Northern Wild Sheep
and Goat Council

Proceedings of the First
Biennial Symposium

April 2-4, 1978
Penticton, British Columbia



LEvilt BTy
SOE_SEY DEFT.
T

LERALITS, WY BTl

PROCEEDINGS OF THE
BIENNIAL SYMPOSIUM OF THE
NORTHERN WILD SHEEP AND COAT COUNCIL

Penticton, British Columbia
April 11 - 14, 1978

CHAIRMEN: D.M. Hebert and M. Mation

SPONSORED BY: B.C. FISH and WILDLIFE BRARCH
OKANAGAN GAME FARM

ASSISTED BY: DEPARTMEKRT OF TOURLSM
DEPARTHMENT OF THE ENVIRONMENT,
REPROGRAFHICS

A special thanks is due Mr. Clarence Tillenius for his contribution
of the Bighorn painting and the after-dinner address describing his
experience in northern Canada. Ms. Stephanie Allan completed the
retyping of all manuscripts and Ms. Holly Cleator completed the pre-
paration, organization and much of the drafting contained in the
Proceedings. Mr. John Youds prepared some of the diagrams.

Cover Artwork by Ms. Laura Friis, B.C. Fish and Wildlife Branch,
Vieroria



TAELE OF CONTENTS
Page Ho.
WILD SHEEP MANAGEMENT

deasonal Distribution Fatterns of Whiskey Mountain
Bighorn Sheep - Kurt Becker, Tom Varcalli, E. Tom Thorne,

and Gary B, Butler 1

Evolution of Mountaln Sheap Horn Curl Regulations im
british Columbia - R.A. Demarchi 17

Alternate Year Reproduction in a Low Quality, Declining
Dall Sheep Population: Manapement Considerarions -
W.E. Haimar 30

dome Thoughts on the Consequences of Non-trophy Shaep
Hunting in the Wind River Mountains of Wyoming - E. Tom

Thorne, Tom Varcalll, Kurt Becker, and Cary B. Butler 42

Further Observations of Bighorn Sheep Non-trophy Seasons
in Alberta and their Management Implications - Kirbv G.
Smith and Willlam D. Wishart 52

(uestion Period T4

THINHORN SHEEF MANAGEMENT

The Probable Effects of the Alaska National Inteérest Lands
Conservation Act om Dall Sheep Management in Alaska - W.E.
Heimer e 77

Forage Production and Utilization of a Dall Sheep Winter
Bange, Seuthwest Yukon Territory - M. Hoefs and V.C. Brink 87

Provincial Parks and Stone Sheep: "Affinity Through De-
fault" - W.G, Hazelwood 106

Range Enhancement and Trophy Production in Stone Sheep -
John P. Ellior 113

Question Period 119



Page No.
PANEL DISCUSSION: Research Needs for Mountain Sheep

Chairman: D. 5. Eastman

Alborca ¥W. Wishart

Colarada R. E. Kaiss

Alaska W. E. Helmer

British Columbia N. Shackleton 121

MOUNTAIN COAT WORKSHOP

Sratus of the Mountain Goat (Oreamnos americanus) of

the Similkameen River, British Columbia - J. M. Bope 123
Goat Management in the Footenays - R. Jamieson 131

Goats and Their Management in Alherta - W.K. Hall and J.A.
Bibaud 142

Initial Observations on a Tagged Mountain Goat Population
in the Olympic Mountains - Victoria Stevens and Charles
Driver 165

Status of the Introduced Mountain Goats in the Eaples Nest
Wilderness Area, Colorado - Richard W. Thompson and Richard

J. Guenzel 175

The Goats of Goat Mountain!: FEvaluarion of a Proposal -
D.M. Hatler 198

Horn Growth and Quality Management for Mountain Goats -
Brvan R. Foster 200

A Systems Approach to Mountain Goat Management - Daryll
M. Hebert 227

Question Period 244

PARASITES, DISEASE, AND BEHAVIOUR

Paratuberculosis (Johne's Disease) in Bighorn Sheep (Ovis
canadensis) and Rocky Mountain Geats (Oreamnos americanus)

in Colorado - Elizabeth 5. Williams, Gene G. Schoonveld,
Terry R. Spraker, and Charles P. Hibler 248




RANGE,

Chronlc Sinusitus and Oateonccrosis in Desert
Bighorn Sheep (Ovis canadensis nelsoni) - T.D. Bunch,
S.R. Paul, H. McCutchen

Activicty Patterns of Captive California Bighern Sheep
(Ovis canadensis californiana) at Penticton, B.C. -
T.R. Eccles

Behavioural Development in Bighornm Sheep: A Comparison
of Populations Inhabiting Desert and Horthern Envirom-

ments = J. Berger

Question Period

PHYSIOLOCY, AND BUTRITION

Winter Habitat Preferences of Bighorn Sheep In the
Mummy Range, Colorado - Timothy G. Baumann and David R.

Etavaﬂn

Diet Preference of California Bighorn Sheep on Rative
Rangeland in South=central British Columbia - M.D. Pite
and B.M, Wikeem

Normal Metabolic Profiles of Lamb and Adult California
Bighorn Sheep = R. Peterson and A. Bottrell

Comparison of Chromosome and Blood Constituents of Rocky

Page Ko.

261

274

293

a7

370

33l

2

Mountain and California Bighorn and Dall and Stone Thinhorn

Sheep - A. Bottrell, B. Gordy, and R, Peterson

Blood Chemistry as an Indicator of Butritional Copditiom
in Bighorn Sheep - Daryll M. Hebert

350

363

Prediction of Energy Expenditures by Rocky Mountain Bighorn

Sheep - R.W. Chappel and R.J. Hudson

Quéstion Period

Jgg

507



SEASONAL DISTRIBUTION PVTIFES OF WHISEKEY MOUNTAILN

BIGHORN SHEEP.

Furt Eeckeiz, Tom Unrtallia. 5
E. Tom Thorne , and Gary B. Butler

INTRODUCTION

Mountain sheep have been shown to use distinet seasonal home
ranges and well defined migration routes. Knowledge of home
ranges and migration routes is passed on from generation to
generation and is a function of traditien. Previous studies
have indicated that sheep are very loyal to their ranges and
use them during the same season year after year (Geist 1971,
Morgan 1971). During three years of intensive study on Wyo-
ming's Whiskey Mountain bighorn sheep (Ovis canadensis cana-
densis) populations; information substantiating and possibly
broadening these concepts was gathered.

STUDY AREA

The Whiskey Mountain bighorn sheep winter range lies on the
northern fringe of the Wind River Mountains near Dubois,
Wyoming. The topography is characterized by steep mountainous
slopes of up to 13,000 feet in elevation interspersed with
numercous cliffs. The mountains rise over 6,000 feet above
the adjacent Wind River drainage. Lower slopes are semi=-
arid with conifercus wvegetation limited primarily to north
and east exposures; sagebrush and bunch grasses grow on the
other exposures. Timberline is approximately 11,500 feet
above which only grasses and forbs persist. In the early
1950's the Wyoming Game and Fish Department became concerned
about poor lamb production among bighorn sheep wintering in
the area and established the Whiskey Basin Game Winter Range,
primarily to benefit sheep. Pittman-Roberston funds were used

to purchase land and Federal land management agencies removed
or reduced domestiec livestock grazing allotments on neighbor-
ing Federal lands. Through cooperative and intensive manage-
ment, the forage available for wintering sheep increased and

1 This work was supported by Federal Aid in Wildlife Restoration,
Wyoming Project FW-3-R.
2 Current address: U.S. Forest Service, Salmon, Idaho
3 Wyoming Game and Fish Department, Casper, Wyoming
4 Wyoming Game and Fish Department, Research Laboratory, Laramie, WY
5 Wyoming Game and Fish Department, Whiskey Basin Winter Range, Dubois, WY

.



sheep responded by inereasing in numbers from an estimated
400 sheep to the B00-1,000 animals present now. During the
same interval, a greater number of sheep has been removed
by trapping and transplanting or hunting (Crump 1976).

Prior to initiation of the study reported here, Game and
Fish Department reports and discussions with personnel as-
soclated with the winter range revealed that three key
winter ranges were present. These were Trail Lake Meadows
and Torrey Rim on the east side of Whiskey Mountain, BLM
Ridge on the north side of Whiskey Mountain, and Sheep
Ridge which is north of BLM Ridge. Three lambing areas,
one near each key wintering area, had also been located.
Sheep wintering on Whiskey Mountain and Sheep Ridge were
generally considered to be a single population and they
were believed to inhabit a large portion of the northern
Wind River Mountains. It is the purpose of this paper to
present additional bighorn sheep distribution knowledge
gained as a part of an extensive three-year study of the
Whiskey Mountain sheep which was initiated during the
winter of 1974-1975.

METHODS

During the winters of 1974-75, 1975-76., and 1976-77, 30 to
75 color ecoded and individually numbered neckbands were
placed on yearling and mature ewes. In addition, between
five and eight radioc transmitter collars were placed on
mature ewes each winter. Sheep were captured for neck-
banding using a drop-net trap baited with apple pulp and
alfalfa hay (Schmidt 1976). Those that received radic
transmitters were chemically immobilized (Thorne 1974).
Approximate egqual numbers of neckbands and transmitters
were placed on sheep from each of the three key wintering
areas each winter.

Biweekly fixed-wing alrcraft flights were made from May
through September each summer to locate as many sheep as
possible. During the same period each summer, continual
ground cobservations were made which concentrated on sheep
from one of the three key wintering areas with occasional
observations on sheep from the other areas. Winter obser-
vations were made by management and research personnel
assigned to the Whiskey Basin Unit, to trapping operations,
or the research project.



A mapping system based upen U.5.G.5. topographiec maps and
legal land descriptions was devised which allowed locating
and recording sheep observed to within a quarter of a
quarter-section (40 acres). Since all neckbands and trans-
mitters were on ewes, the data presented here deals primarily
with the ewe-lamb segments of the populations.

RESULTS
Seasonal Movements of BLM-Sheep Ridge Sheep.

Sheep wintering on BLM Ridge and Sheep Ridge intermingled
freely on both winter and summer ranges and were ldentified
as the same sheep population with two sub-units.

Sheep wintering on BLM Ridge and Sheep Ridge were present on
the winter ranges from late November to mid-May. Key winter-
ing ranges for BLM-Sheep Ridge bighorn sheep are presented
and average percent of annual forage production utilized by
sheep i5 shown in Figqure 1. These areas had been accurately
described in earlier Department records. The precipitous
slopes of Jakey's Fork Canyon and the rocky slope on the

west of BLM Ridge seemed to serve as important bedding grounds
and escape areas. There was a frequent and free interchange
between sheep on BLM and Sheep Ridge as they crossed Jakey's
Fork Canyon in a day or less.

Pregnant ewes began to leave the E%g&g%ﬂggﬂﬂﬂi‘in_mid:ﬂay.

ose leaving from BLM Ridge trave n =small scattered
groups to the Wasson Fork (1)°, Rollie Brown (2}, or Ross
Lake (3) lambing grounds and those leaving from Sheep Ridge
traveled to the Sheep Ridge (4) or Jakey's Fork (5) lambing
grounds (our location names, Figure 2). During a late May
peak, large numbers of ewes had their lambs in isclation in
the relatively small lambing grounds. After several days
in isolation, ewes and their lambs moved to adjacent nursery
areas (6) where they remained for several weeks. Barren
ewes, yearlings and two year olds left the winter ranges
later and remained in herds separate from ewes and lambs,
but near nursery areas. Areas used by the barren groups
were generally more open, more productive, and less precip-
itous and were classified as spring-fall range (7). Rams
were frequently seen during this pericd in scattered bands
near nursery areas and below the Wasson Fork spring-fall
range in more precipitous and wooded habitat.

1 Numbers in parenthesis correspond with the samé numbérs showing
locations in the various figures.
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Figure 1. Sheep Ridge, BLM Ridge, and Torrey Rim bighorn
sheep winter ranges.
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Figure 2. Lambing grounds of BLM-Sheep Ridge bighorn sheep
and travel routes to them from winter ranges.
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Beginning in early July, BLM-Sheep Ridge sheep began migra-
ting to summer range. This range (8) was an extensive area
across the Continental Divide at the head of the Roaring
Fork drainage and around Bear and Faler (l13) Lakes (Figure
3). Two migration routes led to the summer range with some
sheep summering at various locations along the migration
routes. Sheep using lambing grounds associated with Sheep
Ridge crossed Jakey's Fork Creek (9) and traveled to Shale
Mountain on the west side of Wasson Fork Creek.Crossing
run-off swollen Jakey's Fork was apparently difficult for
young lambs which were observed to cross on log jams. The
movement from Jakey's Fork to the cliffs on the west side
of Shale Mountain was rapid; but from there to the Bear
Lake summer range travel was leisurely. Ewes and lambs
seemed to be taking advantage of lush new forage and pre-
cipitous escape cover as they moved higher and further

away from the winter ranges.

Sheep from BLM Ridge lambing grounds traveled on Whiskey
Mountain east of Wasson Fork Creek and crossed to the east
side of Shale Mountain on a narrow pass (10) betwsen the
Wasson Fork and West Torrey Creek drainages. Migration
routes were limited and used by almost every sheep through
the Rollie Brown lambing area and the pass between Wasson
Fork and West Torrey Creek.

By late July, the BLM-Sheep Ridge sheep had reached the
full extent of their summer range. This range was used
through August. Sheep formed small bands and moved fre-
guently during the time they were on their summer range.
One ewe with a transmitter was observed to move (Figure 3)
from Bear Basin (11) to the head of Wasson Fork Creek (12}
to Faler Lake (13) (a distance of approximately 15 air
miles) during a period of 5 days. Most movements were not
as extensive, but the sheep seemed not to be tied to any
restricted summering area.

=fall

range over ration routes. The

hege movements Were
slow and leisurely and seeme nfluenced predominantly
by weather condlE{ons. ey FEWATREA on spring-Fall ranges
until snow conditions forced them to move to winter ranges
in late October OF ©arly NoVember. Rams joined the ewes and

rut took place on winter ranges.
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Figure 3. BLM-Sheep Ridge bighorn sheep summer range and
migration routes.



Seasonal Movements of Torrey Rim Sheep.

The Torrey Rim sheep remained on winter range (Figure 1)
until mid-May at which time they traveled up the southeast
side of Whiskey Mountain to spring-fall range (14) (Figure
4). This travel route was very limited and followed the
corridor above the steep rocky bluffs that connect the two
ranges (l15). The strip of timber along the top of the bluffs
and the bluffs themselves provide for maximum security.

While most barren ewes, yearlings and two year olds remained
on the spring-fall range until mid-June, pregnant ewes stayed
for only a short time before continuing to lambing grounds
(Figure 5). The rygged granite oytcrops (16) on the scuth
side of Whiskey Mountain in the vicinity of Lake Louise and
the west-facing cliffs (17) of Middle Mountain wgre used as
lambing grounds. Bands of rams were frequently seen on or
near spring-fall range until mid-June, but as with BLM Ridge-
Sheep Ridge rams, they d4id not associate with ewe bands.

Sheep from the barren group left spring range in mid-June and,
following the same route as did pregnant ewes, traveled to the
west=-facing slopes of Middle Mountain above the lambing
grounds (Figure 6). During the latter part of June, barren
owe groups utilized the broad open slopes (18) with lush
vegetation on the west side of Middle Mountain while ewes

with lambs were restricted to a nursery area (19) which was
a narrower, less productive zone just above the cliffs which
of fered more security. They did not venture far from the
cliffs until lambs became more mobile.

During early July, nursery and barren groups began to inter-
mingle and gradually move to the higher south end of Middle
Mountain. This movement seemed to be in response to de-
creased forage supplies and scarcity of water on the lower
northern portion of the mountain. They remained on the
higher nursery areas through mid-July and occasionally moved
back to the north end of the range in response to severe
weather (high winds, hail storms, high intensity rainstorms)
and returned when the weather improved.

By late July the sheep had reached summer range (20) which
was primarily on the high south end of Middle Mountain
(Figure 6). Approximately 10-20 percent of the ewes and
lambs from the Torrey Rim herd traveled on from Middle
Mountain to Goat Flat (21). They followed a well defined
route (22) between these two ranges. Like BLM-Sheep Ridge

-F -
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Pigure 4. Spring-fall range of Torrey Rim bighorn sheep and
migration route to and from the winter range.
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Figure 5. Torrey Rim bighorn sheep lambing grounds and
migration routes to and from spring-fall range.
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FPigure 6. Areas used by Torrey Rim bighorn sheep nursery
and barren groups, summer ranges, and migration
routes.



sheep, Torrey Rim sheep also scattered into small mobile
bands, but they did not travel as extensively because their
summer range was much smaller.

During August, and generally earlier than BLM-Sheep Ridge
sheep, Torrey Rim sheep began migrating back to spring-fall
range (l4) on Whiskey Mountain. We felt that utilization

by sheep of much of the summer forage may have precipitated
the earlier return to spring-fall range. During the year
these sheep were observed closely there were two occcasions
when the majority of the sheep moved down to the Torrey Rim
winter range because of periods of inclement weather and
moved back up after the storms receded and snow melted.

They used the same route (15) for thess movements as they
did during the spring. These movements wWere made 1in a
matter of hours and on one occasion the trip from spring-
fall range to winter range was made at night. The permanent
migration to winter range occurred in late November and was
also in response to snow storms which resulted in continuous
snow cover at higher elevations.

DISCUSSION

Frequent intermingling of BLM Ridge and Sheep Ridge sheep on
both winter and summer range showed these animals to be a
single population utilizing two migration routes to the same
destinations (Figure 7). Torrey Rim sheep, on the other
hand, did not intermingle with the BLM-Sheep Ridge popula-
tion. During three years of study, only one ewe marked on
Torrey Rim was seen to join BLM-Sheep Ridge sheep and then
only for one day (September 1976).

Torrey Rim sheep summer in a completely separate area and
have different migration routes than the BLM-Sheep Ridge

population. This summer time isolation is probably due to
steep topographical barriers which effectively separate the
two populations. Steep walled gorges (23), partially filled
by extensive lakes, prevent the two populations from inter-
mingling during summer. To cross the single readily traver-
sable route between the two summering populations (No Man's
Pass (24) and Downs Mountain (25)) would mean traveling for
many miles through an area which is almost completely devoid
of vegetation (Figure 7).

During winter the two populations are not separated by great
distances, lakes or remarkable cliffs. However, to inter-
mingle they would have to pass through extensive stands of

12 =



Figure 7. Year round distribution of the BLM-Sheep Ridge and
Torrey Rim sheep herds.
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timber (26) with their accumulated snow and/or cross exten-
sive open wind-blown slopes (27) far from precipitous escape
cover. During the rut, movement of a few rams from one

population to another was documented, but no ewes made such

movements.

Only on the spring-fall ranges are the two herds not separated
by inhospitable terrain or habitat. Here, there is an open
easily traversed saddle (28) on the southwest side of whiskey
Mountain where sheep from the two herds could intermingle with
no difficulty. 1In fact, on several occasions during fall,
large herds from both populations were observed within less
than one-half mile and within visual contact of each other,
yet there was no significant interchange.

These two populations seemed reluctant to stray from their
own home ranges which agrees with the research conducted by
Geist (1971). This trait may keep the two herds isolated
from one another and strongly suggests that the two herds
should be managed as separate populations.

There was an obvious difference in the size of the total home
ranges of the two populations. This was most evident in the
summer range of the Torrey Rim herd which was much smaller
than that of the BLM Ridge-Sheep Ridge herd. The topography
surrounding the migration routes and summer ranges of the
Torrey Rim herd was thought to be the main factor limiting
their range. Those few sheep which ventured from Middle
Mountain to Goat Flat crossed deep precipitous canyons four
times enroute to and from their summer range.

The movement of this small number (30-40) of sheep from Middle
Mountain eased slightly the utilization of the limited amount
of forage on Middle Mountain to the benefit of those which
remain. Care should be taken to protect this segment of the
herd and their migration route. There are other routes which,
although difficult, would allow the Torrey Rim sheep to expand
their summer range, but they are reluctant to use them, or, as
Geist (1971) has suggested, they are unaware of them.

Our observations on the fidelity of Whiskey Mountain bighorn

sheep to migration routes agreed with those of other researchers
(Geist 1971, Morgan 1970). The sheep observed used the same

migratinn routes each vear w e traveling to and Trom seasonal
ome ranges. ny of the routes have well worn sheep trails

=-Th -




indicating generations of repeated heavy use, Even rocks
and tree roots are polished where they have been crossed by
sheep, Geist (1971) has stated that sheep learn migration
routes and seasonal ranges from thelr elders.

h Whiskey Mountain she e st h i
of fidelity to migration routes, t id not 4 ns a
1s high Iee o ovalty to certain of the seasonal
ranges along the routes, especially lambing and nursery
areas._ The choice of la Lni grounds and associated nursery
cags a care ore a8 unnetion ﬂ-f pIE‘I.Tﬂ!I. 1I'J.q environ=

mental conditions, such aAs snhow me and vegetation growth,
'EEE'EEE*E;E;TEEE_?EEEET'HEEﬁE'EF'EEEEETEEEEET“'IE‘EEEEEE‘EH&t
“ERe migration routes were Of Ché WOSE Importance and any of
several lambing grounds along the routes were suitable for
use, depending upon year to vear circumstances. Lambing

and nursery areas which were used extensively during one
vear were frequently unused the following year.

Lambing grounds and nursery areas were characterized by pre-
cipitous terrain as described by Geist (1971). Each migra-
tion route passed through several such areas, and arepas suit-
able for lambing were probably an important consideration
during establishment of migration routes long agn. Manage-
ment implications point to the need to recognize the possi-
bility of more than one lambing area existing for each herd

0f sheep and to protect those areas and their inter-connecting
routes.,

Spring-fall ranges, as the name suggests, were used twice each
year. Because of their double use, these areas seem to be of
great importance. They were susceptible to excessive grazing
by bighorn sheep and are areas which should be protected from
livestock grazing. Although we have no supporting data, it
appears that spring-fall ranges may be some of the more impor-
tant areas in which sheep could come in contact with or acgquire
parasites. They spend more total time on these ranges when

it is warm encugh for parasite intermediate stages or their
intermediate hosts to be active than on any other ranges. There
were some aAreas on spring-fall ranges which had the physical
characteristics of Protostrongylus spp. laden snail hotspots
as described by Lange (1974).

- 15 =



SUMMARY

The use of radio transmitters and neckbands on large numbers
of sheep and almost continual spring, summer, and fall field
observations allowed us to better describe and define the
distribution of the Whiskey Mountain bighorn sheep population.
Many of the concepts of previous investigators regarding
seasonal home ranges and migration routes of bighorn sheep
were confirmed and knowledge was added to that known about

t@a distribution of the Whiskey Mountain bighorn sheep popula-
T10Mns.
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EVOLUTION OF MOUNTAIN SHEEF HORN CURL RECULATIONS
IN BRITISH COLIMBIA

R.A. DEMARCHI
KOOTERAY REGIOWAL WILDLIFE BIOLOGIST
B. C. FISH AND WILDLIFE BRARCH,
CRANBROOK, B.C.

ISTRODMACTTON

MOUNTATN SHEEF IN B.C,

Two species including four subxpecies of momtain sheep are native
to British Colusbia: thinhorn (Owis dalli) in the nocth fncluwding Dall
sheep (0.d, dalli Nelson) and Stome sheep (0.d, stonei Allen): and big-
horn (Owis canadensis) in the south including Rocky Mountain bighomn
(0.c, canidénsis Shaw) and California bighorn (D,c. califormiana Douglas),
(Cowan and Guiguet, 1965). All four subspecies occur as wiable popula-
tions and all are hunted anmaally.

REESULTS AND DISCUSSION

LNT ORJECTIVE

British Columbia's Mountain Sheep Managesent Plan (Draft) developed
the basic objectives: cto protect and manage moumtain sheep for consump-
tive wuses through recreatiomal hunting and non-consumptive uses for the
general public (Demarchi, ¢t al, 1977). The policy statement reads,
"The Fish and Wildlife Branch will mainrain the mountain sheep resources
(the animals and thedir habitat) on the principle that thelr perpetuation
in compatible with the management of related wildlife and is of benefic
to the people of Bricish Columbia." Management for non-consumptive uses
is recognized aa an important cbjective. However, as the purpose here
isn to examine the various alternatives employed by the B.C. Fish and
Wildlife Branch to improve recreational hunting management, this objec-
tive will mot he dinecupzed,

OBJECTIVES OF MOUNTAIN SHEEP REGULATIONS

Mountain sheep have been managed as basically three dlstinct groups
in 8, C.: 1) northern thinhorns (comprising Dalls, Stones and a small
native population of Rocky Mountain bighorns in the northern Fockles):

2) wouthern and central Interior California bighorns {comprising several
native populations of California bighorns and two s=all introduced herds
of kaykﬂﬁl&muh bighorna) and 3) Rocky Mountain bighorns in south
eagtern B. C.

Beginning with any age rams and an annual bag limir of five, in the
early 1900°s, mountain sheep regulations have gradually become more res-
trietive particularly from 1966 to 1976. Bamically the regulations
take into account: 1} the trophy status afforded mountain sheep by the
majority of hunters; 2) the limited supply of mountain sheep in relacion
to the demand; 3) the blological attributes Including: the relatively
low rate of recrultmént to yearling age and poorer compensating mechan-

=17



{sms (compared to whitetalled deer for example) amd the apparent lspor-
tance of maintaining a relatively normal age-class distribution among
males (Celst 1971 and 1975); and &) the importance that the public places
upon the maintenance of viable mountain sheep populations,

P 0N IN AHERICA
A generalized sumary of wountaln sheep regulations in North America
ig shown {no Table | (from Trefethern, 1975},

Saveral managesent optlons are avallable to meet the four conditlons
Iisted abowe as followsi

a}) Cloged Seasong:

Season closures were {mposted on mogt Focky Mountaln, Callfornia
ard Dosert bighorn populatioms in scutherpn British Columbia and the
wegtern Americon states in the late 1E00's or early 1900's, Some attempts
wete made to restore populations which were depleted by overhunting apd/
ot habitat deterioration but active conservation programs were minlmal
until at least the wid=-1950"s, Recpening seasons increased public aware-
néxd of the significant problems affecting bighorns and added a consump-
tive value Factor to the hunted populations, Protection from hunting
may be nécessary or desivable im special instances bub is nok a viable

alternative in most situations because of the loss of Intérest among Ehe

saTVaALfon ieg and or izations which often follews such

ELORUTES,

b) shorrened Seasons:

Shortening seasons atb either the beginning or the end I8 a useful
methed for reducing harvests and has been employed in most southern
British Columbis California bighorn and Rocky Mountain bighorn populations.
Howvevar, while some reduction of hunrer effort wsually cccurs, shorten-
ing seasons ba 8 _cer o £o copeantrats hunters. The
adverse affectn include: 1) increase competion between hunters which
tends to reduce the value of the recreational experience, 2) increansed
harassment of mountaln sheep (Gefst, 1975) and 1) & reducclon in non-
regident revenues to both the guide-putficter induntry and the govern-
ment.

¢) Increased Tag-licence Fees:

Current big pame speclies tog=licence fees for residencs in Bricish
Columbia reflect approximately the asount that hunters expressed as thelr
willingness=-to-pay for a day's huncing for each species in 1970-71 (sece
PFearse=Bowden, 1971) while non=resident hunters are charged ten Clmes
the resident fes (for mountain sheep the tag licence fees are 525,00 for
residents and $250,00 for non=residents), Usin g fam
resident hunters does not appear to be a viable alternative given the
traditionil comon property ethic of most North Americons, Howwver,
pricing nom-residents is another matter which should be given more consi-
deration. Mountaln Sheep hunting, Including fess and guiding costs for
non-residents in countriés such as Mexico and Mongolla vary from about
§5,000% to §16,000%% for example, In British Columbia, the mandatory
* oné desert aheep
** one Argali shesp and one ibex,
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TABLE 1. Summary of the historical and present mountain sheep
regulations in North America to 1973 from: Trefethen
(1975)
A. Thinhorns and Rocky Mountain Bighorns
SPECIES & SEASON MALES LIMITED 1/2 3/4 4/5 7/8 B.&k C
LOCALE CLOSED ONLY ENTRY CURL CURL CURL CURL POINTS
THINHORNS
Alaska - 1800 No - 19504 - - -
B. C. - 1900= No' - 1969 - 19735 -
1874a.
NW.T. - 1900% No - 1966 = - -
Yukan = 19004 No — 196087 - = -
ROCKY MOUNTAIN BIGHORN
Alberta - 1822 Some - 1856 1968 - -
g, O - 1900= No - 1966 - 1972a. -
Colorado 16902 - Yes 1953 1871 - 1970 -
Idaho 19002 - Yes - 1953 - = =
Montana 1912 - Some - 1953 - - -
MNoew Mex. 18002 = Yes = 19590, = = =
Oregon 1800= - - - - - - -
Utah 1699 - - - - - - =
wash. 19002 - = = - 5 - =
. 1930
Wyoming - Yes 1965 1689 = - =
5. Dakota No information

a. 7/8 curl or 8 years plus
b, 3/4 curl or 144 Boone and Crockett points

* Two thinhern sheep herds placed under limited
entry hunting in 1977
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TABLE 1. (continued)

B. California and desert bighorns

SPECIES & SEASON MALES LIMITED 1,2 3/4 475 7/8 B.&C.
LOCALE CLOSED ONLY  ENTRY CURL _CURL CURL __ CURL POLNTS

CALIFORNIA BIGHORNS

BE. C. 1509 - Some - 1954 - 1975a. -
Calif. 1873 = - = = = ot =
ldaho 1900 - - - - - - -
Nevada 1900% - - - e - o =
N.Dakota 1905 = # * - = = =
Oregon 18002 - Yes 1974 1965 - - -
Wash. 1800% - Yes - 1966 - = -
DESERT BIGHORN

Arizona 1900= - Yes - 1853hb. = - -
Calif. 1B73 - - - - - - -
New Mex.  1800= - Yes - 1954c.

Mexico T - Yes - 18637 - - 1874
Nevada 1917 - Yes - 1952 - - 1965d.
Texas 1903 - - - - - i -
Utah 1800= - Yes - - - = 1967d.

a. 7/8 curl or 8 years plus

b. 3/4 curl and a minimum horn length of 26 inches
in 1968 and 28 inches in 1972

c. 3/4 curl or 144 Boone and Crockett points

d. 144 Boone and Crockett points or 7 years plus

* Limited entry season introduced for 1/2 curl rams
in 1975
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guide requirement (s more of a limiting factor ro non-residents thanm
is the sheep tag licence fea (most puide outfittars in B, C. charge ba-
tween $250-5500 per hunter per day for sheep humting).

d) Limited Entry Hunting:
Limired entry hunting has been imposed on almast all hunted sheep

populacions in the contigous U, 5, and Mexico, on three California big-
horn herds in British Columbia, on rwa herds of Stome Sheep inm morthern
H.C., and on non-trophy sheep for residents and trophy sheep for non-
residenta in Albarta (Tabla 1), Limiting licences to a predetermined
mmbar provides for both an increased measure of control over tha harvest
and the reduction or elimination of over-crowded hunting conditions,

However, limited entry significantly reduces recreational hunting appor-
tunities. For most but not all of B, C,'s sheap herds, the extraction

amy by huntérs can still be effectively controllod by other moanas
114 £ - n tas, and more definitive horm=

curl regulacions.

=) - I

Most provinces and states provide non-resident sheep hunting, Novada
and Wyoming set aside 25 and 10 per cent, respectively, of bighom per-
mits for non=residents for example, while the Yukon, Alaska, and Norch-
west Territories have unlimited non=resident hunting, like B.C., imposa

a compulsory guiding rescriccion,

Competition between resident hunters while increasing in B.C. is
apparently not a significant problem as yer because of the ruggedness
andlar relative inaccessibility of most late sumer-carly fall bighom
habitats. (Exceptions to this occur primarily in the less rugged andfor
moreé accessible sheep ranges of the Interlor of 8.C. and acceseible areas
in morthern B.C.) Competition between residents and non-residencs, how=
evér, 18 a problem vhich has increased in significance in recent vears.
In addicion, some guide-outfitters tend to over-exploit the mature ram
component, Concern among resident hunters Is éxpressed in a varlety of
ways but the most commonly suggested solution made by resident hunters
is to eliminate or severcly limit non-resident bunting. Copsidering

imearnat in abeep, the opportunities of Brl=-

tish Columbiasng to hunt in otheér countries, including the 0.5,, the
intarnational sxchange of rescarch and management information (which
flovs mostly from the U.5, to Capadal, the revenue from non=resident
hunters which bonefite all Bricish Columbfans and the dependence of the

iding industry on nen-resident shee otal exclusion non=
residents is not o desirable alternative. In 1976 guide-outfitter quotas
were cotablished In the East Keotenay om Rocky Mountain bighern. Indi-
vidual arca gquotas were based on the pepulation estimates of sountain
sheep in each guide-cutfitter territory and the degree of use by resident
hunters, In this monner, resident-non-resident competition was reduced
and overexploitation of sheep by a minorlty of opportunistic guide-
outfitters was elininated while maintaining nen-resident hunting. Tha
institution of mon-resident quotas has been expanded co other regions
and now includes grizzly bear and mountain goat as well as mountain
sheep in the Kootenay Region,




Reduced numbers of non-resident big game hunters need not result
in a concomitant reduction in revenues to either the government or the
guide-outfitter, providing that the licence fees and guiding fees are
increased to more closely reflect market values. To date, only the
gulde-outfitter sector has attempted to capitalize on the increased de-
mand and decreased supply in British Columbia as licence fees for non-
residencs have remained unchanged since 1974, while gulding fees have
more than doubled since 1975,

f) Horn Curl/Age Restrictions:

According to Cowan (1940) and Clark (1964) male mountain sheep pos=
gess three basic horn forms - convergent (tight curl); parallel (medium
or average curl); and divergent (open or [laring curl), The three basic
horn curl forms are shown in Figure 1,

Although the various subspecies may possess uniform horn shapes,
considerable variability often exists both between and within herds of
thé samé subspecies, Furthemmore, horm size, if not shape, is often
influenced by habitat influences such as fire, overgrazing, overpopula-
tion, ete, (Shackleton, 1973). The difficulty encountered in attemp-
ting co standardize horn characteristics for purposes of defining a
legal ram is compounded in British Columbia by the presence of four sub-
species covering a greater physlographic range than any other area in
North America.

Mountain Sheep have been managed under a variety of horn corl res-
trictions throughout North America (Table 1), As an historical note,
the first horn curl restriction appears to have been instituted as a
three-quarter curl lav in Wyoming in the early 1930's (Trefethen, 1975).
Since then, many attempts have been made to devise systems of enabling
hunters to identify specific age/horn class rams in the Field by employ-
ing horn curl, varying from ome-half to full curl, establishing minimm
horn lengths, setting minimum ages of rams, and establishing minimum
total polnts according to the Boone and Crockett horm scoring system.

Within reasonable limits, homrn :Hr! restrictions have nroven ta be a wval-
uable tool in Mountain sheep management,

HORN CURL/AGE RESTRICTIONS IN BRITISH COLUMBIA: 1956 - 1975,

In the early 1900's, B.C.'s mountaln sheep were managed under an
Any Age Ram Regulation with a bag limic of five. The bag limit was gra-
dually reduced to ome, and beginning in 1954 several California bighern
herds which were closed to hunting were reopened under a three-cuarter
horn curl regulation. Rocky Mountain bighorn herds were placed under
the three-quarter curl restriction In 1966 and the thinhorn herds were
added in 1969. Figure 2 depicts the diagrem used berween 1954 and 1971
in B.C, The definition in the hunting regulations read as follows:

3/4 - CURL HORN weans the horn of a mature mountain sheep, the tip
of which has grown through 270 degrees of the circle described by the
outer surface of the horn, as seen from the side.

With increasing demands for more stringent sheep hunting regulatioms
from resident sheep hunters and guide-outfitters, the Fish and Wildlife

o



CONVERGENT PARALLEL DIVERGENT

FIGUTE 1. The basic forms ol mountain sheep horns afver Clark {1964},

FIGURE 2, Diagram used in B.C, Hunting Regulations Synopses to depict
a legal three-quarter curl ram from 1954 to 1971.
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Branch attewpted to ipcrease the minimum legal horn curl by devising a
seven-eightha eurl for Rocky Mountain bighorms im 1972 (Figure 3). The
definition involved three separate lines plus a circle, but did not
accurately define a foecal point. A minimm age was added to the defin-
ftion for the first time in the province;

HMATURE RAM is a male mountain sheep which has atctained the age of
eight years as determined by the horm growth (ammuli): ©Or whose long-
est hern has grown through a minimm of 7/8 of a eircle (315 degrees)
described by the outer surfacé of the horm as seen from the side and
including any broomed portiom.

The province's remaining mountain sheep populations were progressi-
wly placed under the new regulation until 1975, when all mountain sheep,
Including California bighorns, came under the seven-elghths curl res-
triction. Although the diagram was improved somewhar (Figure &), the
complex definition was retained. In 1975, with the inictiation of com-
pulsory reporting of hunter-killed rams and after four hunting seasons
under seven-sighths curl restrictions, 11 charges were laid for under-
sized rams In the East Kootenays out of a total of 23 Rocky Mountain
bighorn rams inspected.

The B.C, Provincial Court decided the regulation was ambiguous in
that it did not define a focal point (B.C. Provinclal Court Judge H,
Swayze in: Regina Vs. Ray Larsonm, 1975). The issue was sensationalized
in the local press and resulted in considerable public controversy.

HEDEFINING THE MATURE RAM REGULATION

Following the Provincial Court's criticism of the seven-eighths
curl regulation, the Fish and Wildlife Branch established a comittee
to develop and test an improved mature ram regulation comprised of:

Odd W, AASLAND, Taxidermist

Dennis A. DEMARCHI, Wildlife Biologist
Raymond A, DEMARCHI, Wildlife Biologist
Cecll G. ELLIS, Animal Control Officer
Ross R. FARQUHARSON, Conservation OEficer
David J, LURN, District Judge

William J, WARKENTIN, Wildlife Techician

Diagrams and/or written descriptions were developed for the follow-
ing: three-quarter, four-fifths, seven-eighths, and full curl rams. A
series ol scale line diagrams of male sheep heads were prepared by Dr,
Val Geist. The diagrams and definitions thus developed were tested on
mountain sheep museum specimens, color transparencies,and in the field.
In addition, mmerous sheep hunters were questioned as to their under-
standing of the various descriptions of ram horns in common use (i,e.,
half curl, three-quarter curl, four-fifths and full eurl).

Ideally, the regulation would be one which could be easily under-
stood, was readily applicable in the field, was enforceable, and 'which
restricted the klll to the mature ram component. Mo regulation then in
effect in North America adequately covered the wide range of horn forms

g T



FIGUFE 3. Diagram used in B,C. Hunting Regulations Synopses to depict
a legal seven-cighths curl ram from 1972 to 1974,

FIGUPE &4, Diagram uged im B.C, Hunting Pegulations Svnopses in 1975
te depict a legal seven-elghths curl ram.
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found in the province with the possible exception of the Boone and
Crockett trophy point system, However, the regulation requires consider-
able hunter education and training and is perhapa best applied in strict-
ly controlled limited entry hunts,

A relatively simple system, involving a base line between two
relatival v distant descernible points, the noatril and the lowest hind-
moat portion of the horn, can bé applied in the fleld to describe a
"full curl" hern.,* As the ventral posteriormost portion of the horn
base, the eye socket and the nostril can be disected by a scraight line
and, as the mostril is often removed from a hunter-killed ram, the legal
definition need only refer to a straight line drawn cthrough the eye
socket and ventral posterlormost portion of the horn base. By describ-
ing a line drawn through the ventral anteriormost portion of the eye
socket remaining with the skull, and the ventral posteriormost portion
of the horn base, the legal defimition is slightly less stringemt than
the field definition, thus allowing the hunter a margin of error.

CONCLUSTONS

The improved 3/4 eurl regulation was applied to most California
bighorn herds while all Rocky Mountain bighorn, Stone, and Dall sheep
herds were managed under the new Full Curl Regulation begimming in 1976,

The fleld definitions read as follows:

3/4 CURL RAM is any male Mountain Sheep which has attained the age
of six years as determined by the horn annuli or whose horn tip,
when viewed from the side, extends bevond a srraight line drawm
through the center of the eye and at right angles through a line
drawn between the center of the nostril and the lowest hindmost
portion of the base of the horn,

FULL CURL RAM is any male Mountain Sheep which has attained the

ape of six vears as determined by the horn annull or whose horn tip
extends upwards beyond a straight line drawn between the center of
the nostril and the lowest hindmest portion of the base of the horn,

LEGAL RAMS cannot be identified unless viewed from the side. These
field definitions adequately conform to legal definitions, coples
of which are available at Fish & Wildlife Branch and Govermment

officesa,
The legal definitions read:

FULL CURL RAM means anv ram {male) Mountain Sheep which has attained
the age of six (6) vears as determined by horn annuli, or whose
horn tip, when viewed from the side parallel to the horizontal plane

% The addition of a right angle extending below the bazeline and passing
through the eye provides a definition of a 3/4 curl horn.
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Figure 5. Diagram used in B.C. Hunting Regulations Synopses in 1976 and
1977 to depict three-quarter curl and full curl mountain sheep.
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and at right angles to the sagitral plane of the skull, extends up-
wards bevond & straight line drawn between the ventralmost portion
of the eye-gocket retained with the skull and the ventral posterior-
most portion of the base of the horn.

THREE QUARTER (3/4) CURL RAM means any ram (male) Mountain Sheep
which has attained the age of six (&) vears as determined by homn
anmili, or whose horn tip, when viewed from the side parallel to
the horizontal plane, and at right angles to the sagittal plane of
the skull, extends beyond a straight line drawn vertically from

the ventral anteriormost portion of the eve-socket remaining with
the skull and which is at right angles to a line drawn between the
ventral snterviormost portion of the eye=gocket remaining with the
skull and the ventral posterlormost portlom of the base of the horn.

{a) The SAGITTAL PLANE Ils the surface by which the skull is divided
equally into lefr and right sides;

{b) The HORIZONTAL PLANE is the surface intersecting the ventral
posteriormost portion of the base aof the left and right horns,
the wentral portion of the left and cight eve-socketz retained
with the sgkull and which is at right angles to the sagittal
plane:

{c) PLANE 1s @ surface such that the straight line that joins any
two 1f its points lies wholly in thar surface.

The "improved" 3/4 curl regulation and the "new” full curl regula-
tion have proven to beée congiderably more applicable in the field and en-
forceable in the courtroom than other previous regulations employed in
British Columbia, The number of undersized Rocky Mountain bighorn rams
taken in 1976 and 1977 was significantly reduced over previous years,
particularly 1975, and convietions were readlly cbtained for the two
rams which did not weet the minimum curl/age rescriction, Because thin-
horn sheep horns usually form a circle when viewed broadside at a young-
et age than bighorn sheep, and because the change In the age class dis-
tribution of the thinhorn rom kill did not meet expectations after the
ingtitution of the full curl regulatiom in 1976, the minimum age for a
full curl thinhorn ram was raised from six to eight years in 1977.

The improved (1976) horn curl regulations have received general
acceptance from sheep hunters, gpuide-outfitrers, enforcement officers,
and staff of the provincial courts, Although it is too soon to deter-
mine the effect on the sheep populations and the harvest, it appears,
from the results of the 1976 and 1977 seasons, that an improvement is
to be expected in both the sheep populactions (viz. improved rem age
claseg distributions and sex ratios) and the kill (viz. increased horn
quality without a significant decline in the mmber of mature rams har-
vasted) without sascrificing recreational hunting and commercial guiding
opportunities,
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ALTERNATE YEAR REFPHODUCTION IN A LOW QUALITY, DECLINING
DALL SHEEF POFULATION: MANAGEMENT CONSIDERATIONS

H.E. NEIMER
ALASKA DEPT, FISH AND GAME
1300 COLLEGE ROAD
FALRBAKKS, ALASKA 99701

INTROBUCTLON

Alaska Departwent of Fish and Came rescarch efforts in the Dry
Crack area of the castern Alaska Range (Hoimer 1971) required marking
individaul Dall wheep. These studies resulted in close monitoring of
hed numbers, inlclal lesb producclion by individual ewes, and survival
of lmbs to vearling age. EReproductive [requency of marked Individual
ewed was alao obzervable. This paper reports om che roproductive inter=
val of ewes In the Dry Creek study area In the early 1970's while che
population was In & slow but sceady decline, and digcusses seme Cheore-
tical aspects of alternate vear reproduction In Dall sheep.

MATERIALS AND METHODS

Dall sheep were trapped as reported by Erickson (1970) and marked
with permanent collars (Heimer 1973), Subsequently, marked ewes were
ohserved each year as they utilized the main mineral lick om Dry Creek.
Dbservation schedules varfed from year to vear (Helmer 1976), and pop=
ulation estimates ware based on the teturn freguency of collared sheep
at mineéral licks (Heimer 1973). Population size was also estimaced in
1970 and 1975 from aerial censuses [(Helmer 1976) once movements were
known. During periods of mineral lick observationm, all collared ewes
were carefully observed to determine whether they were leading a lamb.
The criterion for defining a ewe with a lmb was the cbservation of
suckling. This criterion is admirtedly strict, but was necessary be=-
cmuse somd observers were unable to aceurately recognize a ewe-lmb pair
on the basls of behavioral displays and contact patterns. In all years
except 1975, the mumber of collared ewes with lambas determined, uning
this rescrictive criterion, was in substantial agreement with that deter-
mined by traditional composicion counts ar che mineral lick. Data gath=-
ered since 1975 were valid only for ewes definitely confirmed to have a
lamb im 1975. Also, the mean lamb:ewe vatio of 33 lamba:100 ewes among
the marked eves from 1972 through 1974 corresponds exactly to the mean
lamb:ewe ratic cbserved for the total population for those yeara from
Table 1. Hence, vee of this errict criterion did not underestimate
lamb production.

RESULTS

Lamb;eve tatios, survival of lambs through the first winter, and
total numbers of sheep vsing the Dry Creek mineral lick suggest that
sheep populations in the Dry Creek study area were declining through
1975 (Table 1). The total populatisn estimates of 1970 and 1975 are
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Table 1, Productivity, survival and estimated number of Dall sheep
influenced by the Dry Creek mineral llck from 1970 through

1975,

Lamba per Yearlings peyr I af lumbw Eutisated
Yaur 100 ewes 100 ewhes surviving lst winter population
1968~ 63 13 - ' =
196G 17 EY &4 —
1970 35 31 &l 1500
1971 50 51 93 —
1972 15 16 52 1473
1973 3s 11 73 1315
14975 18 235 66 1270
1975 28 23 B2 1150
1976 36 16 aT 1240
1977 38 17 57 1400

dTiata gathered at mineral lick using observation schedules not described
in procedures (see Hedmer 1973).



baged on aerial censuses; data for 1972-1975 are based on mineral lick
use. The magnitude of this decline has totaled about 20 per cent
gince 1970, although some populatioms within the study area have de-
clined more than others,

All instances of succeskive anmal sightings of individual ewes
with known reproductive history, where the presence or absence of a
lomb could be definitely determined, are svemarized in Table 2. 1In
only seven per cent of the palred cbservations were ewes gseen to lead
i lasb In two successive susmers. In 33 per cent of che observations,
awes ware seen Co lead a lamb omly in alternate sommers, and in 40
per cent of the observations, ewes wers observed not leading lambs in
two succeasive yeare,

Throughout the period of population deeline, predator densities
were high in the stuedy area, Wolfl (Canis lupus) densities in the Game
Management Unir 20A are known te have been high (1 wolf per 30 square
milea) and prey densities were relatively low for Alaskas (55 ungulates
per wolf; at least half of these ungulates wers sheep) (Stephenson
1978). Wolves ware teduced by aerial shooting and trapping during
1976 and 1977 to a density of 1 wolf/100 mi“ cavsing a relative pray
demgity Increase to 130 ungulates/wolf.

DISCUSSION

Tvo possible causes for the chserved decline may be {nsufficiont
production to compensate for "normal" mortality or unusually high mor-
tality. The latter possibilicy might result from predator pressure,
Murie (1944) concluded that wolves mainly utilized the old or weak (dig-
eased or young) classes of Dall sheep in McKinley Park, This conclu-
sion was based on the assumption that sheep with skulls having evidence
of lump jaw were diseased and consequently weak, Murie's conclusiom
that wolf predation is concentrated on diseased gheep may be spurious,
The frequency of lump jaw in Dry Creek sheep has been higher (8=33) in
living sheep than in Murie's death assemblage (Nielsen and Neiland 1974)
and survival of lambs through thelr first winter has been high (Table
1). Hence, a more correct interpretation of Murie's death assemblage
data may be that the “diseased” and young shecp were represented as
they occurred in the population. The influenca of wolves as a factor
in the decline of these sheep populations is probably directed ac adulcs
as wull a5 lambs,

Predators were abundant in the area during the recent past, but
removal of 40 wolves from the study area by trapping and serial shoot-
ing lefr & minimm of 10 wolvés in the area as of spring 1977 (Buchholtz,
pers.comm, ). Evidence of Dall sheep was seen in the stomach of only
one wolf killed in the area. Primary préy species for thess wolves are
moose (Alces alcés)md caribou (Rangifer tarandus),

Although predators have eortainly conteibuted to the decline, evi-
donce indicates that the decline Ls due primarily to lamb production

below that necessary to compensate for "normal" adult mortalicy, During
the population decline, 15 adult ewes were collected after the rut when
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a Fetus would be visible (Heimer 1973). Of chess 15 swes, T wers preg-
nant, OFf the sight nonprégnant swes, six were lactating strongly and
two showed evidence of having resorbed & fetus, The low preghancy rate
in thiz admittedly small sample of ewes, frequeént observations of 10-
month=gld lambs nursing in April, chromically low Initial productienm,
and gbservations of yearlings nursing at the mineral lick, Indicate
that the lowered rate of re-production and prolenged lactatlon may be
edapracions favouring emhanced survival of lambs through thelr flrst
winter,

The low percemtage of ewes reproducing in successive vears (7%),
the low pregnancy rate (in our small collection), and the high incidence
of extended lactation by noppregnant ewes in thic same sample;, raise
the posaiblilicy that when a ewe leads lambs in two successive years,
early sumser mortality may have occurred during the firat vear, Certain-
1y, annual production of lambs in Dry Creek {s the exception rather
than the ruleé, and the most common pattern s biennlal reproduction.
That is, a lamb i bern in June; the eswe doex not breed during the rut
of the following December or she may breed and then resorb the fotus,
the lamb is weaned at about one year of age, and the ewe regains her
decreased energy reserves before breeding egain in December. The mean
reproductive Interval in the palred observacions (Table 2) calculates
to be one lamb every & vyears (65 lambs par 260 ewe-vears or 0,25 lambs
per ewe year). If this were indecd the average reproductive rate, the
maximm number of lmmbs would be 25 per 100 ewes. This figure 1, of
course, unreasenably low smince the obmerved mean is about 30 lambs per
100 ewes., It is cbvious, then, that some ewes do produce lambs annually.
Any ewe which did not participate in extended lactation could probably
produce a lamb each year.

Table 2. Successive annual resightings of 69 collared ewes with and
without lembs in subsequént yeéars at the Dry Creek mineral

lick.
Total successive Total Tocal Total Total
sightings vith-with with-without without-with withoue-
without
9 T (7R) 28 (28%) 25 (26%) 19(400)

S2(53%)

98 total observation pairas
69 ewca

Some theoretical calculations may be based on this alternate year
reproductive strategy. The average initial production, ohserved over
the last 6 years in Dry Creek, has been about 30 lambs per 100 ewes,
Hence, the percentage of ewes presumed capable of reproduction in Dec-
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ember (those without a lamb in summer) was 70 per cemt. If all of cthese
animals breed and produce a lamb, and the observable production is 30
lambs: 100 ewes, mean mortality associated with parturition or shortly
thereafter was 57 per cent, (100 minus 307 with observable lambs + 70%
giving birth). This is the maximm possible parturition-associated mor-
tality, since it assumes that all breeding ewes will carry thelr lmmbe
to dellivery, However, severe winters, as wall as other factors, probably
result in some in utero mortalicy.

In the small sample of eollacted ewes, feral death occurred in 2
of 8, or in 25 per cent, of the cwes taken near term, IFf this figure is
incorporated inte the above caleulation, 70 per cent of the ewes hreed
éach year, minus 25 per cent of this mmber or 45 per cent of the ewes
carry lambs to term, This calculactes to a parturition-associated mortal-
ity of 33 per cent.

Throughout the last six years, harsh weather conditions were recor-
ded during the lambing seasons of 1972, 1973, 1974 and 1975. Here harsh
veather iz defined az a 24 to 36~hour period of snow, freezing rain, rain
accompanied by wind, or subfre¢zing temperatures. The effects of this
veather on parturition mortality are unknown for Dall sheep, but are
highly significant in domestic sheep neonate death (Watson et al., 1968).
In winters of 1975-76 and 1976-77, snow was minimal, temperatures were
generally mild, and no adverse weather vas measured during the lasbing
seasons, Still, the production was well below the theoretical maximum
of 72 laombs per 100 ewes in 1976 (100%-28% lambs in 1975%) and 64 lambs
per 100 ewes for 1977. One case of fetal resorption was documented from
fiva ewes eollected in late May, 1976, 1f fetal death in winter of 1975-
76 18 assumed to have been 38 per cent (given 287 with countable lambs
In 1975 or 72% of the ewes capable of breeding; 20% fecal death; 36% of
the ewes seen with lambs in 1976}, Using the same assumptions for 1977,
the calculation is: 64 per cent capable of breeding (100 - 1976 produc-
tion) minus 13 per cent (.20 x 64) for feral death, or 51 per cent giving
birth, Production in 1977 was 58 lambs per 100 eowes, so fetal death must
have been reduced, parturition-associated mortality nil,or there was con-
wcutive vear breeding by a significant proportion of ewes, Observatioms
in 1977 indicated no increase in reproductive frequency, Hoefs (1975)
observed mortalities of 15 and 20 per cent in 1971 and 1972 under favor-
able conditlons Iin Kluane Park, Yuken., Pitzman (1970) documented no
aarly neonate mortality in births observed om Alaska's Kenai Peninsula.

Congequently, lambing mortality, associated with parturition when
unfavorable weather conditons occur, may range between 40 or 60 per cent,
Under favorable weather conditoms, it may range from 0 per cent to 40 per
cent.

In sumuary, data indicate that rates of infrial lamb production in
the Dry Creek populations may be sacrificed as an adaptation favoring en-
hanced survival of lambsz. This ls accomplished by extended lactation
vhich leads to reproduction in alternate years, Weather probably in-
Eluences Iinitial production by affecting In uterc and neonate mortalicy,
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The decline in numbers of sheep In Dry Creek Is thought to be due to
telatively low reproductive rates, rather than high yearling and adult
mortality. Parasitic fauna and burdens have been described (Neilsen
and Neiland 1974), but their actual effects on copndition and reproducs-
tion of Dall sheep are unknown.

Reasons for low, alternate year reproduction and the decline of
Dry Creek sheep populations are unclear. One suspected cause is lack
of sufficient energy availability in winter, Comparative studies of
rumen fermentation (unpubl. data), high sheep population densities, slow
horn growth rates for rams, small body gize of ewes, and subjective
determinations of range utilization made in mumerous field trips, sug-
gest that range conditions are relatively poor, Further work will be
needed co test this hypothesis.

Recognition of alternate vear breeding in these low-quallty pop-
ulations, resulting from a seeming energy insufficiency, immediately
suggests that a profitable management strategy may be herd reduction.

To evaluate the possible benefits of herd reduction on initial lamb
production, a review of the responses of Dall sheep populatioms, which
have been reduced, is in order, WNichole (1976) has seen an increase

in initial production (lambs:l00 ewes) following population reductions
by ewe hunting on Crescent Mountain, Kenai peninsula, Alaska. Data re-
lating subsequent inirial production (lambs:100 ewes) to population re-
ductions are alsc available from natural population fluctuations eon
Cooper Landing and Surprise Mountain (Nichols 1976), Kluane Park, Yukon
(Hoefs 1975), and Dry Creek, Alaska (Table 1), These data are presented
in Table 3. The population trepds in Table 3 represent year-to-year
changes in competing adults (ewes and vearlings) on the winter range
during gestation. For purposes of this analysis, rams were excluded
from the calculation as suggested by Geist and Petocz (1977), The max-
imum observed population of ewes and yearlings was taken as 100 per
cent, and reductions were expressed as a per cent of this maximm figure,
A winter-geverity index was derived by multiplying snow depth by hard-
ness from Nichols (1976) for the Kenai and using recorded snowfall in
Falrbanks as an index of severity in Dry Creek. Winters having severity
Indices greater than the mean for the years sampled were arbitrarily
classed as "harsh"., Winters when the severity index was less than the
mean were termed "mild",

Analysis of data in Table 3 shows that two trends are evident,
First, when winters are harsh, populations of competing adults on winter
range are reduced, and this is followed by low initial production the
following spring. S5econd, when winters are mild, the mmber of com-
peting adults is increased, and this is followed by increased initial
production the following spring. These two situations account for 14
of the 21 data years available. The mean increase in competing adules,
following mild winters, has been 10 per cent, and the mean decrease in
competing adults, due to harsh winters, has been 16 per cent.

In the remaining seven data years, for which winter sevrity can be
assigned, the winters were classified as mild.
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Table 3. Trends and percent reduction of compecing “adults" (ewes and
yearlings) on winter ranges during gestation and initial
relative production of lambs the following aspring.

Ewa and yearling Praodustion Winter
population trend { %) trend ( %) severity

Kluane
1970-71 (+61) (+27%)
1971=-72 (+1X%) (=11%)
1971=713 (=2%) {=28%)
Cooper
1970-71 {(+3X) {+39%)
1971=72 (=10%) (+18%) harsh
1972-73 (+151) {+11Z) mild
1973=74 (+81) (=46%) mild
1974=75 (=323 {=15%) harsh
1975-76 (=5%) (+481) mild
1976=77 (=7%) (=65%) harsh
Crescent
1970-71 (-29%) (-35%)
1971-72 (=4%) (+701) mild
1972-73 (+16X) (+29%) mild
1973-74 {-82%) (+7%) mild
1974=75 {(=27%) {-19%) harsh
1975=76 (-9%) (+456%) mild
1976=77 {~15%) {(=57%) harsh
Surprise
lﬁ?E—?! (=12%) {+29%)
1971-72 (+2%) (+111%) mild
1972-73 (+81) (+3%) mild
1973=74 (=7%) (-31%) harsh
1974-75 (-14%) (=37%) harsh
1975=76 (=135%) (+171%) mild
1976-77 (=261) (=100%) harsh
bry Creek
1973-74 (-3%) (-26%) mild
1974=75 (=8%) (0%} harsh
1975=76 (+12%) (+2a%) mild
1976=-77 {+5%) (+617%) mild




In six of these vears, populations of compering adults declined by
a mean of B,5 per cent, One of these declines was attributable to hunt-
ing, and had a magnitude of 8 per cemt. The remaining 5 yvears range
in population reduction from & per cent to 15 per cent, It is possible
that changes in this range, irom one aerial survey to the next, are in-
herent error in the technique, particularly vhen no general trend is
evident. It should alsc be moted that these declines also coincide
with generally increased wolf abundance on the Kenad.

Whatever the causes, the apparent beneficial effects of ewe hunt-
ing on initial production of lambs the following spring can be plausi-
bly rationalized in terms of the effects of weather; L.e,, folloving
the ewe hunt, a mild winter oceurred which was subsequently followed
by increased initial production (lambs:l00 ewes). This predictably re-
sultz in an increased lamb production because of decreases in fetal
and adult death; hence, the obsérved result is explainable asz a pheéno-
menon of weather rather than hunting-stisulated reproduction.

If weather effects are neglected, it is possible, through the use
of staristical correlation coefficient, to test the relationship pre-
dicted by the hypotheses that reduction of animals om the range stimu-
lates initial production. The hypotheses predicts that a plot of ini-
tial production, as a fumction of the per cent of maxionm observed com=
pecing adults, should give a line having negative slope and a high value
for the correlation eoefficeint., Figure 1 shows this plot, It ean be
geen that there iz no significant correlation between the two variables,
and the sign of the coefficent is opposite to that predicted by the
hypotheses. Consequently, ignoring the possible effects of weather
appears to force the conclusiom that many population reductions, of the
magnitude practiced on Dall sheep by wan and nature in Alaska, have not
repulted in {ncreased initial production. Hence, population reductions,
even in populations judged to be near carrying capacity, have had no
beneflcial effects on relative initial production (increased lamb ; ewe
ratios), vhen the reductions have been as high as 25-30 per cent,

As the magnitude of population reduction, necessary to evoke an
fnerease in relative production (improved lasb : ewe ratio), approaches
20 per cent in populations where alternate year reproduction occurs,
the possibility of beneficial effects of this management rool diminish.
It may be impossible to evoke a doubling in reproductive frequency, with
a 30 per cent reduction in the mumber of ewes. If so, the levels of
abgolute production will never be as great as they were before the herd
control was begun, even through increases in relative production (lamb :
ewe rario)might oceur,

Figure 1 shows the increases in realtive production, which would
be required to meet an absolute production of 30 lambs by a population
of 100 ewes initially having a relative production of 30 lmmbs : 100
ewes, {F the population were reduced. This example demonstrates that a
reduction of 50 per cent would have to elicit a relative prodection of
60 lambs per 100 ewes to meet the initial level of absolute productiom.
Individual lamb productions of this magnitude have been observed in
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Alaska, but the maximm actainsble mean appears to be In the low 40's
of lambs per 100 ewes, The dashed line on Figure 2 demonstrates the
decreased absolute production of lambs resulting from herd reduction,
1if there is no stimulatory effect on initial production,

If there is & demand for trophy rams which equals or exceeda the
supply, or if trophy management [s the primary management goal, it
should be understood that herd reductionm will, in all likelihood, de-
creage the abselute supply of trophy rams and compromlse the primary
management goal. In herds where alternate year reproduction is not
the case, there is even less possibility of benefit, and elther sex
sheep hunting should be clearly understood to result in reduced avail-
ability of trophy rame for harvest with no assurance that compensatory
reproduct ion will result,

= 40 =



LITERATURE CITED

ERICESON, J. 1970, Use of dropnet and collars inm study of Dall sheep,
Trans, N. Wild Sheep Coucil, No. 1. Willimms lake, Eritlsh Columbia.

2 PPa

GEIST, ¥V, 1971, Mountiam Sheep: A study in behavior and evolution
Univ. Chicago Press. 383 pp.

and R.G. PETOCZ., 1977. Bighorn sheep in winter: do rams
maximize reproductive fitness by spatial and habitat segregation
from ewes? Can, J, Zool, 55(11): 1902-1810,

HETMER, W. 1973, Dall sheep movements and mieral lick use. Alaska
Dept, Fish and Game, Fed. Ald Wildl, Rest. Flinal Rept. Froj. W-17-
2 through W-17-5, Job. & 1R. Juneau.

. 1975, Study area selection in the Tok Management Area.
Alaska Deper, Fish and Game, Fed, Aid Wildl, Rest. Final Rept. Proj.

"'1?'?| Jh- ﬁ.ﬂEn -.II.IIIE-IIT.E-

and K. NEILAND. 1976. Interlor sheep studies., Alaska
Dept. Fish and Gome, Fed, Aid Wildl. Rest. Proj. Rept. W-17-8, Jobs
6.,9=6, 12K, Junéau,

and A.C. Smith, 1975, Dall ram horn growth and popula-
tion quality and their significance to Dall sheep management in
Alaska. Alaska Dept, Fish and Game, Tech, Bull., 5. 41 pp.

HOEFE, M. 1975. Ecological investigation of a Dall sheep population.
Ph,D, thesis, Univ, British Columbia. 5I0 pp.

MURIE, A. 1944, The wolves of Mr, MeKinley, U,S. Matil, Park Serv.,
Fauna Ser. Mo. 3. 283 pp.

NICHOLS, L. 1974, Sheep report, Alaska Dept, Fish and Game, Fed, Ald
Wildl. FResc. Ann. Proj. Prog. Rept. Vol. XV, Juneau,

« 1976. An experiment in sheep management: progres report,
Trans. Second H. Wild Sheep Conf., Colorado State University, Ft.
Collins, CO. 27 pp.

NIELSEN, C. and K.A, NEILAND. 1974, Sheep Disease Report. Alaska
Dept, Fish and Game, Fed. Aid Wildl. Rest. Amnn. Proj. Prog. Rept.
Vol. XIV. Jumeau. .

STEPHENSON, R.0O. 1978, Wolf report. Alaska Dept., Fish and Game, Fed.
Afd Wildl, Rest, Final Rept, Proj. W-17-3 through W-17-8, Job 1& 3R,
Juneau,

WATSON, R.H,, G, ALEXANDER, I.A, CUMMING, J W, MACDONALD, J.W, McLAUGLIN,
D.J. RIZZOLI and D. WILLIAMS. 1968. Reduction of perinatal loss of
lambs in winter im Western Vietoria by lambing in sheltered indivi-
dual pens. Aust, Soc, Anim, Prod, 7: 243-249,

- 4l =



SOME THOUGCHIS ON THE CONSEQUENCES OF NON-TROPHY SHEEF HUNTING
IN THE WIND RIVER MOUNTAINS OF WYOMING

E. Tom Thornel, Tom Varcalls®,
Kurt Beckerd, and Gary B, Butlerd

INTRODUCTION

The Whiskey Mountain wintering bighorn sheep (Ovis canadensis
canadensls)population has recently been shown to consist of two herds
which total between 900 and 1,200 animals, They winter in three rela-
tively small areas on Whiskey Mountain and Sheep Ridge which are near
Dubois, Wyoming, During summer they migrate to the south and inhabite
large areas on either side of the Continemtzl Divide In the northern
Wind River Mountains.

Ewes, lambs, vearlings, and 2-year olds (ewe-lmub bands) of these
populations are accessible and often quite visible to humsn visiters
throughout most of the vear. Wintering populations may readily be view-
ed from motor vehicles and can be approached on foot. These animals are
gquite popular as a source of noncongumptive wildlife recreation for many
people, and during 1976 an estimated minimum of 5,350 people using motor
vehicler viewad and photographed shéep on their winter range, On suwmer
ranges the same animals are heavily exposed to fishermen, backpackers,
mountainesers, and, especially, amateur photographers, The mumber of
people who seek sheep is increasing rapidly. Summer ranges are almost
ent irely above timberline, and, although the terrain is quite precipitous
and rugged, sheep and man are highly visible to each other over consider-
able distances, During fall, ewe-lamb bands return to areas near winter
ranges which are also frequented by sheep hunters., These sheep return
to the various wintering areas during the rutting peried.

Mature remg from the Whiskey Mountain populations are wild and timid
during all seasons as far as their reactions to humans are concerned,
but there is smme variation in degree of wildness with different seasons,
Thay are readily visible only during rutting season on the winter range
and again for a short period coinciding with grass green-up on winter
and spring ranges. However, our experiences indicate that even during
these periods mot all or even most rams are readily visible. During
summar and fall months, mature rams are rarely viewed by the backpacker
or mountain recreationist, and our obgervations have demonstrated that
these animals will go te great means to avold human contact,

IH‘:.rming Goma and Fish Department, Resasrch Laboratory, Laramie,

EHyuuing Game and Fish Department; Casper,
urrant address: U. 5, Foreat Service, Salmon, Idaho.
ing Game and Fish Department, Whiskey Basin Winter Range, Dubois,
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RESULTS ARD DISCUSSTON

Beginning in the early 1900's, sheep were hunted in Wyoming by any-
one possessing a combination elk-deer tag. Since the 1930's, hunting
has generally been on a limived basis and usually for rams wirh three-
quarter eurl or larger horns., Either sex or one-half curl or larger ram
hunting on a permit basis was allowed between 1965 and 1968, but the
harvest of ewes and smaller rams was very limited, Approximately 194
mature rams have been harvested from the Whiskey Hountain populations
through hunting between 1968 and 1978. The harvest of three-quarter
curl or larger rams during this time pericd has not significantly regu-
lated population size, Between 1958 and 1978, B47 sheep, consisting
primarily of ewcs, yearlings, lambs, and young rams have been removed
from the population by trapping for transplant or research purposes.
Trapping and transplanting, in cowbination with limited hunting of mature
rams, has served as the primary management means of population control.
Even though techniques (Schmidt 1976) adopted in recent vears have greéat-
ly increased the success and efficiency of trapping, this remains am
expensive means of population comtrol, Reduction through hunting ewes
and young rams (non-trophy sheep) has been adopted in some areas and has
been deemed to beé biologically sound and an effective management tool
(Morris 1976, Kichols 1976), It has been our observatlon that, although
hunting non-trophy sheep may be biologically sound and the management
tool of choice in many situatioms, behaviorally it could be destructive
to populacions such as the one we studied. We developed the following
thoughts regarding possible consequences of non-trophy sheep hunting
during an intensive 3-year study of the Whiskey Mountain bighorn popula-
tion, These thoughts are our own and do not necessarily reflect the
philosophy of the menagement persommel responsible for season recomman=
dations within the Wyoming Game and Fish Department,

All ungulates, including bighorn shesq, respond to envirommental and
management alterations in varying degrees ranging from imperceptible to
obviously drastic changes in mmbers and distribution. TIn speculating
on the consequences of non=trophy sheep hmumting, we will present what are,
in our personal estimations, the more extreme responses. However, wa do
recognize that responses of such magnitude may not invariably occur,

Also, the responses we predict could not be expected to occcur rapidly

and might require a mmber of years or sheep generations. Our observa-
tions and thoughts are limited to the Whiskey Mountain sheep populations
and their habitat which we believe are rather unique as compared to most
other North American ungulates and their habitats, This uniquéeness is
based upon the following facts: 1) these populations are utilized imn

both consumptive (rrophy hunting and trapping for transplant) and non-
consumptive (viewing, photography, etc.) ways; 2) in mest of their hab-
itar they are highly visible to human visitors over great distances; and

3) they share large portions of their habitat with mmerous recreationists,

Mountain sheep are relarively intelligent animals (Geist 1975) and
their response to man is largely a result of previous experiences,
pleasant or unpleasane (Geist 1971a), which may have occurred over many
generations. In some national parks, all members of sheep populations
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including mature rams are unafraid of man (Geist 1971a). Their experience
wirth man and those of their predecessors have been neutral or in some
cases pleasant. Hence they have not learmed to fear man, The fact that
disturbance by man in the form of hunting will result in wild or wary
sheep populations has been discussed (Hore)si 1976) and documented (Geist
1971a, 1971b) and is common knowledge to most sheep hunters. This avoi-
dance response to humans has also been noted among other species such

as elk (Cervus canadensis)controlled by hunting in national parks (Hous-
ton 1976, Schultz and Bailey 1978} and red deer {Cervus elaphus) con-
trolled by hunting (Batcheler 1968). Discussions of wildness in hunted
mountain sheep have often been generalized in the sense that ewes are
expected to react much the same as rams (Horejlsi 1976). However, wa
have observed vast behavioural and distribution differences becween ma-
ture rams (thé hunted segmént) and fmmature rams, ewes, and lambs (the
unhunted segment), It is recognized that behavioral and distribution
differences exist smong mature males, {emales, and juveniles In sheep
and many other ungulactes which are undisturbed by man, but we believe
that smong Whiskey Mountain sheep these differences are exaggerated due
to differing degrees of unpleasantness associated with man that have re-
sulted in differing responses to man.

Almost all sheep we encountered or that we observed encountering
other people, such as backpackers, reacted in & negative way. Rams 2-3
years of age and older reacted by increased alertness, attention, and
usually a strong flight response (Calef at al. 1976, Horejsi 1976).

They inhablited areas right at or Just below timberline where they were
not visible for great discances, Those rams which ventured above timbar-
line seemed to inhabit the most inhospltable mountain tops. Ewe=lamb
bands almost always reacted to human presence, but much less strongly
than rama, A nusher of cbeervatlions indicated they reacted to man in a
slightly more negative way than they did te coyotes, their chief preda-
tor. They usually responded with increased attention, sometimes walked
to cover, and occasionally took flight, but flight distances were usually
shart., It appeared that young rams learned to resct strongly to man
when they joined ram bands and associated with older animals which had
praviously experienced unpleaseant encounters with man, This has been
suggested by Geist (1971a)., Very seldom are rams legally shor while in
close asseclation with ewe-lamb bands; therefore, ewes and lambs hawve
not experienced being hunted,

Control of the Whiskey Mountain sheep popularion through hunting of
non-trophy sheep would result in a great deal of disturbance. In the
past 10 years an average of 92 permits for three-quarter curl rams have
been granted with an average hunter success of approximately 40 per cent.
It is probable that non-trophy hunters would initially experience a
success rate approaching 100 per cent. But it could be predicted that
as non-trophy sheep were hunted, they would become more wary and hunter
success would drop as It did with Dall sheep ewes on Crescent Mountain,
Alaska, vhere they are hunted rather intensively with onlv 25-44 per
cent success (Nichols 1976)., At the present time, an average minimm of
40 non-trophy sheep are being or should be removed yearly from each of
the two Whiskey Mountain populations by trapping for transplant. To
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effect this level of population control through hunting of non-trophy
sheep at a hunter success rate of B0 per cont would tequire 140 hunters
in addition to 92 three-quarter curl ram hunters, This could result in
g great deal of disturbance egpecially con Whiskey Mouptaln and other
more accessible areas, Control of hunter oppertunity and access could
reduce this harassment of mon-trophy sheep as it might for trophy roma.

Sheep should not be expected and certainly are unable to distin-
guish between hunters, hikers, fishersen, biologists, geologists; and
photographers (Geiat 1975, Horejsi 1976). Sheep which encounter an un-
pleasant experience when hunted might expect the same unplessant ex-
perience each time they encountér man and react accordingly (Gefat 1971
a), Thus, for hunted sheep any form of shesp=man encounter during any
time of the year might be interpreted as a form of harassment or dis-
turbance similar te that of being hunted.

Three categories of delecerious elfeccs which hiuman accivicy may
have vpon caribou (Rangifer tarandus) have been deperibed. We feel
Chose so=e catogories would also be applicable to Whiskey Mountsin big-
horms onee they learmed to fesr man:

"1, Those cauming immediate physical injury or death,

Y, Those resuleing in increased expenditures of energy, or changes
in the physiological condition of the animals, which reduce
their rate of survival eor reproduction.

3. Those resulting in long-term changes in behavior, including
eapecially, the traditional use of ranges." (Calef et al. 1976)

Probably the least important deleterious effect induced by man-sheep
encounters would be immediate physical i{njury or death. We never wit-
nogsed the "panic response" described for caribou reacting te aireraft
(Calef st al.1976), but we did witness strong escape responses among
rams fleeing from people at high speed into and through extremely pre-
cipitous escape cover, but they were usually more deliberate in their
actions. FHams and ewe-lmmb bands both usually fled farcher inte preci-
pitous escape cover vhen escaping man than vhen escaping coyotes and this
was especially pronounced msomg rams. We did not witness any injuries
or deathe as a resule of these flights. However, injuries such as dis-
located shoulders and broken bones of the legs were relatively common
and falls have bien cited as causes of sheep mortalities (Smith 1954,
Geise 1971b). It is not difficult to imagine that more frequent and
stronger Flight reactions mmong hunted nonetrophy sheep could result in
porte injuries,

A possible consequence of stromger flight reactions by ewes with
young lambe would be the loss of lambs either through injury or the ewe
being unable to relocate the lamb later. Ewes responded most strongly
to disturbance when relatively young lambs were travelling with them and
this has been cbserved elsewhere (Light 1971). Disturbance of a nursery
band of sheep by a coyote or backpacker resulted in prolonged periods
durlng which ewes and their lombe searched for one anather, If swes
responded as strongly to human presence as do rams at this time of year,
the result might be (njuries mmong those lambs which tried to follow and
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increaned separation [rom their dem with greater suscepribilicy to pre=-
dation among those lamba left behind,

One of the more severe consequences of human encounters nmong nom-
trophy sheep which fear man because of hunting would be increassd energy
sxpenditures, Han-shéeep encounters occur most fréquently during summer,
wvhen ewes are lackating sand lambs and yearlings are growing, and during
winter when energy deémands are great,

In August, 1976, near the Contipental Divide and only slightly
above a very lmportant ewe-lmmb summering area, we witnessed geven Tams,
including one Cliss 1V and three Class 111 individuals,; which were dis=
turbed by two backpackers. The backpackers mever appeared ta see the
rams which were approximately 1.7 lm (1.1 ml) distant., The sheep immedi-
ately fled from che backpackers at a run interspersed with short periods
of walking or trotting. They were still running when they disappeared
from our view over a glacier afrer fleeing for 2.6 km (1.6 mi). This
seemed to be an example of an extreseély strong Flight reactfon to man,
but it may have been so only because we were in a position to observe
much of their escape, It was marked in contrast to the [light of a sim-
ilar group of rams [lecing a closely pursuing coyote in Junme, 1975,
That flight covered oml 172 m, (189 vd.) and terminated once the sheep
reached the edge of egcape cover, We observed many other flight reac-
tions, mostly from man, which we were unable to follow to complecion.

Members of owe-lmmb bands encountered man frequently and were not
chserved to react as strongly. If these sheep learned to fear man as
mature rams do, it would be difficult or impossible for them to utilize
the larger and more productive summer and winter ranges which are places
of high human contact. If they did not abandon thege ranges, they would
encounter and flee from men fréquently, in some aréas several times
daily., The energy eéxpenditure of excitement and Flight would interfere
with, and might prohiblt, growth of labe or winter survival of ewes,
lambs, and young rams, The energy costs of this type of exclitement or
of a strong flight reaction are extremely high (Kleiber 1961, Coop and
HI11 1962 , Blaxter 1967, Gedst 1974, Gelst 1975, Ledger 1977, Welner
1977). A single incident might be of little consequence but numerous
encountery would be detrimental. During summer months energy demands of
lactating ewes are high and milk production would sulfer with che result
being lmpeded lmmb growth and/or survival. At times during winter,
sheep may be wnable to conmume sufficlent fopd energy to ment body de-
mands, Increascd energy expenditure due to harassment at these times
would result in greater nutritional deficlency., MNutritional deficiency
and excessive weight loss have been showm to depress reproductise out-
put in many ungulates including white-talled deer (Odocoileus virginianus)
(Verme 1965), elk (Thorme gt al. 1976), and domestic sheep (Dwvis aries)
(Blaxter 1967) and would wundoubtedly have the same influence on Bighorn
sheep, During severs winters or where winter ranges are especially de-
ficlent, increased energy demands induced by harassment of sheep pre-
comditioned to strong flight tendenciés might alsoe result in [ncressed
wortalities due to malnutrition,

Frequent and excesgsive harassment may be expecred to resulc in
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physiologic changes which might pocentially be devastating to bighorn
sheep. Increased energy expenditures predicted above may result in de-
pleted energy reserves and a breakdowm in the animal's {mmune system
(McFarlane 1976, Sinclair 1977). Although they often present a calm
outward appearance, wild sheep are easily stressed and stress may lead
to disease (Thorne 1971, Fulton and Rosenguist 1976, Post 1976) and
birth of unhealcthy offspring (Stect 1977). The occurrences of extensive
bighorn sheep die-offs due to various digeases or paragites have been
well documented (Honess and Frost 1942, Buechner 1960, Forrester 1971,
Woodward et al, 1972, Bear and Jones 1973, Post 1976) and most major
pathogens which have been implicated as responsible for bighorn sheep
mortalicies have been found in Whiskey Mountain sheep (Thorne 1977,
upublished data), The potential for loss of amajor part of both herds
dug to stress-induced disease or exacerbation of existing disease and
parasitic conditions in individuals is great,

Long term changes in distribution among the non-trophy sheéep of
Whiskey Mountaln could be expected to occur if they were hunted, Rams
in unhunted populations inhabit differing summer and winter ranges than
do ewe-lamb bands (Geist 1971b). However, it is gquestionable thatr, if
free from human harassment, Whiskey Mountain rams would select and use
the habitat they do now in preference to much larger and more productive
but less secure locations. Aged males of many ungulate species do not
participate in breeding activities and lead a relatlvely solicary exis-
tence, and sheep vhich have adopted one range may ignore whar seems to
be more convenient and suitable ranges. Among sheep these ranges may
be preferred as ancestral, because of safety from predators, or because
of other criteria which have not been identified, Our inability to
account for all rams on Whiskey Mountain and Sheep Ridge winter ranges
and discovery of ram skulls in distant areas which appear to be small,
harsh, marginal wintering areas confirms this and also suggests that
some rams have abandoned more favorable winter ranges for secure but
often inadequate wintering areas. We were not able to determine the ex-
temt to which these areas are used nor if rams return to them following
rut or slmply do not participate in the rut, Sheep have bean shown to
abandon areas vhere unpleasant experiences take place (Geist 1971b),
Rams of the Whiskey Mountain herds are hunted on their swmmer, fall, and
winter ranges and they also are hunted on or near the spring (including
lambing and nursery areas) and fall ranges of ewes and lambs, These
areas are close to the rutting and winter range, and it is no wonder
that some rams are reluctant to use these areas especially when they are
frequented by men who were hunting them only a month or two previously.
Although rams have apparently adapted to hunting with few detrimental
effects, a possible exception would be the use of marginal wintering
areas which must occasionally result in the death of a few individuals.
A quitk of ram-only hunting as practiced in this area is that it has
probably benefited ewe-lamb bands by reducing intra-specific competition.

M_Lﬂ survive and perhaps prosper in marginal but gecure
"E' -and_fall ranges becauge they are the only s’haap using

em_and EEuEE_dHIlnH_3EI_gﬂhﬂﬂﬂ_EEEEEE_EEEI_hLUu nothing to do but
build enecgy rpgaryen ig the form-sfssarad far, If éwe-lamb bands a-
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bandoned their vast productive summering areas because they were fre-
quented by mountain recreationists and joined the rams or adopted simi-
lar smaller and more secretive ranges, survival potential for all mem-
bers of the populations would be jeopardized by the resulting intra-
specific comperirion. Ewe survival and productivity would be impeded
because they must provide for a rapidly growing fetus, lactation, and
regaining weight lost during the previous winter. All this must be

done before fat teserves are restored. Rams have learned to fear man
and appear to have responded to his presence by abandoning optimal ranges.
Experience in other areas has suggested thaot ewe-lamb bands vhen either
hunted (Nichols 1976) or subjected to excess pressure by hikers may
abandon traditional ranges for more secure areas (Dunaway 1971, Light
1971, Horejsi 1976). It is predictable that ewe-lamb bands of Whiskey
Mountain, if hunted as non-trophy sheep for population control, might
also abandon current ranges to the detriment of the entire population,
We recognize that dispersion to currently unused habitar niches mighe

be beneficial, but the benefir would not replace abardoned habitat un-
less new niches were as large and productive as the sbandoned habitat
and were not frequenced by human wisitors,

Tha trade-off value of accepting consumprive use of non-trophy
sheép in the form of humting over nonconsumptive values warrants consid-
eration. The nonconsumptive value of mature rams has been largely but
not entirely lost, Were it oot for the reproductive urge in early win-
ter and desire for greem grass in late spring, few rams would ever be
enjoyed by the average nonconsumptive user. The nooconsumptive values
of ewes, lambs, and the young rams which accompany them is very impor-
tant, These animals are the most visible and most frequently enjoyed
ungulate of the northem wWind River Moumtains, We would question that
the possible logs or reduced opportunity to participate In these non-
consumptive uses is justifiable in order to contral the populations
through non-trophy hunting when other means are available.

Geist (1975) has stated that consumptive and nonconsumptive uses
of sheep are mot compatible and should not be combined, We would qualify
that and state that the two uses are compatible for the Whiskey Moun-
tain sheep populations under present manmagement policies and conditions.
We recognize rhat these populations are rather intensely managed (three
quarter curl ram hunting, trapping and transplanting, range acquisition
for sheep, and habitat manipulation), that hunting is limited, and that
nenconsumptive uses may not be as complete as one would wish for (un-
abailability of rams, especially during summer and fall), but current
management practices do allow for acceptable levels of consumptive and
nonconsumptive uses.

Wi recogniza the necessity of population control and feel that the
large mmbers of Whigkey Mountain sheep are currently their own great-
est threat, We have tried to express and support the reasons we believe
these populations should be controlled by methods such as trapping,
which minimize harassment and not through non-trophy sheep hunting, Our
hypotheses have been suggested by gome of the others we have cited,and
they should alse apply to other bighorn populations characterized by
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relatively tame animals which occupy open habirar with high visibilicy
that are frequented by large numbers of nonconsumptive users., In these
cases we would encourage increased acceptance of man by sheep rather
than management practices vhich increase their fear of man.
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FURTHER OBSERVATIONS OF BICHORN SHEEF NON-TROPHY SEASCONS IN
ALBERTA AND THEIR MANAGEMENT IMPLICATIONS

Eirby G. Smith and William D, Wishart
Alberta Wildlife Divieion
Edmanton

ABSTRACT

A total of 31 bighorn lambs (Ovis canadensis) has been salectively
orphaned on Ram Mountain during the hunting seasons of 1972-76, Survival
rates of lambs of both sexes and growth rates of female orphans are not
different from their non-orphan counterparts, However, there appears
to be a tendency toward stunting of orphan rams. Another aspect of the
selecrive non-trophy scason on Ram Mountain is the development and/or
maintenance of a moderately high-quality population suggested by rapid
initial horn growth in males, early maturation in females, high lamb
production, average suckle durations and lov lungworm loads, Menagement
implications of a non-trophy season are discussed on the basis of data
Erom "ewe'" seasons in Alberta since 1966 and the pepulation dynamics of
the Ram Mountain herd,

INTRODUCTTON

In response to a bighorn die-off im British Columbia, Alberta insei-
tuted a non-trophy season in 1966 to avoid a similar catastrophe and
to try and malntain bighorn populations below or near carrying capacities
of cricical winter ranges, The first two non-trophy seasons allowed
the harvesting of any bighorn with horns less than 12 inches in length.
However, the 1968 regularions were modified to include ewes and lambs
only, as it bad become apparent that hunters were starting to select
yearling rams. Non-trophy seasons have run from the end of August to
the latter part of October, except for 1971 when the season began Sept-
ember 25. Approximately 340 permictees have harvested about 110 non-
trophy sheep per year resulting in an annual harvest rate of less than
3 per cent of the total estimated harvestable population of 4,500 Alberta
bighorna (excluding National Parks). Since 1966, approximately 1,300
non=crophy sheep have been harvesced,

Obvlous gquestions concerning the non-trophy season are: 1. what
effect does orphaning have on the survival and subsequent growth of lambs
and 2, how does this influence the population dynamics of a bighorn
herd., The Ram Mountain orphan study was initiated in 1972 to examine
these gquestions.

STUDY AREA
Ram Mountain comprises the southernmost extent of the Brazeau Range,

lying south of the North Saskatchewan River Gap approximately 160 kilo-
maters west of Red Deer, Alberta (Figure 1). Elevation varies from 1087m,
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on the Horch Saskatchewan River to 2173 m, at the summit of Fam Moun-
tain. Several intermittent drainage basins jut irregularly into the
mountains, interrupcing the continuirty of the range. The terrain is
varied, with bare rock summits, talus slopes, wooded slopes, low rellef
alpine tundra and rugged escarpments and cliffs (Hoffman, 1971). Ram
Mountain was chosen for the trapping and marking study because of its
izolation, The mountain is bordered on three sides by heavily forested
foothills and on the fourth side by the North Saskatchewan River.

METHODS

To date, approximately 90 per cent of the herd has been marked. It
appears that movements of bighorns across the river to the north com-
prises less than 3 per cent of the herd. Animals were captured inm a
corral-l1ike structure baited with salt. Horn measurements and weights
were tecorded and fecal samples were taken. All trapped sheep were
marked. Subsequent observations of suckles confirmed ewe-lamb combina-
tioms. Survival rates were determined by observations of marked animals
in ensuing years. Approximarely half of the marked lambs were selec-
tiviey orphaned by hunting each yvear between the end of August and the
end of October. Fecal samples were analyzed for lungworm infectiom by
the Baermann technigque as described by Uhazy et, al., (1973). An un-
paired t-test or a t-test of a single obeervation versus a sample taken
during the same time period was used to compare weights and measurements
of non-orphans te orphans.

RESULTS

Thirty-one lambs have been selectively orphaned between 1972 and
1976 (Table 1), Lamb survival, since the orphaning program began, is
indicated in Table 2. There was no eignificant difference of survival
to one year between orphans and non-orphans (Table 3), Live weights of
female orphans did not differ from their nom-orphan eounterparts (Figure
2). Although not statistically significant, there was some indication
that orphan rams weighed less than non-orphans (Figure 3). The suggested
size discrepancy between orphan and nom-orphan rams becomes more pro=
nounced when examining horn lengths (Figure 4) and horm base circumfer-
ences (Figure 5), Mean non=orphan ram horn lengths and base circumfer-
ences were statistically larger (p<0.05) than orphans in approximately
28 per cent and 11 per cent of the casés respectively, vhere statistical
comparisons could be made.

DISCUSSION

Orphan rams appear to exhibit below average growth, especially in
horn development. The following hypothesis attempts ro explain this
phenomenon. At the time of orphaning, the lamb drops to the bottom of
the dominance hierarchy In this situation the energy budger of the
lamb may be "taxed" because of i{ts premature subordinate status, thus
resulting in retarded growth. Perhaps the variarfon in size fsn't as
acute in female orphans compared to female non=-orphams since they are
paedomorphic (i.e. the adult female recains juvenile characreristics of
males including horn size and weight) and therafore de not exhibic
such a large discrepancy in size between juvenile and adult form,

. 53 -



Pecce Siver

Wurray ;l
:

BRITISM E’ﬂl'.l_l'h"lﬂl-"l

-+_ﬂ'_“

ol oy

1,
'!
i
'\ |
#fﬂwﬁwﬂm
1

SCALE IN KILOMETERS

?=_m'g=_J}

Kootanay ’ . 1'5..

OUTLINE P77
TL BER T

Megicine I'.
P /-l

Jﬂ\’fﬁ;: |

g8

't.

)

5
a8

— o

ﬂ'

UMITED STATES

i 1

- 5 -

Location of bighorn sheep herds referred to In the text nEtuding Ra Mouitaln



Table 1. Humber of sarked swes and lambs that Were matched and numbar of ewes
collected on Ram Mountain. (1972-1977)

Ewes and Lambs Mumber of Matchad Ewes
Year Marked and Matched Collected
1972 2 &
1973 iz 5
1974 9 7
P95 13 8
1976 1% 5
1977 ] b
Tatal BE 37

Table 2. Ram Mountain lomb swrvival 1972=1977,

Year Lambs Yearlings 2 Years 3 Years b Years 5 Years
_,_  —_ e

1972 24*(6)°
1973 25(5) 14(4)

1976 15(7) 18(3) 13(3)

1975  20(8) 1(3) 14(2) 9(3)

1376 El{f.r]'E 12(7) 10(3) 14(2) ?{Eld

1977 16(6) 17(4) 1(7) 9(3) H'I:IE 7(2)
- - —- - - == — e ————
a

total number of |ambs

hnuubfr of orphans Included In total

Cone lamb not Included - status unknown = may have died before the ewe was collected.

=I::wlq. non=grphan ewe collected in 1976,
ong orphan ram found dead in trap (spring 1976)

Eone orphan ewe collected in 1976.
one non=-orphan ewe collected in 1976,

= 3% =



Table 3. Chi=square test

for independence on survival t& 1-vesr of pon-orphan

lambs versus orphaned lambs (1972-1977).

Status Hon=0rphan Lambs Orphan Lambs Total
Survived 51(51) 21(21) 72
Oied 23(23) 1a{10) 33
Total 74 31 105

[ ) = expected values with the Chi-sguare Test for Indepéndence.
{32 1df = 0.00, N.5. at p <0.005)

Table 4, Chi=square test
With 2=year-old

for Independence on 289 observations of hands sighted
arphan males vs. 2-year-ald non-orphan males{1975-1977).

Humber of uhiurvitlnnsjinguntudl

Hon-arphan Z-Year- Orphan 2-Year= Total
Sne- g 0ld Males (n=10} 01d Males (n=1)
Ewe-lamb-juvenile ram g7(121) B1(s57) 178
bands.
Ram only bands. 100(76) 11(35) 1M
Total of all bands, 197 92 289

2

i 1df = 38.90 It is significant at P<0.005. The hypothesis that the number

of sbhservations of Z=year-old non-orphan males with Female-lamb-
juvenile ram bands is equal to the number of observations of 2-
yoar=-old orphan males with the same s rejected.
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Geist (1971) has demonstrated rthar the female generally remains on

the home range of the maternal female group; whereas, the male leaves

the group sométime after his second birthday, once he thoroughly domine
ates females. One would expect large young rams to dominate females

and aszimilate into ram bands much earlier than smaller rams, Therefore,
orphan rams would remaln with [emale groups lemger than non-orphans.
Table & supports this theory based on a comparison of three orphan rams

and ten non=-orphan rams.

I‘nEulggi.EE (uality and Condition

Ceist (1971) and Shackleton (1973) have examined the concept of
population quality in bighorns and have indicated certain attributes
characteriscie of high quallity populations such as increased productivi-
ty and growth rates, Bigharn ewes usually are not réproductively mature
until they are 2% years old., Two 2-year-old females In the high quality
herd (Kootenay) studied by Shackleton were accompanied by lambs in 1970,
Horesji (1976} observed 2 year old ewes with lambs in the Sheep River
herd and demonatrated that herd to be a high-quality populacion. This
reproductive phenomencn has also been reported by Woodgerd (1964) for
an expanding population. Ome out of six 2 year old ewes on ram moun-
tain had lambs in 1975 and 1976(Table 5), Five out of eight 2-year-old
ewes were lactating, but only three were observed wich lambs in 1977,
The other two lambs suffered morcality before, during, or shortly after
parturition, Of the five wothers, three were orphans, Of the three
ewes with lambs surviving, one was an orphan,

High lamb production is indicarive of a high quality population
even though lamb production fluctuates greatly between years (Geist 1971).
Over a 7 year period on Ram Mountain, an average ratio of 67 lambs:100
adult ewes (includes 2-year-old ewes with lambs) was realized (Table 6).
This is comparable to a ratio of 68 lambs:100 adult ewes (includes 2-
year-old ewes with lambs)found at Kootenay by Shackleton (1973) Horesji
(1976) indicated a maximmm ratic of 87 lambs:100 adult ewes (includes
2-year-old ewes with lambs) at Sheep Fiver in 1972, The low qualicy
herd (Banff) atudied by Shackleton (1973) had a ratic of 33 lambs:100
adult ewes. None of the 2-year-old ewes were observed with lambs,

Shackleton {1973) also demonscrated that above-average annual horn
inerements in high-quality populations, were followed by below-average
annual increments later in horm development. The Fam Mountain herd Ini-
tially grew the second largest annual horn increments of the four pop-
ulations examineéd, followed by the smallest increments by the fifth and
sixth year (Figure 6);these data support Shackleton's findings. The
Redcap herd, which hasn't been hunted since 1972, demonstrates the re=-
verse of that previously described (Figure 6), suggesting that it 1s in
a atable or declining state,

Mean suckle duratlons onm Rem Mountain were comparable te those
obzerved by Horesji (1976) in a high=quality population in southern Alber-
ta (Table 7), and intermediate becween the high and low quality popula-
tions studied by Shacklerton (1971) (Table 8),

(hazy et.al., (1973) examined fecal samples from six bighorn herds
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Table 5. Age-specific lactation rates of bighorn ewes on Ram Mountain (1975-1977).

Age(years) Percent Lactating (n)
1975 1976 1977
2 17(6) 17(6) 63(8)
3 So(4) B3(6) Bo(s)
b 57(7) 1001(3) 1o0(h)
5 66(1) 100(6) B&(3)
b 75(k) 100(2) Bo(s)
7 75(4) oi1) 100{1)
= 100{5) 100(5) 75(4)
X 61(33) 76(239) 77(30)
Table 6. Lamb production on Ram Mountain (1971-1877).
Year Humber of Lambs Humher of Heproductively Lambs par
Hature Ewes 100 famales
(3 years and older)
1571 24 i3 73
1972 2 38 63
1973 25 2 78
1376 15 36 k2
1975 20 28" n
1376 22 257 88
1977° 16 250 64
Total 146 e &7

®includes one 2-year-old ewe which had a lamb,
hlIr|.|:1|.1r.'||=i. three 2-year-old ewes which had lambs.

“Includes five d=vear-old ewes which had lambs.

d In 15??‘. 2h of 27 reproductively mature ewes captured were lactating (including
Five Z-year-olds). OF those 24, only 16 were cbserved with lasbs,
g -
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Fig., 6 Mean annual increments (cm) of ram horns from four
bighorn sheep populations. By the sixth year of age
incraments in those populations which had initially
shown the longest inerements now become the smallest.

“Shackleton 1973,

Ypata from Redecap sheep tcudy - Alberta Fish and Wildlife Div.
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Tanle 7. HMonthiv mean suckle durations from two hnr'd:.'

Suckle Durations [Seconds)

Herd Year Jung July August
Sheep River 1965 20.36 15.9 14 .00
*.513 +.368 1543
149 98 22
Sheep Kivar 1570 21.54 17.25 14,56
1.583 t .15 T.052
157 129 .
Sheep Rivar® 1372 3.7 17.43 15.50
t.981 $.553 11,067
169 118 [}
Sheap River® 1973 0. 75
*1.352
24
fiam Mountaln 1473 17.5 16.7
32 75
Ram Mountaln 1974 22.2 13.5
B 32
flam Hountaln 1478 zh.B 18.0
51,474 1,061
1) 30
flam Hountain 1676 19.3% 15.71 14.09
1. 183 +.686 t1.248
1 18 11
Ram Mountain 1977 18.00 15.32 14,87
*. 768 * o5k *1.329
16 £ ]

&
In seconds, - standard error and number {imed.

b

Hodifled from Hores]i 1976.

Bl



Takle B. Comparison of sutkle durations from three highorn populations.

Papui LAl ion Observal ioh Mean suckle Standard
periad duration [sec) n deviat lon
a
Kootenay Mat'l Park  3S6-2%/07/T) 8.0 jo 13.54
[high quality)
Ram Mountain 21F6=30/07/75 19.7 Lo B.25
Bf6-26/07/76 17.1 L 3.73
1/6=22/00/17 16,7 69 L.21
Banff Hat'l F.rha
{low quality) /6-2700711 14.1 74 g.22

“Modified from Shackleton (1971,

Table 9. Estimates of herd sizes on Ram Mountain (1971-1977).

Year Estimated Herd Size
1971 96
1972 115
1973 104
1974 106
1975 100
1976 100
1977 95
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in Western Canada for lungworm larvae and indicated that focal cxamin-
atlon could provide an lndex to the propertion of heavy Infections in
the herd, given o sulllclently large sample slze. They demonstrated a
signiflicant gcasopal varlatlon, with high puwbers of larvae shed by big-
horms on vinter range. Figure 7 [llustrates the "spring rise” pheneo-
menen on Ram Mountaln (supplemented by data from Sheep River). It
appears that larval counts from Res Mountaln are well below the conser-
vative estimate of a heavy infection (1404 larvee per grim) glven by
Uhazy et.al., (1973) alcheugh concluslons are tentative due to the lack
of seples durlng the spring peak of larval output (sometlme between
mid-March and mid-May),

PEEHLE”‘EE Dvngmics IE Harvest

The Ram Mountaln herd has remained around 100 animals since 1971
(Table %), An average of approximately B.4 per cent of the herd has
been harvested annually since 1972 (Table 10}, The harvest Is comprised
of reproductive ewes and rams &/5 curl or larger, This has resulted in
A& herd composed of predemipnantly voung age classes (Flgure B), Survival
rates are guite high once an animal has lived one year (Table 11}, The
herd appears to be able to malntaln {tself onder the {sposed harvest by
incrassed productivity and high survival rates,

Climatic conditions have been correlated with lemb production and
survival (Cowan and Cefst, 1971). A megative correlation bétween cumoe
lative precipitation and lamb production is suggested in Fipure 9,
Shackleton (1973) has indicated thar during the last months of pregnancy
the development of the forus and masmary tissves impose Increasingly
greater mitritional demands upon the éwe. Deéep snow, combined with low
temperatures, recard the start of continvous spring growth of vegetation
and impose greatar energy expenditures om the eswe. This would in turs
result in smaller lamba at birth or pre-parturition mortality. Small
lmmbe with poor fat reserves have a reduced chance of surviving inclement
weather because of am imability to thermoregulate and gain sufficient
nutrition from ewss under such comditiona (Shackleron 1973, Horesji 19768).

If one makes tho assumption that thara la no difference in the
chance of trapping a wale or female lamb, then the sex ratio of captured
lombg can be used as an indeéx to the actusl sex ratio., High lamb produe-
tion appears to result in a sex ratlo favoring fomale lmmbe (Figure 10).
Verme (1969) discussed sex ratlo changes of white-tailed deer favms in
relation to the nutritlonal plane experlenced by the doe, He found that
70 por cent of che fawne, born €0 mothers on restricted rations vhem
bred, were males; vhereas, males comprised 47 per cent of the offspring
from well=fed deer. He suggested cthat since deer are polvgesous, limitad
production coupled with a disproportionately large mumber of male births
would markedly depress the hord " amoual increment when the range carrys
Ing capacity is seriously depleted, But If the habltat {s capable of
supporting a greater density, high productivicy and wore female births
would result In a rapidly éxpanding population. The mechanisms which
might account for changes i{n primacy sex ratio are at best poorly umnder=-
atood (Halbandor 1938, clted from Verme 196%). The bighomm situation
may be analagous to the above descriptiom of sex ratlo changes in white=
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Table 10, MNumber of bighorn sheep harvested on Ram Mountalin 1972-77.

Husber of Ewes Nusber of Rams Total Percent of Total

Year Collected Harvested Population Population Harvested
1972 f 3 15 Bt

1973 g 2 104 Tt

1974 7 o 106 Fi-

1975 9 1 i) 10%

1976 3 ] 100 10X

1977 7 2 95 1

Total Lo 12 620 B. k%

Table 11. Survival Rates of Bighorn Sheep from Ram Mountain 1974=77. N = 278,

Survival Rates (%)

Cohort 0=1 -2 -3 3-4 h-14 6=6 6-7 I8 years
Rams .78 -k .78 .89 .B8 .90 -89
x= B
-
Ewes 85 .80 .83 1.00 .92 .87 .93
x = B9
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tails, The condition of the ewe during the early winter rot would re-
Flect the condition of the summer range, which would Influénce Lamb
production and the sex ratie the follewing year,

PFROVINCTAL HARVEST

Certaln factors become apparent after imposing provincial harvest
rates on the mon-trophy age structure of Ham Mountain (Figurell)., Hum-
tera are harveating lambs, yearlingsand 2 year old ewas in reverse to
their normal occurrence in nature. This would indicate mumter salection
against lambs and a slight selection for eves wirhout lambe as proviously
reported by Wishare (1976). A harvest rate of about 12 per cemt (7 nom-
trophies and 5 rrophies) could be applied to a population such as Ram
Mountain on a sustained-yield basins by including lmmbe, yearlingand 2
vear nld owes in the annual harvest of adult ewes and rams.

SINGARY

The non=trophy season on Eam Mountaln has resulted in physical and
behavioral stunting of some orphan rams. Rapid horn growch by males [n
fnitlal vears, high lasb production, average suckle durations, low lung-
vorm loads and early maturatlon Indicate the population has developed
into and/or maintained ivgelf as o eoderately high-qualicy population,
Early maturacion has been the most proonvunced response, wicth the mmber
of 2 year old mothers Increasing dramatically in 1977.

The herd has stabilized areund 100 under an annual harvest rate of
B.4 per cent { the harvest being comprised of reproductive females and
rams &/5 curl or larger), The Es= Mountain sheep herd can sustain an
scnual harvest rate of 12 per cent whem sub aduolt non=trophy cohorts are
included in the harvest as is the case in the provincial harvest, Homi-
toring climatological information on a yearly basis will assist the
wildlife manager in predicting subsequent lamb production and sex ratlos.
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WILD SHEEP MAMAGEMENT - Chairman: #.B, Mitchell,

E. Becker, Tom Varcalli, E.T. Thorne, and G.E, Butler - Seascnal distribu-
tion patterns of Whiskey Mountain sheep,

Bob Jamieson: 1 was curious if you found:
1) any indications that the rams were moving betwveen the two groups?
2] that there was any impact on the summer ranges?

Tom Thorne: The only ram interchange that we documented wvas a very few
rams on winter ranges during the rutting pericd, which did move from the
BLM ridge area to the Tory Rim. We did not feel that there was a lot of
interchange bhecveen roms On BUEmET Fanged.

With regards to your second question, yes, the Tory Mountailn sheep
did have an impact on Middle Mountain. T think that that was probably the
reason they left in the early susmer,

Dave Shackleton: Do you plam to follow up with some of the particularly
young rams to see, as they leave the female groups, where they go, which
ras groups they go teo, to see if this interchange between different areas

does ocour?
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Tom Thorne: Probably the best we'll be able to do on that ia fallow ear
tag returns. We put on an average of abour 50-75 neck bands a winter,
primarily on ewen,

Tim Baumann: Tom, at what elevations were the susmer and winter ranpes?

Tom Thorpe: Summer range occurred between 10 to 12 thousand feet; winter
range occurted around 2 thousand [eer.

R.A. Demarchi - Evolution of Mountaln Sheep Horn Curl ulations in
British Columbia.

Tim Bauvmann: Tn the field you wse the cross-hairs to determine whecher
or not the animal was 7/8 curl. How does the hunter determine with regu-
larity whether or mot the animal Is elx vears of age or over?

Bay Demarchi: It has been supggested that we shouldn't be using the horn
curl regulation; we should just use a minimem age, The hunter should be
educated to determine a class 4 ram from a class 3, Most hunters pass
up rams Ehat are of doubtful size and we haven't poticed a major shift in
the age class distribution of our kill,

B41]1 Wishart: What do you do with ramns Phit have hesn pnpud. aut?

Eay Demarchi: We have not explained to the hunter why they should keep
the eye socker intact. According to the definition, the leas eve socket
they leave, the higher the line. If they cut the eve socket right up to
the skull plate the horn must be about an inch longer,

Bill Wishart: From actual photos of Bighorns, T get the impression that
it doem go through the bortom of the eye.

Ray Demarchi: Mo, it doesn't go through the open eye ball, because once
you take the eye out of the socker and expose it then it does go chrough
the eve socket.

Cene Schoonveld: In Colorado’s regulstions, half the state goesa 1/4 curl,
the other half 1s 1/2 curl. Do you feel we have significant morealicy
on 1/2 curl animals, and is it justifiable to remain ac 34 curl?

Ray Demarchi: Mortality is fairly low in yearlings compared to other un-
gulate populations, such as elk. The lower wou set vour limits when you
are huncing these chings the more animals vou make available to the hunters
and the greater chance you have of over-exploitation of whatever class you
are shooting for in vour populaciom. These nre the kinds of salety [actors
built into game management Chat we should exploic.

Clarence Tillenius: What was the precise number of rameg taken last year
io B.C.T

Ray Demarchi: 1 don't have it at my finger tips, but we have compulsory
reporting now, and 1 think we are check{ngabout 95% of the sheep,
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W.E. Helmer - Alteroate yvear production in low gquality, declining Dall
sheep populations: management consideratioms,

Dave Shackleton: Have vou looked at the condition of the gummer range
as Lt affeciw lactation or fat deposition?

Wayne Heimer: 1In a classical wense, no. Under susmer conditions in Dry
Creek there seems to be no shortage of vegetation. However, Dry Creek is
a small drainape, and there is little to be gained by chusing esmerging
vegetation altitudinally or up the valley becauwe it happens all in two
weeks, at the most. So that is probably limiting to an extent.

Joln Gibson: In your 30T lamb production, what is the ratio between ewes

and rams? Dn the farm we get alne rase for avery ewe in the newborn, in
o Oall uhlup

Wayne Helmer: The ratio of rams to ewes in the population 18 very much
akewed In Tavour of ewes. We have &5 ar TOI swes.

Rick Ellis: You seem to consider the alternate year production as fixed.
It seems to me that the strategy is probably linked aomehow to the amvunt
of available food per female, and could chanpge with range conditions {ixed.

Wayne Heimer: No, | don't have any reason for asmuming that it is {ixed.
It appears, in higher quality papulations, that annual reproduction is
probably the key.

E. T. Thorne, T. Varcalli, K. Becker amd G.B. Burler = Some Choughts on

the conseguences of non-trophy sheep lunting in che Wind River Hountains
of Wyoming.

Bill Wishart: At some point vou will no longer be able to transplant
ghoep. What do vou anticipace?

Tom Thorne: We don't really know. My suggestion would be that we could
trap eves and lambs and slaughter them if we had to. Tom Varcalll sugges-—
ted that we have a two day season in the winter, when they are all on Che
winter ranges, or have a season every two years and kill more sheep each
tlme.

Bill Wishart: Possibly your winter rangea could be a sanctueary in the
sense that nobody honts there.

Tom Thorne: There would be a danger that, in time, using the winter range
as an sanctuary, we would end up with a non-migracory herd.
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THE PROBABLE EFFECTS OF
THE ALASKA WATIONAL INTEREST LANDS CONSERVATION ACT
ON DALL SHEEF MANAGEMENT IN ALASKA

¥.E. Heimer,
Alaska Department of Fish and Game,
1300 College Road,
Fairbanks, Alaska, 99701,

INTROICTION

In 1867, the United States of Ameérica purchaséd Alaska from Russia,
The land aréa purchased AF that Eime was Ehe sameé as today, 370 milllion
meries, Alaska was then held as a territorial possession until 1959
when it was granted statehood, Under the terms of the Statehood Act, .
106.5 million acres weéere to be grantéd to the State of Alaska with the
balance réemaining In Federal owmeérship. Of this 267 mlllion acres of
Federal land, 73 million acrés were classified as National Parks, Moou-
ments, Wildlife Refuges, National Forests, and a Petroleum Reserve, The
Federal lands not specifically classified in this manner were adminfs-
tered by the Burecau of Land Management. At this time,, B,L.M. had no organic
act, and procedures were dictaced by a "no management" or land disposal
philosophy. Almost any human activity was permitted:. The scope of
human activities ranged from "living off the land" by humting, fishing,
and trapping, through recreational hunting, camping, hiking, logging,
and both large and small scale mining.

In 1968, a vast petroleum field was discovered om the Horth Slope
ef Alagska at Prudheoe Bay. Prior to this discovery, the State of Alaska
had been slowly gelecting the 104.5 million acres to which it was entit-
led under the Alaska Statehood Act. Alse, Alaska's Mative peoples had
made various c¢lalms based on thelr aboriginal rights and needs pursuant
to continuing a “"subsistence" lifestyvle. The discovery of the Prudhoe
Bay oil field changed the patterm of land cloim settlements. The Nacives
saw that the oil would have to be transported to market, and chat this
could not happen until their aboriginal claims were settled., Consequently,
they greatly expanded their claims, and filed them formally, When this
happened, the Secretary of the Interior placed a "land freeze" om all
Federal lands in Alaska, This mednt there could be only limited land
seleckion by the State of Alaska and virtually oo disposition of Federal
land wuntil the Alasks Native Land Claims weére settled. Hence, no pipe-
1ine eould be buile,

Given the necesegity of transporting Prudhos Bay oil to marker, the
so-called "energy crisis" which arose about that time and the hard
winters in the midwestern United States; the Congress was readily con-
vinced by the Native lobby, the oil lobby, the Alaska development lobby,
and cold conseituenta throughout the country to make a rapid, generous
settlemant of tha Alaska Native elaims. The result was the passage of
the Alaska Native Claims Settlement Act (ANCSA) on December 18th of 1971,
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Roughly the terms of ANCEA were: (1) The Wative peoples of Alaska
ware to receive $462,500,000 from the Federal govermment and $500,000,000
from the State of Alaska te be generated by leasing or productlion of
leasable minerals (e.g. oil); (2) The Hactive pecples were to be granted
Eitle to 45,000,000 geres of land; (3) The State of Alaska was to be
allowed te complete selectlion of Lts 104.5 million acres; (4) The Sec-
retary of the Interlor was directed to withdraw wp to B0 million acres
of the approximately 227 milllion remalning acres of Federal land for in-
¢lusion in the Natlonal Park, Wacional Foresc, Wildlife Refuge, and Wild
and Scenic River systems (the "Four Systems"), In 1973, the Secretary
of Interior made recommendations to Congress fulfilling this directive,
Congress was to act on these recommendations within five years, that is
by December 1978, Obvicusly, the Secretary of the Intericor had little
experience and expertise in deciding which Alaska Federal lande should
be placed in which system of land management, Consequently, his recom=-
mendations reflected {nput by the Federal Alaska Planning team as well
as many conservation and envirommental groups, These recommendations
represented long-term goals which had been defined for vears by the
Hational Parlk Service and the Federal Refuge Syatem as wall as the
groups advising the Secretary, These groups alsc {nfluenced the Seere-
tary to expand on the BD million acres stipulated in the ANCSA by add-
ing areas of "ecological concern” around the lands designated for class-
iffcarion into the "Four Systems." These lands, an additional &5 million
acres, were designated as "Public Interest" lands, and their inclusion
was justified by a stated need for "ecosystem management." This was
the situacion at the end of 1973,

The lack of Comgressional action upon the recommendacions of fered
by tha Secratary of the Interior in 1973 began to concern the conserva-
tion and envirommentally oriented groups which had supplied the recomm-
endations to the Secretary. As & resule, several of these groups formad
an umbrells group called the Alaska Coalition in April of 1976, The
goals of the Alaska Comlition were initially the protection of wildernmass,
wildlife habitat and cthe subsistence lifescyle (Macz, pers. coem.). The
operacional plan of che Coaliclonm was to wrice o bill decailing land
classifications consistent with thelr views gnd have it submicted im
Congress by a sympathetic legislator.

George Matz, an executive board wmember, said that the Coalition in-
itially viewed the entlre National Interest Lands question as one in
which all user groups would co-operate to achieve mutual goals. That is,
the Coalitlon envisioned that subsistence users, recreatlonal hunters,
and nonconsumptive wilderness users would work together for habitat pre=-
servation, a goal the Coalition construed to be In the best interests
of all concerned, MHatz has indicated (pers, comm,) that the Coalitiom
approached all three groups for recoomendations, The subsistence users,
rural Alaskans most of which are Native, were very co-operative because
they saw in this legislation a final opportunity to gain legal recogni-
tion of their subsistence lifestyle. Also, the legislation appears to
be a méans of gaining exclusive unregulated use of publicly-owned fish
and game resources, Thisa perception probably resulted from their ex-
perience with the Marine Mammal Protection Act undeér which the Federal
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government preempted concrol of marine mammal management from the State
of Alaska which had enfeorced a conservative set of regulations, Under
Federal control MNatives were allowed excloatee and wvirtually unregulated
use of marine mammals,

Another group, the nonconmumptive users (particularly the Park
Service), eagerly co-operated with the Alaska Coalitfon. They provided
data with which to justify the inclusion of much Alaska land within che
National Park System.

According to Mr. Macz, the third user group, recreational or sport
hunters, was contacted. Local sportsmen’s elubs were invited to parci-
clpate, but the response was negative. GCenerally, sportsmen viewed the
Alagkas Coalltlion as a group opposed co recreational hunting. This im-
pression probably resulted from the partciclpatien of several members of
the Alaska Coaglition In varlous lawsults related te wolf control pro-
grams by the Alaska Department of Fish and Come and their suppert for
the Marine Mammal Protection Act. These activities were viewed by sports-
men a5 attempts to preempt or interfere with State management of resi-
dent wildlife species, Mr, Matz has stated this inference ls contrary
to the overall geoals of the Alaska Coalition which favors State manage-
ment of resident species {f it acceptably meets the Coalition's goals.

Sportemen, unlike the others providing input for the purposes of
wreiting the land classification bill, did not see that they had any-
thing to gain from the association. On the contrary, it appeared they
had a good deal to lose. First, they viewed the Alaska Coalition as
an anci-hunting group; secondly, they aeemed unaware that despite al-
most 20 years of "traditiomal" use of the Federally-owmed lande, thess
lands were the Federal government's to do with as ir wished, Apparent-
ly, sportsmen balieved that because they live in Alaska snd have a
history of uasing tha land in question, their views should carry more
weight than those of envirommentalists, most of vhom reside in the con-
terminous 48 states.

PFartly because of the rejection of their initial invitation o hun=-
ters to participate and partly because of the anti-sport huncing bias
of many of the members of the Alaska Coalition, the Coalition made no
effort to include the needs of the racreational hunters in drafring
ite bill (HR 3%}, the Alaska Kational Imterest Lande Conservation Act,
Algo, It should be understood that the Alaska Coalition favered the Park
Service among the "Four Systems" becavse it had the most protective
policy of land management, l.e. no hunting and no econcmic development,
The Coalition did not view the State of Alaska as a good steward of
wildlife habitat because of the developmental stance often endorsed by
the State, The Federal Refuge system was the second choice because,
evén though it allows recreational hunting, it exists for the protection
of wildlife hablitat, Theée Forest Service was third and last cholce be=
cause of its "unacceptable envirommental record” in timber sales. Con-
sequently, the Hational Park Service, becauvse of {tes co-operationm with
the Alaska Coalition,; its long-standing efforts to ncquite more Alaska
land, and the fact that it has the most restrictive policy on develop-
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ment and hunting, wos nominated as the major reciplent of lands when
the Alagka Coalltion wrote the Alaska National Interest Lands Congerva-
tion Act, This bill was subsequently intreduced in the Houge of Repre=-
sentatives by Senator Morris Udall of Arizona and titled House Resolu-
tion 39, This bill is currently being debated in committee, and may be
changed somewhat, but It seems certain that many of the recommendations
of the Alaska Coalition are going to become law,

The influence of the National Park Service in the authorship of
thiz bill is particularly important to Dall sheep and their management
in Alaska. Because of the attractiveness of wountaing to the Park Ser-
vice, as well azx for Dall Sheep, the Park Service may eventually con-
trol about 15 per eént of Alaska's land and more then half of Alaska's
Dall shesp, In view of the National Park Service's policy and philosa-
phy regarding hunting, and the "{nstmnt wilderness" deslgnations in HR
39, it appears that sore than half of Alaska's Dall sheegp will become
unavailable to hunters vhen the legislacion is passed. The purpose of
this paper is to detail traditional use pacterns by Dall sheesp hunters
and to predict the impact of the impending land classification changes
on DPall sheep hunting, management and ressarch in Alaska. Future man-
apement options will alss be discusaed,

MATERIALS AND METHODS

Saveral asmmptions are necessary in predicting the affect of
the changas in land classifications, They ara listed balow:

l. The final boundaries for propomed additions to the Marional
Fark Service and Federal Refuge System will be drawvn as a compromise be-
twaun the Udall bill (HE 39) and tha position taken by Alsska Governor
Jay Hammond ,Senator Ted Stevens, and Congressman Don Young, T have
arbicrarily assigned such boundaries for purposes of this paper., An
unanswered gquescion is whecther chere will be an appreciable sheep har=
vest In the Wrangells-Saint Elias National Park/Preserve. Preserves are
open to recreational hunting and mineral exploration, For purposes of
gimplicity I have assumed there will not be a significant opportunity to
hunt Dall sheep in this ares. This assumption follows the boundary
lines of the original House Resolution. A committee substitice offered
in Janwary 1978 would greatly ameliorate the reductions expected, It is
currently impossible to predict the cutcome with sny cectainty., Hurphy
and Dean (1978) deal with these possiblilities.

2, Lands entering the Federal Wildlife Refuge Syatem will com-
Einue to be opén to hunting as théy have been in the past.

3; Hunting will not be allowed in National Parks and Monuments
but will be allowed in Preserves.

4. Wilderness area management will continue to allow traditional
motorized access.

5. Hunter composition by residency, distribution and intensity for
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the yvear 1976 was typlcal of traditional Dall sheep hunter patterns,
There has been a small year-to-year variation in hunting pressure smong
mountaln ranges and habitats, but 1976, being the most recent year for
which reliable data are available, will be wveed, There iz little chance
that significant changes will result oven if this assumption is not
COrTecl.

Levels of harvest, hunter use and the cost in dollars were deter-
mined by tabulatiom of information furnished on hunter report cards re-
quired by the Alaska Department of Fish and Game. In 1976, there were
497 non=resident sheep hunters in Alaska, The cost of a non-residént
license was 560 and a Dall sheep tag was 5250, This produced a license
and tag sale of 5154,000 which, when matched by Federal funds under terms
of the Pittman-Robertson Act, provided the Department of Fish and Game
5616,000 for management purposes in Alaska: A non-resident Dall sheep
hunter usually spends about $250 per day hunting, and most guides book
10-day hunts. Hence, non-resident sheep huntera pay approximately
1,250,000 per vear to guides for humting sheep:. In 1976, there were
2,667 resident sheep hunters who averaged 5 davs per hunt. A conserva-
tive estimate of the cost of Tesident sheep hunting is $60 per day;
therefore, residents spent about $800,000 on sheep hunting., Of course,
each of these residents purchased a 512 licensze for a total licenze
sale of $32,000, making possible on additional §$128,000 of Pittman-
Robertson money to be spent in Alaska, Also, Alaska Department of Fish
and Game estimates of the number of sheep precessed into trophy mounts
in Alaska is about 500 rams per year, AL a price of 5300 per head this
comes to another $130,000 generated by recrecational hunting of Dall
ghoep each vear., Adding these figures gives the following:

Hon-resldent license and tag fees plus potemtial

matching Picoman-Robertson funds - % 616,000
Regident license fees plus potencial P.R. funds = 128,000
Money pald to guides by non-resident clients = 1,250,000
Money spent by resident Alaskans hunting sheep = 800,000
Money spent on taxidermy of sheep in Alaska = 150,000
Total money spent in Alaska on Dall sheep hunting = 52,934,000

Dall sheep hunting in Alaska is a 33,000,000 per year industrv,

RESULTE

Table 1 shows the éatimared sheép population (Helmer and Bmith,
1975) ; normal harvest, and hunter wse in esch of the proposed additions
to National Parks, Monuments, Preservies, National Wildlife Refuges and
Ecological Preserves.

This table also gives the absolute mapnitude and relative percent-
agee of the normal Alaskawide harvest for esach area, 1If NHatiomal In-
terest Lands withdrawal ond classification ccecur as anticipated, the re-
dueetion in harveees of Dall roms in Alaska will Be 450 to 500 snimals and
the mumboar of displaced hunters will be sbout 1000, This tramslates to
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Table 1.

Harvest Hunters X Statewide X Statewide Sheep population
Location (1976) (1976) harvest hunters (estimated)
Wrangell-
St. Elias Park 322 954 29 23 12,000
McEinley Park
extension &0 i) i 2 1,000
Lake Clark Park 30 63 k| 2 1,000
Noatak Ecological
Pressrve 38 L2t & 2 1,000
Gates of the
Aretie Park 52 110 5 3 3,000
Total expected
reducrions L4832 1055 45 32 18,000
Aretic Natiomal
Wildlife Range 79 118 7 & B, DDO

haz-



about L0 per cent decrease in harvese and a disruption of about one-
third of the hunter effort. Table 1 also shows that approximately
18,000 of Alaska's estimated 40,000 (Heimer and Smith, 1975) sheep will
be unavailable to sheep huntérs,

DISCUSSION

It is apparent that there will be a drastic reduction in bhuntcing
opportunity for Dall sheep in Alaska when the withdrawal of lands slated
for nonconsumptive management is complated. The sffects may be a re-
duction in hunter effort, an increase inm hunter pressure on remaining
habitat;, or a combination of the two., It is impossible to predict what
gort of pix might oceur so I shall discuss each situation Individually.

ereas er affore: If, as showm in Table 1, there is a decrease
of one-third in hunting resulting from reclassificacion of sheep habitac
into National Parks, a loss of revenue to the State of Alaska from shoep
hunting will oceur. If the approximately 1000 displaced shoep hunters
do mot hunt and do not purchase licenses and tage, a proportionate re-
duction in the smount of momey spent on sheep hunting would oeeur. This
might be as high as 33 per cent or an annual lose to the Alaskan sconomy
of about 31,000,000 excluding commercial air fare,

If the possible maximum reduction Iin huncing opportunicy discussed
above should occur other losses would follow. Typically, the residenc-
non=resident composition of the 1000 displaced hunters would be 300
non=residents and 700 residents, A loss of 300 pon-resident hunters
would result in a loss of 393,000 annually to the Fish and Game License
Fund, Because of the methods of allocating Pittman-Robertson wmonles [or
fish and wildlife restoration there swould not be an immediate decreases
in operating funds for the Alaska Department of Fish and Game, However,
withdrawal of wast acreages from hunting will eventually limit the oppor=
tunity to participate in hunting aoc that the long-term effects are cer-
tain o be an erosion of the funding base for fish and wildlife restora-
tlon funding,

Sustaiped hunter effore: If hunter effort remains the same as iE

has for the last several years, another set of circumstances could arise,
Alaska has been totally "discovered" by Dall ram hunters, That is,

there are no longer any large unexploited areas which can absorb in-
creaged hunter pressure. This means that the 1000 displaced sheep hun-
ters have no place to go that is not already hunted. Several arcas

have had low hunter pressure in the recent past, but these are included
in the proposed withdrawals. With harvest already approaching or exceod -
ing the annual increment of legal rams in many areas and the porsibilicy
of an approximate "increase” of 32 per cent which will have to be abksor-
bed; something will have to be dope to preserve the desirable human as-
pecty of sheep hunting.

Presumably the blologlcal aspects are belng protected by harvest-
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ing only mature males. The only way to preserve the desirable human ex-
perience in sheep hunting will be to limit participation. This will
probably take the form of more active and restrictive management prac-
ctices,

It has been the experience of the Alaska Department of Fish and
Came that sttempts to limit hunter parciclpation by any mecans other than
permits have been notable fallures., Consequently, the most productive
approach will be to Increase the number of special permit hunts offered,
thereby reducing the mumber of people Involved, The Alaska Dall sheep
management plans (Alaska Department of Fish and Gmme, 1977) partially
address this problem. These plons identlfy three different management
goals, Flrst; in areas having high-quallty sheep populatlions which will
gtill be available for hunting, very restrictive management is antici-
pated, In these areas the Department of Fish and Gagom is seeking Eo
provide high-quality hunting experiences for trophy rams, BSuch areas
will have a limited harvest and limited hunter participation with only
large, old animals, usually full curl rams, defined as legal.

The management plans call for btwe such management areas having
very high-quality populations of Dall sheép, One area, the Tok Manage-
ment Area, is already under this avstem of management and has proven
highly acceptable to the publiec, The othér ares, the southeast corner
of the Wrangell Mountains, Ia unique smong Dall sheep ranges, having by
far the higheser quality populations In Alaska (Heimer and Smith, 1975).
This area, from the Nizina River to the Canadisn border morth of the
Chitina Biver,; is currently scheduled For Inclusien in the Wrangells-
Saint Elias National Park. Because of the extremely restrictive type
of Dall sheep management planned here [a4 maximum harvest of 30 Full
curl rams per yvear caken by uaprn:ﬂnn:aly 60 hunters - a méan maximum
denaity of 1 humeer per 20 mi* - all of vhich would have o reach the
area by aireraft) the biology of Dall sheep populations managed under
this schemo would be indistinguishable from that of fully protected
sheep within the Park; and the impact of Dall shaep hunters would be
undetectable. Allowing sheep hunting in thiz section of the Park or
Including it in the Preserve with wildernoss designetion would allow
limiced numbers of Dall sheep hunters a unigque experience inm this area
and the cost ©o the goals of the Alaska Coalition would be nothing except
to gain the good will of sportsmen chroughout the world. Of course,
the smme argument could be made for any area where rescricclive manage=
ment is enforced. Attention Is directed to this area because of ics
ability to produce the largest - hormed Dall rams in the world, the very
restrictive management planned, and the scarclity of other bilg game
species in the area.

The second management goal is that of providing for hunting under
mesthetically pleasing conditions, Thiz means that a limited mumber of
hunters would be allowed to participate, but the number would be great-
er than in the gcheme described above. Generally, legal rams would be
defined at a lesser slze than Iin the trophy management areas and harvest
levels would approach ammual increments of rams into legal age classes,
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The third management goal described in the long-range plans is
that of maximm opportunity to hunt. OGenerally areas whoare this goal
will be in force are considered "sacrifice" areas vhere anyone may
hunt for legal rams of designated minimm size, There would be no
limit on human participation, and the virtue of these areas, if anvy,
would be that anvone who desires to hunt shesp will always have the
opportunity even under less than ideal conditions, We currently en-
viglon little in the way of transportation restrictions or limitations
on means as long as they are traditional, These areas generally should
contaln high density, low=quality populations, and the possiblility of
either sexz hunting may be considered,

It is unlikely that hunter pressure will remain constant, or a
decréase corréesponding exactly to that of the decrease in avallable
gheep habitat will oeccur éxclusively, Should s combination of these
occur, the problems of Dall sheep management in Alaska will be com-
pounded. Tn all likelihood theéere will be someé déecredse inm hunter
effort (with the attendant decrease in funding) as well as increasing
pressure requiring increasingly active shesp management programs which
will be underfunded. In short, the Alaska Deparement of Fish and
Game will have more responsibilicy and less momay.

An additiomal irony imvelved {m tha Alaska Nariomal Interest
Landa Act will be that the taking of Dall sheep allowed on the lands
achadulad for inclusion in the in the Natiomal Park System will be only
that allowed for subsistence. This is ironie because Dall sheep have
never baon able to sustain the intenega level of harvest required for
subgistence. Campbell (1974) argued that aboriginal subsistence use
of Dall sheep resulced in thelr near extinction throughout the Brooks
Range in the late 19cth and early 20ch centurles, Certainly, commer-
cial markec huncing has resulced in deplecion of Dall shoep in the
past, &nd recent accounts of diminishing Dall sheep populations in
the wesrern Brooks Eange correlate closely with Intense local use of
Dall sheap in & subsistence lifestyle,

It may be argued that because Dall sheep are consumed as food they
are used for subsistence; if this argument is valid all Pall sheep
taken by sport hunters aré by definition taken for subsistence,

The most common justification of present day “subsistence” Dall
aheep use {a that it is necessary for maintenance of the culture of the
villagers of Kaktovik en Barter Island on Alaska's north coast, These
villagers wsually take large numbeérs of Dall sheep in late winter from
the Arctic Natlonal Wildlife Range. These sheep are not required as
food, but the hunt 1s a4 pleasant lace winter diversion. This appears
to be as much a matter of recreation as survival. Because Dall sheep
are incapable of contributing significantly to human susteénance over
the leng haul, I think that their taking by rural Alaskans has always
been a recreational venture as well as one of protein and skin acquisi-
tion., Consequemtly, I think it iromic that efforts te protect the sub-
sistence lifestyle have clossified an animal which has been "sport hun-
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ted" throughout histery as a component reserved for present day “subsis-
tence." Trophy management as degeribed earlier would certalnly have
legs impact om Dall sheep populations in the proposed Natlonal Parks

than subsistence hunting.

Mr, Matz, in making the point that the Alaska Coalition is not
anti=-hunting, pointed to the Coalition's recognition of subsistence
hunting in the proposed Hational Parks, Thig will require a substan-
tial change in management philosophy on the part of the Hational Park
Service in the nsme of "subsistence” which will ba far more detrimental
to Dall sheep than closely regulated recreational hunting, The guestion
of why the National Park Service ia willing to accept “subsistence"
hunting which w01l have a far greater impact on the wildlife within the
Hational Parks wet is unwilling to acceépt recreational hunting which
can be regulated to have no effects remains to be ansvered.
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FORAGE FRODUCTION AND UTILIZATION OF A DALL SHEEP
WINTER RANCE, SOUTEWEST YUKON TERRITORY

Howfs, M.* and V.C, Brink**

ABSTRACT

Estimates of net primary productivicy, amount of winter carcy-over,
and utilization rates are presented for "Sheep Mountain", a well-known
ball Sheep winter range in Kluane Hatlonal Park, southwest Yukon Terri-
tory. Forage production is shovn to be dependent on preciplration durlng
the growing season, rather than on favourable temperatures. Scil mols-
ture defliciencies determined cthe end of the growing season Lo all plots,
except chose established at alpline elevations. Forage producclon in the
elght exclosure plots varled from &41.0g te 120.lg oven dry weight per
square meter and witllization rates by sheep varled Lrom 0.0% co 48.4%.
Data based on 3 yvears observation Indicate that the number of lambe
born as well as che number of lambe surviving to yearling age are positi-
vely correlated with forage production on winter range. The adverse
effects on range and sheep of recently introduced feral horses 1s commsen-
ted on.

IRTRODUCTLON

The net productivity data and sheep utilization rates presented in
this paper are portions of a larger investigation on Dall Sheep and their
habitat, most of which iz contained in & Ph.D. dissertation (Hoefa, 1975).

The study area is "Sheep Mounrain", located near the center of the
newly eatabhlished Elwane National Park, scuthwestern Yukon Territory
(Figure 1 & 2). For a long time this mountain has beesn known to support
a high density of Dall Sheep during winter, and the unafficial name
"Sheep Mountain" was given to it for that reason. During the period of
our intensive reasarch 1969 to 1973, the adult population of sheep re—
mained fairly stable ac about 200 during winter on this 23.6 square km
area, of which less than 16.5 square lkm are actually sheep habitat. This
antire project was meant to document soma of the factors responaible for
axplaining this high carrying capacity in a sub-arctic locatiom. Infor-
mation on vegetative cover, climate and population dynamies of sheep are
contained in Hoefs (1975) and Hoafs et al. (1973).

This paper deals specifically with cthe net productivicy of this
wincer range and the wrilizacion races by sheep. It documents chat chis
range ls occupied at carryving capacity lewvel, using accepted standards,
that sheep adjust to fluctuations in forage production from one year Lo
the next = which are mest likely correlated to rainfall during the grow=
ing season = by varying their lamb crops and by suffering heavier lamb
mortalities during winters of food shortage. Lastly, it explains the
importance of competition of feral horses and predicts a decline In the
sheep population if grazing by horses continues.

# Yukon Game Branch, P.0. Box 2703, Whitehorse, Yukon Territory.
®E [Department of Plant Science, Universaity of British Columbia, Van-
couwver, B.C.
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METHODS AND MATERIAL
Eight exclosures were established on Sheep Mountain, Kluane Ration-
al Park, Yukon Territory, at variocus altitudes and aspects of its
large southeast facing alepe. These exclosures were established on
dry grassland sites, which were known to be important wincer ranges
of a Dall Sheep population of approximately 200 adults.

Each exclosure was about 15 meters by 15 meters In size, Beside
it was established an equally large "check plot” with comparable vege-
tation covar., Thoe exclosure was protected from grazing by shesp through
a 6-foot high, T-strand barbwire fence. The check plot was open to

grazing.

The overall vegetation cover was determiped through synecological
methods of the Zurich-Montpelllier school (Braun Blanquet, 1951), and
after aight appropriate sices of sufficient size had been located, de-
talled follpge cover was determined by dividing a one méeLér sSquAre
frame into 100 quadrats to compute follage cover to the neavest 17,
This wooden frame wag moved 1.2 meters at the time along the contour
for 10 "replicates” and subsequently dewnhill for 10 "blocks" by 1.3
peters at a time, Each eéexclosure theréefore contained 100 one meter
square gquadrats separated from each other by .2 and .3 meters respect-
ively to avoid "border effects” and to leave room for walking. Each
quadrat was marked with wooden stakes.

The same analytical method was used for the accompanying plot
"outgide" the exclosures. The exclosures were established during the
summer of 1969 and net productivity was estimred 5 times subsequently
to determine forage production, winter carry-over, and utilization
rates of sheep on the following dates: a) during tha last weak of
August or the firsc week of September im 1969, 1970 and 1971, to deter-
mine net productivity during those scasonms and b) during the last week
of April of 1970 and 1971, to determine winter carry-over from cthe pre-
vious seasom, At each harvesting date, 10 replicate guadrats were
clipped to about one-half inch abeve ground level according te a "ram-
domized block" design, This meant that it was predetermined that ea-n
of the 10 quadrats would fall into a different herlzontal row, but
within the rows the selection was random.

At each clipping date both plots of cthe pair (cthe exclosure and
tha open ploc) were harvested. The forage wos temporarily stored in
paper bage and subsequently oven-dried to constant weight at 105'¢c.
The utilizacion rate by sheep (minimem rate) was determined by calcu-
lacing the differences between winter carry=-over inside the exclosores
and the open check plots, Prior to the harvest of September, 1970,
and September, 1971, old vegetatiom matter inside the exclosures wvas
removed,

In addition to floristic composition and foliage coverage, some
physical parmmeters were determined for cach plot. These were ;
altitude, aspect, slope, some characteristics of the soil as well as
temperature and precipitation during the growing season.
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Flgunrs 2@

Oblique aerial photograph of study area. Sheep Mountain,

in centre of picture, is surrounded by areas of low relief,
giving it high exposure to sunshine and wind. The locations
where grazing plots were established are indicated by mumbers.
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Since these aronal soils have no profile development a composite
goil ssmple was taken from four locations around amch plot asccording
to soil depths as follows: 0 - 20 em, 21 = &0 em, and 41 = 60 cm.
Some physical and chemical analyses were done of these smmples in the
Department of Soil Science, Univeraity of British Columbia, according
to standard procedures.

Each pair of plots was equipped with a themmograph (Cassela Inst.
Lrd., London, England) and maximum und minimum thermometers set up In
Stevenson screens according te D.0.T. regulations, as well as with two
standard rain gaugas. These instruments were maintaoined only during
the 1970 and 1971 growing seasons and they were checked at weekly Lln-
tarvals.

RESULTS
a) Exclosuras plots:

Even though it woes intended to establish three plots each in the
boraal, sub-alpine and alpine vegetatlon zones on sites with south=-
eastern, southorn, and southwestcern aspects, such a systematic experi-
mont was not possible for lack of suitable sites.

To be able to accommodate the exclosure and the test plot a site
had to be at least 15 meters by 30 meters in size, and it had to be
uniform in vegetative cover, aspect and slope, and could not contain
large boulders, windfalls, and ground squirrel colonies. These res-
trictions considerably limited the mmsber of potential sites,

Only 8 plots were established in the locations indiceted on Figure
2, This photograph also gives a good impression of the physiography
and general sefting of the study arcas on Sheéep MHountain.

Table 1 liscs some physical characteristics of these plots and
summarizes their vegetacion covers. AlLL plocs were eatablished on ex-
poscd, windblown ridges, which are largely snow-free in winter and
provide the bulk of the winter forage for the sgheep population., Only
two af the ploes (#7, #8) were located at alpine elevations, and twe
others (#4, #5) were astablished at the transition zons between the
boreal and subalpine vegetation zope. The remaining cnes (#1, #2, #3,
06Y woere located at fairly low elevation in the boreal zones (Figure 2).

The species composlition is glmllar In all plets,; but chere lo a
change in dominonts as well as in total vascular vegetation cover with
alcitude which gave rige to the grouping of the vegetation in these
plots Inte three different plant associations., With the exception of
Linum perepne all of the gbundant vascular plants in these plots are
known to be eaten by sheep (Hoefs, 1975), On the other hand, Inten=-
tional feeding on the fevw mosses and crustose lichens of the plots has
not been observad,

With the excepticon of pleot #2, all are characterized by a high

percentage of bare soll, 1In plor #2, most of the bare sofl is stablili-
zed by an almost continuwcsus cover of crustose lichena. These lichens
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are very fragile and britctle, particularly during dry conditions, and
are eagily destroyod by tramping. This is the reason why they ocour
only as remnant cover values im all the ather plots which me heavily
used by sheep. FPlot #2 was not used by sheep, most likely because of
lack of sscape terrain nearhy.

b) Weather and Climate:

In spite of its short distance of only eighty miles from the
Pacifiec Ocean, the climate of the Kluane ares is definitely continen-
tal, The St. Elias Houmtains and tha Comst Mountaine serve as an affac-
tive barrier against the penetration of moist, warm air from the Paciflc.
Winters are ¢old and clear, while summaers ara pleasant, but sghort. The
grea lies im rhe rain shadow of the S5t. Eliss Mauntains and it hae boen
classified as approaching semi-arid (Taylor-Barge, 1969; Kendrew and
Kerr, 1955 }. The mean annual temperature is around -4 C and the toctal
annual precipitation varles between 18 and 25 em. Characceriscic for
this latitude are the long summer davs and long winter nights. Most
pracipitation falls during che summer months. GSnow depths in wincer

ara one foot to two feet and drifting is prevalent. In winter the pre=
clpitation results from elr movements across the 5t., Elias Mountains
from the Gulf of Alaska. Summer rain storms, usually generated in in-
terior Alaska or continental Canada, tend to track westward or south-
castward and spend thelr moisture against the easterm flapk of the 5t.
Elias Mountains (Nellsom, 1972). For this reasom, exclosures establish-
ed on the sast side of the mountain (f1, &G, #7) get significancly
more rain during the growing season than those established on the west
side (#3, &6, #8),

Local modifications of this regional climate include temperature
moderations because of the proximity of Kluané Laka, a high degree of
direct insclation becawse of the areas of low relief surrounding Sheep
Hountain, and exposure to strong west winds which often carry with
them large smounts of airborn silt (loecss) and have greatly affected
the snils in the area (Hoefs et al., 1975).

Temperature and precipitation data measured during the 1970 and
1971 growing sesason in each of the eight exclosure plots are susmarized
in Table 2. This table gives the maximum, minimwm and mean tempera-
tures pear plot per month, as wall as the total precipitation values
are also given for the entire season and for all pleots per momth.

Az is obvious from the temperature data in both vears, the expec-
ad negative correlacion of cemperature and alcitude is not apparent
excopt for the twe alploe stetions (#7, #8), which have significantly
lower temperatures than the other stations, Of the remaining stations
#3 and #5 have generally higher temperatures, in spite of the fact
that they are located at greater altitudes than for instance #1 and
#1. This can be l:-;l:p'l.;-lnud h-:.l' thée fact that ﬂ!t:" were locabtéed om
large, open areas with southérn exposure, while atarions #1, #2, #4,
are subject to shading for & considerable portion of a day, because of
aspect , lacal rterrain type and proximity to forest scands.

- 93 =



Temperatures (C°) and precipitation (cm)

Table 2:
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As is expected for a continemtal location, only statioms in the
boreal zone reach mean monthly temperacures of around 10°C during June,
July and August., Maximum temperatures were generally between 20°C and
25°C and only reached 27°C once (#¢ in August, 1971). Most stations
are exposed to freezing nighttime temperatures during May, vhile the
alpine stations can expect frost during any month. Also obvlous is
the fact that the cemperatures throughout August were favourable for
growth, in splce of the [act that many specles have termipnated thelr
growing season before that time (Hoefs, 19753). FPrecipitation amounts
appreached 10 om on the average but considerable differences woare oh-
served between the plots, Referonce has already been made to the fact
that those statlons located at the esastern flank of the mountain (#1,
85, 87) received in both years more rain than those located at the
west slde (43, 66, 0B) because of the local weather patterns. Plots
82 apd #5 are in an intermediate position in both respects,

The exclosure plots, except for #7, #8,derive their soil moistura
almost entirely from rainfall durlng theé growing season since they are
located on exposed, dry ridges where wind removes the snow cover and
where there is very little sub-surface seepage from above. IE Ls,
therefore, not surprising that there iz & good correlation bebween
bicmass productlon and précipitation during the growing séason nob only
between the different plocs, but also on the same plot in difFerent
vears with different rainfall.

The weather data for these two seasons show some distinet d1f-
ferences which appear to have affected the length of cthe growing season
and the forage production.

While the toral precipitation smounts are enly slightly less in
1971 with 9.55 em, compared to 9.96 em in 1970, the distribution pac-
tern was quite different. In May, 1970, the total rainfall averaged
3.18 = and the temperature was very mild with a maan value of 5.8°C.
In contrast, May, 1971, received emly 0.10 em precipitation and the
mean temperature was fairly cool with 2.2°C. Investigation by the
writer indicate (Hoefs, 1975), that almost 50% of the growth in the
boreal zomé takes place durlng May in an average year., The above-min-
tioncd differences resulted In the growing seasom of 1971 being delaved
by 10 to 14 dave In a phenological sense compared to 1970 and revealed
themselves in a decreased blomass production. This difference could
not be compensated for by wore favourable conditioms during Auvgust,
1971, compared to 1970 (1971; Eemp. 11.0, C, ppts 4.1 cm; 1970: temp.
8.9 C, ppt. 0.9% em). The growing scason is essentially terminated
in the early part of August in most apeécies, particuolarly at higher
elévations, and Tavourable weather conditions at that time pgp only
affect seed production and carbohydrate astorage in the subsurface or=
gans of plants.

e) Soils:

Mo sofil survey has been done in the study area. Day (1962) did
a reconnaissance in the Takhini and Dezadeash valleys, some 40 and
more miles southeast of Sheep Mountain., Day (1962) states that because
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of the youth af the soil material and the dry, cool climate, most soil
profiles are weakly devaloped, This applies even mora to the atudy
area whore continuous loess deposition does mot allow leaching ond pro-
file development. The solls can therefore be described as juvenile
mnd azonal and they would be classifled as Regosola.

Our study was not Incended to be a decall soll reconnalssaonce;
the composice samples caken were primarily meant to decect gross Jif-
ferences between plots, which could explain differences in vegetation
cover and forage production. Such differences were not observed. All
soils are lommy In texture and are characterized by lack of proflle
developmenc. The pH is alkaline; the organic carbon content is very
low and the calelum content Is very high., Some differences exist be=-
cween che goils of the boreal zone as compared to che alpine zone.
The thickness of loess depositionm Is Influenced by exposure to wind
and alcitude, Areas at low elevatione facing the prevailing winde from
the west may be covered by two to thres feet of loess, With Increasing
altitude this lomss layer decreases in thickness and the smount of
coarse matter (mainly colluvial in nature) incorporated into the loess
increases. This la very obvious in sub-alpine elevations (plots #4
and #5). Alpine soila (for instance plota #7 and #8) developed pri-
marily from bedrock weathered in place or from thin drift deposits.
But even at this altitude windblowm material is being deposited and in-
corporated into the soils during strong dust atorms.

d) Forage production and wutilization:
Production is here limited to the "above-ground" pertiom of plants.

Table 3 lists the production; expressed as grams oven-dry weighe per
square meter, for the thres seasons (1969, 1970, 1971) and the winter
carry-over after the 1969/70 and 1970/71 winters. As is obvious from
Table 3 the production figures in 1969 from the exclosures and their
check plots are comparable, while considerable differences were found
between some of the plots. An error was introduced by the low pro-
duction figure of 38.4 grfn for plet #Ba in 1971, A band of shoep
had returned to the winter range unexpectedly varly and removed some
forage before it was clipped. Since soil and temperature data in all
but the alpine stations are very similar, it appears that rainfall
during the growing scason is an lmportant factor In determining forage
production. Prots with the highest rainfall (&4, #5) alsc had the
highest production; while the plet with the least precipitation had
the least productiom. That this agsumptlon may be gorrect ls borme
out of the fact that all plots but ome (#5) had a higher production in
1970 when the rainfall was higher and better distributed than in 1971
when total precipitation was less and concentrated toward the end of
the growing season, No climatic data were collected in 1969, but
nearby weather stations recorded "an average season", very similar to

that in 1971,

These assumptions do not appear to apply to the alpine stations
(plots #7, #8), Thelr growing season is considerably shorter, and
moisture deficiency does not seem to be a limiting factor. Lower bemp-
eratures and higher humidity will result in a lower évaporation rate
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over the growing season, and the termination of growth is determined
by frost in late summer, not by soil moiature deficioncy as appoare to
be the caseé for the scations in the baresal =zone.

0f importance to the sheap is the fact that the forage production
from one year to the next may vary considerably. It is of Interest co
note that in locationa that are heavily used by sheep (plots #3, #4,
#i5, #6, #7) the forage production increased after protection from gra=-
ging. This would indieate that the grazing pressure in those sites is
so severe that the vegetation can not produce at capacity lewvel,

The amount of winter carry-over left in the plots in late April
just prisr to the initiatien of the new growing season varies greatly
batween plors. An important factor In this connection is the sevarlty
of ground mquirrel activity in che area and exposure to the abrasive
effects of wind. In low "protected” plots (for instance #2) B0 to 90%
of the forage present in early September may still be there in late
April. Om the other extreme, plot #7 is exposed to great wind speeds
and has conelderoble groumd squirrel activity, Here, only 25 to &0%
of the Seprember standing crop is left by May next year.

The amount of forage taken by sheep as computed by the differences
in winter carry=-over of open and enclosed plots will be a minimum value,
gince some of the grazing takes place throughout the winter, and some
of the forage lost for instance by wind action inside the enclosures,
is used by sheep before it ix lost on the check plots outside. However,
most of the over-winter loss will be caused by ground squirrels which
are very abundant on the grassy slopes of Sheep Mountain, and their
grazring takes place in September and early October before they go in-
to hibernation and before most sheep return to the winter range.

These minimum remowval rates by sheep vary between sites. During
the study period no use was made of exclosure site #2, while #3 and
#5 received the greatest pressure with 40 te 50%.inm 1969/70 and 30 to
L&0% in 1970/71, vhen considerably more forage wae available, The per-
centages given for shaep grazing do not take into consideration the
grazing by horses, since these were prevented from entering certain
areas by special horse fences.

DISCUSSION AND COMCLUSION
a) Range Productivity:

The dependence of forage production on available molsture In arid
and semi-arld rangeland has been well documented (Blaisdell; 1958;
Campbell and Rich, 1961; Craddock and Forsling, 1938; Dahl,; 1353; Harper,
1969; Hutchlnson and Stewart, 1938; Rogle and Hass, 1947). While our
data cover too short a period to be conclusive, it is reasonable to
assume that this relationship also applies here,

As was mentioned, a good correlation was found in all plots except
the alpine ones between the forage production and the moisture during
the growing season, and all but oné plot had & higher production In
1970 when the moisture conditions were more favourable, There is no



doubt that available moisture is very much influenced by physical
charactariastica of the smoile, which were not datermined in our investi-
gation. However, aince all the soils in tha boreal =zone are developod
from lossa deposita, it is roasonable to assume that moisture-holding
capacity will be comparable under the differemt plots, and therefore
the depandence of forage production on rainfall will still apply.

Experimonts by the writer on plant phenological phenomena also
pupport this assumpclon (Hoefs, 1975). It was found that growth of
important Dall Sheep forage plante (Cavex [ilifolia, Agropvron vukon=-
ense, Calamagrostis purpurascens, Artemisia frigida and Oxytropis vis-
cida) cerminated before the end of July In spite of the fact that
temperatures ot Chat elevaclon were still favourable for growch for
another 4% to 6 weeks after and that shallow=rooted plants (Lor Inscance
Capex fllifolig) dried up much earlier than species with deep tap roots

(Artemipla frigida, Oxvtropls viscida).
b) Range uge and condition:

That the production and utilization values as determined from ex-
clopure plots are fairly relliable is revealed by the following compu=-
tations which take into consideration the size of this winter range,
its forsge production and the obsearved grazing pressure by sheep (Howfs,
1975).

From range studies in the area we know that during 1970/71 the
averageée numbeér of sheéep on Che mountain per day over the annual cycle
was 93,2, We also know that during that year the dey grassland assoclia=
tioms, which are represented inm the exclosure plots, provided 54.5% of
the grazing sites. The ctocal acreage of these grassland sites amounts
to 900 acres.

Cempucations using weighted meana for forage production (rhese
take into account mot only the production of a plot but also the total
acreage of the plant association it representa) reveal the following
total production figures for this winter range: 1969%: 495,000 lbs.;
1970: 603,000 1be.; and 1971: 446,000 lbs. It has to be caken into
account that this computation of total forage produced for the 900
acres, uwsing thac of the 8 exclosures as the base line is "optimiacic",
since the exclosures were egtablished In Ideal sictes, where no large
boulders, windfalls, and excessive ground squirrel accivity Interfered
with the sampling. It is difficult to estimate bow great an errog
was introduced here, but an over-sstimation of forage productiom by 5
ta 10% appears reascnable,

In 1970/71, 35,018 sheép davs (365 days x 93,2 sheep/day) accoun=
ted for the total grazing pressure, OF these, 54,5% or 18,540 sheep
daye were spent on the dey grasaland associations under consideracion
here.

Palmer (1944) who did considerable work on captive Dall Sheep in

Alaska determined the average required forage need for these sheep to
be about & lbs dry weight per day. The 18,540 sheep days spent on
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these grasslands im 1970/71 therefore resulced im che removal of 111,
240 1be, (18,540 sheep daye x & lbe, per sheop day) forage from this
Tange,

In 1970, 603,000 lbs. were available in mid-Avgust, but by the
following May 37.4% or 225,522 1bs. were loxt through natural causes
primarily by ground squirrel activity, breakage and remowval by wind,
and decompoaition, ete. OF the 377,478 lba. remaining sheep used
111,280 1bs., which works out to be 29.5%. The average uwtilization
rate for 1970/71 as detemined by éxclosure plots (Table &) amounted
ta 25.6%. These two Figures are remarkably similar if one conslders
that the exclosure plots were established before much was known about
the distribution of grazing pressure over the mountain, It is also
reasonable to assume that the utilization figure as revealed from ax-
closure plots will be minimum values, since some of the natural winter
loss will outside the exclosures have contributed to the sheep's diet.
In addition, no use was made of exclosure site #2, which lowered the
average utilization rate considerably, GSites on the mountain which
are not used by sheep, moat likely because of lack of escape terrain
nearby, are rare and certainly do mot comprise 1/8 of the total grass-
land acreage, which was assumed in compiling the average utilization
rata, The true rate will, therefore, bo somewhat highar and may be
gimilar to the one determined by the first compilacion method using
sheep days and range size.

While a utilization rate of around 30% may be a safe rate by ordin-
ty range use standards, we must be reminded of the assumptions made,
the fact that the 1970 season was exceptionally good in forage produc-
tlon, and that there are horses on certain aress of the mountain which
wtilize egsenclally the same [orage specics and vhose fmpact has not
been evaluated by the exclosure plots.

Let us consider the horses first. During the investigation & of
them were in the area from October to May, Inclusive, and ucilized the
eastern side of the study area, This Is the area around sxclosurs
plot #1, but horses wers prevented from interfering with tha experi-
ment by a special fence, which allowed only sheep to walk under it,
The utilization rates given for plet #1 (Table 3} are therefore only
those of the sheep,

If we assimmé that & horsés were on the mountain for 1BD days and
that each horse cats as moch as 6 sheep on the average, then an addition=
al 51,840 1ba. will have been removed from the area, bringing che to-
tal to 163,080 1bs. (111,280 1bs. sheep use + 51,840 lhs. horse use).
This total forage removal increases the removal rate from the original
29.5% based on sheep use only to &3.2%. This rate approaches the
limit of a "safe" range vaes. The aituation ia worse for 1971/72 when
the forage production was lower, Omly 446,000 lbs. were available in
mid-August and only 279,196 lba. after over-winter losaes {f thase
logses wers around 37.4% as in the provious winter. Thore are indiea-
tions that this race is fairly conatomt, since LIt was 36.B% in the
1969/70 winter,
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Even though the grazing pressure wae not detemined for the 1971
/72 winter, it is reasonable to assume that it was at least as high as
in 1970/71, because of the good lemb crop in sprimg of 1971 (Hoefs,
1875).

If we consider a removal rate of 111,240 1bs. - as established
for 1970/71 = we are looking at a vtilization by sheep only of 39.8%
(111,240 1bs. /279,196 1bs.) and if we add the forage consumption by
horses (6 horses for 180 days each) of 51,860 lbs., the range use rate
goes up to 58,4% (1111240 1bs, + 51,840 1bs, f 279,196 1lbs.) which is
bovond a safe range use practice by accepted standards,

It oust be emphasized that the sheep grazing remained below a
level which would adversely affect the range, and it is only the rela=
tively recent Introduction of horaes whieh brings about an over -utili-
gatlon on certaln sites in certain years, and could eventually result
in a decrease of the sheep population.

It is unforrunate that expeérience gained in other arcas, where the
introduction of horses adversely affected wild sheep populacions, is
not put to good use here.

It is known that the drastic population dic-offes of Bighorns in
the Rocky Mountain Nacional Parke through Lungworm-Pneumonia infeccions
can largely be explained by over-grazing of the winter ranpges, to
which domestic horses made a substantial contribution (Scelfox, 1974),
and it is aleo known that the decline of Desert Bighorns in the south-
western U.5.A. can be partly explained by the competition introduced
through feral burros {(Summer, 1973, 1939; McEnighe, 1958, ond 5t. Jobhns,
19863).

The following obpervatlons lead to the conclusion that this winter
range Ls occupled at carrving capaclty level by the sheep and that con-
tinwed competitlon by horses will eventuvally resvlt in a decline of
the sheep population,

(1) The sheep population has maintained ltself at a level of 200
adults In late winter during our research Erom 1969 to 1973 and
an evaluation of historical information by the writer (Hoefs, 1975)
revealed that this is the level they have always built up to after
declines were brought about by mans' activity, They did not
build up to higher levels even in vears of intensive predator
contral .

{(2) If we assume that 50% forage rémoval is a safe range ume practice
- as established in the western U.5.A. - then sheep population -
bafore the introduction of horses - executad good range use. While
the utilization rates of sheep caleulated above for 1970 with
29.5% and For 1971 with 39,B% will be minimum wvalues beacause of
various mssumptions made, it is reasonable to say that the true
values will ba balow 507.

{3) The fact that all exclosure plots except #2 (which iz not uscd by
sheep) improved their productivity after protection from grazing
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indicate that presently the combined effects of gracing by sheep
and horses prévent the grasaland vegetation from producing ac
capacity lévels.

(5} Ewven though Lt may be premature to draw any conclusion from only
3 years of data, it appears that a very sensitive correlation ex-
ists between forage production in a given season, the reproduc-
tive performance of the sheep herd during the following spring
as well as the survival of lemba over their first winter, Thesc
correlations again point to a capacity-filled winter range. The
relationships are summarized in Table 4, Forage production was
similar in 1969 and 1971 and so were the lamb crops and the
survival ractes, The 1970 scason was exceptional, with 17% more
forage produced than in 1969, resulting in a 17.5% increase in
the mumber of lambe born and in a 18.3% improvement of over-winter

survival.

These data, as well as the cbservation that these sheep maintain
themselves at a relatively stable level over many years, suggest that
this sheep population iz "regulated" and that their number {5 adjusted
to the carrying capacity of thelir winter range, primarily through varl a-
tion in the lomb crops and lomb survival races. This observaclon ls In
oppesition to claims made by Brelfox (1974) that shecp populations
bufld up to levels well beyond the carrying capacity of their range
and are therefore subject to periodic, severe die-ocffs of 25 to 30
year intervals,
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Table &

Correlation between forage production and

vital stacistices of sheep population.

= Lamb, . Lamb ook
Season Forage Froductieon Spring Crop Winter Surviwval
1969 69.5 1970 41:100 196%/70 60X
1970 Bl1.2 1971 47:100 1970/71 71%
e
1971 6B5.4 1972 41:100 1971/72 61%

Forage production 1is the average value for all plots

expressed as grams oven—-dry welght per sgquare metre.

W
Lamb crop 1s expressed as number of lasbs borm per

100 ewesn in reproductive age.

e
Lamb survival refers to the percentage of lambs born

the previous spring that survived to yearling age.

e
This average value includes the srrov iptroduced for

plot FBa in 1971 by graring sheep. A more realistic
value for an average forage production for 1971

would be 70.0 grfm:.
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PROVINCIAL PAEKS AND STONE SHEEP:
VAFFINITY THEQUGH DEFAULT"

W. G. Hazgelwood
B. C. Parks Branch
Victoria, E.C,

ABSTRACT

Seven Provinclal Parks In Briclsh Columbia contaln populations of
Stone Sheep and their habitac. Of the 35 million acres In these Parks,
870,000 acres ls considered to be sheep habitat. Management policy of
the Parks Branch 1s slowly evolving from people prioritles to a more
balanced attltude, Including wilderness and wildlife habitat needs,
Wildlife management responsibilities are a dual role between two Branches
of Covernment. The seven parks discussed are Stone Mountlan, Muncho lake,
Evadacha, Tatlatul, Spatsizl Wilderpess, Atlin gnd Mount Ediziza Provin-
elal Parks. Short comments on boundaries, hunting harvest, population
egtimates, and gemeral character of each Park are included.

INTRODUCT TON

In the Province of British Columbia there are approximately 11%
million acres of recreéatiomal parklanda. The working pattern for esta-
blishment of new Parks is laid dowm by park planners and basically con-
stitues high scenie terrain providing vistas of majestic Inspliring moun-
tains, or conversely, are oriented around lowland water bodies and aguatic
or shoreline recreations. Other reasons for éstablishing parks include
geological or wegetationally significant parts of the Province. These
concepes are not only asschecically appealing to the public bur are also
based on avoidance of valley bottom alfsnacions and the conflicts ao
ofcen associated with these areas of high values to developers or other
resource users. It is obvious, given the above mandates, that mouncain
sheap ranges in Farks are thara by accident rather than damign (Flgure 1).

Exceptions to the above comcepts are White Falican Fark in tha
Chilcotin, créated to preserve the only known breeding colony of these
birds In B.C.: Ballingall Talecs and Miclenatch Islands Parks also craatad
for preservation of bird colomies and Spatsizl Wilderness Park created
for wilderness and wildiife values in northern B.C.

RESULTS AND DISCUSSION

POLICY

A slogan that has stood the test of time and strife in Park manage-
ment is that "Parks are for People” first and foremost. This concept is
now changing slowly in the light of better knowledge about the wildlife
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habitat role in the preservation of natural places. A public desire to
retoin these matural areas in the face of modern technology has led Parks
Eranch into placing an equal mandate on restraint of human use and abuse
in some of our more congested Parks. A new concept of restricted use in
some of our more fragile ecosystens has also evolved as a natural exten—
ion in our planning concepts.

Parks Granch policy is to manage all species and their habitats wirh-
in Parks under the total Provincial wildlife managesent progran. Provin-
cinl Parks are dedicated to the provision of a variety of outdoor recrea=-
tional experiences including the provision of a range of wildlife related
opporcunities in both the consuaptive and non-consumptive categories.

Specific wildlife policies are as followa:

1. Hunting may be allowed in a4 Provincial Park where this activity is
consistent with Park objectives and where species populations will
Bupport a harvest.

2. Endangered wildlife and their habitat will be afforded Full protec-
tion under the Park Aer.

k1 Comditioning or taming of wildlife will be discouraged.

4. Selentific studies will be encouraged under letter of Authority.

5. Mineral 1icks and other species wildlife mreas will be fully protected,

6. Ron—resident species introductions will not be encouraged in
Provincial Farks.

RESPONSIBILITY

Management of wildlife resourees within Provincial Parks is the
Jodnt responsibility of the Parls Branch and the Fish And ¥i1dlife Branch.
By legislative mandate Parka Branch is responsible for establishing policy
for wildlife managenent practices in Parks.

Due to the dual management responsibility, the system rums into
technical and bureaucratic difficulties. Parks Rranch wants more inten-
Bive management and Fiszh And Wildlife Branch is often unable to provide
this service. The Fish And Wildlife Bramch collectively sust priorize
their limited funds and manpower to deal with constant crises of new dams,
new open plt mines, new logging impacts and new access roads.

Parks Branch through limited funding can and does enlist extra input
to crucial managesent situvations Invelving wildlife in Parks but only
sporadically. The systen simply does not allow for funding preventive
measures to avoid wildlife crises but only to react after the situation
has often deteriorated to the point of habitat salvage.

This then is the background against which management of wildlife
including Stone Sheep in our northern Provincial Parks is conducted.

ROETHERN PARKS

We have 7 major parks im northern B.C. (Figure 1) that contain
Stome Sheep habitat. They contain approximately three and & Jalf afl-
lion acres, of which 870,000 acres of 25% are Stone Sheep range (Table 1).
For The purposes of this paper I am including the Gladve Lake Ecoreserve
(82,000 acres) in the above figures. Ffone of these ranges are contigous
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with more Stona sheep habitat adjacent to the park boundaries when
heighta-of-land are followed by the boundary.

Table 1.
Sheep Population Harvest/
Park Total Area Range Estimate Roms
{AcTes) (Acres)  Stone Sheep 1977
Setona Mountain 6 , D00 16,970 80 5
Munche Lake 218,460 97,530 110 k
Kwadacha 414,000 &6, D80 40 3
Atlin 575,000 22,940 70 0
Tatlatul 261,500 60,820 a0 1
Spatsizi 1,740,000 412,470 500 3
(includes
Ecoraserve)
Mount Edziza 326,000 193,220 220 13
TOTAL 3,526,960 A70,000 1,100 a0

There are estimated to be about 12,000 Stome Sheep im B.C., 1,100
or roughly 9% of vhich are ranging on Provincial Parklands.

Individually the Parks are well separated except feor Spatsizi and
Tatlatui which share 15 miles of common boundary.

STONE MOUNT P

The smallest northern park contains 64,000 acres of Stone sheep
range. Cwver 37,000 acres or half of the entire park is utilized by
Stome sheep somoatime during the year. Most of the range is seéasonal
pemmer habietat, The Park boundaries follow heights-of=land in most cases
and thus cut across habltat occupied by local bands of sheep,

Several mineral licks are found within the Park vhere theése animals
often concentrate, There is a "one kilometre no shooting zone” along
the Alaska Highway which bisects the Park. In 1977 fiwve full curl rams
were harvested (Table 3) within the Park from a population estimated at
80 animals. All hunters were vaguided residents of B.C.

MUNCHO LAKE PARK

This park is a lake orienced subalpine setting in the northern
Rocky Mountains, It is 218 460 acres in size and 97,590 scres are alpine
sheep habitat, The boundaries tend to follow heights-of-land wherever
possible, This park is famous for itca minaral licks where Stone sheep
are often photographed by tourists on the Alaska Highway. The licks a=
leng Trout Creek are heavily uctilized by sheep durlng the summer and a
band of sheep eromsing or on the road is always a craffic stopper,

A "one kilomatre no shooting” area extends along the highway through
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the Park. Three rams out of an estimated gheep population of 110
were harvested by guided hunters in 1977 within the Park boundaries.

EWADACHA PARK

This Park is one of the most remete in the entire Park system, It
containg 414,000 acres, of which 46,080 acres are conslidered to be Stone
sheep range. The terraln Is high preclpicious country dominated by ice-
flelds and glaclers. The bulk of the park ls on the wetter west side of
the Rocky Mountains which precludes good sheep habltat through climatic
extremes, Summer and early fall ranges on the headwaters of the Gataga
and Tuchodi rivers are the main sheep areas,

Access to the park 1s by float plane, helicopter or horse-back. HNo
mineral licks for sheep are knmow to be in the Park, Three rams were
harvested by guided hunters in 1%77 (Table 1). The estimated population
of sheep utilizing Ewadacha Park is 40 animals,

TATLATUI PARE

The park contains 261,500 acres, with only 60,B20 acres considered
to be Stone sheep range, It s located on the extreme southern edge of
the Btone sheép range, Like Ewadacha Park it {s located In the heart of
the Cassiar-Omineca Mountains and harsh climatic extremes limit the
reaident population of sheep, The marginal habitat along the northwest
boundary are mostly maternity ranges and séeveral important wineral licks
are found here as well. Heights-of-land boundaries alse constitute much
of this lake-oriented Park on the headwaters of Findlay River,

Guided fishing parties can also become keen sheep photographers in
"liek valley". One ram was harvested by a guided hunter in 1977 (Table
3). The resident sheep population is estimated to be B0 animals, of
which 11 ware aves and lambs (Table 2).

SPATEIZI WILDERMESS PARE

Imnediately adjacent to the northern boundary of Tatlatui lies
Spatslzi Park, the second largest Park, which contains 1,740,000 acres,
This arca includes the E2,000 acre Cladys Lake Ecoreserve craated for
the preservacion of Stone sheep and Mountain Goat rango,

The Park contains 412,470 acres of prime sheep range. It was
created along with the ecoreserve in 1975 with wildlife conservation as
one of lts prime mandates. Tts ralnshadow locatlon ereates i{deal wvincer
conditions with shallow fluffy snow and windswept plateau habitats. The
park contains many entiredistinct sheep ranges which are geopraphically
peparated, The Eaglenest Range of wmountains contains excellent sheep
habitat and many mineral licks.

Spatsizi ig now under special management for sheep hunting and
currently is the only Park thus far controlled by quota and limited
entry regulations, An Inténsive [nventory of sheep populations and their
range is an essential future project for this park (Table 2), Two guided
hunters and one resident hunter harvested rams out of a population es-
timated to be 300 animals in 1997 (Table 3). A total of 10 sheep permits
were lasued for the Park in 1977,
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Table 2. Classified counts.

Ewesn/ Rams
Clase 1 Class 11,
Ramse Lambs 111, 1¥ Uneclassified Total
Mount Edziza
1972 (January) 40 25 3g 53 152
1973 (March) - - 14 loa 116
1975 (August) T8 13 48 - 1l3a
1976 (March) 54 E aa 10 110
Atlin
1975 (August) 4 1 1 - )
Spatsizi
1872 (January) 23 15 50 67 155
1876 [ Summer) 110 aa 18 22 186
1976 (September) 2 2 - 40 g
Tatlatui
1976 (Summer) 7 & = = 11
Total ODbservations 320 103 204 2594 Bz2
Table 3. 1977 Stone sheep harvest in Provincial Parks.
Park Resident Hunter Guided Hunter Park Total
Atlin ich 0
Kwadacha 0 a |
Mount Edziza & & is
Muncho Lake [u] | 3
Spatsizi 1 2 a
Stone Mountain 5 o B
Tatlatui 0 1 1
15 15 a0
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ATLIN FARK

Atlin Park in the northwest corner of B.C. is wainly ice and water,
The Llewellvn glacier and Atlin Lake dominate the Park's 575,000 apcres,
Only 22,940 acres are sultable for Stone sheep populations on a year-
round basls, The rounded mountains sast of the lake In the Sloko Range
form a ralnshadow area that supports a small population of sheep.

One major mineral lick is located above SBloko Lake and iz wibilized
by sheap, Historically Teresa Island supported Stone sheep but the in-
flux of gold seeckers at Atlin terminated any sheep presence on the alpine
areas of the island., Apparently Indian meat hunters utilized rock
barricades te drive sheep and goats past hidden marksmen near cacape
terrain, Restoration of this range through local transplant is & project
for the future consideration of Parks Branch. Humting closures along
the Atlin Lake shoreline and the ({alands in 1978 would serve to protect
any restored sheep population.

Ho rams wers harvested out of the population of 70 sheep im 1977,

This park im a biological "island" of 326,000 acrea of which 193,
220 acres is alpine and subalpine sheep range. Again the bunchgrass
-orienced habicar is a product of rainshadow conditions east of the
Coast Range, The voleanic origins of this unique area are among the most
recent in B.C. It is a classic alpine study area being isolated from
all other mountainous alpine areas by deap timbared vallays and turbulent
rivars,

Tha steep escarpments on the west side are adjacent to the windswept
bunchgrass plateau where access to winter food La casy and provides
most of the winter escape terrain. Summer and early fall sheep ranges
on the east side of the Park combined with lake access result in a high
harvest within the Park (Table 3).

Quota and limicted entry hunting regulations should be Instituted as
soon ag possible, The 1977 hacrvest of 9 rams to resident hunters and &
rams to guided hunters from an estimated population of 220 sheep iz too
high to be maintained in an "island” population with no outside recTuit-
ment (Table 2)., One interesting mineral lick currently utilized by
sheep Is a hoteprings seep area,
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RANGE ENHARCEMENT AND TROFHY FPRODUCTION IN STONE SHEEF

John F. Elliott
B.C. Fish and Wildlife Bramch
Fort St. Johm, B.C. VII IY¥2

INTRODUCTION

Hountain sheep in British Columbia are, as a matter of policy, man=
aged as a trophy species. Indeed, to assure that hunting doés nob unduly
truncate the age distribotiom of the males, mting harveat ia to be res-
tricted to two per cent of the total fall population, This increased
emphasis towards the trophy aspect has highlighted a deteriorating sup-
ply/demand ratio. While the intention is not to stabilize this value in-
definitely, Lt was recognized that the supply component was opén Lo Some
increase, Thus, as part of regular wildlife management activities, in-
formation was gathered relative to range and mountain sheep dynamica
with a view to identifying features which could facilitate increasing
the number of trophy Stone sheep (Ovis dalli).

STUDY AREA

The data used in this analysis came from those Stons sheep on ranges
in British Columbia primarily designated by the drainages of the Eechika-
Turnagain, Trout, Tead, Dunedin, Muskwa-Prophet; Sikanni; Halfway, and
Habesche Rivers. This corresponds to about 75 per cent of British
Columbia's Stone sheap,

Unaltered subalpine forest in the area Lz dominated by wvarious
ratios of white spruce (Picea glauca), black spruce (Ficen mariana), and
alpine fir (Abies lasiocarpal). Fire and other altered subalpine sites,
wvhare forested, are dominated by balsaem poplar (Populus balsamifera),

aspen (Populus tremuloides), and various willows (3alix spp.}. The tram-
gition between forest and alpine ls domlnated by alpine fir and warious
willows. The alpine communitlies themselves vary conslderably in composi-
clon,

A typlcal anoeal cyvcle for mountain sheep in an unaltered area would
be wintering in the alpine, spending the spring in the Eransition alpine
to forest brush zone (first to green), and then spending the summer and
fall in the forest zone or the lusher alpine and transition areas. Moun-
tain sheep in a location where the subalpine forest {8 sultably altered
ko open decidous forest (the location of these sites must, of course,
be sgatisfactory relative to eéscape terrain, alpine areas, and so forth)
typically spend winter and spring in the alcered sites (ar various ele-
varions) and swmmer and fall in lusher gites - altered, unaltersd foresc,
cransition, or alpine.
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HETHODS

Sheep population sizes and recruitments were estimated on several
ranges utilizing winter serial surveys of owes and young. Horm growth
in male gheap was calculated from measurements (250 per year in the
utuﬂ‘r lru;] af the horne of huntér=killad l.'h:l.mnl.-. Contact with hunter
kill was achieved through a compulsory reporting system.

Sheep ranges were grossly evalusted in the course of regular work,
plus site-specific forage abundance estimates were made in variovs areas.
These forage cstimates were restrieted to the mumber of grass or sedge
plants [plus the mean number of blades per plant) in rectangular plots
(13.5 square Fest).

It should be noted that the somewhat superficial procedures adopted
wares nocessitated by the low financial and tise budgets allotted te the
project. The author realizes the shortcomings, but feels cthe major points
are seill walid.

RESULTS

The first feature to emarge was the scriking difference between
ranges. While tha abundance of available alpine vegetarion was certain-
ly a significant feature, it was also apparent that the presence of suit-
able subalpine altered vegetation had a marked enhancement effect, In-
deed, for otherwise comparable ranges, those with suitably alterad sub-
alpine winter range achieved five cimes cthe densicty and sbsolute populas
tion size of sheep. WNot only was the population size greater, but sheep
on the suitably altered ranges averaged 75 per cent more lambs In late
winter than those on uvnalcered ranges (alchough this recruicment lead
at the eguilibrium population size is lostc by the second or third yvear).

It was also apparemt that the main suitable alcerer of range was
fire, Mod slumping, snmow sliding, and blowing down was less sigonificant,
Whila it may require a second or third burming to clear the litter asso=
ciated with the initial fire, even a primary burn is effective, Although
the burn sites may require a couple of years to stabilize (forb to grass
and sedge ratio iz higher initially than in later years), both primarcy
and subsequently burned sites show a marked increase in available
forage for sheep with transect plots indicating up to 10 times the amount
of grass on fire-opened sites, The quality (such as protein) of the we=
getation likely also changes on these sites but this has not besn inves-
tigated to date. Certainly the lower elevation of these sites would
tend to favour this feature and sheep do move into a burnt arcas as soon
as new grass pushes through the ashes suggesting a preference for this
foarage.

A further feature which varied between unaltered and suitably fire
altered ranges was horn growth in rams (ewes were not examined). Figure
1l illustracres the average difference. It can be seen cthat rams on the
fire-alterad ranges show an averape mccelerated horn growch in the
firat three years of life. In subsequent years, rams on both range types
show roughly similar growth (this differs from that found by Shackleton,
1973). The significance of this differencial growth on trophy qualitcy
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can be seeén In Figure 2 which {lluscrates total horn length againat age.
It can be seén that rams on suitably fire-altared ranges have, for a
given age, horns about thres inchea longer than thoga on unaltersd ranges.

DISCUSSTON

A number of studies have commanted upon quality differences in sheep
populations. Gefst (1971) suggests nutrition to ba the primary feature
with there being two shoep types, one adapted te a higher plane of nutri-
tion and the other to n low plane of outricion. Hoefs (1975) and Erick-
gom (1970) have noted a correlation (negative) becween quallcy (horn
growth) and latitude, Haimer and Smith (1975) found for Alaska that high-
qualicy populations tended to be assoclated with low gheep densities.
Shackleton (1973) corroborated Geist's (op, cit.) hypothesis on the role
of nutricion, but did not elaborate wpon the possible role of genetics,

The present work suggests that sultable alteration of sheep ranges
by fire locreases both sheep mumbars and sheep quality (as evidenced by
the proportion of late winter lambs and horm growth in rams)., The im-
proved forage on the fired sites is the probable factor responsible for
the bettered scatus of the sheep, The Improved forage does not, however,
result simply from the increased supply which was obserwved; two other
foatures are significant, First, the removal of tree cowver allows winter
winds to reach snow accumulsted on the ground and disperse and/or subli-
mate it, The sheep are thus freer to move across the range and léss
pawing is necessary to éxpose forage. This opénness may éven have the
secondary benefit of facilitating predator detectlon and maintaining
herd contact, It ia the feature of improved openncss which makes it
often desirable to reburn an area; clearing deadfall, stumps, and so
forth. The second benefic of the fire alteration is the increased wvarti-
cal displacement of year-round available range. The sheep are thus able
to utilize forage of peak nuerient level (associated with "green-up")
for a longer period each year.

Horn growth and lamb number responses are exhibited soon after a
burn, suggesting that the penetic capability to respond exists in a llrgu
proportion of thase sghesp. Geist (1971) notes this is to ba expaected in
such herds vhich are under the influence of predacion, pericodic severe
winters, and so forth,

Congidering the aessthetically pleasing effect of a fire-altered
landscape (over heavy forest) and the benefits In specles diversicy and
pesitive response by octher upgulaces, [ire appears to be a viable tool in
the enhancement of Stona sheep populations. Indeed, In 1978 o 10,000
acra controlled burn was instigated In this area with the alm of Improving
shecp mambers and production for ope population.
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THINHORN SHEEP MAMAGIMENT - Chalrman: Dr. B, F, Hatler.

W.E, Heimer = The effects of Hational Interest Lands with-drawal om Dall
shepsp Management in Alasbka.

Ray Demarchi: You talked about the economic values of sheep hunting in
Alaska, What people spend for something 1s not 1t's real value, ir ia
what Ehey are willing bto spend. And theére are two wiys of looking at thak:
1. what would vou pay for acceéss to 1t? and 2. what you would take if
somebody was going bto take 1t away from wyou,

Wavie Hefmer: Two million dollars 1s a bare-hones conservative estimate.

Bill Wishart: Is this the only park in which bunting is allowed?

Wayne Helmsr: There 18 hunting in Crand Teton Natifonal Park.

Bill Wishart: Is chat subsistence bunting?

Tom Thorne: Right. Presently, this is the only Kational Park vhere — on
a limited basis - hunting is allowed.

W.G, Mazelwond -~ Provincinl Parks and Stone Sheap: “Affinity through
defaule",

Brian Horejsi: Are the sheap completely protected in any of the seven
areas you talked about? Is mative hunting allowed?

Grant Hagzelwood: The Ecoreserve In Spacezizi is completely closed to hun-
ting. That area has BZ,000 acres of prise sheep and sountain poat rango.
I believe the area is closed to native hunting oz well.

Brailn Horejsi: Do you see che day when you will phase hunting out of some
of these arcas. and is there a different policy for morthern and southern
parks?

Grant Hagzlewood: Looking down the road twenty to forty years or more,
Farks policy probably will be gradually to phase it out of most of the
parks. OGenerally, we close smaller southern parks when there is heavy
public use.

John Elliot - Influence of Range on Horn growth in Stone Sheep in Northern
B.C.

Wayne Heimer: I found that sheep from low quality populations are cap-
able of growing hornas every hit as long as sheep from high quality onas.
fut the patrern of growth throughout the life of a sheep will be different
if you look at volume rather than length.

John Elliot: If you look at impact force (a function of horn mass), then
you are assuming that the gepetic change is something which occurs over

a series of generations, where the animals with the big horms are doing all
the breeding. With the S snd T herds, no generations passed with the fire
yet chere is still larger horn growth.
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If one could imagine long téerm selection for horns, Chen it makes
senee to look at the clash force. But in this case It seemed to ma
that 1t was just a direct response to nutritlion rather than being repro=
ductively selesctive.

Tim Baumann: Can you comment on the ability of your sheep to inhabit those
burnt ranges? Were these burns Adjacent to your climax ranges? How
fuickly did they colonize them?

John Elliot: These sheep had already been using these areas in che
sumner prior to burning. Whether they could sove with any rapidity into
ann area that they had not been uvsing either in susser or winter, I do
Bot oo,

Bob Jamieson: John, are the Smokies up there serious about cutting dowm
those little tresas?

John Ellfiot: Yes, but there is no timber harvesting in those areas right
now,

Bill Wisharc: Does it seem conceivable that some rams could locate a

burn, live there and grow big horns, then return to the inferior range

and lead the aheep to the new-found range! It strikes me as being a precty
kood strategy for expanding your range as it occurs.

Don Eastman: Have you given any thought to how such im enough, i.e.,
do you have to burn the whele slope off? And have you thought about the
frequency of fire? How often will you have to reburn areas that have
been burned before?

John Elliot: It ls precty hard to generallze. If you are alming at the
winter ranges, you can get away with burning just the west-facing slopes.
Eo vour pain effort should be concentrated on the areas vhere the wind
will take off snow.

The {requency varies a lictle bic on the site. It takes usually
two o three burns to get rid of all che woody materisl unless you are
really lucky and get a midsummer burn. For the first few years you have
to burn quite regularly, perhaps every vear for threes years. After that,
once every 10 years or so is probably adequate.
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PAKEL DISCUSSION: RESEARCH REEDS FOR WILD SHEEP
CHAIRMAN: Dr, D. EASTMAN
W. D. WISHART, SECTION HEAD, WILDLIFE RESEARCH, ALDERTA

In order to gain some perspective of wildlife research we must recall
the four basic steps of wildlife management, i.e.,
1. dnventory: where are the ani=als and how many are there?
2: production: what is the annual produccion?
3. limiting factors (research): restrictions te population expan-
aion.
4. management: based on the first three premisea.

Research im devoted primarily to determining the factors that limic
populactione, while managemant procedures ara generally based on those
findings. The basic approach te sheep management ia to "leave them alone
and they will come home, wagging their tails behind them" provided of
course that they have a home. Obvioualy then, the most important research
need 16 to know the home range requirements of mountain sheep and these
ranges must be protected. The second need is to know how to maintain or
improve sheep hablcat by [lre manapement or any other reasonable means of
maintaining a grassland communicy near escape terrain.

If home ramges are known, protected and mamaged, how then de you
manage the sheep? Historically mountain sheep have been subject to die-
offs from scables, lungworm/pneumonia and now Johne's disease. Persomally,
I disagree with having tha dissase organisms spread or perpetuated using
baind=nid remedies like transplanting or treating the animals., WVhat is
required is a caraful examimation of what brought om the symptoms In the
first place.

In Alberta, our stratepy his been simply to regulate population
nushers. Our objective has been to kesp sheep populations in a perpetual
state of recovery with elther sex sesgons, I believe sheep managere have
been extremely cautious In managing & resarkably adaptable species.

R. E. KEIS5, Wildlife Reaearchar, Colorada.

In the last 175 years, with increasing human exposure, biphorn sheep
in Colorado have declined to their present day 'toe-hold’,

About 6 years ago, however, we were bhlessed with a "green light" and
quite a bit of money to go ahead with a erash program on sheep research.

I'm not going to dwell on the details. We have raised a lot of dust
and wa have to wait until 4t all pettlan, befare we evaluate what has
bean done and vhers we will pgo next,

W. E. HEIMER, Dall Sheep Biolopist, Alasnka

In Alaska we have had two different approachea, On the Kenai penin-
sula manogement=oriented research has produced a lot of good, basie hiolo=
gical informacion. In the Interior we have been looking at biological
parameters = populacion dynamics, movements, fidelicty to home range, com=
par isons between low and high qualicy populacions - and, by serandipity,
stumbled onto useful mandgpement-orionted informatcion,

- 121 -



Aaside from long range planning, one of our greatest contributiona
has been to find an effective survey and inventory technique for the
interior - through minéral licks. We Feel that we know production, fe-—
cruitment and population trends for the éntire Alaska range.

But our research has to be manmagement-oriented or it doesn't po any-
where. For the future, we are looking at the effects of resource explora-
tion and development, particularly helicopter survey and its effects. We
need research on the kind and qualicy of human experience people want from
sheep, We need to find out consumptive user attitudes. Last, we need to
be able to tell if hunting in a supposedly healthy eco system will lead
to a decreage in atocks,

D. M. SHACKLETON, University of British Columbia

There seem to be two simple components to mowntain sheep research:
1} plain biological interest, and 2} research for manapement of the
species. The £irst is of boundless Iinterest, but what are our goals for
minagesent research? Much of the time the answer seems to be that “more
is bectter'. Really, this is umacceptable to the hunter/phoctegrapher/
backpacker /blologlst kind of consumer we are dealing with because it is
not clearly established exactly what this copsumer really does want.

But let's assume we have the answer to that. Then, what are the goals
of the manager for wild sheep? I think that managers first have to answer
or develop some fairly specific management goals - quantitative, time-
specific frameworks: how many sheep of what kind, over what time peried,
etc. A shopping list of research needs is the task of the manager, not
the researchar,

Another important thing arlsing from symposia like this is the grow-
ing recognition of Inter- and Intra-populatiom warlabllicy, of the complex—
ity of these systems. We mugt recognize that there are some basic common
factors under=lying this variability. We need to develop a sound concep=
tual framework against which we can evaluate the empirical confusion we
are now faced with. One exasple is Gelst's concept of population quality.

I would like to consider possible methods of improving our present
knowledge of sheep, both academic and applied:

1. more compulsory game checks = morphometric data, etc,

2. select one or two representatbtive sheep populations for intensive monl-
toring aver time.

3. use managesent practizes as bona fide ressarch - there are several waya
vé can usé munagemsnt applications and learn directly from them in a
much more rigorous, sclentific way.

4, develop the co-operative wildlife unit concept - use & team research
approach.

5. mystems approach to management,

6. preater use of information and education departments of Fish and Game
Branches.

7. 1f Game Branches want more applied ressarch, wvou'll have to put your
money whare your mouth is - come up with some funds,
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STATUS OF THE MOUNTAIN GOAT
{(Oreamnos americanus)
OF THE SIMILKAMEEN RIVER
BRITISH COLIMMBTA

J. N. Bone, Rogional Wildlife Technician
Fish and Wildlife Branch, Penciccon, B.C.

INTRODUCTTION

Distribution
The mountain geat of the Similkameen River, British Columbia, in-

habit the area: 1. mnorth of the Similkameen River from Keremeos te Hed-
ley, 2. south of the Similksmeen River from the confluence of the Ash-
nola River east to Keremeos and south to the Canada/United States border,
3. the Cathedrals west of Ewart Creek and east of the upper Ashnola
River and &, west of the vpper Ashnola River south of Young Creck
(Figure 1.). These populations ate more or less discrete but it is be-
lieved there is some inter-population movement,

In addition o thess populations, individuals or small groups are
nccasionally seem on both sides of the Similkameen River as far west as

Princoton,

Hiscory

The hiscory of cthis mounctain goat populacion parallels chat of other
goat populationms in an area of proliferating access.

Access to the area was Initiated with the presence of large nmumbers
of gold miners im the Similkameeén Valley during the mid-nineteenth century,
Charles Wilson, in his August, 1860 diary (Stanley, 1970) mentioned 150

miners in the lower Similksmeen, Wilson also mentioned goat asign on the
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west fork (upper Ashnola) of the Ashtnolen (sic) River. Gold fever In
the Interior resulted in the 1860/61 construction of the Mule road toe the
Similkmmeen (Dewdney Trail) over the Cascade Mountains from Fort Hope
on the Fraser Rlver, Mining in the Similkomeen continues but the burgeon=
ing permanent white population is primarily agricultural.

feeess to the Similkameen and Ashnola became easier as the human
population grew. By 1900, wagon roads from the easxt (Okanagan Valley)
and thae west (Princeton) were woll used and the Ashnola Wagon Road was
built beyond Ewart Creek. The area became famous for hunting (esp, Big-
horn sheep and Mountain goat). Turn-of-the-céntury reporters in describ-
ing goat mumbers used such words as "teeming" and "abounding" (Vernon
Hews, 1891), By 1938, Come Warden Wilson, whose earlier annual reports
described "plenciful" numbers of goats, began to warn, "the season should
be closed as they are very easy prey te the hunters as they can be lo-
cated from the town of Keremeos". Again in 1939 "thare was a nusber
killed on the Ashnola Range where the season should have been closed ..
.+ and unless the season is cloged there will be no geat left to hunt"
(Fish and Wildlife Branch files).

The season was closed until 1956 when short hunting scasons were

inscituted wvntil 1967,

Haobitat and seasonnl migration

The Similkameen mountain goat ssasomally oeccupy four biogeoclimatie
zonesg: = Ponderosa pine-bunchgrass, Interior Douglas-fir, Englemann
spruce=Subalpine fir and Alpine ctundra (Krajina 1965). Their habitar
is precipitous with many tallus slopes and i{s deeply cut with gorges.

Horth of the Similkameen River seasonal migration iy minimal and
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and mainly vertical (ca, 700 m, to 200 m,). The aspect here is south
and the topography precipitous. Solar insolation plus nearly continous
winds contrive to malntuln a pnearly gsnow-free habitat in winter,

Part of the population gouth of the Similkamcen River (much of the
population south of Keremeos to the border) seasonally migrate horizon-
tally up ta 10 lan, and lihﬂ m. vertically. The band of goats west of the
upper Ashnols are seen At all seasons and do not appear to migrate. Little
is known of the seasonal movements of the Cathedrals group but some do

winter in that ares [(pers. obs.)

RESULTS

Managemant

In 1956, a Similkameen mountain goat hunting season was again insei-
tuted (Table 1), The peason length was conservative (3 days), hunter par-
ticlpation was low (20 hunters) and the hunter success ratio high (45 per
cent).

In the years following, up to and including the 1962 hunting season,
during which cime the scason was lengthened to 9 days and the area open
to hunting reduced to the arcas east of the Ashnola and south of the Simil-
kamgen, hunter participacion remalned lew and hunter succeas generally
high, Increased hunter particlpation In 1963 to 1965 reflected the increas-
ed ease of access provided by the construction of the Ashnola River Access
Road (completed in 1964) and the lengthened season. Now, however, hunter
success dropped severely and despite a secason shortened once again in
1966 and 1967 to 3 days (which did curtail hunter participation) continued
to drop, Following the 1967 season, hunting for Similkameen mountain

geat was again discontinued,
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Table 1, Season length, hunter participation and hunter kill from 1956
to 1967 for the Similkameen River population of Mountain goats,

Year Season length Hunters Kill Areas open
{dave) (numbers) {numbers)

1956 q 0 q wasl and east of Ash=
nola and north of
Simillcamaan.

1957 L | &0 18 i

1958 i 35 B east of Ashnola and
south of Similkameen.

1959 3 27 & "

1960 3 3n 10 H

1961 A 41 3 b

1962 ) 27 14 east of Ashnola and

gouth af Similkamesn
plus west of Ashnola
"

1963 10 56 13

1964 9 156 27 "
1965 9 138 al "
1966 ] 67 ) v
1967 k) 32 2 "

In 1958, an annual spring census (by helicopter) was Instigated
(Table 2). Initially only total animals censused wers recorded but from
1970 to the present adules and juveniles were classified, Two transects
are flowm on this census. The north side of the Similkameen census in-
cludes the arca from Hedley Creek canyom (at Hedley) te Keremaos. South
of the river the census begine at the mouth of the Ashnola River valley,
and continues easterly and southerly along the Similkameen River to Mt.
Chopaka south of the Canada/United States border. The area covered by

these transects is precipitous, broken and doeply dissected by gorges
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making censusing difficult. Timing of the census is ecritical. It must
occur after the snow is gone, but while most of tho goats are still using
"greenup” plants. Despite the difficulty a large enough sample was ob-
tained during most yvears te indicate a clearly declining population in
the area east of the Astmola and south of the Similksmeen until about
1970, This area has boen continuously open te humting from 1956 to 1947,
The 1978 census, after several vears of poorly timed counts and one vear
in vhich the census was not taken (1977) indicates a population recovery
at least exceeding 1938 numbers. Of equal significant management impli-
cations are the recrultment flgureg shown by the juvenile:adult ratio.
The 1978 census shows a vatic of 30:100 on the south transect and 28:100
on the north transect., This compares with the East Kootenay recruitment
of 9.5:100 and the coastal 5.4:100 (Hebert, D,M, and W.G, Turpbull, 1977)

Table 2, Annual spring census of the Similkasmen Mountain goat popula-
tion frem 1958 e 1978,

Asnola-Chopaka Transect Hedloy=-Keremeos Transect
Ratla Hatio

Year E‘ ﬁé, Juw. O/C Juw:Ad, Tar, Ad, Juy, U/C Juwdd,
1958 1a7
1959 106
1964 94 &b
19565 B 24
1966 "B v
1967 T4 55
1968 83 62
1969 32 50
1870 19 11l Z 3 18:100 20 38 3 9 B: 100
1571 26 18 3 3 28:100 39 53 B 10 14 : 100
1972 34 23 b 3 26:100 37 34 7 16 21:100
1973 ¥ 19 & 1 21:100 3l 37 3 9 14: 100
1974 11 7 & - 27:100 iy 13 Z - 15:100
1975 B | 3 - 60: 100 Jl 1B & 9 22:100
1976 28 20 B 0 03100 81 37 & = 11:100
1977 Ho census
1978 102 60 1B 24 30: 100 49 25 [} 17 28:100
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Discussion a Toposals

Obviously we require more detalled populacion parmmeters and habltac
charactoristics that, with present manpower and fiscal restralnts, moest
ba relegated to low prioricy. Egually obviously the mountain goat of
tha Simllkameen River have a satisfactory recrultment rate and appear
to be Increasing in mmbers in the absence of hunting pressure. This In=-
dicates, at least, satisfactory quality of forage and herd produckivity
and a natural mortality below recruitment,

The FProposed Wildlife Hanagement Flan for British Columbia (in
draft) with respect to management of mountain goats (province wide) states
as objectivea; 1. Co increase mountain goat populations on traditional
ranges 2. to provide the opportunity to view goats in thelr natural
habitat and 3, to provide 18,000 sport-hunting days of recrearion and
an annual sustained hunter kill of 1,500 animals. As a matter of policy
the hunter kill is to be maintained at leass than 5%,

Pregently, the Similkemeen mountain goat populacion appears to be
increasing. With respect to objective 2. the British Columbia Ministry
of Highwayvs are rebuilding Highway 3 between Hedlevy and Eerooeos and arc
providing for pullouts at several locations where travellers can often
view mountain goat, Objective 3 is not pregently being fulfilled by the
Similkameen mountain goat population.

Hunter demand for goat hunting is high in Beitish Columbia. In
the 1977 season 2,1B5 resident and B3B non-resident licenses were sold
{last figures availabla). Application for Limited Entry Hunts totaled
1071 im 1978 for only 224 licenses availabla,

Since Bricish Columbio has incroduced the ecnabling legislacion to

provide for Limiced Entry Hunting (L.E.H.) and, with our present know-
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ledge of the herd, I think the population can sustain a low lavel

hunter harvest. I now estimate the total Similksmesn goat pepulation

to be in excess of 270 animals. Conservacively 10 animals can be har-
vested, Regulations common to L.E.H, must be obgerved. Since it is
proposed to be onm L.E,H, area it is restricted to resident hunters. Imn-
divividual hunters must be restricted spatially and in time. Omly adult
mountain goats should be harvested and hunters must be encouraged to
take lone animals, TImn the speclal case of the animals north of the 5i-

milkameen hunters must be restricted to an area away from the highway.
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GOAT MAMAGEMENT IN THE KOOTENAYS
R. JAMIESON
BOX 9
SIDAR, B. C.
ABSTRACT
The following discussion is bhased on an earlier extensive

discussion of the subject (Phelps, Jamieson and Demarchi, 1975).
This presentation is a shert review of that paper and discusses
the management eptions implemented since the original paper was
written.

INTRODUCTION

Mountain goats are widely distributed in the East Kootenays

of British Columbia and are relatively abundant. The area of
major interest (i.e., the Rockies south of Banff and north of
Fernie) support the largest goat herd in southern British Columbia.
This aren and other goat herds in the Kootenays became a manage-
ment concern in the late 1860's when a drastic decline in popu=-
lation became apparent. The decline was coincident with the
bighorn die-off of that era (Demarchi and Demarchi, 1969), and
the discovery of white muscle discase in goats (capture myopathy)
{Hebert and Cowan, 197l). Neither of these factors served, how-
ever, to explain the decline. Hunting seascons during this periecd
were long and geoat harvests high. The data available to the
wildlifl'e manager at that time (from the Britiah Columbia Hunter
Sample) were hunter numbers which showed a substantial increase
from 1855 to 1965; harvest [lgures by Management Area (units of

aeveral thousand square miles each) whick showed an increase in
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all units up to 1865 (Figure 1); and hunter success, which
remained constant until the late 1860's (Figure 2). The sex
ratio in the kill remained biased toward males, 138:100 through
the same time period. Given these data;, it was difficult to
Justify the closures demanded by hunters and guides,; especinlly
in view of the philosophy of maximum harvest found among managers
and administrators of the time. However, based on local know-
ledge and an intuitive sense of the problem, closures were insti-

tuted beginning in 1963 and culminated in a full closure in 1872,

RESULTS

The first objective ol the study, Initioted in 1973, was to
develop a more detailed description of the spatial distribution
of the goat harvest using the hunter sample cards. This provided
an entirely different view of the harvest that occurred in the
1959 ta 1570 period than that obtained from the original analysis
of the hunter sample data. Harvest data for management area 9
(Revelstoke-Golden) showed a gradual increase through to 1970.

Separation of thess data into harvest by Management Unit
(Figure 3} showed a severe decline in harvest in the Golden area
(M.UV."s 4-36 and 4-40), the area which had the majority of road
access at that time. This decline, however, was masked by a
sharp increase in goat harvest in the Mica Dam area (M.U. 4-38),
coincident with the influx of people into that area. In the East
Kootenay (Figure 4) the situation, though more complex was essen-

tially the same. A decline in goat harvest was discernible from
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1985 on, but this was made up of declines In harvest begin=
ning as early as 1860 in the Flathead (M.U. 4=1), Bull River
(M.U. 4=22)(as sarly as 1350 = 1955), and 5t. Mary's units
iM.U. 4=20). These declines were masked by increasing harvests
in the White River (M.U. 4-24), Upper Kootenay {M‘U. a4=25],
Horsethief (M.U. 4=28), and Beaverfoot (M.U. 4=35) units., These
increases reflected the development of access into these units
and subsequent increased goat harvest.

A game check specilic to the Granby watershed provided
data which indicated a severe decline in goat harvest and mean
age of the kill within two years of copening (Figure 5). Harvest
in the White River unit, af'ter its status as a game reserve was
dropped, and road access developed; showed a similar decline in
harvest and a drastic decline in mean age of the kill (Figure 6).
Similar examples of exploitation of goat populations are docu-
mented for the Highwood River (Jamieson, 1969) and Mt. Hamel
(Kerr, 1965) areas in Alberta. These exploitations were attri-
butable to insufficent management capability, a philosphy of
maximum harvest and uncontrolled access development.

Based on this study, a management plan for the 1975 to
1985 period was develeoped and requirements for effective manage-
ment of goats were laid out. A program of goat inventory was

initiated in the summer of 1977 with helicopter flights by
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W. Warkentin and G. Tipper of the Fish and Wildlife Branch ancd
M. Burns, a consultant working in the area. A total of 503 gcats
were cbserved between Fernie and the Cross River, 83 of these
were possible double counts, indicating a minimum population of
420 goats. .However, within this survey area only 13 goats were
seen in the Blackfcot Squaw drainage due to poor flying weather,
I made 238 cbservations while guiding in that area in the fall of
197%. Based on these observations, I calculated a minimum popu-
lation of 130 goats on one side of that unit. This, combined with
the above data would indicate a minimum population of 537 goats.
The actual population is probably closer to 1,000 goats.

Data from the helicopter flights indicated 50 kids per
100 adults, as did my data from the Blackfoot Squaw, These
data are questionable for several reasons which will no be
discussed in this presentation, but we did observe several family
groups of a nannie, a two year old, a yearling and a kid, a= well
as two cases of twinning, indicating excellent recruitment.

No goat harvest cccurred lor the 1872 to 1975 period. In
1976 a limited entry season with 12 permits was initiated, as
goat herds responded to protection. Eleven goats were killed:
nine blllies and two nannies. In 1977 the season was expanded
to 20 permits, 15 goats were killed, ten billies and five nannies,

with an average age of 6.2 years. In 1978 the season will be

- 110 -



expanded to 100 permits and a gquota of one goat for each guide
(29 permita), based on a harvest rate of three te five goats
harvested per 100 animals in the papulation. The length of
the seasen will be increased from October 1 - 15 to September
15 = Qctober 1£. Expected success is BO percent, the sex ratio
of' the kill is expected to change as billies are taken out of
the population.

Major problems remain in goat management in the Kootenays.
With the lack of effective tools for monitoring herds cver the
vast goat ranges of the Kootenays, there is neo real guarantees
that we won't repeat the errors of the 1860's. We may find thrat
we are taking all the harvested goats out of the more accessible
herds in each unit., and decimating these herds, as was found in
the limited entry season in the Wilmore Wilderness Park in Alberta
(Quaedvlieg, et al., 1973). Our major management concern for
this species must be the development of some coherent program
for access management. Access control is presently a major

public issue in the Kootenays.
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GOATS AND THEIR MANAGEMERT IN ALBERTA
W.K. HALL and J.A. BIBAUD

Alberta Fish and wildlife Division
Edmonton, Alberta

INTRODUCTION

A federally commissioned big goame survey conducted along
the east slopes of the Rockies in Alberta (Millar, 1816},
indicated that there were goats everywheres and in such numbers
that it was difficult to estimate the total population which
was certainly well up in the thousands. At this time, shesp
and lkKk were in the midst of a major decline which apparéntly
did not affect the goat population. Goats were held in low
esteem as a source of meat or hides and escaped the harvest
prassure attributed to elk and sheep.

In 1908, Alberta held its first mountain goat hunting
season with no restrictions on gge or size. However, a two
bag limit was enforced. 1In 1923, the bag limit was changed
to one animal and a 4" minimum horn length restriction was
imposed. Season and hern length restriction stayed relatively
the asame until 1957 when some zone closurées were esnacted. From
1957 until the present, regulations entailed a change of season
dates and zone closures. In 1969, only one area, the Willmore
Park. was open, and in 1970 the entire province was closed
until 1872 when a portion of the Willmore was respened to per-

mit hunting only (73 permits). In 1974, the Willmore area was
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organized into six zones containing a total of 50 permits.
In conjuction with the Willmore Park open season, an
agrinl survey System was developed for the purpose of monitoring
goat numbers in the harvest. Successful goat hunters wers
asked to bEring out a series of samples from thelr harvested
goats.
The objective of these two systems wered
1} to gain information on goat density fer the purpose
of establishing numbers,
2) to provide preliminary data on kid preduction and
mortality rates,
3) to provide distribution data on goats by area,
4) to provide an insight into food habits (rumen samples),
5) to provide a parasite list including number of parasites,
6] to provide data on reproductive history, and

71 to provide age structure data.
MATERIAL AND METHODS

Goat numbers were obtained by conducting aesrial surveys
during July when kidding was complete and the majority of goats
were inhabiting alpine valleys.

Classified counts of herds of 10 or moere animals were
conducted by & ground crew. These animals were classified as

adults, yearlings,or kida. Permits were set so that not more
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than a 10 per cent harvest could be realized per zone.

Hunter information was collected through the operaticon of
three check stations. Successful hunters were asked to collect
the Jaw, part of a lung, and a rumen sample (rom all goats, and

the uterus from Qemales.
RESULTS AND DISCUSS510N

The change from winter to summer surveys increased the
total count by approximately 2.25 times. Similarly, kids
and yearlings were easier to classify.
Classified Counts and herd compesition

In July of 1873, 353 geoats were classified as 282 adults
(1+) and 71 kids. At that time, it was lelt that yearlings
could not be classified from the air. The adult class was
broken down into 243 adults (2+) and 39 yearlings based on
composition data collected between 1974 and 1977. Based on
these figures, the herd composition would then be 69 per cent
adults, 11 per cent yearlings, and 20 per cent kids. Herd
composition data for the period 1974 - 1977 is shown in Table 1.
The mean compositlion breakdown of the Willmore goat herd is
68 per cent adults, 11 per cent yearlings, and 21 per cent kida.

The data to date indicates that the populatian structure
is stable. There has been no great {luctuatlon or change in the

population structure over the four-year period, except in 1978
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when the yearling cochort accounted for only & per cent of
the herd (the reason for this will be discussed later). This
stable appearance may be caused by the limlted sample size and
should be reviewed with some reservations until more dat# can
be collected.

Kid production appesrsa bto incresase one yvear followed by
a decrease the next year. This can be seéen in Table 1 where
71 kids were réecorded in 1973, 58 in 1974, 84 in 1975, 62 in
1976 and B4 in 1977. The data appears to indicate a yearly
flustuation, yet variation in the survey methodology may also
account for this fluctuation., McFetridge (1977) shows a
variation in the number of adult nannies bearing young bhetween
vears, while working on Mt. Hamell and the Goat Cliffs in 1974
and 1873 (just north of Willmore Park). 1In 1974, he observed
23 adult nannies on his study area of which 12 had kids at heel
and 11 did not. During 1975, 15 nannies were with kids and
4 were not. This type of reproduction would give a pulsating

effect to the kid production.

Reproduction and Mortality

The July surveys may indicate that a certain percentage
of' adult nannies only bare young every second year. However, the
dats does not demonstrate the potential loss of kids hetween

May and July. Examination of 50 pairs of ovaries from gcats
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taken during the hunting season in late September and early
Detober all show gend fellicle development. In addition,

28 pairs also showed follicle or corpus luteum degeneration
taking place. Thus, goats would have to start follicle develop-
ment sometime in August to have gone through follicle development,
a rupture, a degeneration and follicle develapment again. Mosat
follicle development was well advanced and in some cases rupture
had cccurred recently. In any case, wa feel that all nannies
were capable of producing eggs and had the potential of bearing
kids wyearly. (Those female goats coming through check stations
were all classed as being in good physical condition.)

The relationship between kid production and mortality
(yearly) is alse unclear. Years of high kid production are
followed by low yearling counts er high winter mortality of
kids. In years of low kid production, yearling survival is
high or kid mortality is low. In Table 2, kid production in
1873 was 30 kids per 100 adults in associatlion with a yearling
ratio of 19 per 100 adults in 1974. Yearly mortality between
these age coherts was 37 per cent. In 1974, kid production
was 26 per 100 adults and yearling recruitment was 21 per 100
adults in 1973, producing a mortality rate of 19 per cent.
During 1975, kid production was 38 per 100 adults while
yearlings were 9 per 100 acults in 1876 (76 per cent mortality

rate.] In 1977, the mortality rate was 42 per cent based on a
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18976 production of 26 kids per 100 adults and 15 yearlings
per 100 adults in 1977.

These dats indicate that there is kigh mortality during
high production years and low mortality during low production
years. Considering the minor differences in total population,
between years the luctuating mortality rate may actually be
providing a stabilizing effect. However, kid and yearling
ratios per 100 adults can also fluctuate due to the incidence
of’ males (sex ratio changes due to surveys) and barren females
in the population.

The 1976 mortality rate of 76 per cent may have resulted
from the heavy snowfall which occurred in the mountains that

year,

Harvest and distribution of kKill

Since 1872, 331 permits have been issued with 232 or
70 per cent of the hunters actually hunted.
Of the 122 goats taken, 67 were females and 55 were males,
a ratic of 1.2 nannies/male. The breakdown by year is given
in Table 3. only & ¥Yearlings have been harvested to date.
- This may be due to the minimum four-inch horn measurement

requirement or our emphasis ¢on a trophy season. The important

points are:
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1} The female kill was greatest during poor hunting
years (e.g. 1975 and 1???] or whan hunters were congregated
in one area as in 1972,

2) The low rate of harvest on vearling animals.

The summary of harvest by area is shown in Table 4 and
reflects the high rate of success that can be achieved.

Success rates between 1974 = 1377 were: A = 40 to 100 per
cent; B = 10 téd 64 per cent, C = ¥ to 62 per cent, D - 0 to &6
per cent, E = 66 to 100 per cent, F = 0 to 17 per cent. The 1972
and 1973 auccess rate are low in comparison to other areas, but it ie
important to note that the harvest occurred in only two areas,
resulting ir. a high harvest on the most acceassible goats. This

indicates that goats must be managed more conservatively or with

more precize data.

Age Structurs

According to tooth secticning informatlien, the age distri-
bution of male and female goats harvested in the Willmore ranged
from 1% years to 8Y years (Table 5). A further breakdown shows
that 35 per cent of the animals were between the age of 1% and 3%,

while 65 per cent were betwsen 4% and 8% (Table 6). The mean age

for males and females is 5% years.
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Table 6. Age Distribution of Goats from 1972-77 by
Incisor Annuali,
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Management Implications

The main objective of goat management in Alberta is to
develop a management plan that will establish and sustain goat
numbers which will supply recreational eopportunity to both neon-
consumptive and consumptive users. This means that we must
establish the level at which geoats can be saflely harvested.

A good monitoring system should provide information en all
components of the population. Goat census work, however, is
limited by time, experience of the observer, and restricted
budgets. Therefore, it was decided to utilize an aerial
classified count which would provide basic herd composition;
kids, vearlings and adults annually by area. These asrial
counts are supplemented by classified counta from the ground.

This classification system is presently supplying the follow-
ing information:

(1) A classified count of 300+ goats per year,

{2) kid production and the number of yearlings,

{(3) trend information on kid mortality, recruitment,
population trends and composition,

(4) age of first breeding,

{5) establishment of recruitment ratios/100 females

utilizing age of first breeding.
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Adequate management can be undertaken utilizing the
above information. However, it should be supplemented with
information on:

(1] Natural and unnatural mortality,

[(2) ®mex ratios, and

(3) production and recruitment ratios/ 100 females.

This information, combined with the following harvest
data (1 - number of geats harvested by area, 2 - s5eX ratios,
3 - the success rate by area, 4 - the age structure), should
allow us to establish a management plan. The above data has
been used to build a model which will indicate the level af
harvest of gcats in Alberta and the safe level at which to
harvest. Belore designing the model, we made the fellowing
assumptions:

(1) Kid mortality (natural) is 50 per cent per year

(4 = year mean for Alberta).

(2) No yearlings or kids are harvested (3 yvearlings in

the last 4 years - now have a 4" horn regulation).

(2} Harvest ratios are LCD per cent (10 péermits - 10 goats

harvested) .

(4) Mortality is nil after 1% years of age.

(5) Females do not breed until 2X years of age.

(6) Reproduction based on number of adulta in spring

population.
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Models one, two, and three are showr in Tablea 7, 8, and 9.
These models ahow whn; could happen when harvesting takes place
at the 10 per cent level, the 5 per cent level, and at the
present level of harvest in Alberta. All three models are based
on data collected in the Willmore and are based on numbers per

100 adults.
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Table 7. Effects of Harvesting at the 10% Level

1973 + 11 yearlings 100 adults
111 spring population (1974)

1974 + 26 kids 137 fall population )
1=t = 11 permits (10% of spring population)
year 126 bmeeding population
11 - yrlq.
26 - kids (assuming no yearling harvest)
B9 - adults

- 13 kid mortality

113 spring population

1l = 2 vear

13 = yrlg,

89 - adult
sl 1975 + 34 kids 147 £all population
i - 11 permits (10% of spring population)
year 136 bresding population

13 — yrig.

34 - kids

89 - adults

= 17 kid mortality
= 119 spring population

13 = 2 year
17 = yrig.
B9 = adult
3rd 1976 + 23 kids 142 fall population
year - 12 permits (10% spring population)
130 breeding population
17 = yrlg.
23 - kids
90 = adult

= 11 kid mortality
- 119 spring population

17 = 2 year
12 - yrlg.
80 - acdult
aGth 1977 + 30 kids 148 f3l1l popualtion
year = 11 pormits
138 breeding population
12 - yrlg,
30 - kids
96 = adult
— = 15 mortality
123 spring population
12 - 2 year
15 - yrlg.
96 - adult
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Table 8. The Effect of Harwesting at the 5% Level

1873 + 1l vearlings 100 aduiles :
111 spring population (1974)
1974 + 26 kids 137 fall pepulation

- Elpermil:s (5% of spring population)

+ 36 kids 154 fall population
i - 6 permite (5% of spring population)
148 breeding population

13 = yrlq.
36 = kids
99 = adult

- 18 kid mortality

130 spring population
13 = 2 year
18 = yrlg.
99 = adult

1976 + 26 kids 156 fall population
- 7 pemmits (5% of spring population)
149 breeding population

18 - yrlg.
26 = kids
105 - adult

- 13 kid mortality

18 = 2 year
13 = yrlg.
105 = adult
1977 + 35 kids 171 fall population

- 7 permits (5% of spring population)
164 breeding population

13 - yrig.
35 B Frl-
116 = adult

= 17 kid mortality

147 spring population
13 = 2 yr.

18 = yrlg.

116 = adults
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2nd
year

Jrd
year

Tal:le 9, ‘The Effect of Allwrta Harvest (Permits based on 10% of
spring population) .
1973 + 11 yearlings 100 adulrs
111 spring population (1974)
1974 + 26 kids 137 fall population
= 3 (11 permit 25% harvest) 1974
134 boosading population
11 = yrlg.
26 = kids
97 = adult
= 5 (19% of 26) kid mortality
129 spring population
11 - 2 }'Il
21 - ?Ilg-
97 - adilt
1975 + 37 kids 166 fall population
= 7 (13 parmits 51% harvest) 1975
159 breeding populabion
21 = yrilg.
A7 = kids
101 - adult
- 28 (76% of 17) kid mortality
131 spring population
21l - 2 yr.
9 - ]F'l'].g'-
101 - adult
1976 + 26 kids 157 fall population
- 8 (13 parmmits 60% harvest) 1976
14% brmeaeding population
9 - yrlg.
26 = kids
114 - adult
- 11 (42% of 26) kid mortality
138 spring population
B = 2 vy,
E 3 ?Ilgl
114 - adult
1977 + 38 kids 176 fall population

= 4 (14 permits 328 harwest) 1977
172 breading population

15 = vrlg.
38 - kids
118 - adult
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Results from Table 7. (Results from harvesting at the
10 per cent level)]

1) Started with 100 adults and 11 yearlings

a. adults breeding dropped to 88 (100 - 11 permits)
lst year
b, spring population shows increase of 2 animals = adult
numbars still at 100
i c. adults breeding at BY
Znd year
d. spring population of 119 up 6 animals - adult
numbers at 102 (up 2)
e, adults breeding S50
3rd year
f. spring population at 119 (ne incresse) adults at
107 (up 5)
g. adults breeding 926
d4th year

h. spring population 123 - 108 adults and 15 yearlings

Overall, the population has increased by 12 animals after
four years, yet the breeding segment has decreased by 4 animals.

The populatien has increased by 8 per cent after four years,
yet the adult or breeding segment has not yet recovered from its
first season when 1l anlmals, or 10 per cent of the adult animals,
were harvested.

This may indicate that harvesting at the 10 per cent level
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could be detrimental as the harvest is close to the maximm recruitsant
rate. Also herd expansion will be slow, if at all, and virtuwally no

buffer zone is avallable to cover for unexpéected mortality.

Results from Table 8. (Harvesting ac the 5% level)

1) Started with 100 adults and 11 yearlings

a:. 9% breeding adults
1st year
| b. spring population up 7 animals (adults ac 105, up five)
T €. 99 breeding adults
Znd year
| d. spring populacion up 12 animals (adults ac 112, up 7)
~ ¢. 105 breeding adults
3rd year
| f. spring populacion up 6 animals (adults ar 123, up 11)
0l 116 breeding adults
4th year
k. spring population wp 9 animals (adults at 129, up &)

Ovearall the population has incressed by 36 animals after [our years
and the production segmént hes Increased by 16 animals. The populacion
has increased by 32X while the breeding segment is up 16X,

This 1s a more desirable level of harvest, in that it is conservative

enough to allow for growth aod at the same time supplies a buffer zone.
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Results From Table §. (Effect of Alberta's present level
of harvest)

1) Starts with 100 adults and 11 vearlings

[a. adult breeding stock at 87
st yvear
b. spring population up 18 animals {adults at 108,
- up 8)
[ e. adult breeding stock at 101
2nd year
d. spring population up 2 animals (adults at 122,
up 14 animals)
[&. adult breeding stock at 114
ard year
f. spring population up 7 animals (adults at 123,
up 1}

g. adult breeding stock at 118 animals

The population has increased by 27 animals or 24 per cent
after three years, with the breeding segment showing an increase
of 14 per cent or l4 animals. In comparison to the other two
models, i1t would appear that the present level ol harvest in
Alberta i1s taking place at the 5 per cent level.

Of the two theoretical models and the one natural model,
the 5 per cent level is the safer level for actual harvest.
Harvesting at this level allows for growth (at about 33 per cent
over four years) and for unexpected mortality, such as that which
took place during the winter of 1975 - 1976 when kid mortality was

76 per cent.

- 163 -



The 5 per cent level may be a safe level for harvest, but
we feel the following areas should be looked at in order to
substantiate this:

(1) what effect the reproduction fluctuations are having
on production and en recruitment (if, in fact, [luctuations are
taking place).

{2) What effect is the harvesting of adult females having
on reproduction.

(3] What effect is the harvesting of adult males having
on the breeding process.

(4] Herd composition should be clarified.

(5] Movement patterns.

In summary, until mountain goat biology is better under-
stood, harvest should not exceed the 5 per cent level, and this
harvest rate should be applied at the herd level or to drainages

or mountain complexes, but not as a blanket policy.
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IRITIAL OBSERVATIONS ON A TAGGED MOUNTAIN GOAT POPULATION
IN THE OLYMPIC MOUNTAINS

Victoria Scevens and Charles Driver
College of Foresc Resources
Universicy af Washington
Seattle, Washington 98195

INTRODUCTION

The perepective on goats inm Olympic Nationmal Park is contrary to
that of many goat range managers. The Park has toe many. In a National
Park, one individual of a nom-native species ia theoretically tooa many,
and mountaln goats are a non-native specles. By an accident of history,
goats did not {nvade the Olymplc Mountalns. In 1926, in an effort to
correct that oversight, state and federal officials introduced four in-
dividuals from the Selkirks in Alberta, During the next four years goats
obtained from Alaska, in exchange for Roosevelt elk calves, provided
animals for two more introductions, approximately 11. The hopes of es-
tablishing another big geme species on the peninsula for hunting purposes
were damped by the cstablishment of Olympic National Park inm 1933 on at
least 95% of the potential goat habitat.

In the 30 years since the introductions the goars have dispersed
throughout the mountainous interior and sastarn portion of the peninsula
and the total population has grown to an estimated 1,000 individuals
(Moorhead 1977, Figure 1). A few of these find their way out of the
park each fall and there is a legal hunting season on tha periphary. Of
the 20 archery permits allotted each year, 3 to 8 goats ara takenm,

The Park Service has initiated the present study to assees the

immediate and potential impact of goat use on the ecosystem. Their man-
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apement policles state that "control or ersdication of exotic spocies
will be undertaken when thelr presence threatens the pearpetuation of sipg-
nificant scientific features, ecological communities and native spacies
cees" (Olympic National Park 1973). Of particular concern is the hand-
ful of endemie plants and their relationship with the goats with whom
they now share their mountainous habitat. O(me specles, Senscic neowub-

sterii has already been documented as goat forage (Olmeted 1977},

METHODS AND MATERIALS

Effective control is based on & sound understanding of the dynamics
of the population and its habitat requiremenes. To begin an assessmant
of the former, a tagging operation was iniciated in June, 1977, and by
September, 1977, 68 animale wera tagped with individually identifiable
ear tags, The data collected to date I being used co monitor movements
and to estimate population parsmeters.

The major focus during 1977 was om the largest, densest and most
accessible herd in the park. Its range is the area on and around Mt.
Angeles and Klahhane Ridge in the northeast section of the park. From
1972 to 1976 the Park Service and the Game Department cooperated on a
tagging operation in this area. A total of 34 animals were tagged with
colored ear ribbons of which 14 are estimated to be still in the popula-
tion. Most of these tags are not individually identifiable. Last summar
we tagged 54 goats on Klahhane Ridge with mumbered tags that can be iden-
tified at approximately half a mile with a 60 x power scope. The remain-
ing 14 were tagged in the Lake Constance arca in the eazt-central area
of the park. The goats on Klahhane Ridge vere captured primarily by

anaring at an artificial salt lick which was established several years
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ago by the Park Service. The salting practice has been abandoned by the
park, but the lick ares Is still sought by the goats in the spring and
RUMmET ,

RESULTS
Population Parameters:

The composition of the newly tagged population on Klahhane Ridge is
617 adultc females, 9% adult wmales, 13T vearling females, 7% vearling
males,6% female kids and 4% male kids, The animals were aged by horn
annuli. The presence of a known mumber of tagged individuals has per-
mitted census estimates, From 16 to 60X of the estimated total popula-
tion has been observed from the ground esch month from September through
March with the exception of November when weather precluded any observa-
tions, From a cummulative record of these censuses, the per cent of each
cohort that 1s tagged was caleulated to be S4T adult females, 15T adult
males, 447 yearling females, 15% yearling males and 7% kids, The same
dita was used bo estimate the adult male/female ratieo at 56 males per 100
Females. Due to the small percentage of males seén during the winter
months, the confidence interval is large for the adult male escimatce,

The estimates for adult males and therefore the ratio of males to females
will premmably be more accurate after the censuses of the spring and
memmer of 1978,

Total population of Klahhane Ridge has been estimated each month
uging Balley's modification of the Petersem estimate (Seber, 1973), Es-
timates have ranged from 100 to 221. By using the cummulative data since
September, 1977, and calculating each cohort =zeparately, the assumption
of equal catchability is more closely met, and the eésxtimate iz 256 with

a 35% confidence interval of 1646 to 344,
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The first goat was scen In the Elahhane Ridge area in 1933, In
the 45 yearas gince that time the intrinsic rate of groweh has been 117
based on a population estimate of 256. Caughley (1977) noted that in
growing populations the age of fecundity is sometimer lower than in pop-
ulations with no growth. Reporcts (Hibbs 1966, Hjeljord 1971, Rideour
1974) Indicate that mountain goats usually begin breeding at 3% and have
their flret kid at & years alchough they are capable of breeding at 2%
and kidding at 3. In the Olympic populacion we did not obeerve a single
3 vear old without a kid and occasionally a 2 vear old had a kid., Another
indication of a healthy, growing populacion is the twinning rate. Last
summer the twinning rate was 6% gmong the tagged adult foemales, which in
part was tesponsible for the exceptionally high overall reproductive rate,
Twinning is a rare occurrence in a native or long-established population.
(Chackwick 1973, Rideout 1974). In September there were 97 kids per 100
adult females, an adult female being ? years or older, This high rate
was In spite of at least 2 kild deaths that were known prior to the date
of the September census.

Another important aspect of population growth is kid survival during
the first year. We have tried to monitor that aspect closely wach month
and have developed three regression lines based on different combinations
of data (Figure 2)}. The [irst line ls computed from the kid/nanny racio
each month using the tagged and untagged sample and e¢stimates a mortaliey
of 337 from September - March, The gecond line is computed from the
ratio of kids to nannies using only the tagged nannies and estimates a
kid loss of 267 frem September to March, The third line was included
only to show minimum known logs. It was computed from the known losses

of the ragged adult females and shows a mimimom loxs of 15% from Sept-
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ember to March.

Causes of kid mortality are rarely known. The reemante of one kid
were found in mid-gummer after being partially devoured by what appeared
to be a bobeat. It was not known Lf the bobear killed the kid or found
It dead. Of the & togged nannies that bave lost kids, a1l were 3 or &
yvears or younger and therefore could have been inexperienced and physio-
loglcally Il1l-prepared to support thelr offspring. In fact, of the cag-
ged nannies that have been seen since Seprember, 25% of these in the &4
year or younger group have lost kide as opposed to 12.5% in the older age
group. This difference was significant at the 957 level. GCrowth and
maturity of the nanny appears to be related to kid survival. Weight data
collected by the park biologlst suggesxts that full growth is not attalned
until at Teast & years. Of the three losses in the older gge group, one
was a twin and therefore had less parental investment than would a single

kid.

Movemonts

Social and spatiaml dynamics both within and between groups are also
of i{mportance to managera., With 20% of the population on Klahhane Ridge
tagged, pactterns of assoclation and moviement are develeping. Close asso-
clation appears to be limited to nanny and kid pairs, but Fideliey to a
winter home range was very apparent. The area sampled can be divided
into three discrete portions, The goats within any one portion tend to
be the same from month to month in spite of the fact that travel betwean
areas doea occur., It is aignlificant that goats tagged during the some
day are more likely to be in the same geographical area during the winter

in spite of the opportunity to randomize during the summer, Since we
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uped consecutively numbered tags and tagged In order, series of numbers
in the seme ores Indicate some group cohesion from gummer to winter,

During the years of data collection the only difference that we
have been able to detect was that adult females in the lower aresa around
the tunnels are loging large patches of hair as early as February. Last
yvear one animal with an acute example of this condlition was found dead
on the summer range. To date, we have not been able to diagnose the
affliction, A difference in forage quality between the tunnels and the
other areas is one possible reason for the geographical isclation of this
condition, but it has pobt yeb been bested,

The laxt thing té mention is our new ability to see dispersal with
a large percentage of tagged animalx. Until last swmer, no tagged goats
ware ever seen outside of the ME, Angeles - Klahhane Ridge area except
for one reported sighting on the opposite boundary of the park which was
discounted by the park biologist because of what sesmed to be an Impossible
distance to cover in a matcer of weeks. Last summer we had & aightings
of cagged amimale, all males, at least halfway across the park. Ome of
theas goats, a 2 year old billy, was tagged 1 weeks earlier on Klahhane
Ridge., He had travelled approximately 35 airline kilometers by the next
tima he was observed. This billy stayed in the new area for approximatsl y
a week and chen moved on and has not been reported sinca.

This type of movement has not been observed in the other cohorts.
Only 6% of tho tagged adult females have disappeared from the Klahhane
Eidge area since September asn opposed to B0% of the adult males, We would
venture to guess that the majority of those not seen are sither dead or

are wintering in an unsampled area near Klahhane and will be back on the
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ridge in the gusmer.

The e¢ase with which thesé goats can be individually marked and
ohserved makes poszible an analysis of movimant, grouping and popula-
tion dynamics not possible in most herda, It s anticipated that we will
tag at least another 200 of the herd this summer and with careful and
conaistent observation will soon have an excellent opportunity to analyze
focundiey and mortality by age class; kid and yearling survival related
to the condition of the nanny; relatedness of individuals on a home

ranga; productivity by home range and dispersal rate by age and sex class.
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STATUS OF INTRODUCED MOUNTAIN GOATS
IN THE EAGLES NEST WILDERNESS AREA,

COLORADOD

Richard W. Thompson and Richard J. Euenzfll
pepartment of Zoology & Physiology
University of Wyoming
Laramie, Wyoming 82071

ABSTRACT

Mountain goats (Oreamnos americanus) were studied in the

Eagles Nest Wilderness Area in Summit and Eagle Counties, Colorado,
from June 8, 1877, to August 2, 1977, to determine population

glize, sex and age ratios, distribution, habitat utilization, min=—
eral lick behavior, mortality, and interactions with predators,

recreationists, and indigenous bighorn sheep (Ovis canadensis).

The minimum to maximum population of goats inhabiting the
area was T7=110 goats. Sex and age ratios were 48 kids: 100
older animals, 57 kids and 18 yearlings: 100 adults, and 125
kids: 100 nanniesa. Summer distribution extended as far west as
the West slope of Mt. Powell, as far north as the northern slope
of Dora Mountain, and as far south and east as S5late Creek. This
cncompasses about 62.4 square kilometers within the wilderness
boundary .

Northern aspects were used in 56 per cent of the non-lick

1Pr=3ent address of authors: Department of Zoology and Physio-
logy, University of Wyoming, Laramie, Wyoming 82071.
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observations (n=50), Goats were observed within 0.4 kilometers
ef water in 80 per cent of the sightings. Observations ol goats
ranged in elevation from 3,414 meters to 3,840 meters. Grasses,
sedges, and forbs comprised the vegetation type in 77 per cent
of the accounts.

Mountain goats used mineral licks extensively. BSoil analyses
From two licks indicated that sodium was probably the attracting
mineral while phosphorus was guite low. The dominance hierarchy
at licks was, in decreasing order; nannies with kids, nannles,
billies, and yearlings of either sex. Based on population es-
timates smince introduction in 1866, the mountain goat population

appears to be increasing exponentially.

INTRODUCTION

The Colorade Division of Wildlife introduced the Rocky

Mountain goat (Oresamnos americanus) into Colorado in 1948

{Rutherford 1972). Since then, herds have been established in
several areas of the state for consumptive and nonconsumptive

use. Three male and five female mountain goats rom South Dakota
were transplanted into the Eagles Nest Welderness Area (then call-
ed the Gore Range-Eagles Nest Primitive Area) on June 13, 1868.
This introduction was based on the migration of two billies in-

to the range from either the Mt. Evans or Collegiate Range herds.
Their persistence in the range indicated that the habitat was
suitable for mountain goats. In 1970, one male and two females
from British Columbia were released. The male was later found

dead and another male from British Columbia was transplanted in
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1971. puring the summer of 1872, the Division of Wildlife re-
leased one male and Four females From the Mt. Shavano herd in
Colorado.

Bruce McCloskey, of the Colorado Division of wWildlife, sight-
ed 53 different goats during a helicopter survey in 1874. The
population was estimated at 75 mountain goats. FPrior to the heli-
copter survey and this study, little was known about the dynamics
and habltat utilization el this hard. Therse was some concern
about the possibility ol competlition between the goats and big-
horn sheep (Ovis canadensis) which have historically inhabited
the Gore Range.

The Gore Range-Eagles Nest Primitive Area was designated
the Eagles Nest Wilderness Area on July 12, 1476, and is managed
under the Wilderness Act of September 3, 1964. Under the pro-
posed management plan, non-indigencous species like the mountain
goat may be allowed to maintain an equilibrium with carrying ca-
pacity provided that they are not detrimental te native speciesn
or the wilderness resource (USDA Forest Service, 1977).

The Colorade Division of Wildlife (1974) identified five
probiems in mountain goat management in the state:

1. There are not enough mountain goats teo satisfly the
demand for sport hunting.

2« Areas which should have mountain goats do not.

3. Existing mountain goat populations are not being main-
tained at proper levels.

4. Mountain goats may compete with bighorn sheep where

they occcocur together.
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5. Surplus mountain goats are not being harvested.

The demand for harvesting mountain goats exceeds the present
supply. In 1976, 438 pecople applied for 48 licenses to harvest
mountain goats In Colorado. This study area will be ocpened lor
mountain goat for the first time. Four permits will be issued
for rifle hunting during the period from August 26 to October 8,
1978.

The primary objectives of this study were to (1) obtain
minimum and maximum mountain goat population estimates, (2)
estimate sex and age ratios for the population, (3) determine
the summer goat distribution, (4) delineate habitat types fre-
quented by goats, and (5) record information on mortality, min-
eral lick behavier, and interactions with predators, bighorn
sheep, and recreationists. Data obtained during this study
will assist both agencies in future management decisions.

This atudy was a cooperative project between the Dillon
Ranger District of Arapahe National Forest, the Colorado Divi-
sion of Wildlife, and the Department of Zoology and Physiology
at the University of Wyoming. Support was provided by the
Foreat Service and the Division of Wildlife. We are grateful
to personnel of both agencies, particularly Bruce McCloskey of
the Colorado Division of wWildlife and Dennis Havig of the U.5.
Forest Service for providing advice and logistical support.

We also wish to thank Robert Keiss of the Colorado Division of

Wildlife for the analysis of soil samples.
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THE SiUDY AREA

The study area is defined by the boundaries of the Eagles
Nest Wilderness Area which contains the high peaks of the Gore
Range. The Wilderness is located approximatéely B8 km. (5 miles)
northeast of Vail, in Summit and Eagle Counties, Colorado [(Figure
1). It encempasses 542 square km. (133,915 n¢r&;j-

The range was formed by a Precambrian upliflft of granite
and gnelisses and is characterized by a series of knife-edged
peaks and ridges separated by deep glacial valleys [Tweto EE
al., 1970). Cirques, moraines, rock glaciers, and other gla-
cial features dominate the topography. Maximum relief at the
summit of Mt. Powell, 4,125 m. (13,534 ft.), to the Piney River,
2,393 m. (7,850 fe.), is approximately L4737 m. (5,700 Ft.).
Annual precipitation varies from 51 em. (20 in.) to over 102
em. (40 in.) at higher elevations (mostly as snow) (U.S.D.A.,
Forest Sarvice, 1877). Approximately one third (180 km+2 or
44,640 acres) of the wilderness area is alpine tundra, craggy
peaks, talus and boulder fields. This comprises the most suit-
able habitat for mountain goats.

Vegetation of the area varies with elevation. Dense stands
of engelmann spruce (Picea egngelmannii) and subalpine fir (Abies
lasiocarpa) dominate the subalpine zone. Lodgepole pine [EEEEE
contortal) and aspen (Populus tremuloides) alsa osccur. Treeline
occurs at about 3,505 m (11,500 ft.). Above timberline, the
spruce=fir become dwarfed and give rise to alpine vegetation

such as bluegrasses (Poa spp.), tufted hairgrass (Deschampsia

caespitosa), spiked trisetum (Trisetum spicatum), kobresia
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{Kobresia spp.), sedges (Carex spp.), and forbs such as alpine

avens (Geum rossii), clovers (Trifolium dasyphyllum, T. nanum,

T. parryil), green-leaved chiming bells {(Mertensia viridis),

mountain dryad (Dryas octopetela), and cinquefoil (Potentilla

spp.). Willow (Salix spp.) and shrubby cinquefoil (Potentilla

fruticosa) are the major shrubs in the alpine.

Three mineral licks occur on Dora Mountain where salt blocks
were placed by Division of Wildlife personnel (Figure 2). The
nartheast licks, numbered one through three, northwest and south=
west licks are designated by their positions on the mountain.
Mone of the original salt is present aside from what has leached
into the scil. Goats used these licks extensively and much of

our research centered around them.

METHODS AND MATERIALS

From June 8 to August 9, 1977, approximately five days and
four nights per week were spent in the field. We backpacked in-
to most areas and established base camps. Over 384 km. (240
miles) were covered on [oot.

Three flights were made over the area during the atudy. We
flew on June 8 for orientation and preliminary cbservations using
a Division of Wildlife single-engine plane. A Hughes 500C heli-
copter was used for census and classification flights on July 25
and 26.

Direct observations were aided by the use of 7 x 35 binocu-
lars and a 20X spotting scope. Forms were used in the lield to

record observations of both mountain goats and bighorn sheep.
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Ohserver, date, weather conditlions, specles, and time of day were
notod. Codes were devised to lacilitate recording Iinformation

on leocation, elevation, vegetation, relative plant density, slope,
substrate, aspoct, proximity to water, classiflication by sex and
age, and activity. Results were tabularized to determine the
ITrequenclies of ocourrence.

Mountain goats were classified as adult males, adult females,
yvearlings, kids, unknown adualts, and unknown subadults. Adults
were considered to be animals two years old or older;, while yvear-
lisigs were considered to be animals between one and two years of
e . Kids were considered as goats less than one year old. U=
known subadults weéereée assumed to be less than two years old. Un=
knoun adults, unknown sub-adults, yearlings, and kids were not
classified by sex. Sex and age ratios were determined as kids:
100 older animals, kids and yearlings: 100 adults, and kids: 100
nannies. Sex determination followed criteria from Hibbs(1967).

We determined the estimate for the minimum population size
as the highest number of goats observed without duplication. A
maximum population estimate was baned on observational data and
nccounted for the largest percentage of the population believed
to have been overlooked. Locations of goats sighted were plotted
on maps and recorded te gquarter sections. The summer goat dis-
tribution was determined from the plotted goat locatlons.

Soll samples Irom all licks on Dora Mountaln, as well as
five meters away from licks, were collected for analysis of min-
eral composition. Twenty-four predator scats were gathered for
determining whether or not mountain goats were consumed. Twenty=

three fecal pellet samples were collected For determination of
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endoparasites or ood habits. All samples were taken to the
Colorade Division of Wildlife Research Laboratory in Ft. Collins,
Colorads, for analyses.

Additional notes and comments were recorded in a field notebook.

RESULTS AND DISCUSSION

Populatiaon Size

puring the study, we classified 657 mountain goats from 93
observations including duplicate sightings. ApproxXimately seven
goats were sean per observation. Our highest one-day count with-
out duplication was 44 goats. Our minimum population estimate
was 77 which included 25 kids, B8 yearlings, Z0 nannies, 8 billies,
and 16 unknown adults. The maximum population size was eatimated
at 110 assuming 30 per cent of the population was overlooked.
Based upon tranaplants (Rutherford, 1972) and population estimates
for 1872 (Sandfort, 1873), 1976 (Bruce McCloskey, WCO, Colorado
Division of Wildlife, Kremmling; personal communication), and
1977 (this study), the Gore Range goat population appears to be
growing exponentially (Figure 3). The rate of increase for this

herd is estimated at 30 per cent.

Sex and Age Ratios
Due to the dilfTiculty of sexing goats, particularly at a

distance, we feel our kid: older animal ratioc of 48 3 100 to be
the most reliable. Our kid and yearling : adult ratio was 57

and 18 : 100 which may be slightly biased by inadvertently class-
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Graph showing the exponentlial growth of the mountain goat
population in the Eagles Nest Wilderness Area, Colorado,
based on population estimates [rom 1966 through 1977 (semi-
logarithmic plot), Tn 1966, two billles were reported to
occur in the area and were not bellieved Lo have contributed
to the population growth prior to transplanca which hegan
in 1968,
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ifying some yearlings as adults. We feel our calculated kid :
nanny ratic of 125 ¢ 100 under-represents nannies in the popula-
tion based on the probable number classified as unknown adults.
However, this value is within the range of values determined
rom other studies. Hibbs [(19865) reported 150 kids : 100 pnannies
from the Collegiate Range in Colorado in 1863. Kid production
in the Gore Range appeared to be high in 1877, possibly due to
an unseasonably mild winter and lack of spring storms. Bailey
et al., (1977) found a negative correlation between age ratios
and snow depth. Brandborg (1855) found kid production to vary
with winter conditions undergone by pregnant females prior te

parturition, and indicated that rainy weather may lower kid survi-

vorship during their first weeks of life.

Distribution

The 1577 summer distribution of mountain goats in the Gore
Range 13 similar to that reported for 1976 (Bruce McCloskey,
Wildlife Conservation Officer, Kremmling; personal communication).
The goat distribution extends North to Dora Mountain, Weskt te M.
Powell, and South and East to the South Fork of the Slate Creek
drainage (Figure 4). The occurrence of goats in Slate Creek
appears to be an extension of their range. Prior to 1976, moun-
tain goate were not known to occur there (Rutherford 1972). The
Gore Runge goat population seems to be staying in the same gen-
eral area in which the releases cccurred. The mineral licks on
Dora Mountain may be holding the goata in the area. The south-

eastern extension of the goat range may have resulted from the
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Lecation in
the
Eogles Nest Wilderness
Areo

Figure &. Summer 1977 distribution of mountain geats (broad line) and big-
horn sheep (atippled area) in tho Eagles Nest Wilderness Area,
Colorade, Asterisks on Dora Mountain represent mineral lick
localicies.
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use of salt blocks placed in S5late Cresk. Goats have been re-
ported to use these blecks (Dennis Havig, Hange Conservationilst,
Arapaho National Forest; personal communication). Brandborg
{1855) reported mountain goats traveling up to 24 km. (15 miles)
to use licks. The 19877 goat distribution in the Eagles Nest

Wilderness Area encompassed 62 km.z

(24 sq. miles). Ninety-
nine per cent of our mountain goat observations occurred on the
Summit County side ol the range. Bighorn sheep were observed

within this distribution in the Slate Creek drainage (Figure 4 ).

Habitat Utilization

Mountain goats were observed using northern aspects in 56
per cent of the non=lick sightings. Observations at licks on
Dora Mountain were excluded since these occurred on a flat sum-
mit with no particular aspect, and the influence of these licks
biased the utilization of this area. North and north-east aspects
accounted for 30 and 20 per cent of the observations, respect-
ively. Eastern exposures were used in 42 per cent of the obser-
vations, while southern aspects received 26 per cent of the use.
Western exposures recelived only 26 per cent of the use by goats.
Low amounts of snowfall during the 19376=1977 winter may have ac=
counted Tor an earlier use of northern aspecta. Smith (1976)
reported that the annual per cent utilization of southern aspects
appeared to be dependent on snow depth.

Goats were observed within 0.4 km. (¥ mile) of water in 80

per cent of our observations. Twenty=-six per cent were within
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100 m of water. It would be difficult for goats to get further
from water, due to the topography of the range.

Mountmin goats used slopes ranging from 0 to 80 degrees.
Thirty=-seven per cent of the observations occurred on slopes of
0 to 10 degrees, reflecting the flatness of Dora Mountain. Slopas
of 50-60 degrees received 15 per cent of the use, while slopes
greater than 60 degrees were used in 15.5 per cent of our sight-
ings. Mountain goats were seen using cliffs 28 per cent of the
time, surface-exposed rock (fellfields) in 29 per cent, and
boulderfields in 34 per cent of the observations.

Mountain goats utilized herbaceocus (graminocid-forb) areas
most frequently, comprising 77 per cent of our observations.
Sixty-two per cent of the sightings were in high density herba-
ceous vegetation. Willow and spruce-fir types each occurred in
only 5.4 per cent of the observations (Table 1).

During the summer of 1877, goats occurred at elevations
ranging from 3,414 m. (11,200 ft) to 3841 m. (12,600 ft), a ver=-
tical span of 428 m. (1,400 ft). Fifty-eight per cent of our
goat observations occurred from 3,658 m. (12,000 ft.) to 3,719 m.

(12,200 ft).

Hu#talltx

No mortalities were observed during the study. Various
bones were found in parts of the study area but were felt to be

from cervids or domestic stock. Analysis of 24 predator scats

has not been compleéted.
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TABLE 1. Per cent of Observations of Mountain Goats on Particu-
lar Vegetation Types in the Gore Range, Colorado, During
Summer 1l8977.

Vegetation Type Density  Number of Per Cent of
Observations Observations

Graminoid=lorb High 58 62.4
{herbacecous) Medium a 8.6
Laow & E+5‘
Combined Ta b -
Krummholz High 2 2.2
(dwarfed spruce- Medium 8 B.6
fir) Low 2 2.2
Combined 1z 12.8
Barren = 7 -.5
Willow High 2 2.2
Medium 3 3.2

Low 4] 4]
Cembslred 5 5.4

Spruce=fir High 0 0
Medium = 2
Liow F | d.2
Combimed 5.4

We observed only two interactions between predators and
goats during the study, neither of which resulted in injury or

death. On June 11, a golden sagle (Aquila chrysactos) made a

low pass over five goats near the northeast number three lick on
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Dora Mountain., The goats ran down toward the Black Creek drain-

age. A coyote (Canis latrans) chased a group of five yearlings

from the same lick on June 22. Thres of the yearlings returned
to the lick within 15 minutes after the encounter. In bath in-
sStAances, goAts ran south-southwest toward an B0 degree slope
near rock cover. In Idaho, Brandborg (1955) felt covotes and
eagles were relatively unimportant predators on mountain goats

while cougars (Felis concolor) and bobeats (Lynx rufus) may have

been important in more remote ranges. This is due to their
ability to negotiate the same terrain as goats. Both mountain
lione and bobecats are known to exist in the study area. Free-

roaming dogs (Canis familiaris) from Vail and ather surrounding

areas might contribute to goat predation in the Gore Range.

Other potential sources of mortality such as parasites,
disease, snowlides, and accldents were not investigated. Brand-
borg (185453) speculated that snow-slides prebably accounted for
more accidental deaths than any other natural cause. As mentioned
previously, conditions related to winter severity influence kid
production and survivorship., The hazards imposed by precipitous
terrain characteristic of mountain goat habitats probably also

cantribute to mortality.

Salt Lick Behaviour

The Colorado Division of Wildlife placed three salt blocks
on Dora Mountain to hold goats in that area (Bruce McCloskey,
personal communication). Only the salt that has leached into

the soil remains. In addition, a local rancher was reported to
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have dropped salt blocks from a plane in 1976, one of which
shattered on impact (Dennis Havig, personal communication). The
number of goats utilizing these licks inecreased through mid-July
with a8 gradual decline noticed in late July and early August.
Additlionally, the licks receiving the highest use changed from
the northeast licks in June through mid-July to the southwest
lick from mid=-July on. The southwest lick appeared to be wetter
than the northwest licks after mid-July. Singer (1875) found
water seeping into licks was a major factor determining late
sSummer use.

At these licks the geoats had dug down inte the mineral soil.
One of these licks measured 178 cm. (70 lin.) by 217 cm. (85.4
in.) wide by 48 cm. (17.4 in.) deep. Two other licks measured
308 cm. (121.3 in.) by 3.8 cm. (125.2 in.) by 42 em. (16.5 in.)
deep and 408 cm. (160.6 in.) by 181 em. (71.3 in.) by 44 em.
(17.3 in. ) deep. Goats have trampled the vegetation around
these licks. Trails cccur along the southeast rim of Dora Moun-
tain above Black Creek, between licks and along slopes.

The results of two so0il samples from different licks show
that both were low in phosphorus (0,01 % and 0.03 %) while sodium
was believed to be the attracting element (0.45 ppm and 0.7 ppm)
({Robert Keiss, Colerade Division of wWildlife, personal communi-—
cation.) Stockstad et ml., (1953) found sodium compounds were
preferred by ruminants from mineral cafeteria and soil impregna-
tion tests. Because of the affinity of goats to lick, these
licks provided an ideal place to cbserve behavior.

Particular parts of the licks were used by more dominant
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animals. Subdominants often had to wait wntil the dominant
animals had lef't the licks in order to use them. The social
hierarchy at licks was found to be nannies with kids, nannies,
billies, and yearlings in order of decreasing dominance. This
differs with other reports where yearlings were ranked above
billies [(Hibb= et al., 1969) mnd where billies ranked highest
(Singer, 18753).

Vocalizations were most frequently heard from kids separated
from nannies, Bleats by adults &f both sexes were heard at the
licks. ©One nanny bleated while apparently searching for her
kid which she later joined. One goat was observed flicking its
tongue in and out while making a bleat=1ike sound. This tongue
motion may have been due to excitement (Geist, 1964).

Mounting attempts were observed by goats of all age classes
including kids. Rush-threats and horn=-threats as described by
Geist (1964) were the main types of agonistic behavior exhibited
by goats at the licks.

In the licks, goats were ocbaerved esating and pawing the
so0il., We could hear the abrasive sounds of animals chewing the
soil from over 30 m. (100 ft.) away. Although fecal pellet
samples have not been analyzed, some of the pellets appeared to
be composed entirely of inorganic seil. Only one observation
was made of a geoat drinking [from open water.

Thare are three main dustbathing areas on Dora Mountain.
These erosion sites appear to have been started as marmot (Marmota
flaviventris) dens. Mountain goats were observed rolling and

laying in these sites. These animals would lay upright in the
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soil, kicking dirt on their sides with their forelegs. This
behavior is believed to relieve irritations under their long,
dense pelage including that from ectoparasites (Brandborg, 1955;
Geist, 19871). Goats were also cobserved scratching their heads
and necks with their hindlimbs. They seemed to be gquite adept

at this, and not clumsy as reported by Geist (1371).

Reaction to Recreationists

We observed few encounters between recreationists and moufi=
tain goats. Where people were pbserved on Dora Mountain above
Upper Cataract lake, no goats were sighted although hair and
pellet groups were [ound in that area. 0On one occasion a
couple backpacking on Dora Mountain visited the lick by the lake.
One of them said he got to within 21.3 m. (70 f£t.) of the goats
at this lick before they flushed. That evening, none of the
goats had returned to any of the licks. This couple had camped
on the north ridge of Dora Mountain above the head of Otter Creek
Canyon. Prior to their departure over the north side of the
mountain, eight goats were spotted 150 cm. (164 yds.) east of their
camp on the narth ridge behind a boulder field. As the people
left, the goats moved southwest toward the head of the drainage
near where the two had camped.

On occasion, goats came within 4.6 m. (15 ft.) of the authors
out of curiosity. Tail erection (Brandborg, 1955) was commonly

observed when we approached too closely to the goats.
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Interaction with Bighorn Sheep

Mo interactions between bighorn sheep and mountain goats
ware observed, although both species cccurred in the Slate Creck
drainage. On July 25, 1877, six mountaln goats and one bighorn
ram were spotted in this drainage from the helicopter. The next
day, 16 bighorn sheep, including [ive lambs, were secn there.
This area has been used as winter range by the sheep {(Bear and
Jones 1873). According to Bear and Jones (1973), the bighorn
population in the Gore Fange has declined since 19247 but has
appeared to be stable since 1870. Mountain goats were considered
to be too few in number (about 10} to offer much competition.
Figure 4 shows the known 1877 summer distributions of mountaln
goats and bighorn sheep in the Gore Range. Sheep may also cccur
in other drainages but were not okserved elsewhere during this

study . ODbviously further study is needed.

CONCLUSIONS AND RECOMMENDATIONS

Further research on mountain goats in the Eagles Nest Wilder-
ness Area is needed. If the population is indeed growing expon-
entially, it would be necessary to determine the carrying capacity
af the habitat and to predict at what population density the pop-
ulation will stabilize. Continued study may reveal whether or
not the licks continue to hold the goats in their present distri-
bution or whether the goats expand inta surrounding suitable
habitat. The effects of harvesting on population growth, distpri-
bution, and age ratiocs should be obeerved. Whether or not harvest-

ing is compensatory or additional as observed by Kuck (1976}
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in Idaho remains to be seen for this herd. Winter distribution
and habitat utilization should be assessed as well as the effects
of snow depth and persistence on kid production and survival.

In addition to continued mountain goat inventories, comprehensive
information on the seasanal distribution and habitat utillzation
of the bighorn sheep in the Gore Range is necessary for evaluating
the effects of goats on sheep habitat. This goat herd might be

an acceptable population on which to develop and test computer-
simulated population models useful in the management of this

species.
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THE GOATS OF GOAT MOUNTAIN: EVALUATION OF A PROPOSAL

D. M. Harler
B, C, Fish and Wildlife Branch
Smirhevs, B. C,
ABETRACT

Moxt studies reported in the firat two symposia on goat managemont
deal with heavily exploited or reintroduced populations. Many research-
ers lamented aloud that they would never know the status and composition
of their respective population in pristine times, nor would they be able
to determine precisely how declines had occurred. Some have suspected
that hunting may precipitate population losses at rates greater than
simple mubtraction of the kill would Indicate. It is widely agreed
that thera is much yet to be learned about management of mountaln goats
for hunting. Duec to limited access, cthere are a number of unexplolited
goat populations in Northwestern British Columbia., This paper describes
a potencial study sitvation on two such populations. One populatiom,
which numbers approximately 65 animals, occupies a small, isolated
mountain block with an alpine area (above &,500 feet) of about 6.5 wi.z.
A forestry development road, now within 10 miles of this bleock, will
pass within twe miles by the early 1980's, thus providing potentially
easy access for hunters. Howewver, this area has been closed to hunting
in anticipation of its value as a study area. The second pepulation,
approximately 120 animala, occuras on another somewhat larger (25 m, 2
above 4,%00 feet) mountain block which is also relatively isolated from

other goat ranges., This area Is still open to hunting but, although

a now sccess road is now within three miles of timberline, hunters have
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not yvet discovered it. The two arcas are logistically practical; occur-
ring less than 20 miles apart and within 35 miles of Smithers to the
neaTest population center, I belleve that a comparative study of the
two areas could provide excellent dataon the effects of hunting on
mountain goats, and the purpose of this paper is to solicic funds,

students, and/or ideas to get such a study underway.
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HORN GROWTH AND QUALITY MANAGEMENT POR MIINTATN GOATS

Bryan R. Foster, Department of Animal Scienoe, University of British Columbia,
2075 Weshrook Place, Vanoouwer, B.C., CANADA, VBT 1WS.

ARSTRACT

Population quality concepts in Caprinae are assessed for application in mountain
goat menagement. Individual and population hom growth data were cbtained from
both my study area in west-central British Columbia and from the first year
HB‘?G..-"T'?:I of a Compulsory Inspection Data (CID) reporting system introducted in
this Province. Analyses of the CID returns mainly demonstrated a lack of data
guality (94%), with respect to recording errora of hom measure, and incorrect
age analyses determined by both hom keratin and

usable CID, opposing characteristics of male and female homn growth are
described in terms of rate of hom growth. Male 1
quﬂl*.’::; conoepts whereas female hom growth is more representative of low guaiity
regimes. Analyses of varianoe of both male and female subadult horn growth wars
oonducted on a number of variables (mountain systems, their geclogical
description, predominant biogeoclimatic zone, soil type and crude density, gams
mapagement regions and their respective subunits, and other geographic areas of
British Colunbia (north vs. south and coastal vs. interior) ). Some significant
horn growth relationships were apparent, butk their biological meanings are
moertain. Bassed upon the data presented, population quality ooncepts are the
premise of a discussion on horn growth and socio-biological models of high and
low population density and levels of harvest.

INTROMICTTORM

e o the lask of information availahle on rountain goats, they have historically
been managed throughout westsmn North America by implementing traditional

cal principles appropriate for other tngulates (Eastman 1977, Hebert and
Turmbmill 1977). This has resulted in detrimental effects on the status of many
momntain goat populations (British Colurbia Fish and Wildlife Branch 1976, Fostar
1977(a), Kuck 1977, Pendergast and Bindemmagel 1977, and Phalps et al. 1976 chis
Prooceedings). An additive effect of these managerent practices has been a decrease
in recreational value of mountain goat sport hunting (Foster 1977(a), Pearse and
Bowden 1972).

Subsecquently, many gamz management agencies have inplerented more restrictive goat
hunting requlations in order to promote better management of the species (Foster
1977 (a) , Johnson 1977). However, much more research is required of this species.
Past studies should be used to quantify aspects of goat ecology described by the
meny researchers listed in Foster (1977(b)), and more importantly, to determine
the factors distinguisliing pegional ecoloqgy as discussed by Foster (1976) and
documented by Hebert and Turmbull [1977).
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It may be poesible o assess variability in mountain goat rangs,
demography and ecology, [rom the analysis of variation in horn growth.
e structure of such a concept is based upon theplans of nutrition of
individuals from differing ranges (Klein 1964, Lambert and Bathgabe

1977, and Nievergelt 1966). Bumnell (1978) correlated annual rate of
Dall ram hom growth to climatic variation, which ultimately ocontrols
encrgy availahility to any given system and individual. The concept of
population gquality for Bovids (Table 1 — MODEL I) has also been examined
in North American mowntain sheep by Geist (1971), Heimer and Smith (1975)
and Shackleton (1973).

The abdjectives of this paper are (i) to determine the feasibility of
handling and analy=ing goat horn data collected by the British Colurbia
Fish and wildlife Branch during the 1976/77 hunting season, (ii) to
examine characteristics of mountain goat horm growth, and (iii) to assess
the concept of mountain goat annual horn growth as a range condition
indicator,

I thank D. Eastman, L. Friis and P. Haley of the British Colurbia Fish
and Wildlife Branch for thoir eontributions of large portions of the data
base. Partial funding for this study was supplied to Dr. D.M. Shackleton
and myself by the Canadian Wildlife Servioe, National Research Council of
Canada and the University of British Columbia. Computer analyses were
funded by the Department of Animal Scienca. E. Rahs helped with moch of

the data handling.
METHODS

Data Sourees

Interpopulation hormn growth and age data were extracted from reconds of

the first year (1976/77) of a mountain goat Conpulscry Inspection Data

(CID) retrieval system, a management technique instituted in British

Colunbia by the Fish and Wildlife Branch (Figure l{a)). The omitted poartions
of the CID form describe hunter effort and kill and location data, in
addition o hunter and quide identification.

Intrapopulation information was extracted from data of my current study on
Maroom Mounmtain in west—oentral British Columbda.

Data of the left hom only were utilized throughout this paper.

CID Recorder Practiation

Recording errors in the CID were due primarily to the variety of trained

and untrained personnel completing the records. The following list is a
summary of the more common problems and sources of error which were recognized
and corrected, a priori:
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(1) Agas datermined by the horn annulus method were incorrectly
assassed where recordsrs thought that the absolute mumber of
horm annuli corresponded to the true age of the animal. The
CID skull diagram was erronecusly laballed in the 1976/77
format and misleading in the 1977/78 format (Figure 1(a) and
().

(id) The 'falsa arnulus' (formed during the firvst winter of life)
was frecuently recognized because of the diagrams in Figure
1{a) and (b). Therefore, based uvpon recorder judgement of
(1) ; hom age estimates ranged from minus two to plus one
vears about the true age of the animal.

(iii) Sore recorders chvioumsly over-estimated the number of true
horm annuli on adult homs, onnting superannulations and
imcorplete annuli in their age determination.

(iv) Conversely, rapid hom growth of the first 1.5 years of life
was not recoxxmized as such and conservative ages were assigned.

(vl Consecutive hom moesurements frequently did not ocorpespond;
(a) the measure of the last annulus (from the tip of the hommn)
soretimes exceeded the total hom length as a result of non-
systematic measuring, and/or (b) consecutive annuli measure—
ments were often less than or equal to a previous annulus
reaAsuUre,

[vi) The Table for Horm Measurement was often completed to the Tth
anniiug, as roocm permitted only (Figure 1{a)), but the animal
was assigned an older age. Recordar accuracy Was next o
impoaaible o check on these records as nd recorder identification
was required on the orm.

Pertinant CID Compenaationa

Aging errors associated with the inclusion of the "false annulus' during the
first 1.5 years of hormn growth were reduced by examining 60 hams
representing both high and low quality growth. I defined the 'false annulus!
upper limit (i.e. the maximm growth of the first year of life) and the first
annulus lower limit at 9S5mm.

A lack of correlation between the length of horm recorded and the age assigned
to that animal by Matson's! was cheerved. Therefore complimontary sets of
hom and jaws were examined from my study area. It was concluded that no
camentum annulus was formed in the lower medial incisor wntil after it had
aruptad in the milk and permanent forms and experienced one winter in that
stata (Foster et al. in prog.). Resultantly, all ages assigned to the teeth
by Matson's were wanting one vear.

All age determinations by hom annuli and tooth cementum analysis were oorrectsd
en the CID accordingly.

Tooth extractions were sent to Matson's Oommercial Microtechnigque (Montana)

for cementim analyais.
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Intar-Ragional Horm Quality

Because of the lack of population-specific data, hom growth of the first
two years of life could only be compared on geographic bases or with other
independont variables. I compared male and fomale subadult hom growth to
mountain systems and to descriptions of their geological elements (Couglas
1976) , to biogeoclimatic zones (Krajine 1969), to regions of Britsh Columbia
defined as 'North' and ‘South' (Foster 1976) and to Coastal vs. Interior
regions, to game management regions and to their subunits, and to predominant
soll types (Valentine et al. 1978) and mountain goat distribution abundance
{(Blower 1976).

Twleve mountain systems in British Colunbia were compared; St. Elias, Ooast
{north of Prince Rupert), Coast (south of Prinoce Rupert), Cassiar, Omineca,
Skeena, Hazeltm, Rocdky (north of Prince George), Rocky (south of Prince
George) and Colurbia Moumtains, Focdky Mountain Foothills and the Fraser
Platean.

Six geological elements are defiped. Crystalline rocks of the St. Elias Fold
Belt make up the St. Elias Moumtains. CGranitiec rock of the Ooast Plutonic
Compley make up the Coast Mowntains north and south of Prinoe Rupert.
Motamorphic rocks of the Omineca Crystalline Belt compose the Cassiar, Omineca
and olumhia Mountains and Sedimentary voleanic rock of the Colurbian
wischengebirge comprise the Skeena and Hazelton Mountains. The carbonates
of the Rocky Mounmtain Thrust Belt make up the Rocky Mowntains (north and south
of Prince George) and the Rocky Moumtain Foothills, and the Cascade Fold Belt
cmnstitutes the Fraser Plateau.

Biogeoclimatic zones compared were the Alpine Tundra (AT), Engelmann Spruce -
Subalpine Fir (ESSF), Boreal White and Black Spruce (BWBS), Sub-boreal Spruce
{585) , Subalpine Mountain Hemlock (SHH), Coastal Western Hemlock (OWH), Interior
Douglas Fir (IDF) and Interior Westem Hemlock (IWH) zones. Only the predominant
zme within each mountain system was compared.

Geﬂgrqidcregimsaf British Colubia are compared as follows; "North' oontains
&€ and 7 and "South' containe Fegions 1 through 5.
Eﬂﬂtﬂlh‘iﬂ.ﬂhﬂﬂﬂ:ﬁilﬂ:ﬁtﬂiﬂ.ﬁml. 2, 5 and 6 and the Interior area is
made up of Regions 3, 4 and 7. Consult Fish and Wildlife Brapch game
regulations or see Foster (1976) for mome complete descriptions of these Regions.

Each gan management Region oomprises a number of smaller game management units
(M's). In all, 70 MJ's had goats harvested from them in the 1976/77 hunting
season. 43 different MJ's had both male and female goats taken within their

Predominant soil types for sach MI were defined from the recently compiled soil
map of British Colurbia by Valentine et al. (1978). The nine soil classifications
compared were; brmisolic, chemozemic, cryosolie, gleysslie, livisslie, organic,
podzalic, regosolic and lithic snils.
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A mountain goat density index was obtained from Blower's (1976) mountain
goat distribution and abundance map. Prevalent denaities for each M) were
ranked from very sparse o plentiful in eight categories.

Volumetris Datermination of Hovna

Momntain goat horm volumes were caloulated assuming the hom to represant
a straight cone. The following formulas were usad;

(md+ (£2).(L) C

V = 3 T o= 2—”:

the total length of the hom along the outside curve. Subs
the mathematically appropriate function to the right, where
circuenference about the base of the hom cone, I simplified the
equaticn into the following workabla form;

2

< . (1.0472)+ (L)

V = gon

Hom volume, in this context, is only a relative volume index.

Varfation in Horm Growth

To quantify the variation in hormn growth between individuals of the same age,
the total (wertical) length of the horn was visually examined and expressed as
a ratio of ear length (measured on the sagittal sifde of the ear). This field
technigque, which I term Hom-to-Ear Ratio (HER), is a quide to the variation
in horn growth anong subadults specifically, before their homs grow
excessively long and curved (male hormn curvature especially, creates artifacts
within the HER critaria).

RESULTS
INTFASFECIFIC CID ANRLYSES

Agcuracy of Aging Mowmtatn Goatls

To chack accuracy of age determinaticn in the CID, a matrix was oomstructed
oomparing corrvected ages of mountain goats calculated by the number of homn
annuli, to those ages asgigned by tooth cementum analysis. From a total
sample size of 710 CID records ocollectad in 1976/77, 150 forma (21%) had
acoompanying tooth extractions for the purpose of aging. The matrix clearly
gives svidence that 69.3% (n=104) of the CID records were inoorrvect, with
41.3% (n=61) of the records overestimating the corresponding tooth age, using
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the horn annuli method. I mefer to tooth age in the absolute sense assuming
that the corrected tooth cementum analyses represent chrondlogic age.

The immediate implication of the age matrix thus far in the analysis is the
dismissal of 93.5% or 664 records of questionable information on incremental

hom measure and age assessment from the CID retrieval system. From the
remainder of the data, normalized frequency age distributions suggest that
younger ochorts (% to &% years old) were given conservative age estimates using
the homn annulus method whareas adults (54 to 8% years old) were aged liberally.
No directional bias was apparent in the aging of very old animals (: 9 years old),
suggesting even higher recorder subjectivity.

It is apparent from Fiquoe 2, howewver, that male homs are nearly twice (1.81 X)
a8 easy o assess ages from than are female howns, which are over-aged
proportionately more dus to their presence of superannulations and other

paeudoanniald .

Precration of OID

Analyses of data collacted from specialized Wildlife personnel support the
source of variation in recorder precision of hormn measures. Ten biclogists
examined a pair of male horms and eleven examined femals horns. Hom
measurements required in the CID forma (Figure 1l(a)) wers requested. Analyses
of thesa data showed that only significant growth data available were;

(1) total hormn length (S.E. = 1.5mm for @ horns and 2.4mm for # homms), (ii)
basal circunference (5.E. = 0.8m for ¢ homs and 1.6mm for # horns), and (idi)
homn growth for the first two years ('tip-to-first annulus') of life (S.E. = 0.3mm
for & homs and 1.7mm for § horns). Attempts to measure the second anmulus (from
the tip of the homn) resulted in unacceptable standard errors of 10.1 and 14.5
millimeters for male and female horns respactively.

Charaoteristtes of Born Growth

The precision maintained in measuring the three formor characteristics allows
limited hom growth analysis. Where analyses ococur in this paper, I chose to
use the left horm measures. There were no statistically significant differences
from the right horn, with respect to total hormn length (U = 217, P » 0.20, N = 20)
or basal circumference (U = 210, P » 0.30; N = 20).

Horn qrowth characteristic of the first two years of life differs botween sexes
(@": ¥ = 153, S5.BE. = 2lmm, N = 381; % : %= l4lmm, S.E. = 19mm, H = 252;

t= 7,43, P < .001). Frequency distributions are portrayed in Figure 3 showing
how male horn growth is negatively skewed towards more rapid growth. Indications
fram only a few homs examined are that both males and females exhibit the
mmmmmammwmmmmﬂ It was
alﬂnﬁ.ﬂm-em&ﬂmtfﬂule growth during the third growing season (X = 2Bmm,
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i erarvater i dorpyth Wl

"HIGH QUALITY'

FIGURE &.

131(14)

158 (28)

— 177(12)
197 (28) e 202(11}
211(24)
216 (20) 218(8)
220(12)

- _If}l (5)
VYl aabha i W W

"LoW QUALITY'

6.5 YEARS

Mean Incremental horn growth rates for both male and female
mountain goats. Hale horan growth implies a hipgh qualicy
concept which relates to the ecology of billies, Iinm comtrast
to female horn growth which represents low qualicy concepts
underlying the ecology of nannies. The horns are drawm to
scala. Open [ipures indicate mesn horn lenpeh in mm. Brack-

oted values reflect sample sizes,
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S.E. = 6mm, N = 24). Hoafs (1977) concluded similar growth trends for
mamtain goats in the Yukon Terribory.

Mm-specific analyses of total horm lengths and basal circumfersnces ware
ot included due to the lack of data. Howewer, additional incremesntal
analyses of mountain goat horns are discussed to describe a more comlets
scenario of male and famale horn growth regimes. Total hoen length, in
addition to annual rates of growth, were found to vary significantly between
males and females for most age-specific cateqories (Figure 4), but the data
are limited. The disparity of the sexes frequently increases with age.

Sexr and Interpopulation Horm Quality

Above the Provincial frequency distributions of horn growth represented in
Fiqura 3 are data plotted from the Maroon Mountain goat herd only. These
mwﬂmmmmmmmmmmm
for each sax. Unfortunately, data were adequate only from this one

tion. The Maroon Mountain goat herd is characteristic of a productivity
rate of 55 kids per 100 adult females. Crude planimetric density approximates
5.5 goats/km?’ H&Tﬁ-l‘i?ﬂ data) and the herd apparently sustains a harvest
lewel of 104 (Foster, in prep.).

Although interpopulation data are not available for comparison, horn growth

of the first two years of life were compared on larger geographic levels and
with several independent variables (Table 2). One-way analysis of variance
tests show no significant relationships for male and for female subadult hommn
growth with variables relating to mountain systems or their geclogical elements.
There is also no relationship between biogeoclimatic zones, Coastal and Interior
British Colurbia, game management units, or distribution density or predominant
suil types based upon these latter geographic units. However, male homn growth
is found to be significantly different between the larger game management Fegions
(F = 0.04) and also between North and South British Colurbia (P = .0l), whereas
female horn growth is not.

Further investigation was undertaken with two-way analysis of variance testing,
canparing each of the above variables with sex and with the interaction of each
sax with all vaciables categories. As expechad, contrasts with each sex showed
fignificant differences within each of the variables (P = 0.001).

The higher power offered by twoway analysis of variance tests resulted in
significance (P = 0.040) betwean certain areas described by geological elements,
where the one—way analysis of variance did not (P = 0.120). Interpretation of

a nnecan's miitiple range test is that lower hom growth characterized by those
populations living within the 5t. Elias Fold Belt of the St. Elias Mountains
(g : % = 13mm, N=8; £ : X = 133mm, N = 5) vary significantly from measures
of higher growth rates characterized by mountain goats living within the Cassiar,
Cmineca and Colurbia Mountains (Omineca Crystalline Belt) and also within the
Skeena and Hazelton Mmntains (Colunbian Selschengebirge complex) (&' : ¥ = 155mm,
MN=226; ¥ : %= 143mm, N = 107). In other words, rates of mountain goat subadult
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horn growth do not vary gignificantly betwean the Coast Mountains, the
Frasar Platesu, the Focky Mountaing of the Rocky Mountain Foothills.

Additionally, two-way analysis of variance shows a significant differenos
betwesn MI's, in terms of rate of subadult hom growth (P = 0.004) .
uncan's miltiple range test separated the 47 MJ's with contrasting male
and female data into three suhsets. However, significant differsnces in
mean horn growth are chvious between MI's 7-37 (R = 167mm, N = 7) and 7-54
(% = 126mm, ¥ = 5) only.

An inmestigation into the differences of hormn growth between game
management Reqions, using two-way analysis of variance testing, shows that
the mean hom growth for Region 2 (R = 136mm, N = 19) is significantly
different from growth rates exhibited in Regions 5, 6 and 7 (X = 148mm,

N = 580). Regions 3 and 4 do not vary significantly in thedr charactoristic
hurn growth, as determined by horm measures from harvested animals.

Unfortunataly, significance in horm growth appears to be relative to

c siza of tha variable in question. Hom growth is significantly
different between northern and southern British Colimbia (P = 0.04). Avalyses
from Duncan's multiple range test show that male subadult homn growth is
higher in northern British Columbia (¥ = 154 o=, ¥ = 325) than of males in the
South (x = l45mm, W = 218), but male horn growth in the South is not
significantly different from female growth in either the South (R = 141, N = 44)
of in the North (R = 140, ¥ = 218).

Horn volume 1s an altermative horn cuality index, however, sample sizes are

1 due to lack of age-specific data. Unlike the initial results of sub-

t linear horn growth, no significant relationship is cbsarved betwean age
horn volume with the Provincial CID. However, significance is evident within
Maroon Mountain goat data (Table 3). Heimer and Smith (1975) multiplied this
volume indax by a constant, determined by water displacesent of the horns, in
thair measuremants.

f15)

INTRAPOPULATION HORN QUALITY

Rates of Horm Crouth in Subadults

. composing

representative of six months of kid horn growth and eighteen months of yearling
growth, Kide average a 0.53 HER in Noverber whereas yearlings average 1.37.
Disparities in linear hormn grosth betwesn and within males and females are not
accounted for in these data,
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MALE FEMALE
Province | Marcon | Province | Maroon
slope 4,56 4.62 3.52 4.40
Y-intercept 83,94 71.07 85248 I0LB3

r 'W rB? |.3? 191

P 0.02 0.01 0.2»p> 0] | =0.001
n a3 5 14 9

Table 3. lLinear regression analyses on relative volumes of mountain

goat horns with —=4pect to age, The data are comparativaly
suamarized for Provincial CID and for Maroon Mountain (tha
author's study arsa)., T = regression coefficient, P =
significanca probabllity and n = sample size,
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H.E.R.

x = 0,53 HER

SE = 0,17 HEH
ISt yr. (kid) horn growth N =26
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X = 1,37 HER
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Freguency

Ocourrence of intrapopulation variation in linsar howa growth, The
horn variation is msasured as a ratlo of the vertical riss of the

horn to the sagittal lsagth of the ear and is termed Horn-to-Ear

datie (HER), Thess data were collected in November on Maroon “ountain,

B, C, from the author's study area,
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DISCUSSION

ility of the CID Retrisval Syatem for Norn Orowth and Age Aassesament

The inltial 1976/77 CID retrieval system for mountain goat was plagued with
erroneous horn measures and age determinations due to imprecise data entries
from a large mmber of mecorders. Concomitantly, horn and age data losses
mecrued 94%. Many form errors were acocamodated for in the following year's
(1977/78) format (Figure 1l(b)). Longer Table lengths (to twelve annulations)
ware included on the CID sheets and the skull diagram was relabelled to reduce
ambiguity (i.e. to recognize but not record the 'false annulus'). Unfortunately,
the indicator for age still confused recorders. Measurements were instructed to
bz recorded in Metric wmits (millimeters) and steel measuring tapes were
provided to a more standardized list of recording personnel who were mow to
identi £y, with their name, the records they campleted. Space was provided for
the assessment of age by tooth anmnuli and by their erwption pattern also.

One response to this attempt at standarization of CID recording was a 300%
increase in the number of incisor teeth extractad for age analysis (N = 483)
in 1977/78 compared to 164 in 1976/77. 'The 1978/79 CID format has changed in
only a few minor details. Inclusion of Prowincial Park harvest data has besn
made and the skull diagram has once again been relabellad, this time correctly.

Unfortmately, the CID retrieval system lacks the requived data precision
factoy - namely, qualiby data control workshops for the recording field
persomnal. This lack of guidance has resulted in the loss of horm growth and
aging statistics of more than 2000 harvested goats over a three year period.

Ultimately, a quick, yet cbjective aging criteria should be used. Horn
sectioning is time comsiming and a highly impractical request for a trophy
animal. X-ray diagnosss are unproductive due to the absence of horn annuli
being highlighted., Ultrasound techniques might be oonsidered as a means to
identify internal interfaces of arnual horm growth in the future.

Regardless of the method of hom annulus determination, a system should ba
devised to at least maintain constant sytematic bias, if it ocours. For
example, if hormms are to be visually examined, recognition of annuli should be
confirmed by one or two other biologists as well. Such a systom could be made
possible by organizing a centralized "horn depot' whare homs would be inspected
and returned to the huntar.

Charaoteriatios of Horm Grouth

The only large-sample horn data usable of the 1976/77 CID are total horn
langth, basal circunferesnce and horn growth of the first two years of life
(" tip=to-first-annulus').

The frequency distributions of subadult linear hom growth of the first two
years of life show significant differences in rate of hom growth when
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stratified into male and fomnle components (Flgure 3). Female hom growth
maintains the familiar bell-shaped curve of a normal distribotion, however
the negatively skewed distribution of male horn growth strongly relates to
their more vigorous growth early in life. During the third growing season,
however, it appears that the hioenergetic regime reverses and female homn
growth becaones larger than male homn growth. Such a response to increased
horn growth rate by females at this age coincides with increasing individual
health in preparation for their first gestation period, which normally
comences during the third autum of life. Hoefs et al. (1977) found similar
linear hom growth trends for male and female goats in the Yukon Territory.
MtErH‘HHIﬂ&inﬂb&ﬂfmleanﬂﬁmmlnhnmgnmﬂtmhehﬂmﬂE
mﬂmﬂ&drdg:whgm, have often notiond the disparity to increasa
with age (Flgure 4). A four year old nanny can have the equivalent hom length
of a three year old billy. Aaiuyearn female may have horms averaging more
than one centimeter larger in total length than male homs of the sama age.
This discrepancy may seem insignificent until one realizes that a centimeter of
homm growth in late adulthood may have taken four years on the average to grow.

Caprini species and mountain goats maintain similar physiological homn growth
processes and most of these species cooupy scasonally harsh climates. Therefore,
concepts of population quality (Geist 1971) should be appropriate for mountain
goats also, Ghackleton (pers. comm.) believes the first several vears of rapid
homn growth in bighomn sheep may be an adequate indicator of individual and
population quality. An annulus at the end of a goat kid's first vear of growth,
however, is seldom distinct, so only the first two yvears of linear horn growth
could be considered in any type of qualiiv analysis for mountain goats.

A comparison of subadult homn growth in stratified portions of British Columbia,
on the hasis of mountain systems, geological elements, biogecclimatic zones,
soil types, game management and other geographic areas and crude population
density, showed a limited number of significant differences. Many of the
variables asseased are probably too crude and the sample sizes small, due to the
intenss levels of stratification required. Significances in the analysis of
variance ontrasts appear to relate to increasing geograchic area in addition to
crdeness of the variable. ‘Therefore, these results probabhly warrant little if
any biological interprecation, It is important not to confuse phenotypic expression
with =mal|l samples taken from a normal distribution. Wishart (1969) recogqnizes
the aombined affects of climate, soil and vegetation in hormn growth differences

of highamn sheesp.

Probably the most important component missing in the last analyses (aside from
sanmple sime) is rate of age-specific horn growth for individual yvears and for
regions characterized by varying climatie infloences. More data on sucoessive
annual growth rates would be of great intereast. The ages detarmined by tooth
coemantum analysia on past CID may enlarge samples sizes sufficiently to test this
theory (providing one wishes to rely solely on cementum deposits as tre
irdications of age). Similarly, if the known age sample of animals were
incroased, comparative horn volume analyses could be conducted (Heimer and Smith
1875). Collation of seweral years' CID, however, may produce anbiguous or mis—
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leading population guality trends, due to annual fluctuation in individual
nutrition planes, mnless annual climatic variables can be quantified.

Variatton in Horn Growth

One important aspect of population guality often ignored when studying Bovids
is the myriad of factors that may influencethe rate of horn growth. Extensive
studies have only been conductad with Cervid antlers and now many growth
requlating determinants have been recognized for species belonging to this
Family (Chapman 1975).

Figure § portrays a mosaic of mostly hypothetical factors affecting Bovid

hom growth. Gedst (1971) discusses several biogeoclimatic factors requlating
matemal weight loss of domestic ewes and reindeer, which in turn affects the
development of progemy. Matemnal winter weight losses may result in an
undermourished fetus and/or neonate (Precbrazhenskii 1971, in Geist). Matermal
weight losses may also increase the probability of under-sized necnates being
produced and of their increased mortality due to postpactum hypothermy
(Alexander 1968)., These and other biogeoclimatic effects are ultimately linked
to winter severity (Robinson et al. 1961, and Precbrazhenskii 1961 = both cited
in Geist 1971), the intensity of which is proportional to the amount of stress
experienced by an animal.

poor pre-winter conditioning. Also, the abnormal and wnresponsive behaviour

of larbs towards their mothers (as discussed by Alexander and Pebaraon 1961, in
Geist) is suggested by Geist (1971) to be attributed to maternal psychological
stress during the gestation period. Wishart (1976) documented a small percentage
(4%) of orphaned bighomm lambs to be stimted in their growth upon yearling
maturation.

Other factors affecting individual health (which precipitates the rate of hom
growth) may be mmerous (Figure 6). Geist (1966) and Shackleton (1973) balieve
horn growth is related in part to the annual cycle of sex hormone production.
Geretic influences are also probable. Fumnell (1978) emphasises range condition

£ for horn growth in Dall shesp. He states that a small horn core,
1aid dowm indtially by a year of poor forage, results in an adult individual
having small homs. Bunnell (1978) believes that traumatic periods are recordad
i pa growth. Both Bunnell (1978), and Lambert and Bathgato
(1977) show that horm growth and body size are not correlated, as an animal can
easily regain its weight after a nutritional hardship.

Elliott (thias Proceedings) states that past burning practices stimulate better
forage and hence more rapid ram horn growth, after recolonization of these
bumed areas. I have dcbsarved eleven month old ‘orphaned’ mountain goat kids,
fod a diet of alfalfa, to have HER's of 0.9, 1.0 and 1.1 whereas kids on Maroon
Mountain averaged just over a 0.6 HER (N = 35) at the same age. I would estimate
this differonce in HER's to represent a little more than twenty millimeters of
linear hoon growth.

é
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The effect of factors outlined in Figure & (in addition to others yet
unrecognized) is portrayed in Figuwe 5. Variation in the horn growth
of conspecifics from the same population is significantly variable.

Eorn Growth and Mounitain Goat Scotobiology

I would hypothesize that mountain goat social organization reflects
habitat cocupancy. Hence, elicited behavioural patterns, individual
sociability (as it pertains to dominance status), activity pattemns,

and food habits would resepble MOOEL 11 of Tabhle 1. This intrapopulation
model is dafined on the basis of habitat value, but probably imvolves
high population densities only (»5 goats/km®). Heimer and Smith (1975)
stipulate that population density is inwersely proportional to homn
growth in Dall sheep, although exceptions to this rule have been
digcowered (Halmery, pers. OOMm. ).

It appears that during subadult 1ife, male hom growth and development
potential resembles the high gquality interpopulation concept (Table I -
MODEL I), in preparation for conversion later in life (throughout their
asocial years) to the low guality intrapopulation mxiel (Table 1 - MOCEL
1). Because nannies are dominant over hillies and subadults (Chadwick
1973, Foster in prep., EKuck 1977), it would seem most advantageous in

goat society for the young males to utilize abundant resources much more
efficiently than females, such that when males mature and becamne subordinata,
they are batter suited to survive in marginal habitats which they ocoupy,
particularly when population densities are high. The benaficial proocess
becomes apparent when one learns how reproductive females (the dominants
later in life) justifiably cooupy optimal habitats because of their energy-
consuming matemal and behavioural characteristics.

Populations which cmtain animals of differing gualitly (on a male/female
basis, in muntain goat) allow genotypes to find expression and maintenance.
Schaller (1977) states that urial and wild goats of the Himalays represent
such a modal. Such gonotic variation is desirable in a population for in
aeffect it preadapts some individuals (males) to new conditions and enables
them to colonize unoocowied terrain successfully. This model will seem
appropriate to those of you who have encountered or heard of ‘wandering
billies' found at low elevations crossing rivers, lakes, valleys or roads,

Under situations of low population density, billies arve belisved to be more
social, oooupying less marginal areas, and having higher rates of horn
growth. Fesultantly, life expectancy is increased (at least for bighorn
sheep - Gaist 1971, Shacklston 1973) resulting in gqreater fitness for
enhancement of colonizakion stabtus, However, a population of low density,
yet sustaining a harvest of 'heavy' hunting pressure (i.e. >108), or
habituating to environmental distuwrbances produced by human activity, may be
knocked out of balance, reverting the herd to characteristics described of
high density populations with heavy harvest levels.
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The mxiels are potentially complex and rﬂ;l.dre more comparative data
from populations of differing demsity and hunting pressure. The Maroon
Mountain goat data have been made available in some of the Figures and
Tables boaring this purpose in mind.

CONCLUSIONS

It has been shown by one capulsory inspection data (CID) system that
accurate horn growth and age data are difficult to obtain for mountain
goats, In addition to the variety of a nuwber of trained and untrained
personnel campleting CID records, inadequacies of the CID system,
specifically relating to interpcpulation data analyses, are compoundad
by the coptinuing low lewvels of Provincial goat harvest, in compacrison
to total mabers, the heterogeneity of goat ranges and their influencing
characteristics, and the fluctuation of hunting pressure and harvest
distribution based on road access.

The available CID and data from the Maroon Mountain Goat herd have showm
that horn growth is variable both between and within populations. The
data in this paper recognizes and highlights both intrapopulation variation
and also sexual disparities of horn growth. Both factors arve belisved to
be inhersant in mountain goat socichioloqgy.

Unfortunately, the inadaquate aging methods for adolt mountain goats
negate any type of cwrrent analysis on rate of horn growth for similar-
aged animals under specific climatic regimes. The small sample variations
discussed are probably the result of the effects of salection from a randam
distribution rather than range condition.

At present, biological aids are required more than ever, to supplement
management devices to date - namely, control of harvest in hindsight. The
discussion addreased during this Workshop as to whether mountain goats can
ever be scientifically managed must await future data conslderations.
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A SYSTEMS APPROACH TO MOUNTATH GOAT MANAGEMENT

D.M. Heberc, Reglonal Wildlife Blologlisc
Fish and Wildlife Bramch, Wanaimo, B.C.

IRTRODUCTION

The majoricy of species management programs in Worch America began
with an assessment of harvest information (Table 1), progressed te refine-
ment of populaciom harvest analysis, and more recontly incorporaced im=
ventory and survey information. Biological parameters associated with
long=term cervid management programs were inappropriately assigned to
mountain goat populations (Hebert and Turmbull 1977).

Age struccure informacfon (Table 1) obtained from populacfions and
areas with undefined boundaries was collected at road checks in the Easc
Kootenay and for the morthern half of the Province at Cache Creek (Table
2).

Table 1. Aging methods for harvested goats by data source in British

Columbia.
ing Methods

Data Date Horn Teath
SOMTCE Bogun Annuli (cementum layering})
Game chocks
Cache Creak 1947 1947 =
Kootenay 1958 1965 -
Compulsory Reporting 1976 1976 1976

Harvest estimates cbtalned from the hunter sample for large Land arcas
(13,000 to 75,000 sq. bm.) served to mask the effects of overharvest on

local or Individual populations (Fhelps et al. 1976)., Similarly, there
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was no definition of population boundaries, regional management boundaries
often crossed ecobtype boundaries and, wsually, the same liberal season
lengcths and bag limits persisted between ecotypes (Hebert and Turmbull
1977). It has been demonstrated that social organization, sex and age
structure, and habitat utilization are extremely sensitive to harvest
pressure between ecotypes (Hebert and Turmbull 1977; Kuck 1977). More
rocently (1974), limited entry hunting restricted the nusher of hunters

in ome 3,600 square kilometer areas of Che Nazs range in northwestern
B.C,, and compulsory reporting (begum in 1976) aided in more accurately
fdentifying the magnitude of the harvest and kill location.

In additfon, thers was little logical analysis supporting the diver-
gence within bovid smanagement., Mountain sheep management programs sup=
ported the harvest of malés only and evéntually changed from no horn curl
restricrions (1960's) ro a full curl or age restriction (1976) which
crudely aligned crophy hunting restriccions, guide and limiced entry hunt
areas to population sensicivicy. Uncil recencly, all age and sex classes
of mountain goar populations were harvesced 1iberally and carly seasons
{August, Seprember) actually enhanced the harvest of females and younger
age classes, aspecially in areas where salt lick use was prevalenc.

The abilicy to effectively =sanage mountain goats over their entire
range will depend upon the identificaction of southern (Hebert and Turn-
bull 1977) and northern ecotypes, behavioral, population, and habltat
characteristics which are species specific, and the relationship between
the land base of inventoried and harvested populations. Thus, a major
objective of mountain goat management {s to obtain sufficient information

to distribute an equitable and acceptable harvest throughout the entire
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goat range according to ecotype characteristics, while reducing or elimin-
ating areas of both under harvest (i.e., helicopter transport hunting in

portions of the coastal mainland) and those of over harvest.

RESULTS AND DISCUSSION

The development of a systems approach to mountain goat management
should not logically proceed from traditiomal harvests to incorporation
of survay data, but froem survey and population data to development of
harvest rates for oach ecotype. Similarly, within ecotypes harvest rates
ghould be determined for individual watersheds and be related to group
compogsition,
Distribution and Density

Un a broad level (Provincial and Regional}, general mountain goat
distribution and density in B.C. was mapped (Elower 1978), in conjune-
tion with regional biologists. However, similar land units (vallay
bottoms must be consistently included or excluded) must be wtilized to
produce standarized demsity and range area estimates for all management
regions (Table 2}, Within regions, wore specific information on popula=
tion density and distribution should be identified on map scales of 1:250,
000; 1:125,000; or 1:50,000 for individual mountain ranges or blocks.
The spproximate area of mountain ranges, blocks, or elevational units
(Hebort and Turnbull 1977) can be utilized to calculate population or
scasonal density in order te define the broad ecotype boundaries, Strati-
fication of the land base is necessary in order to establish the size of
the management unit, ecotype characteristica, possibly population boun=
dariecs and allow selection of representative areas for both preliminary

and detailed surveys,
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Preliminary Inventory and Survey

Preliminary surveys using fixed-wing aircraft may be necessary iF
the lapd base 1s large (22,5004 square kilometers), the population dis-
tributlon uneven, or the denzity varied. Fixed-wing tramsect surveys
should be undertaken at 150-500 meter intervals in subalpine and alpine
areas depending on the area and number of mountain ranges or blocks to
be surveyed and the terrain typeé, OGroup sire can be determined, as well
as the relationship between per cent femily groups and population product-
ivity among ::dtj.l-pt:_,'uhi:h appears evident in southern B.C. (Hebert and
Turnbull 1977} and aléng Che Bocky Mountain chain outside B.C. (Smith
1976; Holroyd 1967; Kuck 1976},

Survey dates can be varied scross the Province from late June to late
September, depending on the spproximate date nursery groups are formed,
nurgery group size and structure (abllity and need to identify group
alze and per cent family groups) and the need to utilize molt paALLerts
to separate adult males; young males, non-reproductive females, and prod-
uetive females. Large nursery groups are formed in northern B.GC. by
midmmmer but appear infrequently in south coastal B.C. However, surveys
in the Knight Inlet area of coastal B.C, must usually be delayed past the
mole, untlil early August, due to a large land area comprised of glaciers
and a lingering snowpack. In south central B.C., survevs are conducted
in sarly spring prior to kidding, before goats move to tree coverad sub-
alpine areas, Surveyvs in easterm B,.C,, along the Rocky Mouncain chain can
be undertaken in mid July in order to utilize molt patterns, obtain group
gize information, and determine productivity ratiocs., Aerial surveys
from fixed wing aircraft do not uvevally allow determinacion of sex ratios

and recruitment but should allow identification of kids and group size
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1f done by late July or mid August.

Detailed Surveys

Detailed surveys are best accomplished in specifie mountain ranges
or blocks (i.e., Stanton or Hoodoo Creck; Hebert and Turnbull 1977),
which are represencative of larger land units, Trangect design should
inco rporate 150-merer transects on north or south aspects, or both, pro-
vide informarion on toctal mmbers, distribution, elevational and seasonal
denaity, age ratios (kids, yearl ings, possibly subadults, and adules),
sox ratios (adulr males to adult females), habitat types, and physical
features (elevation, aspect, slope, terrain type, or topographic-moisture
regime, ote.).

Survey design should incorporate the decision to cbtain ratios of
kide and yvearlings/100 females (selection of a representative sice and
transect layout will identify female and nursery groups) or ratios of
kide and vearlings/100 adults (selection of & representative site and
transect layout should produce an accurate sex ratie). If only young/
100 female ratios can be obtalned, recrultment ratios should not be cal-
culated without an catimate of the sex ratle. The (nabilicy to identlfy
subadults (2.5 year olds of both sexes) will reduce the sccuracy of
productivity and recruitwent (if a sex ratio is estimated) ratlics. In
actual fact, most surveys concentrate on female groups yet calculate
ratios /100 adults but completely disregard sex ratios, If young/100
adult ratios are to be established, transect layout must assess range
separation by sex according to elevation and aspect. The inability to
identify subadultas will affect the productiviey and recruitment ratio

less (assuming a sex ratio 48 obrained) because this category forms a
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smaller proportion of the total number surveved,

Chadwick (1976) established subadult/adult ratios of 37,2 subadults/
100 gdulte (21 yearling/100 adults (12.4%) and 16,2 two year olds/100
adults (9,6%).) which could be used to adjust recrultment rates, and con-
sequently harvest rates, along the Focky Mountain chain,

Surveys which sstablish age tatios with a base of 100 females do
not usually have a sex ratlio to relate to harvest estimates or to a com-
pulsory check system, Thus, the recrultment ratio may be distorted due
to lack of a subadult ratio andfor sex ratio, causing harvest rates to
be inaccurate, If conducted properly, however, the yvoung-to=-female ratios,
adjusted with a subadult ratio, could provide an accurate estimate of
productivity, recrultment, productive Females as a proportion of the fe-
male sepment of the population and potential harvest Lf & sex ratlo can
be astablishad.

Ground surveys should accompany detailed aerial surveys (on a repre-
pentative mountain block basis) in order to complete data collection on
groups, aex and age ratios, and aspecially more accurate identification
of vearlings and asubadultsa,

The effect of a distorted sex ratio on recruitment (yearling) ratios
was demonstrated by data collected in 1977 in Enight Inlet (coastal B.C.)
which indicated chat approximately 2.9 yearlings/100 sdults ccocurred
(Table 3) in the south slope surveyed population, whereas tho 1974-1976
data indicated that it contained 3.8 yearlings/100 adults. Considering
the mild winters of 1975 and 1976, the yearling count im 1977 should have
been higher, The low yearling count was possibly due to:

{a) higher overwinter mortality im 1976/1977 (this possibilicy is
unlikely);

(b) yearlings were classed as adults from the helicopter due to
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the mild winter and excellent growth achieved (partial source
of error); and

{e} wearlings meved with males during the rediscribution in the hot
summer of 1977 and go were under-represented in the sample,

There is preliminary evidence to lndicate that scome yvearlings asccompany
males or nonproductive females during July and August (Hebert 1967},
Thus, yearlings Increased from 2.9 to 11,1/100 adults when the propor-
tion of males in the survey increased. Consequently, there were 3.8
vearlings/100 adults in the 1977 survey when north and south aspects
were included, similar to that obtained during 1974-76, In comtrast,
Chadwick (1977) indicates that no yearlings accompanied males only during
his surveys In Glacler National Park. Similarly, seasonal redistribution
of males altered the sex ratio from 100/100 females In 1976 to approxi-
mately 41.9/100 females In 1977 om the south aspect of the Stanton Creek
study area (Table 1), The male component of the sex ratio was increaged
te 52,2/100 females when a portlon of the north aspeck of that mountain
black {(Crovice Creek) was included in the survey.

Correction for sex and subsdult distortion depends upon a good know=
ledge of mountain goat biology and consiatent apriori design of survey
methodology. If harvest is based uvpon surveys which gelect for south
slopen, should the ecount be adjusted from 3 to 4% yearlings based on
experionce and mild winters (without additional surveye of morth slopes),
or sghould it be adjusced at all, especlally in consideration of the addi-
tional cosc of accounting for yvearlings and males in some years. Also,
if a survey is expanded to account for distortiom, doee a population con=
stitute the north and south (or east and west) aspecrs of a mountain

range or block or the facing aspects af a river valley?
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In addition, a biologist experienced in mountain geat inventory and
biology should accompany, at least once, all those undertaking goat sur-
vieys in order to standardise the technique, insure comparable daca for
inventory-harvest comparisons, and allow comparisons between ecoLypes,
Harvest

To date, there are few instances in B.C. wvhere actual harvest rates
have been applied to a specific population or land area. Parcial excep-
tions are the recent limited-entry hunts in the Hass Biver and the East
Kootenay (Table 2), which are based on preliminary survey informacion,
but do not include recruitment or sex ratio daca. In addicion, the goat
season in the Keremeos area of the Okanagan im closed due to lack of
adequare population data on vhich to base harvest rates,

Eased on the preceding information, there are several combinations
and lavals of population information which can be used to establish
harvest regimes., However, thare are throa types of information:

{1) the decermination of the yearling and/or subadult component of the
populacion;

(2} the sex ratio; and

(3} the lmd unit from which the harvest 1is to be obtained, which must
be considered essential to proper managemant.,

The proportion of females in the harvest should be as low as possible
until the role, sensitivity, and winter-range requirements of the Family
group can be established by ecotype (southern and northern B,C.).

Hountaln goat management, Including harvest regimes, and differences
In productivity and social organization betfween ecofypes could proceesd in
two directions wheéere the land base is extreéemely large. Both systeéems are
dependent, to differing degrees, on proper invenmtory and identification

of inventoried and harvested populacions within the same land unit.
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(i)

(11}

Under an ideal situation, populations could be harvested om
the basis of sex and ags ratios, distribution, and soclal or=-
ganfization. In ecotypes of low productivity, large males could
ba harvested, with other segments of the population, making up
the harvestable quota as population flgures indicate, This
assumés that compensatory mortality plays little part in the
maintenance of the population. In ecobtypes of high product-
ivity; the combination of sex and age components can be more
variable and flexible, This system approaches that for mountaln
sheep, and could consider management of family groups om the
winter range (Kuck 1977, Smith 1977},

in large land units with little population or social organiza-
tion information, annual harvest baxed on survey information
(yearling recruitment) from a representative mountain block,
should be directed toward adult males on a rotating watershed
basia (this war recommended in the East Kootenay in 1965-1967
but was never utilized). The rotation system will depend on
the tetal lond area involved, the mmber of watersheds or
mountain blocks available, and the level of biological informa-
tion., It assumes that compensatory mortalicy plays little
part in the maintenance of populations. The mmber of water-
sheds available for harvest (harvest pressure) at any one time
(Figure 1), and the number of years they will be open, i de-
pendent upon the productkivity of the ecotype, recrultment, and
the desired harvest., The rotating watershed system Lmplies

that goat populaticons will change from organized, stable pop=
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uwlations to disorganized populations, (Figure 2) for various
intervals of time dependent upon the availability of water-
shieds., Where a limited mmber of watersheds prevail, the
level and period of disorganization may be monitored by harveat
data from the compulsory chock and/or the hunter rmmple,
changes in the sex and age distribution from inventoried or
harvested populationa, changes in the harvest density and dis-
tribution, and changes in seecial organization ond productivicy
from aerial and ground surveys.

Unless stringant controls are avallable, [omales may make up a large
component of the harvest., For example, of the goats submitted through
the compulsory check for aging (1977}, approximately 33% of those har-
veated in Region 6 ware female, and 58% of those hervested in Regiom 7
ware female. It appears that gome management unic (GMU) 7-39 is supply-
ing at lesst 31% of the females harvested in Region 7 (Elliott, para.
comm, ), Thae harvest distribution docs not appear to conter on a fow
populations, however, an evenly distribuced harvest at thia level of
female harvest 18 also likely to be detrimental. It [s possible that
this population is disorganized to the extent that hunting should be
curteiled for a period of time. If surveys identify a larger portion of
the female component of the population, in comparison to the available
male segment, the recruitment rate/100 adults will be inflated (Table 1)
and , could cavse an overharvest of females {f sex ifdentification by the
hunter iz not mandatory. Similarly, late October and Hovember seasons
may increase the vulnerabilicy of early migranta to low-elevation winter
ranges (often females and subadults). Bubenik (pera. comm.) has shown

in other species that population gqualicy changes in these clrcumstances,
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Kuck (1977) has shown that less desirable habltats vemain vacant as
females are harvested and the population declines, and Hebert amd Turn-
bull (1977) have Indicated that productivity and recrultment may decline
In more heavily hunted populations although the number of kids/100 adults
may remaln unchanged,

In populations of low productivity, recrultwment is generally meas-
ured by the ratio of yearlings to adults, However, recruitment actually
consints of Females of 2,5 andfor 3.5 vears of age, Examination of
Chadwick's (1977) data suggests that there is a difference in recruit-
ment of about 20 between yearlings and two year olds, It is likely that
the difference im greater than 3% in low productive coastal populations.
Thus, in the most sensitive ecotypes, recrultment and subsequently har-
vest is overestimated, especially if mortality occurs in the 2.5 or 3.5
vear class. In higher productive populations or ecotypes, such as those
on the Olympiec Peninsula (Stevens, pera. comm,), overwinter mortality is
reduced and recruitment more closely résembles the (dentifiable segment
(yearling) of the pepulation because all 3.5 year old females and many
2,5 year old females breed,

Harvest aystema which are not dependent on inventory systems provide
an inadequace basis for temporal comparison and ofren populations are
reduced or removed prior to recognition by managers (Figure 3). In
addition, {dentification of access and access palicy muat be related to
individual populations. Lack of access control oftenm results in an over-
harvest of newly available underharvested populations every 2=5 vears.
Alr access In cthe norch provides a somewhat more even distribution of

harvest for a longer perlod of tlme, but eventually it can mlso bocome
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clumped, Similarly, populations may be underharvested due to the in-
suneitivity of the systan. Hanegement in large land units, by mumbers
alone, In the face of advancing access, has led teo the decimation of
several populations in the Province because the sysfem could pot adequate-
1y quantify population characteristics, harvest location, and magnitude
of harvest.

In previous systems, hunters, weather, season length, and bag limic
dictated the harvest. FPregsent Inventory - management systems must deter-
mine the harvest rate and be sensitive encugh to Indicate detrimental
effects to the population at the time they are cccuring. In addicion
to rotating watershed management within large land vnits, groumd or
aerial checks of represemtative study areas at two to five vear inter-
vals (depending on intensity of harvest) sust occur In order to adjust
the systém. Where possible, limited entry hunting systems and compulgory
checks should be used in relation to sociml organization, particularly
for sensitive populations. Development of a conceptual framework for
survey and harvest systems allows integration and the ability to test
one syscem against the other. This requires that population or ecotype
boundaries be consistent with management unic (MU) or subunit boundaries;
harvest amd inventory boundaries must coineide and units must be reduced
in size. One of the strongest toels available to wildlife managers is
the ability to manipulate harvests while testing the sensitiviey of in-
ventory methodology. However, this method has remained umised due to
the inadeguacy of current data sysiems In cthe B.C, Figh and Wildlife

Branch and due to inadequate and inefficlently utilized inventory funds.
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MOUNTAIN GOAT MANAGEMENT - Chadrman: K. H. Sumanik

J. N. Bone - Status of the Mountain Goat (Oreamnos americanus) of the
Similkameen River, British Columbia,

Hayne Heimer: What is a juvenile and how do you tell?

Jack Bone: GSize. Fven a small adult is much bigger than am 11 month old
Juvenile.

Joel Berger: How do you determine the difference between males and females?
Jack Bone: Mainly by the shape of the horns; female horns curve back
flatter and are usually smaller. You can also watch urination posture.

Size is not often a good criterion, Usually males are by themselves;
females will be in a group or with younger animala.

Bryan Foster: How many times & year do you conduct your counts?

Jack Bone: We do a very rapld count early In the spring; April - May,

Rolf Johmson: With the use of a helicopter did you experience much harass-
ment?

Jack Bone: When they are on the precipitous arcas they don't seem to
react too badly. But io the spring, vhen they are on the lower slopes on
the green-up ranges, they can move pretty fast to get back to the bluffs.

Anonymoug: Do you have any Idea of the per cent of goats that you sce
with your helicopter surveys in April and May?

Jack Bone: T think on the north side of the river, we are probably scelng
about 80X, and on the south side we are seclng mavybe 30X,

Bill Hall: What was the sex breakdown on vour kill?

Jack Bome: It was quite high to females, about 635X to 7OX.

Bill Hall: I see in your gurvey that vou are classifiving adults and juven-
1les and you are oot dolng thes during the kiddipg time, Is this in-

formation adequate for managesent purposes?

Jack Bope: WNo, we need more populatiom parameters: age class, sex class,
better recrultment, productivity and natural mortallty data.

Jim Bailey: When you had more restricted seasons and perhaps more local
hunters, did you tend to pet a higher ratioco of males in the kill?

Jack Bone:; Yes, we did,

E. Jamieson = Goat managesent in the Kootepavs,

Jim Balley: HRegarding the delayed response of four to five years that the

goat populations showed to lower density and closing of the season, do vou
think the delay is real, or an artifact of where you were looking for poats?
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Bob Jamieson: 1 think we had some impact on goats in addition to Che
harvest. Harassment had some Impact as well,, There are anmual fluctua-
tions in the population; there is a long term (50 vear) forest-cycle
fluctuation and there is a fluctuation in the five to twelve year period.
I don"t understand what 1t 1s, but I don"t think it is an artifact of our

technlque.

Jim Bailey: You don't think it was poor weather~that the response could
net cccur until you had some betbter years?

Bob Jamiepon: ome winter, 1968-196%, was tough on all the game, but thera
is no Indication that there was o series of hard winters.

Joel Berger: Have you tried to compare body size data, of hunter kills
from your population to those which have bean hunted elsevhere?

Bob Jamieson: I have some information from a pretiy reliable fellow in
the Elk Valley. He suggests that in two valleys separated by two rvidges
the average weight of goats in one valley is one hundred pounds more than
in the other valley.

Joel Berger: 1If the carrying capacity of one population is increasing
and the other ome is decreasing, there could be a lot of competition,
Do you think that might be one of the reagons?

Bob Jamieson: I have no idea with those particular herds.

W.E. Hall and J.A. Bibaud - Coats and thelr management in Alberta.

Tim Baumanni On your spring counts, do you fly prescribed routbeés; or
do you just fly the area till you think you have seen all the goacs?

Bill Hall: We fly each drainage, sach alpine valley. We do cover more
intensively aréas where we know there sghould be goats,

Tim Baumann: You made a comment about 37 given mortalicty. TWas that
due to winter kill? What's causing your kid morcalicy?

Bill Hall: Tt's mainly due to wincer severity. There are both wolves and
cougars in the area, and in the sumsmer we have prizely bears but I don't
know what their effect is. Theére was virrually no difference in figures
between surveys flown In June and Julwy.

Anonymous: You had two winters followed by low production and involving
high mortality. Were those winters severel

Bill Hall: Mo, the anovw cover and the type of winter have not been that
bad the last three years.

Daryll Hebert: Have you been successful with your ground and asrial sur-
veys since 1973 in estimating more accurate or more definicive sex ration?

i1l Hall: No, we have not, We classify adult males wvhen possible.
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Daryll Hebert: 1 was asking because recrultment ratlos generally uvse kidas
and vearlings rar 100 adults, but the fluctuvation of the pumber of maleg/
100 adults 1 afywhere from 0 to B0 or 90X.

Rav Demarchi: Do you feel that kids orphaned by hunters killing the
manny are destined to die?

Bill Hall: T think the kid and the vearling depend on the nanny a lot more
than sheep do. I would sav the chances of an orphaned kid surviving are
probably less than 1f they were with a female.

Ray Demarchi: 1T think 1f you isolate your nursery groups and have another
look at your data there is ample kid production, Natural mortality may
tun between 7 and 12% and average around 9%, but you do not need to produce
a lot of kids and wearlings to maintain a population.

Victoria Stephens and C. Driver = Tnitial observations on a tagged mountain
poat population in the Olvmpic Mountains,

Daryll Hebert: What per cent of the whole area are you coveripng in that
count?

Tory Stephens: I'm not really sure how much of the area we are covering.
We have meen 94% of the tagged adult females (gince September) and so
that 'is a pretty good indication that we are seelng quite a bit of the
purgery group range it lesst, We are probably missing a lot of the males
that are atill fn the area.

Rapdy Bennett: You said you had some problems with females with poor skin
condition, in late winter, and you trapped the goats in summer., Did you
ohserve any ectoparasites on the goats at this time?

Tory Stephens: No, I have not. Howsver, I have never trapped one of the
goats that looked 1ike this so I have not been able to pet a sample of it.

Jim Bailey: Did you feel that social groups, the animale tagped together,
stayed together throughout the year?

Tory Stephens: They stayed in the same peographical area, but every time
I went wup I saw different combinations of the tappsd animesls,

Jim Bajley: How big a place areée wé talking about?

Tory Stephensa: The distance batween these two Areas on the top of the
ridge is about a mile,; Ewo miles.

D.M. Hatler - The Coats of Coat Mountain: Evaluation of a proposal.

Johs Ellist: Do you have any Infermatisn which would give us further in-
aight into how goats are able to move Inte & hew range, and whebher
there are managment implicacions in thac?

Dave Hatler: 1 do not know how well goats can éolonize. The experience
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paeme to be that we have a lot of areas thar do nor now have mouncain
goats but prohably did have.

Rick Ellis: Given that there are a lot of isolated populations and a lot
of phenotypie, If not genotyple, differences, do you think there really
are guth things as géenéraliriss about goata?

Dave Hatler: 1 think you have Eo be management specifie, particularly for
these ipolaced populacinns.

H.R. Foster - Horn growth and qualicy management for mountain poats

Joel Berger: How do high and low quality populations differ in their para-
mecers from populations that are increasing or decreasing?

Bryan Foster: The analyses with sheep are that high qualicy popularions,
mentioning the characterisrics that I did, would represent increasing
populations.

Jeel Berger: 1s there something specific about ungulates then, which
makes you use the terms hiph and low qualicy? Or could you use these
terms for any populacion?

Eryan Foster: You could use them for any populatcion at any level, It is
enly a convenient eriterion for indexing populations that one cannot get
gut te leok at in the field.

D.M. Hebart - A systems approach to mountain goat mapagement

Dave Hatler: The difference between high and low quality papularions may
be how they respond to different kinda of weather yearsa. Ferhaps in some
years there may be no difference?

Daryll Hebert: After looking at goat populations in Alberta, B.C.,
Montana, and Washington, the animals T appreciate most are the goats that
inhabit the coastnl mainland in B.C. where the climate is extremely harsh.
We have seen, over a three year survey period (1974-1976), both our kid
ratio and our yearling ratio vary very licttle. 1In 1977 our kid production
doubled, stricely, as far as I'm concerned, due to the increasing mild
climate.

I'm fully convinced that behaviour and use of the habitat by the
family group are really dictated by the winter climate. Where it is
nilder, there is less influence, but where it 1is harsh there is almost
total control by climata.

Bob Jamieson: You talked about kid/fadult ratios, femala/kid racios and
€0 on, and the effect of not baing able to coont males., We also need
Lo count the two year alda, saince they are messing up that ratio too.

Daryll Hebert: The two year old component can disturh recruitment as much
as not being able to survey for males., If you are surveying a low product-
ivicty ecotype, true recruitment may not really be till 3.5 vears, but

vou are still calling recruitmant  yearlinga/100 adults.
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PARATUBERCULOSIS (JOHNE'S DISEASE) IN BIGHORN SHEEP (Ovis canadensis)
AND ROCKY MOUNTAIN GOATS (Orearmos americanus) IN COLORADO

Elizabeth 5. Williams, Wild Animal Disease Center, Colorado
State University, Fort Collins BOS523.

Gene G. Schoonveld, Colorade Diwvision of Wildlife, Rescarch
Center, Fort Collins BD521.

Terry R. Spraker, Wild Animal Disease Center, Colorado State
Universicy,; Fort GCollins BO523,

Charles P. Hibler, Wild Animal Disease Center, Colorado State
University, Fort Collina 80523,

ABSTRACT
Berween 1972 and February 1978, six cases of paratuberculosis have
been diagnosed in a herd of free-ranging Rocky Mountain bighorn sheep
f(ovis canadensia) and one case in a Kocky Mountain goat (Oraammos
smericanus) on Mount Evans, Celorade. Sightings of 20 other sheep and
four other goats showing clinical signs of the disease have also been
raported during this time. Diagnosis of paratuberculosls was based on
gross and histopatholegic examination of the animale and by iscolation of
Mycobacterium paratuberculosis from three gheep and the goat, Clinical
and pathologlc changes seen in bighorn sheep resembled those described
in domesclc gheep and goats, A discussion of the importance of Einding
this disease in free-ranging bighorn sheep and Rocky Hountain goat herds
is discussed,
INTRODUCT ION
Paratuberculosis is a specific infectiocus enteritis of domestic
livestock including cattle, sheep, goatas, camel and reindeer (Thoen 1977,

Katie 1961).
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It Iz of great economic Imporcance to the livestock industry in much of
the United States (Kopicky 1973), Canada, Eastern and Central Europe,

The disease has been recognized for over eighty years, having first been
described in Gormany by Johne and Frothinghsm in 1895, Paratubereulosis

is caused by Mycobacterium paratuberculosis, a small (0.5ux = 1,2u) acid-

fast bacillus, In ruminants this bacteria causes a chroniec disease with
involwement of the intestinal tract, particularly the distal small
intestine, {leocecal valve, cecum, associated mosenteric lymph nodes and
efferent lymphatica, HMHoxt information on paratuberculesis is based on
studies of the discase In demestic liwvestock. Descriptions of the
disecase in wild species are incomplete and consist mainly of isolated
Caseé reporbs. Faratubérculosis im bighorn sheep has only beén reéeported
once in the literature (Thoen 1977) and reports of the diseéase have not
previously beém réported in Rocky Mountain gosabs. Other wild species in
which paratuberculosis has been reported include white-tailed deer
(Ddocoileus virginianus) (Libke 1975), roe deer (Capreolus capreolus)
(Hillermark 1966), European red deer (Cervus elaphus) (Vance 1961, Katie
1961}, moose (Alces alces) (Soltys 1967), aoudad (Ammotragus lervia)
(Boaver 1977), mouflon (Ovis musimen) (Boever 1977, Katic 1961), camal
{Camelus bactrianus) (Thoen 1977, Katic 1961}, bighorn shesp (Ovis
canadensis) (Thoen 1977), reindeer (Rangifer tarandus} (Katic 1961),
Japanese sika deer (Paeudaxis sika) (Katic 1961), water buffale (Bubalus
bubalus) (Katic 1961), yak (Bos grumniens) (Katic 1961), gnu (Connochastas
alboujubatua} (Katic 1961), and Llama (Llama glama) (Appleby 1954).

M. paratubsrculesis is relatively resistant te environmental con-
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ditions. Viable organiams, capable of initiating infection in sus-
ceptable animals, hawve beén recovered from contaminated pastures for one
year and from barn walls for up Eo five years after the source of bacteria
had been removed. The organism is relatively susceptable te sunlight
(50=100 hours of direct sunlight will kill the organism), drying, high
go0il caleium, high soil pH, and continuous contact with feces and urine.
The bactéria s Fascidious and slow groving in culture voequiring up Eo
four months for identificarion. The paratuberculosis organism requires
mycobactin, a product derived from Mycobacterium sp, in the culture media
in order to growv.

The primary natural route of transmission of rthe disease s via
ingescion of contaminaced feces. Studies of paratuberculosis in domestic
livestock indicate that animals become infected when they are very young.
Experimental work with domestic lmmbs hasn shownm that aa few an 1,000
organisms will establish infection (Filmore 1976)., Other modes of
transmigsion, which have boen documented in domestic livestock, buc have
not been exmmined in wild species, include intrauterine and transmammary
infection,

Clinical signa described in domestic ruminantz include a long incub-
ation period,; with most clinical cases belng 2-6 vears of age. Clinical
signs include emaciation and often submandibular edema, which is related
te low serum protein. Catcle characteriscically have constant diarchea,
domestic gheep and goats mav or may not have diarrhea, and In cases wherao
it is present, disrrhea may be Iintermittent. Normally animals arc alerc

and have pgood appetites until the terminal stage, The biggest economic
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problem to the livestock industry is related to decreased production
{(milk, wool and weight gains). A second; less dramatic, but nevertheless
important loss over a long period of time, is that up te 10 percent
mortality can occur annually in infected herds (Larsen 1970).

At necropsy, domestic animals show classic signs of emaciation
including serious atrophy of fat depots, submandibular edema and muscle
atrophy. Subserosal édema and thickening of the wall of the distal
jejunum, ileum and cecum are commonly found. The afferent lymphatics
from these regions are also thickened, opaque, and somecimes torturous,
The associated mesenteric lymph nodes are usually grossly enlarged (2 te
5 times normal), edematous, and in the case of domestic sheep and goats,
may contain arcas of necrosis, caseation and mineralizacion.

The classic histopathologic lesions in domestic ruminants include
granulematous enterictis, lymphangicis (afferent lymphatics) and lymphadenitis
(mesenteric lymph nodes and occasiomally pharengeal lymphnodes and tonsil),
The granulomatous infiltrate is characterized by large epitheloid
macrophages with large amounts of fommy mosinophillc cytoplasm, mul-
tinucleated giant cells and variable mmbers of lymphocytes. With
acid-fast stains, clumps of small bacilli are found intracellularly In
the phagocytic cells. Caseation mnd mineralization is associated with
the granulomatous reaction in domestic sheap and goats, and only very
seldom in cattle.

Techniques for diagnosis of the disease have only been worked out
for domestic species and at the present disgnosls of subclinical cases

is quite difficult., Serclegical tescting is of some valve In cattle but
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many false positives and negatives are found, Therefore, the test

may be useful for indicating the presence of the disease in herds

but fg &f little wse for diajmoais of the diseaze in individual animals.
Feecal culture preéscéntly is the moat widely used technique for detection
of paratuberculosis in domeatic herds and for identification of individual
infected animals. Problems associated with use of facalcultire are that
large numbérs of bacteria are only shed relatively late in the disease
and theén may only be shed intermittently. The lengkh of time required
for a diagnosis and theé difficulty of culturing the orgenism also are
problems associated with fecal cultures. Promiging data recently has
been published applying the 1ymphocyte stimulation test to the diagnonis
of paratuberculoais in cattle (Alhaji 1974). This test should be

capable of detecting an animal sensitized to antigens of M. paratuberculosis

within a short period after infection, thus detecting an infected animal
long bafore any other test. The short periocd of vime required for the
test (two weeks) ia therefors a definite advantage.
METHODS

Persommel of the Colorado Division of Wildlife submitted disecased
animals to the Wild Animal Disease Center for thorough necrapsy and
evaluation. Bome cases were presented alive and subseguomtly euthanized,
others were shot or found dead in the field. A thorough post mortem
examination was performed and represencacive tissuo smmples fiwed in
10 percent formalin; mesenteric lyvoph nodes and sections of emall
intescine were frozen for lacer bacterial culture. Formalin fixed

tissues were processed vountinely and scained wicth hematoxylin and eosin.
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Appropriace cissucs mlso were stalned by the Einvon acid-Tfast mechod.
Bacteriolegy was parformed by Dr. Charles Thoen, National Animal Disecase
Contar, Ames, Iowsn. The lymphocvie stimulation cesc was performed as
deseribed by Alhaji (1974) for bovine lymphocytes with the following
modificacions: (a) Heparin was used at 20 U/ml of venous blood;
(k) ficoll-diatrizoate was adjusted to specific gravity of 1.077;
{e) microtiter plates were used for cell culture; (d) 20 percent fetal
calf serum was used In the culture media; {(®) coltures were incubated
for a total of five days; (f) concanavalin A (50 ug/ml) was used as a
nonspecific mitogen; and (g) Otto Hiller automatic harvester was used to
terminate cell cultures, A fecal seear of the mountain goat using the
auramipe=rhodamine stain to demonstrate the bacteria was performed,
STUDY AREA

All clinical cases of bighorm sheep were from Mount Evans and Grant,
Colorado, These areas are approximately 13 miles apart, The Hount Evans
hierd is estimated at 150 sheep and the Grant hérd at B0 animals,
Exchange of animalas between theseé two herds has been documentéd by
obhxervation of movements of neck-banded individuals. The mountain
goat was from the Lincoln Lake area on Hount Ewans,

RESULTS

Six confirmed cases of paratuberculosis from the Mount Evans/Grant
herds have been documented up to February, 1978 (Table 1) Das-
criptions of the clinical disease, gross, and hiscopathology in bighorn
sheep are, however, based on five cases. Case #2, a mature ewe, was

subclinical; she was not showing clinical signs and all syscems
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TABLE 1.

sen of FPa ubereulosis

Bighn ocky Mountain Goacs in Colorada
Species Date Age Jex Location
Bighorn 1972 & male Mt. Evans
Bighorn 1=26=T7 & femnle Mt, Evans (Subclinical)
Bighorn G=18=77 & male Grant, Colorado
Bighorn 5=20=77 & male Mt. Evans
Bighorn L=30=T77 10 male Grant, Colorado
Bighorn 1-2=-78 7k female Grant , Colorado
Roeky Mtn.
Goat 2=21-78 2y male Mt, Evans
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appeared grossly normmal on examination.

PFaratuberculoaias in I:‘JLEImm ﬂh“.E_-

Gross Pathelogy: All the sheep exmmined were emaciated, had dry,

rough hair coats and diarrhea, Submandibular edemn vas noted in three of
the sheep examined, Honspecific lesions such as serious atrophy of fat
depots, submandibular edema and generalized muscle atrophy were associated
with the emaciated state of the animals., Marked subsercsal edema was
present in the jejunum and {leum, Afferent lymphatics from these
roglons vere cpague, thickened and torturcus. Mesenteric lymph nodes
were greatly enlarged (2 to 3 times normal size) and edematous. The wall
ef the jejunum and ileun was thickened and in some cases corrugated,

Histopathology: Microscopic features consisted of granulomatous

enteritis, lymphangicis, and lymphandenitis. The primary inflssmatory
cells were large epithelodid macrophages and, in three casesz, multinucleated
glant cells. Cellular Infiltration disrupting normal architecture of the
intestinal wall was present In the lamine propria and submucosa of the small
intesctine and cecum. In severe cases, cellular infiltrate alsco wvas
present in the spiral colon, MHecrosis or mineralization was not found,
Lyvmphangitis was sevdre in most cases with many vessels nearly occluded by
thickenad irregular walls and debris within the lumen, Inflammatory
cells were primarily epitheloid macrophages, and in two cases, giant cells
ware present in the mesentery and perilymphatic areas, Mild lymphocytic
perilymphatic infiltration also was present. Oranulomatous infiltrate

in the lymph nodes occurred primarily im the subcapsular regions of the

corbex. Again, the inflsomatory Inflltrate vas mosktly epitheloid
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macrophages with occasional gilant cells in three cases, In case #6,
tonsils were examined histologically and found to have gramulomatous focl
present, Acid=fast stains of cigssues Irom these animals revealed variable
numbers of acid=-fast bacilll present within the phagocytle Inflammatory
cells of intestine, lymphatics, lymph nodes and, in one case, tonsil.
Subclinical Case #2: On histopathologlc examinacion of tissues mild
lesions typlical of paratuberculosis were found. Aclid-fast stains dem=-
onstrated only & [ew bacteris within phagocytic cells of chese tissues,

Paratubsrculosis in Rocky Mountain Goat.

Gross Pathology: Clinical signs seen in this animal were similar teo

those described for bighorn sheep = emaciation, dry rough halr coat, and
diarrhea. Gross examination, however, réevealed somewhat different lesions,
Subsérosal edems was nob présent., Hesentéric nodes were massively enlarged
and yellowish areas Indicating the presence of neécrosis were seen through

the méséntery and on eut surface. The intéestinal tract was diffusely
hyperemic and a fibrinc-necrotic membrane was present im the ileum, This
was probably related to a secondary bacterial infection. The small

intestine was greatly thickened. A 3 em. abacess in the wall of the {leum
and adheasicna batween ileum and peritoneasl wall were present. The lymphatics
were opaque but not thickened to the degree seen in bighorn sheep.

Histopathology: On histopathologic examinationymassive granulomatous

enteritis was present in the jejunum and ileum, Leoss extensive lesions
were presant in the duodeneum, cecum and spiral colon., Granvlematous
lymphadenitis was also present. Inflammatory cells especially epitheleid

macrophages and nmearpus large multinucleated glant cells were obvlouws
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throughout.” HNecrosis was present in many areas of dense cellular infiltrate.
Extremely large mmbars of acid-fast organisms were demonstrated within the
phagocytic cells. Fecal emears stained by both acid-fast stains and the
aurmmine=-rhodamine method indicate that the goat was shadding extremely

large numbers of M. paratuberculosis in che feces.

Preliminary lymphocyte stimulation work using blood from the Grant
gheep indicated approximately 30 parecent infectiom race (6 or 7 nnhunli}
in thia herd.

DISCUSSION

From the description of the lesions found in the five clinical cascs
of paratuberculosis in bighorn sheap it can been seen that the discase
appears to be similar co cthact described in caccle., The disease in Rocky
Mountain goacs appears to be more like that described for domestic sheep
and goats. The extensive granulomatous reactiom, the large mumbers of
bacterla present, and the relatively voung age of this animal may indicate
that mountain goats are more susceptible to this disease than are bighorm
sheep.

The subclinical case of paratuberculosis is of interest in that she
may have been a carrier of the organism and was more likely only at an
early stage of the diseasxe, The fact that subclinical cases exist, and
mimals may be shedding Infective organisms is an Important consideration
to the épigootology of the disease. The massive numbers of bacteria
being ahed in the feces of the mountain goat is also important, Hore
goat caseés are needed to adequately describe the disease in this species.

Several important questions should be considered in regards to the
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diagnosis of paratuberculosis within these two herds. First, how did the
organism become eéstablished in this area? Paratuberculosis, while it is
important in many aréas of the United 5tates, has not been diagnosed by

the Colorado Veterinary Diagnostic Laboratory in animals in Colerado for
twenty years. A possibility is that bighorn sheep and mountain goat
populations contracted the discase from domestic species. A second
possibility is that Rocky Hountain goats, transplanted imto the Mount

Evans area in early 1960,may have been infected and it has taken nearly

18 years for the disesse to become established to the present degree,

The extensive lesions present in the goat case gives support of this theory.

A second question is what other species may be or become infected with
this strain of M. paratuberculosis? It is known that most strains readily
infect domeatic cattle, sheep and goats. Though this work has not vyer
been dona, we strongly suspect that this bacteria will infect domescic
ruminants as well as other wild ruminant spacies (mule deer, elk) where
ranges everlap with Infected sheép or goat herds. Cross tranemission
studiecs are needed te clarlfy this question and to determine the importance
of this problem.

What steps should be caken to control or eradicate the discase in
thiz area? Survey work to determine the rate of Infectien is pecessary.
More data on the epizootology and character of paratuberculosis in wild
ruminants is necessary before ratiomal steps can be taken. The lymphocyte
stimulation test may be an important tool in this regard but Lt 1s still in
the developmental stages, Fecal cultures preésently are being rum In an

attempt ko détect those animals shedding organisms. The lyvmphoeyte
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stimulation test together with fecal culture may be a good way of diag-
nosing paratuberculosis and giving information as to the preval nce of the
disease in these herds,

Control of the disesse is a4 difficult problem, Treatment for
paratubsreulosis is not presently available, Vacecination programs in
Europé have had moderate succeéss in decreasing the number of clinical cases,
Howewvear , some vaccinated animsls will stil]l contract the disessze and shed
arganisms in theé feces, Detéction of infected animals and their removal
from the herd also may be a possibility. This {s a méthod employed by
demascic livestock farmers in controlling paratuberculosis in thelr
herds.

Clearly, paratuberculosis is an important problem in this particular
herd and maybe of significance te other bighorn sheep and Rocky Mountaln
goat hards or to other domestic and wild ruminants in the area. If the
digeasze was in fact brought into the herds by vay of infected Rocky
Hountain goats, this hecomes an added risk when considering transplanting

animals into other ranges.
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CHRONIC SINUSITIS AND OSTEONECROSIS IN DESERT
BIGHORN SHEEF (OVIS CAMADENSIS MELSONI)

T.D. Bunch, International Sheep and Goar Instituce,
Utah State University, Logan.

S8.R. Faul, Department of Animal, Dairy and Veterinary Sciences,
Utah State University, Logan.

H. MeCutchen, Zion Hational Park, Sprinpdale, Utah.

ABSTRACT

Chronic sinusitie is = major mortality factor in desert bighorn
sheap and may have brought sbout the decimation of aome populations and
restricted expansion of others., The incidence of sinusitis in a caprtive
population of desert bighorm at Zlon Netlonal Park, Springdale, Utah,
ig 41 per cent and the disease is terminal. Sheep with sinusitis
exhibit varying degrees of mecrosls of the skull ranging from porous
bone to areas of extensive lysis of the frontal bonme, horn core, and
sheath, Sheep with sinusitis undergo extensive debilitation, often to
the extent of losing half their body weight, Also assoclated with the
disease are open leslons on Lthe forehead, which may become parasicized
by fly maggots, Osteonecrosis of the orbits way result in blindness.
Central nervous discorders have been related to abscessation of the
brain resulting from osteolysis of the brain case. Sheep with sinusitis
in its more advanced stages will become solitary, and ewes may not be
capable of rearing their lambs. The skeletal results of sinusiktis in
the desert bighorn at the Park resemble deseriptions of neervotic skulls
of desart bighorns found in Arizona and Nevada. The etiological agent

may ba the larvas of the sheep nasal bot (Qestrus ovis), with the sinuasitis
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being initiaced by necrotic larvae and subsequent invading bacteria.
Corynebacteria have beasn the most common Miecrobes isolated from the pus-
like exudates, Trephining the frontal sinue and adjacent horn core
appears to ba the only effective treatment.
INTRODUCTION

Osceonecrosis and shoeletal anomalics have been reported in desert
bighorn (Ovis canadensi nelgoni) skulls from Arizona and Nevada (Hansen,
1961; Arizona Game and Fish Department, 1963; Allred and Bradley, 1965).
The skulls exhibiced varying degrees of necrosis, ranging from spongy,
porous bone to areas of extensive lysis in tha fromtal boma, horn sheath,
and horn core. Ram skulls often displayed differcential basal circim-
forences of horns, in assoclation with concomitant changes of the palatal
suture and occipital condyles. Skeletal anomalies In ewe skulls
were more variable than those in rams., The ewes evidenced bone damage
over a wider area, often involving the lacrimal bone, orbital bone,
infraorbital foramen and tooth archade, Ewe skulls seldom displayed
the large lesions or cavities in the frontal bone found in ram skulls.
According to Allred and Bradley (1965), 23 per cent of the ewe skulls
and 3 per cent of the ram skulls they examined from the Nevada Desert
Game Range skull collection exhibited necrosis of the frontal bone,
and 75 and 49 per cent,; respectively, displayed necrosis of a lesser
extent invelving the tooth archade infraorbital foramen, orbital, and
lacrimal bome. Although the etiological agent was not identified, the
extent of skelecal dmmage (parcicularly the anomalies of the frontal

bone) was considered as a causing the demise of the sheep.
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RESULTS

Reports about the Arizona bighorn are scarce; mainly coming from
hunters and raxidermists, In 1962, 7 per cent of the rams killed during
the hunting season exhibited osteslyais of the frontal bone, horn core,
and sheath (Arizona Game and Fish, 1961). The necrosis was primarily
asceribed to mechanical injury fallowed by secondary invasion of bacreria.
During 1977; a ewe was observed circling and was then diagnosed as having
a central nervous system disorder. Subsequent post-mortem findings
indicated that the awe had died of twe brain abscesses that entered the
brain casa from s necrotic left horn (Hospitnl Admizssion Recerd, 1977).
Coryvnebaccerium pvopenes was lsolated from the brain abscessaes,

Sinugicis chat leads to osteonecrosis, as observed in the Arizona
and Nevada sheep, was first observed in Utah In a captive populacion of
degert bighorn at Zion Mational Park. The sheep (3 rams, 5 ewes, and
&4 lambs) had originally come from River Mountains and Corn Creek In
Hevada and been relocated into an BO=acre enclosure in Zion Nationmal
Park, Springdale, Utah, in 1973, In 1975, a condition that was later
diagnosed as chronic ainusitis was observed in a dominant ram, The ram
had undergone a progressive debilitacion from 1974 to the time of his
death in 1975, when he weighed only 100 1lbs. Post-mortem examination
revealed osceolysis and abscessation of the nasal and frontal region
of the skull, thinning of bone of the upper brain case; lysis of the
brain case; extreme necrosis of the orbicals, and total destruction of

the trabeculae within the horn cores (Figures 1 and 2). Examinacion of
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Figures 1 and 2, Chronic simusitis has resulted in extreme osteclysis
in the frontal region of the skull, thinning of upper brain case,
lysis of brain case (arrow) and total destruction of the trabeculas

within the horn coré.
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skulls from 2 other rams and 2 owes that also died within the enclesure
indicated that sinusitis had contributed to their death. Various degrees
of osteonecrosis and porosity of the bone were cbserved, with the most
pronounced bone snomalies being seen within the horn cores. Posirive
verification of the disease in thres of the skulls required sagical
sections of the frontal sinus and horn core,

Sinusitis has recently been monitored in four living desert bighorn
at fion Hational Park, Prior to capture, these sheep had exhibiced
varying degrees of physical and behavioral changes. The characteristie
progressive debilitation extended over 7=127 months, and in some casos
ended in deach. Some of the sheep lost mearly hall their body weighe
before dyving. Dften drainage atk the frontal region of the skull was
cbzerved. Developing lesions could be recognized as small matted reglons

of hair at the base of the horns, One sheep went blind from osteolynis
ef the orbit and subsequent infection of the eye. Open lesions also
became sites for maggot infestations. Often the infected sheop sought
seclusion to avold harrassment by other sheep. A diseased ewe with a
lamb was mot able to rear her offspring because of an Insufficient milk
supply and a decreage ln mothering ability. Omce a sheep evidenced the
disease, unless it was treated, the process appeared to be inexorably
terminal. The incidence of sinugitls In the Zion sheep 1 year or older
is &1 par cent, Organisms i{solated from gheep having the sinusicis
have mainly been corynebacteria, streptococcl and proteuws. No microbial

agents other than bacteril have been isolated,
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Eleven of the 13 sheep remaining in the Zion enclosure in 1978 were
recently captured and examined for signs of sinusicis. Prior co capture,
a 3.5 year old ewe was obsarved (with a spotting scope) ta have an unusual
tufrt of hair on tha forshead. Upon close examination, the cufred hair
region war seen to be tha result of an open and draining leaion invelving
the frontal simus. The basal circumference of the horn on the infected
aide was larger than that of the sther, The ewe was the only sheap that
displayad noticeable symptoms of sinusitis,

{ma reason for capturing the sheep was te establish a method of
early diogneais. Beslides physically examining each animal, blood ssmplea
ware taken and checked for a possible marker for the disesse, Comparisons,
howavar, could only be made batween tho one owe that had been idencified
88 having sinuaitis and thosa that sppeared normal. Some of tha sheep
considered normal may have had an early stage of sinusitis,

Blood cell differencial counte were not indicative of sinusicia
(Table 1). The blood cell types and related counts of the ewe identified
as having sinusitis were withinm the range of the sheep sampled. The
total WBC counts, however, were secomd to the highest, The sheep with
the highest count was not positive for the disease upon physical examination.

Serum componénts are often vsed as a measure to determine an animal's
physical condition. Evaluation of the serum samples from the desert
bighorn indicated that on the average, the blood components of ewe #2
varied from the mean (Table 2). These differences, however, could not

be correlaced with rhe differential blood cell counts. The small mmbers
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Table 1. White blood cell owmts on desert bhighotm sheep from Zion
Mational Park, Springdale, Utah.

Sheep ID  WEBC
maber  Count  Basophils Eosinophils Bands Segs. ILymph, Mono,
1 10,250 o 1 2 46 45 &
il 12,250 o o 5 53 39 3
3 8,450 0 2 10 37 38 13
4 11,500 0 0 4 80 29 7
5 10,350 o 0 5 64 25 6
6 8,750 0 4 1 73 21 1
7 13,700 (1] 2 2 75 18 3
E 9,400 o 1 3 79 15 2
9 9,650 0 1] 4 79 12 5
10 7.850 (1] 0 2 63 32 3
11 10,950 o 7 i 63 23 4

» positive for sinusitis
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of sheep sampled and our inabilicy co identify sinusitis except in
advanced cases have made it difficult to evaluate whether blood compon=
onts can be used as & marker for early diagnostic screening. Erratic
rectal temperature readings, respiration rates and heart beat patterns
wera attributed to excitement during handling.

It has been noted, however, that sheep with sinusitis ofcen have
slighcly higher cemperatures in their areas of infection. This heat
differential may prove to be diagnostic. Efforcs are being made,
therefore, to determine {f infra-red sensoring can be used co screen
animals and to determine location and extent of infection

The etiological agemt that causes sinusitis in desert bighorn
sheep has not been eatablished. Necrosis of the skulls of the Arizomna
sheep was partially ascribed to mechanical damage, particularly bone
anomalios associated with the hern. Causes of the necrosis in other
greas of the skull were unexplainable. A post-moritem examination of
1 of 3 Eion Desert bighorns that died Ixom chronlc slouvsicis revealed
necrotie bot Ily larvae in the pus-like sinal exudate. Althouogh liccle
is knovn about the effects bot Ily larvac may have on wild sheep, their
etiology In domescic sheep has been emply described. The sheep bot fly
deposits living young in the nostrils of sheep, The larvae often
migrate into the frontal sinus wheére they resch maturity before returning
to the nostrils, from wheénce they are sneéged oub and drop bo the ground,
The larvae set up an irritation that results in more than average mucus
coming from the nose, but this mucus only becomas thickened and discolored

after gecondary invasions of the mucosa by bacteria (Krull, 1969).
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Cobbett and Mitchell (1941) reported that such bor fly induced inflamma-
tion of the mocosa is always associated with necrotic larvae and second-
ary bacterial infections, Domestic sheep parasitized by nasal bot lar-
vae rarely die, and then only if they cannot expel the copious mucus.
Death comes from suffocation or from abscesses in the deeper recesses of
the frontal sinus, The heaviest larval infections have been seesn only
in hormed sheep which have larger and moré spacious sinuses.

The anatomy of the skull of rthe desert bighorn, which serves so
succesafully as a shield in their head co head duels, may be coneributing
to their susceptibilicty to chronic sinusicis, parcicularly if the stiol-
ogical agent is the larvae of the bot fly. The brain of the bighorn is
averlayed by two separace astratificacions of bone that have cross con-
nections of bone. The double roof of bone begins about 5-6 em. anteri-
orally from the brain and extends to the occiput. The highty pneumnted
or chombered horn cores are continuour with the frontal sious. In com-
parison, the frontal sinus in domestic sheep is much smaller, An infec-
ticn in the posterior or lateral reglons of the brain in the desert big-
horn has no outler and would be extremely difficule to drain naturally,
Onee established; the pervasive infectlon spreads throughout the horn
core, frontal apd maxillary ;lnuaas, cavslng csteolysls of the frontal

and lacrimal bones, orbitals brain case, horn core, and sheath.

CONCLUSTIONS
Chronic sinusitls in bighorn sheep appears to be terminal unless

otherwise treacted. Treatment of any merit at the present time is limited
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to shésp that are capbive or are avallable to capturs, Ho systemic

or oral antibiotics can effectively treat such an infection, The
animal must be trephined, The Infected sinus must then be flushed
with antibacterial and antiseptic agents in both directions on a dally
basin for one to thres wesks depending upon the extent of the infection,
Trephining involves boring one §" hole through the frontal bone and
anather midway or farther up on the horn (Figuze 1), The infection
canndt be properly tréated without both holes, To keep the opening

in the fromtal bone functional, i is necesanry to insert a §" catheter
for drainage. The catheter can be sutured te the forehead and alongside
the nose. Sheep can be intnmively treated for several weeks in
isnlation.,  However, they must be given antiblotics to prevent
preumonia,

The desert bighorns are faced with mumerous mertality factors that
challenge their survival. Sinusirus is one such challenge thatr un-
doubredly has taken a heavy eoll and will continue to do sa.

This brief report cannot prasant the whole stary, but it does
describe the serious implications tha dissase has for the desert bighern.
Slousicis in the desert bighorn at Zion Hatiomal Park has taken ite toll
from all age groups one year or older, and at a rate of 41 par ecent.
Ewves may be particularly wvulnerable. For the lmmbs, thare is no known
tally. Unfortumately, too little is known about the etiology of the
diseasas to prescribe appropriate management guidelines. All eomeornod
with the survival of the desert bighorn will have to cooperate if the

remaining quéastions are to be answered.
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Fipure 3. Trephining the frontal sinus and horn core is the only
known effective treatment for chronie sinusitis,
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ACTIVITY PATTERNS OF CAL RNIA BIGHORN SHEEP (Ovis canadensis
callf T PENTICTOM, B.C.

T.R., Eccles, Department of Animal Science
tniversity of B.C., Vancouver, B.C,, V&T 1W5.

ABSTRACT

A captive California bighorn (Ovis canadensis californiana) mater-
nal group ranging within a 40 ha, enclosure at the Ckanagan Came Farm
near Penticton, B.C., was observed from May 1977 to Docember 1977.
Estimates of the averapge daily time devoted to various activicies by
the herd members were made for each month of observations. Time de-
voted to feeding during davlight showed no seagsomal crend, remaining
relancively constant from May to November, but decreasing in December.
Bedding cime during the day proved cto be highly correlated co day
length {rz = .85). The times devoted to feeding and bedding by dif-
ferent ape classes of animals were decermined and compared each montch.
A preliminary analysis indicated no consistent differences existed be-
cween different classes of sheep., The divrnal pacterms of the heord
were monicored each month, and showed comsiderable variation from one

season to the next, Winter storms cavsed significant changes In acki-

vity patterns, even on a day to day basis,

INTRODUCTION
In attempts to maximiee the productivity of domeéscic grazing
animals, researchers; for several decades; have studied the daily ac-
tivity patterns and movements of many domestic species. Such studies
have provided a wealth of information on the forage and habitat pre-

ferences and patential daily energy expenditures of free ranging live-
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stock (Arnald 1960a, 1960b, Brody 1945, Graham 1964, Mever et.al.,
1957, Squires 1974). This information has been mmployed in intensive
range and animal management.

Similar studies on many wild ungulates are difficult becauvse of
the poor wiewing conditions afforded by the animala’ natural habitac.
Mountain sheep, for exsmple, have been intenmely atudied in North Amer-
fea and yer little quantitative data is available on their dally acci-
wvity patterns and potential enerpgy expenditures, Various researchers
(Mills 1937, Davis 1938, Blood 1963, Ceist 1971) have described herd
bohaviour frem relatively few days of observations, glving the time of
oeeurrence and duration of active and non-active perieds for several
difforent herds., Van Dyke (197B) completed o more thorough study of
this kind, exmmining the activicy patterns of ewes, lombe and roms and
comparing the activity budgets of the different sex and age groups
within scasons. However, researchers of wild populations are usually
forced to observe different animals en different davs and even fluctu=
ating numbers on the same day. This obscures individual animal behavior,
resulting in average data being collected even for specific age and
sex classes of animals, Animal scientists working on domestic grazers
have reported that great variation in daily behaviour exists betwean
conspecifics subjected to the smme envirommental conditions, not omly
because of age and sex differences; but becausé of difféerences In the
phyvsiologlcal conditions, genatica, weights and forage selectlion of
the animals as well. Therefore, to fully understand and asasess the
nctivity budgets and possible energy expenditures of herd members, iden-
tifiable individuals must remain under observation throughout the study

to enable their daily behaviour to be interpreted inm lieu of the fac-

- 275 -



tors mentloned above,

This paper presents & preliminary analysis of the daily aceivity
patterns of a captive group of California bighorn sheep from May, 1977
to Decembar, 1977. The samée indivduals ware observed for the entice
study peried, enabling accurate comparison of daily behaviour to be
made between individual snimals and age clazses. Feeding and beddihg
durations were used for this preliminary comparative analysis. Season-
al changes in general herd activity are also presented and interpreted

in terms of weather and range phenclogy.
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HETHODS

Animals for the study wera trapped in January and February, 1977
from the Vaseux Lake population, 30 lm, south of Pentictom. The caprive
herd was origlnally composed of 16 ewes (2 yoars or older), 2 female
lambg, 1 male lemb and a yearling ram. Each animal was marked with a
distinct collar for identification and then released into a 40 ha. en-
closure, sitvated on steeply sloping grassland adjacent to the Okana=
gan Game Farm, Data collectiom began in May 1977 on the original group
members., The 18 lambs borm on site were trapped and collared in October,
and monitored with the remainder of the herd from Hovember on.

The sheep were dependeént on the mature bluebunch wheatgrass (Agm-

ron spicatum) = big sage (Artemisia tridentata) plant community within
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the enclosure as a food source. Therefore, thelr daily activity pat-
ternas were considered te reflect those of free ranging animals om a
similar range, particularly those populatiens not exhiblting seasonal,
vertical migratioms,

Obaservations were made cthrough a 20-40 power binocular spotting
ncope from a point 200 meters ocutside the enclosure to elimipate dis-
turbance to the animals. During sampling periods, betwesen dawn and
dusk, the study site vas scanned every fifteen minutes and the activity
of each Individual was noted, together with its location uwsing co-ordin—
ates of a gridded map of the area, Activities were categorized as
feeding, bedding, travelling without feeding, standing and other [intér-
acting, suckling, nursing, playing, salting, vatering, and body caré
behaviour). Filve to eight observation days were completed for each
month.

Using a high intensity spot lamp and the spotting scope, the acti-
vity of the herd was occasionally monitored well into darkmess untfl
&ll herd members appeared to be bedded, However, all night cbservations
wore not attempted because of the poor viewing conditions offered by
Ehis system,

The visibility of the animals depended on their study site loca-
tion, Animals disappearéd from view 1f they moved inte the northwase
corner of the enclosure because of relisf and rcimber cover. Certain
individuals repeartedly used this area and, as a resulr, were axecluded
from behavioural analyses. Therefore, data from only 12 of the origin-
al 20 herd mambers and 6 of the 18 lmmbs ara presented in thie reporc,

Adult ewes were aged by horn annuli (Geiat 1966) and fell inte 1

of 2 age eategorien: 1) 4 yeare or oldar; 1) 3 years, Yearlings made
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up group 3 and lambs were introduced as group 4 for November and Decem-

ber, Analyals of variance and single degree of freedom contrasts were
used for comparing the daily foraging and bedding timea of tha & groups.
The statistical significance of day to day variation in the herd's be-
haviour was also evaluated. The level of significance was 3%,

(m some days, the entire herd was visible throughout tha sampling
period. Data collected onm such daves were used to describe the rtemporal
digcribution, frequency and approximate duration of active and non=-
actlve perlods for the herd in general under various seasomal Influen-

ces (lambs not included),

RESULTS

1} Foraging and bedding behaviour

Table 1 lists the average daily time devoted to feeding and bed-
ding each month by members of the individual age groups and by the com-
bined members of the herd as a whole. Significant group differences
are indicated with small case letters.

a) Monthly trends For the herd

Average davlight hours devoted to Feeding by the herd members
ranged from 5.52 hours in December to 9.49 hours in September. Means
for the remaining months showed only slight month to month variacion,
indicating a low correlation between feeding time and length of obser-
vation day (rf = 0,24), The proportion of daylight hours spent fora-
ging varied considerably, increaszing monthly from a low of 0.48 in May
and June to a high of 0.81 in Hovember. In December, only 64% of avall-

rvable daylight wag ugsed for [eeding,

- 278 -



5.D.2

5.D.2

3.D.2

£.0.2

5.0.1

£.D.2

5.D.L

TABLE 1:

15.00
0.0

16.04
0.70

16.35
0.5%9

12,70
0.48

10.75
0.42

92.39
0.49

B.56
0.24

| 7.29(0.48) 1

0.84

7.85(0.48)
1.41

8.54(0.52)
0.9%

9.49(0.74)
1.18

7.83(0.72)
0.94

7.68(0.81)
0.77

5.52(0.64)
'1.36

MEAN
FEEDING
TIME (HRS)

GR.1 'GrR.2 'GR.3 |GR.4

7.46a? 7.00b 6.69b

0.30

7.8la
1.22

8.50a
1.05

9.52a
1.33

7.90a
0.96

7.73a
0.87

3.34a
1.40

0.69 0.80

8.00a 7.79a
1.07 1.07

8.65a B.52a
0.96 0.97

9.070 9.85a
1.20 0.68

7.93a 7.54b
0.92 0.88

HERD

AVERAGE DRYLICGHT HOURS DEVOTED TO FEEDING AND BEDDING

MERN
BEDOING

TIME (HRS)

'Gr.1 ‘GR.2 GR.3

5.57(0.37)! 5.41b 5.77a 5.70a

0.59

2.81(0.36)
1.03

5.40(0,32)
0.91

1.54(0.12)
0.80

1.34(0.12)
0.64

7.55a 7.70a 6.92b 0.67(0.07)
0.68 0.66 1.05 0.52

5.29a 5.69a 5.23a 1.33(0.15)
1.50 1.23 0.90 1.1

lproportion of daylight hours
‘a is significantly greater than b (p<.05)

GR. 1 = G ewes; 4 vears or older

GR. 2 =
GR. 3 =
GR, 4 =

J ewes; J years of agm
3 yearlings (2 females, 1 mala)
6 larba (4 female, 2 males)

=23 -

0.56 0.52

2.8la 5.74a
1.03 1.26

5.48a 5.34a
0.93 0.91

1.59a 1.%2a

0.78 0.66

1.29b 1.64a
0.64 0.64

0.55a 0.87a
0.52 0.59

1.3%a 1.38a
1.3 1.1l

0.64

2.90a
0.80

5.31a
0.89

1.05b
0.73

1.17b
0.36

0.70a
0.38

1.17a
1.00

G, 4

0.73a
0.71

0.5
0.47



Average daylight hours devoted to bedding by herd members peaked
in June (5.81 hours) and decreased wmonthly to a low of 0,67 hours in
Hovember. Regardless of the Increased December walue (1,33 hours),
mean bedding time of the herd members proved to be highly correlated
to daylength {rz = (,85), As foraging occupled a greater and greater
proportion of the day, the proportion of Eime spent yedded decreased
gecordingly, dropping from a high of 0,37 in May to a low of 0.07 in
Hovember, In December, bedding time increased to occupy L5% of the
day.

For every month, there was significant day to day variation in the
mean bedding and feeding times of the herd members (pd< 0.05). However,
for this preliminary report, no attempt has been made to interpret
these daily fluctuations in detail.

b) Monthly age group comparisons

The foraging and bedding behaviour of the different age groups
showed no consistent differences. In the June and Julv-August sampling
periods, there were no significant between group difftrum:&u.- In May,
group 1 ewes fed significantly longer and bedded significancly lesa
than other herd members while yearlings (group 1) bedded cthe fewest
hours. In Derober, yearlings fed significantly fewer hours than adule
owas and, with group 1 ewes, bedded less than group 2 ewes. With the
indtroduction of the lmmb group in Wovember, the analysls showed that
lembs devoted less timé to foraging than other herd wmembers. Bedding
tima was similar for all 4 groups. December data Indicacted no group
difforences in feeding rime. However, lambs bedded less than other

mnimals.
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2) General Herd Activity Patterns

Conaidering that the proportiom of the daylight hours spent actively
foraging by the herd members increased dramatically from May to Novem=-
ber, it is not surprising chat cthe number and duration of active and
pon=accive periods varied from one season to the next, Figure 1 re-
presents the accivicy patterns demonstrated by the herd for HMay, July,
September and November., Although thers were some day to day fluctuas-
tions in the herd's behaviour, the patterns described in Figure 1 are
congldered to be reprosontative for that month,

In May and July, the herd members followed a cyclic synchronous
pattern with activity peaks occurring before dawn and at midmorning,
mid-day, mid-afternoon and late evening, The most exténsive activitcy
peak was in mid afrerncon when the majority of amimals were active for
almost & continuous hours, In May, the final active period did not ex-
tend far into darkneszs. Howewver, in July, night monitoring with the
aid of a high intenslty spot lamp showed that most animals Eontinuead
to feed 30 to 90 minutes after dusk.

In September and Nowvember, the herd's activity pattern was no
longer clearly aynchronous or eyelic. A majority of the herd was ac-
tive throughout the day, with activity peaking at or shortly after
dawn and continuing well afecer dark. Inactive periods were short and
involved only a few hard membere at a time. In November, it became
apparent that some animals were remaining active for entire obeerva-
tion perioda ( 9 hours).

Figure 2 shows the activity patterns of the herd for 2 days in
December., ©On December 7, the first major activity pecak did not cccur

until 10:00 hours and lasted only an hour before the majericy of the

- 181 -



0F AMIMALS ACTIVE

TOTAL MUMBER

27 MAY, 1577

Tw -E.Ent:r
(1.2 == 151

12 JULY 1977
T = 16.4%.
(9.2 - 23.8)
L Li T L L Li i
2l o
o= 19 L hJ & SEPTEMBER, 1977
| T = 10.7%.
(8.7 — 15.5)
10
i
4 i
W L] [] i L L T ¥ T L T L L] L L T Ll
20 4
H =19 16 HONTMBER, 1977
15 5
T - 3.9%.
10 - (0.5 == 7.5)
5 =
1) T L] L] }| | ] L] | ] L] 1 ] L} | ] L] L] L} L] L L]
4 & b 7 g8 9 m n 2 13 1 15 W 1 18 18 20
TIME O DAY [.Fl_ﬂﬂ Hiiva ]
FIGRE 1. fctivity of sdult Califormia bighom sheep during daylight bours, for 4 seloctod days.

(M = Tolsl puber of aduits present; T o ween dally tesperature; minfvum and mxfoua

LEgeraEures &re 0 o hises).

- 282 -



e Bupdnp pue {Jaquadag ;) Aep ,plo2, e Bupanp doays epuwiodple) ILNP® 40 SAILALIDY "2 TWNOLd

“(doquazag pr) Aep Jmdem,

SANOH 0O°¥E § AO 40 3WIL

gZ 61 8L £L 9L sSL ¥L EL ZL 1L oo & B ¢ 9 ¢
] L i i i i I 1 i I i 1 L . 1 i
- g
= 0l
(6°9+ = %%+ )
gl 5+ = L - 61
L2161 "H3IBWN3IIA ¥l gl =N
= 02
i 1 [ i i i i i i i i i [ i i ji -
= 5
=0l
( 9°€+ == 0'8~ )
272 = 4 1
“Ii6l "HIWMEIA L 6L = N
_-.-UH

40 HIEWNN

ALY STVHINY

- 283 -



herd bedded for an extensive mlid-day break. This synchronlized bedding
vag the first observed since the summer, The entire herd was again
active by 12:45 hours with the majority foraging imtil 14:30 hours
when bedding agaln commenced. By dusk, 2/3 of the animals were in-
active. On December 14, the herd's activity pattern comverted back
to Lt's MNovember form, with the majority of animals belng active almost

continuously throvghout the day.

DISCUSSION

1., PForaging and bedding behaviour

a) Analyais of herd behavior

The overall mean pgraring time of the herd sewhers for the dura-
tlan ;i the study was 7,746 hours per day. Had observatlens éxtended
over 4 24 hour period, this value would have incrcased, With the ex-
coption of September and December values, monthly means varied only
slightly around this figura, showing no scasonal treénds. The increased
foraging effort in September was probably an arcempr by the herd to
build up winter snergy stores, utilizing che high qualiey fall regrowth
of that month, Tha low feeding time and elevared bedding time of
Decembor appeared to be related to cold, inclement weathar in the
firat 10 days of that month, Since movement and foraging would have
baen energetically cestly in the deep snow and cold, windy conditiona,
the animals seemed to be minimizing their enorgy expenditures rather
than attempting to maximize cheir energy intake.

Domestic scudies have reported mixed findings on the foraging be-
haviour of domestic sheep, Hughes (1951) found no seasonal trends in

daily grazing time other than a suppresszion of foraging during the



winter months. However, Arnold (1960b) showed that grazing time in-
creased and muminating time decreased as pasture quality and quantity
declined. Arnold (1962) alszo noted that, as pasture condition and
photopericd decreased with tha progression of the seasoms, a larger
proporcion of the sheeps' total grozing time cccurred at night. As
previcusly mentloned, monthly grazing means for this study showed no
guch increase. Therefore, 1f such & compensatory response was nece-
ssary for our captive sheep to maintain an acceptable level of nutrient
consumption in the fall months, the animals must have Increased their
night time feeding. Sowme night activity was evident from chamnges in
the bedding location of animals at dusk and dawn on consecutive obser-
vatiom days but could not be guantified to Indicate seasonal frequency.
Hight movements appeared to stop during early December when stormy,
cold conditions would have made activity too costcly.

Other authors have reported on smome night activity in bighorns.
Woolf(1970) noticed feading abt fatervals throughout the night but sug-
gested that movements were "limited to the immediate vicinity of the
bedground”. Van Dyke (1978) alse pnticed night movements in Oregon.
bighorna.

b) Age group comparisons

The inconsistent behavioural differences of the various age groups
were difficult to interpret, All adult swes (groups 1 and 2) had
lambed in the spring and were subjected to the increased energy demands
of lactation. This may partially explain why group 1 ewea grased long-
er and bedded less than yearlings. The ewes of group 2, which did mot

behave differently than the yearlings in May, might have entered spring

in slightly better condition than the ewes of group 1 because of their
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younger age, As a4 result, they were able to cope with lactation de-
mands without Increasing rtheir foraging time. Had lambs beon monicored
in May when they were almost eéntirely dependent on milk as a nutrient
source, the data would have certainly shown a small foraging time and
high bedding tima for thiz age group, Van Dyke (1978) found the fora-
ging time of lambe co be lazs than adule ewes in the apring, He did
not compare activiecy budgecs of adules and yearlings,

Although no group differences appeared durlng the summer months,
the inclusion of lamb data would agmin have shown foraging timea of
this age group te be smaller than that of other herd membars. The
lambs had developed some foraging habicse by this time but were scill
suckling regularly for a portionm of thelr diet.

From October cto December, rams were preésent in the herd [or breed-
Ing purposes. However, none of the group differences for this period
can be interpreted im cerms of courcship actiwiciea. Adult ewes showed
no major behavioural changes as a result of harassment from rams.

Reagsone for slgnificant day to day varfations in the {eeding and
bedding behaviour of the herd were not clear. The length of cbserva-
tion day remained relatively constant within a month and could not have
been a major contributing factor, Weather had obvious effects on herd
behaviour during December. Howewver, during periods of consistent
weather patterns, day to day varfacion concinued to be evident, indica-
cing that even more subtle facrors were at work.

2. Genar &

Changes in the foraging behaviour of the herd from scason to seca-

gon have been attributed largely to the plant phenology of the range.

The cyclic nature of the herd's activity pattern for the spring and
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summer months likely reflects range condicion for chac season. Fre-
ferred ephemeral grasses and forbs were abundant and high in crude
protein (Wikeem 1977, pers, comm.). Forage In this phenological state
has been shown to be highly digestible (Hebert, 19713). Therefore,

the animals were able to procure and digest this preferred wvegetation
relatively quickly. Since the racte of passage of ingesta varies direct-
ly with 4ts intake rate and digestibilicy (Blaxter et.al., 1961}, the
turnover rate for the Ingested forage was probably high. This rapid
turpnover race copbined with the long photoperiod of spring and swumer
days enabled the sheep to fill their rumens and ruminate sevéral times
during davlight In the cyclic fashion demonstcated,

Several researchers of wild wountain sheep populationa have no-
ticed fewer activity peaks for bighorns during the summer months than
reported here, Mills (1937) and Davis ([1938) both found 3 peaks of
aotivity for bighorns in Yellowstone National Park; occurring at dawn,
mid day and in the late afternoon. Davis and Taylor (1939) found a
bimodal activity pattern in Texas bighorns with foraging peaks exten-
ding throughout the morning and late afterncon. A single rest period
occurred at mid day. Van Dyke (1978) found only two conaistent activi -
ty peaks for bighorns, one in early morning and one in late evening,

It is difficult to interpret such between site discrepancies since for-
aging behaviour responds to several envirommental gfaceprs, However,
it is probable that differences In range condition between arcas would
largely explain such variable observations.

The change from a cyclle pattern of successive feeding and bedding

periods to a wmore continuous foraging behaviour in Septamber and Novem-

ber by the herd seemed to coincide with the late season maturation and
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fall regrowth of the range plants, Many of the forbs and grasses chat
ware highly preferred in the spring and summer had disappeared or cured
to a relatively low nmutritive state. However, fall regrowcth of the
remaining plants, particularly bluebunch wheatgrass, provided a high
qualicy but limited forage and was selected for by the sheep (Wikeem
1977, pers. comm.), But this regrowth, often shrouded by less pala-
table plant parts, was mot readily accessible cto che animals and re-
quired a consmiderable degree of foraging seleccivicy to procure it.
It i= postulated that the cime required co express this selectivicy To-
duced intake races, enabling che animals to forage throughout most of
the day without repeatedly filling their rumens, As a result, bedding
periods were infrequemt, Several domestic studies support this hypo-
thesis., Meyer ot.al., (1957) and Arnold (1960a) both reported that
geleccion by sheep for new growth is very pronounced in mature vegeta-
cion. Furthermore, Arnold (1960b, 196&) showed that fntake rates de-
crease for domestic sheep as pasture quality and quantity declines.

Reports on the fall sctivity patterns of wild sheep differ from
the results reported here. Geist (1971) found an average of four ac-
tivity peaks for Stone Tams in October and at least 1 bedding period
at mid-day which involved almost all visible animals. Hoefe (1974)
found that a captive herd of Dall's sheep also demonstrated a major
bedding period at mid-day throughout the fall months. However, he
concluded that the mumber of accivity peaks war dependent on dmy length.
Van Dyke (1978} again noticed only single carly morning and evening
aceivity peaks,

Herd activity In December (Figure 2) demonstrated the rapld and

drastic effect of weather on the diurnal pattern of the captive sheep.
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On December 7, the mean daily temperature dropped to -2.2 C and a

storm the previous 2 nights had deposited 20 em. of snow, raising the
anoW accumulation on the site to approximately 30 om. As a resule,
foraging conditions were difficult. The extensive bedding observed in
the early morning was likely an energy conserving strategy of the sheep
to aveld this coldest portion of the day wheén activity would have been
energetically most costly, It ia suggested that the bimcdal activity
pattern observed fFor the réemainder of the day was the result of a
change in feeding behaviour., The deép snow covered any remaining fall
regrowth and the sheep, although cratering to some extent, seemed con-
tent to feed largely on stems and seed heads of blusbunch wheatzrass
and om browge gpeciEs vhich were above the spow, Thls high fibre [orage,
being less digescible and slowly processed would have forced the herd
to bed and ruminate afcer short foraging perieds, Heefs (1974) offered
a similar explanation for the mid-day "siesta” cbserved in his captive
Dall's sheep hard,

Other resecarchers found similar winter activity patterns for moun-
tain sheep. Cuelat (1971) noted that Stone rams and ewes fed very little
in the morning with peak activity occurring at noon and mid afternoonm.
Blond (1963) presented similar results for Califormia bighorna but
showed a third activity peak at dusk.

Howaver, Van Dyke (1978) found no avoidance of the morning hours
by bighorna in Oregon.

On December 14, the mean dally temperature was 5.7 € with the min-
imum temperature being a mild 4.4 C. Several mild days previous to
this had rémoved the snow cover from most of the study site. With for-

agping conditions again being more favourable, the sheep reverted back
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to a more continuous foraging behaviour. The animals were observed

foeding low to the ground, présumably selecting the most recent growch
of the plants. With intake rates remaining low but qualicty of the

diet Improving, it is postulated that snimals were again able to forage

continwdusly throughout the daylight hours without resting to ruminate.

CORCLUSTONS

Studics of the diurnal patterns and accivicy budgets of bighorn
populations can provide Informacion Important for the management of
these animals and their range. Sompling Intensity during such studies
largely diccates the pnature and usefulness of the Informacion provided.

In this study, animal activicies were recorded at 15 minute in-
tervals for the entire observation day. Five to B days were spent
observing per sonth, At Ehis sampling {ntensity, it appewared that
seasonal changes Iin the range phenology were readily detected in the
animals' daily behaviour. It also became apparent that certain weather
patcerns were very influsntial on the animals' behaviour, Estimating
the average daily foraging time of animals within months with moderate
precision was also posaible at thia intenaity.

If detailed information on the daily energy expenditures of animals
is requlired [rom guch a study, sawmpling intensity would have to in-
creagse considerably, More gampling davs per month would be required
to properly Interpret the day to day fluctuations im behaviour observed
in this study. The sempling interval would have to be reduced to 5
minutes or less to adequately estimate the duration of short term

activities, such as running, interaccing, suckling, ete.
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BEHAVIDRAL DEVELOPMENT IN BIGHORN SHEEP: A COMPARISON OF
POPULATIONS INHABITING DESERT AND NORTHERN

ENVIRONMENTS

J. Barger
Dépt. of Envirommentsl, Population and
Drganismic Biology,
bniv. of Colorada, Boulder.

ABRSTRACT

The development of social behavior was studied in three natural pap-
ulations of bighorn sheep, All populaticons exhibited the same behavioral
reperteires, but the ucilizaction of specific behaviors mmong both infants
and adules dlffered between populations. It is suggested that difforences
in the adult utilization of behavior pacterns resulcs, I{n part, from be-
haviors used during infancy. In turn, the soclal and physical environ-
ments affect the development of subsequent behavior patterms in sheep
older than lembs, Desert sheep (in southern Californis) umsed wore mounting
behavior than sheetp from the other two populations (British Columbia and
castern Oregon), presumably because they matured sexually almost a yeo
earlier. Shesp in the Bricish Columbia population used different bel wior
paccerns more frequently, perhaps as a consequence of interactions ex-
perienced in larger bands. Additionally,; playful interactions were reduced
due to physical hazards in the desert envirorment, but they were at least
nina times as frequent in the British Columbia populatiom.

Play in large groups resulted in the utllizaclon of more diffarent
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kinds of behavior pacterns. These behavioral findings are interpreted

ecologically as consequences of Inhabiting enviromments that differ socially

and physically.

INTRODUCTION

Although social behavior is an important and central aspect of the
biology of a spacies, it is not always ranked among the highest priorities
for study by wildlife biologiscs. MNevertheless, it seems rhat, in order
to comprehend better “why animale do what they do" or "occur wheres they
do," an understanding of social behavior and even developmental aspects
of behavior must be attempted. Furthermore, the dynamic nature of social
systems should alsc be consldered, Understanding the behavior of a species
is equally as important as understanding its movements, foraging astratepies,
or patterns of reproduction when trylng to gain insight inte ics "bhasic
bislogy."

Few studies of ungulate ethology have contrasted behavioral develop-
mént in natural allopatric populatlions that span large portions of a
species geographical range., Such comparative studies under natural con-
ditions are important In assessing the role of the enviromment upon be-
havier and alsc in understanding the evolution of social systems.

Bighorn sheep, Ovis canadensis, are ideally suited for a comparative
study of behavioral developmént because they present a mmber of biclogi-
cally interesting problems. For instance, parturition is asynchronous im
desert populations and lambs may be bora at any time of the vear ﬂ[.unlnn:
1965; Simmons, 1969), vhereas in northern or mountain populations the

parturition seasom is more synchronous (Geist, 1971). Also, group sizes
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are conslderably smaller in the degert than they are in more northern and
tesource productive habitats (ses Simmons, 1969; Leslie, 1977; Hoeffs,
1975).

Given these differences in environmental conditions, I was Interested
in exploring the following questions: (1) How does social behavior develop?
(2) What enviremmental (social and/or physical) factors influence social
ontogeny?, and (3) What is the adaptive significance for the differences?

I graciously acknowledge the assistance of the following agencies
and people: Boyd Desp Canyon Biological Research Station: British Columbia
Branch of Fish and Wildlife; Sigma Xi; Society to Preserve Desert Bighorn
Sheap; Theodore Roosevelt Memorial Fund of the Américan Museum of Matural
History; University of Califormia at Riverside; University of Colorado;
Vernon Blelch; Ed Lacey; Eldon McLaury; Harold Mitehell; and Harry Ordin.
Marc Bekoff freely provided his time, halp, and friendship, and 1T am
especially grateful, Steve Walker and John and Ann Walsh acecepted me as
family members im British Columbia. Barbara Cromer provided assistance
and support im the field., Lastly, my parencs, brothers, and grandparents

all provided the worry and "gray hairs" necessary te complete cones' field

work,
METHODS
Study Populations California bighorn sheep, 0.c. californiana, were studied

in the Chilecotin-Cariboo region of the central interior of British Columblia
from May through November, 1976. A seccond population of California big-
horns was astudied on Hart Mowmtain, in the Great Basin Desert of eastern

Oregon from May to August, 1977, These sheep were transplanted from the
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Chileocin to Hart Mountain inm 19546, and, at the time of the transplant,
ntmbered 18. Currently the population size In the transplanted population
is about 200, Sheep in this Tegion became extinct around the turm of the
century, The last study population was located in the Santa Rosa Mountalns
in the Colorado Desert of Califormia, These sheep are commonly called
desert or peninsular bighorm, 0.¢, cremmobates, The sheep population in
these arid, inmular sountains is estimated at 250 (Meccit, 1974), They
were studied from Jonuary through April,; 1977, Further details of the
habitats, climate, and study populations are Ffound in Becger (1978),
Datm Collection, Data on sheep behaviors were collected by stalking and
obaerving sheep in the field on almost a daily basis, 1 chserved shesp

in the Chilecotin for B96 hours; those at Hart Mountain for 293 hours, and
those in the desert for 45% hours, Behaviors and social interactions (gee
ethogram) were recorded into a cassette tape deck and later transcribed,
or they were taken directly onto note cards.

Male and female sheep may be sexed visually on the basis of horn and
body mize differencea (Geist, 1968, 1971). However, at a young age when
no dimorphism oceurs; lambs may be sexed by one of three mecthods: (1)
Mala lambs urinate from a standing position while females squat. This
mathed of sexual determination was used most frequently as other methods
vere not always as accurate, (2) Testes may be vizible in males. However,
i1f cestes are mot wislble, it does not necessarily preclude the possibility
that a lab is not a male. (3) Once horns develop, male hornz usually
grow at a faster rate than females, and they are thicker and flare more
widely, Since observation of lambs was often at a comsiderable distance

and accurate determination of sexes was not always possible, the data
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presented in this paper represent those situations in which I was certain
of sexual identities,

Analyses. All statistical analyses of the differences between percentages
{probabilities) were performed using the Brandt and Snedecor method when
there were two or more samples (see Snadecor, 1956; section 9.9) and the
arcoin cransformation method for testing the equalicy of two percentages
(suggested by Sokal and Eohlf, 1969: 607). This latter method generates

a test statistie, ty, which may then be compared with a normal deviate (area
under the normal curve).

Ethogram., For bighorn shaep, 17 behavior patterns have beesn categorized and
described by Ceist (1971:134-143). This ethogram may ba enlarged to includa
at least slx more behaviors. Below, I list and describe the behaviors that

I quantified,

SEXIAL FATTERNS

L. Mount. see Geist (1971). Mounting i{s the only overtly sexual pattern
used by sheep.

CONTACT PATTERNS

2. Head butt. see Geist (1971).

i. Clash., see Geint (1971).

4. Touch. Two sheep that lower their heads and place them in contact with
another. Mo pushing oceurs and their heads remain in contact for at

least one second.

J« Push opponent. Two or more sheep that push with their heada, their
rumpe, or sides, of other sheep,

THHEAT PATTERMS
6. Threat jump. "This {s an intention movement to clash” (Cedst, 1971:143),

Threat jumps are often sufficient to discourage an opponent from fight-
ing and no further contact ensues,
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7.

Horn threat. "...this is an intention movement to butt and as such

is a true weapon threat" (Ceist, 1971: 142-143). Sheap lower thelr
heads in a position so that thoy may be in a position to butt an oppon-
Lot 5 -

Head threat. Young sheep that have not yet developed their horns will
lowar and oriemnt their heads in the ssme way as when horn threats are
performed.

The above three patterns are indeed threats as Geisr (1971) coerreccly
pointed out, because: (i) vhen dominant individuals threatem subordin-
ates, they retreat and lictle or no contact occurs; and (ii) when
threatz are insufficient to discourage the approach{es) of other shaep,
contact patterns follow,

DISFLAY PATTERNS

10,

11.

12,

Low stretch. see Geist (1971). A display of horns performed by low-
ering the head.

Twiot. see Gelst (1971). A display of horns performed by lowering
and twisting one's head,

Present. see Gelst(1971) A horn display performed by ralsing one's
head and lifting the horms,

Front leg kick, s=ee Geist (1971), ".,.is linked to the display
threats of sheep, such as the low stretch, present, and twist; it is
virtually s contact display threat" (Gelst, 1971:139), Since fromt

leg kicks arée’not s contact pattern such as butting, and probably serve
to convey information about body sizée (as do horn displays for horn
gire (Gaist, 1968), I have categorized front leg kicks as a display
pattern,

Walther (1974) recognirzed that threat snd deminance displays in horned
ungulates may often bé similar but argues that they merit dJdistinction
because basic differences also exist, For example, in bighorn shaep,
threats indicate readiness for fighting by directly utilizing ones
horns and placing them in a position for contaet. In contrast, displays
are not actively conveving a threat (although a subordinate individual
may feel threatensd by the presence of a dominant sheep) and displaving
individuals are not oriented in a fighting position.

ROTATIONAL PATTERNS

13.

14,

Heck twist. This pattern is more exaggerated than a head shake (Geist,
1971) and it is often used in playful interactions. MNeck twists are
common to lmmbe, vearlings, and rams.

Gambol. Gaombols encail jumping wich all 4 legs off of the ground in

g somewhat vertlcal direction. The body axis la rotated amd twisted
in midair. Both eowes and lambs have gamboled so high that they fall
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over backwards., The oldest ram obaerved gamboling was about 6 years
old.

15; Heel kick, Heel kicks entail jumping off of che ground and simultan-
cously kicking both rear legs or heels. Byvers (1977) described an
apparently identical motor act in ibex kids.

All of the above mentioned behavior patterns, except displays, occur
during play. Rotatiomal movements function as play signals (Berger,

1978).
RESULTS
Sex ond Age Differences in Behavioral Development, Males generally used

more threat, contact, sexual, and display patcerns chan did females (Figure
1). There were no significant differences (arcein proporcions vest) inm
the per cent wtilization of patterns used by male and female lmmbs. These
data indicated a trend in which male lambs were more likely co engage in
nll patterns other than rotationsl movements (see discussion) than female
lambs, Displays were infrequently observed in females of all ages and for
males they developed only after two wonths of age (Figure 1).

Behavioral Development in Different Enviromments., The week (age) of firstc

appearance of different motor patterns in lembs ia given in Table 1. Gen-
erally, behaviers appeared at similar ages in all populations, except that
two display patterms occurred about three months sarlier in desert sheep
than they did in Chilcotin shesp. Tha moat probable reasen displays were
not observed In some populations was because I departed from those study
sites before lanbs developed those patterns of behavior (i.e., they were
too young)s

The ralative frequenciex of bshavior patterns observed in this study
are shown for lmmbs in Flgure 2; for vearlings, ewes, and Claosg I rams In
Figure 1, Desert lambs éngaged in significantly more contact and sexyal

patterns than did Chilcotin lambs (see Table 2 for o summary of staclstical
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analyses for Flgures 2 and 3), Conversely, lambs from the Chilcotin utili-
zed gignificantly more rotational and threat patterns.

Generally, threat, contact, and sexual patterns occurred more frequently
in desert yearlings, ewes, and Class I rams than they did in Chilcotin Sheep.
More specifically, the major significant (p<0.05) differences for male
sheep may be summarized as follows:

(1) desert males (=yearlings + Class I rams) mounted more often than

Chileartin equivalents,

(2) desert males (as above) engaged in more threat and contact patterns

than did Chilcotin equivalents:

(3) Chilcotin males (as above) used more display patterns than did

their desart equivalents,
For females, the major significant differences (p<0.05) may ba summarized
as follows:

(1} Chilcotin females (=yearllngs + ewes) used more rotational pat-

terns than did desert females;

(2) desert females (as abowve) utilized more threat and contact pat=

cerns than did Chileotin femalésa. Also, in all populations, fe-
males utilized more rotational and less sexual and display patterns than
males (Figures 1, 2, and 3),
Bahavio Divaraity. WVarious sized groups engaged in play (see Barpger,
1978 for a categorization of play). This activity was characterized by the
utili=ation of motor patterns from different contexts (e.g., headbutting,
mounting, chasing, jumping, ete.)., In additiomn to those patterns listed
in cthe echogram, rubbing and nuezzling (see Geist, 1971) cccurrad during
play. Sequences of play began when three or more individuals engaged in

some form of exaggerated locomotor-rotational or contact sctivity, and it
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terminated when less than three individuals persisted in these actions,
During play, a direct relationship was found (r=0,52; p<0.01; n=37) batwean
group size and the mmmber of different behavior patterns that cccurred in
lambz (Figure 4). Also, a significant correlatiom (r=0,33; p«<0.05; n=37)
exinted between the memmber of plavers and the mmber of accs wicthin a seg-
uence, That ig, tha more plavers withinm a group, cthe greacer che number of

petn that occurraed,

DISCUSSION
Development of Motoxr Acts. Male and female lambs showed no significant
differences in the frequency of motor pattern development probably as a
resulc of small sample sizes (due to the difficulcy in correctly idencifving
lamb sexes). Males tended to use more contact, cthreat, and sexual patcems
than did females. Studies of primates (Baldwin and Baldwin, 1971; Kummer,
1971; LeResche, 1976), ungulates (Sachs, 1976; Byers, 1977), and rodents
{Poole and Fish, 1976) also indicated that sexval dimorphism exists at
early ages, In American sheep, Blood et al., (1970) and Bumnnell and Olsen
{1976) showed that males galn weight more rapidly than females, My data

f1lustrate that behavioral dimorphism coincides with differences in growth

TACEs.
BSocial Ontogeny in Different Enviromments. Geist (1971) stated that big-

horn lambs are capable of butting, clashing, threat jumping, and mounting
soon after birth. In each of my three study populations, one-week old
lambz displayed these patterns. Population differences did, however, exist
in the development of display patterns by males, Desert male lembs used

the low stretch and fromt leg kick at a younger age (about 3 months) than
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did Chileotin male lambs. Other than display patterns; behavioral ontogenies
followed a similar cime course for populations in all enviromments. How-
ever, the frequency of wutilization of behavier patterns was very different
berwean environments (Figures 2 and 1). Desert lambs and desert males (=
male yearlings + Class I rams) mounted more often than did their peers in
tha Chileetin, Also, desert lmsbs and older sheep (yearlings, ewes, and
Class I rame) used less rotational movements than Chileotin sheep. Since
desert sheep engaged in less soclal and locomotor play than did Chileotin
gheep (Berger, 197B), it iz not surprlsing that these movements occurred
less frequenctly in the desert populacion.

Two more Important population differences existed, Firsc, desart
lambs uged more contact patterns than Chilcotin lmmbs, yet tha formar threat-
ened less often. Contact patterns represented more than 50% of the patterns
used by desert lambs, ¢ Apparently desert lambs were behaviorally less di-
verse than Chilcotin lambx, In other words, 8esert lambs had the smme be-
havioral repertoires as Chilcotin lambs, but individuals In cthe desertc were
less likely to perform as many differemt patterns., Second, desert yearlings
{of both sexes), ewes, and Class I rams used more contact patterns than
Chilcotin sheep of equal sex and age classes. (In contrasc, Chilecotin
lambs threatened more than desert lumbs.) Alwo, desert sheep larger than
lambs displayed less often than their Chilcotin equivalents.

In sum, then, lambs as well as older sheep from all three envirorments
were characterized by the same behavioral repertoires, but desert sheep
were behaviorally less diverse. They used fewer different patterns but in
groater frequanciss than Chilcotin sheep which used all their patterns but

not as frequently. For instance, desert males used threat and contact
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patterns wheréas Chilcotin males utilized threat and contact patterns

lass often but displaved more frequently (Figures 2 and 3). Hence, between
enviremments, there was an inverse relationship between the frequency of
occurrence of threats and displays,

Behavioral Development and Diveraity, Several questions may now be asked

regarding these population differéences in social dﬂtlﬂ]!ﬂﬂ:nt: (1) Why
was sevual behavier more prominent In desert lambs and older males? (2)
What Eactors caused behavioral diversity to be greater in the Chileotin?
(3) Why did desert sheep play lasa? (4) What benefits may be acerued by
more behaviorally diverse individuals?

Dasert sheep grow faster and mature sexually (at about 1% years of age)
approximately ome vear earlier than shesp from northern enviromments. Thesa
regional differences appear to be genetically madiated (Barger, 1978).

Since natural selection has most likely favored early puberty in desert
gheep, it is not surprising chac more mounting occurs at earlier ages in
desert sheep than it does in northern or mountain pepulations. Data ara
not yet svailable on hormone levels of different aged desert sheep, but ir
may be possible that desert males possess higher androgen levels which may,
in turn, lead to more mounting. Turner (in prep) found that desert males
are born more precocial than mowmtain lembs and, in the former, teste des-
cension occurs at about 2-3 weeks of age:. In mountain lambs, testes des-
cend at about 3 months,

Although Chilecotin sheep matured sexually at a later age than sheep in
the Santa Rosa Mountains, they played more. Geist (1971), Shackleton(1973),
and Horelsi (1976) found that more playful lmmbe occurred in high-quality
sheep populatlions which were characterized by well fed, East growing, and

T



carly maturing (defined by these suthers as independence) Individuale an
opposed to the cppesite characteristics in low-quality populations. Berger
{1978) provided data that suggested sheep from the Santa Hosa Mountains
were better nourished than those from the Chilcotin. “hy, then, did deserc
sheep play less than Chlilcotin sheep, thus contradicting Ceist's predictions
of populatlon qualicty?

Berger {1978) suggested that play oceurred less often in the Santa
Rosa study population due te lack of suitable "playgrounds," hazards of
the physical enviromment, and a less complex social enviromment (e.g., group
aize), Furthermore, it was suggested that greater food dispersion in the
desert resulted in smaller and more widely dispersed foraging bands. Cons-
equently, lambas spent morée time alone (Eime not with peers or adults) ond
were indeépendent at an earlier age than were transplent or Chilcotin lamba,

The social enviromment {group size), not surprisingly, may indeed be
an important variable in the development of social patterms of behavior.
Figure 4 showed that, when lambs played in larger groups, more different
behavior patterns occurred than when play resulted from interactions in
mmallar groups. Even if the mumber of distincely different behavior pat-
terns observed was a function of more individuals available for observatiom,
tha fact remains that yearlings, ewes, and Class I rams from the Chilcotin
still utilized greater behavieral repertoires than did their conspecifics
from enviromments with smaller average group sizes (Berger, 1978). Also,
more acts per sequence were inmcorporated inte play when groups were large
(Figure &),

dince group sizes In che desert are small (Berger, 1978; Simmona, 1969)
and lambs may be born at any time of the year (Hansen, 1965), those indivi-

duals born in a desert enviromment may nmot be exposed to nearly as complex
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a social enviromment as those born in mountain or nerthern habieats (where
group slzes are larger and parturitiom is more synchromized), Baldwin and
Baldwin (1971, 1977) found that squirrel monkeys (saimiri) in large groups
played more extensively than those in small groups, A similar situatlon
has been observed in gibbons (hylobates); little play occurred in infancs
presumebly dué to small group sizss and individual differences in body size
and stremgth (Ellefson, 1967). Other field and laboratory studies of
primatés have confirmed the Idea thar individuals rafised in snriched social
envirorments tond ro be behaviorally less retarded than chose reared in
soclally Impoverished enviromments (see Hinde and Spencer-Booth, 1967;
Hinde, 1974; Masom, 196la, b; 1961). The social enviromment, a= has been
amply demonatrated, playas a large role in infant behavioral development.

In desert enviromments, bighorn sheep lombe are not only faced with
few peers but also those of differing sizes ond ages. Contact play ocour=
red Infrequently between lombe of different ages and body sizes {(Berger,
1978), In Death Valley, California, probably the most arid enviromment
inhabited by sheep in Horth America, Welles and Welles (1961} roported
small growp sizes and no oursery bands, Social play may be wary infre-
quent in such an extreme environment,

Interpreatations of Demic Differences in Behavioral Ontogenies. T interpret
demic differences in behavioral ontogenies in terms of ecological factors
rather than genetic differemces. It appears that desert sheep were behavi-
orally less diverse than other shesp populations dus to a mumber of factors
that included small group size, less social facilitation, and less play.
These last factors most likely were a result of a precarious physical en-
viromment, while the [irst factor was due to the distribution of food re-

sources, The difference im sexual behavier between my northernm and south-
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ern study populations is probably a result of selection pressures for early
sexual maturation in the desert enviromment.

In contrast to desert sheep, those in the Chilcotin used tha full
range of their behavioral repertoires, There are several factors that may
be responsible for the increased behavioral diversity in these sheep.
Firat, they matured sexually about a year later than those from the Santa
Rosa Mountains (Berger, 1978). In many mammals, prolenged sexual maturlcy
allows for greater learning and social experience(s) (Hinde, 1974; Wilson,
1975). Second, large groups (above a pinlem size) provide more complex
social envireomments (Anderson and Masom, 1974; Goy and Goldfoot, 1973).
Third, Chilcotin sheep LInhabited physlcal and goclal enviromments that were
more conducive for play. Although, to my knowledge, it has mever been
demonstrated experimentally that additional play leads to the increased
utilization of different motor actions, play nevertheless most probably
allows individuals to refine motor skills (Rasa, 1973; Elsenberg and Le-
hausen, 1972; see also Bekoff, 1976; Fagen, 1976),

Cne might expact natural selection to Eavor those individuals Inhabi-
ting complex social environments {(e.g.,; larger groups) to develop more
saphisticated cosmunication systems (i.e., visual, weeal, ete.) in order to
signal more efficiently,. Marler (1975, 1976) found rhat primates inhabie-
ing larger and more constant groups posseéssed more graded signals. For
Chileotin sheep, too, it would also appear to be adapcive for individuals
to communicate by utilizing as many behaviors as possible. The four dis-
play patternsa, for which I provided data, are distinctly different from
one another, and, although gradations do oceur for each pattern, thea pat-
tarns do not grade Inco one anocther (except for che low approach and cwisc:

gae Cefsc, 1971). Cercainly, selection will favor chose individuals cthat

- 312 -



are more adept at communicating regardless of group size. But; in large
groups; individuals who can communicate an intended message with the most
precision will experience less smbiguity in reception.

In sumary, tha differences in behavioral ontogenies in different
enviromments are illustrative of “open behavicral programs" (see Mayr, 1974).
Adaptation and function must be scrutinized most carefully before being
attributed to biological phenomena (Hinde, 1975; Tinbergen, 1965; Williama,
1966). It thus appears that, although bighorn sheep subspecies possess a
specles typlcal behavioral repertolre (Ceist, 1974}, envirommental condi-
tions influence greatly and modify the time course(s) that social develop-
ment follows, Furthersmore, this study (llustrates (3 has been pointed
out clearly by Wilson, 1975) that behavior is indeed labile and varles in
different ecological settings, Before generalizations about the nature of
species specific social development are wvalid, different populations under

contrasting ecological conditions must be studied,
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PARASITES, DISEASE, AND BEHAVIOUR = Chairmen: Dr. D, Shackleton

Elizabeth 5. Willi{ams, G.G. Schoonveld, T.R. Spraker and C.P. Hibler -
Paratuberculosis (Johne's disease) in bighorn sheep (Ovis canadenais)
and rocky mountaln poata (Oreamncos americanus) in Calorado.

Bruce Jobnsen: Did you say that pigs, horses, and mules could also
carry the disease?

Beth Williams: At slaughter, someone surveyved pipe and horsen and found,
from cultures of the mesenteric lymph nodes, that Johne's or Paratuber-
culosis organisms were present in these animals, In most cases they will
not go on to develop into a clindcal case,

Jim Bailey: Do you plan any studies in other goat herds?

Beth Williams: Asm soon as we get a ralisble test to be sure we are dia-
pnosing Paratuberculosis we are going to do some survey work in ather
goat and bighorn sheep herds in the state.

I.0. Bunch, S.R. Paul and H, McCutchen = Chronie sinusitis and osteomve-
Licis in desere hiphorn shaep

Kike Goodson: Have any tests been conducted to see I the sama bacterial
agent isolated in Infected desert sheep is present in healthy indivi-
duals?

Stephen Faul: The ginus is not a sterile area. These are probably nor=-
mal inhabitants of the sinus of any sheep.

Nike Goodson: 1Is the botfly a native animal in this area?

Tom Bunch: It exists all through Mexico, the U.5, and Canada, The work
done in the 1940's determined that the incidence of botfly parasitism in
domestic sheep was above 90X, Some work found that the incidence in
lambs was over 90I,

Jim Bailey: Is this botfly problem in the atudies on domestic aheep
more of a prablem in the south thin In the north?

Tom Bunch: It is related to the drier; arid areas. It is a4 common agent
in the desert bighorn sheep habitac. At least, there it appears to be
more of a problem.

Joel Berger: It has been suggested that Desert sheep are a low qualicy
population. Do you think the incidence of ostec-necrosis im more pre—
valent in desert populations than in northern populational! If mo, why?

Tom Bunch: 1 do now know for mure, I do not think it makes any differ-

ence what condition the sheep ara in; the botfly also takes healthy
gtock. 1t also ssems to be higher in the females.
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T.R. Eccles — accivity patterns of captive California bighorn sheep (Ovis
canadensis californiana) at Penticton, B.C.

Bill Wishart: Of the animals that were standing and lying down, did you
notice different age groups? Is there anything in your observationa to
Buggest Lhat the young animals stay out in the sun and the older,; larger
ones stay in the shade?

Ross Eccles: Not so much from the shade/sun point of view, but the
animals that I did see standing a lot weére certainly the older animals,
particularly in the winter.

Anonymous: Hoss, does standing minimize conductive heat loss to the
pround?

Foge Eccles: 1 do not think as. They seem to prefer underneath Ponderosa
Pines where there i{s tremendous lictterfall for proper insulation. Per-
hups moving to, and bedding down in a proper site was more stresaful

than atanding and ruminating where they were,

Daryll Hebert: What are the convective heat losses on those particular
days?

Boss Eccles: Primarily wind.

Malcolm Ramsay: Did you notice if the dominant animals initiated move-
pent to, or avay [rom, bedding sites more than subordinates?

Boss Eccles: It seemad to be & mixture. At first 1 vas interprecing
leading & group movement as being a domimant display, but after I saw
enough Interactlons te rank the animals I found chat almost any animal
could lead a group movemant.

Dave Shacklaton: Do you think that associating status with various
activities is, in fact, & very poor measure of dominance?

Ross Ececles: Yes. Perhaps alse the terrain does not lend itself ko
dominance, or even necessitate a dominance hierarchy. Interactions seem to
Increase sopewhat when cthe anlmals are forced to & point rescurce like

the hay pille,

J. Berger — Behavicural development of bighorn sheep: a comparison of
populations inhabiting desert and northern enviromments.

Jim Bailey: Do you know why the desert bighorn is so non-synchronous in
ite breeding? Second, did you observe this rather continuous breeding
activity to Iinterfere with maternal behaviour?

Joel Berger: MNe, I don't really know why they are mon-synchronous. 1
tEhink the lamb itself has no effect on ram behaviour. Rams will inspect
Just as [requently, eweés that have lambs as those without.

Bill Wishart: Did the transplant anissals appesar to be Iintermediate In
their group size or length of time spent suckling?
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Joal Berger: The group sizes and relatlonships of lamba to ewes were
intarmediate in the transplant animals, however thair behaviour patterns
pecasionally wore not intermediate. Lambs were intermediate in suckling.
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WINTER HABITAT PREFERENCES OF BIGHORN SHEEP IN THE MUMMY RANGE, COLORADO!

TIMOTHY G- BAUMAKN, Dopartment of Fishery and Wildlife Blology, Colorado
State University, Fort Collims Colorvado 80521

DAVID R. STEVENS, United States NHational Park Service, Estes Park, Colorado
80517

ABSTRALT
Winter discribution and habitat preferences of highorn sheep (Ovis

canndensis canadensis) were studied in the Musmy Range, HRocky Mountain

Hational Park, Colorade by pround and aerlal cobservations of 257 bighorn
bands during 1965-1976. Intensive fleld study conducted during 1974-1976
indicated that mature rams remaln spatlelly segregated from ewes and sub-
pdults durling Japuary through May., Ewe-pubsdult bands drifted among tundza
winter ranges and low elevatlion ranges in the upper montone Torest durlng
winter. Bands of mature rams remained on discrete tundra ram winter ranges
throughout winter, Both ram and swe-subadult bands exhibited a preference
for southfacing reglons of tundra where topographic and vegetational diver-
sity are maximum. KRegional topography and weather minimize snowfall and
snow accumulation in the Mummy Range making a variety of vegerarfonal Cypes

accesaable o bighorn shesp during winters of normal precipitation.

INTRODUCTION
The objective of this paper Ia to deseribe winter habitat preferencas,

group compogltlon and range use pacternsg exhibiced by & remmant herd of

1'Ih- United States Mational Park Service financed fileld research
conducted during this study. Data gathered during the 1974=19706 period
are the subject of the Senior author's Master of Sclence thesis.
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Focky Mountaln bighorm shecp in che Mummy Range of porth central Colorado.
The size of range of this herd have been greatly reduced since 1900 whoer the
resort community of Estes Park was scttled. Early siphctinps recorded by
Batlonal Park Service persomnel Indlcate that ewe-subadult bands occupled
low elevation winter ranges vhich are characterized by bunch mrass meadows
and granitic cliffs. Loss of low elevation ranges near what is nmow Fetes
Park resulced in Iungworm=induced die offs amd precipitated the decline of
this herd. Recent aerial surveys have indicated that a remnant herd has

occupled the southern Mummy Range since the late 1960"s.

STUDY AHEA

The Mummy Bange study aréea is located within the porth-east gquadrant
of Hocly Mountain Ratiomal Park roughly 72 lm south of the Colorado-Hyoming
border:. The area lies immediately east of the Continental Divide near the
norchern terminus of Front Range. Average total monthly precipicacion re—
corded at Estes Parlk is abour 1.8 cm per monch for January and Febroary and
3.5 em per month during Harch and April. Mountains in che vicinity are
composed of Precambrian schist, gneiss and granice. Topopraphic features
charactaristic of valley glaciation are prominent throughout the study area,
Elevations range from 2400 = et valley fleoors te 4100 m near mountain sum-
mits, Treeline poccurs near 3400 mi roughly ope-half of che study area lics
above this elevation and is covered by rock outcrops, talus and tundra veg-
etatlon. Dense stapds of subalpine spruce-fir forest cover approximately
three-eights of the area. Stands of ponderosa pine (Pinur ponderosa},
bouglas fir (Pseudotsuma menziesii), and aspen (Populue tremuloldes) are

interspersed with xeric bunch grass stands and mesic-hydric meadowvlands in

the upper montans zone below 2800 . Vegetations]l associatisne characteriastic
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of the area have been describhed by Marr (1961), Willard (1963), and
Stevens [1370).

Neighboring highorn herds occur to the north, west, and south, of the
Mummy Range. These herds are separated by straight line discances of 5-23
km. Movement data necessary to evaluate che penecie scatus of chese herds
and the potential for gene flow among them iz essentially non-existent at

presant.

HETHODS

Winter distribution patterns of bighern sheep were determined by
ground and aerlal observations of 237 bands recorded beween 1968 and 1976.
Date, time, locatlon, aspect, slope, vegetatiopal cover and age-sex compo—
sition were recorded for each band observed. HBighorn sheep were classified
according to Gelst (1971).

Winter observablons of aheép were récorded during yearly helicopter
surveys conducted between 1968-1974, Intensive ground survevs were carried
out during the Novesher to Hay periods of 1974-1975 and 19751976, Supplemen—
tary chaervations were obtained during halicopter surveye conducted during
the wintars af 1975 and 1976. Population size and comporition estimates werae
constructed on the basls of maximuom nop=duplicate clage counce Tecorded
during 1974-1976.

Climatologlical data were recorded at the Estes Park U.5. Weather Bureau
station (2300 m} which is located on the south=eastern edge of the Mummy
Eange. Snow depth data were recorded at monthly intérvals by U.5. Hational
Park Service personnel aleng three U.5. So0il Conservation Service anow

courses adjacent to the study area.
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RESULTS AND DISCUSSTON

Berd Sire and Composition

A hoerd of 50-60 bighorn sheep occupied approximately 80 e (32 square
miles) of the southern Mummy Hange during this study. Pam to ewe ratios
were estimaced ac 185/100 during 1975 and 167/100 durinp 1976. Yearling
and clama I rama formed 58 percent of the ram segment of the herd during
1975 and 48 percent during 1976, Class 1I. III, and IV rams, in agpregate,
accounted for less than 50 percent of rame wintering in the Mummy Range
during 1974-1976. Estimates of lamb to ewe ratios (including yearling and
adult females in the ewe class) were 54100 during 1975 and 67/100 during

1976,

CGroup Composition and Range Use Patterns

Limited observations recorded during 1974 and 1973 rutting seasons
indicated that mixed sex groups were widely distributed on south=-facing
glopes of the upper montane forest and alpine tundra between 2550 and 3950 m.
Average band xlze wax 7 sheep during the rut.

Tﬁ-turt ramg dizaszxociated from ewe-subadulf bands during Janusry and
remiined on disevete alpine tundra ram ranges during winter and apring.
These ram winter ranges are located on the periphery of ewe—subadult winter
ranges, in the most remote regions of the study area, and obaservacions of
ram bands have been linitff;l Average band size for 14 ram hands observed
during 1968-1976 was 5 rams. Class T and [T rams were commonly associated
with elass 111 and IV rame and accounted for 61 percent of all rams observed
in such bands during 1974-1976.

Average eve-subadult bhand size was & shoep during winter. Composition

- 323 =



of 111 eve-subadult bands observed during winter was 46 percent ewes and
vearling females, 29 percent yearlings, class I and class Il rams;, and 26
percent lambs. Successive relocations of ewes Identified by broken horns
fndicated that ewe—-subadult bamds deifted among tundra and upper montane
foresr winter ranpes by traveling along ridgetops and thraugh open stands

of subalpine conifora, where snow accumulation was limired by wind,

Habicar Preferences

Bath ram and ewe-pubadult kande exhibited a preference for south-
facing reglons of tundra during wincer. Ninety=-seven percent of all bands
locacted on alpine tundra wera sighted on south mapects (Fig. 1). Tundea
winter ranges inhabited by rams and those usced by ewe-subadult bands are
characterized by similar topography. Unglaciated 30=45° slopes are juxtaposed
o 50=60° ¢liffs which have been formed by valley glaciation amd subsequent
weathering. EKobresfg=domimated sedge=grass turf stands are interspersed
among rock and forbs on opean unglaciated slopes. Eobresis stands are wind=-
swept and remain snow-free throughout winter. Vegetation is patchy and
sparsely distributéd among rock outérops on ¢liff sites which extend downm to
treeline near 3400 m. Hairgrass (Deschampsin) 1is associnted with sedges,
rushes, clover (Irifolium) and Fotentills in drainage depressions on cliff
faces. Cushion plant associations eceur eon relatively steep: coarse and un=
stable soil sites Iinterpersed among rock outcrops. Small stands of Kobresia=-
dominated cturl cccur on stable, well-developed soll sites among the cliffs.

'_F_!Il;j'-unq percent of all bands obgerved on tundea winter ranges ducing

1974=1976 were located on &40-45" slopes and 37 percent were seen in EI}-—EE:

cliff terain (Fig. 2). Winter activity of hiEhﬂrn sheap was centered about

e
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WINTER

(JANUARY-MARCH)
N N
w E w E

3%
100%

UPFER MONTANE S BA LPINE
FOREST FOREST

(™ = 3h bandr) (M =z 16 bands)

SPRING

(APRIL-MAY)

N N

Wk
N
o 0%
UPFER MONTANE SUBALPINE
FOREST FOREST
(M =89 bands) i = 30 bands)

67T%

ALFINE
TUNDRA

IN = 43 bands)

5%
W 5%

TO%

ALPINE
TUNDERA

(N = 20 bands)

Fig. 1, Seascnal distribution of bighorn sheep observed in the Mommy

Range, Colorado, 1975=1976, by aspect and vegetational reglons,
Percentage totals less than 100 Indicate that remalnder of obeer-

vations occurred on level ground,
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the rismrogks which separate 40-45% slopes from 50-60" cliff terrain. Sheep

utilized & varlety of vepetational associations on these two topographic
types (Fig. 3). Preferences in cover typeé usé related o seasonal veriations
in smow depth and quality can not be demonstrated by data collected durinp
this study, Thermal addies and strong northwesterly winds rapidly removed
light aceumilations of dry powder snow from eliff mites followinpn winter
gtorms during Decembar-February.

Desper accusulations (0.3~1 m) of wet snowfall were gencraced by up-
glopa storme during che transition from winter to spring. Fnowfall durimpg
March and April vas generally not accompanied by the strong persistent
vinds of early winter. Ino the absence of wind, svalanche and melt remowved
accumulations of wet snow from tundra winter ranges at a slower rate.

Intermittent ose of upper montane winter ranges by ewe-subadult bands
wan restricted to a &5% south-facing slope between 2550 and 2750 m; located
above a mineral lick. This one remaining low elevation range Tepreésents
approximacely one-fifch of the total area of low elevation ranges used hy
this herd during the early 1900's. Open stands of aspen and ponderosa
pine are interspersed with shrubs, bunch grosses;, and granicic benches and
boulders on this south slope. Common shrubs include choke cherry (Prunus

virginiapa), juniper (Juniperus communis}, bitterbrush [Purshia tridentata),

hollygrape (Hohonia repens), squaw currént (Ribes cereum), and wild rose

{(Rosa sp.). OGrazses of common occeurrence include wheatgrasses (Agropyron
gpp-)s bluegrasses (Poa spp.), bromes (Bromus spp.), and mountain muhly

(Muhlenbergia montang).

Early winter snow accumulations on this low elevation ranpge rarely

exceeded 20 em durding the January-February periods of 1973 and 1976.
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Wind swept snow out of bunch grass stands and inte the trees, rapidly
opening up the areas preferred by sheep. Llate winter storms produces 30—
50 ¢m snow accusulactions which gradually melted on south-facing sheep range.
Crusted and perslstent smow cover was not observed on low slevation ranpe
during the 1974=1976 study period.

Total monthly precipitation recorded at Extes Parl was 50 parceant of
normal between January and February and 74 percent of normal between March
and April during winters of 1975 and 1976. Monthly anow depths for corre-
aponding time periods along three snow courses in the subtalpine forest
{(betwaen 2B00-3100 m) adjacent to the study area, were 95-102 percentc of

normal. These data 1lluscracte thegffecr of wind on snow accumulation in

the subalpine forest where snowfall is supplemented by wind—deposited snow.
Similarly, they emphasize the effect of wind on highorn sheep winter ranges

in this region. Clearly, vinter wind is a significant "weliare facter” feor

thess chasp and the severity of winter is dﬂfﬂdm upon its intansicy.

Recent studies of winter habitat ecology of Rocky Mountain bighorn

gheep by Patecz (1973), and Celst and Patocz (1977) indicate that winter
snowfall and deep frozen snow accumulacions Influence bighorn behavior and
habitat selection in the Capnadian Rockies. Vhile similar reations to
occasional heavy snowfall may ocour in the Mummy Bange, {t appears that local
interactions of regional weather with topography limit snmowfall and aceusnla=-
tion below levels pommon on sheep range in the northern Rocky Mountains.
Winter habitat preferences oxhibited by bighorn sheep in the Musmy Hange
indicate that this remnant herd is able to utilize a variety of vegetational
communities by concentrating on tumdra winter ranges where topopraphic

diversity 1s maximum that is, where open slopes are juxtaposed to cliffs.
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Game managers frequéently @llude bo cliff terain as on elesent of bighorn
habitat necessary for escape cover; perhaps we should begin to investigate
the isportance of cliffs as an éssential source of winter food for bighorn

gheep as well.
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DIET PREFERENCE OF CALIFORNIA BIGHORN SHEEFP ON
NATIVE RANGELAND IN SOUTH-CENTRAL BRITISH COLUMBIA

M. 0. Pitt and B. M. Wikeem

INTRODUCTION

In 1854, the total population of California bighorn shecp

(Ovis canadensis californiana) in North America numbered only

slightly more than 1,600 animals (Spalding et al., 1970). Three
of the largest herds; containing approximately 400 animals each,
occurred in British Columbia, while a similar-sized herd ocourred
in the southern Sierra Nevads Mountains of Califernia.

The Junction herd, located betwsen the confluence of the
Fraser and Chilcotin Rivers in the central interior of British
Columbla, has been a primary source for reintroductions of these
animals inte historical sheep ranges throughout western North
America, particularly Washington, Oregon, North Dakota and Idaho
(Spalding et al., 1970), In fact, approximately 42% of all
California bighorn sheep in North America in 1870 originated
geneticeally from this Chilcotin River stock.

In 1990, the total California bighern populstion was es-
timated to be 3,200 animals (Spalding et al., 1970), an inerease
of 53% in British Columbia and 153% in the United States. Since
1970, no further data have besn published, but we, in British
Coelumbin, balieve the herds have remnined relatively stable.

Reputed low herd productivity and compotition with domestic
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livesteck, plus alienation of winter ranges, have combined to
prevent native and newly-established herds in British Columbia
rom increasing in size or extending their respective ranges.
This situation emphasizes the need for knowledgeably-formulated
management practices if bighorn sheep are to survive without
the artificial aid of reintroduction.

Buechner (1960} stated that bighorn sheep are dependent
more on vegetation than any other component of their envireon-
ment. Many wildlife management programs have stressed, specifi-
cally, the importance of critical winter range, particularly in
terms of limiting forage guality and gquantity. Consequently,
winter feeding of wildlife with alfalfa and grain is a technique
commonly used to overcome presumed deficiencies on eritical
winter ranges. Winter feeding represents an artifical means
for maintaining bighorn sheep population, however, and should
not form the entire {ramework of long-term management practices.

Many researchers have investigated winter diet of California
bighorn in B.C. (Sudgen, 1961; Blood, 1851; Bleood, 1967;
Demarchi, 1965; Morrison, 1972). However, few people have look-
gd at diet throughout all seasons of the year, while even fower
studies have examined these diets in terms of forage preferences
and selectivity. Specifically, animal diets must be carefully
evaluated in terms of forage availability before conclusions
about preferred or key plant species for management can be made.
Furthermore, preferred plant species on the summer range can

be just as important managerially as preferred plant spegies
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o the winter range; perhaps éven more so since spring and
summer grarzing, during periods of active plant growth, may lead
to long-term botanical changes. Additionally, quality of
aummer diet affects the ability of animales to survive winter
stress, as unthrifty animals at the beginning of winter are less
likely to survive until spring even if winter conditionsa are
relatively mild.

Low herd productivity and the need for more information on
Calif'ornia bighorn provided the impetus fer a joint study among
the B.C. Fish and Wildlife Branch, the University of Hritiah
Columbia (Departments of Flant and Animal Science), and Simen
Fraser University at the Okanagan Game Farm near Penticton in
south central British Columbia. We, in the Department of Plant
Science, U.B.C., hav% been studying the impact of grazing by
bighorn on the plant community. More specifically, our overall
objectives are to determine: (1) the trend in range condition
produced by year-round foraging, and (2) sheep diet and forage
selectivity as influenced by plant phenclegy throughout the
grazing year. The data presented here resulted from our first
summer of fleld work. These data, based upon diet selection
of California bighorn sheep, provide a useful base for discuss-
ing the interpretation of forage preferences exhibited by any

grazing or browsing animal.

STUDY AREA

During April, 1977, 20 California bighorn were released
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into a 42 hectare (104 acres) enclosures adjacent to the ODkanagan
Game Farm. The plant communities, typical of some bighorn
habitat in the province, are characteristic of the lower grass-

land zones dominated by big sagebrush (Artemesia tridentata)

and bluebunch wheatgrass (Agropyron spicatum), with browse

species such as saskatoon (Amelanchier mlnifolia) and snowberry

{Symphoricarpus albus) in the draws at lower elevations. At

higher elevations, Fonderosa pine (Pinus ponderosa) provides an

averstory for rough fescue (Festuca scabrella)}, bluebunch wheat-

grass, and mixed forbs. Aspect and drainage conditions profoundly
influence vegetational patterns, with sagebrush ocoupying dry
sites and bluebunch wheatgrass eccurring primarily on more

noertherly aspects.

METHODS

Forage utilization and trends in range condition were
assessed by sampling for herbage productivity and botanical com-
position both within and outside exclosures of 480 square meters
(5,200 sq. feet). Bighorn sheep diet and selectivity were
determined by comparing relative proportions of plant species
available for use throughout the grazing year. Identification
of botanical material in feces was determined with epiderminal
cell slides prepared for 65 of the B3 plant species found on
the study site. Monthly botanical compeosition was determined

from 40-30 meter (100 f't.) loop-transects located systematically
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throughout the study site.

RESULTS

Data in Table 1 indicate the importance te sheep diet of
three forage classes in terms of animal preference and selecti-
vity. Browse in the diet durlng the spring menth of May eqhal&d
18%, which is approximately propertional to the relative avail-
ability of these woody plant species. In contrast to browse,
total forbs in spring were highly selected, contributing 40%
te the diet even though enly 17.7% of the botanical composition.

Balsamroot (Balsamorhizza sagittata) was highly preferred, com-

prising 9% of the diet. This early-maturing perennial forb

was actually selected at two different time periods, as sprout-
ing plants were immediately eaten as they reappeared following
initial grazing. Grasses in early spring, other than rough
fescue, were typically selected against. The most abundant

plant specles on the study site was bluebunch wheatgrass (30.6%),
which constitued only 9% of the diet. This relationship points
out a pitfall of investigating only diet to determine animal
forage preferences. Bluebunch wheatgrass was one of the most
frequent plant species in the May diet, yet is obviously not
nearly as preferred as rough fescue or balsamroot, which appeared
approximately 86% more often in the diet as in the available
forage, 9.0 compared to 5.2%.

Grasses as a forage group constituted the largest proportion
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of the animal's diet during all four monthe. In fact, the
portion of the diet comprised of grasses increased from 42% in
early spring to ¥7% during the summer month of August. However,
in May, June, and July, grasses were apparently selected against
as, in all three of these months, the relative proportion of
total grasses available on the range was more thnﬁ the relative
proportion of grasses appearing in the diet. Only in August
did these two proportions equalirze, indicating that grasses,
particularly bluebunch wheatgrass and cheatgrass (Bromus
Tectorum), were less preferred as forage than either browse op
forbs.

Rough fescue provides a major exception to this previous
generalization, as in August this plant species composed 21.5%
of the diet, even though occurring less than 1% of the botani-
cal composition. However, date indicating high selectivity
must be evaluated carefully. Even though a highly preferred
forage species, rough fescue cccurred on the study site ex-
elusively as an understory of pondercsa pine. This pine over-
story was intensively utilized by the sheep for shade during the
hot August weather. Therefore, the high proportions of rough
fescue in the diet may be partially attributable to its presence
in shade areas as much as its apparent palatability.

Forbs displayed opposite trends to grasses, as they com-
prised successively smaller portions of the diet from May
through August, declining from 40.0 to 14.5%. However, in all

four months, forbs constituted a preferred category of forage,
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as per cent forbs in the diet always: exceeded per cent forbs
available on the study site. Balsamroot in June composed 19%
of* the diet, while all forbs together comprised 41.5%. Begin-
ing in July, when balsamrcot withered in response to depleted

s0il moisture reserves, indian paintbrush (Castilleja thompsonii)

(4.5%) and lemonweed (Lithospermum ruderale) (3.5%) became the

most highly selected forbs. A late blooming summer species,
brown-eyed susan (Gaillardia aristata), made up 2% of the diet
in August, which placed this plant as the most preferred forb
in late summer.

Browse as a forage class declined in the diet throughout
these four months from 18.0 to 8.5%, and as a forage class was
aeslected in approximately the same proportions as in the avail-
able forage. However, big sagebrush is an unpalatable woody
species, and should not be managerially lumped with other browse
species which were generally selected for, even during the dry

summer menths of July and August. Saskatoon, chokecherry

(Prunus virginiana) and snowberry all produced selectivity in-
dexes (% diet/% botanical composition) greater than one, sug-
gesting that these browse plants are preferred forage species.
Once again, however, these data must be evaluated care-

fully. Judging the importance of a plant species, based solely
upon proportions in the diet, or even selectivity indexes, may
represent a hasty conclusion., Saskatoon has a relatively small
selectivity index, approximately 2/1. However, this plant

species may be nutritionally important in the animal's diet.
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Utilization of this browse species equaled 65% from May to
August. Forbs were also intensively utilized (80%), while blue-
bunch wheatgrass, which composed 32% of the forage and 168 of
the diet from July to August, was utilized less than 1% In

terma of total standing crop.

We wish to stress the Importance of these utilization
measures for proper management of bighorn sheep or any other
wildlife species. Diet or selectivity data perhaps correlate
with crude protein or other forage quality needs of the animal.
However, diet and selectivity data do not impart any information
regarding the potential impact of foraging animals on their
owri habitat in terms of range conditien. Saskateoon wes heavily
hedged, and may not be available for spring use in subsequent

years. Sumac (Rhus glabra)was severely browsed and may or may

not resprout to satisfy spring browsing necds of thess animals
in coming vears. Blusbunch wheatgrass composed a large propor-—
tion of the diet during all four months, yet is not being
stressed by animal utilization. In other words, selectivity
and wtilization measurements must both be determined before
gound animal and habitat management programs can be developed.
The relationship between forage quality and selectivity is
complex. Relating grazing preference to a single forage para=
meter, such as crude protein, provides dubious conclusions. In
April and May, for example, crude proteéein levels for all forage
classes were relatively similar, and typically greater than

levels required for adequate growth and maintenance. However,
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the sheep still exhibited marked forage selectivity. Other
studies on Rocky Mountain bighorn sheep have suggested that
forage moisture content correlated with food preferences (Todd,
19%72), This correlation may indeed be true. Certainly; in
early spring, the sheep eagerly sought succulent new forbs, and
nearly eliminated some of these plant species from the grazed
areas. Again, however,; forage selection is not determined
solely by molisture content. HRather; forage selection is in
responsé to many compleéx factors that are dynamically related
to both plant nutrient cycles and animal dietary needs.

Even selectivity data, based on individual plant species,
may be incomplete. Bighorn sheep tend to be highly selective
in their grazing of plant parts. The sheep consistently selec-

ted leaves rather than stems of bluebunch wheatgrass, June

grass (Koeleria cristatal), Hentucky bluegrass (Poa pratensis),

rough fescue, and needle and thread (Stipa comata). Similarly,

in autumn, the sheep selected fall regrowth of bluebunch wheat-
grass over old growth. Bluebunch wheatgrass responds to autumn
rainfall in terms of total biomass more than any other grass
species on the study site, and this regrowth provided a diet

of 18% crude protein. Thus, while blusbunch wheatgrass was
selected against in each summer month, this plant species may
still be managerially important as a forage that can provide
high crude protein levels at a time of the year when protein
for many other forage species is generally below mailntenance.

These subtle selectivity patterns and nutritional para-
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meters are extremely important. Bighorn sheep habitat con-
pigts of & variety of plant species; all of which coentribute
ta diet during different and specific portiens of the foraging
VEear. Proaper habltat management tecl‘miquea must consider and

reflect this wide habitat/diet vardiability.
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ROBMAT. METABOLIC FROFILES OF LAMH AND
ADULT CALIFORNIA BIGHO®RN SHEEP
R, Peterson and A, Bottrell,
Department of Animal Sclence,
University of British Columbia,
Vaneouver, B,C, V6T 1W5,
ABSTRACT
Data on 16 serum paremeters, togethar with body weights, ave presented
for a captive population of 32 California bighorn ewes and lambs collected
in the fall and again fn winter, The purpose wWas to establish normal
oetabolic profiles for comparative putriticnal and genetic studies of
wild bighorn sheep populations, Estimates of repeatsbilitles of
serum parameters are presented and their relationship to estimates of
inbreeding are briefly discussed,
INT RODUCTTON
Merabolic profiles have bheen used Lo assess oubritional status and
health in both domestic and wild species, For exsmple Payne ot al,
(1970) and Kirchenham and Rowlands (1976) heve done extensive work relating
healeh and nucritional status of dairy herds to the concentration of
certain serum constituents of represcntative animals from Chege herds,
Fransmann (1971a, 1971b) and Bortrell gt al. (1978) have reported serus
constituent levels for both bighorn and thinhorn sheep. Utilizarion
of these profiles, in assessing herd health and nutritional status of
wild spacies, i3 a recent technique and is currently undergoing intensive
study, Hebert (1972; pors, comm., and this study). The practical

application of these techniques in develeping and momitoring supplemental
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feeding and stocking rate programs are obvious, Mo attempt is made
here to evaluate the utilicy of various serum constituents for cthese
purposes, Rather, the intent is to delinéate the effects of age and of
season on the various serum constituents in order to help establish
normal levels for the age classes studied.

Data presented here are the result of a study to identify genetic
markers for use in determining inbreeding in natural bighorn sheep
populations. Inbreeding, In general, causes a decline in vigour,
while specifically it lowers reproductive fitness, Estimates of the
gensitivity and lavels of inbreeding in bighorn sheep will establish
the minimal size for small isolaced breeding populations, and aid in
determining the most suitable size and genetic composition for re-
introductions.

MATERIALS AND METHODS

Data usged in this study weré cbtained from animals in the captive
herd of California bighorn sheep (Ovis canadensis californisna) of the
ecooperative bighorn sheep management project involving the Bricish
Columbia Fish and Wildlife Branch, the Okanagan Game Farm, the University
of British Columbia, and Simon Fraser University. Animals used in this
study included 8 male lambs, 10 female lambs (all borm in 1977), and 14
ewes (dams of the lambs), each bled in late September, 1977, and again in
December, 1977.

Serum samples were cbtained from whole bleod taken frem the jugular

vein by vacuutainers, and were later analysed by a commercial bio-medical
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laboratory.

The estimates of ape Class (7) (male lmmbs, female lambs, and owes),
Season (5) (September and December) and the interaction between Class and
Seagson (CxS) were used in the following linear model, to obtaln estimates
of the leasr-square means of body welight and each serum constltuent
asgociared with each eifect.

T”k = U+ €y + 55+ (Cx8)445 + Eijl{

Single degree of freedom contrasts were used to evaluate the effects
of Clags - lambs (male + female) vs. ewes and male lambs vs, female lambs,
Newman-Keul mulriple range test was used to evaluate differences in Class
% Season interaction. The variance among individuals (Vi) and within
individuals (V,;) were estimated by adding individuals within classes
(I41/C4) to the above model, The repeatability coefficients were
estimated by R = Vy/(VitVy).

Significance levels reported in this paper are P £ 0,05,

RESULTS AND DISCUSSION

The means and standard deviations for body weight and lavels of each
serum constituent for each Class, Season and Class by Season cell are given
in Table 1. Phosphorus, blood urea nitrogen (BUR), uric acid, and
potassium were all lower in the current study, while cholesterol and
thyroxin were found to be higher than reported by Bottrell et al (1978).
These differences are gquite large, in some cases, and likely due te
differences in available feed, The lambs in the study, reported by

Bottrell, were fed hay with a grain supplement, while those in the current
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study wers on native range with no supplementation. Mean values reported
by Franrmann {137la) and Pranemann and Thorne (1970) agree with the
currént results for phosphorous, glucoss, BUN; and total protein.

Calcium levels were higher and cholesterel levels lower in the present
atudy than found by the above authorTs.

o aignificant differences were found between male and female lamba
for any of the variables studied including weight. Adule ewes did not
differ from lambs in serum glucose, cholesteral, total proteinm, bilfrubin,
or potassium, but were significantly heavier and differed im all other
serum constitoents as {ndicated in Tables 1 and 2.

Seasonal effects are eélaborated in Tables I and 2, and only bilirubin,
sodium, creatinine, triglyceride, and amylase showed no change due o
season, Serum minsral levels (caleium, phosphorus, and potassium)
declined from September to December. BUN, wric acid, cholesterol, total
protein, and globulin alse declined. Only serum albumin and thyroxin
increased from September to December.

Significant Class x Season interactions were cbserved for weight,
cholesterol, globulin, and creatinime (Table 1). Lambs increased in
weight, while ewes lost weight from first to second smmpling., It should
be noted that no significant change in weight cccurred within an age
class; rather the weight loss of the ewes was small and not significant,
but the combined gain of the lmbs and loss of the ewes was a significant
differencial response. It was noted that many of the ewes were still
lactating ac the September sampling pericd which may account for this

gignificant interaction. Cholescerol levels in lamba dropped while
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Table 2: Summary of analysis of variance and repeatabilities for body weight

ayl serum comatitoent levels,

Class (2 d.f.) Season(l A.F.) Class ¥ Saason

Tambs [Z4a.f.)
tnits Larbs-ewes male-ewe Sept.-Dec. Repaatabi 1ity
Dependent Variahle (R)
1. Leight kg =27.4* ns ns *(1) (2)
2, Calefim (Ca) mgfdl D.B87* ns 0.51* ns Um
3. Phesphorus (Pimy/dl  0.77% bs 1,53 1 ot
5 Glussse mydal  ns ns ns ns 19
5. BN m/dl  -3.25%  ns 3.48 ns 2
6. Urie Asid my/dl  -0.DE%0* ns 0.1630* ns 21
7. Cholestersl mg/dl  ns ns 13.8¢ (1) 9
8. Total protein gn/dl  ns ns 0.73* ) 29
9. Albumin vl 0,220 ns -0,79* rs 29
10, Globulin g/l  =0,39° ns 1.52¢ ") ol¥
1. Bilinkin  ma/dl ns ns ns ns ol¥
12, Sodiwm (Ma) meg/l  3.6% ns ns ns gtd
1%, Potassium (K meg/l ns ns 0,454 ne 24
14, Creatinine mg/dl -0.20 e - (1) ot
15. Triglycoride mg/dl 17.3% s ns s 5
16. Amylase [somogyl  -15.53% ne n ne (2)
units)
17. Thyroxin (Tg) mg/dl 3,29 ns -1.96 ns (2)

% gignificant P 0.05

{1} sco Table 1 for multiple range test

{2) not estimated due to missing chservation
{3) negative cstimate of 1i|F_1h. assumed B=0
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serum cholesterol levels in the eweés remained constant., Serum globulin
levels in the lambs dropped drastically [rem September Co Decesher, while
the lewvel in eves dropped over that perled but not to the samé éxtént.
The crestinine level for ewes was high In Septesber and dropped to a
level cosparablé to that of the lambs in December, The repeatabilities
(eorrelations bétween répeatéd samplés of the same individusl) for serum
BUN, total protein, albumin, glucose, urie acld, snd potassiom (Table 2)
were réssonably high, This sugpests thése comstituents may bé sultable
polygenic markers, becauseé the mapgnitude of the smong Individusl varisnce
(V1) Indlcates that genetic differences do exlst [or these traits In the
population. Further evalvarion is required to éliminate the real
possibility thar several of these parameters are controlled by sisple
genetic aystems, in which case thay may be useful as polymorphic markers,

It is also apparent, from this analysls, that approximately 107 of
the variation I BUN, total proteln, and albisin levels (s associated
with differences mmong individuals which has fmplications on sampling
schemea for monicoring nutrient status of populations. Mo comparlsions
of these estimates of repeatabilities are available in the literature for
thin apecien, However, the repeatabilities are penerally consistent
with thoss found in dairy cattle populations (Peterson 1978, Kitchen-
ham and Rowland 1976).

Differences were obaarved, for most variables, hetwesn lesha and
adulc ewes, while sex of limb was not Importamt. It follown that
mecabolic profiles, used for asseseing mutritional status, would nesd

to be adjusted for cthe age effects to obtaln realiscic estimates for a
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herd or population, The observed aeasonal changeés may be due to normal

season cycles or to a decline in mutritfonal status, This will require

additional investigation,
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COMPARISON OF CHROMOSOME ARD BLOOD COWSTITUENTS
OF ROCKY MOUNTAIN AND CALIFORNIA BICHORN
AND DALL AND STONE THINHORN SHEEP

A, Botrrell, B, Gordy and R, Peterson
Dapartment of Animal Sclance
University of Bricieh Columbin

Vancouver, B, €. W6T INS

ABSTRACT
Karyotypes and banding patterns are described for captive Rocky
Mountain and Californmia bighorn, Dall and Stone thinhorn, and European
mouflon sheep. Ome abnormality ia noted. Data on 13 zerum parameters
of nine bighorn and six thinhorn sheep are presented and snalyzed, and
hov some botween- and within-specics differences, Hematological values

for bighorn and thinhorn sheep are alse presented and briefly discussed.

INTRODUCTION

With regard to the genus Owlg, in recent vears chromosome analysis
has become recognized as a practical laboratery technigque for research,
This method has allowed resvaluation of taxonomle relationshipe between
existing sheep into four gepetic groups based on their diploid chromo-
some musber - 52, 54, 56 and 58 (Msdler et al, 1973a, Korobitsyna et al.
1976). Further, the technique has aided in the comstructliom of ovine
evolutionaty theories (Nadler ot al, 1973b, Korobitsyna et al, 1974,
Valder et al, 1977), and has shown similarities to divisions based vpon
social behaviour and soclal morphelogy (Cedist 1971).

Blood analysis ia now recognired as an cesential tool in the study

of wildlife populations. OGenerally, such investigations are aimed at
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establishing average or basal values for a species. Omce these have
been ascortained, they can serve as standards against which researchers
may equate existiog values in order to determine the health and nutrl-
tional status of a population, Utilization of this method in the ssses-
swent of wild shoep populations is presently bedng investigated (Hebert,
D.M, 1978 pers. comm,}. HMoreover, established serclogical and hematolo=
gical profiles should provide an additional means of taxonomic classi=
ficaclon., For oxample, it is reasonable to assume that sheep in a
single diploid grouvp could be further differentiated into existing gemo=-
types (subgroups or subspecies, races or breeds) by comparing serum
congtituent levels, Levels of various constituents which are shown to
be genetically controlled may be useful as polymorphic or polygenic
markers for ipbreeding studies and in determining the effective number
of breeding males in a population. This latter point has obvipus im=
plications for development of harvest strategies where only males are
hunted,

However, due in part to the difficulty in obtaining samples,
neither chromosomal nor blood analyses wathods have been extensiwvely
employed in research on wild sheep, The mmber of wild sheep studied
by chromosomal procedures fa extremely Hmited, with entire populations
as yet unexamined, Although hematological data and seru= constituent
levels for bighorn and thinhorn sheep have been reported (Fransmann
and Thorne 1970, Franmmann 1971a, 1971b, Petersom and Bortrell 1978)
work in this field i{s far from complate,

Certainly a mors complete interpretation of sheep evolution and
taxonowy Téquires a larger and more represcntative sample to determing

the range of variation. Similarly, the development of blood profiles,
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as a means of determining the mutritional status of wild sheep popula-
gions or their indices of inbreeding, demands much sdditional Informa-
tion . It is hoped that the chromosome datn, hematological values and
serological analysis described here will asaist workers whose Interests

are in these areas,

MATERIALS AND METHODS

Four Rocky Mountain bighern sheep (0. canadensis canndensis}frem
the Canadinn Wildlife Service boarding pens at the University of Bricish
Columbis ware smmpled for preliminary chromosome analyses trials. All
subsequent samplings for chromosomal, hematological amd serclogieal
tasts wore done vsing lmmbs born and raised on the Okanagan Comc Form,
Penticton, British Columbia. These mnimals included: 5 Rocky llountzin
bighorns, & California bighorns (0. canadensis califorminma), 3 Dall
thinhorns (0. dalli dalli), 3 Stone thinhorns (0. dalll stonel) and 2
Europena mouflons (0, M}.l

Sterile blood smmples were taoken by Jugular vemepuncture using
heparinized vacutainer tubes (Becton=Dickson Companv). Chroscsome
spreads (Bottrell 1977) were prapared from 72 howr whole blood cultures.
Geperally the mmerical and karyotyping methods sdopted were those des=

eribed in "Oytogenstics" (Priest 1969) and in “Laboratory Procedures in

Human Genetics" (Sarma and Talukder 1974). Earyotypes weére established
from photomicrographs taken of several good metaphase spreads. The
banding technique employed was that used routinely in the Universicy of

Bricish Columbia Medical Genetics laboratory. This method {a referred

1Hmr_n1ugi=ul and serclogical teste were mot done for mouflom sheep.
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to as the trypsin-giemsa banding techniques (Masui, pers. comm. 1977).

Serum was obtained from clocted blood, decanted, and frozen. Sero-
logical annlyses were done by the Bricish Columbis Biomedical Labora=
tories, Burnaby, British Columbia. Elewven of the variables analyzed
(excluding sodium and potassium) were included in a standard package.
Consideratione of economics, speed, and convenlence governed our choice
of this analysis package. Results of chese apalyses were then statls-
tically analyzed to determine differences between and within the species
of the sheep examined.

Hematological determinacions were performed on whole blood contain=
ing ethylenediaminetetracetic acid (EDTA) by B. McCoy, Central Vecerin-
ary Hospital, Victoria, B.C. However, not all samples were analyzed for
hematology values. With the resultant small sample size and miseing

data, a statistical evaluation could not be employed.

RESULTS AMD DISCUSSION

Qualitative evaluation of cultures revealed that the medium mix-
ture chosen = RFMI 1640 plus additions = was Inadequate for Stone sheep
levkecyte culture, although it did support good cell growth for the other
& races of wild sheep.

With one exception all animals displayed typical 2N=34 diploid
values and karyotypes (Figure 1). Stone sheep, which have not been pre-
viously described, exhibited the expected ZN=354 karyotype. However,
one callforniana - Cal #6-T4(F) = exhibited an aboormal 2¥=54 chromoscme
mmber for 141 of 200 examined metaphase spreads. Figure 2 shows the

abnormal karyotype of this sheep as determined by banding
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Figure 1. EKaryotype of a Californian bighorn sheep (male) IN=54
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Figure 2, Abnormal karyotype of California bighorn sheep (female): Cal #6-74 (F)
with 2NH=55

- J23 =



anplysis., Pigure 1 Is represéntative of the normal 2N=54 California

bighorn karvotype. Unfortunately before & more careful inspection and
follow up sampling of the mnimal could be done, the shaeep died and vas
digposed of, Since this is the only reported instance of an abnormal
diplold value belng found in & Worth Asérican sheep, an sdequate dis-
cugsion of 2H=55 bighora sheep must undoubtedly await a more thorough
lm:tiytlnﬁ.l

The submetacentrie nature of the X chromosome was evidenced in

several stained preparations (Figure 2). Figure 3 is a banded karyotype
thought to be représentative of all the 2854 wild sheep studied, G -

banding patterns of the three large metacentrie autosemes (Group A)
from esch of the 5 sheép types were Found to be identical, Flgure &

i & achismatic [1lustration of these Croup A metacentric subodeses.

The reported Group A ideogrem for the five project categories - cand-
densis, californigna, dalli, stopel and pusimon, may be ragarded as
identical to that presented and discussed by Nadler (1973b) Ffor mexicana,
musmon, orientalts and, F; and ¥, mistmon x candensis. Slight dif-
ferences betwern MNadler's banding patterne and those of the eurrent
study were asmmed to be due to interpretations and methods. Thus the
Group A metacentric chromoaomes of 2N=54 European, Asiatic and Horth
American wild sheep appear to be structurally homologous, Hvbridizs-
tion and mefotic bivalent studies by Nadler (1973b) further substanclate
these results,

Moans and standard deviations for serum constituent lewels of

canadensie, californiana, dalli and stonel are given in Tabla 1, A=

:L Bottrell has recently analyzed 32 Californmia bighorn aheep, All
have 2N=534 karyobypes,
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Figure 3, Giemsa-banded karyotype of a Stone thinhorn sheep (male) 2NM=354,

{(Banding pattern presented is representative of all 2N=534 sheep
studied).
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Figure 4. Schematic representation of Group A metacentric chromosomes.
The letters a, b and c denote bands not appearing in Nadler's
(1973b) ideogram.
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mentioned above some investigations of wild sheep blood parameters
have been done by Franzmann and Thorme (1970), Franmmann (1971a, 1971b)
and Fetersonm and Eottrell (1978)., Mean values for glucose, total pro-
tein, albumin, globulin, and sodium cbtained here, were in agretsent
with the findings of these suthora, The calcium, phosphorous, bleod
urea nitrogen (BUN),uric acid, and potassium lavels found in this
ntudy were higher than those previcusly reportaed, while thyroxine and
cholesteral values were lower, Many of these differences can probably
be accounted for, by differences in age and diet of animals of thase
studies. The sheep in this study were lambs born into captivity and
fod alfalfa hay with supplements; the lambs of the study reported by
Patarson were range fed; vhile in cthe determinations of Fransmann lashs
ware often not separated from adults.

bifferences in semum comstictuents were found betwoen and within
species of bighorn and thinhorn sheep (Table 2). Clucose albumin and
alkaline phosphotase levels were unique for species. Total semm pro-
tein and albumin differed for bighorns, and cholesterol levels were
higher for Dall than Stone sheep, Noting that animals sampled for this
study had been born, and fod and cared for in a similar mammer, which
would reduce envirommental influence, the differences reported here
may be indlcacive of genetlc variation between species and subspecies.

Ranges of hematological values for some bighorn and thinhorn sheep
are presented Iln Table 3. Although hemoglobin and packed cell volume

(PCY)} values appear to be glightly lower than thoze given by Franzmann
and Thorpe (1970) and Franpmann {1971a, 1971b), it mwust be remembered

that the wild sheep described in this study were lambe, while the
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TABIE 2. Means for serum constituent level differences between and
within species of bighom and thinhom sheep.™
Bighorn (9) @ Rocky Mountain (5)  ball (3)
Vs Vs Vs
Thinhorn (6) Califomia(4) Stone (3)
Calcium my % 0.51 0.32 0.20
Phosphorus mg & =0.73 0.35 1.80
Glucose mg § 43.52# 11.30 2,67
BN mg % =1.10 3.20 3.00
Urie Asid my & 0.06 -0.08 -0.07
Cholesterol mg ¥ 3.38 13.75 24,34
Total Protein gm ¥ =0.09 0.91* 0.73
Alburdin gn & 0.46% 0.32 0.17
Glaobul in gn & =0, 55*% 0.56% 0.56
Alkaline phosphatase o/ml 121.45% =-80.5 41.60
Sodium meq/L 1.55 1,90 3.40
Potassim mea/1 -0.36 0.26 0.60
Thyroxin (Tq) mog/1 0.27 -0.23 2.14

+

s

Determined by analysis of variance using orthogonal
contrasts from Tabhle 1.
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Eracketed values designate the mmber of observations.
Significant P < 0.05



TADIE 3. Bematological values of bighom and thinhomn sheep

BIGHORN SHEEP THINHORN SHERP
wmn Califomnia Oall Stons

HNarber of cbservations 3 1 1 3
Hemoglokin g/l00 ml  14.7 - 14.9 16.4 16.0 12,7 - 17.6
Packed Call

Voluma (POV] & 43 - &4 47 44 39 - 49
Total

Legkocytes 1000,/ml 11.0 - 12.9 9.4 €.0 6.6 - 10.B
Lyrghocytes  1000/ml 28-3R 29 28 12 - 38
Neutrophils  1000/ml  59.0 - 61.7 70.0 66.0 74.0
Basophils 1000,/mi o 0 0 0
Manceytas 1000,/m 1-6 o 4 D~ 2
Bosincehdls  1000/ml 0-2 1 2 0

- 362 -



animals of their studies included both adults and lasbs. Since lower
hemoglobin and PCV values have been noted in very young domestic lambs
{Bilunt 1975}, the values dlsclosed are probably In accord with those
of prior research.

The leukeocyte counts obtained in this study were In keeping with
those obtained by other workers. However, the count of neutrophils ls
higher than that published by other authors (Woolf and Kradel 1970,
Franmmann 1971a, 1971b), and the mmber of lyephocytes is lower, Once
again It must be emphasized that this project dealt solely with lambs
while the previous studles did not. Blunt (1975) hes stated chac in
domestic sheep shortly after birch meutrophils are the deminant white
blood cell type and their relative frequency decreases wich age. If
this Is the case for wild sheep the values reporced here would appear
CoTTRech,

Chromosome studles in this report were complimentary to those re-
ported in the licerature. The karyotype for Stone sheep (2H=54) ig
teported here for the first time, One adult California ewe had an
atypical karyotype of 2N=55, Species differences in seriological and
hematological values between and within bighorn and thinhorn sheep are
presented, It should be noted that no attempt is made here to evaluate
the utility of these results in determining ovine species differances,
or their mutritional status, as thiz will require a wore extensive
data base. HRather the hope at this stage i{s that this may stimulate
othér workeérs to collect comparable data from populations and races of

sheep inhabiting many different enwviroments,
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BLOOD CHEMISTRY AS AN INDICATOR OF WUTRITTIONAL CONDITION
IN BIGRORN SHEEF

by: Darvll Hebert, Regional Wildllfe Biologist
Fish and WLldlife Branch., Nanalmo, B C,

INTRODUCT ION

Experimental animal physliology studies use basline values establigh=
ed with a control group to determing the sglgnificance of changes of a
particular phvaiological parmmecer. Dicod chemlstry stvdies in wildlife
biolegy have actempted to establish baseline walues In relation to many
uncontrolled variablex and to utilize relative differimces in values be-
tween sgeagons, habitat types and populations Eo assess animal condition
and population status,

The last ten years have witnessed a dramatic {ncrease in the vse of
blood chemistry to determine the taxononic, clinical, physical, phyeiolo-
gical and mucricional scatus of wild ungulates and carmivoreas (Cowan and
Johmaton 1962: Anderson gf al. 1972; Cowan anmd Bandy 19%69; Hoberc 1671;
Barrott and Chalmers 1977; Vaughen st al. 1973; Le Resche gt al. 1974;
Meterich 1970; Kitts et al, 1956; Franmmann and Thorne 1970; Skeen 19743
Weber 1973; Pearson and Halleran 1972; Seal et al. 1975, 1978a, 1978b;
Seal and Voskingom 1976; Eubanks et al, 1976). There has been a gradual
shift from asssssment of carrying capacity by vegetatlonm uwtllizaclion
studieg and change in population characteristics to that of establlshment
of nutritional status of wild populations, Le Resche et al. (1974),
suggests Ehat the trend in research has been toward amalyses of Indivi-
dual primary factors rather than of collective manifestations, In general,
current reésearch incorporates quantitative assessment of range and animal

mmbers with qualitacive aspects of range (crude protein (CF), crude
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fibra, gross energy (GE)) = animal (blood urea nitrogen (BUN), serum
inorganic phosphorus, hematoerit) relationships.

Dom¢stic animal licerature has documenced sany of chese relaction=
ghips, especially the clear relationship becween BUN and protein intake,
at levels of protein incake above maintenance (Lewis 1957; Hclntyre 1970;
Preston et al, 1965; Somers 1961; Mukhoty et al. 1965).

By comparison, cholesterol bageline values have been collected for
wild ungulactes (Le Resche et al. 1974; Seal et al. 1978b; Weber 1973),
bur few studies have decermined its relationship with nucritiomal or
energy status, Although Lo Resche of al, (1974), states that choleaterol
level reflects diet, dietary change, the state of nmen méetabolism and
appears to indicete a state of malmuirition, it can be altered by =ex;
age, season and the lewel of saturated fatty acids conmumed. Seal et al,
(1978b) suggests that cholesterol was only moderately affected by dietary
comporition in white-tailed deer fawns. Similarly, few atudies hawve
ut{lized hemoglobin or hematocrit to assess general nutritiomal statos
between populations, Karns and Seal (from Le Resche et al. 1974), indi-
cate that hemoglebin concentration in male Minnesota moowne declined ba-
tween ODotober and December, and Kick and Davie (1970) indicate a season-
al effect on hesoglobin and hematocrit in range cattle. Seal et al,
(1972); Found significantly lower hemoglobin and hematocrit levels in
white-talled deer between & moderate and high diet group., Ullrey gt al.
(1967) used isocaloric diets varying {n crude protein from 8-20 per cent
and found no differences in hemoglobin or hematocrit lewels between
groups, while Seal eg al. (1978b) found similar hematocrit levels and

higher hemoglobin lewvels for fawns on low protein diets between groups of
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white-railed deer fawms on low and high protein and energy diets,

The purpose of this paper is to explore the relationship between
BN, serum cholesterel, hematocric and hemoglobin and a host of murrition-
al measuremants conducted under controlled conditioms, at or below main-

Eanance,
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HETHOD AND MATERIALS

Twe groups of Rocky Mountaln bighorn sheep werc saintained on natural
rangeland diets In order to glmulate a migratory apd non-migracory sltva-
tion, The feeding regime and nutritional meagurements have been describ-
ed previcously (Hebert 1972, 1973). Serum samples were collected monthly
from September 1969 to May 1970 (Hebert 1972) and snalyzed (Hebert 1972,
Franzmann 1971) for an array of varisbles other than those reported (BUN,
hematocrit, hemoglobin, cholesteral) im chis paper. There were sight
serom sampling periods but only two complate mutritional trials in the
fall (1969) and two the following spring (1970). Scaled curves represen-
ting nutritional paramatars wera axtrapolated between the last fall crial
and the firat spring trial in order to obrain an estimate of each nurri-
tional parmmater for sach blood sampling period. Regression analysls

was used to eatablish the relationship between serum comatituents and
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putricional eeasurements, The initial relationship consisted of all
gampling dates from Octobar to May, The second compubter run eliminated
the last sampling date (high quality pelleted ration), while the third
computer run eliminated the first and last date for both groups. The
fourth and fifth computer run eliminated the fifth and lasc sampling
date and the Firat, Fifth and last sampling date, respectivelv., This
reduction in ssspling dates removed anabolic effects of the high qualicy
pelleted diet fed in May and resoved the effects of a multiple vitamin
supplement adsinistered in February. In addition, ir allowed by differ-
ence comparisons of lewvels of significance due to the affects of changes

in diet qualicy.

STUDY AREA
The putritional and blood chemiscry assessment were comducted In
bighorn sheep holding facilicies in the East Kootenay region of British

Calumbia (iebare 1973).

RESULTS

BUN

Blood urea nmitrogen values for a simulated migratory and nom-migratory
group of bighorn sheep changed from an average value of 14.6 mg/100 ml
during early fall to 24.2 mg/100 ml ln lace winter (Figure 1). During
the Ogtober 1| sampling period the migratory group was ingesting good
guality alpine forage (CF 11.59%) which produced a comparable BUN value
of 18.5 mg/100 ml. Conversely, the non=migratory group was ingesting a
submaintenance diet (CP 2-3%) which produced a low BUN value (8.8 mg /100
ml). During the period October 1 to April 14 both groups subsisted on

spubmaintenance diets contalning 2=-3% CP', These diets are reflected by
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an inerease in the BUN value from 6.5 mg/100 ml. to 26.2 mg/100 ml as
body catabolic processes provided nitrogen to the bloed, Subsequently,
the curves diverged during the spring period (May) az BUN became related
to protein intake rather than tissue protein when both groups were placed
on a high guality pelleced ration (217 CF) to simulate spring forage
growth., The 5 week poriod between the April and May sampling datos
coused the two groups to change at a different rate, from a catabollc
gtate in the production of BN to one related to CP intake, The migra-
tory group, beimg in better body condition (Hebert 1973), adjusted to the
[mproved diet more rapidly and incressed {ts BUN loval proportiomately,
The nen-migratory group was In poorer body condition and the Moy sumpling
point appeared to Indicate that the BUN level may mot complately reflect
the qualicy of the dict or that it was reflicting the generally poorer
conditlon of this group when recturned to a state of anabolimm. During
the February sampling perlod the animals were stressed for 5-CGOT value
maasuremenit and were on low quantitles of a multiple viatmin vhich may
have affected the BUN value, If this point Is removed (Figure 2), the
contribution of the body tissues to BUN values shows a continuous increase

from Decesber 29 = April 14 while the groups are opn submalntenance dlecs.

HEMATOCHIT AND HEMOGLOATN

During the sampling period, the migratory group (Figure 3) malntaln-
ed & higher level of both hematoceit (avecage 48,70) and hemoglobin
(average 18.7%) than did the nen-migratery group (38,5%1 + 13,9%, respect-
fwely)., The data did not Indicare seasonal trends for either variable
but did suggest that previous murritional differences did influence the

level while the twa groups were on submaintenance dlecs. Seal st al,
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{1972) obtained similar results with desr. Simi{larly, Fransmann (1972)
presented a highly algnificant (P = 0001) relationship betwesn POV and
condition in his model, and the positive ranking of PCV means with con-
ditien classes in the Duncan's sultiple range test suggast thar PCV
values are valid indicators of condition of bighorn sheep, Similarly,
Meacham et al. (1965) found that both hematocrit and hemoglobin ware
aignificantly lower for protein deficient bulls. In contrast, Ullrey st
al. (1967) used approximately isocalerie diets with erude protein comtents
of 8,13 and 20 per cent, but found no differencesa in hemoglobin or hemn-

tocrit levles between groups.

LHOLESTEROL

The change in cholesterel value does not appear to indicate any
spocific treond from fall to mpring (Filgure &4). However, the scdasonal
average for the migratery group was B6.6 my/100 ml while that for the
pon-migratory group vas only 72.5 /100 ml. The trend and the sctual
values indicated [n cthis study (a peak in che £all, deécline throughout
the winter and an increase prior to spring green up) are very similar to
that shown by Le Resche et al, (1974) for moose in Alaska. They suggest
that lower values in Minnesota mwoose (49-56 m=g/100 ml) may be atcribu-
table to differences in diet and rumen function, Serum cholestervl levels
obralned In this study were higher than those obtained by Seal et al.
(1978) for white-tailed deer fawns (41 - 60 mg/dl), Barrett and Chalmers
{1977) for antelope (37 = 58 mg/dl) and similar to those obtained by Seal
et al, (1978b) (67-90 mg/dl)} in adult white=tailed deer. Franzmamnn (1972)
chtained serum choleaterol valoes for bighorn sheep which varied from 71-

96 mg/100 ml due to varistions in excitabilicy,
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BUN - BUTRITEON

Seasonal blood urea nitrogen values wore related to nutritional
measurements shown inm Table 1 & 2 for both groups of sheep. Generally,
the number of significant relatiomships increased for both groups as
anabolic poincs were removed and submaintensnce diecs raflected catabolic
processes, Similarly, nitrogen rotained/gm of ingested nitrogen and
urinary protein/gm of ingested protein are specific Indimtors of mota-
bolic nitrogen, significant for both groups at p = .05 in 4 and 5 comput-
or runs, respectively. More general nutricfonal measureaents were slig-
pificant In only 1 or 2 computer runs: In addition, more mutricicnal
varlables (63 as compared to 41) were signlflcant (digestible proteln,
body weight, nltrogen retalned) for the non-migratory group due te its
extensive and more consistent period of catabelism. Although the signi-
flcance of the change In the mumber of significant nutrltional varlables
for each computer run Is diffloult to interpret without additional ex-
previmentation, it does appear to be related to the effects of the change-
over between apnabolism and catabolism, Removal of the effects of the
high quality diet (computer run 2) for the non-migratory group increases
the mmber of significant regressions from 3 to 15, However, removal
of the first and last (high quality diet) points reduces the mumber of
of significant regresaion from 15 to & due to the effects of the anabolic
point (5th point) produced by the multiple vitemin tonie, Removal of
the anabolic points (5th and laat) incresses the significant relation=-
ship from & to 1B, A slight Ffurther i(mprovésent ia provided by re-
moval of the first point which may be parcially influenced by the

change from anabolism to cataboliem, The migratory group, by comparison
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experienced changes from snabolism to catabelism within the total ssm-
pling period (points 2-5) tather than at either end, as shown by the
pon-mlgratory group, Thus, BUN was significantly related to the mutri-
tional variables when all anabolic points were included (computer rum 1)
or when they were exeluded (compurer run 5). Exclusion of a single or
2 of ) anabolle points (eomputer run 2, 3 and &) did nor improva the
level of significance, Sampling for BUN during a merabalic changeover
period may produce results vhich do nor adequately describe the comdi-
tlon of the animal or the popularion.

Preliminary data (Hebert 1973) indicates that fecal nicregen (per
eent crude protein in the feces) may be useful as an indicator of animal
condition or population productivicy. The potential of this nutritienal
parameter as an ind{cator of the status of the animal or population is
sugpestad by ita significant relationship with BUN in computer run 1 and
5 (p= . 002, = ,81; p= .05, r = .87, respeceivaly) for the migratory
group and computar Tun 5 for the non-migratory group (p = ,02, r = ,34),
These particular computer runa beat describe the nutrirional n:.ll:'l.l.u ef
the group as evidenced by the mumber of significant relationshipe (16
to 21).

Intarestingly, significant relationships were obtained with BW and
I!I.'H'” for the non-migratory group (4 of 5 computer tuns) which Le Reasche
ot al. (1974) suggest are celleccive manifestaclons of mucricional in-
take, Both BW and Eﬁl'“ wera significant for the migratory group in
computer run 5, vhich is the best nutritional description of this group.
Symilarly, BUN appears to describe both the protein and energy status of

the animal through a significgnt relationship wich the digescible procein

to enargy ratio. Thus, che best nutricional assessmencs of each group
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{computer um 1 and 5 for the sigratory group; v = .67 and computer runa
2, & and 5 for the non-migrarary group; r = ,79, .96, .96, respectively)
included this significant relatfionship.

Previously, Preston et al. (1965) and Somers (1961) demomstrated
that protein intake was significantly relared to BUN (expressed as CF
gm/ “_-;5- £ = 9% or as gm/day, v = ,97, respectively). This relation-
ghip was supperted hy the work of Lewis (1957) and Mclntyre (1970).
These studies utilized domestic animals and exprersed the relacionship
at sbove maintenance levels of CP intake. Similarly, resulcs from chis
study indicate a significant relationship between BUN and per cant CP
in the forage, protein intake in pu/day and protein intake/Kg EW for the
migratory group in computer vun | and 5 (r = .§%) and for tha nom-

migratory group inm computer vum 4 and 5 (r = .90 and .96, respuctively).

HEMATOGRIT, JEMOGLOBIN, CHOLESTEROL - NUTRITION

Hematocrit and hemoglobin do not show seasonal trends (Figure 3)
and are not significantly related at P = .05, to the seasured matritional
paramecers for elither group or uny computer run. Cholesterol was regress-
ed with 9 energy nutritional seaserements (gross energy and digestible
energy (DE)/day, /¥g BW and [Kg BW*77; 1DE, DE/gm of feed intake and DP
gn/day/DE meg, cal.) in on attempt to assess energy metaboligm of the
wintoring ungulate, There were mo significant relationships at the

lovel of P = 05,

The use of blood chemistry will allow an assessment of nutritiomal
condition and/or population productivity through seasonal comparison of

relative values, However, frequency of sempling necessary to guantify

geasonal périods an ani=al remains at each level of condition; Ls usually
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inadequate to pinpoint specific periods of change in animal growth or
metabolim (Figure 5). Thus, it is more imporcant to decermine the
length of time an animal or populacion sustains {cself ac submaintenance
levels, if asseasment of population produccivity is the desired goal than
it s to simply determing that they are at ll:lhllil'l'l:!'ﬂ.l.ﬂ:t levela, Con-
sequently, Che assessment of condition inm Figure 5 may be expressed as
FERIOD AT MAINTENANCE OR SUBMAINTEMANCE X COMDITTION LEVEL (BUN), Simi-
larly, the assessment of productivity of the population may be express-
ed ag: PERIOD OF ACTIVE CROMTH (CREERUP TO BIKTH) X LEVEL OF CROWTH OR
CONDITION (BUR) (FECAL H). Population preductivity may also be express-
ed as a response to; FERIOD AT MAINTERANCE OR SUBMAINTEMANCE X CONDITION
LEVEL (BUN) + PERIOD OF ACTIVE CROWTH X LEVEL OF CROWTH OR CONDITION
(DUN) (FECAL K}, or as a condition Indice of the growth period minus

the condition index of the maintenanmce period,

DISCUSSTON

Blood urea nitrogen has been uped as o valuable tool in the assess-
ment of above maintenance protein status of the domestie ungulate for
several years (Preston et al, 1965, Somers 1961). Only recently has it
been éxamined (Franmamn 1972, de Calesta gt al. 1977, Seal gt al. 1978a,
b) as an {ndicator of mutritional status of the wild ungulate. To date,
BUN has not been adequately related to the below maintensnce protein
stoatus of & wintering vagulate, Consequently, the BUN curve which 135 a
function of CP intake (Preston et al. 1965, Franzmann et al. 1972) at
aboye protein maintenance leviels may have similar BUN values to the BUN
curve at below protéin maintenance levels, This was not addressed by
Le Resche et al. (1974), Seal et al. (1978}, or Franzmann (1972) and de-

pending upon the fréquency of sampling within the populatlion may

produce similar “individual values from an Increasing or decreas-
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ing curve, since wild animals lack synchrony of declining physical con-
dition (d¢ Calesta 1977). It will be accessary to accurately decermine
the physical boundaries and parameters of the population to be sampled.
For the majority of varishlee, blood chemisery iz still at tha
acage of detormining bare line values in tha face of many uncomtrolled
field wvariables, In moat studies there are too fow semples to standars
dize for ape, mex, semsson, habitat,climato, and doclining forage qualicy,
In pome inntances (G0N, inorganie phosphorus, ealeium, ete,)} coartain
values have been related to erude indices of condicien but few studies
of wild animals have related blood chemistry to specific mutritional
measurements (de Calesta 1977). Currently, the majority of studies have
eoncentrated on comparing relative HUN (Franzmann 1972) or inorganic
phosphorus (Heberr 1972) walues between seaasons in their assessment of
change in nutritional status. If blood chemistry is to adeguately asscas
nucricional condicion or address tho varisbles of pepulation productivity,
recruicment or overwinter morcalicy, they must guantify tha time period
in addicion to the relative seascnal sssesmment. Thus, the seguence and
intensicy of sampling become imporcant criceria in the assessment of
macricional condition. Similarly, complemencary sampling progroms are
ipportant im discerning the ansabolic from the cacabolic BUR curve. For
exmople, fecal mitrogen can bo utilized to indicate whether an animal is
above or below the protein maintenance level. In addition, fecal nitro-
gen is a sensitive indicator of the change between submaintenance lovels
of winter forage and high quality spring forage. BUN alone or with fecal
nitrogen can be used to assess the relative differences hetwesn popula-
tiomz in the timing of dietary quality change or the relative magnitude

of the change. It is apparent from this study that frequoncy of sampling
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must recognize the timing of changes in dietary qualicy, the period at
maintenance or submaintenance and the period of previovs mutrition as
it influences the chamge batween anabolism and catabolism. The non-
migratory group began to change from a state of ansbolism to catabolism
around Detober 1, approximately 3 15 months ahead of che migratory
group. Although both groups received the same low qualicy diet during
this period, the previous superior mutrition of the migratery group
maintained their mutritional status. Similarlv, hemoglobin and hemato-
erit can be used to indicare mucricfonal differences between populations
or habitat typos (Fransmann 1972) but may not be as useful in the assess=
ment of relative magnitwde of difference or the assessment of the cime
poariod at mny particular level of conditiom. A detailed assessment of
nutritional comdition as it relaces to produccivity or winter morcality
will undoubtedly reguire a combination of methods cto achiove a sacisfac-
tory asEeRement.

The study of fat mecabolism (energy) in relation co blood consti=-
tuencs has received little study (Le Resche ot al, 1974). Coblentz (1975)
feplep that the chemical component used ln menagement should be correla-
ted to the quality of the solmals diet and be invelved wlth energy pro-
duction or storage. de Caleata et al. (1977) found that free fatty
acids changed during starvation, indicating that fat stores were mobili-
zed to offeet inadequate energy intake.

Coblentz (1975) and Le Reache et al,(1974) suggest that of the
1lipids, cholesteral may be the moat importamt Indicator of animal con-
dition while Le Reache et al., (1974) indicates that both cholestercl amnd
triglycerides are low in Cervids and that triglyecerides will probably

not ba uneful. In comtraat, Allem (1970) Indicates that triglycerides
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comprige 835 of the dietary 1ipids which enter the lacteals while choles-
terol, esters and free cholesterol comprize only Th. However, thias
study indicated non-significant relatfonships between cholesterol and
specific energy intake measurcments, although the scasonal curve and
actual values compare favourably with Le Resche et al. (1574) but diverge
from Coblentz (1973).

Recently, Secal gt gl. (1978b) showed a highly significant increase
{n nom-esterified fatty acid levels (NEFA) om low energy dieta and mup-
geats that they can serve as an indicator of emergy intake in deer,
Bimilarly, Scal and Hoskinsom (1978) found a 2-fold difference in senm
triglycerides betwesn 2 promghorn antelope populations differing in
nutritional status,

It appears that the anergy status of wild ungulate populations

should concentrate on NEFA and triglyvceride levels and abandon choles-

terol values,
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PREDICTION OF EMERCY EXPENDITURES
BY ROCKY MOUNTAIN BIGHORM SHEEP

.M, Chappell and R.J. Hudson
Department of Animal Science
University of Alberta
Edmonton, THG 2E1,
ADLSTHACT

Factors influencing the metabolic rate of Rocky Hountain bighorn
sheep were apnalyged by mulbtiple claseification analysis. Faccars
considered were sex, date, body weight, exposure temperature, adapration
temperatire, time since last feeding, and previcus gross emergy intake.
Tha overall mean ensrgy expesditure was 2632 keal.d™l (110 keal.kg™ 75.470).
Whan factors were tested Independently, body welght, sox and exposure
temporature, in order of imporcance, contributed slgnificantly to differ-
ences In energy expenditures, The total statistical model accounted
for B7L of varlance in the rate of energy expenditure,

INTROMMTION

Energy metabolism represents an important adaptation of wild ruminants
to thelr enviroment, The value of being able to predice energy expend-
itures of free-ranging animals has been highlighted in a pumber of studies
on the consequences of behavioural patterns and, particularly, the impact
of haragsment, Unfortunately; energy expénditvre fs difficult to
measure in wild species and information has accumilated slowly.

The uwsual procedure used to estimate energy expenditure is to estimate

bagal matabolism from body seight, increément it arbitrarily to obtain

lprm: address: Envirommental Affaire, Foothills Plpe Lines {(Yukoa) Led.,
Box 9083, Calgary, Alberta, TIP 24,
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resting metabolic rate, the appropriate base, and then add the astimaced
energy costs of activity and thermoregulation, However, a mumber of
factors Influence resting métabolic rate, These [nclude bedy weight,
age, sex, season, mitritional status, smbient temperature, and adapraclon
to prevalling thermal enviromments. Several studles on wild ruminants
have attempted te determine the Importance of these factors. In the
Cervidag, most studies have dealt wich seasonal cycles of energy metabolism
{Silver et al., 1971) or the effects ol exposure temperature (Holter et al,,
1975}, age (Wesley gt al., 1973) and feeding level (Welmer, 1977).

Rather than determine the importance of these [actors In controlled
experlments, wve have attempted to develop a predictive equation based
on measurement of energy expenditures of bighorn sheep under a variety of
condltions throughout the winter season. Thls study represents an
extenslon of an approach applled by Grahem et al. (1974) In a study on
domestlic sheep.
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METHODS

Animals avallable for this geedy Included bwe sdultb male and two
adult female Hocky Mountain bighorn sheep (Ovis canadensis), One ewe
wag captured In Jasper Matlonal Park while the remaining subjects weré
reatéd In captivity, They were held in a large enclosuré ind maintained
on grass hay and a pelleted alfalfa-barley ration throughout the peried

of study (Chappel, 1978).
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Indirect calorimetry, using the respiratory pattern anmalyzer
duscribed by Young ¢t al. (1973), was used to determine metabollec rates
at contrelled temperatures of 10° to -M9C, Oxygen consumption and carbon
dioxide production were converted to an energetic eqgulvalent uslng che
equation of Brouwer (1963). From September to May, measuremencs of RMRE
and TMR (afver a 72-hour fast) were made at monddy intervals, and body
welghts and mean envirommental temperatures for three days prior to the
trail were recorded, Mean gross energy Intakes of the pelleted ration
were recorded In Individual feeding stalls for the two weeks preceding
each trial. A total of 124 measurements of metabolic rate provided the
data base for chls study.

Explanation of varlabllity In enerpgy expendliuvre, under a varlety
of experimental comditims, was sought through multivariate analysls of
the interrelationship of the dependent variable (metabolic rate) and
several independent variables (body weight, sex, month, exposure temperature,
adaptation température, time since last feeding, and previous gross energy
intake), Multiple Tlassification Analysis (MCA,Andrews et al, 1973) was
chosen to exmmine the correlation of a set of predictors with the dependent
variable in the context of i lipnesar additive model,

Several stablstlcs were emploved to determine the fit of both in-
dividual predictors alone and with others of the seme ser. The Eta-
aquared coafficlent (correlation racio) demored the proportions of
variance explained solely by that predictor. Beta coefficients expressed
the valus of each predictor after adjusting for the effects of all other

predictors, Category cosfficiencs were abtained through solucion of
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least sguares equation (Andersem and Bamcrofc, 19532). The fit of the
total meodel wvas determined by an RB~squared value. Signilicance wag
tested using the F test.

This analysis produces a coefflclent for each category of every
predicter in the model, The sum of coefficlents for the appropriate
categories, plus cthe value of the grand mean, provide a prediction of
metabolic rate.

RESULTS AND DISCUSSION

The grand mean metabolic rate of bighom sheep was 2632 keal,d"L,
Collectively, the geven independent variables accounted for B7T of
variation,

Whon effects were sxsmined independently, body weight, sex, ambient
temparature at the time of measurement and month accounted for
significant varlation (Table 1), When effects wére partiticned, month
emerged as one of the most {mportant variables followed by exposure
temperature, body welght, adaptation temperature messured 3 days prior
to the trial, sex, previous nutrition and time since last feeding,

Body Weight

As an independent effect, body weight explained the greatest pro-
portion of wvarlance in metabolic rate. When variance was partitioned,
it lost soese of its formar importance., Least squares-adjusted means of
metabolic rate as a function of body welpght are showvn in Figure 1.  Ower
the restricted range of weights observed, the increase per unit body
welght was approximately linear, Expressed on the basis of metabolic

rate the overall msean metabolic rate was 110 keal.w= Ti,d‘l.
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TAELE 1

STATISTICAL SUHMARY OF FACTORS INFLUENCING METABOLIC RATE
OF BICHORN SHEEP

Prediceor varinble Class
and categories Btu’ Beta Coefliclents
Body weight (kg.) 0.40 0.36
50-62 =285.91
63-65 =122.60
G670 31.74
71=75 B7.08
TE=-EE 1.9
Bexn 0.3 0.20
Female =117,45
Hale 177,45
Dace .17 0.53
Eillt-"l:ﬁl:t. '93-23
Hﬂ;'?tb- '15ﬂ+‘-'l':|'
HI'I’-'.HII.’- I&DJD
May=June 864,13
Expogure femperature 0.28 0.45
=3% to =20 1470,00
-0 to =10 =-28,590
=10 ko 0 -38.34
0w 10 =90, 14
Adaptation temperature 0,03 0,23
=35 to =10 5538
=10 to +10 56, 59
10 te 20 = 15957
Fasting 0.0% 0.17
Fed 55,85
Fasted =237.37
Previous nutrition
(kcal kg™ 75.4°1) 0. 04 0.27
55=183 -128.78
183-220 =210, 24
220=256 =531.62
256=130 210
330=-515% L1213, .6&

B2 complete model = 0,87 (PC .001)
Grand mean = 2631.87 keal.d-l
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relation to body weight (kg). Grand mean
metabalie rate denoted X.
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Sex

Rams had setsbolic rates which were 18% higher than those of ewas
even when corrected for body weight differences (Figure 2).  Although,
in many species, the metabolic rate of males Ls higher than that of
females, this apparently is mot always the case with ruminants, perhaps
because of the addirional complexity of metabolic cycles. Silwer st al.
(1969) in a study on vhite-tailed deer did not find significant differences
between does and bucks in summer coats. Wesley ot al. (1970) found no
obvious sex differemces in pronghorn antelope. However, Graham (1968)
reported that Merino rams had an FMA chat was approximately 200 higher
than wethers and ewes, Horden st al. (1970) obrained similar results
in black-tailed dear fawma.

Honth

Month was an imporeant predictor of mecabolic rate whan effects
were fit jeintly. Metabolic rates declined from fall to mid-winter,
then rose to a peak im early summer (Figure 1), The mmplitude of this
oseillation was greater than 40X,

Because data wore mot enlleceed for a complete seasonmal cyele, it
is difficult to compare these results with those reported for northern
cervide, Silver et al. (1969, 1971) ohserved values in white-tailed
deer which were greater than 507 higher in summer than in winter,
soetwhal norrower contrasts were observed by McEwan ond Whitchead (1970)
In caribou., Weiner (1977) found seasonal varlatlons in roe deer that
mmounted to less than 101, while Brockway and Malodiy (1967) did mot

observe seasonal changes of metabolism In red deer. Differences mmong
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these studies may ba related to the enviromméntal conditions under which
animals were held. Photopericd appears to be a dominant factor repgulating
seasonal metabolic cycles in wild ruminants (McBwan, 1975).

Exposuré Témparaburé

The range of exposure bemperabires used in this study included
those whilch invoked & strong thermoregulatory response. The metabolie
response bo cold {& shown in Flgure &. Temperatures as low as =3H00C
were within the thermoneutral zone but, between =207 and -30°C, metabolie
rates roge sharply. Chappel (1978) has reported controlled experiments
on the independent and combined effects of mbient bemperature and wind
oni Rocky Mountain bighorn sheep.

Critical temperatures of bighorn sheep appear considerably lower
than those of a mmber of other species of similar size. In winter
coat, the lower critical température of roe desr, one of che smallest
northarn cervids, ia about 0°C (Weiner 1977). Holeer st al. (1975)
estimated the comfort sone for white-tailed desr in winter to be betwesn
5°C and 20%C. Wesley st al. (1973) found the critical temperature for
fasting pronghorn antelope to be near 0°C and for fed animals to be
berwean -129C and -21°C. The superior cold tolerance of bighorn sheep,
in comparison with deer; may be related to their habitat preferences.
Bighorn aheep select open windswept slopes during winter, whereas white-
tailed snd roe deer seek forest cover where the opportunities to select
favorable micro climates exist, Pronghorn antélope live in apen country
but do not watch the northerly distribution of Rocky Moumtain bighorn

sheep,
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Adaptca Temperature

Prolonged exposuré to low msbient temperatures indoced an upward
adjustment of metabolic rate (Figure 5}, Although mean ambient temp-
eratures at 1 day, 3 days, 1 week, 2 weeks and 1 month prior to merabalie
trials were exsmined, the best improvement of fir of the model was obtained
with mesn sshient temperatures for 3 days prior to measurement,

This factor has received little attemtion in studies on vild ruminants,
However, gradusl incrésses in thermoneutral metabolic rate have been
found in domestic sheep (Webster er al. 1969) and cartle (Young, 1973)
exposed Eo winter weather,

Easting

In this study, bighorn sheep were fasted either B hours (fed group)
or 72 hours (fasted group), The extent of the fast accounted for a
relatively small proporrion  of variance, but mean differences of about
13% were obaerved (Figure 6).

Weiner (1977) found the resting metabolism of non-fasted roe deer
exceeded values for fasting mecabolism by 25-30%, McEwan (1970) estimated
the difference in reindear to be almost 2070 vhoress Wesley et al.
(1973) reported the difference in antelope to be over 50%. In comparing
these valuas, it {a important to recogniza that metabolic rate declines
rapidly following feeding (Chappel 1978) so that differences may be due
entirely to the axact time since the last meal.
Provious Mutrition

The mean intake of gross energy (kcal.kg~ 73) during che previous

2 weak interval gemerally increased energy expenditures of bighorn sheep
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(Flgure 7). The loweat cabtegory was made up largely of rams in Tul.
This may explain the deviation from a direct linear relationship.

The importance of outritional status has been well established in
work on domestic animals, Marxton (1948) found differences between
domestic sheep [ed -.i.l:l“f- at & or 2 tises maintenance requiresents which
wore evident up to 7 days of fasting. OGrahem et al. (1968) also found
g direct sffect of previous energy intake on matabolic rates of
domestic sheep,

Application of the Statistical Madel

To predict the metabolic rate of bighorn sheep within the range
of conditions used in the construction of this model, the appropriaste
class coefficients (Table 1) are summed and added to the grond mean. The
EME of an ani=al weighing 66 - 70 kg, can be estimatred by summing those
coefficients which define the measurement (date of lowest matabolic rate,
thermoneutral exposure temperature; thermoneutral adaptation temperature,
fasred stare and lowest level of previous mucritfon). For males, the
predicred value was 1714 keal.d"l, and for females 1480 keal.d™l.  Using
the mid-point weight, thiz was equivalent to 77 keal,kg™ 75.d°1 and 63
kcal.kg™ 73.d-! for males amd femnles, respectively, This is in agree-
ment with the accepted interspecies mean of 70 keal.kg™ 75.471,
Approximate energy budgets of free-ranging bighorn sheep can be estimated
by choosing the cosfficients relevant to prevalling envirommental comditioms.
Where certain variables cannot be measured in the fleld (e.g.., level of
foraga intake), o value of zero can be substituted as & best catimate

gince the coefficients are simply odded to the overall mean, Since che
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wodel predicts only resting metabolic rate, costs of feeding and locomotiom
must be added. Chappel (1978) estimated the cost of feeding to be
approximately 32% of resting metabolic rate. The énergy expenditure of
bedding animals was 18.9%. Since this model predicts expenditures of
animals vhich were standing,; this incresent is subtracted to obtain the
appropriate value for bedding animals. In our studies, the energy cost
of locomotion of bighorn sheep has not been determined.  However,

activity increments measured in a wide variety of species, including elk
wvhich wa have studied on tresdmilla, suggest a value of 0.5 k:ul.l:!'lr
km=l, This could be used as an approximation until specifie information

on bighorn ihup becomes available.
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RANGE, PHYSIOLOGY AND KUTRITION - Chairman: Dr, D, Shackleton

T.G. Baumann and D.R, Stevens - Winter habitar preferemnce of bighorn
sheep in the Mummy Range, Colorado,

Ray Demarchi: What happemed to the other 4/3ths of your mountain bighorn
winter aheep rangel?

Tim Baumann: Losa to development around the resort comsunity of Eates
Park - mainly fencing, grazimg by livestock, and human disturbance.

Ray Demarchi: fiave you thought about forest succession? All the plamt
species you l.:n:i-nnud are either fire tolerant or fire dependant.

1 think you've dome an excellent lovestigation on the habitat [actors,
and influence and movements of the bighern, however, vou had also hetter
start looking at the fire dependant plant communities,

Tim Baumann: Colorade State University has begun a study of fires; They
have done several experimental burns adjacent te the study area.

M.D, Pitt and B.M. Wikeem = Diet preference of Callfornia bighorn sheep
on native graselmnd in south=centtral British Columbia,

Don Eastman: 1 am interested in your comments about rough fescue. Are
there other plants in those timbered areas for which the sheep did net
select?

Mike Picc: There were other plant species in the understory, primarily
Blue bunch. tNone-the-less they selected fescue in those umderstory arcas
more than Rlue Bumch. Their preference for rough fescue throughout the
first three summer months was approximactely 10X, and during August it
increased to 201,

Daryll Hebere: Under captive conditione I found that rough fescue stood
out as being equ.u.l o alpine or sub-alpine at & ti=me when alpine forage
was definitely high in quality. It also seemed to be selected over other
plant species that were in the earlier phenological stages and probably
of higher nucricional quality.

Mike Pice: 1 do pot think that animals necessarily select for crude pro-
tein, because part of that selection i{e [or pallatabilicy or desirabllity.
Big mage brush is high in crude protein but animals do mot select it
because of the volatile oils. Blue bunch tends te grow in large bunches
with old growth in the way and i not as desirable as selecting a plant
that has only fresh green material avallable. In the early spring on

the study site they have grazed it to the ground. On the other hapd June
grass and Sandberg's blue grass both prow with enly green materlal, there
iz no old growth in the wmy. It Is partly an availability factor and
partly a proportiom of old growth to new growth,
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Randy Bennect: It looked like some of your plante were being strongly
selected for and this should change plant specles composition within
vour paddock. WHow will this effect your results in future years?

Hike Pikt: Cortainly the range this epring Is much differemt than it
wak last spriog; many of the hrowse spocies are not avallable, The real
clanges in their selectivity and diet patterns will occur later in the
year; and I éxpect they will go the blue bunch,

Handy Bennett: Are you trylng to regulate the mmber of animalas in the
paddock?

Hike PitE: Yes, we base our carrying capacity primarily on the amount
of grass material, blcmann, available, 1F there are too many animilas
then they lose melectivity and will have to eat whatever Is there.

Bill Wishart: o Ehe aheep-leave sesd heads alone?

Mike Pitt! Yes, however, juat going to seed will not necessarily guaran-
Eee survival of the plants, If they are graced to the ground they are
not golnog to be able to prodoce éencugh néw carbolwdrates to last the
Winter in terms of root reserves. Blue bunch is a notoriswaly low seeder,
it happens only rarely or infrequently. With this utilization, even
having seeéd heads will not neceasarily emwure survival of these plants.

H. Peterson and A. Bottrell - Rormal metabolic profiles of lamb and adolt
California bigharn sheep

Dave Shackleton: 1 ahould point out that the selanin éycle is tled up
with adrenal{n, and of course that hiaa behavioural comnotations. Domea—
tie calves with pink palates whow guite marked excitability,

Steve Faul: 1 question the genetic significance of using those values
because I think you are ignoring their clinical significance.

Ray Peterson: All age, sex, season, and Interaction effects have been
removed from these correlations.

We are trying to isolate what fraceion of that difference is generic
and what fraction {s environmental. We have labeled all the environmen-
tal factors we know at this poaint.

Jim Bafley: Could you explain to me what an inbreeding coefficient of
40T means. How is that ealeulated?

Ray Peterson: The Inbreeding coefficient is, as Fisher defined it, the
correlation between the combining gametes. That means 40% of che genes
in that populacion are identical by descent. One can e¢stimate this
based on the pumber of breeding individuals and using probabilicy theory.

Jim Balley: You paint a very dismal pioture about the possibilicy of

inbreeding yet many examples of successful transplanta starced from rather
small pumbers of individuals, How do you rationalize that?
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Ray Peterson: It surprised me when 1 heard recently there was, poten—
tially, an inbreeding coefficient of 40X in a group. ALl 1 can say is
that two things could be happening. First, the cransplant wos a fairly
diverse group so yvou had a fairly large sample of penes and vour inkreed-
ing would b slower than normal. Or second, perhaps 8 more logpical
assumption, the tolerance to inbreeding in highorn sheep is Fairly high
and levels can reach <0 or 508 while a certain reproductive vigour is
still maintained.

Jiz Bailey: Are you saying these populations will grow hut, because of
genetic affects alone, are doomed to faill

Ray Feterson: Yes, Assuming that you have got enough food and a0 forth
avallable, it will reach either a genetic limie, in terms of population
size, Wwhich could be the inbreeding limit, or they will reach their en-
viromment limir,

Jim Balley: 1If this population has grown and spresd and occupied mew
arwae, | wonder when 1t will comel

Ray Peterson: If you have crossing between populacions, i.e., males
rom adjacent populations contributing, then of course this has a great
deal to do with the level of inbresding, A female does nor make a great
deal of difference but a male comtributes genetically and produces
gametes.

Wayne Heimer: Ia there an intergradation as well! You suggested that
they might be all black, sort of pink, or really pink.

Ray Paterson: I do not kmow, 1 maw only one pink tomgue and they accused
me of drinking too much bear. If we can pet gene frequencies this gives
us some handle on what sort of heterozygoaity exists, particularly if

we have a large number of these markers.

Daryll Hobert: Do you know if there ia any informacion relacing suscep-
tibllicy of dlsease or parasites to the level on inbreeding in any

species?

Rav Poterson: Inheritance of susceptibility to discames im very hard to
seasure. You can note with inbreeding a decline in vigor and {f you wish
to extrapolate that it is also an Increase in susceptibility to dimeana,

lan Roberctson: Are you In a position to say what sort of pampling of
a wild herd is going to be necessary to establish inbreeding!

Ray Potersomt I do pot think so at this pednt,

Anonymous: You speculated that in some of these transplants it may take
several hman generatlions for us co see o real decline In sheeop populn-
tiong. Can you project for a transplant of one productive male and

five females, two or three of which are closely related.

Ray Peterson: If you assume the females are nmot related to the males
then the coefficient relationship between the progeny im .25 - half
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aiba; thare i oo inbreeding at that point, Coefficient of inbreeding
at the mext level would be abeut 0625, By the third generacion Iinbrowd-
Ing will be on the order of about 23 AL vou cloge the herd at that
podint; 23%. ¥Now, that is relative to vhen you starced. Any inbrecding
that you had to start with is added on top of that.

Anonymous: It might be possible to have reproductive depression within
1D or 13 vears with & small plant?

Ray Peterson: 1 ghould think so. It depends on the tolerance of the
species,

Anonymous: Is this mechanism for reproductive depression the exposing
of homozygous recessive deletericus genes?

Ray Feterson: Yes, quite often. But when you are talklng about the
genetics of patural populations you are really dealing with it on &

level of the tolerance of that species, and the rate of Inbreeding expect-
ed under given conditions,

Bob Jtamieson: Did you look at the manageent implications of the research
vou are doing?

Ray Peterson: 1 think it will affect managesent decisions through the
selection of the areas [rom which you selct animals for transplants, Tt
is unlikely that a manager will see an Increase in the lamb crop by

importing rams or & die—off If Inbreeding continues, It is Important
to determine the level of inbreeding they can attain and still reproduce
adequately,

bob Jamieson: That is only half of it, We have also to know what is
the potential for these populations to keep that gene transfer going.

Ray Peterson: The other side of the coln is what rate of inbreeding i=
congistent with normal reproductive habits.

A. Bottrell, B, Gordy and R. Feterson = Cosmparisons of chromosome and
blood constituents of Rocky Hountain and Califernia bighorn and Dall and
Stone thinhorn sheep

Wiyne Heimer: I am Interested in knowing what the chances are that what
you saw in the bighern sight be an aboormality of an artifact, and what
are the opportunities for error in & sitoation like this?

Al Bottrell: There are a Iot of opportunities for error, and for deter-
mining it . 1 counted about 200 spreads and in 150 of thes they shnwed
the karyotype that I presented there., In other counts the number was
less because they spread out and you lose some, That mmber --=150 sut
af 200=e= {mx just too high a mmber, it ecan not be an artifact,

D.H. Hebert - Elood chemistry as an indieatar of nutrirional condition
in bighetrn shesp
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Ross Eccles: 1If the body proteins catabolized during the winter, were
they used as an enerpy source for the animals or were your feed values
high enough in caloric value to satiafly them?

Daryll Hebert: 1 am sure chey were heing used for enmergy, and 1 think
that is one reason why that digeatible protedin/digestible energy varlable
was relacable to blood urea-nitrogen. 1 was not making the type of
messuresents that would indicate how moch was being metabolized as an
energy source. The energy values that T was seasuring were declining,
but the gross energy component in the plants remained reasonably high,
even during the winter, theoogh that dees not mean very such of It wap
available to the animals.

R.W. Chappel and RK.J. ldson = Prediccion of oner enditures Rock:
Mountain bighorn lhlﬂ

Jim Bailey: Could you give me a break-olfl polnt on how many miles per
hour the wind specd was?

Bob Hudgon: The highest wind speed tested wams 10-12 m.p.h.

Foss Eccles: Were yoor coefliclents addicive? I the animal Is subject-~

ed to minus 20 degrees and on a certain plan of mutricion, could you just
add those?

Bob Hudson: Yes, that is the idea. This M.C.A. is 8 lot like sultiple
regression., The only difference i that, {nstead of usming continous
varinblea, they are broken down into discreet catagories which makes it
eagier for people to evaluate these things in the field, You simply
gum thes all up.

kick Ellis: Could it explain thinga like large population die-offs?

Bob Hudson: 1 would say no. 1 would say nutritiomal factors affecting
forage intake from ewe atudies would appear to be the really critieal
thing.

Daryll Hebert: 1 found that wheén we had our animals devn te about minus
20"F. for two and three week periods there was some attempt to respond
with Increased food Intake, but the quality did not seem to be adequate
to allow them to do ft, What Is the effect on am animal which cannot
really respond to alow quality winter dlet?

Eob Hudson: This could have serlous copsequénces. Anlmals pushed Inkto
vary poor body conditions because of [orage quality may net be able te
cope with the conditdons to which we exposed these ones.

Daryll Hebort: I mentioned the same thinmg with blood-urea nitrogen:

The vime perlod that they spend at any ene of these levels over the winter
is going to be very lmportant too, not just the [pct thet they reached Ic,
As anocher fleld technlque, how usefvl do you think things 1lke

rectal tempersture would be Io measuring the tlme they reached a low
level? The pattern that Al (Boterell) and I found with rectal tempera-
ture corresponds with your energy finding.
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Bob Hudsom: 1 cannot really comment on that because we did not take
consistent measurements Ehroughout. 1In réesponse to thermal environ-
ment, we looked at how it chinged ax we dropped envirommental tempera-
ture, bub not on & measonal bhasis.

Daryll Hebert: Were there attempts to increase feed intake on the quality
of dier you were giving them, after you had the animals at various levels
at minus 21°(F), minus 30°(F)?

Bob Hudson: In his chesis, Randy (Chappell) had seasonal changes in

food intake that showved the sormal kind of eyele. 7T do not think he ex-=
tracted hov intake on any apecific day might effecr 1t. From elk studies
ir is gquire clsar thar they do,

Hayne Heimer: How cold 1s a ¢old day on a Bighorn sheep range? Lower
than minus J07(F)?

Bob Hudson: Yes, guite ofren, Wind speeds are ofcen higher, but
associated with warmer temperatures.

Wnyne Heimer: From your seasonal daca 1t looks 11ke November to Febroary
was the lowest. 1 am gquite concerned about the idea that this energy
expenditure during rut could be draining enough that rams may burn them-
selves out in a abort time. Does thar relace ac all o that hypothesis?

Bobh Hudson: We had wondered about this because we expected that rueting
rams would have a very high merabolie rate but they did not.

- 412 -



ACKROWLEDCEMENRTS

We wish to extend our sincere thanks to the following organizations for
sponsoring the Northern Wild Sheep and Coat Conference Proceedings.

Baane and Crockett Club

Pope and Young

Shikar — Safari Club International
Western Guides and Cutfitcers
Wildlife Management Inscitute

We would also like to acknowledge the following individuals and organ-
izations for their help and contribucicons in making the 1978 Norchern
Wild Sheep and Goat Conference a successful event.

British Columbia Wildlife Federation
Buckerfields Ltd.
City of Penticton,
Department of Leisure Services
Fish and Wildlife Braoch, Ministry
of the Environment, Province of B.C.
Kaledon Community Centre
Mr. D. Lee (Manaimo)
Dave and Floss Moller, Kaledon Cafe
Okanagan Game Farm
Mrs. Shirley Parsons (Penticton)
Penticton Muntz
Ronco Fencing Company

Session Chairmen:

ODr. D. 5. Eastman
Dr. D. F. Hacler
H. B. Mitchell
Dr. D. Shackleton
K. M., Sumanik



