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VARIABILITY IN PHYSICAL AND SODCIAL MATURATION BETWEEN BIGHDRN SHEEP
(OVIS CANADENSIS CAMADENSIS SHAW) POPULATIONS

By
David M. Shackleton
Department of Animal Science
University of British Columbia
Vancouver

With only rare exceptions, varlation between and within population
parameters has not been included in most bilological models. This is In
splte of the importance of such sources of varlation In the theorems of
population genetics (Dobzhansky 1937) and principles of taxonomy (Mayr 1969).
Chitey (1955) advanced one of the first hypothesis which included popul=
ation variation and the role of Matural Selection In the regulation of
small rodent populations. Investigations of the postulates of this hypothesis
have recently been reviewsd (Krebs et al. 1973) and alternative models for
small rodent populations proposed (Anderson 1970). Studies of large
mammals by Klein (1964, 1965, 1969) and Nievergelt ([1966) and some spacies
of birds in Scotland (Watson and Moss 1969, Watson and Miller 1971}, have
rovealed variation in demographical, morphological and behavioral para-
maters correlated With differeancas in environmantal conditions. Whareas
hypotheses concerning small rodents have stressed tha importance of geno-
typic variation, those regarding large mammals and hirds have favored
phenotypic varfates.

Studles of bighorn sheep (Ovis canadensis) and stone's sheep (0. dalli
stonei) by Gelst (1971) led him to hypothesize that observed differencaes
In behavioral and morphological characters were the result not of specific
differences but differences In the bioenergetic regimes in which the two
species lived. A further study by the present author (Shackleton 1973)
of expanding and stable populations of bighorn sheep supported some of
the postulates proposed by Geist (1971) in his hypothesis of population
quality. The purpose of this presentation is to examine some of the poten-
tial implications of such observed variability in relation to some of the
problems which may be faced in the management of mountain sheep.

HETHODS AND 3TUDY AREAS

Two populations of Rocky Mountain bighorn sheep were Intensively
studied during a Z%-year perfiod. The population from the Cascade Valley,
Banff Matiomal Park, Alberta, was chosen from census records because It
appeared to be relatively sctable in numbers and composition. The second
population was located at Radium Hot Springs, Kootenay Mational Park,
British Columbla, as records Indicated this group was increasing in numbers
following a decline in the mid 1960's.



Four additional populations were Studied in terms of their horn and
skull development and represented expanding, stable, and possibly declining
populations of the same species. Thelr locations were: Hational Bison Range,
Hontana; Wildhorse Island, Montana; Waterton Lakes Mational Park, Albarta;
and the East Panther River population, Banff Mational Park.

Records of behavioral interactions were kept during all seasons for
each of the two main study populations, and details of behavior patterns
performed, the age-sex class of the actors and receivers, together with
other pertinent information recorded. Data on harn and skull dimensions
were obtalned From material Found in the Field of from museom collections.

Further details of the study populations and methods employed are found
in Shackleton (1973).

RESULTS AND DISCUSSION

Harns and Skulls

Growth and development of sheep From the six populations were compared
through measurements of annual horn sheath growth and by adult skull dimen=
sions. Differances in annual horn sheath growth have beéen found between
populations in di Fferant demographic states in both mountain sheep (Gelst
1971) and ibex (Capra ibex) (Mievergelt 13966), with largest sheaths coming
from expanding populations. Diménsions of annual horn sheaths were signif=
icantly larger (p<0.05) initially In Kootenay Mational Park rams (Fig. 1)
and in females. Comparisons of similar data from the four other populations
showed largest dimensions in expanding populations during the first b years of
groweh .

The apparent reversal In this differance, which at first Indicated
that expanding populations grew shorter harn sheaths, was shown by the
present author (1973) to be due to the fact that each succeeding horn sheath
covered the previous years growth, so that measurements made were only of
relative annual growth, and that the reversal in difference was the result
of the sheep from expanding populations reaching mature, adult =lze at an
earlier age than stable or declining populations. Because they reached
mature alze earlier, relative differences in annual exposed horn sheath
decreased with age after maturation.

The dimensions of adult male and female sheep showed a similar
relationship to demographic condition of the population from which samples
were drawn. Largest skull dimensions were found in expanding populations.
These resules were observed between all six populations.

Differances in growth of the two main study populations were attributed
in part to considerable variation betwean them In the extent of vertical,
seasonal migration that each population could make. The argusments for
this relationship between extent of seasonal, altitudinal migration and
food supply, and hence growth, followed the arguements originally proposed
by Klein (1964) for Alaskan desr populations.
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Sencial Behavior

In the general sspects of thelr social behavior, such as relationships
of horn size and dominance status, and in choice of social partners, the
two main sStudy populations did not differ significantly. Variation did occur,
however, In the age at attainment of social maturity.

Mature and juvenile behavior of rams are defined operatiocnally by the
relative performance frequencies of avert and display patterns (Beist 1971)
and are illustrated inTable |. When interacting with other rams, males
from Kootenay of between 3 and 5 years of age (Class 11) demonstrated a
behavioral repertoire comparable to that of Fully mature Banff rams aged
10 years and older (Class IV) (Table 1). On the other hand Banff rams of
3 to 5 years age (also Class 1) were typically juvenile in their behavior.

During eourtship of ocestrus ewes during the rut, again Kootenay rams
of 3 to 5 years age behaved as mature maleas (Table 1), instead of attempte-
ing more typical rape approaches observed in similar aged rams from Banff.
In fact, only Class IV males from Banff were observed Lo cOUrt oEstrus

females, but In the case of Banff Class 11| rams this was probably the
reduced accessibility to oestrus females dug to the presence of larger
Class IV's. This was not the case for juvenile Banff Class |1 rams.

This early attainment of social maturity on the part of young Kootenay
rams was probably in part due to their advanced physical and physioloegical
maturity over simllar aged Banff males. And, secondly to differences In
population structure and composition which gave them greater access to
females even during the rut and permitted them greater opportunities to
develop a mature behavioral repertoire.

Life Expectancy

There were |imited data from this study to suggest that mean |ife
expactancy as measurad by mean age at death of adult rams, was consistent
with previous findings for mountain sheep by Gaist 71971) and for ibex
by Mievergelt (1966). These findings showed that in expanding populations
adult males died at earlier ages than rams from stable or decling herds.
Relationships between growth rates and 1ife expectancy have bsen reported
for a number of other vertebrate species Including Fish.

A mechanism involved for mountain shesp may ba the energy expenditure
In the rut which may deplate essential winter far reserves that cannot
be replaced after the rut. |In expanding populations in which animals
mature faster, they will also enter the rut at earliar ages and be ex-
posed to this bioanargetic stress which may result in increased winter
mortality. This aspect requires more detailed study.

CONCLUSIONS AND IMPLICATIONS
Taxan

The variabllity between the populations observed during this study
i
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with regard to skull dimensions used by Cowan (1940) to separate the
genus Ovis, was of the magnitude normally accepted for subspeciation.
There 1s no justification In splitting such populations as were studied
into trinomial groupings. These cbservations of Interpopulation variability
are in agreement with the observations of Baker and Bradley (Baker and
Bradley 1965, Bradley and Baker 1867) of variatlon between the desert
races of bighorn sheep. Similar variabllicy has led Cowan and McCrory
(1970) to reduce the number of subspecies of mountain goat [Dreamncs
americancs), and Hutton (1972) to simllar concluslons regarding waszitl
[Cervus ¢|Iphui canadensis). Where a race of bighorn sheep or other
mountain sheep is presently warranting special treatment and expenditure
of management budgets, it's taxonomic status should be established.

Maturation RHates and Their Implications

It was shown that maturation rates of both physical and behavioral
characters varied betweon populations, with maturation being advanced
in expanding populations. It is suggested that there are certain
Implications from such advancemént in hunted populations of this species.

Consider first a previously unhunted population, containing repre-
sentatives of all age and horn classes, and that the population is at
or near carrying capacity. IF they are now subjected to hunting in which
only mature Class IV rams are harvested, this could lead to a redistri=
bution of avallable energy for the hunted population. It is suggested
that all members of the remaining population will benefit from this
increase In available entrgy, and that one result may be an increase in
the growth rate of young males.

If there Is no response by unhunted members of the population, rams
will be harvested only as they enter the legal size limits, but if there
Is & response then they will be entering this size limit at an arliar
age than they would If the population had remalned unhunted. The
implications of such a response are twofold. First one begins to remove
evan younger animals, and secondly and perhaps more Importantly, one
increases blosnergetic stress on thesa young growing animals. Rutting
strass was previously falt only by mature males whose growth had essentially
ceased, but these young animals wilil have the energetic stresses of the
rut coupled with enargy requirements for growth. It Is, tharafora, conceiv=
able that over-wintar morcality could therehy be Increased.

A third factor to consider Is that although males are physiologleally
capable of breading ewes as early as |8 months or parhaps earliar, the
long=term effects of such a change In population composition are not known.

Another hypothetical sitvation also arises from considerations of the
behavior of mountain sheaep and is ralated to disparsal or thae lack of It.
It would appesar that in a8 number of populations in westarn Morth America
problems are encountered with areas of adjacent and apparently favorable
habltat remalning unused by certaln populations. Mo apparent barriers are
obsarved, nar any reason for their lack of usa of such apparently Tavorable
areas, Problems are also occasionally encounterad where a group of sheep

&



are transplanted to new areas, and formation of ssasonal home range pattarns
may reguire long periods of time for establishment.

Under normal circumstances the ssasonal home range movements of mountain
sheap, couplad with their strong attachment between years to such areas, Is
the very antithesis of a disparsing species, and yet this Is a group which
dispersed during the lce Ages over considerable distances during ralativaly
short periods of time. Assuming that the ablility to disperse has not been
lost through Matural Selectlon processes, studies of mammals and Birds would
suggest that behavioral factors would be most |ikely implicated as dispersal
mechanlsms for & specles such as mountaln sheep. It would ba further ex-
pecied that the dispersal stage would occur Tn young shesp rather than mature
animals.

Observatlions of mountain sheep show that malas, for exampla, and
pccasionally females do leave their maternal home range groups. Young
males may then join mature male bands and take up thelir home ranges as dis-
cussed by Gelst (1971) with reference to the role of tradition in mountain
sheep society. It should be noted that young males are not '‘thrown' out
of female groups but leave when soclally dominant. But this doas not
answer the question as to why or what mechanisms promote them to leave,

Certainly one may suggest that the resulting separation of the zexes
may reduce competition between them within a population and hence allow
females access to more favorable areas during thelr high energetic stress
periods of late gestation and lactation. But again the guestion must be
raised as to the mechanisms involved In dispersal, 1.e., what factors
promote 1t7 |t would certainly sesm a reasonable hypothesis Lo suggest
that changes which are brought about In a2 population's composition and
age structure throwugh hunting of adult or "legal size" rams would also
affect the social processes of a population. Observations of the Kootenay
Park population implied that the occurrence of herding simllar to harem
formation and not reported in other populations was the product of the
population's composition and age structure. It Is, therefore, concluded
that & study of dispersal mechanisms of mountain sheep may be of value to
the management and conservation of this group of animals.
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BLOOD AND SERUM CHEMISTRY VALUES OF A
POUDRE RIVER BIGHORN SHEEP HERD

By
K. B. Davies
Wild Animal Oiseass Center
Calorado State University
Fort Callins

INTRODUCT | BN

Adequate baseline data on blood and serum chemistry values arée of immense
value when attempting to determine or compare the health of an animal popula-
tion. Previous publications, some with large sample sizes, have provided
baseline blood data on blghorn sheep In captivity (Franmmann and Tharne 1970,
Franzmann 1971, and Woolf and Krade! 1969) and in the wild (Franzmann and
Thorne 1970, Franzmann 1971). Franzmann (1972) dlscussed sources of varl-
ation in physiologic values of bighorn sheep and rectal temperatures (Franzmann
and Hebert 1971). Blood values have been used to determine the overall health
of a hard, and blood urea nitrogen values have bean used to Infer the prateln
Intake (Praston et al. 19658). There are no reports of hiood values of Colorade
bighorn sheep nor are there any reports which cover the variety of values
which will be presented In thils paper.

MATERIALS AND METHODS

On 21 January 1975, 4B bighorn sheep (Ovis canadensis) wers trapped by
personne| of the Colorado Division of WildlTfe utilizing a 70x70-foot drop

nat. Twenty=four of thess sheep were transplanted 18 miles in an attempt to
increase the current range of the sheep. OFf the 48 sheep captured, blood
samples of 50 cc were taken from 24 of the animals. Five ml were placed in
a tube containing Dipotassium Ethylenediamine Tetraacetate (EDTA). This
blood was used for whole blood values and white cell differantial. Ten ml
of blood was placed In an equal amount of Oxalate Phenol Glycerol (OPG)
maedia for isolation of bluetongue virus. The remaining blood was placed

in a clean tube and allowed to coagulate. The clotted blood was kspr at
room temperature (37 C) for 24 hours. As much seara as possible was then
removad From sach tube and placed in a clean tuba. Antibody titers for
bluerongue virus, Parainfluenza=3 virus (Pl3), Lu¥tungirn and Brucaella

ware complated. Sarum chemistry values uura obta ¥ runnlng wach sampla
through a hy=cal 17 (Hycel Inc., Houston, Texas).

RESULTS

Blood values are shown in Table 1. Both the hemoglobin and packed cell
volumes are higher In these animals than any previcusly reported. Al
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samples were nagative for bluetongue virus, bluetongue antibody titers, Bry-

calla and Leptospira titers. Titers for Ply virus ranged from 1:2 to 1:32
I; = 1:6.6). All serum chemistry values arg presented In Table 2.

DISCUSSION

As little previous work has been done with bighorn sheep blood values,
the previcus data s presented as baseline data which leaves licele for
comparison or discussion. Blood samples taken from sick bighorn sheep
indicate high fFibrinogen levels are a reflection of the presence of ongoing
illness. From these data thare |5 no indication that an eosinophlllia reflects
lew lungworm levels but perhaps a high sosinophilia may Indicate an active
effective response against lungworm larvae. High hemoglobin and PCV values
are believed to reflect overall health of the animal and If this is true,
the Poudre sheap are in excellent health, however, one must take Into account
the altitude the respective animals are found at and the possiblility of
dehydration. SGOT and CPK are valuable Indicators of muscle myopathy dua
to caprure.
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Key for Attached Table

a.
b.
c.
d.

Glucose mg/100 m]

Blood Urea Nitrogen mg/100 ml
Globulin gr./100 ml

Total Serum Protein gr/100 ml
Uric Acid mg/100 ml
Cholestero]l mg/100 ml
Potassium mg/L

Sodium mg/L

Total Bilirubin mg/100 ml
Alkaline Phosphatase Iu/L®

5.6.0.7.° 1L

5.6.P.T.° 1WA

c.r.xd s

Inorganic Phosphorus mg/100 ml

LOH® 1U/L
Calcium mg/100 m1
Creatinine mg/ 100 ml

International Units/Liter

Serum Glutanic Oxaloacetic Transaminase
Serum Glutanic Pyruvic Transaminase
Creatine Phosphokinase

Lactic Dehydroginase



PROCEDURES ANMD PRELIMIMARY RESULTS OF RESEARCH OM
BIOENERGETICS OF BIGHORN SHEEP

By
R. W. Chappel and R. J. Hudson
Department of Anlmal Science
University of Alberta, Edmonton

Many studies have been undertaken to determine the energy and nutrient
requirements of various domestic ruminants (Young and Corbect 1971, Webster
1970) and to disclose the effects of environmental parameters such as cold,
wind, and radiation on the energy budgets of these animals (Webster 1970,
Young 1972). With few exceptions (Hebert 1973, Thompson et al. 1973, Wesley
et al. 1973} little work has been done on the nutrient and energy balances
and requirements of wild ruminants. In the majority of these studies estimates
of energy requirements have been obtained from examination of forage quality,
consumptjon, digestibility, and |iveweight changes. More direct analyses
of requirements are often frustrated by difficulties associated with maintain-
ing wild ruminants in & laboaratory situation where various physiological
techniques and associated equipment can be applied.

This research is directed toward disclosing the energy budgets of Rocky
Mountaln bighorn sheep on an over-winter basis, utilizing the relationship
betwien oxygen consumption, carbon dioxide production, and metabolic rate.
In addition the study explores the effect of various stress Factors such as
cold;, wind, and fasting on energy expenditure and requirements

PROCEDURES

The animals, two subadult rams and two subadult ewes, were born in cap-
civity and have been partially hand reared, primarily by one individual,
Accordingly, they are accustomed to handling, and association with the ex-
perimenter creates minimal stress. The animals are maintained in a 3-acre
fenced pasture between experimental periods and are placed in individual
stalls in a shed on the pasture for 2 weeks out of each month.

During the experimental period they are fed a pelleted complete ration
(15% protein, 17.5% crude fiber, 2.7% fat, 3.6 Kcal/gm) on an ad 11k basis
(Fig. 1). Each month the animals are taken into the adjacent environmental
labaratory, weighed (Fig. 2) and placed In metabolism crates In an environ-
mental control chamber for Indirect calorific measurement of metabolic rate
[(MR) under three conditions: 1. Resting metaboalic rate (RMR) at +10 C
(Thermoneutral) 2. Resting metabolic rate at =10 € 3. Fasting metabolic
rate (FHR) at =10 C (72-hour fast period).

The animals are Instrumented for recording temperatures of body core and
six points on their skin surface. An infrared thermometer |s used to monitor
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halr coat surface temperature. Every second month collection of fecal samples
Is made for analysis of total digestibility by the acid-insoluble ash tech-
nigue. Ouring January, February, and MHarch 1976 measurements of the effect
of wind on metabolic rate at various ambient temperatures will be carried out
utitizing an outdoor wind tunnel with wind speeds ranging from & to 18 mph.

PRELIHINARY RESULTS

Data From AMR ar +10 € (Fig. 3) has been obtained for August, October,
and February: data far RMR at -10 € (Fig. &) and FMR at -10 C (Fig. 5) have
been generated For October and February.

Preliminary results show an increase in heat production from August to
October and @ reduction from Detober to February to a point below that of
August For RMR at +10 € (Fig. 3). These findings are in accord with those
of Thompson &t al. {1973) who conducted indirect calorific measurements of
MR on white-talled deer. The reduction of RMR ar -10 € (Fig. &) and FMR
at -10 € (Fig. 5) from October ta Fehruary are also in agreement wWith
Thompson's values:. The findings differ, however, from those for domestic
sheep with similar treatments. Webster et al. (1969) showed an incraase In
resting heat production of outdoor acclimatized Suffolk wether sheep from
October to January.

There appears to be a strong correlation between metabolic rate,
whether fasted or resting, and consumption of feed (Fig. 1). With further
analysis the gaps will be fllled and it may be shown that MR reachas lts
peak in November when bighorns arrive on their winter range and take advan-
tage of the longer growing season to ready themselves for rut and winter.
Seasonal bioenargetic rhythms with periodicity of feed Intake, galn, FMR,
and RMR may represent important adaptations for survival.
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INITIAL INVESTIGATIONS INTO THE REPRODUCTIVE BIOLOGY OF THE DESERY
BIGHORN RAM, OVIS CANADENSIS NELSONI, D. C. CREMNOBATES

By
Jack C. Turnar
Department of Ioolegy and Physiology
University of Wyoming
Laramie

INTRODUCT ION

The reproductive phepomencn (s incompletely understood for any large
wild ungulate species, the bighorn sheep being no exception. Much of what
is assumed to be known about the bighorn's reproductive physiology has
been surmised from reproductive studies of domestic species. Similar to
Its domestic relations, the bighorn over most of (ts Morth Amaricar
distribution appears to be cyclic in its breading ecolegy, i. .,
exhibiting a distinct estrous and anestrous pariod. However, within
some populations lambs appear at virutwally any time of the year and
courtship displays are observed at Intervals not coincident with the
normal rut. Such observations suggest at least some populations or segments
of these populations are not synchronous or cyclic in their reproductive
activity.

Observations on bighorn natality and mortality have been made (and
are continuing) for a population of desert bighorn sheep, Ovis canadensis
cremnobates and 0. ¢. pelsoni, In the Santa Rosa Hountains, Riverside
County, California. Since 1969, and presumably before but data are
lacking, 10 to 35 percent of the annual lamb recrultment has been born
out of what is considered to be the normal lambing period.

For bighorn rams, a distinction s made between physiclogical sexual
maturity or puberty and behavioral puberty. Rams to the age of 3 years
travel with the ewe herds, after which time they are Incorporated into
distinct ram herds. Rams within these bachelor bands are generally con-
sidered to be mature. Social pressure from the larger mature rams during
the rut restrains younger rams from copulating, although they are, perhaps,
physiological ly capable of doing so. The age of physiological sexual
maturation |s not known. Hature desert rams generally do not encounter
bands of ewes and younger sheep outside of the rut periocd. The seasonal
movement of these two distinct population segments has been considered
elsewhere (Geist 1971). The odd season natal ity suggest precocial sex-
ual development of Immature rams within the ewe herds.

The management of any species can be facilitated by an understanding
of that species reproductive potentialities. A study has been initiated
investigating the reproductive physiology-ecology of the desert bighorn
sheep. This study Is belng conducted through the Department of Zoology
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and Physliology, University of Wyoming, Laramiea, Wyoming and the P. L.
Boyd=-Deep Canyon Desert Research Center, University of California,
Riverside, California under permits and the cooperation of the California
Department of Fish and Game and the assistance of various othar state,
federal, and private organizations. This paper reports the preliminary
Iinvestigations of serum testosterone levels and seasonal testicular
histology in young desert bighorn rams.

HATERIALS AND METHODS

Eight free-ranging desert bighorn rams were immobilized with Etorphine
Hydrochloride or trapped in conjunction with othar studies. Ages of the
captured animals were determined using dentition criteria and assuming a
mean bBirth date for all bighorn within the range. Similar sampling and
sample analysis was performed on two captive rams maintained in pen facil-
ities within the Santa Rosa Mountains. Serum and tissue samples were
routinely obtained on a bimonthly schedule.

Blood samples were obtained by venapuncture of the jugular veln.
The samples were centrlfuged immediately and the serum refrigerated at
-189C until analyzed. Serum levals of testosterone were determined by gas
chromatography employing a hydrogen flame lonlzation detector. The glass
column was placed with 3 percent QF-1 on chromosorb 20. Extraction and
cleanup essentially followed that described by Whitehead and McEwan (1976).

Testicular biopsies ware taken at the time of immobilization and halfl
of the biopsy was fixed In 10 parcent buffered formalin and tha other half
in Bouin's fixative for subsequent histological examination. The tissums
samples were dehydrated, embedded in paraffin, sectioned at 84 and stained
with hagmatoxylin and eosin. The stained sections from sach specimen ware
examined under the light microscope and seasonal changes in histoleogic
appearances wera noted and recorded. For the purpose of this study, rams
ware considared Immature If the testis showed no histological signs of
sparmatogencsis and mature after the Tnitiation of spermatogencsis.

RESULTS AND DISCUSSION

A seasonal variation In the serum concentration of testosterone of
matura desert bighorn rams was observed. From mid-December, the pattern
of serum testosterone levels in desert rams was less than | ng/ml, but
showed a declidad Increase In July. Sarum testosterone Increased an average
of 12 ng/ml (8-15 ng/ml} by September. The testosterone levels remalned
high unti]l late October when testosterone levels again declinced to less
than | ng/ml by mid=-December.

Varfation in the adult testicular volume alse reflected a seasonal
pattern of testicular activity. There was a two=to three-fold increase
in testicular volume from June to October and a comparable reduction in
volume from October to January.
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Coincident with high serum testosterone levals and Increased test-
jeular volume was a change in the histological appearance of the tubular
and interstitial tissue of the ram testis. Ouring the anerstrous or
gulascent phase, there was no evidence of spermatogenic activity. The
saminifarous tubules were small and the interstitial tissus volumes was
minimal and compressed.

Commencing in June, spermatogenic activity was evident, but maturae
sperm were not observed. Interstitial call volume was increased, but
the Leydig cells were small and compressed. In August, spermatogenic
activity had increased appreciably. The seminiferous tubules were large
and active. All stages of spermatogenic activity could be demonstrated.
The Interscitial tissue was 1.5 times greater in voluma than In the
gulescent phase. Much of this fncrease was due to the Increased volume
of the Leydig cells.

Spermatogenic activity could be demonstrated through November,
however, much reduced activity. The tubular epithelium was In regression.
The Interscitial volume was greatly reduced and the Leydig cells agaln
were reduced In size and flattened. In late December and early January
the testicular cycle had returned to an anestrous phase.

The lambing period for 5anta Rosa Mountain bighorn extends from the
middle of April to mid-May. Host (50 percent) lambs are born by the last
week of April| and the flirst week of May. There Is, however, considerable
variation from year to year, presumably due to environmental influences.

Differences In maturation at parturitionof the neonatal bighorn ram
are apparent from year to year. Generally, the testes have descended at
the time of parturitionor will descend within the first week postpartum.
However, as long as a S-week postpartum Interval has been observed before
the descent of the testes.

Descent of the testes is coincldent with an increase in serum test-
astercns levels. During the First 5=10 weeks postpartum, serum test-
osterone levels approximated | ng/ml. However, episodic bursts of test-
asterone frequently occurred, with levels of testosterone reaching &-5
ng/ml. During the First 22-24 weeks postpartum there was a slow rise in
serum testosterone until about week 26 when serum testosterone levels
increased to values comparable to those found in mature rams. This rise
in lamb testosterons lags slightly behind the rise of testosterone in
mature rams corresponding to the pre-rut season. Mo post-rut sSeason
decline in serum testosterone was observed in the ram lambs. Rather, the
pattern of serum levels remained high, B-12 ng/ml, during the succeeding
year and became cyclic only after their second rutting season (2] months

pos tpartum) .

The histology of neonatal testicular tissue was difficult to access
in relation to testosterone levels due to the insufficient number of
samples obtainable and the amount of actual tissue from any given blopsy.
Several general trends have emerged, however.
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Increased maturation of the testicular tissue closely paralleled the
increase in serum testosterone during the first 22-24 weeks postpartum.
However, spermatogenesis was not evident untl] week 20-22. The development
of tubular epithelium and interstitial tissues, Leydig cells, approximated
the development observed in the testes of mature rams during the pre-rut
period. Tubular sperm were not observed until 26-28 weeks postpartum, but
ware found in quantity until the ram became cyclic at 21 months of age.

In the Santa Rosa Mountains, mature desert bighorn rams undergo 8 sea-
sonal cycle of spermatogencsis with a distinct estrous and anestrous period.
The anestrous period Is typifled by testicular regression and comparatively
loww levels of serum testosterons, whereas the estrous perlod is character-
Tzed by testicular hypertrophy and high serum testosterone levels.

Desert ram lambs exhibit a rapid physiological sexual maturation and
appear to possess all but physical stature to &nter into breeding accivity
their first rutting season. Undoubtedly soclal pressure from mature rams
also restrains the lambs from copulation with smaller ewes, However, once
rutting season has terminated for the mature ram population and this segment
has separated from the ewe herds, late estrous ewes could be serviced by
the ram lambs within the ewe herds. It is perhaps this segment of the
bigharn population in conjunction with late estrous ewes which is responsible
for the odd season lambs observed. The odd season lambs allow for population
plasticity relative to lamb recruitment and act as a buffer apalnst the
loss of a total age class due to drought or other anvironmental catastrophy
during the lambing period.

Literature Cited
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BAITING BIGHORN SHEEP WITH APPLE PULP AND TRAPPING WITH A DROP NET

By
Robert Schmidt
Calorada Division of Wildlifa
Fart Callins

in 1969 the Colorado Division of Wildlife was Instructed by the
Wildlife Commission to determine the cause of lamb mortality. Lamb
mortality had been a major cause of a decline in the bighorn sheep
population In recent yvears. At that time six men from the Division of
Wildlife and an equal number from Colorado State University, Departmant
of Veterinary Madicine, were assigmed to the study. The Leam wWas
composed of men with specialties in a number of different fields.

It was found that lungworms passing transplacentally from the ewe
to the fatus caused a pneumonia complex that resulted In lamb death.
Further studies called for marking sheep and treating with various drugs.

In arder to study drug treatments and effects, It =as necessary to
develop a new trapping and baiting technique. A study was conducted In
the Poudre Canyon near Fort Collins. The results of this study were a
70-foor square drop ner and anewbalt, apple pulp. This report describes
the use of apple pulp as a bait and the drop net trap to capture fres-
ranging sheep.

Balting with Apple Pulp

Balting sites should be In areas sheep are using or will use during
tha time of year establlished for trapping or treating of shesp to taks
place. Best areas appaar to be close to bedding grounds, preferably
upwind. For trapping, a location falrly flat and free of rocks must be
used. Snow depths should also be considered In snow country and tops
of ridges may make tha bast sltes.

Three or 4 months prier to trapping or treating, white salt blocks
should be placed at all llkely trap sites. When balting s started, use
only those sites where salt has been readlly used.

Apple pulp has bean an excellent balt. It Is tha part of the apple
remalning afrer the julee has been pressed out for apple cider. Some
compan les add sswdust, wood fiber, and rlee hulls during the cidar making
process, This type of apple pulp has not been very desirable. Apple
pulp must be plcked up frash from the clder mill and stored on concrete
or plastic to retaln the Julee. All alr must be forced out as in prep-
aratlon of corn sllage. The deeper It Is piled the batter. The pulp
should ferment for at least 2 weeks before using, and the supply should
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be close to the balting area. In cold winter months It will kesp about a
week on & pickup after being removed from the pile, however, in warm weather
it will keep only about 2 days. IFf pulp is to be hald for a longer period
after removing from the pile, It should be bagged and frozen.

When starting to bait an area, three Lypes of bait are used: white
block salt, apple pulp, #rd good green alfFalfa hay. Place pulp on and
around salt blocks as well as on the alfalfa. Sheep do not know what
apple pulp Is and must come in contact with it in order to become "hooked"
on it. This should take about 3 weeks. |f large numbars of sheep are in
the area, about 2 pounds of apple pulp should bé provided per sheep per day
to "hook' them. A good example is: If 100 sheep are in the area and L0
pounds of apple pulp are used as bait only about 20 will become "hooked'.
When starting to bait, 4D pounds i3 about the right amount, then as more
sheap begin to use the bait increase the bait in proportion to the additional
numbers of sheep coming. Use | pound of alfalfa for every pound of pulp
used at the balt station. Sheep that are on apple pulp will also eat big
sage and other vegetation surrounding the bair starlon. Alfalfa will
supplement the apple pulp and thelr requiremeant for roughage. |f permitted
an adult sheep will eat about 5 pounds of apple pulp per day; about 3=-1/h
pournds in 30 minutes in the foreanocon, returning in the afternoon and con=
suming anather 1-3/h pounds.

Sheep that are 'hooked" will come vto the balt statlon every morning,

usually on the run. At this time vou are ready to trap and/or treat the
sheep,

Trapping Blghorn Sheep with a Drop Met Trap

Over 350 bighorn sheep have been trapped the last 3 years, with a
minimal trap loss. During the 1975 trapping season 117 sheep wers trapped
in 4 days of trapping in three different areas, which ware Whiskey Basin
in Wyoming and the Poudre amd Rampart herds in Colorado. Each time we
trapped we ware successful in catching shesp, and in two areas mare sheep
could have been capturad the same day. Trap loss of the 117 sheep was
only ona shoep.

We used a 70-foot square drop net which waighs approximataly 280 pounds
including the nat and poles. With an exparlenced crew the trap will handle
15 to 25 shasp. Inexparienced crews should start with five to sight sheep.
The net is made of Tour 35-Toot squares which snap together making 1t easler
to handle and aid in removing sheep from tha trap.

We use a radio-controlled detonator to drop the trap. This provides
cons lderable flexibility and does not require a man at one point at all
times. The detonator now being used has baen guite successTul; there have
been no false drops In 3 years. The range of the radlo-controlled
detonator Is over 2 miles, however you should stay as close as possible as
it Is Important to get to the dropped trap as soon as possible.

The trap Is designed to be used on frozen ground and can be set up
in approximately an hour and @ half. It withstands extremely high winds,
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provided all steal anchor posts are wrapped with burlap at points where
anchor ropes are to ba tied to prevant thelr being cut.

Fig. | prasents materials noeded for construction of a drop nat trap
and diagrams a mathod for attaching snaps used to connact the four sections
of net. Fig. 2 prasants an ovarviaw of the trap. The four corner posts
must be sat Tirst and squared at 76 Teat. Tha Four anchor posts are than
set and wrapped with burlap. The anchor post must be set in exact line
with the corner post and the opposite cormer post. Snap the net together
and tie in the four corner blasting cap ropes. Blasting cap ropes, which
should have a bowline loop on one end, are run through the net corper ring
and back through the loop. The other end of the blasting cap rope can be
half=hitched to a loop In the end of the pulley rope (Fig. 31)}). A total of
elght blasting cap ropes are used on the trap and all are acctached in the
same manner. Once corner blasting cap ropes are attached, connect the
blasting cap wires to the detonator wire and pull the corners tight. There
should be | to 2 feet of rope between the pulley and blasting cap (Fig. 3).
Tle In the side anchor ropes with blasting cap ropes. One side anchor
rope, the uphill one, does not have a blasting cap. The side anchor posts
should be 20 feet from a line between the corner posts on that side (Fig. 4).
Corner anchor posts should be at least 15 feet from the corner post (Fig. 2).
The further the anchor posts are away from the net, the better they hold.
Tie in the center blasting rope (Fig. 5). Put up side braces, making sure
the side brace without blasting rope Is not standing stralght up. Put up
the center pole (Fig. 5) and tle stop ropes to corner posts (Fig. 31). They
should be tight for up to seven sheep and have & to 8 feet of slack for
i0 to 25 shoep.

After the trap is up, bait is placed under the net In a circle ope-half
way between the center pole and the side of the net with bait lines from
center balt to a point 10 feet outside the net. Two or three lipes should
lead toward the direction from which the sheep are expected to approach; one
of these should lead out on the downwind side. When working with large
sheep populations it is best to allow sheep to go under the net for 2 or 3
days before trapping so the less wary sheep will encourage others to come
to the net.

Once sheep begin going under the net they tend to group which causes
problems becauss they should be evenly distributed under the net. Before
they are evenly distributed there may be more shesp than the trap will
handle. IF this occurs, move in so that some or all will leave. If they
have not besn there more than 10 to 15 minutes some will go right back under.
This time stay closer to the net so soma sheep will stay back. The total
time the sheep will stay under the net is about 30 minutes. It is not &
good idea to drop the net in the sheep's face If you intend 0o trap them
later.

When taking sheep out of the trap a 5-man crew works best; four men to
remove the shesp from the net and one man assigned to observe sheep in the
net. It is important to watch for sheep with their head turned back along
the body so tight that they are unable to breathe or are lying on top of thelr
head. Most trap deaths result from suffocation due to fallure to correct
the position of such animals. These shees must be straightensd out at once.
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ATTACHMENT OF SNAPS TO NET

MATERTALS NEEDED FOR CONSTRUCTION OF TRAF

35' squares of 4" nylom net

7/16" nylon edging rope for two aides of 35" net.
1-1/2" corner ringa

" ecenter ring

snaps B30F rope

6 foot 1" pipe

6 foot 1-1/4" pipe

18" 1-1/4 pipe 2 for center pole and 1 driving cap
2" pulley

/B eye boles

i/8 bolts

2X4 10 foor

1/2 eye to be welded on to 1-1/4 cornar post pipe
12 feet 3/8 nylon Tope

16 foot 5/8 hemp Tope

22 foot 3/B nylom rope

127 foot blaating wire

57 foot blaating wire

electric plugs

roll 1/4" 3 strand nylon rope

blasting caps

Ubolt for top center pole

tadie detonator

15 foot 1/4 nylon atop ropes

3 foot satesl posat
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UPHILL SIDE OF TRAP
NOTE: NO BLASTING WIRE ON THIS SIDE ONLY

'POST WRAPPED WITH BURLAP

5' STEEL POST
WRAPPED WITH BURLAP _;za' SIDE ANCHOR ROPE
/ICI' 2 x4 BRACE
k &
SEE CORNER
DETAILS
NET SEE SIDE
SEE CENTER BRACE .
POLE DETAILS DET#:LLE

o_-

. :i kEHAPBf

WIRE TAILSZ
{Egﬁ’"f S BLASTIN CONNECT TO

OF EACH NET /“EAP WIRE BLASTING CAPS
SECTION. LOOP|

ON ONE END,
SNAP ON
OTHER END.)

RADIO-CONTROLLEL
DETONATOR W. 3
cLECTRICAL

MUTLE TS

70'-0"

- Fe——— =1

PLAN - APPROXIMATE SCALE I/16"=I'-0"

Fig. 2.
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BLASTING ROPE -

/&= STRAND BLASTING CAP WIRE
as8" eve BolT_f{ [R5 . ___:"“:"-'-T"
BLASTING
e N\
| | /5 S e X
3/8
CORNER POST - 12' LONG, TIED OFF
| 174" BLACK -
PIPE, &' LONG
" ELDED 1/4" NYLON
%HEEE " STOP ROPE -
v I5' LONG
CORNER ANCHOR 3/8" BOLT - -1 /4" PIPE,
ROPE - I STOPS [" PIPE 18" LONG,
5/8" HEMP ROPE I8" INSIDE THREADED
I6' LONG TIED TO LARGER PIPE TO TAKE
5' STEEL POST | 114" cAp
WRAPPED WITH CAP SIDES
BURLAP GROUND TO
FIT POST -
DRIVER.

I" BLACK

PIPE &' CORNER POST DRIVING CAP

LONG

CORNER DETAILS - NO SCALE

Fig' 31
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EDGING ROPE W.

SNAP END
BLASTING "’5“
CAP
N A @
174" 3-STRAND NYLON ROPE ;
A 74

SNAP LOOPED THROUGH
" NET AT EVERY OTHER
SIDE ANCHOR ROPE -

2 : SQUARE
3/8" NYLON ROPE 22' LONG
TIED TO POST WRAPPED
WITH BURLAP \

2 x 4 BRACE-
I0' LONG

LEANING OUT FROM
CENTER OF TRAP

SIDE BRACE DETAILS — NO SCALE

Fig. 4.
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FORK WELD

|\

To " PIPE, &' LONG

\

WELDS

| 4" PIPE
18" LONG

I"I|I PIPE,

28" OF 3 STRAND ROPE
WRAPPED AROUND
BLASTING CAP

(SEE TEXT) 4" NYLON NET,
, DIAMOND
3" RING PATTERN

SNAP EVERY OTHER SECTION

LEAN CENTER POLE
SLIGHTLY INTO PREVAILING WIND

CENTER POLE DETAILS - NO SCALE

Fig. &.
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The cbserver can also tell the crew which sheep should be removed from

the net first. Snaps In the net (Flg. | and 2) are extremely helpful

in getting sheep out. 3Sheep should be removed by pulling them cut by the
back legs, mot by the horns or head as this could cause neck damage. Hog-
tleing works well when collaring and treating sheep before release and the
temperature s not too cold. When hog-tied o burlap bag should be placed
over the head. Sheep that are to be transported can be removed from the
net and walked to @ truck with one man holding up one back leg and one man
walking alongside the neck with a hand on each horn so as to guide the

sheep.



TREATHENT OF BIGHORN SHEEF FOR LUNGWORM

By
Charles P. Hibler and Terry Sproker
Wild Animal Disease Center
Colorado State University
and
Robert L. Schmidt
Colorado Division of Wwildlife
Fart Collins

INTRODUCT 1 ON

Intensive research on bighorn sheep herds In Colorade was initiated
In 1970 to determine the nature and cause of excessive lamb mortality.
Research revealed that lambs were dying of pneumonia beglinning when they
were about & wesks old. Some herds, such as the Plke's Peak, Rampart,
and 4-Mile herds were suffering roughly 95 percent mortality. As a
result these herds stagnated and began to decline from old age dlie-off.
A collection of bighorn sheep lambs was initlated to determine the cause
of this pneumonla. Gross and histologle study, together with parasitologlie,
virologic, bacteriologic, and serologic examination revealed the pneumonia
was caused by Pasteurslla sp. However, further examination revealed that
lambs with pneumonia had extremely heavy burdens of the lungworm, Proto-
strongylus stllesi. Considering the age of these lambs, the only means
by which they could have become so heavily infected was either by means
of transplacental or transmammary infection. Subsegquently, Tntensive
research revealed that these lambs became infected wia the transplacental
route. In summary, ewes ingested Infected smalls from the range, stored
the third-stage larvee in their lungs until the last trimester of pregnancy,
and then transmitted these larvae to the fetus. Larvae remained stored
in the fetal liver until birth, at which time they entered the lungs and
began maturation. Lungworms matured in about 20 days and began to pro-
duce eggs. Shortly thereaftar, these eggs hatchaed inte larvae, and the
larvae began the journey towards the mouth, to be swallowed and passed
out with the Teces. Collection and examination of lambs revealed that
the animals were born with extremely heavy burdens; burdens of sufficlent
size to predispose the lambs to a fatal pneumonia by species of Pasteurella

We reasoned that control of the lungworm would offset the possibility
of pneumonia by Pasteurella and give the lambs a chance to 1lve. Observa-
tion indicated that adult ewes, once infected, were Immune to super=
imposed Infection. Therefore, we reasoned that |If the lamb had the
opportunity to acquire lungworm following birth (without overwhelming
burdens), they too would develop an acguired immunity. We were fully aware
that there were no medications on the market considered effective against
species of Protostrongylus. Obviously, we sought a medication which would
eliminate adult lungworm and third-stage larvae stored in the ewes' lungs
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as wall as flrst=stage larvae. In the event that this was unsuccessful,
wa had hopad to find a medication effective against the third-stage
larvae stored in the ewes' tissuves to give the Tambs a chance at life.

A number of compounds were evaluated on captive sheep prior to going
into the field. However, the true trial of an effective medication s
not in a captive situation, but In the fleld; therefore, the results
presented deal only with the fleld trials,

HATERIALS AND HETHODS

Although one of us (Schmidt) had developed and proven "Apple Mash"
was an extremely good vehlicle for balting, trapping, and treating big-
horn sheep, logistics dictated that In the early phases of the field
trials, we treat sheep Individually with each of the compounds under con-
sideration. Therefore, In the winter of 1974, the modified drop net
(modIfled by Schmidt) was set up on Plke's Peak for the purpose of capturing
bighorn sheep ewes. The approach was to capture bighorn sheep, place a
color=coded and numbered neck band on each one, and treat them with a
specific medication. They were then released into the environment. There-
after, collared sheep were to be observed as often as was Feasible to
determina if they did or did not have a lambwhich survived. Previous
observations revealed that patient observation would eventually resulr
in pairing of the ewes and lambs as the lambs nursed.

During the period of February through April, 1974 & total of 52
bighorn shesp ewes were treated with various drug combinations. These
drug treatments were evaluated during the 1974-75 segment by observing
and recording lamb natality and survival of collared treated ewes Versus
lamb natality and survival of collared and wuncollared untreated ewes.
Matality and survival of lambs was determined by pairing each lamb with
its dam every time population composition classifications were conducted.
These pairings were done by observing from a distance groups of bighorn
shesp containing ewes and lambs until every lamb in the group had nursed
a owe-

Based on previous experience and trials with captive bighorn sheep,
four drugs ware chiosen: Tramisol, Cambendazole, Thiabendarole, and
Dichlorvos.

The following year, the objective was to treat bighorn sheep ewas
with the medication of choice determined during 1974. However, durling
1975, the Pike's Peak bighorn shesp were treated with drugs administered
in apple mash bait without capturing the animals. The method of evaluation
was to determine the efficacy of treatment on the previously collared
ewes., We felt that most of the collared ewes (obviously nlong with the
uncol lared ewes) would “self-treat'" themselves through the apple mash.
Thereafter, the same procedure of pairing adults and lambs (see above
paragraph) would be employed.



RESULTS

The results of the 1974 treatment (evaluation of the best medication)
is presented In Tables | and 2. Untreated ewes on Pike's Peak during
1974 experienced a 95 percent lamb mortality, as opposed to the treated ewes
{Table 1) durlng that ysar. The major period of lamb mortality on Pike's
Peak occurred sometime between July and August. 1974.

The resules of the 1974 treatment (Table 1) revealed thar Cambendazole,
Thiabendazole, or Dichlorves were all potentially good compounds for the
removal of third-stage larvae, mither from tha ewes' lungs or the fatal
llver, Fecal samples obtained from lambs born to treated ewss indicated
a very low level of infection (0~100 larvae/gram of feces). A1l lambs
were extremely healthy, grew faster, and wera much larger than any lamb
sean praviously on most sheap ranges in Colorado.

The 1974 results indicated that Cambendazole was the drug of choice.
Several reasons prompted this decision: 1) the drug was relatively non=
toxic, 2) the drug was palatable, and 3) the drug showed high efflcacy
against third=-svage larvae. Therefore, in 1975, Cambendazole was dellivered
in apple mash. The goal was to deliver B.4 cc of Cambendazole and 3200
milligrams of Diethylecarbamazine to each adult bighorn sheep utilizing
the bait stations. Drugs were mixed with apple mash baits on 5 dates:
March 14, April 10, April 12, April 16, and April 17. Seven drug dellivery
stations were Salected within the winter habitat freguented by wvarious
segments of the Pike's Peak bighorn population. Balting with apple mash
{without drugs) was Tnictlated the first week in January. Balt was
dellivered twice dally and observations were kept on the amount of balt,
the number of sheep using each balt site after balt placement, and the
amount of balt consumed. These data were used to compute the average dally
consumption per Individual bighorn per day. From these data it was
estimated by one of us (Schmidt) that each adult sheep consumed about 5
pounds of apple mash per day during those days they visited the bait station.
Therefore, medication (at a therapeutic level) was mixed within the apple
mash on the assumption that an adult sheep would consume 5 pounds per day,
lambs would eat about 2 pounds, while yearlings would consume about 4 pounds.
The results of the 1975 treatment with Cambendazole revealed that treated
ewas had an 85 percent lamb survival, whereas untreated ewes had a 15
percent lamb survival.

DISCUSSION

The medication applied to the bighorn sheep on Pike's Peak (and In
other herds) does not eliminate the adult Tupgworm, but it does sSupress
larval production (the First-stage larvas) for periods of up to 6 weeks.
However, it has been observed that the larvaefgram output posttreatment
is considerably lower than the pretreatment output, indicating that Some
of the adult lungworms are eliminated. MHost important, the results of
medication in captive as well as free-ranging bighorn sheep indicate
that the third-stage larva Is practically eliminated from the ewe (or the
fetal liver). Fecal collections and examination from lambs born of ewes
durlng 1974 and agaln during 1975 revealed very low numbers of first-
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Table 1. Summary of 1974-75 Plke's Peak bighorn shesp lamb survival
compar ing various drug treatments.

Ho. of ewas
individually Lambs positively

Ho. identiflied fdentified with a Percent
ewes at least once treated ewe from Tamb

Drug treated after Sept. 1974  Oct.1974-Har.1975  survival
Tramisol 1/ q ] 4 50
Cambandazole l.f 13 7 7 | [l
Thiabendazole 10 & 5 B3
bichlorvos 20 14 12 1

l? Treatment contained diethylcarbamazine.

Table 2. Comparisons of 1974-75 Plke's Peak bighorn shesp lamb survival
from ewes treated with drugs in 1974 and ewss not treated
(treated ewes include all drug treatments).

Ho . Lambs : Ho. Lambs :

untreated  Ho. 160 treated Ho. 100

Perlod ewes)l/  lambs  ewes opwes  lambs ewes
June-Aug. 1974 53 38 72:100 &) b0 98:100
Sept.-Dec. 197h Bo & &:100 &7 1 65:100

Jan.-April 15, 1975 122 6 5:100 93 62 67:100
1/ Some of the ewes llsted as untreated were treated In 1573 but did not

receive treatment in 1974,



stage larvae in the fecas. Moreover, all of the lambs were much

larger and healthier than previously observed on Pike's Peak or in
other herds throughout the state. These lambs did not have paroxysms
of coughing, rough hair coat, nor did they lag behind when the herd

was frightenad and caused to run. Additionally, we obssrved that
treatment of large numbers of sheep on Plke's Peak (over the 2-year
perlod), accompanied by a die-off of the older mare heavily Infectad
animals, resulted In a major reduction In the numbar of larvaefgram

of feces among Indlviduals In tha herd. Larval levels averaged about
3000/gram of feces among adult sheap on Pike's Peak prior to treatment,
and larval levels of 7-9000 per gram of faces were prasant among the
lambs. Follewing the 1 years of medication on Pike's Peak, the average
dropped to about 500 larvae/gram of fecas among adult sheep and
approximately 50 larvaefgram among lambs.

Howaver, since the medication doas not aliminata adult lungworm,
lungworm levels will develop onca again to the burdens obsarved in
1970 through 1974 unless treatment is applied on an annual basis.
Hopefully, the future will bring a medicacion which will eliminate tha
adule lungworm at wall as the Tirst and third-stage larvaa.

b



THE 5UN RIVER B)GHORN SHEEP
HANAGEMENT PLAN

By
Glenn L. Erickson and John J. McCarthy
Montana Department of Fish and Gams
White Sulphur Spring and Augusta

Abstract:

Data concerning population dynamics, movements, and harvest of the
Sun River bighorn sheep herd were compiled for the period 1941 to 1975.
The data indicated that four management directions should be initiated
in 1975 to reduce the owerall sheep population to BOD head over a 3-year
period.

I. Divide the present Hunting District into four new hunting
districts corresponding with the identified herd segments.

£+ I155ue either-sex permits in each area based on the number
of 3/4 curl rams In each herd ssgment.

3. Issue ewe-only permits within each area based on the estimated
carrying capacity of that herd segment's winter range.

. Continue to trap and rransplant sheeap out of each area based
on the estimated carrying capacity of that herd segment's
winter range.

INTRODUCT 10N

An attempt was made during 1974 to analyze all the avallable research
data concerning bighorn sheep in the Sun River area with the purpose of
develeping a management plan. Data concerning movements and range use
as well as population dynamics weare reviewed. Speclal attention was pald
to maintaining the bighorn population within the carrying capaclty of Its
range and hopefully preventing any future large die-offs as have occurred
in the past (1925, 1927, 1932, and 1934). Four management directions were
developed from these data:

1. Divide the present Hunting District %20 into four new hunting
districes.

2. |lIssue elther-sex permits to accomplish the wanted ram harvest.

3. Issue ewe-only permits to maintain each herd segment within the
carrying capacity of its range.
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. Continue a trapping program to help in population control as well
as establish bighorn in other areas.

1. Divide the present Hunting District 420 into Four new hunting districts

Harvest Data

Hunting of bigharn sheep in the 5Sun River area was established in 1953
fol lowing & long period of closure dating back to 1912. Table 1 indicates
the past seasons and harvests in the area since 1955. It showld be noted
that for the 10-year period 1957-1966, when the number of permits remained
at b0, the harvest averaged nearly 3] every year. When the permits were
increased to 60 for the period 1967-1969, the harvest was 52 for the fFirst
year and progressively dropped in each succeeding year. Upon resumpiion
of the 40 permits in 1971, the harvest again averaged near 1. The data
indicated that 60 permits were to great Eo maintain a trophy hunt wWith high
success, while 40 permits maintained a stable harvest.

However, in reviewing the data further it became apparent that it wasn't
the number of permits thar was significant in the past, but where these
permits were used by the hunter. That Is, a large percentage of the kills
had occurred in the most accessible areas. The Castle Reef and Ford Creek
areas are the most accessible to the hunter (Flg. 1). These areas have
provided 41 and 30 percent of the total harvest, respectively, over the
E-year pariod 1969-1974 while contalning only 25 and 24 percent of the total
population (Table 2). Also, Hannan Gulch, one of the most accessible drain-
ages within the Castle Raef area has provided on an average |18 percent of
the harvest since 1966. (In some years this area has provided over 50 percent
of the harvest.

During the years 1970 and 1971, classifications made in December
indicated a decrease in the number of rams 1/2 curl and above in the Castle
Reef area (Table 3). This is thought to be a result of the heavy harvests
af 1967-1969 when 60 pearmits were issued. Although the disparity has been
somewhat masked by the rapidly Increasing population in all areas, the same
situation appears to still exist at present. Consequently, harvest data
indicate a more balanced harvest amongst tha hard segments could be achieved
if the area was divided. Also, the problem that developed when 60 parmits
warg [ssued might be somewhat alleviated because with asplit area more
hunters could be directed to the areas with higher concentrations of trophy
rams.

Movement Data

A S=vear range use and movement study on the Sun River bighorn sheep
herd was completed in 1974 (Erickson 1972, Frisina 1974). During those 5
years @ total of 98 bighorn sheep were tagged andfor neck banded in the area.
Subsequent observations of those marked animals throughout all seasons of
the year have Indicated there exists four herd segments in the Sun River area--
Castle Reef, Gibson Lake Morth, Ford Creek, and Desp Creek. Erickson and
Frisina both indicated these segments remained separate throughout the year
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Table 1. Bighorn sheep harvested in the Sun River Area, 1955-7L.

3/ Curl Eithar-sex Ewa Rama Ewaa Total
Year Permita Parmita Permits Harveated Harveatad Harvested
1955 20 - - 12 - 12
1956 20 - - 15 - 15
1957 140 - - j2 - 32
1958 Lo - r 30 - 30
1959 4o - - a5 - 35
1960 4o - - 30 - 30
15961 40 - - 32 - a2
1562 L0 - - 28 - 28
1963 L0 - - 31 - gl
1964 40 - - 4 - 27
1565 40 - = 17 _ 47
1566 o] - - il - 34
1967 60 - - 52 - 52
1968 &0 - - L5 - L5
1565 &0 - - 140 - L0
1970 Lo - - 29 - 29
1571 L = - i1 - 34
1972 - Lo - 3l 1 32
1973 o 140 e a5 3 38
1971 " Lo 20 39 1l 53
Total T0O0 120 20 648 18 666
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Table 2. Percent of harvest and percent of population occurring in mach
of four herd Segment areas, 1969-1974.

Year Castle Reef Gibson LukaL::::;un Ford Creek Deep Creek
1963 3?!311; 2/28 37/25 24416
1570 52734 20/37 2h/19 410
1971 3B8/22 24/38 28719 10/21
1372 h7s23 13/31 23/27 17/20
1373 39/20 36/32 25/24 0/24
1974 39/2h 13/30 _35/27 213

1/ Pearcent of known harvest/percent of known population.

Table 3. Percent rams In each of five caregories for sach of three major
wintering areas censused during December, 1970 and 19711/

Location E:T;;ﬂ Eﬂ;f Ei;i iaiij gﬂi:
Castle Reef gl 23 32 12 3
Gibson Lake Horth 90 27 32 21 1o
Ford Creek 57 35 24 26 15

1/ The December census consisted of undupllcated observations during
each of the years.
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with very few exceptions I:Filj- 2 and 3). All of the exceptions, of which
there were two ewes and thres rams, occurréd between the Castle Reef and
Gibson Lake Morth segments.

By dividing the Sun River hunting district into four new areas corres-
ponding with the respective herd segments, problems within each aresa can be
more adequately dealt with {Flilja L). For example, competition with elk and
restricted winter ranges due to weather conditions make the Gibson Lake
North area more susceptible to range problems. Reduction of this herd
segment because of deteriorated rénge conditions would be possible IF the
ares wore split out from the other areas. Hunters could be directed to
the problem area.

2. Issue either-sex permits to accomplish the wanted ram harvest.

Harvest of rams was |imited to those having a 3/4 curl or greater From
19531971, During that period numerous citations were issued to sportsmén
for killing ""near-legal" rams. Arguments concerning how to determine 1f a
ram was 3/4 cur]l Insved between sportimen and department personnel as well
as betwean divisions within the department. In 1972, 40 aither-sex permits
were issued in placa of the previeus U0 378 eurl peérmits. It was felt that
the sportsmen would not be arrested for killing & ram that !-_u:_ felt was a
trophy and the argument over what constitutes a 3/8 curl ram would be
gliminated. Also, It was possible that a limited number of ewes wWould be
harvested, helping to establish &we hunting in the area and alleviating
some pressure on 4-5 year old rams allewing them to become larger.

Since 1972, U0 elther-sex permits have besn (ssued in the Sun River area
#ach vear. During that period the horn measurements have remainéd nearly
equal to those recorded during the period of 3/4 eurl regulation (Table 4).
Four ewes have been harvested and very few rams less than 3/ eurl have
been harvested. Thus, as long as the number of &ither-sex permits is
limited to that number of 3/h curl rams that can be harvested, they appear
to be the best method of controlling the ram harvest.

3. Issue ewe-only parmits o maintain sach herd sagment within the carrylng
capacity of its range.

Considering pravious regulations far harvest (elther-sex permits) and
the difflculty of using the trapplng and transplanting technlque for popul-
arlon control (Wates et al. 1971), there |5 a poasibillity that the bighorn
sheep will overpopulate their range and suffer die-offs similar to those
occurring In the 1920's and 30's. Annual surveys durlng the winter
(Decembar and January) have Indicated a steady Increase in numbers of bighorns
(Table 5). Durlng recent years, when the number of yearlings has been
estimated, there has been a sharp drop in the number of yearlings. Also,
the number of yearlings has dropped disproportionately amongst the four
separate herd segments (Table 6). Just completed surveys in January 1976
have also indicated a drop in tha ratic of lambs Is oceurring in the Ford
Creek area. Yearling ratios were low in all areas. These data indicate
the population is beginning a pariod of decline. |t becomes apparent that
to maintain a viable sheep population,portions of the female segment should
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Figure 2 Map of study ares showing tha distribution of bighorn shaap
in winter and sussar.(Ericksen 1972)
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Figure . Map af study area showiag proposed new hunting districts.
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Table 5. Classilied counts of bighorn shesp, Sun River, 1941-1975.

Humbar Fatin/100 Ewes
3/L Curl —I7
Yaar Rama Rams8 Ewes Lambs 0Unk. Total Rama Ylgs. Lamhs
1gh1 3 T T 27 ¥ 159 76 - 6
1942 5 ﬁa El 5 36 0 135 n - 62
104, 2/ : 5 = = - e i L1
1945 - a6 34 17 10 101 G5 - L5
1946 Eg 61 60 32 & 185 102 - g3
l?tg " 1 a? gﬁ éﬁ 11 118 13 - 25
19468-49 - 0 1 - 29
1951 - & Eg 38 17 15% g% - g6
1952 - 8 11 75 3 290 86 - &6
1953=-El - 57 G 27 60 3%2 3] - 28
198l-55 3 78 121 sl 1z 262 62 - 5
1955-56 - 62 113 62 35 a7 E& - 5
1?56-%@ 21 6L 128 sl 8 12 lyg - L3
1957= 19 L3 g 50 1L43 125 L8 - 56
1950-59 20 58 117 6T ig 270 LT - ST
1959=-60 20 T 131 2 109 i6 =9 - Lo
lggﬂ-gl 19 117 gg Eu ﬁz 41 - 5%
1961=62 17 7T 209 5 T 32 - Tul
1662-632 = ( 20) ( 85) ( 29) - (I3y) ( 24) - ( 3h)
1963=64 8 i7 117 61 3k 249 32 - 52
lgﬁhﬂ E:EE‘/ - - - - - - hﬂ - hl:’
1965=65 12 78 1gﬂ gg 0 291 56 - sy
1966=67 15 108 289 4] 495 3 - 3l
1967=68 - 66 1;2 78 0 316 3 - L5
1968-69 10 74 281 111 20 490 28 - 39
1969-70 9 119 240 135 69 61l 4l L3 47
1970=71 8 111 326 180 2 589 W 31 L6
1971=72 11 138 310 1 8 599 ks 37 L6
1972-73¢ 2l 1%6 g 1 105+ Te* 43 20 53
19?3-?@ 32 182 371 167 17 9l L3 29 L5
1974-T £ 156 LO3 203 200 966 a9 13 50
1/ Fligure arrived at by following formula: 2 (#¥lg.Rams)
dFamales

2/ Repeated obsarwmtions 2,215 sheep (Couey 19LL).

/ Incompleta classified count.
Repeated observations 2,465 sheep (Schallenberger 1966)

/ A large portion of Deap Creek Herd Segment not classified during
thase years - thus 3/l eurl ram figure iz probably low.
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Table 6. Ratioa of lambs, yearlinga and rams per 100 awes Tor big-
horn sheep classifisd in Hunting District [j20, Ragion

FEII-'II", 19 EH'-?E-

Total ., Lamba/ Iunrlinggé; Rama/

Yaar Claaaified— 100 Bwasa 100 BEwes 100 Eweas
Daap Creek (H.D. h 1

1965-70 L7 al 30
1970=T1 bj 51 23 29
1971=T2 126 IS 35 37
1572=73 126 . 19 Sl
1973=7 39 59 59 T
157L=-T g - i =
Cantla Heef (H.D. [122):
1969-T0 191 5 Ll 36
1970-T1 201 SE gﬂ 36
197T1-T2 111 5 8 ci
1972-T73 176 gg 12 2
19737l 182 33 Iy
197475 228 g9 L7
Gibson Lake N. (H.D. L213):
1969-70 119 L8 3 L8
1970-72 216 34 3 N
1971-72 222 39 22 37
1972-73 Eg& 56 25 Tal
1973=Th 2 Bl 31 I3
197L-T5 233 Lly T 29
Ford Cresk (H.D. L2l):</
196970 134 37 W Wy
1970-T1 107 Ed 30 %3
1971-72 109 L6 L8 g
1972-73 129 2l bl;
1973=-T7 217 19 E%
197L~T 241 51 16
Total Sun River Herd

Within H.Ds. 421 2 and Yz
1969-T0 2 47 43 L1
1970-71 587 L& 31 3,
1971-72 590 L& 5 45
1972=-T 667 53 20 L3
1973=7 720 us 29 L9
1974-75 T62 13 39

1/ Tﬁtulli; ﬂnig thgﬂu classiflied as to age and aeox durlng the
Bnnua BCAMDAT=JANUATY CBNBuE.
2/ Figure arrived at by following: ° (#Y1§. Rama)
#remales

2/ Pord Creek area includes Home, Norweglan,and French Gulches,




be removed. Previously this was attempted through trapping and transplanting
bighorn sheep to other areas. Trapping costs are high and are increasing
every year just like everything else (Table 7). Also, the numbar of areas
suitable for sheep transplants are becoming fewer. Since It Is avidant that
the removal of 655 shesp since 1942 through transplanting has not bean adequate
enough for control, ewe-only permits appear to be the only way for population
contral. Holding the ewe-only season late in the fall (Octobar-November) a-
leng with the regular genaral season on alk and dear should allow most of the
pwes to be harvested of f the wintar range where the overpopulation occurs.

This should also eliminate harvesting ewes on summar range whare It was
indicatad by Erickson that some intermingling occurs betwsen the herd segments.
The division of the area into four new areas should allow adjustment of the
numbar of parmits so as to harvest heaviest where it is necded.

4. Continue a trapping and transplanting program to help in population
control as wel)l as establish bighorn in other areas.

Trapping and transplanting of bighorn sheep was begun in the Sun River
area In 1942 (Table 8). Considerable effort has gone into the program since
about 1967. The success of trapping appears to be related more to the type
of winter than to anvthing else. Some years success is very good while others
it is wvery poor. This inconsistency is trapping's main drawback for uwse in
population control. However, if ewe=-only permits are used to supplement
trapping sucess, then it does have valpue. Also, ews harvests in some of the
more upnaccessible areas might prove difficult to achieve under the present
7-year waiting period. Trapping and transplanting out of these areas would
be very beneficial. Trapping also gives the opportunity to pick which sexes
and age classes to remove from the area. This could prove to be trapplngs
most valuable asset.

In concluslon, It should be noted that division of the area Into four

new areas is the primary management direction needed. Management by herd
segments appears to be the most effective way to maintain a healthy and
productive Sun River bigharn sheep herd.
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Table 8. Sun River bighorn sheap trappad and transplantad to

other areas, L942-75,

Year Male Female Unk. Total
19u2 2 10 12
1943 i 2 3
1954 3 3 6
1955 1 2 3
1956 5 8 13
1957 i 6 T
1958 b 6 3 15
1959 13 12 25
1960 1 2 3
1961 L 7 11
1962 b 13 19
196l b 19 25
1967 12 38 50
1948 11 42 53
1969 8 46 54
1970 3 1 4
1971 60 2l Bl
1972 1l L3 o7
1973 P 9 11l
1974 30 a7 67
1975 29 Bg 15 133

Total 218 419 18 655




Wares, R. A., D. Schallenberger, and F. G. Feist. 1971. Big game survey and
inventory = antelops, mountain goats, bighorn sheep and bear - District

I, Fad. Afld Rept., Project Mo. W-130-R-1, Job 1-4. Mantana Fish and
Game Dept., Helena. Ghpp.
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A SUCCESSFUL BIGHORN SHEEP REESTABLISHMENT
PROGRAM IN SOUTHWESTERN |DANHO

By
Paul Hanna
Idahe Department of Fish and Game
and
Mike Rath
Bureau of Land Management
Bolsa, ldaha

DESCRIPTION OF THE AREA

The general area that will be referred to Is the southwest corner of
idaho encompassing Owyhee County (Fig. 1). Malheur County, Oregon borders
the western edge of the region and Elko County, Nevada farms the southern
border. The Snake River forms the northern boundary and Twin Falls County
is to the sast.

The entire area is sparsaly populated. The main population centers
lie adjacent to the Snake River on the extreme northern edge. The vast
majority of the land is Matural Resource Land administered by the Bolse
Diserict of the Bureau of Land Management. Grazing of domestic livestock
and Irrigated farming are the major usas of the land.

The topography varies from relatively flat on the Snake River plains
to rolling hil)l country assoclated with extensive plateaus In the Owhyes
uplands to steeap mountainous terraln near the Oregon border. Elevations
wvary from 2,500 feat at Homedale, ldaho to 8,000 feet on War Eagle Mountain.

The major dralnages which dissect the area are the Dwyhee, Bruneau, and
Jarbidge rivers. The canyons assoclated with these water courses are
extremely rugged and In some places over 1,200 feet desp.

Plant communities represented Include primarlly a sagebrush=-grassland
type with salt desart shrub vegetation at lower elevations. Soma juniper=-
pinion and Douglas fir communities are represented at higher alavations.

Precipitation varies from B Inches te 15 inches a year. Most of it
falls as snow In the winter and rain In early spring and late fall. Snow
depths at lowar elavations rarely exceed 12 inches for any length of tCime.
Temparaturas vary from lows wall balow 09 in January to over 1009F In July
and August.

HISTORIC RECORDS AND DISTRIBUTION

Eighorn sheep wera common in southwestern ldahe prior to settlement by
the white man. Archasological axcavatlons and occasional sightings of sheep
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Figure 1. Map of southwest Idaho (Owyhee County).
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skulls Indicate bighorns were found In Salmon Falls Creek, the Jarbidge
River, and Castle Creek, a tributary of the Snake River.

In 1972 a rancher living in Oneal Basin unearthed a cache of bighorn
skulls on the South Fork of 5almon Falls Creek. This site Is approximately
20 miles south of the ldaho border in Mevada.

The Hevada 5tate Huseum, in an archaeological excavation of Deer Cresk
Cave on the West Fork of the Jarbidge River, collected numarous blgharn
sheep bones. They found that native Americans had cccupied the cave off and
on for well over 3,000 years. The abundance of sheep bones Indicate bighorns
were thelr predominant food Item. The cave lies just belew the Jarbidge,
Nevada town site only a few miles from the ldaho state 1ine (Shutler and
Shutler 1963).

An archasological excavation headed by the University of Washington
has just recently unearthed bighorn bones In Brown's Creek, a tributary of
Caitle Creek. In 19664 an old bighorn skull was found by a Bureau of Land
Management employee, also In the Castle Creek drainage.

Petrogylphs depicting bighorn sheep carved by native Americans on rock
walls in the Deep Creek drainage provide even further evidence of the past
distribution of bighorns In soythwestern Idaho.

POPULATION DECLIME

Several Factors contributed to the decline and eventual disappearance
of bighorns in the early 1900's.

In 1863 silver and gold were discovered in upper Jordan Creek. The
subsequent mining boom brought the country to [ts peak human population.
Silver City was the largest settlement and became county seat In 1866,

The local populace undoubtedly hunted wild sheep for subsistence and
contributed to their decline.

The population growth was responsible for the establishment of the
livestock industry existing today. Owvergrazing by cattle and domestic sheep
played a part in the demise of the wild sheep. Over 100,000 cattle were
found in the county In 1889 (Rinehart 1932). Range deterioration and poor
nutrition may have made the sheep more susceptible to diseases.

There are conflicting opinions as bo what disease killed of fF whole bands
of sheep. Scables was suspected. The scabies mite, Psoroptes equl, was
introduced Into the area by doméstic sheep. Buechner (1960) indicated another
subspecies of mite was endemic to highorns. Either one could have caused the
wholesale die-offs if the sheep's nutritional plane sank too low. The winter
aof 1BB4-85 was one of the worst epidemics according to Bailley (1936).

The beginning of the Twentieth Century Found the bighorn selll dwindling.
Some of the last verified sightings recorded in the literature were around
Red Canyon in the Juniper Mountain area in 1915 (Bailey 1936) and lower
Battle Creek In 1920 (Cowan 1940).
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Two interviews with pioneer Idaho residents have added to our knowledge
of past bighorn distribution and their eventual disappearance. Hr. W. Wilson
of Bruneau, ldaho saw a bighorn ram on the lower end of Duncan Creek sometime
betwean 1910 and 1920 (Shaw, personal communication). Hr. G. Dickerson of
Parma, ldaho reported that he killed a bighorn ram east of Battle Creek in
1927. He further stated that this was the last sheep he heard of in Owyhee
County (Morall, personal communication).

It was sometime between 1920 and 1930 that they finally disappeared.
EESTABLISHMENT

The ldoho Department of Flish and Game [In cooperation with the Bureau
of Land Management began a reestablishment program In 1963 In an attempt to
restock historic habltat with bighorn sheep. Callfornia bighorns (Ovis
canadensis callfornlana) were chosen as the subspecies to fill the unoccupied
niche that existed.

The California bighorn was originally distributed from southern British
Columbia southward through Washington and Oregon, northwestern California
and along the Sierra Mevada. Their range extended eastward, probably includ-
ing northwestern Hevada and southwestern ldaho.

Thare are conflicting opinicons in the literature as to which subspecies
af bigherns inhabited southwestern Idaho. Bailey (19358) belleved that the
California bighorn was historically distributed throughout suitable habitat
in southeastern Oregon. Cowan (1940), who conducted a taxonomic study of
avallable bighorn skulls, concurred with Bailey's opinion. 1F this was the
case, It would be legical te conclude that the same subspecies inhabited
southwestern Idaho since the aress are similar and no real barrier to dispersal
occurs between the states.

Hall (1946) examined the skull of & mature ews taken From the Jacksen
Mountains in northwestern Mevada. He classified the animal as & Rocky
Mountain bigharn I:_‘ L. canadensis) bubt he noted characteristics of both
the California bighorn and the desart bigharn [{] C. nelsoni). A skull
taken from the Owyhee mountains and measured by Dr. C. H. Merrian was
classified as canadensis. These sources would support a conclusion that
the Rocky Mountain bighorn was originally distributed In southwestern idaho.

Although the original subspecies distribution will probably never be
known exactly, evidence indicates that southwestern ldaho was an area of
intargradation betwesn the California and Rocky Mountaln subspecies. For
purposes of reestablishment, either subspecies could probably have baen
successful. The selection of the Callfornia bighorn was probably tha bast
considering that this subspecies Is much less abundant than the Rocky Mountain
bighorn.

Oragon and Mevada have either introduced, or plan to introduce, Callfornia

bighorns adjacent to southwestern ldaho, so the chances of subspacies intar-
grading today is slighe.
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Although limited In scope, |daho has had a vary successful resstablish=
mant program. Currantly two separate populations have been reestablished
In Owyhes County. The potential for additlional reestab)ishments appears
great with much historic range unoccupled.

EAST FORK OMYMEE RIVER (Fig. 2)

In 1962 Department biologists picked the first transplant sites for
the reestablishment of California bighorns. Tha British Columbia Fish and
Wildlife Branch of the Department of Recreation and Conservation had surplus
animals and no place to relocate them. The Department agreed to furnish some
money To trap chem and In return was to receive 100 shoep.

The East Fork of the Owyhee was plicked for three reasons. |t was felt
at that time this area was historic californiana habltar; a domescic sheep
allotment was in a non-use capacity; and the canyon complexes provided adequate
stands of native, perennial grasses.

In 1963 the Department received 19 bighorns, 9 more In 1965, and 10 in
1966 (Table 1). All bighorns were live trapped near Williams Lake, 3ritish
Columbia, Canada. The releases in 196% and 1966 supplemented the original
19 animals. Al] sheep were released in approximately the same area.

After the releases, the Department's aerial surveys and occasional
sightings indicated the animals were becoming established and the population
expanding. John Drewek, a former graduate student at the Universicy of ldaho,
collected data from June 1968 to November 1969, In an effort to determine the
population increase and factors acting upon It.

A minimum of 80 bighorns of all classes were present In the area as of
November 1969. ODrewek (1970) felt the population was expanding at the rate
of 20 animals per year.

The research by Drewek (1970) indicated the transplant was indeed
successful. MNo factors appeared to be seriously restraining the population
at the time of the study. Partly due to Drewek's fFindings, the Idaho Fish
and Game Commission authorized the First bighorn sheep hunt ever held in
Dwyhee County the Fall of 1969.

LITTLE JACKS CREEK (Fig. 2)

In 1967, 12 additional sheep were obtained from British Columbia and
released in Rattlesnake Creek, a tributary of Little Jacks Creek approximacely
0 miles northeast of the East Fork site (Table 2).

The second release site that Department blologists pleked and got
approval for from the Bureau of Land Management was the Big Jacks-wWickahoney
Creek complex. There waere three reasons for selecting this area: adequate
parennial grass forage; excellent canyon complex for escape cover; and
minimal livestock confllicts due to lack of adequately distributed water
sources. Livestock use [s seversly limited by the lack of water and tha
canyon complex |s deep and diverse, providing an excallent interspersion of
cliffs and benches,
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Figure 2, PRESENT DISTRIBUTION OF CALIFORNIA
BIGHORN SHEEP IN SOUTHWEST IDaHo,
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Initially, It appeared that this transplant may have been a fallure.
Early aerial surveys showed no sheep. The flirst verified sightings were of
five sheep Iin May 1968. Periodic reports from cattlemen and hunters were
received from 1969-71. In 1972 it became apparent that the area contalned
enough sheep to warrant a closer look at the population.

During April 1973 and February 1974, intensive surveys of Little Jacks
Creek and associated draineges were conducted with the aid of a helicopter.
Approximately 20 sheep were found on each survey==the great majority beling
rams In both cases. In August 1974 the Department and Bolse District,

Bureau of Land Hanagement, cooperated in radio collaring several sheep to
locate swe-lamb bands and to determine the extent of thelir seasonal distri-
bution, Forty-eight different sheep were classified during the radio collar-
ing operation. This represented the largest nusber counted to date and
indicated the populetion was successfully establishing itself.

Personnel in charge of the project tracked the sheep from September to
February 1975. Despite some difFficulty with radios, the Following data was
compiled. There were 81 sheep sights made from August 23 to January 22--
34 ewes, 17 lambs, 30 rams. Using these classes, the ratios of lambs and
rams per 100 ewes §s 50 and B8, respectively. OF the 30 rams classified,
20 (67 percent) were legal rams.

In January 1975 the Department proposed a hunt For Little Jacks Creesk
sheep. The population appears to have established ftself and has a good

complement of rams. The [daho Fish and Game Commission concurred with the
recommendatian.

HAB I TAT SITUATION
East Fork Owyhee River

The vegetation and topography encompassing thils blghorn range was
described by Drewek (1970). The area |s grossly characterized as a high
plateau. Elevation is roughly 5,500 feet. The major dralnages flow through
steep-wal led canyons up to 400 feet deep. The terrain appears flat but is
genarally rolling and broken with desp lateral draws branching off the main
canyons.

The major portion of the bighorn habitat is classified as rockland,
rough broken canyon,and escarpment. The landforms are mostly canyons of
major streams and assoclated draws. The flats adjoining the canyon are
covered wlth deep to shallow, well drained solls.

The sagebrush-grassland (Tisdale et al. 1969) vegetative type describes
the extensive plateau or benches. Deeper solls support blg sagebrush,
Artemisia tridentata, as the dominant shrub. Where the solls are shallow
and ponrfv drained, low sagebrush Artemisla arbuscula Is doeminant. Blue-
bunch wheatgrass Agropyron spicatum [s the dominant grass on south and
east slopes. Morth and west slopes are dominated by l|daho fescue, Festuca
idahoensis. Other grasses commonly occurring are Sandberg bluegrass, Poa
IlnErﬂ”i squirreltall, 5ltanlon hystrix; and cheatgrass, Bromus tectorum.
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Canyon bottoms aré typically flat, with the streéams winding from cliff to
cliff. Stream banks are usually lined with willow, Salix spp.

Orewek {Iﬂ?ﬂ] found the following in regards to the sheep's diet.
Blusbunch wheatgrass and giant wild rye, Elymus cinereus, were the species
the bighorns were most commonly cbssrved eating year-round. Through the
winter months the cured leaves of these two grasses made up the bulk of the
bighorn diet. Leaves and new Stem gromth of willow, Salix erigna and S.
lasiapdra, were a fTavored [tem. Other shrubs uwsSed were Ribes spp.; Service=
Berry, Amelanchier alnifolia; and both specles of sage previously mentloned.
Forbs uSed included buckwheat, Eriogonum spp., Thelypodium spp., and other
Cruciferas, and various Compositae.

Domestie cattle appeared to be the sheep's major competitor (Drewek
1970), with the conflict area being the sagebrush flats ismediately adjacent
to the canyon rims and the bottoms of draws, washes, and canyons. At the
time, Drewek (1970) could not pinpoint any deleterious affects from cattle-
Bighorn competition For forage. However, recent observations Indicate that
groups of shesp have moved out from the release site area and are occupyling
areas of batter range condition. However, the topography belng the way |t
is precludes a lot of competition as the cattle cannot utilize a lot of the
area the sheep oceupy.

Litele Jacks Creek

This bighorn range has extensive steep, Isolated canyons with pristine
grass stands, a variaty of forbs, and browse. Cattle graze the more
accessible portions, particularly ad]acent plateaus which border the canyon
rims. However, there are extensive areas within and adjacent to the canyon
complex whare cattle use is 1ight if grazing occurs at all.

The malin differance between Little Jacks Creak and East Fork Owyhee
River s the canyom structure. The East Fork has '"U" shaped canyons whareas
Little Jacks Creak s terraced.

The alevation of the plateau associated with Little Jacks generally [s
between 5,000 and 5,500 feet. Tho main canyon is 1,200 feet desp In places.
Bighorns occupy the canyon but are cccasionally observed on the flats up to
1/2 mile from the rims. Pellet group transects established In the spring of
1875 by the Boise District, Bureau of Land Management, show some bighorm
sheep are utilizing areas on the east plateau up to 13 miles from Little
Jacks Creek.

Because of a lack of water on some of the Tlats alongside the canyon,
the grazing season s rather short. This insures little competition between
sheep and cattle. It has Indirectly contributed to the preservation of
relict climax bunchgrass-sage comunities. Some of the finest stands of
grass in Owyhee County occur on the flats between the junction of Rattlesnake
Creck and Little Jacks Creek on the south and west and the E| Paso gas
pipeline on the east.

Sagebrush-grassland is the dominant vegetative type on the flats.
Bunchgrass thrives on benches within the canyons. Along the streams in most
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places willow Is present, WMo intensive habitat mapping or food habits
analysis has beén done. Contact with cattle occurs on the flats and foothills
betwean the mouths of Little Jacks and Shoofly cresks. Competition for

forage |s probably not great as the cattle make |lttle use of the stesper
slopes and move out during the susmer. Howaver, there |s evidence of

intens ive 1livestock use on the big plateau complex weast of Litele Jacks

Creek.

Due to the relative flatness of both areas, no migration from summer
to winter ranges occurs. Lateral movemsnts along stream courses and vertical
movemants [n and out of the associated canyons are the extent of the bighorn
travels. Consequently, their home ranges are relatively small and must
provide adequate forage yearlong. The most noticeable movement that has
baen detected §is in the spring whan pregnamt ewes travel to tha more remote
canyans to have their young.

PRESENT STATUS AND HAMAGEMENT

It appears thact the East Fork Owyhee River sheep population may be
stabillzing. Alcthough the total numbers observed during the 1974 surveys
ware siightly higher than in the past, age composition of the ram component
has shifted to faver elder animals.

The East Fork of the Owyhee River population has stabillzed around 250
animals. The Little Jacks Creek herd is expanding slowly and numbers roughly
75 head.

Winter aerial surveys are conducted biennlally to gather herd distri=
bution, sex and age composition, and number of legal rams In the male
component. Infreguent ground inspections are made on the bighorn range to
ocularly assess range conditions, areas of llvestock concentracions and
Ilvestock trespass. The Bolse District, Bureau of Land Management, has
established 12 miles of ground transects to help assess the movement and use
of sheep on the flats above Little Jacks canyon.

At present there are no investigations on bighorn food habits, behavior,
range compet ition or attempts to determine any limiting factors on populations,
The Bolse District has Initiated an intensive Inventory and analysis of the
Little Jacks Creek ares and a draft Habitat Management Plan is in preparation.

The East Fork sheep are stil] being hunted on a permit system. Seasons
run for 30 days from the first Saturday in September to the first Sunday in
October. After starting with 5 permits, the season In the East Fork ran
b years before the permit level was raised to 7. The kill has varied from
I to 3 with an average of 2.2 rams per year. A total of 15 sheep have been
takeén. Present regulations limit the harvest to 3/h curl rams or better.
It is the Department’s policy to manage bighorn sheep In ldaho as a trophy
species. Hunter Information is sollicived from successful permittess. A
fol low up contact by conservation officers is made to Insure a 100 percent
sample. Present regulations also reguire a successful hunter to surrender
horns for inspection and measurement in order for the Department to compile
a data base of all sheep Kills.
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A hunt was authorized for the Little Jacks Creek shesp the fall of
1975 by the ldaho Fish and Bame Cosmission. Three permits weres issuad but
nd rams ware taken.

The following are offered as reasons for the success of both releases:

I. Adequate stands of perennial bunchgrasses.

2. Adequate escape cover.

3. Abundance of free flowing water.

. Conservative use of highorn ranges by domestic |ivestock.

§. Both areas relatively remote and Inaccessible.

&. MNo apparant long seasonal or altitudinal migrations.

7. Deep winter snows and prolonged cold spells relatively Infrequent.
8. Litele, IF any, illagal hunting.

FUTURE HAWAGEHENT DIRECTION

Transplant ing and reastablishing bighorns Is a muse if thalir populations
arg ever going to Increase substantially. Gaise (1971) Indicates that
recstablished populations behave much llke mnatural relle populations. Thay
remain small in number and generally faill to spread far from the releasa
sites. Occasionally, an animal (mostly young rams) can be seen a great
distance from the main population. Geist (1971) contributes this lack
of "pioneering'' to learned behavior handed down From older genarations.

This behavioral charactaristic can ba Ssen in tha Owyhaan County bighorns.
In spite of continuous avallable habitat, tha East Fork sheoep have disparsed
only 15 miles from the release sita in 12 years. As Far as can ba determined,
the Little Jacks Creek population has not moved more than 7 miles from the
release site In B years. Although population dispersal is slow, ultimately
it should be expected that the bighorns will occupy continuous sultable
habltat within these canyon complexes. Howaver, population establishment
within Isolated hablitats should not be expected without a transplanting
program.

Potential historic habltat exists In many places In southwestern ldaho.
Spurred by prior successes, the Department plans to expand bighorn distri=
bution into these areas that are acceptable ecologically to sheep and socially
to the public.

The following management objectives were agreed upon by the Department
and Bureau of Land Hanagement to properly plan for the continued resstablish-
ment of California bighorns into suiltable habitat In southwestern ldaho.

MANMAGEMENT DBJECTIVES

A. Objectives of the Idaho Department of Fish and Game

|. Catalog and delineate all aresas of suitable sheep habitat. FPrepare
an inventory and analysis of potential bighorn resstablishment areas.
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2. Extend the distribution of bighorn sheep Into historic habitat in
southwastern ldaho where suftable conditions still exist.

3. Transplant sheep from existing ldaho stock and whenever possible
obtain bighorns from other stocks.

§. Existing populations will be managed first to increase numbers and
sacondly to provide more hunting oppartunity in the futura.

5. Whan sultable stocks are established in ldaho and a population can
withstand removal, surplus sheep should be available to other
western states that desire to reestablish sheep or supplement
present populations.

B. Objectives of the Boise District, Buresu of Land Management

1. HMaintaln or Improve existing and potential bighorn habitat in south=
western Idaho so that viable sheep populations can be supported.

2. Davelop multiple use management plans that will blend various
resource potentials into a coordinmated program that is compatible
wWith bighorn sheep.

3. Review any Department bighorn sheep transplant proposals and develop
an Environmental Analysis Report (EAR) of potential impacts.

L. Encourage the reestablishment of bighorn sheep inte those habitats
found suitable and where compatible with other rescurce uses.

The following criteria will be used In picking suitable transplant sites
and assigning priority to them. Since both previous transplant sites have
successful ly established bighorns, they will serve as gulidelines for what
good habitat is:

1. Adegquate stands of bunchgrass.

2. Adequate escape cover--deep canyon complexes and associated rim
lands or steep, rocky mountainous areas.

3. Area to be wild and relatively inaccessible.

4. Conservative use of bighorn range by domestic |ivestock.

5. Landownership=-public domain.

6. Adequate water supply.

7. Analyze all land use practices present and projected in the vicinity.
B. Attitedes of vested interest groups.

Presently an inventory and analysis is being prepared for the West Fork
of the Bruneau River before the Department afficlally requests permission
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from the Bureau of Land Management to transplant sheep In that dralnage. It
should be completed sometime next spring. If a reguest i1s approved, the
Deparwment plans to capture bighorns from existing populations.

Othar arcas that show promise and will ba analyzed are: Scuth Fork
of the Owyhea River, Jarbidge River, East Fork of the Owyhes River in tha
viecinity of Red Canvon Creek, Sheep Creek, Big Jacks Creek=-Duncan Cresk,
Little Owyhea River, and the Morth Fork of the Owyhee River (Flg. 3).
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FIGURE 3.
POTENTIAL DISTRIBUTION OF

CALIFORNIA BIGHORN SHEEP IN 5, W. IDAHO
1, JARBIDGE--BRUNEAU COMPLEX

2, BIG JACKS CREEK--DUNCAN CREEK COMPLEX
3, SOUTH FORK OWYHEE RIVER

4, NORTH FORK OWYHEE RIVER

O BOISE

51lver
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THE RAM MOUNTAIN ORPHAN LAMB EXPERIMENT

By
William Wishart
Fish and Wildlife Division
Edmontan

Abstract:

During the hunting seasons of 1972-7h a total of 1B bighorn lambs were
selectively orphaned. Thelr survival rates were not significantly
different from non-orphans. However [n some cases their growth rates ware
significantly less than non-orphans. The Implications of orphaning are
discussed on the basis of data from several "ewe" seasons in Alberta.

The following Is a preliminary report on the orphan lamb experiment
an Ram Mountain In Alberta and is approximately 2 years from comgletion.
Some trends are becoming apparent, but sample sizes are not sufficient for
conclusive statements. However, | have taken the |lberty to make some
speculative statements toward the end of this presentation for purposes of
discussion.

In 1966 Alberta was able to capitalize on the bighorn die-off In
British Columbia by Introducing a long advocated permit season on "ewes''.
Our First two "ewe' seasons allowed the harvesting of any blghorn with
horns less than 12 inches In length. In 1987 it became apparent that
hunters were starting to select yearling rams. That year, yearling rams
comprised over 20 percent of the kill.

In 1968 the "ewe'' season regulations were changed to legallze the
shooting of ewes and lambs only. Over the years an average of one permittee
in three has been successful In harvesting a ewe or non-trophy sheep.
Approximately 300 permittees harvest about 100 non-trophy sheep per year.
This annual harvest rate is less than 3 percent of the total estimated
population of 4,500 Alberta bighorns outside our MWatlonal Parks. Since
1966 approximately 1,000 non-trophy sheep have been harvested by approxi=-
mately 3,000 parmit hunters.

The age composition of the non-trophy sheep harvested since 1968
appears in Table 1. HNearly 40 percent of the harvest are less than 3
years of age. The percentage of lambs, yearlings, and 2-year old ewes
is in revarse to thair normal occurrence In nature. There appears to be
hunter selection against lambs, less selection against yearllings, and a heawy
selection for 2-ysar ewes compared to J-yvear ewes. In general, the aging
data suggest that hunters are Selecting against ewes with lambs.

In 1971 the Ram Mountain study was Initiated and designed to select
70



Table 1. Age composition of harvested non-trophy sheep, 1966-74,%

Lambs P 24 33 Adults Total
2h L1 51 32 116 318
6% 5% 16% 10% 52%

36% ¢ 3 years 62% » 3 years

# Age determined by jaw analysis

Table 2. Adult ewes and lambs on Ram MHountain 1971-75.

Percent

Year Adult ewes > 3 years  Lambs awes & lambs  Estimated population
1371 33 24 73 96
1972 38 24 63 115
1573 3z 25 78 104
1974 16 15 b2 106
1975 28 20 71 100

Average B5% - 1ok

Fill



ewes with lambs to test the Impact of orphaning on lamb development and
survival. Ram Mountain s an outlying lsolated mountaln range In central
Albarta described in Johnson (1975) that supports approximately 100 head
of sheep (Table 2).

A trapping and marking program was started In 1971 and as of this date
approximately 85 percent of the herd are marked. Several ewes and lambs
were marked and matched (Table 3) and as of last fall 26 adult ewes had
been callected. DOrphan lamb survival is indicated In Table 4. A Chi sgquare
test of survival to the age of | year indicates that there Is no significant
difference between orphans and non-orphans (Table 5). However, sarly in
the study there appeared to be evidence that some orphans were becoming
stunted by the age of | year. 5Stunting was most apparent In young rams.
Differences in horn sizes were most apparent in rams (Fig. | and 2} and to
some extent In weights of yearling rams (Fig. 3) but not In weights of
yearling ewes (Fig., &).

Using & t test of & single observation versus & sample measured during
the same Lime period, It was found that horn lengths of orphens were signi-
ficantly smaller than non-orphans in three of five cases for yearlings,
three of four cases when 2 years old,and one of two cases when 3 years old.
Horn hases of rams were Significantly smaller than non-orphans in one of
five cases for yvearlings, two of four cases when 2 vears old, and one of
two cases when 3 years old. Live weights of arphan rams were significantly
smal ler than non-orphans in one of three cases for yearlings, not in the
one case when 2 years old, and one of twd cases when 3 years old.

Live welghts of arphan ewes did not differ significantly from |lve
welghts of non-orphans except In one case when a Z-year old orphan éwe was
significantly heavier than the mean welght of three non-orphan ewes measured
in the same time pariod. In summary, thres of the four male orphans
measured were stunted, and none of the four female orphans messured was
stunted.

By applying the foregoing information on provincial harvest rates, Ram
Mountain age structure and survival, and rates of stunting to a population
of 1,000 ewes and lambs (Table 6) it was found that a 10 percent harvest
in year one could result in 4 percent of the yearllings baing stunted in
year two. Based on an estimate of an annua)l population of approximately
3,000 ewas and lambs in Alberta in any one year It may ba reasonable to
expect that our annual harvest of 100 awes is resulting In 8 out of approxi-
mately 600 yearlings being stunted the following year, |.e., about | percent.
However, if our harvest rate is increased te 10 percent of the ewes and
lambs, the present data predict that 4 pearcent of the lambs surviving to
yearlings will be stunted, and if only rams are affected then B percent of
the yearling ram population will be affected mach year.

In conclusion, | believe whan the study |5 completed there will be a
significant difference In survival between orphans and non-orphans (a re-
duced survival factor will have to ba used when calculating a population
control program). | also believe there will ba no significant difference
In the stunting affect on males and females, (.e., both sexes will be
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Table 3. MNumbers of marked ewes and lambs that were matched and
numbar of awes collacted.

Ewes and lambs

marked and matched No. of ewes collected
1972 9 &
1973 12 5
1974 9 7
1975 13 &
26

Table 4. Ram Mountain lamb survival to 3 years (orphans In brackets)

1972=75.
Lambs Yearlings Z years 3 years
1972 zh(6)
1973 25(5) 14(4)
1974 15(7) 18({3) 13(3)
1975 20(8) 11(3) 1hiz) a(3)
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Table 5. Chi square test on survival to | year.

Hon-orphan Orphan Total
0 E o E
Lived 33 3l 10 12 43
Died 13 15 ] [ z1
Total LT 18 (1

x* + 1.395 Mot significantat P .10

0 Is observed E |5 expected

74



‘[Y3jus Aqa(y Ag pesedaud) Alealyoedsas deays
paueydio-uou JO SJaqunu pue Suesw ‘sbups jusssudel san|ea paz|saylussed pum ‘sou)| [PILOZ|Joy

‘sou|| |e3j3den  C(S-1L61) Blaeqy " Culy wey e Swed uioybjg jo sjUNLDINSEEN yybua| wiey -\ *614

2070 HY3IA £ EQg1n0 dEv¥3aA 2 EBNITHYIA
‘L4358 BNV ATAF INAF AVH ‘Ld38 'BAY AIAFP ANAP AVW ﬂsnn_nuc buna]unﬁ.}-t
L | 1 i L 1 i i [ i [ | i L i
F Y
a4 "k
gZZ N L
aLe w Ly
EWVYE O3IRVHLED 40 GLHIWIENSEVIN 3T0NIS IN3SIN4IN BTO0AMWAS A
l.ﬂ
2 :EE
[
.I-—-
3
=g L
=¥ L
-1
-
=1 L
Loz
(1) (3} b
(z)

o X

(gegaujj
(PRI kD
NEOH

u
=



*{y3ws Agagw Aq peawdaad)
Alsa|iz0dsad deays paueydioc-uou 4o SJaqunu pue suesw ‘sbues JueseJded sen|ea paz|sayjusJed pue

"SRU|| |BIuoZjJoy “SIUL| |®I[3J90  EIJRqy ‘lull wey 1B sues uJoyB|q o SIUSWEINEESW A8eq Wioq 7 B4

SO070 HY3IA E §070 AYIA I ONITEYIA
JLd3S ANY AINF INAL AVN LdIECONY AINPINAP AVM  Ld3SCOAY ATAP ANAP LYN
F 1
191 A
ggL @
DIz m
TR ¥
SHYH OINYHJED 40 SLNIWIHNSYIN 370MIS LNISIHdIN _J-lp-r
™ =8
(seyaumj)
-8 3gvs
& {Z) HNEOH
-0 1
L
=71
(Z) (%) (9)
= Nt
-8l



S070 HviIr % $010 avis @
m—mujﬂm=¢_h—=ﬂu-=q_pgi_ 2nmﬂﬂ=-1"rdnwpmnnw_h;l"

8L A
ggL ®
1z =

ILe Y
GWYY OINYHdHO J0 SLADIIM ITONIS LNIS3IHLIW ST0ONAS

(E)

*{y3lus Agapy Ag paJedesd)
Alsajioadsas deays paueydio-uou Jo siequnu pue sueed ‘aburl Jusselded san|eA paz)sayiuased
pue ‘sauj| |RuUCI|Joy ‘seu|| |(e3|l4ep Cejueqly ‘Culy wey 1 swed udoyblg jo sayblem aa|y

SONITEYIA

Htunﬂﬂi#-na:q%u:

£ *514

"y

AYW

=00

~0El

—ori

-0l

-08L

(‘8 9))
LIHDI3IA
IAIN

7



*(43|ms Agayy Aq pededaid)
Ajaajioedse) dooys pouBydio.uou JO sJaquau pue sueaw ‘abuel jussaidal San|eA peT|sIylusded

pus "souj| [RIUOZjSOY ‘SBu)| |(E3j3sEpy  Ceddaqy ' tuy wuey 1B sewa wioybig jo saybjom eanq w *Bjd

$010 uv3IAs ¢ gQ70 H¥Y3IR T EONITEYIA
Ad 35S CONY ATACIANAP AVA LhnunﬂﬂnaﬁinuM-=q.ril_ hhnuJ.nI-Eunﬂuiuq"nql
16L A —0 &
ig »
Il m
arc v 4 o
SIM3 GINVHIHEOD 40 SLHIIIM ITONIE ANISIHWdIN STOUNAS
-0 8
~08
*ﬂ -aat
(z) ~0tl
ahl
=08

-0il

LR
LROIIN
1A

<0
=



4 ®|qe1 395 ¢
|11y |enuuve jo uo|]|sodsod abe abeloay 2

2iniandls abe *uly wey 1

oML Je@d up pajunis *sBjJA Ty

‘56 ) |maaoy |0OF ‘sbJ )\ poIunis g

sueydig (ewsof 4| Bujaunig [f-o o

'sBlap (] sBidA 2T
gleajaans 120 % gleAlaine ge 0 & 001
[ewIoy 492 Ppe sueydip OF = 59°0 ¥ 29
91
L]
hoE = g
1sBRIEH

= JNO JESA U 15DAJEY SMD TO|  LINS3IY L3IN

nool

o8 {4} ey

ool (4) *44 2

g0l (4) *BlaA N0
ZIE {49W) squeq

- aliy Jeay

SEHYT OHY 53M3 DOOL NO LS3AMYH 3M3 301 W 40 1IWaMl 9 IM8vL



affected similarly. Finally, | don't believe that even up to b percent of
a8 yearling population being affected by stunting Is consequential when
bigharn managars are regulating population numbers on eritical winter
rnngu!.
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BIGHORN SHEEP RESOURCE MAMAGEMENT IN THE WHISKEY HMOUNTAIN AREA
OF WYOMING

By
Marvin Hockley
Wyoming Game and Fish Department
Chairman-Whiskey Basin Technical Committes

The Whiskey Mountain bighorn shesp herd Is & population which holds
great promise and which is fairly wall known by people throughout the country.
This sheep herd has provided hunting by sportsmen for many years and has
provided stock for the reintroduction of sheeap into other areas of Wyoming
as well as some of our surrounding western states. The popularity of this
herd is attested to by the large number of residents and nonresidents who
visit the area each winter to observa and photograph the shesp on their
natural winter range.

In the 1950's the estimated population was between 400 and 500 sheep.
Since then it has reached its present size of between 850 and 300 animals.
The management of this herd has been almost entirely directed toward trophy
hunting under a permit system. During 1965 and 1966 elther sex seasons
were held. During these 2 years a total of 120 permits were lssued and 76
sheep ware harvested including 59 rams and 17 ewes. In 1967 and 1968 the
F-Eulltiﬁnl wore changed to 1/2 curl rams or larger and then back to the
374 eurl ram regulation in 1969 where it has remained. The harvest through=
out this period averaged approximately 43 sheep per year and totaled over
L?5 sheep during the last 10 years. Hunter success has been between 60 and
J0 peréent. The demand for sheep permits in this area has Increased from
02 applications In 1965 to 1,069 in 1974 even with the 3/h curl ram regula-
tlion.

Since the trophy-type hunting seasons have not begun to take off the
yearly increase, we have trapped and transplanted sheep to other aress within
Wyaming and neighboring states in order to control the population. Mevada,
New Maxico, Utah, and South Dakota have received sheep From this herd owver
the years in an affort to reestablish sheep populations. Since 1949, a7s
Sheap have beén trapped and transplanted From this area. In other wards,
a5 many. sheap have beén removed through transplanting as are presently in
the entire population. In spite of the removal of sheep by transplanting
and hunting, the herd contlnued to Increase and we soon realized that the
remaining sheep numbers ware great enough to cause a serious range problem.
Sheep, however, were not the oply animals contributing to the range
probliem since elk and Tivestock also wtilized the area.

The Wyoming Gama and Fish Department recently acquired additional land
in the area for sheep winter range and through the efforts of the U. S.
Forest Service, which has reduced livestock numbars on ad]acent lands, and
the Bureau of Land Management, which has set aside land for sheap, we feal
that rangs conditions should begin to improve. The Wyoming Game and Fish
&1



Department has reduced the elk population through liberal hunting seasons,
thus saving forage for sheep. To relieve the most critical areas from
heavy sheep usa, 113 sheep were trapped and transplanted off of the area
during the winter of 1975-76. It was falt that the high sheep density
could potentially result In a die-ofl situation and that only an immediate
reduction in the population could ward off this threat.

Lamb survival has averaged 42 lambs per 100 ewes over the years but
In 1972-73 and agalin in 1973-74 the lamb crop dropped to 11 lambs per 100
ewes. A research program was Initiated to attempt to determine the causes
of the poor lamb survival. The Department initiated a trapping, marking,
and release program on the winter range. Marked sheep were followed during
the spring, summer, and fall months to determine survival rate. In conjunc-
tion, other Iinformation such as location of lambing and nursery areas,
summer range, movemant patterns, effects of predation, and the effects of
human activity (back packers) was gathered. This study has now entered into
the second year of the secheduled 3 years and will be concluded in the Fall
of 1977. Hopefully, this study will provide the necessary information
néeded to beatter manage this sheep herd. At the present time our lamb crop
survival has returned to 35 lambs perf 100 ewes.

At the present time, we feel that the best wse for this herd is to
furnish transplant stock for other habitat areas In our state. In a few
years It is possible that we will run out of places to reestablish herds
and will have to consider the removal of excess animals by harvesting ewes.

The stary of this herd has been ona of success, and we in the state of

Wyoming feal confident that we are managing this herd to provide a maximum
benafit to the people of Wyaming and the Nation.

82



LUNGWORM INFECTION IN MONTANA BIGHORN SHEEP == A RE-EXAMINATION*

D. E. Worley, 5. T. Stewart, and T. Kombarec
Montana State Unlversity
with the col laboration of
R. Stoneherg, J. Brown, K. G. Knoche, J. Firebaugh, and R. B. Campbell
Montana Department of Fish and Game

INTRODUCTIOM

A gradual decline In populations of Rocky Mountain highorn sheep In
western North America during the 20th century has often been attributed to
a lungworm pneumonia dlsesase complex (Buechner 1960, Forrester 1971). The
oceurrence of lungworms of the genus Protostrongylus has been dmm?ud
in all areas Inhablted by Ovis c. canadensis, grm British Columbia (Cowan
1951) and Albarta (Uhazy and Holmes 1971) south through ldaho (Quortrup and
Sudhaimer 1944, Smith 1958), Hontana (Marquardt and Senger 1956, Forrester
and Senger 1964), Wyoming (Honess 1942), and Colorado (Moser and Pillmore
1954). Although a direct relationship batwean lungworm infection and
fluctuations in bighorn numbers has not baen clearly established, Buechner
{1980) stated thatr thea lungworm=pneumonia complex appeared to act as a
regulating mechanism in situations whare the habitat favored increases In
density of bighorn populations. In Colorado, Pillmore (1857) concluded that
protostrongy ]l id lungworms can cause significant mortality in wild sheep
regardless of the condition of the rangs or the herd in question. Marsh
(1938) found that P. stilesi was the primary pathogen in a chronic pneumonia
syndrome oceurring In bighorns In Glacler Natlonal Park. In a related study
in western Montana, Couey (1950) attempted to correlate field mortality in
the Sun River herd with the presence of lungworms or other disease agents.
The first comprehensive evidence of Jung nematodes in Hontana sheep was
comp | led by Forrester and Senger (1964}, who used both fecal analysis and
postmortem data to assess the distribution and extent of protostrongylid
Infection In 10 geographically distinct populations, The present study was
designed to update these earller findings and reassess the prevalence of
ProtosLr lus specles In many of the same herds examined earller. A
second EEE“IH; was to estimate the effect of herd reduction programs
currently In use in Montana on the level of lungworm infection in both the
parent herd and transplanted animals.

HATERIALS AND HETHODS

The prevalence of Protostrongylus stilesi and/or P. rushi in the study

# A Joint Contribution from the Veteripary Research Laboratory, Agricultural
Experiment Station, Bozeman, Hontana 59715, and Federal Aid in Wildlife
Restoration, Montana Projects W=71 through 75-R.
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herds was determined primarily by pericdic fecal examinations at Irregular
intervals between 1970 and 1975. Eight of the herds studied were also
Included in Forrester and Senger's 1964 survey. In a Few instances Feces
wore available from sheep of known age and sex. Pellets were collected at
random From bedgrounds and Feeding areas. Because of the method and Lime
af collection, samples were predominantly From ewes, lambs, and youpg rams
on wWinter or spring ranges. A modifled Baarmann technique was used bto
isalate First stage lungworm larvas From Feces. The mean number of animals
examined In each locality was 43, with samples taken an average of Ffour
times From each hard. Pellets usually were stored in paper or plastic
bags for | to b weeks at approximately 49 C. before they were processed.
Larval counts were expressed as larvae per gram of feces (LPG).

Supplementary Information on species occurrence and intensity of
protostrongylid nematodes was obtained by postmortem examination of lungs
from hunter-killed animals, road kills, and sheep necropsied Tor experimental
purposes. The pleural surfaces of the lung were examined for the pressnce
of plagues, nodules, or other surface lesions characteristie of the paren=
chymal lungworm, P. stlilesl. The trachea, bronchl, and major bronchloles
ware then opened with scissors and the mucosal surfaces and lumina were
searchad grossly for P. rushl adults. In most Instances, portions of lung
tissue from areas having parenchymal leslons were cut Into small pleces
and basrmannized or immarsed in warm sallne solutlon and aglitated on a
mechanical shaker in an attempt to conflrm the presence of P. stilasli.

Worms recoversd by elther technlique were counted and |dentifled to species
when possible, using the critaria of Honess and Winter (1956). A total of
610 fecal examinations and 36 lung necropsles form the basis for the presant
report.

RESULTS AND DISCUSSION

The occcurrence of lungworms in 12 westarn Montana bighorn herds
during the pariod 1970-1975 is summarized In Table 1. Overall, B8 percent
of 610 sheep were found infected, with herd incidence ranging from 100
parcant in the Gallatin, Mational Bison Ranga, and Wildhorse |sland hards
to bk percent in the Kootenai Falls area. Current infection rates were
highar in two herds, lower in five herds, and simllar in one Instance to
Forrestar and Senger's 1964 dara.

A major change in species distribution of lumgworms noted in the present
survey was a decrease of approximately 41 percent from the previous decade
in the proportion of sheep infected with P. scilesi. Although this may be
duee Tn part to minar differences in the Mrauhi: origin of the sheep
sampled In the two studies, one implication Is that parenchymal lesions
assoclated with this lungworm appeared to be much less freguent than those
reported by Forrester and Senger (1964). P. stilesi (synonym P. frosti)
was regarded as the principal agent of verminous pneumonia in mountaln
sheep by Honess (1942), who concluded that P. rushl alope Is relatively
nonpathogenic. Both the Incidence and Intensity of P. rushi infections
were essentially the same as in the previous survey: &4 percent infected,
with worm burdens averaging 10 in the present study vs. 40 percent with
eight worms per Infected host during the pericd from 1958 to 1963. We
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found pure Infections with P. rushi occasionally In both immature and adult
sheep, In contrast with the previous study in which P. rushi occurred only

In mixed infections with P. stilesi. This apparent shift in specles prevalence
no doubt Is biased somewhat Because the majerity of cur necropsies were per-
formed on sheep from recently Introduced herds. HNevertheless, these post-
mortem findings conflrmed evidence derived from fecal examinations that sheep
moved to new ranges tended to have fewar lungworms than animals in established

herds.

Attempts were made to estimate the severity of Protostrongylus Infections
in five major Montana herds with the use of guantitative Tecal examinations
{(Table 2). Oue to problems associated with interpretation of fecal larval
counts, no effort was made to correlate our fecal analysis data with that
from previous studies. The two eriteria used to compare herd infection levels
wera the average rata of larval cutput in the feces and the percentage of
counts which exceeded 100 LPG. On the basls of both these indices, the Sun
River herd ranked highest and the Ural-Tweed herd lowest in terms of lungworm
burdens. Intemstingly, the Incldence of Infection In the Sun River population
also was among the highest In the state, whereas In the Ural-Tweed sample it
was well below the statewide mean. These results suggest that a lungworm
survelllance program based on both Incldence and Intensity data might be a
wseful method of monitering the relative level of herd infection on & routine
basis. Possible appllications Include determining when over=intensive range
use has resulted In an excessive bulldup of parasitism. Management programs
which could be implemented in response to such findings such as trapping/
transplanting, elther sex hunting, or acquisition of additional grazing areas
might avoid serious disease problems as well as deterioration of available
ranges -

The only extensive bighorn mortality which occurred in Montana during
the current study was the death of approximately 58 sheep on Wildhorse lsland
during the winter of 1972. Although malnutrition was bellieved to be &
major cause of this die-off (Egan 1975) thorough examination of the digestive
tracts and lungs of four adult sheep found dead revealed severs pneumonis
In a1l instances, with major areas of consolidation and scattered pulmonary
abscesses and adhesions. Specimens of P. stilesi were recovered from three
of the four animals examined. Massive concurrent Infections with four or
more stomach and intestinal nematode species and ovine coccidia in all animals
indicated that severe clinlcal parasitism of the gastrointestinal tract also
was a predisposing Factor in the death of these sheep. The significant
level of parasitiss encountered in the Wildharse lsland sheép suggests that
the concurrent effects of verminbus preumonia and gastrolntestinal parasitism
can be fatal, even in adult rams.

A comparison of infection rates In native and Introduced herds Suggests
that the prevalence of Protostrongylus spp. was higher In established groups
whlech have occupied defined ranges continuously for many years such as the
Sun River, Stillwater, and Gallatin herds (Table 3). Mew herds created by
transplanting sheep to ranges which have not supported bighorns In recent
years showed a consistent pattarn of lower Infection rates, accompanied in
most Instances by reduced prevalence of P, stilesi. The Thompson River hard,
which was resstablished In 1959 with sheep moved from the Sun Rivar and
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Wildhorse Island, had & level of protostrongylid infection slightly lower
than either source herd (B6 percent vs. 90-100 percent, respectively). The
other Introduced herds which we studled showed a more pronounced tendency
toward a decrease In Infection. The Kootenal Falls herd, a transplant
derived from the Sun River, had a &b percent incidence of Protostro Tus
spp. Sheep recently introduced on the sast fork of the Bitterroot Ei'ﬂ'll‘
showed a 10 percent reduction in lungworm incidence in comparison with
thelir source herd. Based on very limited postmortem data Trom sheep moved
to the Gates of the Mountains area from the Sun River, we found only 50
percent to be positive for lungworms. Although the loag-term effects of
relocating sheep from ancestral ranges are difficult to predict, our data
suggest that at least temporary benefits can be expected in introduced herds
‘from a reduction in the stresses assoclated with chronie lungwoerm infectlon.

Periodic removal of surplus sheep from an expanding mative populatlion
in the Sun River area has had little apparent affect on the prevalence of
lungworms in the herd. In 1950 Couey found that B5 percent of 160 sheep
were positive for Protostrongylus. In 1964 Forrester and Senger reported
that all of 95 bighorns were inhcmd. Our data Indlicated that 90 percent
of 104 animals from this area were posltive for lungworms during the pariod
from 1971 through 1973. Thus, the percentage of parasitized sheep remalnsd
essentially the same in spite of the removal of 497 animals from the hard
for transplanting durlng the perliod from 1941 to 1974 (Egan 1975).
Substantial numbers also have been removed by hunting since the early
1950's. It seems possible that reduction programs developed for the Sun
River herd may have helped to minimize parasite problems by reducing the
intensity of lungworm infections acquired by sheep rather than by prevent-
ing exposure to the parasite per se.

On the basis of the reduced lungworm prevalence rates noted in adult
sheep which were moved to new ranges, It seems |lkely that the consistently
high rates of infection found in established herds grazing on ancestral
ranges are the result of constant reexposure to heavlly contaminated ranges
rather than the persistence of primary Infections acquired as lambs. This
could be one explanation for the reduction In lungworm incidence obsarved
in the Thompson River, Kootenal Falls, and Cates of the Mountains herds,
all of which were originally established with sheep from sources consistently
infected with lungworms. Current Hontana herd reduction programs which
utilize both transplanting and regulated hunting thus appear te have a
sound biological basis for parasite control as well as range management
purposes. Untll more direct measures can be developed For control of sheep
lungworms such as medication or eradication of snail intermedlate hosts,
hard reduction remalns the most practical methed for minimizing morbidity
and mortality resulting from the lungworm-pneumonia complex In the Rocky
Mountain blghorn.
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THE EP1Z0OTIOLOCY OF PROTOSTRONMGYLOSIS IN A
POUDRE RIVER BIGHORN SHEEF HERD

By
John H. Ellenberger
Wild Animal Disease Center
Colorado State University
Fort Collins

INTRODUCTION

An eplrootiology study of protostrongylosis In Rocky Mountain bighorn
sheep was conducted on the Cache La Poudre drainage in north central
Colorado from July 1974 through NMovember 1975. The study area is located
approximately 45 miles west of Fort Collins, Colorado. The sheep inhabit
a desp rugged canyon, uslng the steep south facing slopes on the north
side of the river almost exclusively. Alcitudes in the study area vary
from approximately 7,000 feet ro 9,900 feet. This region is composed of
both upper and lower montane reglons as described by Marr (1961). The
steep slopes are vegetated primarlly with browse plants, big sagebrush
(Artemisia tridentata) and bitterbrush (Purshia tridentata), as well as
assorted grasses. ODouglas fir (Psuedotsuga sp.) and lodgepole plne
(Pinus contorta) occupy ridge tops with groves of aspen (Populus tremuloides)
dominanting more molst reglons. The cllimate |s composed predominantly of
hot, dry summers and cool winters, with most molsture occcurring In late
wintar and early spring in the form of wet snow and raln.

Bighorn sheep were preseant when the first white men came to the area,
probably in the early 1700's. Market hunting dld take place in the Poudre
River area In the 1860's, but later, lows were passed to contral the hunting
of dear, elk, antelope, and bighorn sheep. However, by the early 1940's
personnel of the Colorado Game and Flsh Department were gulte poslitive
that bighorn sheap had been extripated from the area. As a result, 16
bighorn sheep were trapped at Sugarloaf Mountain in the Tarryall Hountains
of central Colerade and transported to the Cache La Poudre River area and
released appreximataly 3 miles west of the Zinmerman Ranch on & Dacember
1946. The three rams, six ewss, three yearlings, and four lambs provided
the nucleus for the herd presently using tha area.

Colorado Division of Wildlife personnel estimated the bighorn sheep
herd consisted of approximately 75 individuals In 1970 (Bear and Jones 1973).
However, current observations Indlcate the herd is considerably larger.

OBJECTIVES

l. Determine the larval output of lungworm (Protostrongylus spp.)
in fecal pellets of the sheep.
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2. ldentlfy snall Intermediate hosts, determine dansities of snails,
and determine the extent to which these snalls are Tnfected.

3. Determine lamb survival of the study herd.

METHODS AND MATERIALS

Lungworm larvae In bighorn sheep fecal pellets were monitored by collect=
ing and analyzing 220 fecal samplés. The samples were alr dried and Basrman|zed.
Larvae were counted utilizing a gridded peatr| dish and & dissecting micro=
scope, resulting in numbers of larvae per gram of alr dry fecal material.

Snalls ware collected, identifled, and examined for Infectlion by lung-
worm larvae. A snail sampling method was devisad, utillzing rondomly selected
plots on systamatiecally locatad transects. Two transecets locared on north-
south and past=-west coordinatas were selected and & total of 40 randomly
selected 10 centimeter square plots located along the transects were searchad
for terrestrial snails. Six sets of the above described transects were
established, searched, and evaluated. Snalls collected yielded dara on
densities of snails and rate of infection by larvae of Protostrongylus spp.

Lamb survival was monitored by conducting periodic lamb:ewe ratio
counts and comparing ratios as the summer progressad.

A concurrent project by the Celorado Division of Wildlife on axtending
bighorn sheep ranges resulted in the trapping and marking of 37 bighorn
sheep, 26 of which were transplanted approximately 1B airiine miles down
river, to the sast of the eurrent bighorn sheap range. The chservation
of marked animals provided valuable information an movements as well as
group interacctions.

RESULTS

of the fecal samples collected and analyzed, 9! percent (200) contained
Protost lus spp. larvae. HMonthly means of lungworm larvae from fecal
samples showed seasonal Fluctuations as noted by other Investigators
{(Pilimore 1955, Forrester and Senger 1964). The peak month of larval output
was April, with 8 mean of 654,22 larvae per gram of feces. Lungworm larvae
ware found in lamb Fecal material collected in emarly July 1975, indicating

the probability of transplacental transmission of lungworms occurring in
this heard of sheep.

The survey of intermediate host snalls yielded 648 snails, of which
197 ware alive. OF the 197 snalls, 145 were known intermediate hosts For

Protostrongylus spp., and 3.44 percent (5) of these live snails were infected
with the larval Protostrongylus spp.

Lamb survival was monitored throughout the study, with lamb:ewe ratios
of 55 lambs per 100 awes occurring in December of 1974, and 32 lambs per
100 ewes occurring in Movember 1975.
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DISCUSSION

The monthly means of lungworm larvae In fecal material Is considered
low or moderate when compared to results obtained by Uhazy et al. (1973).
Howevar, @ trend seems to have been established showlng Increased larval
output in the months of August and September of 1975 when compared to
means of larval output of the same months In the previous year. This
trend is evidently continuing, as fecal samples collected by Wild Animal
Diswase Center personnel at Colorado State University during January 1976
show & significant Ingrease in larvae when compared to the means of samples
collected In January 1975. This increase could be indicative of a decline
in overall condition of the herd. The probability of trapsplacental
transmission of lungeworm larvae could be & mechanism causing lamb mortal ities
in this herd, as has been shown to occur in other herds of bighorn sheep In
Colorade (Hibler et al. 1972).

Rates of infection of Intermediate host snails by lungworm larvae
are low at 3.44 percent, however, collection of snails in late spring and
early summer may have yielded & Tar greater number of snalls and possibly
a considerably higher infection rate in snafls.

Lamb survival at 32 lambs per 100 ewes is Tairly low, and is a L2 par-
cent decrease from the previous year's ratio of 55 lambs per 100 ewes. The
survival rate decline s In correlation with increasing larval production
In fecal samples, disregarding all other variables. The 1975 lambing
seazon In the Poudre River area was hit by inclement weather. Unseasonable
snowW and low temperatures occurred In Hay and continued into the second
week of June. This unusual weather may have increased nesnatal deaths on
the different lambing grounds in the Poudre River area. However, the Pikes
Peak area recelved severe weather in the form of deep snows on 31 May 1975
(24 inches) and 7 June 1975 (20 Inches). These snows persisted for at
least 2 weeks, Lamb survival In the Pikes Peak herd was 93 lambs per 100
ewes as of July 1975 and 82 lambs per 100 ewes as of 31 December 1975
(Schmidt 1976). The Pikes Peak herd had been treated with Cambendazole
to kill third stage larvae In the ewe and prevent transplacental transmission
of Protostrongylus spp.

The probablility remains that moderate levels of lungworm Infection are
causing lamb mortalities through the mechanism of transplacental transmission
of tha third stage larvae to the fatus. To what extent this alternate
method of infection of lambs Is occurring, is impossible to datermine at
this time Tn tha Poudre River Blghorn shesp hard.
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SOMATIC STORAGE OF PROTOSTRONGYLUS SPP. THIRD STAGE
LARVAE TN BIGHORN SHEEP

By
John G. Wegreyn, Caral J. Metzger, and
Charles P. Hibler
Colorade State University
Fort Collins

Abstrace:

Examination of tissue digest from bighorn sheep (Dvis canadensis
canadens |5) ewes demonstrates thar the lung is a site of somatic storage
of Frnrn;:rnngflus spp. third stage larvae (L3). Ly of Protostrongylus
spp. were recovered from lungs of 1h of 17 (B2.4 percent] ewes nrfg!n-
ating In or ohtained from three areas in Colorado. L3 were not recoversd
from any other tissue examined. Ewes less than | year old were not
infectad.

INTRODUCTIOM

Virtually all of the blighorn sheap (0Ovls canadensis canadensis) In
Colerade are infected with lungworms in the genus Protostrongylus.
Previous Investigators suggested prenatal Infectlon [n lambs by
Protostrongylus spp. (Pilimore 1956, Rufl 1961, Forrester and Senger
1985, Howe T1965). HMore recently, Hibler et al. (1972, 197h) showed that
transplacental infection of lambs occurred during the third trimester of
pregnancy. They demonstrated third stage jarvae (L3) of Protostrongylus

spp. in the cotyledons of ewes and the liver and lungs of fetal and
neonatal lambs.

Theoratically, ewes Ingest L3 with the snall intermediary host during
the spring, summer, and fall months and store some of these L3 somewhare
in the body (somatic storage) untl] the third trimester of pregnancy;
stored Ly are then transmitted to the fetus. Knowledge of the sita(s)
of somatic storage may yield informaticn regarding immunclogy of the
parasite; moreover, effects of anthelminthics against L3 may be better
evaluated If the storage site(s) is known.

MATERIALS AND METHODS

Seventeen ewes dylng from various causes were necropsied from late
August 1973 through late January 1975. Following necropsy their tissues
were prepared and examined using a modification of the technique described
by Baermann (1917). Each tissue was ground or minced and placed In 3.7 |
jars containing water for 24 hours to allow any larvas present to exit.
Ground tissue was removed with a strainer and then washed several times to
reamove any larvae remaining on tissue surfaces. This tissue was held for
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digestion. Washings were allowed to settle for 30 minutes to permit any
larvae present to sink to the bottom. Excess fluld was then decanted.
Eediment and the remalining Tluld were examined for larvae. Tissues were
then placed in 3.7 1 jars and a Pepsin-HC]l solution was added to digest
tissues, allowing any larvae still trapped to be released. Aftar 24 hours
of digestion, sufficlent formaldehyde was added to provide a 10 percent
formalin solution and stop digesction; this also preserved any larvae present.
Once again, the decanting procedure was followed. Since the sediment re-
maining was very thick, anhydrous ether was added (20 percent, v/v) to
Float the digested organic matter, leaving lungworm larvae In the agueous
layer below, The organic layer was removed by asplration with a plpette
and rubber bulb. The aqueous layer was examined for larvae. Specific
tissues examined for Ly were: skeletal muscle Including muscle from the Four
limbs , faclal, cervical, sublumbar, supralumbar, thoraclc area and abdomen;
diaphragm, soft and hard palates, tongue, gums, sallvary glands, trachea,
pharynx, nasal turbinates, sinus scrapings, lungs, esophagus, rumen, reti=
culum, omasum, abomasum, small and large Intestine, pancreas, |iver, gall=
bladder, spleen, peritoneuvm, omentum, thyroid, thymus, kidneys and ureters,
urinary bladder adrepals, ovaries, uterus, vaginal tissue, mammary glands,
body Fat, heart, pericardium, major arteries and veins, lymph nodes, brain,
spinal cord, eyes, integument and bone marrow,

RESULTS AND DISCUSSIDN

Protostr lus spp. Ly were recovered from the lungs and the repro-
ductive tract ﬂi T8 of 17 (B2 percent) ewes. The results, including other
pertinent data are given in Table 1. Captive sheep were not re-exposed
to L3. The lungs of the seven pregnant ewes (U] percent of the total 17
examined) accounted for 368 Ly (69 percent) of 542 L3 recovered. Since L3
were not recovered from the yearling ewe (#16) p-nuigly the young do not
store larvae. The Baermann technigue with modification Is still a poor ong
At best to recover L3 from tissues. Some tissues do not digest as well as
others, &.g9. lung digests very well while trachea digests poorly. Also the
great mass of tissue to be examined in this way allows room for human arror
to occur. For thess reasons L3 stored in other somatic tissues may not
have been found and not all L3 stored in the lungs may have been recovered.
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POPULATIONS AND DISEASES OF BIGHORN SHEEF OF THE CANADIAN
ROCKIES: A SYSTEM DYNAMICS APPROACH

By
R. J. Hudson and J. G. 5telfox
Department of Animal Sclence, University of Alberta
and Canadlan Wildlife Service
Edmonton, Alberta

Abstract:

A computer simulation model summarizing data on the ecology of bighorn
sheep in the Canadlian Rocky Mountain parks is presented. The model is used
to check the internal consistency of the Jata upon which it is based, to
suggest important areas of research, and to examine hypotheses regarding
system requlation.

INTRODUCTION

Recurrent disease s an outstanding feature of population dynamics of
bighorn sheep of the Canadian Rockies. Although the lungworm, Protostrongylus,
frequently has been associated with these periodic die-offs, clear patterns
of involvement of specific pathogens or predisposing factors are not always
evident (Forrester 1971). Present deficiencies of knowledge are evident in
an apparent inability to predict the onset of mortalicies with any degree
of precision.

Difficulties could stem from incomplete understanding of elther quali=
tative or quantitative aspects of this complex system. A number of studies
have been iniftiated in recent years to identify additional factors such as
previously overlooked pathogens, new aspects of parasite transmission, or
immunologie impairment. This papar intends to explore the importance of
guantitative aspects relating to the interactions of various recognized com=
ponents in detarmining system dynamics. To this end, we have adopted the
approach and techniques of systems analysis and computer simulation.

MODEL DEVELOPMENT
Approach

The system dynamics approach of Forraster (1973) was applied to guanti-
tative analysis of tha bighorn sheep-disease system. The steps In model
construction ware as follows. First, the boundaries of the problem were
established by considering the appropriate resolution, time scale, and
dimensional ity of the modal on the basis of its purpose and the guestions
which were to be asked of it. Secondly, the basic framework was designed
and the important state variables were identified. Thirdly, from reports
and unpubl ishad data, largely from the files of the Canadian Wildlife Service,
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the ralationships between the components of the system were determined.
Next, these relationships were translated into mathematical statements
and implemented for computer exucution. The modal was written in DYNAMO,
a specialized simulation language (Pugh 197%).

lata Base

The mede] was based to a large degree upon long term studies on range
ecology, parasitism, and population dynamics of bighorn sheep In Jasper,
Banff, and Waterton Hational Parks (Stelfox 197h). Records of major state
variables including population levels, grazing pressure, range productivity,
weight dynamics, parasitism, and meteorological condlitions For six winter
ranges spanning 5-8 years provided basic data for derlvation of functional
relationships. From this data set, approximately 21 records were sultable
for correlation analysis. This was supplemented where necessary wlith
published information from other sources.

Basic Structure

The fundamental structure of the model is described in Fig. 1. Bighorn
sheep populations were viewed 8% belng Influenced both by normal Feedback
machanisms operating through changes in body condition and levels of para-
sitism and by pericdic outbreaks of disease. In turn, body weight and dis-
pase wWware influenced by the physical environment, range condition, and
forage availability. The basic unit For the simulation was a single herd
rather than & regional or provincial population.

Population Dynamics Module

Populations were modelled by generating a lamb crop each year, applying
an appropriate mortal ity rate, and passipng annual recruits seqguentially through
seven sex-seqregated adult age classes. The Final age class consisted of a
pocl of aged animals to which a copnstant mortal ity rate was applied. This
structure permitted the Important aspects of age and sex structure to be
included.

The most important part of the population dynamics module was that deal-
ing with recruitment (Fig. 2a). Regression analysis of data from the park
herds Indicated that lungworm burdens and weight dynamics were the most
important Ffactors influencing both martality and natality.

Range/Forage Module

Forage avallability expressed as Ibsfanimal day, was simulated from
consideration of range productivity and useables range area (Fig. 2b). Range
productivity was genarated from |ts mathematical relationship with rainfall
and grazing prassura. Range recovery rates following reduction of grazing
intensity were modiflad by range condition at the time of release. Range
area was detarmined by land use practlices such as legging, by tha presance
of athar animals, and by snow covar.
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Welght Dynamics Module

Body conditlon as Influenced by environment was assessed by spring
weights of the adult ewsa segment of the population. Correlation analysis
showed a relatively high negative relationship of spring weight with lung=
warm burdens and a moderate pesitive relationship with forage availabiiity
(Flg. 2c). Reciprocal causal relationships between lungworm burdens and
welght were assumed and, In the absence of empirical Information, the direct-
ional strength of the relationship had to be arbltrarily assigned.

Lungwarm Infection Module

Lungworm loads were determined from their empirical relatlionship with
bighorn shesp densities (Fig. 2d). These values were Incremented on the
basis of rainfall. Spring weights wersa assumad to be causally related
balow 130 1bs, a level at which positive feadback betwesn lungworm loads and
waight loss created a domain of instability.

Hortality Module

Tha module dealing with generation of die-offs was developed in the
absence of empirical data. The hypothesized relationships and events are
cutlined In Fig:. 2e:. Hortality was modelled from considerations of the
probabilicy of oceurrence and the severity of the ocutbreak once it had been
initiated. The probability of heavy mortality from disease was modalled on
the basls of random emergence of a potential pathogen and the conditions
that permit this pathogen to be transmitted and potentiated. Conditions for
potentiation to occur were considered to be high bighorn sheep densitcies
and low resistence arlsing from heavy lungworm burdens, weight less, or
inclement weather.

Report Gemeration

All state varlables could be accessed to monitor the simulated system.
However, the most Important output variables were population by sex and age
class, lungeorm burdens, body weights, grazing pressure, range productivity,
and probability of disease outbreaks.

HMODEL PERFORMAMCE

Baslc Moadael

An example of a 100-year simulation of system dynamics is presented in
Fig. 3. In this particular run three outbreaks of disease were generated.
The First occurred at the turn of the century. This was followed by heavy
mortal ity batween 1948 and 1950 and between 1972 and 1975. The rate of
population recovery varied with the size of the population and extent of
range deterioration prior to the outbreak of disease. The rate of recovery
in the First die-off was only slightly more rapid than that abserved follow-
ing martalities in Kootenay Mational Park in 1966, Recovery following the
simulated die-off in 1972 was much slewer with a 20 to 30-year period to
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Simulated dynamics of bighorn sheep populations subjected to periodicdie-offs

from contagious disease.
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restoration of predie-eff numbers. This latter recovery was comparable to
that oceurring in most of the western parks following mortalities in the
1940's. Since weather variables were entered stochastically, similarity in
the timing of the die-offs batween any particular herd Is colnclidental.

Simulation Experiment: The Role of Contaglous Disease

Thare are many desk-top experimants of theoretical and practical
significance which can be conducted using system models of this type. One
vary basic guestion which was evaluated with the model was whether disecase
was an Important density-dependent Tactor permitting range vegetation to
recover Tollowing pericds of heavy use. A clue that discase was not the
only factor in regulation came from [nspection of the population trajectory
projected by the basic model. Evidence of population regulatlon was found
in Inter-die-off intervals where populatlons appeared to momentarlly over-
shoot an equilibrium leve] before regulating mechanisms came Into operation.
Further Insight was obtained from a second slmulatien run in which the
probability of contagious discase was set to a low level so that die-offs
ware not genarated. It was found that weather, range, animal condition,
and lungworm infectien interacted to stabillze populations at a level below
peaks occurring when contagious disease was an element In the system (Fig. 4).
If anything, it appeared that disease Interfered with a more finely tuned
mechanism of population regulation. Hanipulation of various model para-
meters In numerous reruns suggested that tha overshoot In the post die-off
recovery was of three basic origins; namely, lags in the range response to
grazing, depressed lungworm burdens, and population structure.

DISCUSSION AND CONCLUSION

Systems analysis and simulation often are viewed elther as clair
voyant or as unnecessarily complex tools for documenting the obvious.
Analysts seem to be compelled either to promote or to apologize Tor them.
In this study we have Found that these technigues did make modest but
significant contributions towards summarizing and integrating research
information. The systems model provided a basic Framework and provided a
mediuvm for testing the internal consistency of the data base. Theoretical
excursions to consider various hypotheses were made possible.

The model is at an early stage of development and its behavior has
not been fully evaluated. As the informétion base is strengthened and
greater confidence Is gained, the mode]l may assist management by permitting
prejection of the consequences of policy decisions.
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CAPTURE MYOPATHY IN BIGHORN SHEEP

By
Terry Spraker
Wild Animal Dilseass Center
Colorado S5tate University
Fort Collins

Since the turn of the century our Rocky Mountaln bighorn sheep popula-
tions have steadily decreased. The reasons for this general decline vary
from the social and agricultural activities of man, deterioration of
habitat and range, and various diseases.

One of the most effective management techniques for handling this
decline In bighorn sheep populations s to trap sheep fram overpopulated
ar expanding herds and transport them to historic bigharn sheep ranges.
Three different clinical but similar pathological Featurss of an exertion
myopathy were encountered following transportation of Rocky Mountain bighorn
sheep,

Sheep were trapped in Custer State Park, South Dakota and on Pike's
Peak, Colorado. They were trapped under a J0xJ0-foot nylon drop net.
Alfalfa hay and apple pulp were used as bait to lure the sheep under the
net. Sheep went under the net wWith litele ar no apprebension or éxcltemént.
The net was then dropped, and they qgiekly entangled themselwves In the net.
Shamp were removed from the net, collared, glven injeetions of antibloties,
drenched with an anthelmintic, and blood collected from the jugular velin.
They ware thean placed in the back of a small enclosed truck and Immediately
transported to Fort Collins. Transportation time varied from 18 toa 24 hours.

Three different clinical syndromes of capture myopathy were seen In
the sheep. The first syndrome encountered was characterized by acute death.
These animals showed savere depression shortly after capture and were
reluctant ta move. These sheep usually died from 3 to 12 hours following
capture.

The postmortem findings in these sheep were meager. Mild pulmonary
edema and congestion of the viscera were the only findings. Muscles were
uniformly dark red with no noticeable gross lesions. This condition was

found In & of 32 sheep.

The second syndrome was characterized by ataxia and myoglobinuria.
These sheep were released 24 hours after capture and had characteristic
clinlical slgns. They had a posterfor ataxia and a2 mlld to marked torti-
collis. MHost were depresced. Sheep were ollguric and the urine was brown
({coffee-colored). Females usually aborted within 1 to 3 days. Sheep
died with this syndrome 2 to 5 days after capture. This form of capture
myopathy affected 7 of 32 sheep, of which 3 died and & survived.
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On postmortem examination the most obvious lesions were:

. Enlarged, swollen, Tirm, dark kidneys that had a fine granular
cut surface [wuglnhln nephrogis) .

2. The bladder was usually empty or only contained a small amount of
brown wrine.

3. There were multifocal, small to large, irregular, pale, soft arecas
In muscles In the cervical region, lumbar area and flexor and
extensor muscles of the hock and stifle joints.

k. The cut surface of these muscle lesions were pale, dry, and
granular.

The third type of syndrome encountered was characterized by bilateral
rupture of the gastrocnemius muscles. These sheep appeared clinically
normal when released from the truck 24 hours after capture. These sheep
developed a bilateral rupture of the gastrocnemlus muscles within 24 to
48 hours following release. Thare was no evidence of depression, myoglob-
inuria, or tortleollis. The clinical sligns Included:

1. Marked drop In the hind quarter and hyperflexion of the hock.
These animals could stil] walk or even run but with great diffi-
culty.

2: The gastrocnemius muscles were swollen and firm. The distal ex-
tramity of the affected legs were cold.

These sheep were casted and placed in a small pen. One of the sheep
with a2 bilateral rupture of the gastrocnemius muscles did survive and 2
months later she could run nearly as fast as the other normal sheep with
only a mild Vimp in the hind legs. This condition occurred in B of 32
sheep, 7 of which died.

The postmortem leslons of these shoep can be summarlzed as having:
l. Hassive hemorrhage In the subcutaneous tissues of the hind legs.

2. Multifocal, small to large, pale, soft, Irregular, sometimes
depressed lesions in the muscles of the forelegs, hindlegs,
diaphragm, and cervical muscles. These pale lesions were
accentuated by small white focl (1/2 mm) that were located
regularly along individual muscle bundles. Few muicles were
entirely pale to white; for example = common digital extensor
of the forelegs.

3. Other muscles were dark red, firm, with a pitted dry cut surface.
These muscles were completely to partially ruptured.

These include:

Gastrocnemius = § sheep bllateral, 2 unilateral
11k



Subscapularis = § sheep bilateral
Hiddle and deep glurteal = 2 unilateral
Samitendinosis = 1 unilataeral
The histopathological lesions in the skeletal muscles of these three
forms of capture myopathy were all simlilar. WNo myocardial lesions were seen
in any case. Even though there were no gross muscular lesions In the acute
death syndrome, histological lesions were prominent. These Include:

--acute granular necrosis of myocytes; with a phosphotunstin acid heaom=
toxin (PTAH) staln there is a loss of basophilia and striations

==myocy Les greatly swollen;

==pyknotic sarcolemmal nuclel;

==fragmentation and cleavage of myofibrils;

== inflamatory cell response;

==yory little blood in vessels; however, vessel walls were normal.

A biopsy of ruptured gastrocnemius muscle (30 hours postcapture) with
@ PTAH stain demonstrates similar lesions seen in animals that died with

the acute death syndrome.

Animals that died at 12 hours postcapture also had similar histological
lesions.

An animal with the ataxic myoglobinuria syndrome that died 2 1/2 days
following capture also had identical lesions, these include:

HEE stain: 1. acute granular necrosis; with loss of basophilia
and striations on PTAH;

2. swollen myocytes;
3. pyknotic sarcolemmal nuclei;

k. loss of striation due to cleavage, fragmentation and
disruption of myofibrils.

One animal with ataxic myoglobinuria syndrome that died at 4 1/2 days
following capture also had similar muscular lesions except there was
evidence of sarcolemmal nuclear prallferation and regeneration. The
kidney tubules ware filled with cast, possibly due to myoglobin.

An animal that was euthanized at 7 days postcapture which suffered
from bilateral rupture of gastrocnemius muscle had similar muscular lesions
with the addition of advanced fibrosis and proliferation of sarcolemmal
nuelei with attempts at regeneration.
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In summary, we have seen three différent clinical syndromes In bigharn
sheep that are assoclated with trapping and transportation or rather physical
exertlion with continual stress. It is thought that the Inltial lesion was
an acute granular necrosis of striated muscle. This leslon was consistent
in all sheep that died and the longer the animal lived the more regeneration
af muscle was seen histologically. Evidence of regeneration did not begin
until & ta & 1/2 days postcapture. It is tempting to speculate that the
time of death ar the set of clinical signs manifested were due to the exten—
sivenass of the muscular necrosis and not different etiologies.

The etiolagy ofF this condition s still unclear. This condition does
not Seem Lo be an example of White Huscle Disease (vitamin E-selenlum
deficiency) because:

1. Adult animals are much more susceptible than young animals; with
White Muscle Disease the young are more susceptible.

2. Vitamin E and selenivm injections did pot reduce the incidence.

3. The lesions In the recovery phase of this disease are identical
to the White Muscle Disease 55 It eculd easily be confused with TE.

This condition Ils thought to he similar to Azoturia (Equine Paralytic
Wyogloblinuria) In many clinical and pathological aspects. DOna can theorize
that there was a combination of tremendous release of epinephrine {due to
fear and excltement) which caused an Tncrease in glycogenolysis in muscles.
With muscle exertion, the muscle metabolism is rapid, thus quickly depleting
1ts oxygen. This esncourages anaeroblc glycalysis, which Increases the
formation of lactic acid bacause pyruvic acid is produced fascer than It
can be decarboxylated and used in the citric acld eyele In mitochondria.
This increase in lactic acid results In Injury to the cell. Blood flow to
the muscle s also reduced due to the physical contractlon of the muscle
itsalf which only complicates hypoxia and bulld=-up of lacric acid. High
concentrations of lactic acid can also produce vasospasm. Thus a viclous
cyela is initiated which leads to a general lzed acldosis snd death.
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MUELLERIUS CAPILLARIS ASSOCIATED PMEUMONIA
IN CAPTIVE BIGHORN SHEEP

By
J. C. DeMartini and R. B. Davies
Wild Animal Disease Center
Colorado State University
Fart Callins

INTRODUCT 1ON

The susceptibility of Rocky Mountain bighorn shesp to pneumonia of
parasitle (Protost lus stilesi) (Forrestar 1971, Hibler ex al. 1972,
Marsh 1938), bacterla orrestar 1971, Harrington 1969, Marsh 1338, Woolf
and Kradel 1973), and viral etlology (Parks et al. 1972) is well-known.
Pneumonia occurs In wild (Marsh 1938) as well as captive sheep (Woolf
and Kradel 1973), but physiolegical strass appears to be a common under-
lylng factor. The present report describes the course of an eplzootic
of pneumonlia In 20 captive bighorn sheep as well as etiologic and path=
ologic features of the dissase process.

HISTORY AND CLIMICAL 5I1GHS

Utilizing a drop net, personnel from the Colorado Divislon of
Wildlife, in cooperation with the South Dakota Game and Fish Departmant,
captured 30 bighorn sheep (Ovis canadensls canadensis) from Custer State
Park, Scuth Daketa in January 1974, The animals were transported to
Fort Cellins, Colorado, via an enclosed flat-bed truck and released inta
three 2 ha pans which were surrounded by a 2.5 m chain link fence.

Ten of the animals died durlng transport or shortly after arrival
in Fort Collins due to a degenerative muscle syndrome (capture myopathy).
Most of these animals suffered ruptured gastrocnemius muscles and died
in spite of treatment.

The remaining sheep remained healthy and were fed free chalce alfalfa
hay and graln dalry ration in addition to the grasses and forbs growling
in the pens. Salt and mineral blocks were also provided and the animals
were observed several times each week.

The epizootic began on 26 August 1974 when one ewe was found dead
and several other ewes had signs of dyspnea (including rapid, shallow,
open=mouth breathing) and listlessness. Two more ewes died the next day.
On the following day, the remaining sheep were trapped under a drop net,
clinlcal ly examined, and injected with 250 mg of axytetracycline and
2 ml of polyvalent Pasteurella spp. bacterin (obtained from Dr. John
Parks, Diamond Laboratories, Ames, lowa). Body temperatures were recorded
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and blood samples were collected at that time: One lamb died the followling
day and only one ewe died during the following week. A1l the remaining
animals including a ram, 2 lamhs, and 12 ewes died during the next 10 days.

HETHODS

Each dead sheep was examined ar necropsy within 12-18 hours of death.
When carcasses were fresh, appropriate tissues were collected for histo-
pathology, bacteriolegy, and virology. Samples of various organs and multiple
sections of lungs were labelled and flxed In 10 percent buffered neutral
formalin, after which sections were paraffin-embedded, sectioned at 6 microns,
and stained with hematoxylin and sosin. Other tlssue samples were routinaly
cul tured for bactaria.

Viral isolatlon was attempted on lungs and other tissues from 13 shaep.
Supernatant fluld from ground tissues was placed on domestic lamb kldney or
bighorn sheep kidney cells for at least three blind passages. Cultures ware
observed daily for development of cytopathic effects. Samples from the lungs
af 11 sheep were plated on Modified Taylor-Robinson media in an attempt to
Isolate Mycoplasma.

RESULTS

Virclegy and Mycoplasmology

Ho cytopathogenic agents were detected on viral isclation attempis, nor
was growth observed in mycoplasma media.

Bacterliclogy

Bacterial isolates from the tlssues of seven sheep are presanted In
Table 1. Pasteurella humnl;tt:n and P. multocida were each isclated from
the respiratory tracts o sheep, and Corynebacterlum nes and
Nelsseria sp. each from the tracts of 4/7 sheep. Other species were |lsolated
In Tower frequency or were contaminants.

Clinclal Pathology

Body temperature and hematologlc values of sheep trapped on 28 August
1975 are presented (Table 2). A1l animals but one were markedly febrile.
Although there was no evidence of leukoeytosis, relative neutrophllia and
lymphopenia were observed In most animals. Erythrocyte, total protein,
and blood urea nltrogen values were not significantly altered, but Fibrinogen
values were markedly elevated.

GROSS PATHOLOGICAL OBSERVATIONS

The sheep were in good flesh with abundant subcutanecus and retro-
perltoneal fat, The most frequent and significant lesions were observed in
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the respiratory tract. In most cases the mucosse of the nasal cavity,
sinuses, pharynx, and trachea wers deep red; the trachea occasionally
contalned some white to pink froth, but exudate was otherwise absent.
There were scattered petechial hemorrhages In the costal pelura and
excessive clear pleural fluid in several animals. The most Trequent
pleural lesion which was cbserved in 12720 sheep was severs Fibrimous
pleuritis, especially in the ventral thorax. Two animals had pleural
abscesses containing yellow-green purulent exudate. Fibrous pleural
adhes lons were present in 12/20 sheep. There was consalidation of
ventral portions of the apical, cardisc, and diaphragmatic lobes of both
lungs of all animals. The consolidated areas were red, firm, and, on
cut surface, often studded with irregular grey foci 2-8 mm in diameter.
Purulent exudate could oceasionally be squeszed from these areas but
only & clear red Tluid or froth was present in larger airways. The right
lung was often more severely involved than the left. There were
scattered, slightly raised subpleural, firm noduleés 0.5-1 em In dlamater
in the mid- to caudal portions of the dorsal diaphragmatic lobes of both
Tungs of all the adult sheep. Bronchial and mediastinal 1ymph nodes
were always enlarged and appeared moist and reddened on cut surface.

Miscellaneous lesions were found in several organ systems, soms
assoclaved with terminal anoxia. Petechial and ecchymotic hemorrhages
were present In the epleardium, adventitia of the pulmonary artery and
aorta, and In the urinary bladder of several sheep. The liver was often
congested and occasionally had a prominant lobular pattern and the gall
bladder was usually engorged with bile, probably & result of anorexia.

The gastrocnemius or gluteal musculature of three ewes had firm white
streaks and pale areas, probably areas of fibrosis associated with pra=
vious (eapture) myopathy. One ewe had a vaginitis. The synovial membranes
of hock and stifle joints of three animals were thickened, and the synovial
fluld of one ewe was watery and contalned fibrin flecks.

Adrenal glands in the adult sheep were grossly enlarged waighing
between 6 and 12 g total, which would resent about 0.015-0.03 percent
of the body weight for animals weighing B0=120 pounds.

HISTOPATHOLOGY

The most significant histopathologic abnormalities were Tound In the
respiratory system. Chrenic verminous pneumonia was associaced with the
presence of adult lungworms (Huellerius capillaris), and subacute granuloc-
matous (Intarstitial) pneumonia, and chronic bronchlolitis and bronchiectasis
were assoclated with M. #il?nrl: larvae. Acute fibrinous pneumonia and
bronchielitis were assoclated with various bacteria.

Verminous nodules containing adult M. capillaris, embryonating ova, and
larvae were histolegically Identiflied in random sections of apical lobes

of lungs of 6/10 sheep examined, In 3/9 cardlac lobes examined, and in 11/11
diaphragmatic lobes examined. Although there was a definite tendency for
subpleural localization, areas of verminous reproductive activity were

also freguently found In deeper parenchyma. The adult nematodes were about



Lg-55 microns In diameter and were usually found In disrupted alveoll, al-
though a few were present in bronchioles. Ova ware usually numerous, but

did not appear to ellcit a slgnliflicant Inflammatory cell response. Flrst

stage larvae of M. capillaris, identified on the basis of a characteristie
“eorkscrew'' tail, dorsal spine and lateral alae, were present In alveoll and
concentrated In bronchloles. Within the larger airways they, Iin combination
with mucus, sloughed eplthellum and necrotic debris, often obstructed the

lumen resulting in bronchlectasls. Other changes assoclated with areas of
varmlnous reproduction were bronchiolar eplthelial hyperplasia, smooth

muscle hyperplasia, flbrosis, mononuclear phagocyte Infiltrationm, prollfer-
atlon of alveolar eplthalial cells, and marked perlivascular and peribronchiolar
lymphold cell accumulation. Heither degensrating parasites nor areas of
mineralization were observed. No Protostrongylus spp. were identiflied In
sections.

in all lobes examined from each lung, especially ventrally, there were
areas of granulomatous pneumonia characterized by alveolar inflltration of
macrophages with foamy cytoplasm, alveolar apithelial hyperplasia and perl-
bronchiolar and perivascular lymphold accumulation. Sections of flrst stage
larvae ware almost invariably scattered throughout such areas. In many
lungs basophllic bactarial colonies, often containing a central larva, were
obsarved in bronchiolas and extending into alveolar ducts, but larger air-
ways were clear. Bacterial celenies were usually surrounded by a zone of
macrosis, fibrin=-filled alveoli, and congested capillaries. Very few neuto-
phils ware observed. In a few lungs thera ware larger areas of bacteria-
associated necrosis surrounded by Tibrin and alveolar edema and congestion.
Such areas were sspecially common in the lambs, In which larvae or adults
wars not observed, although areas of granulomatous pneumonia and occasional
glant cells were present.

Fibrinous pleuritis was usually characterized by a thick layer of Fibrin,
often containing bacterial colonies, overlying a congested edematous pleural
surface. Subpleural lymphatics were often dilated by mononuclear cells
and protainaceous fluid and occasional areas of organlzation (fibrosis) of
the exudate wers observed. The trachea and other upper respliratory surfaces
wsually had severe congestion of vessels In the lamina propria with areas
of edema and hemorrhage, and focl of epithelial sloughing.

Bronchial and mediastinal lymph nodes were severely congested and often
depleted of lymphoid cells. Lymph follicles were rare, and when pressant,
had small Inactive germinal centers containing amorphous eosinophilic hyalin
material.

Histolegic lesions In other organs were only of incidental significance.
Mild hepatic lipidosis was found In three animals. Amyloldosis of the liver
or spleen was not observed. Fibrosls and myofiber degeneration assoclated
with "capture mycpathy' was seen in the gastrocnemius and/or gluteal
musculature of three sheep.

DISCUSSION

The point of most significance emerging from this study Is the definite
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assoclation of M. ecaplllaris with the pneumonia in all but 3 of the 20
animals Involved. ﬁu three animals were lambs; one was not avallable for
histopathologic study and the lungs were not thoroughly examined from the
othar two. |t is eertainly possible that tha lambs died of an uncompl icated
Pasteurella spp. pnewmonia. Although M. capillaris is considerad of minimal
pathogeniclity In domestic sheap (Rose T95%, Thomas et al. 1970), the Finding
of larga numbers of first stage larvae throughout tha lungs of affected
animals In arsas of granulomatous pneumonia and often in the center of
bactarial colonies suggests that these larvas may pradisposes to the develop=
mant of bacterial preumonia by obstructing alrways, disseminating bacteria
or, possibly, by causing immunodepression of the host. Thus, It is probable
that bighorn sheep respond qulte differently to Infection with H. capillaris
than do domestic sheep. The locatlon of bacteria primarily within bronchioles
rather than In alveolar parenchyma as is usual In pasteurella pneumonia In
domestic sheep (Jubb and Kennedy 1970}, suggests that they may be secondary
invaders, although undoubtedly of great Importance in death of the host.
The inflammatory cell reaction of the bighorn sheep host to adults and
larvae of M. capillaris consisted mainly of lymphocytes and macrophages,
whereas In domestic sheep, there |s often marked eosinophilic infiltration
with secondary necrosis, calcification, and fibrous encapsulation (Beresford-
Jones 1967, Rose 1959).

The source of the lungworms found in this herd is unclear, although it
is known that they were |nfected before transportation to Colorado. There
were no snalls Found Tn the sheep pens which would be capable of transmitting
H. capillaris. No Protostrongylus spp. adults or larves were detected in
histo ogic sections of any lung, but this does not exclude the possibility
of their presence. |F present In the ewes, |t seems probable that the lambs
would have been transplacentally Infected (Hibler et al. 1972).

It is not clear what precipitated the epizootic of preunonla In this
herd since thera was no inclement weathar prior to the start of the die-off
nor wers any recent changes made which would have Increased psychological
stress. However, cbservation of the sheep by people not associated with the
study, or a lack of escape cover in the pens may have stressed the animals
resulting in elevated corticostercid levels and decreased immunity to the
parasites. Another possibility, in view of the very large numbar of M.
capillaris larvae in the lungs of affected snimals, is that there was a
late summer rise in egg and larval production, as has besn reported to occur
in domestic sheep in England (Thomas et al. 1970), with a consequent detri-
mental hypersensitivity reaction which predisposed the host to development
of Pasteurella spp. pneumonia. The pasteurellas, normal residents of the
upper resplratory passages, would prabably have increased In virulence by
rapid serial passage in the sheep. Lambs may have succumbed solely to the
Pasteurella spp. infection. It is noteworthy that vwiruses and mycoplasmd

not appear to play a role in the etiology of the disease, although they
ware considered important In a previously reported eplzootle of pneumonia
in captive bighorn sheep (Woolf and Kradel 1973).

Despite a high fever, there was no indicatlon of leukocytosis in the
sheep 7-14 days before dylng, although slight relative neutrophilia and
lymphopenia may suggest physlologlc stress (Franzmann and Therna 1970, Woolf



Kradel 1970). Fibrinogen levels were very high, averaging 2-4 times
normal values and may be the best clinfcopatholagic indicator of a
severe disesase process such a8 pneumsdnia in bighorn sheep.
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THE HANAGEMENT, CARE, AND PROPAGATION
OF CAPTIVE WORTH AMERICAN HOUNTAIN SHEEP

By
E. N. Lacey
Dkanagan Game Farm
Penticton, British Columbia

Abstractk:

The controlled management, nutrition, capture, and transport of Dall
sheep (Ovis dalli dalll), Stone sheep (Ovis d. Stonel), Rocky Mountain
bigharn shesp (Ovis canadensis canadensis) and California bighorn sheep
(Dvis e. californiana) are discussed. Also observations on breeding,
disease, and bahavior of the mountaln sheap In captivity are cited.

INTRODUCT | ON

The Okanagan Game Farm |s located In the lower and of tha Okanagan
Valley about 40 mlles north of the international border near the city
of Penticton, British Columbia. It is at the northern tip of the great
American Desert at an elevation of 1,100 feet. The summers are long and
hot with temperatures of 100° F. being recorded. The winters are mild
with only a few days below 0° F. and only slight snowfall. The annual
preclplitation Is from 10 to 12 Inches.

The dry climate was one of the main factors behind the Tocation of
the game farm when It was formed in 1967. The farm contains 590 acres of
dry henchiands overlooking Skaha Lake. Gently sloping hills lie between
the benches with scattered rock outcroppings, shale slides, and varlous
trees and shrubs. It is on thase hillsides that the paddocks are arranged
providing natural grazing terrain for the animals and good vantage view
polnts for the public. The paddocks average between 10 and 20 acres in
area. They are fenced with S5~inch diamater, 10-foot long pressure-treated
posts spaced at 20-foot intervals, strung with 6=Inch page wire with a
spacial tia, B4 inches high.

I‘anasmn 4

Four groups of mountaln sheep are maintained at the game farm. The
thin horn Dall sheep, Stone sheep, and the Rocky Mountain bigharn sheep
are in single herds. Because of large numbers present, the Califarnia
bighorn sheep are divided into two herds for health reasons.

Hay racks, water troughs, and grain trays are provided at the front
of the paddock. Water Is obtained from s spring and has a high mineral
content. It |5 provided unless fresh snow which the sheep prefer Is on
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the ground. These necessities are provided at the front of the paddocks
for two very Important purposes. First, the sheep must frequent the front
to feed and water and thus quickly become accustomed to people observing
them. Secondly, only the front of the exhibit is Trequented by humans,
giving the sheep the rest of the paddock as a safe area used only by them.

Each paddock has several high points and several hidden ravines which the
sheep utlllze. They survey the outlying areas from the high polnts and
when alarmed hide In the small ravines and gulieys. Each herd has thelr
own sactuary at a high point at the back of thelr paddock which they use
when seversely frightaned. Hone of the sheep paddocks have public access
from tha sldes or back.

The herds by thelr isolation and natural surroundings show normal sheep
behavior patterns which are essentinl to successful bresding. Each group
except the Stone sheep has a mature ram and a young Ismature ram. This
combination allows for pre=-rut grouplng of males, rut fighting, and Inter=
action and competition for females. Because of the Iematurity of the
young ram, savers fighting is held in check by natural restraints. A
back=up mala Is kept with the herd If It Is safe, or ha is kept in a
special paddock for rams forming a bachelor herd.

The herds show individual and very particular temporal=-spacial feed-
ing patterns. They also have definite nursary areas in their paddocks.

Trees are used for rubbling by the rams and they may be damaged If
not protacted. Some rams like te "hit' anything, so 12-inch diameter
potts are plantad as ramming posts, which they ute during the rut. HNo
arcificial shelters are provided, but shade is necessary on very hol summer
days.

Dall sheep have been maintained at the farm since 1971. The core of
the herd being a wild caught pair from the Yukon. They are the most
placid and even dispositioned of the sheep, calm down quickly, and show
no fear of people.

Stone sheep were captured from northwestern British Columbia In 1968.
One ram and flve ewes formed the nucleus of the herd transplanted to the
game farm. One of the First Tambs had to be bottle ralsed and 15 now our
magniflcant ram "Stoney". He has been used for publicity programs and
commercial advercising.

The nucleus of our Rocky Mountain bighorn sheep herd consisted of two
rams and three ewes from the east Kootenay Mountalins of British Columbia.
The herd now numbers three rams, four ewes, and three lambs.

The Rocky Mountain sheep are adjacent to one herd of California bighorn
sheap which makes for an easy comparison between these two types of blghorn
sheep. But during the rut (Sept.=Jan.) the mature rams try to fight through
the fence. Because of the chance of severe Injury we had to erect a special
retaining fence to separate the two paddocks.

The nucleus of our California bighorn herds was captured from nearby
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wild hards in early 1969 under permit from the British Columbia Fish and
Wildlife Department. H=99 was used to capture two rams and 12 ewes which
produced 12 lambs (one died) in May of 1968-1969.

Plans have been initiated to fence off 90 acres on the game farm during
the 1975-1976 peried in a joint ressarch program with British Columbia Fish
and Wildlife to stedy nutritional needs of California bighorn sheep in the
Okanagan Valley. The shesp will ba caught and let loose on plotted areas
to detarmine their grazing patterns at different times of the year.

Bread inﬂ

The natural conditions of the game farm anhance normal behavior patterns
which produce a normally high reproductive rate in the captive herds as
also seen In wild hards. Breeding records are presented In Table 1. The
offspring that are produced by the captive hards are sold i the herd sizes
are optimem for the area of their particular paddock. The young are sold
to other zoological institutions in Canada and the United States. In sell-
ing these animals we Serve several vital needs in assuring a Tuture for
mountain sheep. We provide captive acclimaved sheep that are accustomed
to captive food and fences. These sheep will provide thousands of people
with a better insight Tnto the 1ife of mountain sheep IF they are exhibited
properly. They will also provide future reserves of breeding herds which may
at some date be part of reintroduction projects. An Important slide benefit
Is that wild-caught animals are In less demand so that death due to capture,
stress, or fallure to acclimate are greatly reduced.

Mutrition

All the sheep graze their paddocks extensively. We have now begun a
regular swwmer watering program which provides good grazing throughout the
summer months. In addition, good quality alfalfa hay with 18=21 percent
protein is available at all times. Hay Is fed in racks with 8 trough under=
neath to minimize waste. Special grain pellets are also Fed once a day at
an average rate of 3-4 ounces For each individual sheep. The pellets are
composed of the following components:

Parts Ingredients

300 linseed meal

400 ground corn

720 oats

400 bran

150 molasses
20 de-Flarinated phosphorous
10 Vitamin A (20,000 units/ib.)

2,000 Total

In addition, browse Is supplied in the form of orchard prunings, willow,
and poplar. A block of common cobalt salt is provided and utilized by the
sheep.
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Table |. Breeding record of four groups of mountain sheep at the Okanagan

Gama Farm.

California bigharn

Rocky Mountain bighorn

Stone sheep Ball sheep

1969

12 ewes, 12 lambs 2 emes, 2
{1 ewe didn't lamb)* lambs (2
{1 ewe had twins) lambs died)
{1 lamb died)

1970

12 ewes, 12 lambs

£ ewas, 5

(3 lambs died of lambs (1 born
preumon | a) dead)
1971
10 ewes, 7 lambs 3 ewes, 3 lambs & ewas, b
lambs
1972
10 ewes, 11 lambs £ ewes, 4 lambs b ewes, &
{1 ewe had twins) (| ewe not bred)#* lambs (2 male
(2 lambs born dead) lambs killed
(1 died of pneumonia) by mala)
{1 hung in fence)
IEE}
10 ewes, 9 lambs £ ewes, & lambs 6 ewes, b 3 ewes, 3
(1 ewe with broken {1 ewe with broken lambs 1 ambs
leg didn't have leg didn't have
lamb)® | aamb ) #
1974
10 ewes, 10 lambs 5 ewns, b lambs b ewes, 5 3 ewes, 3
{1 ser twins) (1 ewe didn't lamb)# lambs i ambs
{2 lambs diad)
1975
11 awes, 10 lambs b ewes, 3 lambs L ogwes, 3 b egwes, 3
{2 lambs dled) lambs lambs
{1 ewe didn't
lamb) *

®Hote two ewes captured in the wild both had broken Front lTegs that had
healed up but were stiff. One Rocky Mountain bighorn ewe failed to have
a lambh and was killed by an adult ram. Six ewes were lost in 1974, one
Rocky Hountain bighorn, three California bighorn, two Stone sheep; in all
six the teeth were badly worn and all were quite old.
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Lambs taken from the paddocks for one reason or another (broken leg
ar one of the set of twins whare the mother has been unable to feed both)
gre fed a8 formula of one part condensed milk to one part boiled water with
multivitamins added.

Diarrhea occasionally has been a problem and sulfamethazine has been
used with good results.

Disesases and mortality

The main concern when handling mountain Sheep I8 stress. Several
parasites are normally found in sheep; but after a period of extreme stress,
parasitic infections may cause death due to the weakened condition of the
animal. Lungworm infestations are the most common. We have had two deaths
attributable to lungworms, both animals had been stréssed by capture and
transport.

Most lamb losses have resulted from the lamb becoming entangled In
a fence.

The sheep pens are extremely dry due to the climate and the high ground
which they occupy. This arld sail Is a deterrent to completion of parasitic
life eycles. It also helps eliminate hoof rot. Although all the paddocks
have extensive rocky areas, soma avergrowth of hooves does occur. Hooves
are trimmed at the time of capture for vacclination, or In extremes cases a
capture |s made just to trim hooves. Long hooves have also been noticed
in willd=caught animals.

Antl-worm medlcine in the form of piperazine or thisbandozole is
administered twice a year In food or water.

Wood tlcks (Dermacentar andersonl) which cause tick paralysis are
endemic to the Okanagan area. HMany wild birds are attracted to the farm
and It |s not uncommon to see blackhirds and magpies parched on the back
of the sheep and other animals. We also have peacocks, Guinea fowl, and
wild turkeys at large. These birds halp to contrel tick and insect popul-
ations.

Capture and transport

In erder to capture wild sheep, we hiave used primarlly a Falmer
Y'eap-chur" gun and H-99 (-5 mg plus 0.25 cc Anatran and 1 cc Hyosine made
up to 3 cc with water to F111 the dart). HNalrophine HCl or Halline has
been used as an antidote and Tound wseful te brimg the animal back up to
the desired level of anesthesia. Sheep have been darted from a distance
of 40 to 50 yards with an ideal shot being high up on the rump or
shoulder. The sheep were Iomobilized in 5 to B minutes. Penicillin, sevite
{for white muscle disease prevention), and vitamin E were given by injection
after capture. The animals were led of f the mountains semi-conscious or
hauled out Tn crates on sleds pulled by snowmobiles.
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When releasing animals into new surroundings it is essantial to have
a tame captive nucleus with which the released sheep will run. Thay then
learn the boundaries of the paddock by following the herd not by crashing
into fences.

For handling purposes in the paddocks we First try to capture the sheap
by grabbing them (if we can) when feeding since thay are used to their
keepars and come quite close when they are grained. This mathod works
cccasionally, but most of the time we use large nylon nets B feet high and
100 feet long. The net s fixed at one end to the fence. One person
pulls the net up to trap the animals to be captured. The herd Is moved,
not stampeded but coawed along, Into position by three or four people.

We have not lost or Injured any sheep In this way and feel it is superior
to tranquilizing them since the risk of Injury is greater due to Improper
dart placement or an overdose of drugs than by netting. Afrer capture,
the sheep are placed in small dark crates in which thay guiet down qulite
quickly. In capturing and handling sheep In their paddocks. any panting
and running brings an Immedlate end to our efforts. We do not want to
stress the sheep and try again at a later date.

CONCLUS ION

The experience gained by maintaining Dall, Stone, Rocky Mountain, and
Callfoarnia bighorn sheep &t the Okanagan Game Farm has shown that It is
possible to breed and raise healthy sheep in a confined area. With proper
diets, surroundings, and isclation natural mountain shesp behavior patterns
will occur. The young produced provide a valuable stock for other zoological
institutions. The captive breeding herds can provide the necessary shesp,
whan the propar time comes, to be relocated into parts of the original range
of mountain sheep.
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DALL RAM HORN GROWTH AND POPULATION QUALITY:
MAMAGEMEMT SIGNIFICANCE

By
Wayne Heimer and A. C. Smith 111

INTRODUCTIOR

Fopulation quallity Is Indicated by horn growth characteristics in
Dall rams. Heimer and Smith (1974) presented criterla for determination
of population quality based on horn size and growth rate. The management
significance of Dall sheep population gquality In Alaska has been recognized
and refined in subsequent work (Heimer and Smith 1975). The purpose of
this paper is te review methods of determining population guality,
briefly define the relative guality of sheep populations in Alaska, and
relate these findings to long range management planning. In addition,
the Impact of the often proposed full curl rule on the Dall ram harvest
In Alaska will be predicted.

MATERIALS AND METHODS

Horn volume at age 7 years, growth rate, dismeter, and average
attainable volume were determined for defined areas of Alaska as described
by Heimer and Smith [1974). These parameters were then summed to give
quality index scores based on horn size and growth rate. Areas producing
ramg with high quality index scores were regarded as areas of high
quality, and those producing sheep with low quality index scores the
areas of low gquality.

Measurements of tip to tip spread and degrees of curl were used to
caleulate the expected harn length at 3/4 curl (the present legal definition)
and Full curl. These lengths wers calculated for rams in each area of
Alaska by assuming that every ram horn was a perfect spiral deseribing a
right, circular eylinder (Fig. 1). If this eylinder was unrolled, the
horn would be thearetically unrolléed and the base of the right triangle
formed (Fig. 1) would be equal to the diameter of the horn coil multiplled
by . The haight of the triangle would be aqual o the pitch of the
spiral (mm of divergence from the midline of the skull to the horn tip
per revolution) multiplied by the number of revolutions, in this case
either 1.0 for a full curl or 0.75 far a 3/4 curl. The hypotanuse of
the triangle (caleulated by a thearum of Phythagorus) would equal the
length of the orbital horn surface from its base to tip.

Once these standard (3/6 curl and full curl) lengths had been
caleulated, the mean annual segment lengths of horns from each area were
added until the lengths for 3/4 and full eurl were reached. Because the
cumulative segment lengths did not always equal the standard lengths,
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Figure 1. Caleulation of orbital surface lensths of 3/4 and full curl ram
horna. P= pitch of horn soiral (half of tip to cip spread), €' =
dipmarer of horn curl, C = cireumlrence of horn ¢") projectad
onto & rlane. Leapth of orbital surface = (C+ + P3) ,m_
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the year in which the ram horn was closest to the standard length was
used to calculate the mean age at 3/4 curl and full curl for rams of
each study area.

When average lengths and ages of 3/4 curl and full curl ram horns
were known, [t was possible to calculate their volumes. Horn volumes
were calculated using the formula, ¥V = h_ri. Horn length is “'h'', "¢t

Is the radius of the base and "V" is volume of the entire horn. A correct-
ion factor relating entire horn volume to calculated volume was derived

by calculating volumes For 25 horns and then determining their volume by
water displacemant. The correction factor was 0.717. This correction
factor was then multiplied by the calculated volume to estimate actual

wo | ume .

RESULTS

Ball sheep habitat in Alaska's seven mountain ranges is indicated
in Fig. 2. The defined subunits within each mountain range are detailed
in Fig. 3. Quality index scores and values for the parameters which
define them for each subunit are given in Table 1.

Valuves for lengths at 3/4 and full curl for each subunit as well as
the volumes for these lengths and the percentace of mawimum attainable
volume are given in Table 2. It can be seen that rams generally achlieve
about 60 percent of their maximum expected volume at 3/4 curl and about
90 percent at full eurl.

The average ages at 3/h and full corl and the average age of rams
harvested In 1974 are glven by mountain range In Table 3.

Insufficlent data precluded calculation of the age at 3/4 and full
curl for each subunit. Determination of these ages for entire mountain
ranges lgnores the effects of differing quality on the age at which a
ram might reach these lengths but scanty data did not allow Finer rasol-
ution at this time.

Ceratewlde harvest and numbars of hunters were datermined Trom sheep
harvast ticket returns.

DISCUSSION

Areas of Alaska's mountain ranges are ranked according te guallty
index score in Table &. It can ba seen that saveral distinct groupings
of quality are apparent. It was initially recommended that only those
areas ranked down through fourth pesition be managed as trophy production
areas. Recommanded management schemes in these areas included restriction
of hunter numbers, possible regulation of access and transportation type
and legal ram definition at full curl andfor a2 minimum age. This would
allow taklng of old broomed rams and prohiblt harvest of precocious rams
at minimal full curl. It was also recommended that harvest levels be
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Fipure 2. Distribution of Dall sheep in Alasika.
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Figure 3. Srady areas within Alaska's mountain Tanpes.
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Table 1. Quality index of rams by area within each mountsin range.

Hoximum Haximum
7 year expoctoad sustained biameter
voluae vo lume growth of curl Qualicy

Range and Arca {ec) {ee) {ccl/yr) {cm) Index
Alanka Range East

ARE 1 1282 1841 282 26.7 332

ARE IL 1549 2153 15l 28.1 4081

ARE III 1796 2301 402 29.0 4528
Alaska Range West

ARW T 1100 16286 303 24.3 3055

AW LI 1355 17493 493 2h.1 IGh T
Brooks Range

BRR TI 1316 2151 295 27.9 3790

BRR III 1272 2071 332 29.0 3704
Chugach Mountains

CHRE 1 1215 2042 330 26.6 3614

CHR II 1509 2691 410 27.4 4637
Kenai Hountains

KME 1 1219 1868 322 26.5 34636

KMR II 1519 11 38z 28.6 4061
Talkestna Moumtains

TCW 1 1566 2616 302 27.0 601

TCW 11 1089 2174 ol Z23. 0 3690
Tapana Hills-White Mcs.

THW 1 1584 2297 36l 26.7 4269

THW II 1474 2221 3a83 27.8 4086
Wrangell Hountainm

WHR 1 1332 1809 326 27.1 34694

WMR II 1495 2333 3 23.9 4190

WME II1 1521 2503 426 30.4 HBEOD
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Table 3. Average ages at 34 and full curl and average age of rams
harvested in 1974 by mountain range.

Age At 374 Age at Eull Average age in
MHountain range curl (yre.) curl (yre.) 1974 harvest
Alaska Range East 5.5 B.6 6.8
Alaska Range West 2aly 8.1 5.3
Brooks Range 6.7 9.7 8.9
Chugach Mountains 5.1 1.9 6.6
Eenal Mountains 5.2 7.9 B.l
Talkestno Mountains 5.3 7.8 5.5
Tanana Hills-White Mountalns 5.7 8.8 _
Wrangell Mountnins ] 73 h.h
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Table 4. Areas ranked according to quality index values provided
in Table 3.
Difference from
next higher
Area Rank Quality Index Score Index score

Wi I1I 1 4880 _—

CHME 11 2 4637 253

TCH I 3 4601 a6

ARE TIIL 4 £528 73

THW I 5 5369 259

R 11 & 4190 79

THW 11 7 HORG 104

ARE 11 8 4081 3

KMR II 9 4061 20

BRR II 10 3790 27

BHR IT1I 11 3704 BA

TCW 11 12 3650 14

CME I 13 J614 76

WHR I 14 3494 1?0

ARW 1T 15 3467 27

MR T 16 3436 31

ARE T 17 3432 [

ARW T 1a 3055 17
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established &t less than the annual Increment to the full curl population.
This may seem wasteful to some managers, but will assure a balanced

sheep society and insure that hunters always have a reasonable probabllicy
of finding a truly outstanding ram. One of these areas, ARE 111, has

been managed like this for two harvest seasons.

Those areas ranked Iin positions § through 9 were recommended to be
managed by full curl regulation with bunters to have free access and no
harvest quotas established. This would be management just as it presently
exists In Alasks except the legal definition would be changed to full
curl.

The remaining areas (10-18) were recommended for management under
the current 3/4 curl regulation with some consideration glven to either
sex harvest In areas of high population densities. It was stressed that
this either sex harvest should be closely supervised and eveniy distributed
to affect either minimum impact or maximum benefit depending on the
rationale of the ares managers.

These were recommendations: they were made to area managers after
the process of long rénge management planning had begun. Up to this
point the response to these recommendations has been disappointing
because of two reasons. First, there I8 an extreme reluctance on the
part of many managers to take actions which may depress what is an
apparantly safe harvest level (down to 3/h curl).

Secondly, the planning process was well along befare this report
was complered and many area managers were not advised of the result in
time to implement them. Still, the public will have the apportunity to
comment on these long range plans and if they desire management on the
basls of population capability and quality It may result. Resistance to
changes in management of Dall sheép populations are based in part on
tradition.

For the last 25 years, sheap hunting in Alaska has bean regulated
by allowing only the harvest of rams with horns greater than or equal to
3/4 of a curl. In recent years, however, there have been many requests
ta change to a "full curl rule'. These proposals are generally justified
on the basis that taking & full curl ram is more satisfying than taking
a 3% curl ram. Objections to this line of thinking are: 1) a full
curl regulation would unnecessar|ly result In fewer harvestable rams and
a lowar success ratio; 2) there Is little bleloglecal justificatlon for
going to a full eurl regulation; and 3) sheep hunters are not requlred
to take sheep of less than thelir personal standards, whatever they happen
to be.

The harvest of Dall rams In Alaska averaged a little over 1,000
animals per year for the last B years (1967-1974), and during this time
the number of hunters has averaged about 3,000, Thers Is littla reason
to anticipate that the statewide harvest will decrease In the Immedliate
future, That Is, |t may be expected that the annual harvest will continue
to be about 1,000 rams or more under 3/4 curl regulations currently In

affeact. A
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The impact of harvesting only full curl rams can be estimated using
data on average ages at which rams attaln 3/h and full eurl In each
mountain range and data reflecting average ages of sheep actually
harvested in each mountain range (Table 3). In the Alaska Range East,
Kenai Mountains and Talkeetna Mountalns the average ram taken during
1974 was nearly 2 years younger than the age at which It would have
attained full cur! (Table 3). In the othar mountain ranges (except
Alaska Range West) hunters are taking animals which average about | year
younger than full curl. It Is evident, therefore, that Imposition of
a statewlde full curl regulation would result in & substantial reduction
In Alaska's statewide ram harvest.

The projectad magnltude of this theoretlical reduction can be computed
using the following Information: (1) the percentage of harvested rams
which had not reached the age of full curl by mountaln range during
1972-1974 (Table 5), and (2) total numbers of rams taken In each mountain
range during this i-year perlod (Table 6). The mean harvest for thess
years minus the portion of the harvest which was less than full curl
equals the theoretical harvest under a full curl regulation (Table 7).

It can be seen that the immediate result of Implementing a statewide
full curl regulation would be a 67 percent reduction In the harvest (a
decrease from an expected harvest of 1,153 rams to 382 rams). (Ff the
number of hunters (avearage 3,945 during 1972-1974) , huntar offort and
distribution of hunting activity were similar te those of the last 3
years, [mplementation of a full curl regulation would result In a decrease
In hunter success from 39 percant to about 13 percent.

Long=term reductions In harvest and success may not be as severe as
those Immedlately following implementation of a full curl regulation.
Hany rams harvested bafore they reach Tull eurl under the present regulation
would be avallable Tor harvest as full curl] rams. In most mountain
ranges ft takes 2.5 to 3 vears for a 3/4 curl ram to reach fTull curl
status. The extent of natural mortallty during these years Is unknown,
but Gelst (1971) and Murphy (1974) have suggested that attaipment of
dominance status and attendant energy expendltures In rutting Increase
natural mortal ity significantly during this period of a ram's 11fe.
Determination of natural mortallity rates In rams between the ages of 3/h
curl and full curl will require additional fleld study.

Desplte the paucity of knowledge regarding total sheep populations
and natural mortal ity Tn adult rams, It Is possible to compute the
theoretically sustainable harvest of full cur! rams In Alaska. MNumbers
of Dall sheep observed on systematic surveys of several mountain ranges
in Alaska are presented in Table 8 and, although minimum numbers of
sheep In the remaining mountain ranges are not known, conservative
estimates based on avallable data are as follows; Chugach Mountains,
3,000 sheep; Alaska Range West, 2,000 sheep; and Brooks Range, 15,000
sheep.

During systematlc surveys rams were classified according te relative
horn size. Results of these surveys indicate that the percentage of rams
3/4 curl or greater ranges Trom 5.7 percent in the heavily hunted ARE |
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Table 5. Numbers and ages of Dall rams in subsamples of the harvest
from 1972-1974 by mountain range and the peccentage of rams
which had not acttalned full curl.

Age In

ypears ARE ARW BEER CHE R TCW WHER
& 19 & 2 7 & & 18
5 23 3 8 1q 12 15 30
[ 24 10 16 12 14 7 33
7 21 5 20 g 5% fi* N
B 19% B 26 B & 3 29
9 19 5 h3% 3 - 1 113
10 13 B 1 3 - 1 12
11 5 B 26 2 - 1 5
12 i 1 13 - - - 2
13 1 1 7 2 - - =
14 1 - 5 - = = =

% 1lean than

full curl 71 57 56 12 50 ;1 G5

mage at Full eurl
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Table 6. Actual nunbers of rams killed by mountain range during 1972,
1973 and 1974 and mean statewide harvvest during this period.

Year ARE AN HRR CMR EMR TCW WHR
1972 241 69 236 112 36 8o 349
1973 187 119 252 81 59 61 363
1974 194 119 236 137 73 114 il
Hean 207 102 2438 110 26 B3 335

Moagn toknl roms = 1,133
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Table 7. Theoretical harvesat by mountain range under full curl regulation.

Mountain Range s s o
ARE AEW BRR - CHR EMR TCH WMR
mean chree
vanr harvest 207 loz 238 110 56 BS 355
peccent docroase
under full curl
regulation 7l 57 56 12 a0 B& &5
expected harvest
reduecion under
full eurl
regulacion 147 58 133 74 A0 Ta &1
expected harvest
wunder full curl
regulacion 60 ik 105 31 [ 12 124

Total rams = 382
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Table 8. Observed sheep populations and percent legal rams by specific
purvey by area within mountain range.

Total
ohaerwved Specific
Mountain range sheep BUTVEy Sample ¥ a/a
area population yEaT aize eurl
Alaska Range East
ARE I Gla 1970=373 3103 L |
ARE IT 1103 1974 550 16.7
ARE ITIL 1140 1974 Th 14.2
MeKinley Park — 1873 298 11.1

Alaska Range Wesc ——— ———— m——— —

Erookn H.u.ngu

ERRE I ——— ———

BRR II m—— 1974 1741 12.6

BRR IIL — 1973 1125 12.9
Chugach Mountains —_— — ——— —
Eenai Mountainm

EHR 1 1203 e

KHE IL 892 —_—
Talkeetnn Mountains

TGW 1 529 1574 623 §.2

TGW 11 1759 1974 1759 B.2

Sheep Mountain

elased area —_— 1974 201 19.9

Tanana Hills-White Mountains

THW I 286 —_—

THH II 285 ———

Wrangell Mountains

MR T G069 1973
WHR II 1060 — B331 10.1
WHR IIL 1212 —
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to 19.9 parcant on Sheep Mountain which |Is not hunted. In unhunted
areas (McKinley Park and Sheep Mountaln) the proportion of legal (3/4
curl) rams averages |5 percent) we shall assume that I Alaska were
unhunted 15 percent of the population astimated earlier would be legal
rams (3/h curl or greater). That is, there would be 15 percent of about
k0,000 sheep or 6,000 legal, 3/4 curl rams,

Data published by Murle (1944) suggests that 12 years |5 the masimim
average age for Dall rams in McKinley Park. Only 2 percent of the rams
In our sample were older than 12 years indlcating thar Murie's estimate
of tha maximum ags of Dall rams was reliable. It vakes more than 5
years (5.4 vuri? for the average ram in Alaska to reach 3/4 curl and If
we assume that all rams will dia by age 12, it follows that any ram which
dies of old age will have lived & years after having attalned 3/4 curl
status.

By assuming survivarship is 1inear for the 6,000 3/4 curl rams
(ages & through 12) calculated to exist in a theoretical ly unhunted
Alaska, the numbar of full cur]l rams entering the population can be
estimated by constructing a triangle with a base distance representing
6 years, an area of 6,000 units (represanting 6,000 rams) and a calculated
height which should approximate the number of rams entering the population
at any age from 5 to 12 years {Fig. &). Estimated recruitmant to a
population of about 40,000 sheep would be 2,000 3/h curl rams per year
or 1,150 full curl rams par year.

This escimate is considerad to be consarvative for savaral reasons.
First, the total sheep population numbars used wara numbars actually
observed during systematic surveys in four of Alaska's saven mountain
ranges. It Is very unlikely that all sheep were saan on these surveys.
Also, conservative estimates of numbars for Chugach Mountains, Brooks
Range and Alaska Range West populations ware used. In additlon, our
estimate that rams with 3/4 curl or larger horns comprise only 15 parcent
of this hypothetical unhunted population is probably conservative as
well. The two unhunted populations providing the basis for this figura
(Hckinley Park and Sheep Mountain) are of low or averages quality. In
fact, the proportion of 3/ curl rams in McKinley Park, which is unhunted,
is lower than that observed in many hunted areas. Finally, use of
linear survivorship curve appears justified for full curl rams (Deevey
1947} but the curve from 3/4 curl to death Is not linear. Instead, It
is an expotential functlion which, If used in our model, would predict
greater numbers of full curl rams than the linear mode! we used. Consequently,
it appears that Alaska could support a sustainable harvest of greater than
1,150 full curl rams. We must emphasize here that this theoretical level
of harvest could be sustalned only with a perfectly homogenous distri=
bution of hunters. This Is not the case at present.

It should be poted that this conservative estimate of the full curl
increment is about equal to the present 3/4 curl regulated harvest.
Whether there will be significant changes In management of Dall sheep in
Alaska in the foreseeable future Is not known. The decision to base
managament on population quality wil)l probably be slow In coming and in
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fact rests on aesthetic more than biological grounds. The current thinking
of the Alaska Department of Fish and Game is that decisions of aesthetics
should originate from the public and reflect the Feeling of most Alaskans.
It is our opinion that & plecemeal approach to changes in management which
is not based on population gquality would be less than the ideal situation.
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SOME THOUGBHTS AND DBSERVATIODNS DM HARASSMENT AND BIGHORN SHEEP

By
Brian Horejsi
Department of Biology and Environmental Sclences Center
University of Calgary
Calgary, Alberta

Harrassment has been deflined as any activity which precipitates excite=
ment [n an animal, causes |t to prepare leself, physiologleally, for flight,
and may lead to flight, panie, exaertion, and consequent damage to or death
of the animal (Geist 1975).

Animals function most effectively In a stable, predictable environment.
An animal reduces indecision by attaining an appropriate response for each
stimulus with which It Is faced. It acts to aveld unpleasant stimulf.
When it encounters one, it (1) becomes excited and moves te neutralize the
stimuli, usually by flight (It may remain excited for a considarable period
of time after the object has disappeared); (2} aveids the area where the
disturbance tock place; and (3) pensralizes to similar objects and locali-
ties, and perhaps situations, and avoids them or becomes disturbed whan it
encounters them (Geist 1971a).

Harassment takes two general forms which | have termed active and
ssive. Active harassment causes an obvious change in activity and re=-
sults in Tlight. Passive harassment doas not cause Tlight and its affects
on activity are vsually subtle. Examples of these two kinds of harass-

ment will be presented later.

Sheep appear to assoclate disturbance, first with a particular stim=
ulus and second, with a particular site. Man Is not Inherently considered
an unpleasant stimulus, as evidenced by the variety of his relationships
with wild sheep throughout their range. In areas such as national parks,
where sheep have never or rarely been hunted, they have po cause Lo associ—
ate man with unpleasant experiences. In those vast areas of North America
where sheep have been hunted, they have every reason to fear man. The
contrast between these two situations was brought home to me vividly when
working with Dall sheep in Canada's Mackenzie Mountains in 1971. 1 first
encountered rams which had been hunted. Although hunting parties were as
infrequent as one per year, these rams would not allow an approach to
within 300-500 yards. Only 36 km (30 mi) away, rams had never been hunted,
in fact, they may never have seen a man before | appeared. After stalkling
to within 75 yards of two large bedded rams, | finally stood up. Thay
looked. | dislodged rocks. After several minutes, they stood. To my
amazement, they came up the slope toward me, approaching so closely | had
to back away in order to focus my telephoto lens. They then procesded to
feed, completely Ignoring me. | was to experience a number of similar
events that summar.
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What does this mean? Obviously it means that sheep learn to fear man
bacause of unpleasant interaction with him. Once individuals in a popul-
ation have learned to fear man, the reaction of flight at his appearanca
may persist in the population for genaratlons because It |Is passed on to the
young. When a eéwe runs from a man, lts lamb runs and so It starts to
assoclate withdrawal with the presence of man. In the Sheep River area of
southwest Alberta, lambs up to 4 or 5 months of age did not run from me when
they were alona. However, in the presence of adults, they always accompanied
the latter. Yearllngs do not react as declisively as adults.

The gquestion to ponder now is whether a sheep can distingulsh between
a8 hunter, a hiker, and a coal geologist? The answar, of course, Is no.
As | indicated earlier, sheep generalize within a class of stimull (Geist
1971a). With very few exceptions, @ man is & man. What this means s that
shaep are now belng faced with hunters throughout the year in the form of
skiers, hikers, surveyors, and personnel of mineral expleration and develop-
ment crews.

It appears that behavior may be site specific. | heve observed for a
number of years, indlvidually known {marked) sheep on both summer and
winter ranges. lavariably ewes react more strongly to the human presence
on thelr summer range than on their winter range. The reason probably lles,
first, In the frequency of human-sheep encounters and second, In the nature
of the encounters. In Alberta, sheep see fewer people on summer ranges
than on winter ranges. On the former, when 2 human appears it becomes &
new unexpected part of the summer environment. The situation is unpredict-
able. 0On the other hand, winter ranges tend to be in lower elevation areas
with better access and, predictably, more human beings. Equally as important,
most hunting takes place when sheep are stlll on summer of non-winter ranges.
The odds are that man-sheep encounters will be unfavorable on summer range
because of this. There are strong Indications that this kind of pressure
will alter sheep movements and distribution. Any shoep hunter will tell
you how "the rams go down into the timber" when hunting Season starts.
Geist (1971a) has stressed that sheep will abandon those areas where they
are harassed. Light (1971) has inferred that heavy use by hikers has resulted
in bighorns abandoning parts of their historic range in Califarnia. In the
Sheep River region of Alberta, sheep, particularly rams, appear to be makling
earlier and more consistent use of a semi-protected winter range than they
did before the area was given hunting Sanctuary status.

Batcheler (1968) noted that with heavy hunting pressire, red dear
(Cervus elaphus) and chamois (Rupicapra rupicapra) became "extremely wary'
and "were forced to occupy habitats which formerly they did not prefar'.
Théy both made extensive use of dense timber-serub and fed In the open only
at night. Two years after hunting had ceased in this particular part of New
Zealand, red deer were again utilizing open areas during the day (Douglas
1971), although sightings/hr of observation generally continued to Increase
through the last year of the study, & years after the hunting ceased.

When one becomes famillar with individuals In any population of
animals, differences In disposition can be obsarved. Hansen (1970) notes
that pink-tongued sheep are much mare wary and nervous than shesp with
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black tongues and the latter were in the majority amongst hunter kills. He
stresses that hunting could produce mare wary sSheep. These animals are

mare |lkely to respond to harassment through changes in behavior such as |
have outlined. Will thess activities increase hunter success? Causing

sheep to abandon preferred parts of their range forces them to spend more
time in peripheral a&reas; where in all probabillty; they are less Familiar
wlith the environment. |t s less pradictable. The animals will be less
sure of themielves, more excitable, and burn more energy. They may be

more sukceptible to predation, accidents, and hunters. Although It may be
considered stretching the point to compare sheep to mice (Peromyscus
ltucﬂEul'.i. the principle involved is the same and it has been demonstrated
that transient mice suffer & higher [ncidence &f predation, that is, 4 mouse
In familiar terrain Is lass vulnerable (Metzgar 1967). On tha basis of my
conversations with sheep hunters, the majority of kills are made aceldentally,
méeanlng the shesp walk Into the hunter orf the hunter stumbles onto the sheap.
This is far from the ideal hunting experience of spotting and stalking your
gams. To me 1t means tod many huntars.

The response of sheep to harassment brings up several managemant ques=
tions. How long should hunting seasons be? Should we allow hunting for
elk and deer on sheep range when sheap season |3 closed? Undar ideal forage
conditions bigharns probably continue to galn body condition until the rut
(Hebart 1973) but what about when they are forced out of that part of the
range they prefer? What about the Increased rellance on suboptimal areas,
the increased nervousness, the broken actlvity patterns, the running thaey
do 1o avoid peopla? Thase activities Incraase enargy expend]|ture and re=-
duce intake. Do they mean reduced breeding activity and lower over-winter
weights? We don't have the answars but | Fal)l to see an alternative.

And what about harassment on tha winter range? (n Alberta it Is increas-
ing at a phenomenal rate, largely becausa of the recent trend to year=round
recreation, specifically the rise of snowmobiling and the discovery of cross-
country skiing, but also because of Tmproved access and more lelsure time.
There can be no doubt that activitles such as those mentioned,. along with
hiking, photographing, and exercising the family dog, are harmful to sheep.

In the Sheep River region of southwest Alberta, the winter range is
traversed by an excellent secondary road. In winter It leads nowhere, be-
ing plowed only to & polnt In the heart of the winter range. The slopes
are strongly south facing and sun and wind action keep them snow free and
often dry for most of the winter. They are extremely inviting to hikers
and sightseers, Largely through the afforts of one individual, most people
stay on the road, whether it be the plowed or the unplowed section. The
sheep are continual ly exposed to people on the road and usuvally give only
a long stare to even the most extravagant efforts to get their attention.
They have becoms habltuated to the presence of people and vehiclés along
the road, that is the sheep exhibit a decrease in behavioral response
(Hinde 1970) to these stimuli. This is possible because the people and
vehicles do not {uswally)] threaten the sheep by approaching and followling,
that is the large majority of human activities take place on the road,
they are very frequent, and they thus allow some degree of predlicrability.
These are, in effoct, neutral stimgli. It Is of Interest that although
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the road and human activities have been present longer than any of the sSheep,
behavioral response to these stimuli has not disappeared.

Should we conclude that these animals are not excited? No, not until
it can be demonstrated that they are not experiencing some form af physio-
logical stress. In experimental work, with domestic sheep and goats,
Liddell (1961) and Moore (1968) exposed confined animals to selected stimuli
followed by electric shocks. Although all animals initially attempted to
escape, they all quickly learned to control their motor reactions. This
state is referred to as active Inhibition (Paviov 1928 in Moore 1968). It
develops because of anxiety regarding the meaning of a particular stimulus
and inability to avoid it. This condition is characterized by elevated
heart and respiratory rates, grinding of teeth, and licking of the rhinarium.
The animals become neurotic. It can result in reduced rates of body and
horn growth, soclal dysfunction, ineffective maternal response, and In young
kids and lambs, death. It could happen in wild populations of sheep IFf
disturbance |s frequent and severe and cannot be avolded.

The sccurrence of people off the road elicles an entiraly different
response compared to that observed when people remain on tha road. It is
unpredictable both In the time people are active and in tha kind of
activities people undertake.

Sheep react to human presence- [n these areas with alertness, uripnation;
pacing, and prolonged staring if the intruders are distant, and with alarm
and flight If they are close. Both result In broken activity patterns,
altered distribution, Increased energy axpenditure, and probably increased
predation.

It might be suggested that human activities substitute for the
activities of predators with which the sheep have historically had to deal,
but which may now be absent or reduced. Hot so, bocause man behaves quite
unlike a canid or felld predator. Egually as important Tn the Sheep River
area, coyotes (Canis latrans) are present and they do hunt sheep. The
human Influence thus becomes additive.

Human-sheep encounters differ in three possible ways from that of
canid=-sheep Interactlon: First, man's approach may be nolsy and direct,
whereas 3 coyote |s usually quiet and often passes In the vicinity of the
sheep. Second, people very often try to stalk sheep whereas a coyote
usually approaches In the open, although ambushes are pot uncommon. Third,
the coyote-sheep Interaction |s almost Invariably short in duration, as
Is the cougar-sheep event, whereas humans persist in approaching and
following.

A healthy sheep can easily outrun a coyote and usually a wolf. It
need only show a short burst of running, reach relatively rough terrain,
and Tt Is safe, but with humans such Is pot the case. | have observed &
number of events in which sheep stood quletly within 3-4 m (10-12 ft) of
a coyote, and In one instance, a wolf, apparently well aware of their
secure poisition. DOn the other hand, | have seen maény instances where
humans have entered escape terraln and forced sheep out, in sSome instances
repeated]y.
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At this poline, | should mantion the affects of aircrafr harassmant,
particularly hellcopter harassment. In a recent study (Morejsi 1975} |
observed that sheep reacted explesively to the sight and sound of a
hellcoptar. They often ran when the machine was 1.6 km (1 mi) away, they
ran long distances avan aftar they appeared to be exhausted, and groups
often broke up with animals scattering in every direction. In the
particular part of Albarta whare the study was conducted, the search Tor
minerals and coal has escalated, and the hellicopter has becona an every
day mathod of travel. The reaction | observed was probably a resulr of
hellcopter chases stesming from exploration work and Tts sightseeing and
photographing diversions, as well as from game surveys. Hallicopter flights
are normally at low altitudes, greatly Increasing the chances that wild
animals, parcicularly cthose that Treguent the alpipe, will be encounvered.
Like the sheap dealing with the man on foot, these sheep have not been
able to escape the predator with a short dash o the cliff because the
hellcopter comes right In behind them. The cost of such incidents, energy
wise, s phenomenal (Gelst 1971b, Hammel 1962 In Moen 1973). But It doesn't
end there. Acclidents increase = a lame lamb is destined to Tall prey to
coyotes. Lambs are separated from their mothers, and one need only watch
hunting covotes to see how they zero In on such an unusual animal. They
usually attempt to Isolate an animal, most often a lamb that, for example,
makes a8 wrong or slow turn or is slowed by the snow and thus becomes
separated from the group. Hurle (1944) observed wolves doing the same
thing with Dall sheap. What, then, of aerial surveys? Continue them for
distribution and total count data, but then back off, land, and do your
compos i tion counts from on foot.

| have one more subject | want to expand on, that is the passive
harassment | spoke of marlier. It results from the mere presence of human
beings within an animal's home range. It rarely results in flight by an
animal, that is, its affects are wsually very subtle. Soma examples |
have observed are (1) obwious alarm exhibited by a group of mule deer does
whan they encountered buman tracks in the snow (They reversed direction,
returning from whence they had come); (2) immediate assumption of an alert
posture by a cow moose at the sound of explosives being detonated {She had
been feeding fn a shrub stand at the time and seconds after the blast, moved
at a determined pace directly Inte a stand of conifers); and (3) the diff-
leult to docuoment changes In the movements of a band of sheep ar the sight
of people on a slope upon which the sheep consistently feed and bed and
towards which | felt the sheep were moving. What does this ctype of human
Intarference mean? Obviously, In cach case the animals have altered thelr
pattern of activity: In many cases overt indicatlons of excltement are
seen, suggesting fncreased energy expenditure, and In every Instance the
animal s prevented from exploiting its environment In the manner In which
it would have, had people, or their signs ar sounds, not bean presant.

What are the net results of harassment? | have repeatedly mentioned
the anargy cost of Increased exclrement and activlty.: In winter, when
most ungulates In temperate regions are at or close to maintenance, any
factor which Increases energy expendlture and/or decreases Intake can be
expected to have a debilitating effect. In refndeer, running regqulres
B times as much snergy as walking (Hammel 1962 in Hoen 1973) and walking
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wphill is about 1] times as costly for domestic sheep as walking on a
similar horizental surface (Graham 1966). Geist (1971b) has calculated
that @ 80 kg caribou chased Tor 10 minutes, walking Tor an hour, and re=-
maining excited for another hour regqulres 21 percent more energy Lo malin=
tain itself over a Z4=hour period. If qualicty forage is available and

the animal Is allowed o explolt the range without Interference, one might
postulate no energy detriment, but of course, that s never the case.

Every event | have spoken of detracts from an-animal's ability to
achieve optimal use of Its environment and It seems safe to say that in
sheep, like in caribou (Lent 1976), optimal use depends upon being in the
right place at the right time. This is extremely Importent for it allows
an animal to (1) take advantage of the temporal and spatial complexity of
plant phenology, (Z) be in the right place for breeding and the bearing
of young, and (3) minimize physical and social evironmental stress.

In Summary, harrassment bas a significant impact on individuals and
the population: (1) it may result in death through predation, accidents,
and increased hunting mortality; (2) it may affect growth and development
of individuals; (3) it may cause abandonment of some ranges or parts of
them; and (&) it alters activity patterns and distribution on occupied
areas:. All these conditions lead to reduced Fitness.

With the accelerated exploration for and development of coal deposits,
sometimes accompanied by the growth of new towns, the impending develop-
ment of large scale ski resorts, and a sharp increase in lelsure ocutdoor
activities, not only in winter but throughout the year, bighorns require
Immediate and stringent protection. In areas of intense development
and/ar high population, recreational use and hunting in thelr present
unregulated form cannot continue. Two areas within the home range of
gach population should be singled out for protection, specifically for the
beneflt of the animals, these being the lambing and wintering areas. |If
we wWish to maintaln the integrity of our sheep populations, top priority
must be given to research and regulations aimed at minimizing, preferably
aliminating, harassment.
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CATTLE, B8I1GHORN SHEEP, AND
THE CHALLIS E.I.5.

By
Leren D. Andersan
Bureau of Land Management
Salmon, ldaha

One of the few remnant Rocky Mountain bighorn shesp populations in
ldaho winters in the steep south-facing breaks of the East Fork of the
S5almon River.

The Bureau of Land Managemant (BLM) 1licensas cattle use on this area.
The cattle typically graze up through the bighorn winter range from a
narrow strip of ranch land along the East Fork to summar pastures on the
Challis Macional Forest and the S5awtooth Mational Recreation Area.

On December 30, 1974, In @ sult against the BLM by the Matural
Resources Defense Council (N.R.D.C.}, U. 5. District Court determined that
the BLM must prepare Environmental Impact Statements (E.|.5.'s) for live-
stock grazing on Natlonal Resource Lands (M.R.L.] in order to comply with
the National Environmental Pollcy Act. In June 1975 the court approved
an agresment between BLM and the N.R.D.C. which specified 212 grazing areas
requiring E.1,5. preparation within 13 years.

The Challis Planning Unit of the Salmon BLM District was subsequently
selected as the model for future grazimg E.I1.5.'s. An E.|.5. team con=
sisting of specialists In wildlife, fisheries, range, wild horses, forestry,
recreation, archeology, solls, hydrology, minerals, lands (realty), and
socio-economics was selected from personnel throughout the Bureau. The
tesm began familiarization with the Challis Planning Unit on August 11,
1975. To moet the E.1.5. deadline, collection of data had to be completed
and the impact analysis begun by September 15. A preliminary draft was
comp leted and sent to Washington for Internal and qual ity assistance re-
view on December 15. The final E.1.5. Iis to be completed by June 30, 1976.

The East Fork of the Salmon River bighorn sheep herd, which is one of
the few populations left in east-central ldaho, winters in the Challis
PFlanning Unit. This herd has apparently undergone two major fluctuations
since 1920. Lows in 1920 (approximately 50 sheep) and 1940-1950 alternated
with peak populations (140-150 animals) during the 1930's and for a brief
period in the mid-1950"'s. Population estimates since 1960 have been below
50 individuals. A minimum of &6 bighorn sheep were present on the East
Fork of the Salmon River during an aerial census the third wesek of January

1375.

A resource inventory and analysis was completed for the Challis Plan-
ning Unit the spring of 1973 in accordance with normal BLM planning pro-
cedures. A year later a set of management guidelines referred to as a
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Hanagement Framework Plan (H.F.P.), was developed from the Inventory and
analysis of the area. An Impasse over management directlon for the East
Fork sheep range developed during finalization of the M.F.P. The wildlife
specialist, on the basis of recommendations by his predecessor, pushed for
removal of |Ivestock and managing the area primarily for the bighorn. The
range speclallist for the area countered that no definitive data were avall-
able to indicate that cattle use was a significant factor Influencing the
bighorn population. The deadlock was resolved by the District Manager's
decision that the East Fork bighorn sheep range would be managed with the
wall=-being of bighorn sheep the primary objective.

A comprehensive habitat analysis was depmed necessary to define
precisely what habitat protection and enhancement measures would be re-
quired to meat the assigned objective. Detalled quality data would also
be absolutely necessary for legal proceedings if it were subseguently
determined 1ivestock had to be taken off.

It was also felt that an independent organization not associsted
with the BLH should conduct the research. This would help assure & purely
objective study and one which would hopefully avaid charges of bias.
Special funding for the study was obtained and a 512,000, l-year contract
was signed with the ldaho Cooperative Wildlife Research Unit out of Mosoow,
ldaho. Dr. James Peek and Mr. Jerry Laver conducted the study. Actual
field work began in August 1974 and was essentially continwous through
June 1975. An almost overwhelming amount of data was obtained and analysis
cont inued through much of the remainder of 1975. A final report - 117
pages long - was submitted to the BLM on December 19, 1975 - 4 days after
the preliminary E.|.5. draft had been sent to Washington.

The E.l.5. team was to have their data collected and begin impact
analysis by September 15. A significant amount of the bighorn habitat
study data were still being analyzed at that time. The E.I.5. deadline
necessarily precluded the wse of pertinent information from the study and
forced premature speculations, evaluations, and recommendations to be made.
It was not without some serious reservations that Peek, Lauer, and the
pertinent BLM parsonnel made the early Judgments. Only time will tell if
the input to the E.|.5. with regard to the East Fork bighorns was adequate
and valld. At this time it appears thar most of the contributions were
essentially correct.

It is not yet known whether the E.01.5. will look favarably on continued
livestock use of any of the East Fork N.R.L. The bighorn sheep study has
shown that confllct does exist batween |ivestock and bighorns on portions
of the eritical bighorn winter range. As proposed in the |ivestock grazing
plan lwhich the E.1.5. |s evaluating), cattle use would be terminated on
this eritical area., The grazing plan also ocutlines efforts to be made which
will enable the affected ranchers to continue operations. These efforts
include alterations of allotment boundaries of these and other ranchers,
cuts in authorized use, some range manipulation projects and, since the
invelved ranchers alsec have permits on the U. 5. Forest Service, close
coordination With that agency will also be reguired.

Why bother making any accomodations for the rancher = why not Just remove
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the Tivestock, pericd? The recommendation to "take tha cows off" is
frequently heard, not only with regard to the East Fork bighorn sheep range
but othar wildlifa ranges throughout the BLM as well. The recommendation

is much simpler to make than enact and the end product of such anm effort
may ba totally contrary to original intentions. Regardless of what the
E.l.5. may or may not say or what appears bast for the highorn, tha problems
may not be solved by attempting to remove |ivestock antiraly.

Developers have shown considerable interest in the holdings of the
involved ranchers. One has reportedly offered %1,500.00 per acre. The
ranchers have assured us that they will have to sell if we cancel their
grazing privileges. Wholesale development of this private land Immediately
adjacent to the critical bighorn winter range would undoubtedly prove dis-
astrous. It Is highly unlikely the bighorn would survive the snow machines,
hikers, poachers, vehicular traffic, domestic dogs, and associated human
activities typlcal of recreational developments. A conslderable amount of
Chinook salmon spawning takes place on the affected ranches. Full=-scale
development would undoubtedly eliminate that resource. Sizeable numbers of
dear use the ranches and adjacent N.R.L. Severe adverse impacts on deer is
all but guarantesd with developmant.

The human aspects surrounding the removal of livestock are also valid
and must be considered. Family traditions and lifestyles which have besn
intrinsically tied vo a given plece of ground for perhaps several gener-
ations may be permanently altered. The economic impact on the families,
and indirectly on the general community, can be sericus.

Hot valid considerations? The humanistic elements, in the long run,
make or break most programs and this is particularly true when "big govern—
ment" is involved. Any animal, and that certainly includes man, iF
stressed beyond its tolerance may resort to actions of desperation. At the
extreme, this may involve the direct destruction of the wildlife species
involved and safety of the agency personnel normally working in & given
area. An antagonistic public attitude may also be created such that nothing
can ba accomplished except by force or purchase. When there are major
potential socio-economic impacts Imposed on Family units or the community
you are no longer dealing in abstractions but hard, and most times difficult,
realities.

The legal arena provides many pit-falls when attempting to terminate
ITivestock use of the N.R.L. If the rancher takes advantage of his legal
options the effort to remove his livestock can be tied up in court for
years. |f everything proceeds with absolute perfection, & years |s about
the earliest a court decision can be expected.

The court route is very risky and odds are the case will be lost. The
agency's case can be easily destroyed 1f hard data are lacking. If new
information surfaces during the trial the cause may also be lost. The
judicial interpretation of a law may be entirely different than that ex-
pected. The bias of the judge also frequently determines who wins or loses.
The court's decision will dictate to a large degree what can or cannot be
done and there may be no similarity between that declsion and what the
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agency considers optimal resource management. It must also be kept in mind
that until a final vardict is rendered, management of the area is frozen
at the levael existing at the time legal procesdings were initiated.

Take the cows offf Yas, it is a viable optlon but one that must be
explolted with the utmost cautlon.

The E.l1.5. wil)l hopafully resolve the livestock grazing problems with=-
out specifically dragging the bighorns into the fray. Soil and watershed
protection may take priority and daflect another smotional wildlife/livestock
confrontation.

It is possible that the E.|1.5. will greate more than a faw problems
for wildlife habitat management. A concern exists that tha Challis E.|.S.
may directly or indirectly establish precedences and/or public attitudes
which hindar optimal habitat managemant for the bighorn shaap and othar
wildlife species in the area. The course of tha E.|.5. has basn charted,
howevar, and the BLM and the bighorns will live with the results...hopefully.
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