs of the Council will be conducted by an Executive
Committee consisting of: three elected members from Canada; three
elected members from the United States; one ad hoc member from Lhe
state, province, or territory hosting the biennial meating; and
the past chairparson of the Executive Committes, The Executive
Committes elects it's chairperson.

Members of the Council will be nominated and elected to the
executive coomitiee at the biennial meeting. Executive Committee
members, excluding the ad hoc member, will serve for four years,
with alternating election of two persons and one pérson of each
country, respectively. The ad hoc member will only seérve for two
years.

The biennial meeting of members of the Council shall include a
symposium and business meeting. The location of the biennial
meeting shall rotate among the members’ provinces, territories and
states. Members in Lhe host state, province or territory will
plan, publicize and conduct the symposium and meeting; will handle
its financial matters; and will prepare and distribute the
proceedings of the symposium.

The symposium may include presentations, panel discussions, poster
sessjons, and field trips related to research and management of
wild sheep, mountain goats, and related species. Should any
membér's proposal for presenting a paper at the symposium be
rejected by members of the hast province, territery or state, the
rejected member may appeal to the Council’s executive committee.
Subsequently, the committee will make its recommendations to the
members of the host state, territory or province for a final
decision.
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The symposium proceedings shall be numbered with 1978 being No. 1,
1980 being MNo. 2, etc. The members in the province, territory or
state hosting the biennial meeting shall select the editor(s) of
the proceedings. Responsibility for quality of the proceedings
shall rest with the Ed1tur{s{. The editors shall strive for
uniformity of manuscript style and printing, both within and among
proceedings.

The proceadings shall include edited p:iars from presentations,
panel discussions or posters given at the symposium. Full papers
will be emphasized in the proceedings. The editor will set a
deadline for submission of manuscripts.

Members of the host province, territory or state shall distribute
copies of the proceedings to members and other purchasers. In
addition, funds will be solicited for distributing a copy to each
major wildlife 1ibrary within the Council’s states, provinces and
territories.

Resolutions on issues invelving conservation and management of
wild sheep and goats will be received by the chairperson of the
Executive Committee before the biennial meeting. The Executive
Committee will review all resolutions, and present them with
recommendations at the business meeting. Resolutions will be
adopted by a plurality vote. The Executive Committee may alse
adopt resolutions on behalf of the Council between biennial

meetings.

Changes in these guidelines may be accomplished by plurality vole
at the biennial meeting.



