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FOREWORD

Papers in these proceedings were presenled during the Ninth Biennial
Symposium of the Northern Wild Sheep and Goal Council held May 2 - 6. 1994 al
Cranbrook, British Columbia

The papers have been reviewed but not refereed.  Each manuscript was read
carefully by at least one peer biologist. and suggestions and comments submitted to
each author. Not all submitted papers wera accepted. Final versions of all papers
reflect author's responses to reviewer and editorial comments. Papers were then
formatied iMo the style of the Journal of Wildlife Management. This review process is
designed o enhance the limely dissemination of useful nformation yet provide
opporturity for external comment. The readear is respansible for critically evaluating the
information contained in these papers - as is always the responsibility of a professional
Biologist



CONTENTS

NORTH AMERICAN WILD SHEEP DISEASE
Evaluation of the cytotoxicity of varous 1solates of FPasteurella haemolytica from
bigharn sheep and other ungulate populations
RM Siflow, W.J. Foreyt, and J E Lagerquist - o 1

Effects of controlled contact exposure between healthy bighorn sheep and
llamas, domestic goats, mountain goals, cattle, domeslic sheep. or moutlon

sheep

W J. Foreyl O
Residual effects of pneumonia on the bighom sheep of Whiskey Mountain,
Wyoming

T.J. Ryder, ES. Williams, and S L Andersan ... 15

A health protocol for domestic sheep used on forest grazing allotments in
Alberta and British Columbia

M.J. Pybus R A Fenton, and H. Lange 20

Evaluation of lungworms, nutrition, and predation as factors limiting recovery of
the Stillwater bighom sheep herd, Montana
LC Jones and DE, WOMEY .........cooveevrirninimsrmsmsssssssnssssmsssesnimssmeess s

SHEEP AND GOAT INVENTORY
Analysis of 1992 Dall sheep and mountain goal survey dala, Kenai National

Wildlife Refuge
O Sirickland, LL McDenald. J Kern. T. Spraker, and A

Aenal survey and Dall sheep population size: comparative usefulness of
external and internal population dynamics for management purposes
WES IO v s sinsmuimatsndimbrnsinsaancis

Utility of summer fixed-wing aerial surveys in pradicting lamb ewe ratios
obsarved on wintar range.
LR Iby...... R R A 51

A method used for estimating mountain goat numbers in the Babine Mountains
Recreation Area, British Columbia
D Cichowski, D. Haas, and G. Schultze . . ... o )



A standardized technigue for helicopter survays of bighorm shaep.
WL Bodieand LE. Oldanburg ... ot 65

HISTORICAL GOAT DISTRIBUTION
Status and history of mountain goats in Oregon,
PE Matthews and V.L. Coggins ... 69

Review of the historical literature regarding the distribution of the Rocky

Mountain goat ( Dreamnos amencanus),
ML. Irby and A F. Chappell ... 75

SHEEP AND GOAT MANAGEMENT
Effects of homn size and hunter success on satisfaction with Brooks Range
sheep hunts.
B O e S R i a1

The succaess of mountain goat management on the Kenal Peninsula in Alaska.
GG Del Frate and T.H. Spraker .........ccoocoveemercaninins s sssmsnssins s .92

Hormn growth in Montana bighom rams.
B TP IO oy o s A K R s B SN SRS SR 99

Summer activity patterns of bighom ewes in the northern Great Plains.
RW. Sayreand RW. Seabloom ... 104

Evaluation of bighorn Bhﬂﬂp in the Ten Lakes Scenic Area of Montana,
8.H. Johnsen ............ T e o Mt <

Effects of age of primiparity upon horn growth in hughnrn EWeS.
M. Festa-Bianchet and J.T. Jorgenson ... R i | -

GOAT PRODUCTIVITY AND POPULATION DYNAMICS
Social status and nanny-kid separation for Rocky Mountain goats.

ML. Irby and JP. FRZEGEMAIT .............ccoveevereeesesresssssesseesssssrssrossssrsses 121
Ssummer-fall habitat use and fall diets of mountain goats and bighorm sheep in
the Absaroka Range, Montana.

LT L T e e s (RS, SSE MRS UR S SRS 131

Mountain goats on Mount Evans, Colorado - conflicts and the importance of
accurale population astimates,
D.F. Reedand KA Green ... 139



SHEEP AND GOAT HABITAT
The affects of physical geography on Dall sheep habitat quality and home range
size,

W.E. Haimer, F.J. Mauer, and SW. Keller ._............................. 144
Consequences of habilal fragmentation on wild sheep metapopulation
management within USA

D.J Amentrout and R.J. Boyd ...........cccoviiimniiimmninnissmsssisneces 149

Evaluation of a multivariate model of mountain goat winter habitat salection.

A M I 188
Spatial segregation of bighorn sheap, mule deer, and feral horses,
R.E. Kissell, LR. Irby, and R.J. Mackia .................ccoremniiniinisiininnns 166
Foreward to Workshop Reports ..............o.cooviiniiiniinnn, S P T i 174

1984 NWEAGT Managament Warkshop Queshonaine Response -FNAWS ... 175
1984 NWSAGC Management Workshop Questionasire Responss - ALASKA ... 178
1994 NWSAGC Managemenl Workshop Questionaire Responsa - ALBERTA............coeeeeen, 180
15854 NMWSAGC Managament Warkshop Questionaire Response - BRITISH COLUMBIA. .. 184

1884 NWSAGC Management Workshop Questionaine Response - CALIFORMNIA ..o 188
1994 NWSEGC Management Waorkshop Questionaire Response - IDAHO ... . 182
1884 NWSAGC Management Workshop Questionaire Response - MONTANA ... 194

1994 NWSAGC Management Warkshop Questionaire Response - NORTH DAKOTA......... 186
1994 NWSAGC Managemant Workshop Questionaire Response - OREGON .......orrriern 201
1994 NWEAGC Managemant Workshop Questonaire Responss - WASHINGTON ... 204
1884 NWSAGC Management Workshop Questionaire Response - WYOMING ................. 206

1894 NWSAGE Management Workshop Questionalre Response - YUKOMN ... 2H



Bienn. Symp. Horth. Wild Shesp

and Goat Counc. 9:1-6.

EVALUATION OF THE CYTOTOXICITY OF VARIOUS ISOLATES OF
PASTEURELLA HAEMOLYTICA FROM BIGHORN SHEEP AND OTHER UNGULATE
POPULATIONS.

RONALD M. SILFLOW, Department of Veternary Microbislogy and Pathology, Washington State
University, Puliman, WA 99164

WALLIAM J. FOREYT, Departmant of Veterinary Microbiology and Pathology, Washington State Liniversity,
Pullman, WA 99164

JOHN E. LAGERQUIET. Department of Veterinary Microbiology and Pathology, Washinglon State
University, Pullman, WA 85164

Abstract. An assay has been developad for the purpose of evaluating the cytoloxic polencies of varous
isolates of Pasfeurslia hasmolyfica. The assay allows measuremaent of the polency of a soluble toxin
released by different P. hawnobytica organsms soated from a varely of ungulates including bghom sheep
(Cvis canadensis), domestic sheep, Dall sheep (Owvis dalll dalll), mouflon sheep [Owis musimon), mountasn
goals [Oreamnos amencana), domestic goats, and elk [(Cervus elaphus). Pernpheral blood neutrophits
were uked as largel cells for cylotoxin-dependent killing. Cylolomcity was quantitaled by assessing the
release of lactate detydrogenase by neutrophils into the culture medium. Results are shown from a varnsty
of P hasmolytica isolales collected from bighom shaep representing geographically distinet populations,
and from other ungulate species including: deer (Odocoileus spp), elk, Dall sheap, mountain goats,
mouflon sheap and domestic sheep. Neutrophil susceptibility to cytotoxn-medialed injury ks compared
among Dall sheep, mountain goats, bighom sheep, domestic sheep, deer, and elk. The informabion gained
can facilitale managament decisions necessary for maintaining heaithy bighorn sheep and other wildiife

populations,

Respiratory disease caused by pasteureliosis
resulls in morality in both bigharn sheep and
domestic sheap, yel it s reporied less frequently in
dear or elk (Thome 1882, Frangon and Smith
1988). To our knowiedge, bacterial pneumonia his
ol bawn reported in Dall sheep or mountain goats,
P. haemalytica can be solaled from many ruminant
spacias whethar respiratory disease symploms exist
or nol (Frank 1882, Clark &t al. 1985, Millar &t al.
1981, Wid and Miller 1991). Bighomn sheep are
mare suscephble to resperalory infecbons than
domestic sheep (Foreyl 1888, Ondaerka and Wishart
1988, Cndarka ot al. 1988, Callan &t al. 1951) and
this diffsrence in susceptibity con ba partially
cxplainied by the grealer sensitvity of bighorn sheep
neutrophils to cyiolovin-dependent kifling by P
haamolylica organsms [Siflow e al, 1983)

Contact transmission of P. haemolylica from
domestic sheep o ghom sheep populations may
hawve devasiating consequences o baghorm sheep
sundval. The obsarvabion of monality losses in freé
ranging bighom sheep exposed to domestic sheep
i confiimed by the resulls of exparimental irals in

which fransmission of P. haemolyfica bebyeen
these two shesp species were tested on caplive
bigharm sheep (Foreyt 1988, Onderka and Wishart
1988, Onderka ef al. 1988, Callan of al. 1891).
Thesa experiments, conducted by three differant
investigaiive teams, all resulted in high mortality
lozses in bighom sheep bul not in domestic sheep
Important quéstons extending from théss résults
include whether other wild species, such as Dall
shaep, mountain goats, dear and slk, alse are
susceptble to morality losses due o P
hawmolytica, and whather Dall sheep, mountain
poals, dear or elk serve as & resenvorr of P
hasmolytica which can be transmittad to bighosn
sheap, Previous expenments involving deer and alk
contact with bighorn sheep did nol résull in
respiratory disease in any of the animals (Foreyt
1882).

Thie cyloloxin produced by soma P. haemolyfica
isolates is an imporant virulence factor in the
dovelopment of respiralory dsoase m many
ruminani species. Colonization of the lower
respiratory tract with P haemolyfica results in



expgencus release of a soluble toxin capable of
miacerbaling the acule inflammation which is
characlenstc of pasteureliosis (Baluyut et al, 1981,
Berggren ot al. 1881), Previpus siudies have
focused primarily on the neutrophil as the target
phagooylic coll susceplible fo oyioloxin mediation
{Baluyut ol &l 1981, Confer ol al, 1980, Czuprynski
at al. 18991, SHlflow &t al 1953). Studies with the
cytoloxin isokated from cattle have shown that, ot
high concentrations, the cytoloxin causes lysis of
the neutrophil resuling in the refease of intraceliular
components which can cause damage lo the
integrity of the lung (Czuprynski et al. 1991). At low
conceniraions, the cyfoloxdn can  achvals
neutrophils o releass cxygen ntermediales and
granulis constitusnis capable of causing hosi lung
damage which may lead 1o morbidity or mortalty
losses (Cruprynski et al, 1891). In addition to the
nautraphil, Sytatoxin mediabon ocedrs i olbwar
immune celis, ncluding suppressad proliferation of
bovine peripheral mononuciear celts (Cruprymaki
and Ortr-Camranza 1882) and ymphocytes (Majury
and Shawean 18591), and lathal and sublathal effects
on alveclar macrophages fraom cattle (Markham
and Wilkie 1980, Markham et al. 1882) and sheep
{Sutherand et al, 1883).

Akealar mactophages are the phagocylic calls
responsibie for inial defanse of the lung agains!
any infectious or non-infectious agent enterng the
lewer airways (Liggit 1885). Provious comparisons
of bigham and domestic sheep species revealed no
difisranoas in the numbers of phagocybc cells in the
alveolar spacas, nor wers thare any differances in
ihe phagocylic or baciericidal acthvities of alveslar
macraphages (Silflow et al. 1888). During early
cuposure of the lower respiratory tract o P
hasmalyfica, the first phagocytc cells 1o encounter
cylolodn are afveolar macrophages. However, we
have shown that alveclar macrophages are morne
resistant to killing by P. heemolytica supernatants
than are neutrophils (Silflew and Foreyt 1804),

Our objecives ware. 1) to measure the potency
of cytotoxn released by differenl P haemolytica
organsms solated from a vaniety of ungulates on
neutrophiis, 2) to measure the potancy of cytotoin
from & variaty of P. heemolyfica isolates collected
from bighomn sheep repressnting geographically
distine! populstions, and 3) o compare The
sensiiivity of neutrophils from different species to
eyloloxin-dependent lysis.

METHODS

Animals

Rocky Mountain bighorn sheep (Owis
canadensis canadensis) from the captive herd al
Washinglon State University were used as a source
of neutrophils for the assays performed in this
shudy. For sach assay, neutrophils from 3 bigharm
sheep (ewes and rams ranging in age from 1-4
years) wers lested lor cylotoan-dependent hsis by
P haemolyfica solates. In addifion, for the
sxpanment to compare different species  for
nautrophil sensdivity to cytotoxin-dependant [ysss,
neutrophils were collected from meuntaln goats (n
= 2}, Dall sheep (n= 3}, domestic sheep {n = 3},
dear (n = 4} and elk (n = 8). Al apimals were
clinically haalthy whan samples ware collected,

Neutrophil Collection and Purification

Peripheral blood samples wara collected into
citrate dextrose solution  (Sigma
Chembcal Company, St Louks, Missourl, USA) by
Jugular venipuncture, Following centrifugation at
B50 x g for 15 min, the plasma and buffy coals wane
discarded, Hypolonic ysis of red cells was
accomplished by the addition of 45 mi distilled
waler for 45 sec followed by tho addiion of & ml of
10X phosphate buffered saline,  Following
contrifugation at 600 x g for 10 min, the lyss and
centrifugation sieps were repaated, and the final
cell poliets wene resusponded in Hanks Balanced
Sall Solution (HBSS) + 1% fetal bovine serum
(FBEE) Celis ware guanittated using a
hemocytometer. and cell vabdity was determined
by brypan biue exchmion. Typical yelds were > 90%
neutrophils, and these cells oxbibited = 90%
viabslity. For each expenment, cells were adjusied
to & concankraton of 5 x 10° cellefml in HBSS + 1%
FBS.

Cytotoxin Preparation
Cylotoxins  were molated from  oulture
supernatants using the method of Shewen and

Wilkia (Shewen and Wilkie 1982). The bhactenal
isolates were characlerized according to biotype
end serofype al the Washinglon State Disease
Diagnosis Laboratory in Pullman, Washingtan,
Indhvidual P. haemolytica solstes wers streakod
onlp 5% blood agar plates (Beckton Dickinson
Microblological Systems, Cockeysville, Maryiand.
USA) and incubated for 18 hr al 37 C. A negalive
control bactanum, Enferabacter (ATCC #35030),
was handled identically. Several morphalogically
similar colonies were used to inoculate 100 mil of
brain-heart infusion broth (Difco Laboratories,



Table 1. Summary of the cytotoxicity status of Pasteurella haemolytica isolates recovered from a

'u'IrIlE of ungullh Species.

Biotype! serotype of
Epecias # isolates testad # cytolaxc isolatas cytotosc isolatas
Bigharn shasp 12 28 A2 A5 11 Al1,
AT
Domestc sheep 23 13 A2 AUT), T2
Dall sheap 19 B AZ
Mcuritaan gomt 4 2 AR
Damestic goat 13 0 MAS
Mouflon sheep 18 1 AUT)
Elk 10 0 A

* UT = serobype untypable due o autoagglulination
" WA = not applicable.

Detroit, Mechigan, LISA) which was incubated at 37
C until cultures reached eary logatithmic growth
To quantitate the number of bacteria, the oplical
densities of the cultures were measured al a
wavelength of 600 nm (O0.,,.) untd 1 0D, (8 X 10"
bacteria/ml) was reached, Baclenin  wire
cantrifuged for 10 min at G000 x g o a paliet, and
resuspended in 30 mi of RPMI-1840 media (Gibco
Laboratores, Grand lsland, Mew York, LUSA)
cantaining 7% FBS. Following incubation for 1 hr at
37 C, the bacteria again were centrifuged at §000
£ g for 10 min, and the culture supermatants were
removed and filter stenbired n & 045 pm Hber
(Sigma Chemical Company, St Lous, Missour,
USA). Culture supsrnatants wera dialvzed 1o
exhaustion agains! distilled water and lyophilized.

Cytotoxicily Assay

We charactarized the relative potency of toxins
produced by varous P, haamolylica Bolales by
odding bactokal culiune supermatanis 1o neutrophils
in witro. Cytoloxicity was quantitaled by assessing
the release of lactate dehydrogenass (LDH) into
the culture medium (Korzeniewski and Callewasrt
1983), Cytolowicity was delermined al final
aoncantrations of suparnatant of 150, 100, 50, 5,
05, and 0085 ug/S0 pl. All of the samples were
resuspended in HBSS contaming 1% FES prior ta
the assay. Filty 11 of each supematant preparation
cantaning cylotoxin was added to the wells of 86-
well plates, followed by the addition of 2.5 ¥ 107
neutrophils in 50 yl of HBSS containing 1% FBE to

iach well, Followang 1 hrincubation at 37 G, 100 il
of LDH subsirate was added. Quantitaton of the
reduced LDH substrate was based on a Titeriak 98-
well plate reader (Flow Laboraiodes, Mclean,
Virginia, USA) coupled to an on-fine IBM-XT
compuler (Inlernational Business Machines, Boca
Raton, Florida, USA). All samples were companad
o neutrophis treated with a 0.5% solution of Thi
detargent Triton-X (Sigma Chemical Company, St
Louis. Missoun, USA) (maximal release) and
untreated cells (background release) and the
resulis recorded as a percentage of LDH released
from uniresied cells, The polency of the vanous
cytoloxing was determined by comparing the 50%
offective dose (ED,). The EQ represents the
intersection of suparnatant concentration and S0%
cell death as determined from the graphic plot of
these two laciors,

RESULTS AND DISCUSSION

A tolal af 197 P haemaolylice solates from 7
diffarent ungulate species was tested for
cylotocity on neulrophils from bighorn sheep
(Table 1). For an isolate to be considerad cytoloxc,
according to our definition, it must have an ED; of
< 150 pg/SOul of supemnatant. Therefore, any
isolates which had supemalants unable to kill af
keast 50% of the neutrophi populatan in 1 hr werne
classified as non-cytotoxic. At least one cytolowic
isolate was recovered from bighom sheap,



Table 2. Cytotoxicity status of Pasteurella haemolytica isclates collected from geographically

distinet bighorn sheep herds.
Total # Biotype/ serotype of
Herd location imolates # cylotoxe cylotoxic isolates
Slhuce Creek, OR 4 1 A5 11
Lostine, OR T 0 NA
Cantral Oregon a8 3 AUT)
Wenaha, OR 2 1 Al
Hall ML, WA, 3 0 MNA
Cintlarer, WA 6 1 A[UT)
Umianum, WA 8 0 MA
Swakane, WA a 1 A[UT)
Wildhorsa is., MT 8 o MNA
* NA = nol applicable.

"UT = serolype untypable due io autoagglutinafion,

domesbc shaep, Dall shesp, mountam goats, and
mouflon sheep. To date, no cytotoxe wolates have
bean idenlified in domestic goats (= 13} or elk {n
= 10). These esults are from a small sample size,
howevar, and should be interpreted carsfully.
Cytotoin-producing iolates were identified most
frequently lollowing recovery from the lung and
viscaia of pneumonic andmals, bul occasionally
ey were also recoverad from pharyngeal swabs of
healihy animals. Biotype A solates were maore
likely o be cylotode than blotype T solates. We did
fncover biokype A igolates which were non-cytotoxdc
inciuding A11, A18, AT2781112 and
Aluntypable), In our exparience, the Pasfewrsis
organsms most requently recovered from an
amimal which has died of pneumanin have besn A2
To dale, we have not recovered an A2 organism
fram & healthy bighorm sheep,

Geographically distinct herds of bighorn sheep
wirg [esled for the presence of cylolonc P
haermoiytica malates. OF 9 different hards lested,
cylotowc isolates were recovered from & herds
(Table Z). In4 of these 3 herds lesting postive for
cylotoadn, all of the animals appeared to be healthy
and these 4 herds consisted of Calfornia bighom
sheep (Oviz canadensis colformiana). In 1 case,
the eyloloxc molale was recovered from a Rocky
Mountain bighorn  shesp which had died of
prnoumonia, while the remainder of the herd

appeared healthy. Whether neutrophils from
Califorvia bighorn sheep are more resistant o
cyloloxin damage than neutrophils from Rocky
Mountain bigharm sheap is nol known and will ba
iested in fulre ressarch efforts,

Meutrophils were collected from & different
ungulaie species and bested for sonsitivity 1o an AZ
maolate from & domestic sheep (Table 3)
Moutraphits fram ek and desr wera not Sensiye o
the cytotoxin at the doses of supernatant routinaly
used. Howoever, neutrophils from bighorn sheep.
Dall sheep, mountain goals and domesbc sheap
waore sensitive to cytotodn-dependent killing. The
order of sensithty (o cytotoan killing (from most
gsensitwe o least) & Dall sheep, Nghom sheep,
mouniam goal, domestic sheep,

Testing gecgraphically distinct herds of
ungulates for neutrophd sensdtnaly Io P haemaolyficas
cytoloxin réquines transportaion of blood sanmphes
1o & location with adequats [aboratory taciliies, To
delermine how long afor blood collecton thi
neutrophil viabily s adequale lo use in the
cyloloxicity assay, blood samples ware collectad
o anb-coagulant and stored at odher 4 Coor 22 ©
for 0, 12, 24, and 48 hrs bafore noulrophits v
sofaled and viabilty was measured, Mo diferences
were obsarved fod effects of lempefalune
Meulrophil viahity siemdily declined with time,
though S80% were stil alve by 12 hr post-callection



Tablke 3, Relative sensitivity of neutrophils from
differant ungulate species to cytotoxin lysis by
a Pasteursila hasmalytica isolate (AZ) from a
domestic sheep. The species are listed in order
from most (o least sensitive to lysis,

ED,*
Species (hag/ S0l
Dall sheap 3
Bighom sheep 12
Mauntain goat 25
Domastic shoop 58
Elk MC"
Deer NC*

T50% effectve dose represanting the intersection of
supematant concentration and 50% neutrophil
death,

* Considered to be non-cytolode since the ED,,
exceads the highes! concentration of supermatant
usnind in the assay.

{Figure 1} In situations where blood samplés can
b shippad 1o a Evboratary within 24 hr of collaction,
sdequate numbers of viable neutrophils will be
avallable to use in o cyiotoxin assay.

Cytofoxn production s a major virulence facior
in the pathogenesis of pneumania, yel the recavery
of cytoloxs orgamsms from  healthy animals
indicalas that it may not ba the only factor wilved,
Others. such as the pressnce or absance of a
capsule, and the rele of lpepolysaccharide, should
bo iweshigaled. In additon, the production of
chemotachc signals by bactenal oiganisms,
alveslar macrophages, or both, should be
considaned. Dapletion of perpheral blood
newdrophils prior o inoculation of P. haemalylica in
calves blocked lhe developmen! of respiratory
disaéase (Skocombe o al 1985}, Theoelone, il the
chemolactic signals could be preventod of
diminished, thus preventing the influx of nesutrophiis
fram peripheral blood into abveolar spaces, lung
damage could be minimized,

MANAGEMENT CONSIDERATIONS

Since (he cyloloxin assay can be performed
routingly, wildlife managers and beologsls should
congder collecting pharyngeal swabs  from
coplured ankmals (o screen for the presence of P,
haemolyfica oiganisms. Furthermare, the status of
yloloxn producton by these organisms shoukd be
tesied The Information gained may influsnce

Figure 1. biood samples were collected
from bighom sheep (n = 3} info cifrate phosphate
dextrose solution and stored al either 4 C or 22 C
for 0, 12, 24, and 48 hours before neutrophils were
izolated and lesied for viability.

deciions related to iransplantation of animals,
Furtharmae, the information of the status of & herd
regarding the presence of absence of cytoboids
organisms may have epirooticlogic value which
may be used fo predict or anticipate decase risk
within a herd.
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EFFECTS OF CONTROLLED CONTACT EXPOSURE BETWEEN HEALTHY
BIGHORN SHEEP AND LLAMAS, DOMESTIC GOATS, MOUNTAIN GOATS,
CATTLE, DOMESTIC SHEEP, OR MOUFLON SHEEP

WILLIAM J, FOREYT, Dapanmant of Valerinary Merobiology and Pathology. Washington Stata Univarsity,
Pullman, WA 09164

Abzlract.  In separate expenments under controlled condibons, capbve Rocky Mountam bighorn sheep
[Owiz canadensis canadensis) waere placed on pasture with |lamas (Llama glama), domestic goats,
rmadntain goats (Oreamnos amancana), catlle, and mouflon sheep (Ovid musimon) 1o detarmins the
pffacts on the bighorn sheap, In an addiional exporment, two domestic shesp and two bigham sheep
wers placed logether in an Solation faciity, Essentially all bighom sheep, domestic goats, domestic sheap,
catile, mountain goats, and mouflen sheep were pharyngeal carers of Pasfevwrella haemolylica when the
contact experiments began. The mosi common serotype of P. heemolylica reacted in antisera to T3, 4,and
10. Pasfewveila haamolytica was nol isolated from the three Nlamas used in these expariments nor from
14 additional llamas sampled. Bighom sheep remained chnically healthy during and afler contact with
llamas, catle, mountain goats, and domestc poats, but all bighorn sheep died from - acute

bronchopneumonia after contact with domestic sheep and mouflon sheep.

Respiratory disease caused by Pasfeursls
haemolytica in Rocky Mountain bighom sheep is the
mos! important disease affecting their survival in
MNorth America. Catastrophic mortality and poor
lnmby sundval from sunddng ewes are the bwo major
charatlenstics assoclaled with these pasumonia
episodes in bighorn sheep (Onderka and Wishart
1884, Coggins 1888, Foroyt 1989, 1990). Previous
resanich mdicates that bighomn sheep are highly
suscapiible to respiratory diseasse [(SEflow ol al,
1881, 1883), and a vanety of faciors including
lungworms, viruses, baclera, and siress
components can be important in tho respratony
disease complex (Spraker ef al. 1884, Foreyt
1990).

Experimental contast sfudies betwesn domastic
sheep and bighom sheep under caplive conditions
resulted in significant mortality due to preumonia in
thi highorn sheep, and no mortality or respiratory
dissase n the domestic sheep (Foreyt 1989, 1390,
1882a). Fastewrolln haomolytica, predominanily
biotypa A, serotype 2 (A2) was the usual organism
solated from the lungs of the dead bighom sheep,
FPasiewsila haemolylica AZ is a Common organsm
carred in the pharyngeal area of domestic sheep
(Thompson et al. 1977, Frank 1982}, bat rarely is
solated from healthy bighamn sheap (Dunbar et al.
18080). Expermentally, P. haemalytica A2 fram
healthy domestic sheep inoculated intratracheally

into bighorn sheep and healthy domestic sheap,
resulted in acute fatal pneumonia in 7 of 8 of the
inocutated bighorn shesp, whereas the domestic
sheep and non- conlact bighom sheep remained
healthy (Foreyt ot al. 1984), The inoculum strain of
P. hasmalyfica A2 was évaluated by & genomic
fingarprnting technique known &5  rbotyping
(Snipes et al, 1892), and the ribotyps in the
Inoculum was the same ribotype recovered from all
the desd bighorns.  This experiment indicated that
some strains of P haemolyfica from  healthy
domesbc sheap ars lathal in bighom shesp, Basad
on all published data, contact between domesfic
sheep and bighom sheep must be aveided fo
prevent the morality associated with those sirains
af P. haemolyfica in dameéstic sheep that are lethal
in bighorn sheap,

The purpese of these studies was 1o detarmine
the compabbiity of bighom sheep with other
ungulates thal may potenlially have close contact
with bighom sheap in wild or captive situations.

I thank John Lagenquist and the velennary
siudants af Washington State University for thair
skillful animal handling, sample collections, and
technical assistance. The efferts of Tami Scholz,
Dan Bradway, Charene Teitzel, Joyce Wisinger
and Dons Edwaids in the bacleniology laboralony of
the Washingion Animal Disease Diagnostic
Laboratory (WADDL) are apprecmted. Partial
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MATERIALS AND METHODS

Six experments were done with Rocky
Mountain bighorm sheep al Washinglon Stale
University, Pullman, Washington, by placing other
ungulates with them on common pasiure o
delermine whether the animals were compatible for
disease ransmission and sundval. All animals were
grazed logelher on common pasture for 60 days,
unless specifiad, and were clinically healthy at the
initimbon of each expanment.

Microbislogy Techniques

Al the beginning and end of each expedment,
pharyngeal swab samples were collected from all
animals for bacteral isolations, A harp speculum
was used to hald the mouwth apan and restrain the
tongua. Afier the pharyngeal anea was absarved, a
storiln polyester-ipped applicalor swab (Specirum
Laboratosies, Inc., Houslon, Texas, USA) was used
o rub the pharyngeal ares briskly, removed, and
transported to WADDL, Pullman, Washington. All
swabs were streaked onto 5% shesp blood agar
plates within 2 hr of collecBon lo.maxdmize solation
of P. heemolytica (Wild and Miller, 1981).

solation and identification of P. haemolytica
wias accomiplmbved by the methods of Snipes et al.
(199:) , bat hemolysis. on 5% sheep blood agar or
prowth on MacGonkey's agar were nol requisites
for enbification (Onderka el al, 1888, Wild and
Miller 1881). All P, haemolyliica isolatos were
identified o serolype by rapid plale agglutination
(Frank and Wessman 1978). Il an solale cross-
rencied belween or among serotypes, all were
lested.

Al the beginning of each experiment, nasal
swab samples (Maron Sdantific Viral Culturette,
Marion Scientific, Kansas City, Kansas, USA) were
collected for wirum evaluabon. Specmens wers
ingculated ante oving fetal tracheal calls and bowvins
urbinate calls for two passages ot 10-day intanals
and were @mmined daity for cytopathic effect
(Castro 18892), Addiional spedmons were lested for
respiratory syncylial virus by use of solid phase-
enFyme immunoassay (Abbott REV ElA, Abbol
Laboratories, South Pasadens, Caldfornia).
lsolation of Chismpdia spp. was nol allempled.

Fecal samples from all animals wars svaluated for

fungworm  lanme by a modified Basrmann
technique (Beane and Hobbs, I983).

Experiment 1 -Bighom Sheep and Mouflon Sheep.

Skx baghom sheep and 5 mouflon sheep (Table
1) were placed together in 8 0.4 ha pen which
containad vanous grasses, and a shefter. Trace
minaral sall, alfalfa hay, alfalfa peliets and waler
were avadable at all imes. The bighorm sheep had
been in caplivity at Washington State University for
approdmately one year and consisted of ewes and
rams ranging in age from 1 o 3 years. The
mouflon sheep were oblained from a privale game
farm and were rams and ewes ranging i age from
110 7 yedars.

Experiment 2 - Bighom Sheep and Domestic Goats.

Two bighom shaap and 3 domestc goats were
placed together in the same pen and held under
the same conditions as described n experdment 1.
The bighom sheep vearling rams had been in
capliity all of thelr lives while the welhar yearling
goats were purchased from a local vesiock
Buehan,

Experiment 3 - Bighom Sheep and Mountain Goals.

Mo bghom sheep and 2 mountain goals were
placed together in a 0.8 ha pen which contained
various grassas pinge tress and a sheller. Trace
mineral salt, alfalfa hay, alfalfa pellets and frash
walter were avallable af all tves. The bighomn
sheep composad @ breeding herd that had been in
capiivity for appraximalaly 6 years and included a 6
yr-odd ram, a 2-yr old ram, and 7 adult owes The
mowman goats, obtained rom a commerncizl zoo,
were T mo-old male kids.

Experimant 4 - Bighom Sheep and Llamas

Subsequent to experiment 3, the same nine
bighoin sheap were placed together with 3 llamas
and mainiained in the same manner and pan
described in experiment 3, The llamas were
geldings between 1 and 4 years old that had been
donaled to Washinglon State Universaty, A total of
17 llamas were initially samplad in an attempt to
find 3 that were camiers of P. hsemolyfica. Nane
was found, therafore, 3 easdly accessthle lamas
were chosen.

Experimant 5 - Bighom Sheep and Catlle

Four bighom sheep and 3 caftle were placed
togothar in the pon described In expadment 1. The
bighom sheep were 8 mo-old lambs (2 males and



2 females) that wers obtained from Wilkdhorse
Island on Flathead Lake in Montana one maonth
prior to the experiment. The caitle were Holstein
steers thal weighed approgmately 200 kg each

Experiment 6 - Bigharmn Sheep and Domestic
Gheap
Two yearfing bighom sheep rams and 2
castrated yearling domestc sheep were placed
i an indoor Bolaton facility 4 x 7 m. Traca
mineral sall, alfalfa hay, hay pelleiz, and fresh
waler were available at all imes.

Evaluation

All animals were observed al least twice daily
for signs of respiratory disease, |1 ammals
devaloped respiralory disease, they were
euthantzed with an intravenous injection of sodium
pentobarbital. All dead sheep were submitled 1o
WADDL for complele necropsy evalualion.
Bactenal molations on blood agar ware attemplad
from fissues including tonsil, liver, branchial lymph
nodes, splesn, and lungs. Represeniative issuss
ware foed in 10%  bulfered formalin, sectivned at 5
pm, and slained in hemalooydin and eosin for
microscopic evaluation, A phanyngeal swab sample
was collected from most sundiving  animals
approsomaiely 50 days after the animals wars
placed together.

RESULTS

Al the Initiaton of each oxperiment, P
haemolylice was isolated from all animals sxcepl
tha 3 lamas and 1 bighom sheep (Tables 1 - 6)
The most common isolate of P hoemolytica
reacied in anbisera o T3 4,and 10, Virnvses were
not molated from any animal, and lungworm lanvae
wiare dotected i low numbears (<10 per gram of
feces) in approdmately half of the bigham shesp.

All animaks  survived and remained hoalithy
(Tables 1 - 6} excapl the bighorn sheep in contact
with moufion sheep (expariment 1) or domeslic
shoap (expariment ). All S bighom sheap died on
days 41 or 42 after initial contact with the mouflon
sheap (Table 1), and the 2 bigharn sheep died on
days & and 8, respactively, after initial contact with
domestic sheep (Table 6). Al necropsy, all bighom
sheep were in good body condiion with adequate
amaunts of body fat Lesions wera stmilar o i 7
bighorn sheap that died and were charactenstic of
acute, bdne-hamarrhagic pneumonia and pleurits
Up o B0% of lung volume was dark red and

consolidated with modarale amounts of adherent
fibrin. ©On cut surface, lungs were diffusely
edematous with prominent interlobular  septa.
Regional lymph nodes (mandibular, canvizal,
tracheobronchial, mediastinal) were moderalely
enlarged,

Histologically, pulmonary architecture was
diffusely and severely altered by large areas of
necross margpnated by densely packed or clumped
neulrophils and macrophages. The pleura was
markedly thickened by fibin deposits, and
siubpleural spaces and interlobular septa were
widenad by collections of fluid and exudale,
Donsaly basophilic bacterial colonies were mixed
wilh the cellular exudales, especially in lerminal
bronchioles and remaining air spaces. Adjacent
alveolar capillary endothefium was disrupted, and
fibrin thrombl were common within these blood
vassals.

The primary biotype and serotype of P
haemolyfice recovered from fssues of dead
baghorns was A2, which had nat been recoverad
from the bighorn sheep ot the inkiation of the
experiment. None of the isolates recovered from
bighorn sheep at the inillation of the experiments
were lowe as determined by the neutrophil
saradnily lesd (Siflow et &l 19090), bul all biokype A
isolates recovered fram dead bighorn sheep after
contact with moufion sheop weie tooc (Tabde 1), A
toxic hiotype A untypeable serotype of P
haemalyfica was rocoversd from one of the
maoufion sheap indially, but no loxic Bolaios wera
recovered from mouflon sheep at the termination of
the esxpenment (Table 1), Tomotes were nol
evaluated from domestic sheep and bigharn sheep
in experiment 6, but P haemolyfica A2 was
datacted in both domesbc sheep at the inliabon of
the experiment and in both dead bighoms at
necropsy (Teble &), Toxic isolates of P
haemolytica were not detecled in  the domestic
goats, mountsn goats, lamas, or callle (Tables 2 -
5).

MSCWUSSION

As  indicaled in  these expenments K P
haemolyfice s delected commonly from a vanely of
healthy ungulatés including bighorn sheep, cattie,
domastic goats, mauflon sheep, and domesbe
shoep, Pnaumonia in bighorn sheap caused by P,
haemolylica can ocour with or wilthout contact with
other ungulates (Miller et al. 1981) and o 5 now



claar thal some sorolypes of strains of P
hoomolyfica camied by some animals are likely to
result in fatal pneumonia in bighom sheesp (Formd
ot al. 1984), The curment results suppar previously
published rescarch which  documenied The
incompatibiity betwesn domestic sheep and
bighom sheop (Onderks and Wishart 1888, Foreyl
1888, 1650, 1892a). Based on current results and
previous findings (Callan et al. 1891), close contact
betwesn mouflon shesp and bighorn sheep also is
likely to result in fatal pneumonda in the bighom
shesp,

Contact experimants babwean bigharm sheep,
domestc gaats, lamas, caftle, and mountain goats
did nof result in respiretory dsease o death of any
of the animals. Based on our experience with
bighom sheep, P. heemolylica AZ s the most
sanious pathogen of bighom sheep. Toxcity studies
ngw in progress in our laboratory, indecale thal the
A biotypa of P. haemolytica, primanly serotype 2,
frequently i towse in biood neutrophils in vitre and o
bighom sheep in wwo, whoreas the T beolypo
usyally = nontoge o blood peutrophils and to
bighorm shesp. Only molales of P, haemaldics
bectype T waie detected in the catfle and domestic
poats used in thess sypaniments, therefore, to fully
understand the compalibity status of these
animals, similar work should be repeated using
caltle and goats thal are known carmiess of tha A
Deoity p

MANAGEMENT RECOMMENDATIONS

As oo resuli of these and provious studies,
specific management recommendalions can be
made. Al contact between baghorn sheep and
domestic sheop or mouflon sheep mus! ba
proveniad or il i likely thei the bighom shesp wll
die from pneemonia sfter close contact with these
species. Based on avalable data, bighom shoep
contact with wolk (Cervuz elaphur), deer
[(Odocoreis  wirgirdanus  and O hemons
hemionus), mountain goals, of lamas apparantly
does nol resull m dizeasa in bigham
sheep (Foreyl 19820, this study). Triads with
domestic goals and caltle did nol resull in
respiralory disease in bighomn sheep under the
condimnns described in this expenmant. However,
samilar inaks need o be conducied with domessc
goals and cattle thal are camiers of P. haemolytica
bictype A 1o determine the effecls of those
organiams on the healih of bighom sheep.
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Bisnn. Symp. Morth. Wild Sheep
and Goat Councs. 9:13-=19.

RESIDUAL EFFECTS OF PNEUMONIA ON THE BIGHORN SHEEP OF WHISKEY
MOUNTAIN, WYOMING

THOMAS J. RYDER, Wyoming Game and Fish Department, 260 Buena Vista, Lander, WY 82520

ELIZABETH 5. WILLIAMS, Department of Valarinary Sciences, University of Wyoming, Laramie, WY
82070

SANDRA L. ANDERSON, Wyoming Game and Fish Department, Research Laboratory, Box 3312,
University Station, Laramia, WY 82071

Abstract During the winter of 1890, appraximately 25% of bighaomn sheep (Ovis canadensis canadensis)
in the Whiskey Mountain herd died durng & major pnesumaonia apizoolic. Lamb production declined balow
avarage lovels the following 2 years, resulting in sub-normal yearling recruitment in 1992 and 1993, Low
recruitment, coupled with hanvest and frap removals of approximately 180 sheep since the die-off, further
reduced the herd Io an esiimated 1,000 animals in 1893, Concurrent with declining populalion sire,
ufiiizasion af herbaceous forage on cnicial wintering sites declined fiom pré die-off levels of 75% o 55%
and B0% in 1992 and 1893, respactively. Pasieureia haemolyica and Moraxedla app. wers isolated from
the pharynges of several animals trapped in 1993 and 1864 and saroprevalence to respiratory syncytial
virus, parainfluenza 3, and chlamydia remalned high. However, seroprevalence was essentially the same
a5 1891 and years phor 1o the 1880 eplzrootic.

The Whiskey Mouilain area i wesl-cenlral  STUDY AREA
Wyoming supports one of the largest wintaring
concentrabons of Rocky Mountain bighorn sheep in Summer ranges of the Whiskey Mountain
HNorth America. Bighorns from this area have been  bighorn sheap hord are  distributed throughout the
used as transplant stock for the past 50 years, Fitzpatrick Wilderness, Wind River Mountains
baing released throughout Wyoming and 5 ofher  (Thome of al. 1879). Winter habitats, comprising
wastern slales. The herd also s becoming the Whiskey Mountain Wildlife Habitat Manage-
inereasingly iImportant as a source of economic  menl Adea (WHMA), are localed immediately soulh
revenue 1o businesses n neartyy ciies and counties  and  oast of Duboss, Wyoming. The WHMA is
of Wyoming due to U's accossibility for winler managed by the Whiskey Mountain Technical
wiewang and sport hunbing  opportunities. Commities, an interagency group conssiing of
During the winter of 1990, aboul one fourth ol personnel from the Wyoming Game and Fish
the Whiskey Mountain hoerd died in a major Department, U. 8, Bureau of Land Management,
pnoumonia apizootic, Effects on population size, and U. 5. Forest Sernvice (Whiskey Mountain
lamb production, and yearling recruitment during  Bighom Sheep Technical Committas  1991)
and 1 year after the dwe-off wore described in Seasonal migrations between summer and winter
Rydar ot al. (1982). This paper documents herd  ranges vary from 5-48 km (Thorme et al. 1979)
feproductive performance, winter forage utilization,  Gealogy, climate, and vegetation of the area were
and disease seroprevalence in years 2 and 3 summarized by Butler (1877)
following the epizoob:. Within the WHMA, bighoms have historically
We thank C. Thompson, Wyoming Game and  winlered on 3 "key” siles including Sheep Ridge.
Fiah Dépantment, for assistance in collecting herd BLM Ridge, and Tomey Rim. The combined
composiion data since 1982 We also appreciate  number of animals ulilezsng these sfdes vanes
the help of A Boerger-Fields, J. Cavender, K. Mills, betwsen G00-800 annually. Other  wildlife,
and C. Stith, Wyoming State Veterinary Laboratory,  livestock, and human uses of the study area were
in anadysing bisue samples and providing valuable  described in Ryder et al. (1882).
advice on this project. E T. Thome reviewed the
manuscnpt and made sevaral helpful comments.
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METHODS

Bighomn shoop winbering on the Whiskoy
Mountain WHMA were surveyed from a vehicle in
December 1382 and 1993 using BX40 binoculars
and window-mounted 20-5X telescopes. During
the samas panods, animals wintering off the WHMA
al high elevations were surveyved using Boll Jat
Ranger helicopters, All animals observed were
clussifind a5 1o sex and age (Gest 1968), Data
from ground and aeral surveys wene combined
gach yearto determine herd composition.

The effect of herd composition changes each

year on population size was delermined wsing
Varsion 7.05 of the compuler modal POP-I
(Bartholow 1952). Simulations weré directed at
data alignmeant from 1986-1593 using hanvest
maortality, post-hunting season sex and age rathos,
and trappingtransplanting remiovals,
Forage production/utilization data presentad in this
paper were collecied by clipping all herbaceous
veggetaion within standard Daubenmire guadrats in
spiing and fall each year (Butlar 1877), Thesa dala
were collectnd alang 150 m transects parmanantly
located on BLM Ridge, Tamrey Rim and Sheap
Ridge. Following clipping, vegetation was dried
and waighed lo delermine the amount of forage
produced (fall) and utilized (spring) by bighom
sheep an these 3 key wintering sites.

Swabs of the pharyngeal area of bighom shesp
were collecled in January 1983 and 1894 during
processing of caplured ammals under dropnets.
Those ware afther plated within seéveral hours onla
Colembia biood agar with 5% sheap blood or ware
placed In modified Cary and Blair medium
(Port-A-Cul, Becton-Dickinson, Cockysville,
Maryland) for Iransport io the Iaboratory,
Transportad samples ware plated within 48 hous
of coflection. Plates were incubated asrobically in
2% CO.. Isolafos were kentifed using standard
tmchniques (Lennatie et al. 1985, Cartor and Caolo
1880),

Blood was collecied by jugular venipuncture into
dlean glass tubes, allowed 1o clol, and serum was
remicwed wWithin 48 hours and froZen untl tested,
Sera were lested by virus neutralization (Carbray ot
al. 1971) for antibodies apainst bovine virus
diarrhea virus (BVDW), respiratery syncytial virus
(RSV). parainfluenza 3 wirus (PI3V), and by
complement  fixation for antibodies  against
chlamydia [Texas Velarinary Medical Diagnostic
Laboratory, College Station, Texas),

RESULTS

Herd Composition

For 2 years following the 1880 epizootic, lamb
production fell below the 1988-80 average of 38
lambs:100 ewes (Table 1). Consequently, yeariing
recruitment declined by 50% in 1992 and 58% in
1883 from provious years (1885-81 mean = 24
yearlings: 100 ewes), Production rebounded in
1993 to 23 lambs: 100 awes

Sunvival rates of lambs to the yearling age class
vared pror to, during, and after the pneumaonia
die-off (Table 1), From 1988-90, an average of
&7% of the previous years lambs sunived (o age 1.
During the eprootic year of 1380, only 45% of the
lambs observed in December sunvived to the
vaarling age ciass in 1981, Followng the dis-aff,
survival rates of lambs fo age 1 averaged 82% in
1852 and 1893,

Sex ratios remained relatively constant from
1886 through 1891 (mean = 39 rams: 100 ewes),
varying by only 1-2 animals (Table 1). in 1882, as
a resull of low 1891 lamb producton and
continued removal of alder aged animals through
hunter harvest, rabos dropped to 38 rams2100
owes. The declive contnued in 1993, following
another poor recruitment and high male harvest
year, fo 32 rams:100 ewes

Forage Utilization

From 1888-1888, forage ulilization averaged
75% on the 3 “key™ winlenng sites (Table )
Utilization increased during each of these years,
corresponding to Increasing sheep numbers. No
forage daio could be collected during the die-off
year of 1830 due fo snow cover, bul the population
peaked al 1474 animals. One year afler the
aperaotic, hérd size and forage use declined o
1,151 and T1%, respactively. In 1992 and 1983,
hérd side and forage ulilizaton declined fo théir
lowes! levels since prior to 1986 (means of 1,000
animals and 60%).

Baclericlogy and Serology

In 1983, pharyngoal swabs collectod fram 29
bighom sheep vielded Pasfeurslia hasmolyhica
from 27 animals and Moraxela sp. (ram 1 animal,
Of 9 pharyngeal swabs cullured m 1994, 5
contained F. haemolytica, 3 Moraxella spp., and 1
did not contain significant bacteral solates. There
was no serologic evidence of anlibodies against



Tabka 1. & and sex composition of Whis Mountain hom sheep, 1986-93.
Rams: Lambs: Yearlings: Survival
Year 100 Ewes 100 Ewes 100 Ewes ratos®
1886 40 27 22 61
1887 38 18 16 5
1988 28 47 28 I
1084 i) ¥ a8 80
1680 18 44 20 -]
1884 41 i0 20 45
1462 ig 12 8 B0
1883 32 23 10 B3

* Percentage of previous years iambs surviving to yearling age classes

BVDV in contrast to high prevalence of antibodies
aganst PI3Y, RSV, and chlamydia (Table 3),

DISCUSSION

Oncherka and Wishart {(1984) reported reduced
lamb production and recrutment for 2 years (23
lambs:100 ewes and 18100, respectively)
following a pnoumenia die-off in southern Alberta,
In anciher Alberia study, only 13% of the lambs
born the yvear of a die-olf surived fo age 1
(Festa-Bianchat 1988). Lamb sundal 2-3 years
Iater avoraged 38%. Cogging and Matthows
(1992) repoited lambews ralios of 11 and 10100
for 2 years following a dis-off of shesp in Oregon.
The 1990 pneumania epizootic resulted in simitar
changes in population performance al Whiskey
Mountain, Observed reductions in lamb production
were similar to thal reporied by Coggins and
Matthews [1992), but lower than that obsenied by
Onderka and Wisharl {1984). Survival rales ware
higher than those reported by Festa-Bmnchot
{1988)

Forage ulilization rates appear directly redaled
o bighorn sheep population size on Whiskey
Mountain. Although body condition did not appear
to be o faclor in the 1880 pneumonia oulbreak
(Ryder o1 al. 1892), forage ulilizabon on “key”
winbering sites approached 80% 1 vear prior io the
die=off. Saimilarly, herd sire was asbmated o be
higher than at any other ime. We recommaend
farage utiization rates continue o bBe  mondorad
yearly as they may provide a means of predicling
an impending pneumonia oulbreak.

Baclenologic and serologic dala mdate
polential respiralony palhogens continue to circulate
within the Whiskey Mountain bighorn sheaap hard,
The rale of molations of P. haemolyfica is greater
than in past years and probably reflects use of
improved transpor and isolation techniques (Wikd
and Miller 1994), lsolation of Moraxella sp. may
also be Improved by use of the modified Cary and
Blair ransport medium,

While some shraing of P. heemolylica are
gssociated with pneumania (Onderka and Wishart
1988, Foreyt 19689). olhars apparently circulale in

healthy animals (Dunbar ot al., 1990, Ward et al..

Table 2. Herbaceous foarage utilizatian (%) and estimated population of Whiskay

Mountain bighomn sheep, 1986-93.

Torrey BLM Sheep WHMA Populatan
Year Rim Ridge Ridgns avarage astimata
1386" ND MO ND ND 1,242
1987 58 62 63 61 1.254
1988 G4 &8 78 K 1,326
1989 a6 84 a5 a8 1,320
1990 MD ND ND ND 1474
1981 G2 70 81 71 1,151
1902 65 40 [ 59 1.018
1893 64 45 i) B0 1.000

‘Tu"‘na Mo data were collected due to snow cover.
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Table 3. Serclogic results of testing Whiskey Mountain bigharm sheep for evidence of

exposure to respiratory pathogens, 1990-84.
Pathogen 1585-80 1980-91 1981-92 1992-93 1993-04
BVDV e ed® [T WD o/ig
P13V 11112 ND 2727 13014 1919
(16-256) (16-1024) (B-258)  (18-1024)
REY 1112 MD 2727 14114 2121
(16-512) (16-1024) (B-512) {B-256)
Chlamydia 12112 ND 2527 B4 1218
{16-64) {16-64) {16) {16-32)

'_E-"u’l:i"u't bowine himﬁamwawu'a;ﬁi"uh parainfluenza 3 vinus; RSV = respiratory syncylial

Wil

¥ Number of animals positive for antibodissinumber of animals tested (range o titres).

"MD = Mo data wara collecliod

Cueen of al, 1984). Simiarly, Morasella spp. are
wsually considered io be commensals of the upper
rexpiralory Uaclt and nol pamary pathogens
(Tmaney et al. 1888). Movaxella app, have been
molated from healthy sheep in this herd (Thorne et
al, 1882) and a recent survay of healthy bighom in
Idaho found ihis bacleda in & of 14 samples
{Queen ot al, 1994), However, Moraxells spp. was
isolated from preumonic bighom sheep from
Whiskey Mountain in 1991 (Ryder ot al. 1982).
Additional study and charactarzation of the bacteria
molated from Whiskey Mountain will be necessary
to undafstanding their role as pathogens in this
hard

Antibodies against viral and chlamydial
respiratory pathogens continue fo be present al
high prevalence. An earfier study of the Whiskey
Mountain hard showed seroprevalence to PI3V 1o
ba T7% (23730 tested) in 1976 and 1977 (Thome
etal, 1878), A previous study falled o incriminate
these patential pathogens in cases of pneumonia in
Whiskey Mountain sheep (Ryder ol al. 1992) and
suropravalence priar o the oplzoclic was
essenfially the same as in years following the
die-off. There ts no direct evidence that these
agents are of primary imporiance in pneumonia in
ihis bighotn sheap herd.
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A HEALTH PROTOCOL FOR DOMESTIC SHEEP USED ON FOREST GRAZING
ALLOTMENTS IN ALBERTA AND BRITISH COLUMBIA

M. J. PYBUS, Alberia Fish and Wildlife Senvices, 6809-116 Street, Edmonion, Alberta TGH 4P2

R. A FEMTOM, Alberta Agriculiure, Food and Rural Development, T000-113 Sireet, Edmonton, Alberta
TEH 5TE

H. LANGE, British Columbia Agnculture, Food and Fishenes, Box 100, Abbotsford, British Columbia V28
4N8

Absfract: The health and condiion of domastc sheep used an forest grazing allstmants in Albarta and
British Columbia {BC) are evaluabed before the shesp laave the home farm and penodically throughout
the grazing season. The protocal is designed 1o minimize potential disease problems by ensuning only
healthy sheap, in good body condition, are used for forest grazing. It reflects & cooperative relatisnship
among wikdlife, forestry, and agricultural managers in conjunction with the forest and sheep Indusiries. Sur
expenence may provide a model for similar situations in other [urisdiclions. Although the protocol generally
& successful, in 1993 & case was denlibed where sheep weoe found in extremely poor body condition and
infected with contaglous ecthyma (=orf), a viral disease transmissible to humans and wildiife. Fory-fve
sheap wera destroyed and 198 wera removed from the sils, [t s conlingent upon government officials. in
conjunction with the sheep industry and the forest products companies, to monitor flocks hroughout the

grazing season in order o ensure compliance with the rules, Wikdiife managers should be aware of
disease siuaBons on fores! grazing alloiments and, where problems anse, shouwld monitar wild populalions

subsequent lo rermaoval of domestic shaep,

Sheep sihvicullure can ba an efficient, safe,
cost-effectve method of improving reforestation
stcoEss in forest plantabion programs. Compalition
from nafive grosses and aspen regrowth can
severoly impair the growth and survival of young
conlfer seedlings and domestic sheep food
selecivaly on the competilors, providing opportunity
fior ponifers bo realize mone afficient growth (O'Brien
and Bailey 1087, Sharrow ot al. 1989). Other
methods of reducing compolition, swch as,
scanfication and herbicides, are viewed as less
“environmentally-friendly” and may not provide (he
same level of success or cosi-effectiveness
(Meswmomae ot al. 1993). In addiion, benefils accrue
to the domestic sheep industry as far as providing
addtional income and grazng opporiumilios,
paricularly Tor sheap ramed in drvland regions.

From a sildife perspective, domestc sheap an
fores! grazing allotments have boon scen as a
polential atiractant for predators, a sowrce of
dizaase Iransmission o fres-ranging populalions,
and possible compelitors for wild ungulates (Green
1932}, This paper will focus on soma of fhe
disease concoms and how they have boan
addiessad in relaiion fo sheep silvicullure in Alberia
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and BC

To dake, the robe of domestic sheep in affectng
the health of wildlife species has been vanable,
afthough there & ample evdence thal some
bighom sheop (Owis canadensis) populations
declined subsequant to infroducton of domestic
sheep onlo traditonal bighor ranges (Foreyt and
Jessup 1982, Coggins 1888, Coggins and
Matthews 1992). In the past, domeslic shaep
grazed extensively on tradtional wildife range
withoul apparent disease problems in wild
populations; however, concurront survaillance of
free-ranging individuils was notl conducted,

Thes paper focuses on the health and welfare of
the domestic shesp, before and after they reach the
grazing alloiment, as a factor that may affect the
potential for disease transfer, The papar s
presented in three pars: a profocol that averis
many polential problems, a dsease oulbreak that
provides evidence that the protocol is not ool
proof’, and a discussion of the general approach
o sheep grazing on forest allotments,

THE PROTOCOL



Albarta and BC have taken great care lo aver
diseass problems on forest allobments, In aach
province, representatives from various government
agencies  (including  forestry, wildlife, and
agriculture), the sheep mndustny, and provincial
velennary associalions developed strict protocals o
address the concerns of all parties. The protocoks
evolved during 10 years of sheep silviculture in BC.
Currently, only  veleinaneinspected  and
govemment-approved sheep can be sent 1o a
grazing allotment.

The protocols are specific as well as far-
ranguig. Thay include assessment of the whale
herd health of each source flock as well as the
specific animals used for siviculture. Prior to
transport, sheep are inspected by approved
velerinarians for their general health and condition
8% wall a% for specific diseases, in particular, sheep
foot rot, pseudo-tuberculosis, contaglous ecthyma
(CE). and internal and external parasiles. Any
anirmal with evidence of discase is nol approved lor
sheep sibiculture. Immunizations and  specific
treatments lor parasites afe identified and mist ba
administersd no mora than 6-8 weeks prior 1o
transporation to the forest sle. Treated animalks
st be held in isolation and on pastures thatl have
nat contamed sheap of goats for 8l least 2 weeks.

All adult sheop used on grazing allotments
must be shorm, have thair feeét timmed, and stand
far ane hour i & footbath of 200% Zne sulfate
salution within 4 weeks of departure. Il elean
pasture ks not avallable after ireatment. the sheep
miusi walk through a second fooltbath as they are
Ixaded for shipment to the site. Pragnant eéwes ane
nol allowed. Small lambs (under 22 5 kg [50 Bs])
wie not recommended, Each shesp must be
ideniified with an owner mark and a govermment-
maund anrtag. A health cerbficate signed by the
owmed, the contractor, and the vetednarian must ba
provided 1o BC or Alberta Agriculturs 10 days prior
to shipping the sheep and a copy of the cenificale
musl accompany the sheep in brensd and be
avadable at the forest site

The guidslnes require that government
incpeciors visll each grazng alloiment within 2
weeks of the sheep amriving at the site. In addition,
pecasional randem inspeclions are conducted
throughoul the grazing season, Any sheep that
dioes nol meel health requirements @ berms of
dmenss of body condifion must be solafed and
treated, If treatment is not possible, the animal must
be retumed to e home farm or killed and properly
chsposad,

Concerns regarding diseass and pafasiles in
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sheep dogs or guardian dogs also have been
addressed. All dogs used on forest grazing siles
must have a valid vaccination cerificats for
parvovirus, canine distemper, Adenovirus type I,
and rabigs. Each dog must be freated with an
effective anthelminthic 3 weeks prior to armving at
the site and treated again before retumning home,

These restrictions are designed lo ensure that
domestic eheep used on grafing allotments are as
diseame-free as possibla and in the bast physical
condition. A healthy animal, in good condition, will
ba betler able to withsland the rigouwrs of forest
grazing, be more resistant to disease, be less
attractive o , and less likely o
centaminate the emdronment. Howewver, problems
do slill arise, Itis human nature thal rubes are not
whways followed

THE PROBLEM

In 1883, a problem arose when a group of
approsimately 1000 shaep mustersd from various
pwnem i Alberts and BC was allowed 1o
deteroraie on a giazing allotment near Forl 51
Jobhn in northem BC, Some sheep with rmald clinical
signs of CE (olherwise known as soremouth of orf)
ware seon, In pddifion, new sheep, unaccustomed
lo forest grazing, were added to the flock late in the
season whan the food available was of rolabvely
poor quality. As a result, suitable forage was limited
and the sheep wore unable to maintain adeguate
body condiion. Contagious scthyma manilesied n
the stressed sheep and spread within the flock.
These breaches of the prolocol were nol reported
and infected or weak sheep ware nol isolaled or
rencned, She hundred sheep from the infected flock
ware shippad 1o another allotment inan altempl 1o
decrease the sheep density on the primary site.
This acton exposad another large Nock of sheep
and contaminated & second site with CE vinus,

When provincial officials (RF and HL) inspected
the 2 sies, they found a number of severaly
debiitated and amaciated shoep. Exfenshe oral
and foof lissions also wore present on some sheep.
Forty-five emaciated and dmeased shesp were
considerad unfit for travel and were killed at the
site, Pox virus was identified in lesions seen on a
sample of these sheep examined al the Alberia
Agriculture Diagnostic Laboratory in  Fairview,
Alberta, An addiional 108 sheep, considered wniit
for sheep sivculture, were orderned off the sites and
returmad (o their owmerns.

Contagious ecthyma & an infectous pox virus



dissase primanly miscling domeslic sheap and
goats (Karstad 1881). In Narth America, infactions
in free-ranging bighom sheep (Connell 1954, Blood
1871, Samuel et al. 1875, Lance of al. 1881,
Jessup el al. 1881}, mountain goals (Oreamnos
americanus) (Carr, 1988, Samuel el al. 1975,
Habest et al. 1977), Dall sheep (Owiz dat) (Smith et
al. 1982, Zamke et al. 1983), and musk-ox (Zamke
ot al. 1983} have besn described. I addiion,
canbou (Rangifer farandus), moose (Alces alces),
mule deer (Odocolleus hemionus), white-lafled
deer (Odocoilews wvirginianus), wapdl (Cenvus
elaphus) and pronghom antelope [(Anflocapra
imericana) have been nfected experimeantally
{Lance et al, 1983, Zamke et al 1983). Infection
With nmmmhrmﬁmmmﬂum
coninbutory to death in 2 free-ranging mule deer
fawns (Wiliams et al. 1985). Contagious ecthyma
is a roonotc dsease and can infect humans (Ganr
1668, Edckson ot al, 1874, Jessup et al. 1881},

The virus is quite commeon and cannol be
dimgnosed in carmer animals (Jubb and Kennedy
1870). tis an apportunistic invadsr whan animals
ara in poor condition or have culs and abrasions in
the mouth. Thus, crusied lesions often occur in the
nose and oral regions and may spread o other
body regions as they become conlaminated, For
example, infecied lambs may contaminate a ewe's
uddar, Scabs which fall from the lesions contain
virus particles thal can remain Infecthve for mone
than 20 years (Langsion el al. 1960)

DISCUSSION

It i important to keep such problems n
parspective.  In 1993, approdmalely 44,000
domestic sheep were usad on 34 forest grazing
gllotments in BC. Significan! diseass or heaith
conoems ocourred on only 5 allokments. Throe of
thesa imvolved persistent fool rol and 2 involved CE.
Other than the case at Ford 3 John, these
problems were deall with as outlined in the health
prodocols and the situations were resolved, We can
assume that, given the natare of the vegatatian on
forest allotments, some sheep will damage the oral
mucosa, thareby increasing the sk of CE. The
profocol appears to provide @ reasonable approach
te managing the problem,

Contagious ecthyma also must be Kept in
perspecive. The disease tends o be minor and
gell-imiting in adult animals bul can cause sevene
legions that impair feeding and growth (and

perhaps sundval) in young bighoms, Dall sheap,
and mountain goats (Samuel et al. 1675, Habert el
al. 1977, Dieterich et al, 1881, Zarmnke of al. 1983).

Most reports of the diseass in wild sheep and goals
have bean associated with human-rolated focd of
infections, such as artficial sall blocks (Blood 1971,

Sarmuel et al. 1875), contaminated hay (Jessup et
al. 1891}, or salt residues remaining at oil and gas
well sites (Morgantini, Spruce Grove AB, pers.
gomm.) The dmease is nol considérad a major
mortally factar in bigharn sheap (Lance 1882) and
it is unlikaly that it would establish in free-ranging
cerids (Lance of al. 1983). There is a zoonotic
concem for persons handling infecled animats and,
although the vines causes painful blisters (Jessup at
al, 1991), it generally is self-imiting and lesions are
fully resolved within a monih (Erickson et al, 1674).

MANAGEMENT IMPLICATIONS

A cooperative working relalionship amaong
rekource managers and industry provided the basis
for the protocol described hersin,  Benefis
penerally accrued to all parties and lime-consuming
destructive confrontation was avoided. The
protocol may be applicable o similar stuations in
other jursdictions

Wea belisve thal proventon s the best
treatment.  Implementaion of 8 sinct health
protocel before and afier sheep amve al the
grazing sife can help limil the polential for disease
oulbreaks and, thus, Bmil the nsk associalad with
disease transfer from domestic 1o wild stock. i
improves the genaral welfare of the sheap and also
may minimize the altracton of predators to the site.
Healihy sheep also provide more effechve grang
Pressury,

The guidelings will not prevent all dissase
sihuations and should nol be considered thea salubon
ta all the diséase condermns of wildiifle managers.
However, thay can preciuda the use of animals with
overl disease conditions and those in poor body
condition. in order to be fully eflectve, adherencs o
the protocols must be monitored throughout the
grazing season. The shoep industry and forest
companies also must recognize the value of
maintaining healthy sheep on the allotments and,
thus, provide addiional incentive for evaluation of
the sheep,

Ideally, domestic shasp shouwld not be grazed
on range usad by bighoms or mountain goats, in
ordar o minimize the immediate polential for
diseagse transfer to wild populabons, Howeves,
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forest grazing allotments contaminated with scabs
from domestic sheap infected with CE could remain
a potential focus of infection for many years aftar
the sheep have left. The areas could be used
subsequsntly by wild shesp and goats or for human
recreational purposes.  Wildlife managers are
encouraged 1o maintain contact with agriculture and
foresiry officials in order io bo aware of areas of
sheep siviculture and to remain informed regarding
the health of the sheep on each allolment, In areas
where disease ocours, particularly CE, wildlife
managers shoukd monitor free-ranging populabions
for the presence of leskons.  The wirus coubd
become a factor in the health of young bighorn
sheep or mountain goals, a particular concam in
remnant of infreduced populations under stress.
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EVALUATION OF LUNGWORM, NUTRITION, AND PREDATION AS FACTORS
LIMITING RECOVERY OF THE STILLWATER BIGHORN SHEEP HERD,
MONTANA

LEE C. JONES, Biology Departmeant, Montana State University, Bozeman, MT 58717

DAVID E. WORLEY, Veterinary Molecular Biology Department, Montana State University, Bozeman,
MT 54717

Absiract The Stillwater bighorn sheep herd is currently at a low of approximately 30 animals. From
Mowembar 1991 fo August 1993,  lungworm levels (Profostrongyius spp.), nutriion, and predation
were evaluated on the winter ranga in raiation 1o the recovery of the Stillwater bighorn herd. A tolal of
250 fecal pellet groups was collected and analyzed for lungworm larvae. Although during both years,
the prevalence of lungworm larvae increased in the spring to 60% or more, the average level of
infection suggested that lungworm does not play a significant role in limiting the herd. Fenbendazole
medicated salt, as adminkstered in the last four years, appeared to have been alfective in contralling
protostrongylid lungworm numbers. Facal peliets were analyzed for nitrogen contant as an index of
nutritfon. Results suggest thal nulrition & nol a limiting facior to the Stilkwater herd. Mountain llen (Felis
concolor) predation may play a role in Bmiing sheep oversinter surdval. Bacterial pneumonia resulled
in approcamately 30% of the known moraliies in the winter of 1882-1883; however, since November
of 19891, approamately 56% of the modalfbes have been from unknown causes.  Although
protostrangylid lungwarm and nutriion do not appear to be limiling factors in the recovery of the
Stithwater herd, addiional monitorng of thess factors, as well as the study of predation, should
eontinue. Future studies should be candictad to idéntify morality factors for the Stillwater bighom
shesp herd on the summer range

The number of bighorm shesp in North
Armenca has doclined drastically smca the tumm of
the century (Buechner 18960}, These declines
have often been afnbuted to the lungworm-
pneumenia disease complex (Honess and Frost
1842, Buechner 1980, Fomresier and Senger
1964, Forrester 1971), Thie  lungwor -
poeumonia camplex i indeod vary “comploex”,
and is often associated with othar physiclogical
siress faclors. such es bacteral and wirad
infechon, poor nulrbion, inclement weather,
mitiple parasiism, ovarcrowding, predation, and
human caused disturbances (Forresiar 1871,
Hudson and Stelfox 1976, Hibler et al. 1982,
Foreyt and Jessup 1982, Onderka and Wishart
1884, Belden el al. 1880, Forevt 1990), Some
authors have suggested that due to the complex
nature of pneumonia and to the incomplete
understanding of mos! predisposing faclors of
sirassos, the lungworm-praumonia complex be
renamiad “siress-rataled pneusmaonia” (Spraker st
al. 1984, Festa-Bianchet 1988). Therefora, undi

the many laclors involved in the pneurnon
complex are batter undersicod, it i necessary 1o
euamine any possible predisposing or - stress
faclors that may be presenl in bigham sheap
populations.

Festa-Bianchet and Samson (1884)
conciuded thal parasiles may be both a cause
and resull of stress In many cases of
pneumaonia. Profastrongyius spp. clearly are a
predisposing or stress factor for bighoms (Couoy
1850, Buechner 1860, Worley el al. 1878,
Wishait el sl 1980, Siflow and Foreyl 1988),
aspacially in the case of summer lamb martality
dus to transplacenially derved lungworm
irfectians (Hibéer o1 al_ 1976, Schmidt et al. 1879,
Spraker et al. 1584). Maos! bighorn sheep are
infected with lungworm (Forrester and Senger
1864). Both prevalence (the proportion of hesis
infected) and the intensity of infecton (indicaled
by the first-stage larval oulput per gram of feces
(LPG)), are used to measurs the parasde
préssure on bighorms (Forrestor and Senger



1664, Gregory and Blackburn 1981). Lungworm
levels may ba affected by other factors, such as
herd donsity and nulrtion (Schwanije 1886,
Festa-Bianchel 1968)

Mutriion may be important in relation to
pneumonia-induced mortality (Honess and Frost
1942, Forrester and Sanger 1984, Foreyt and
Jessup 1882, Samson of al. 1887). ARhough
curren! informabon suggests that nutribon B not
necessarly a causal factor in relation o
pneumonia (Jessup 1881, Foreyt and Jessup
19082, Bailey 1988, Ryder ef al. 1882), the
preumonia complex is mult-factonal, and peoar
nutriive condiion may be ana predisposing or
stress: tacior (Samson et al. 1987, Dunbar 1992}
Additionally, nutriton has been shown o
influence other important population parameiers
of bighom sheep (Honess and Frost 1842, Hebert
el al, 1884}, Fecal nitrogen has been shown o
be an affective measure of bighorn nutriton and
population condition (Habart &t al. 1984, Invin at
al. 1893)

Fredalion may consiiiute an addiional source
of mortalty, and may be refaled o the condiion
af the shéap (Buachnaer 19560, Hibler &t al. 1982,
Harrison and Hebart 1888), In some cases,
predation may depropertonately affect one
segment of a herd. Rams, during or just after the
ut may be more susceplible lo prédation than
other ciasses (Gest 1971, Harmison and Heberd
1988). Williams (1992) found that bighorns were
an important prey item for mouniain lions;
however, Geist (1971) staled that lamb mortality
dus to predation was unbkely due o the
precipitous terrain in which lambing occurs.

Thie S8iwaler sghom shoep herd, ona of the
lasl 12 native herds in Montana (Thome et al.
1985), was reported 1o have paaked in the lale
19405 and early 1950s at more than 100 animals
(Buechner 1980, Pallister 1974), However, the
Stitvater herd has recently besn in declng sincs
the early 1880s, with lamb recruitment averaging
200% from 1882-1988, and no recruitment at all in
1987 (Farmer 1992). Compared to the esimate
of 50% recnstment needed for population growth,
it ks ebvious that the Stillwater herd may have a
problern  maintaining a minimem  viable
population ([Lawsan and Jehnson 1982
Stillwater lambs born in the summer are not
amiving on the wintor range and from 1989 Io
1882, known summer lamb morality was at least
50% (Farmer 1990, 1993). The Stllwater bighormn
sheep herd currently consists of an estimated 30
sheep.

B

Tha Stllwater herd has been periodically
tested for lungworm. In 1954, it had one of the
highest average levels of infection of herds
surveyad In Montana al 800 LPG and 100%
pravalence (Forrester and Senger 1864).
Stewart (1975) recorded Prolostrongyius spp.
levels al an average of 5.5 LPG in 81% of
Stillwater sheep samphes, However, in the mid to
late 19805, average LPG levels again incroased
1o approximately 100 LPG in more than 80% of
samples tested. One lamb was known to have
died In 1888 from lungworm-pneumonia (Farmef
1988 ),

Effaris were made in 1289 to freal the
Stllwater herd with fenbendazole medicaled
aifalla pellets. Although several researchers
have reporied medicated pellets as palatable to
sheep (Huschle and Worley 1986, Foreyt of al
1880, the Stilhwater herd apparently did not find
them so (Worley unpublished), An clder caplive
ewie whi was accustomed to pellatized feod was
even released inio the Stllwater herd, hoping she
might induce other sheop (o cat the medicatod
feed (Farmer 1880). Later, =alt blocks and lopss
medicated sall were placed on the winter range,
with no response (Worley and Seoson,
unpublished). However, with the use of apple
pulp s an affractant, sheep were finally obsernved
consuming 0.5% lenbendazole madicated =alt on
the wirted range early in the summer of 1590,
Gall was also placed on the Summer range
(Farmer 1991}, Inial findings tha following wintes
suggested that fenbendazole consumption had
been adequale, with average lungworm LPG
values balow 1. Addiionally, a young awe who
diad fram & fall in spring of 1981 had very low
lungwaorm levels (Farmer 1991}, The Stillwatar
sheep have had confinued access o medicaled
salt on the winter range every year since 1980,

Beginning in 1586, penodic measurements of
Slilbsater shoop fecal nitrogen values were made
to assess the nubritional siatus af the herd.
Although sampling was not done regularly and
wampbs sires ware al tres small, nitrogen values
were genarally within the range described by
Hebsert of al, (1884). Invin 84 al. (1993) suggestad
that fecal nifregen values below 1.3% may be
indicatve of nutritional defidendies. For winler
rangs samplés from 19868 - 1991, (n=18), 17% of
Shitvater fecal samples contamad Iass than 1.3%
fecal nitrogen (Farmer 1992).

The Stillwater area has resident populafions
of bobeats, coyoles, black bears, mountain lons,
and sagles. Prior to the Iate 19808, predation



was nol considered a problem for the Stilhvater
bighom hard. However, populations of both
coyoles and mountain lions appeared o be
increasing.  Although this Increase was naot
quanttatvely documented, reports of both
spacies in the area increased. The first
documented predation loss was in 1990 a
mountain Bon killed the capiive awe introduced
eearher thal year (Farmer 1881). Predaton may
affect bighoms dweclly through morality or
indirectly by harrassment or displacement of
animals (Farmer 1086),

The objactives of this study were to examing
three factors possibly limiting the recovery of the
Slilwater herd. 1) measure the prevalencs,
intensity and  seasonal  patterns of
Profosfrongylus spp. infection and determine the
effoctivenass of a free-choice medicated salt
program in o frea-ranging bighorn herd, 2)
measure fecal ndrogen as an index to herd
nulibon and condition; and 3) aftempl lo lsam
the cause of known mortalities in order 1o
estmalta the extent of predation on the herd..
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Michael Jones, Mike Felzein, and Kevin Jones far
field assistance,

STUDY AREA

The sludy area is located at the Stllwater
Mining Co. facility near Mye, Stillwatar County,
Montana, approdmately 80 miles (130 km)
southwest of Billings. The Stllwater herd's
primary winter range is approximately & 3 square
mile (5 squara km) parcel contained within the
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patmit area for the Stillwater Mine. The elevation
of the primary winter range ik approxdmately
5,000 feet (1600 m) above sea level, with most
bedding areas located about GO0 fest (200 m)
higher en a recky oulcrop referred io as the
“reef”. The secondary winter range on the West
Fork of the Stillwater and summer ranges west of
the Stillvater drainage wene also included in this

study.

METHODS

Aftempls were made to collect feces at 2-1
wak intarvals on the primary winter range whan
the main habituated segment of the herd is
located. Additionally, collections were mads on
the West Fork winter rangoe during the winter of
1891-1892. All known bedding and activity areas
wore searched, and all fresh pallets known to be
fram shesp ware sollectad. Also, samples from
individually recognizable sheep were obtained
from direct observation. Although larvae of
Frolosfrongyius spp. are known to remain viable
in samples thal are several months old
(Buechner 1960, Hibler o1 al_ 1982), no samples
wiere collected that were estimated 1o ba mons
than a few weeks old. In the field, pellets weore
classified according to age and sex of the donar
whan possibla. The samples ware placed inside
reclosable plastic bags and wera placed in a
refrigeralor as soon as possible.

The Basmmann technique (Formester 1871,
Hibler 8t al. 1882) was used I extract larvae
from seven gram samples of feces. Samples
were left in small funnels (10 em diameter) for 24
hours, Approoimately 10 mi of fluld containing
first-slage Profosirongylus spp. lanvae wene
withdrawn into  petri I:Itlhln for examination,
Larvae were counted under a 25 ¥ dissecting
microscopae; resullts were expressad as first-stage
Iarvan per gram of feces (LPG). These data
were also used to calculate prevalence of
Profostrongylus spp. Fecal analysis data ame not
fekable in assessing parasiism in indwadual
animals due 1o large varation in larval shedding
rates; however, it is useful in consideration of
levels of parasitiam in the herd as a whole
(Forresier and Senger 1964),

Nitrogen analysis was performed by the
Montana State Unbersity Chemisbtry Siation
Laboratory on maonthly composdte samples
Thirty pellets, 2 each from 15 pellet groups, were
randomly subsampled from the palist groups
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Figura 1

Pravalencs of Profosfrongyius spp. in the Stllwater bighorn sheap herd: Movember 1887 o

August 1883, (** Sampla sizes represent iotal number of samples examined, )

collected for lungworm analysis.  The Kjeldahl
mathod was used, and total fecal nitrogen values
are ghven on a parcent dry weight basis,

Mortality data were collected when a collared
sheep died, during fecal pallel collecton ground
surveys, and by Stilvater Mine porsonnel. Ground
surveys included all areas of known sheep activity
on the winter range. Surveys of the winler range
wairie  also conducled a lew bmes during the
summer, 88 several sheap visil the winlad rangpe
dunng the summer, presumably to oblain salt
Fresh carcasses wera examined at the MDFWP
laboratory in Bozeman, Montana State Universay,
and the state of Montana Dapartment of Livestock
Diagnostic Laboratory,

Statestical analysls was done on MSUSTAT,
varsion 510, developed by Richard E. Lund,
Montana State University, Bozeman, MT 58717-
0002  Loglinear §il for p-way lables (LOGLIN)
analysis was performed 1o 1esl for a relabonship
betwean age and prevalonce of Profosirongyius
spp. Chi-square analysis was used io evaluaie all
other lungworm dala. Statistical significance was
datermingd al p=0.05

RESULTS

Lungwarm

Sheep of all age and sex classes were
obesived usng the medicated sall. The number of
sheep observed using salt at any ane time and the
frequency of sait use sugoested that most, if ot all,
Stilwatar sheep were using sall. No sheep warg
observed coughing,

The prevalence of Proloslrongylus spp.
generally increased over the sampling perod for
wach year, As shown in Figure 1, the trends wane
similar between years, oxcept for the value for
December 1232 Each of tha 3 samples from
August 1983 were negative. The increases in
prevalgnce in bolh years becams sielisbcally
significant in late winter and early spring (p<0.05)
(Table 1). . No difference was found betwean the
provalence of lungworm in males and famales for
either winler, There was no difference between the
prevalence of lungworm in sheep less than 2 years
old and adulis. All 26 samplas from  males and
famales from the Wesl Fork segmoenl of the herd
were negative for lungworm larvae,

Tha average LPG values ol the posive



samples for the Stilbwater herd were all below 4
LPG (Figure 2). The madmum LPG values
recorded wera 11 and 13 LPG in December 1802,
from a 2 year old ram and a 6 year old ram,
respociively. Mo difference was found in the LPG
distributions belween age Or sax Calegomes,

Fecal Nitrogen

There did not appear to be any difference in the
facal nitrogen values among yoars, and there was
an increase In spring in both vears (Figure 3).
Fecal nitrogen values from the Waesl Fork ware the
aamé as thosa of the main herd for adiacent
sampling pericds. No values were less than 1.5%
facal nitrogen.

Mortality

The causes of mortalty In the Stllvater herd
are summarnzed in Table 2.  Mountain lon
predation and bacterial pneumonia sach accounted
for 22% of the mortality, the remaining causes were
unknowrn, The modalty study only included sheep
of winter range, and therelone

Table 1. Differences batwssn montha for

prevalence of Profostrongyius spp. in the
Stillwater bighorn sheap herd: November 1931

to August 1993,
Manth P-value
Nov 81 to Dec 91 0352
Dee 81 to Jan 52 0.118
Wov & Dec 81 to Jan 82 o012
Jan 82 to Apr 82 0.005
Mov & Dec 31 to Apr 92 0.000
Apr 82 o Dec 82 0.046*
Dec 82 o Jan 33 0.002"
Jan %3 1o Fab 93 0E72
Fiab 53 to Apr 83 0.008"
Dec B2 o Apr 83 0.371
83 io 83 0.080

* indicates statistical significanca al p=0.05

does not include summaer lamb morality (except for
two lambs found dead on the winker range dunng
summer). The cause of death of these lambs was
mat dabarmined,

Bacteral and wviral salabons were obtaned
from the bwo sheap thal died from praumonia
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Figure 2. Average [anae per gram (LPG) of Profostrongyius spp. larvae in positive fecal samples from the
Stillwater bigharn sheep herd: Novembes 1991 to Apal 1533
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Figure 3. Percent fecal niirogen for composite samples in the Stillwater bighorn sheep herd: November

1881-April 1983, (West Fork sampla)

Mo Pasteurelfa spp. bacteria or viruses were
molated from an adull ram; however, Moraxels
Spp. Was fecovened P hemolyfice and &
noncylopathic Bovine Viral Ddarrhea (BVD) virus
were molated from & female lamb.  No olher
carcasses found were in a8 condition to obtain
bacierial or viral information,

DISCUSSION

Lungweonm
In evaleating the pevalence data for the

Sllwaler herd, sample size must be considered.
However, in this case, sample sizes are inherently
wmall ancs hore ane 50 ey shaap in the hard. With
small samiples, prevalence may be skewed highar,
gnd zero values may be underestmates of the
population value (Gregory and Blackbum 1581).
Movertheless, in this study, an average of 26
samples wore collected each month. In a
popuation of an estmated 30 sheep, confidencs in
the resulls should actually be greater due o the
probability of sampling a significant portion of the
herd, The Aprl and August samples weie the
smallest. Thus, i confidence in results is reduced
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due to sample size, only April and August should be
mosi affecied. However, the overall effect of
sample size was tested by parforming the analyss
on doubled sampls sires: no changes n
sagnificance (p=0.05) resulted,

The pravalence of Profostromgylus spp. in the
Stillwaler herd has been effectively suppressed
over lhe winler with fenbendarole madicalend sall
Hinwever, i Apail of both years, dramatie increases
oceurred, bringing the prevalence in the Shifwater
much closer to thel of unmedicated herds. The
resufis of this study differ from thoso in the Ural-
Tweeed hard (unmedicated), where prevalence was
high in January and Fetwuary. The December
1992 value dilfers from bath the Decembser 1991
and Ural-Twesd valués, and may bé Suspact
However, bath studiss reparied high prevalence
oocuing in Apl (Ydo ot al. 1988). As in this siudy,
Yde el al, (1888) did nodl find differences in
prevalence among age or sex classes. [ there
witre any seasonal trends of differences, it 15 likaly
that fenbendazole may have masked them

Although results from this study did not suggest
a relationship betwean prevalence and intensity, il
i interesting thal unusually high values Tor both
parameters oocured in December 1992, Logically,



Table 2. Cawses of death for known mortalities in the Stillwater bighom sheep herd: Movember

1991-August 1932,

Seasoniyear Sex and age class Cause ol death

Winter §1-82 unknown-—-7§ #257 mountain lign predabion

Winler 91-82 LT ETEwT unknown

Spring 82 lamb of the year ¥ URknoWn-—CArcass intact

Bpring 92 v Bay unknown--carcass intact

Summaer 1982 lamb of the year unkrnewn

Winter G2-83 W E24 mountain llon predaton

Winter 92-83 lamhb ¥ bacterial P, ha

Winter 52-83 o 08 bactedal preumonia—no Pasfewsia
Unknown adull ¢ unknown--whole carcass not found

an increase in the numbar of sheep infacied with
and shedding  lungworm larvae should result in an
increase in the level of infaction in indwidual shesp.
Howsever, the incfease i averagas LPG for the
month of Decembaer was probably skewed highor
due o bwo ram samples, When these 2 samples
were exciuded from the data, the average LPG for
Dercamibar wirs loss than 1 LPG. Novertheless, the
presance of thoss two rams did not significantly
affect the pravalance valus for Decembar

Cverall, no seasonal trends woro apparnt in
LPG values in the Stllwater herd. Several authors
have reported spring Increases in lungworm lareal
outpaut (Fomester and Senger 1864, Fesia-Bianchet
and Samson 1984, Fougere-Towes and Onderks
1988). However, Amett ot al. {1893) suggested that
tarval oulpul of adult shesp may decline fram
Movemnber to Aprill, Spring increases in LPG would
nat be expected m the Stillwater herd since sheep
crave and Increase their use of salt in the speing
(Lawson and Johneon 1882), Regardless of the
expacied trond, fenbandazole likely masked it Any
expecied differences in LPG distribulions in age or
sox categones would also likely be negated by
fanbendazole.

Although Stliwater LPG levels were claarty
below any physolegical stress thresheld, | i
unlikely thal even with consistent winler range
maedication, Prolosfrongyius  spp. would  be
compbeloly olminated from the herd, Fist, in order
for fenbandazole o aliminate all adult lungworms
in bighoms, multiple dosas are required (Huschle
and Worley 10868), Second, use of salt may be
sporadic by and among Indhvidual sheep (Huschle
and Worley 1988, Worley and Seeses 1880),
Third, fenbandazals s eNectve against adull
lungworms, but may be less effectve against
somatic stored larvae (Schmidt of al. 1978, Forey

il

ot al. 1880). Fourth, conceniralions of bighoms on
& smadl, repeatedly used winler range may nesull in
more lungworm exposure (Wishart et al, 1980)

Finally, the Stillwater area was reportad to have a
ralatwaly dense population of intermediate hosi
snads (Formester and Sengor 1964). Therefore, the
results of this study suggest that the Stillwater herd
B ax jungworm-free a5 can be expected in any free-
ranging medicated herd.

Facal Nitrogen

Fecal nitrogen resulls indicated that the
Stilhwater hord 8 pol  suffering  nutritional
deficiencies, The values were within the range
described by Heber et al. (1984), and the sheep
appeared 1o respond 1o spang "green-up™ with the
April increasa in fecal nirogen, No fecal nitrogen
values werno recorded balow 1.3%, indicaling that
the nulrtional status is satisfaciory (Irwin el al.
1993). I appears thal the management of the
Stilwater herd has been succasstul in mabntaining
optimal nuiritional condition,

Mortalities

DOy bwvo summier mortalibes were recorded on
e wantar range: both ware lambs. Gonarally, lack
of radio-collared animals made carcass collection
difficuil.  In many cases, cause of death was
obscured by deleroration of the carcass. However,
ifthe carcass was completely intact and appeared
undisturbed (as indicabed in Tabie 2), it & unlikely
that predation was the cause of death.

One awe mortality (v # 87) may have been
influenced by humans and mine activly. This
sheep did nol asseciate with others in the hend and
displacemant from the primary winlar ranges could
hnve increasad exposura to soma monaity tacton
Eha wintared in & wlusfscrub junipar drainage ol an



wlevation of approxdmately 1000 to 2500 feat (330 -
B30 m) above and approximately 2 miles (3.2 km)
south-southwes! of the pomary winler range,
PredaBon was unikely as the carcass had nat been
disturbed or moved since death, Unfofunataly, no
further information could be obtained. No other
monaies could be atiributed directly or indirectly to
human disturbance, No sheep on the primary winter
range appaaned o be under nutritional stress;

As sheap move to winter ranges, their strang
affinity for escaps terrain may be lessenad (Pallister
1874, Stewsut 1975), Although mountain Bon
predation resulted in winter range moriality, limited
sludies with radio-collared lions did not indicate thal
summer range predation is significant in the
Stillwater herd (Shawn Stawart, MDFWP, pers.
COFEm.)

Pasteurela spp. are ihe most commonly
repavied pneumonia-related respiratory pathogens
in bighom sheep (Foreyt 1880) and were probably
responsible for the death of 1 lamb, The absence
of Pagteurafla in 1 ram may be due o delenoration
af the carcass.

MANAGEMENT IMPLICATIONS

The use of the fenbendarole medicaled sall
resulted in very low lovels of Profosirongylls spp
Amnd it doss not sppear thal lungworm s a
significant limiting factor o the recovery of the
Stillwater herd, Howsaver, increases in prevalence
in spning bo levels near those of unmedcaled honds
may indicaln residual iow lungworm levels in sheap
and on the range, Continued placement of
medicated sallf may preveni the herd from
becoming re-infected al a level Inducing
physiclogical siress, Fenbendazole remains the
dirug of chalce due to its demanstrated efficacy and
low toxicity  (Hibler st al. 1962, Foreyt et al. 1990),
Focal nitragen values indicated thal the Stilsater
herd = nol Bmited by nuintional consiraints.
Previous managemant actions were successful in
maintaining adequate nufriional condition in this
herd. Predation did not play a rele in limifing
Shilhwalar bighorn  shoeep overswinter survival,
However, observed |evels of predation were not
encessive except when considering the small size of
the herd. Contnued moniftoting of the Stlkvater
herd & needed to assess the role of bacleral
pnaumaonia, a5 well as olher faclors related o n
small ramnani bigharm hard

. e,
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ANALYSIS OF 1882 DALL SHEEP AND MOUNTAIN GOAT SURVEY DATA
KENAI NATIONAL WILDLIFE REFUGE

DALE STRICKLAND, Western EcoSystems Technology, Inc., 2003 Central Ave., Cheyenne, WY 82007
LYMAN L. MCDONALD, Westen EcoSysterns Technology, Inc., 2003 Central Ave., Cheyenne, WY B2007
JOHM KERM, Western Eco3ystems Technology, Ing., 2003 Central Ave., Cheyenna, WY 82007

TED SPRAKER, Alaska Department of Fish and Game, 3482 K-Beach Rd., Soldotna, AK 85668
ANDY LORANGER, U.8, Fish and Wildlife Service, Impenal Refuge, Martinez Lake, AZ 85365

Abstraci. The Alaska Department of Fish and Game (ADFG) and the U.3. Fish and Wildlife Service (FW3)
cnoperaled in evaluating alternative methods of eslimation of Dall sheep (Ovis dall) and Rocky Mountain
goat (Oreamnos amercanusinumbers on the 800,000 hectare (1.97 million-acre) Kenai Nabonal Wildiife
Refuge (KNWHR) during the summer of 1992, The lechnigues included double sampling to cormect for
visibility bias. We compared the accuracy of population estimates oblained by the standard census, by a
double sampling and logistic regression approach and by astmates obtained using the Gassway rabio
technique, Dur study Blusirated that the standard, and even very intense seral suneys may miss sheep.
Group sire emerged as a significant variable explaining visibility bias. The ratio and product estimator
appearad o be & biased undér-estmalor of size.  The varance estmator for the logistc estmator
appedred more appropriate.  Simulations using logistic regression and ralio estimabion provided an
indication of the effect of sample size on survey resuils.

Dall sheap and Rocky Mountain goat surveys  (Singer and Mullen 1981), and age specific
by the Alasks Department of Fish and Game behavior [Miller and Gunn 1977,
(ADFG) are lyplcally conducted using Pipar PA-18 Adjustments of aeral survey data for visibility
anrcraft flown at low altitudes with Intenshwe circling  bias can be made. Samuel af al. (1987) offered a
of shesp or goal groups, Mo atlempl is made to  sightability model for predicting the probability of
carrect for animals or groups of animals mssed  obsenang elk groups during winter aerial counts.
using this technique. since sightability of sheep and  Eberhardt and Simmons (1987) suggested “double
goats & generally assumed 1o be high (Loranger  sampling” as a way to calibrate asrial observations.
and Spraker 1882}, Unforunately, surveys MeDonald el at (19808) in the Arctic Mational
designed to count all the snimals present in an area  Wildiife Refuge (ANWR) and McDonald et al,
often underestimate animal abundance (Caughley  (1980b, 1881) in the Wrangell-5t. Elias Mational
1877) and generally lack information necessary to  Park (WRST) found a significan! relationship
estimate the accuracy and precision of the counts.  bohween group size and the ability of a low intansiy
A major reason for inaccuracies in aerial surveys is  fived-wing survey to detect Dall sheep
the lack of an estimate of the number of animals This study was conducted by the ADFS and
mizsed o visibility bias (Caughley 1974, 1977}, FWE o compana thiee mathods of estimatng Dall

In an evaluasion of the effects of several faciors  sheep and Rocky Mountain goal numbers an the
on the accuracy of aerial surveys, Caughley et al. 800,000 hectare {1.97 million-acre) Kenal Natianal
(1876} found speed, height above ground, the width ~ Wildife Refuge (KNWR) dunng the summer of
of survey strips, and observers had significant 1992 The study also compared estimates obtained
elfects on survey results. Samuel ef al, (1987)  using counts from all survey units with estimates
tound that visshility of elk in northcentral [daho was  made from a simuleied probability sample of a
sgnificantly influenced by group size and vegetabon  subsel of sample units, The specific objectives of
cover, Other studies of visibility bias in aerfal  this study included:
surveys hove roporied alffects from spacies
{Broome 18835), season of the year (Gasaway of al, 1. compara estrmates of the abundance of Dall
1985), sex, lemrain, past exparence with aircrafl sheep and Rocky Moundain goats within defined

a5



habital in the KNWR obiained by the double
sampling and logistc regression approach
(McDonald et al, 1830a), the Gasaway ratio

lechnique (Gasaway et al. 1886), and the
ADFG standard asrial survey; and,

2. lo simulaie the resulls of a sample survey
wsing strabified subsamplng of the KNWR.

METHODS

Survey Procedures

Wa conducted aenal counts in late June and
warky July 1892 of Dall sheep and Rocky Mouniain
goals on specified habitats on and Immediately
ediacen o the KNWR. We subdrided sazsting Dall
sheep and Rocky Mountain goal count areas used
by the ADFG for annusl populabion trend and
compostion surveys into 27 survey unils totaling
17321 k' (6688 mi ). Boundaries of survey units
consisted of physiographic festures which we
assumed severely limifed movement among units
batween repeal suroeys

Survey units were placed into one of three
strata based on sheep dansity: 1) high; 2) medium;
and 3) low. The high density stratum comained &
units lotaling 478.9 km® (184 mi J; the medium
density stratum contained 8 unils lolaling 448 3 km’
(173.1 mF); and, the low density straturn contained
13 wnits totaking 804.7 km® (310.7 mf). We hased
the stralification on available historical data from
ADFG sufveys andior an overllighl of the survey
areas. Al survey unlts were digitized on the
KNWR's Geographical Information Systemn. Our
study ublized 3 aenal surveys, cach using o two-
person (pilol obserned) coaw in & Fiper PA-18 fined-
wing aircraf. The first survey was a compa
extensive, “stand-of’ survey (0.38 minfkm® (1
mindmi’)) designed lo avoid disturbance to animals
and provide morae safe operating condftions for the
fixed-wing aircraft. The second Survey was a
refatively intensive, “standard™ survey (1.2 minkm’
(3 min/mF)) fown at low alfitudes with intensive
cirgling typical of surveys employed by the ADFG.
The second survey ulilized a different survey crew
from lhe sland-off suvey. A third, “intensie”
survey (2.3 minfkm’ (8 minfmi’)) was conducied in
a randomly selected sample of units. Tha third
Survey wasd conducted immediately following the
sacond sunvey using the same pilol-observar team

We recorded the lotal number of sheep or
goals in cach group and plotted their location on
163,360 USGS topographic maps of the Survey
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units. We determined the age and sex composition
of each group as closely as possible. The elapsed
time between surveys was = 2 hours and we
assumed that animals did not cross undl bowndanes
between any of the surveys

The survey crews flying the stand-off and
standard suveys compared mapped localions and
descripbons of groups mmediately Iollowing survey
flights. The survey crews used proxdmity of map
locatians and age and sex composibon of shesp or
poats to idenbify unique groups obsernved by one or
both surveys. Groups seen by the standard survey
wars considersd "marked”, and these groups wera
gither seen or missed by the stand-off suny.
Dectsions regarding pooling of onginal groups
recorded and marked on maps (o account for
mavement, aggregation, and segregation between
surveys were based on deducthe judgement of the
survey crews, When in doubl, crews used a
consendalive approach (Le, they assumed gloups
wire saan by hoth sunveys) in determining i groups
ware saen by both surveys. Thus, # was unlikely
Tt incidental moverment of sheep betwoen sunoys
resulted in sheep recorded as seen by the intensive
and nat the less inlenshe surveys. This approach
vielded & conservative estimate of the population
e as il lkely overestimated the probability that a
ghven group was delocted during the less inlenshe
suneEYy.
Population  Estimates  Using
Regression

We assumed the standard survey detected a
random sample of sheep and goal groups present,
"maned” their location, and gave an exact count of
numbers present in detecied groups. The stand-aff
survey giher delected or did not dobect the marked
proups, We used logistic regression 1o estimate
wisitility bias inharent in the less intenshe, standall
survey (Eberhardt and Simmons 1987, Samuel of
al 1887). The logiste model consdared anly The
variable group size (McDonald et al. 1990b, 1891)
with a significance level of p = 0.05. The standard
sty mussed some groups seen by the stand-off
surdey, bul those groups did nol enter fhe
calculation of visibdity bias in any way. Standard
errors and sampling distributions of density
estimates were calculated using the Jackknifing
procedure (Manty 1991)

To complate the Jackknifa procedure we fet n
danota the number of primary unis in the sample
and fit one logistic model using data from all survey
wntts in a stratum, We then caloulated the vsibslity
bias, adjusted all stand-ofl sumvey counts and
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estimated the density of Dall sheep. The
calculations were repeated n tmes dropping each
unit from the logistic i one-at-a-fime.
These n+1 astimatas of dansdfy were than used in
the Jackknife procedure to compute n pseudo-
eslimales of densiby:

D,=n"De{n-1)"D,

where D, was the pseudo-estmale of the
population size with one unit dropped, [, was (he
esimatad population size with all unils present, D,
was the esbmate of population size with the kih unit
elrixpped.

Finally, wi completed the Jackknife procedura
by averaging these n pseudo-estimates to amve at
asngle estimale of density, The standard error of
eshimaled density was computed from the variation
in the n psevdo-estimates. The lotal number of
sheap of goats in the sunvey anea was computed by
miuttiphang the Jackknifed assmate of density by tha
iotal area. McDeonald ot al. (1991} describod thae
above Jackknife procedures in detail. Confidence
intervals based on the Jackknile procedure werne
computed as if the n pseudo-valuss are a simple
random sample of size n using the standard i-
distribution with n - 1 degrees of freedom.

Logestic regressions were run on PC-SAS (SAS
fstute, Inc. 1883) using the CATMOD procedure,
VMS SAS (SAS Insblute, Inc, 1986) using the
LOGIST procedure, and SOLO (BMDP Stalistical
Softwars, Inc. 1988) using logistic regression. All
programs gave comparabla results,

Population Estimates Using The
Estimation Procediire

We used the intensive and standard surseys
and standofl and standard surveys lo consiruct a
ratioc eslimale of the total sheep and goats
(Gasaway et al. 1986). The followang formulas
(Gochran 1977, Reed st al. 1989} ware used o
compule the ratie estimalors,

Ratio

Y., and X represented the number of sheep
obsarved in unit | of strata b by the inbenshie and
standard Mighls respectively. R, was defined as:

s Aia
R = %,

X, represented the number of sheep obsarved by
the standard flights in strata h including those units
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which were not double sampled,
The ralio esmator of the tatal for strata h, was:

?J.;

= -
A R.". x."'. L]

The varance of the rato and raso estimatar
were then used 1o amive al an estimate of the
standard error for each siratum. The estimates of
the total and standard enror ware then computed
using the standard formulas for siratified random
sampling from Cochran (1877).

Sampling Logistic
Regression

We simulaied estimates of population size and
generaled B0% confidence intervals, from a
siratified random sample of the low, modium, and
high density sirata using standoff and standard
survey counts. We drew a random sample of n,
units from 12 units in the low density stratum, n,
units from B unils in the medium density siratum,
and n, unis fram 8 unds in the high dansity stratum.
We then corrected for visibility biss using lopisiic
regression bo estmate the number of sheep in each
siratum and the todal survey area. We drew
another sample of the same size in each strata and
repeated the process 1000 Bmes. The standard
deviabion of the 1000 estimates of tolal sheep was
used o compate the "simulated” 80% confdence
interval based on the given sampla size. Sample
siirs wane thon allowed to vary within cach stratum
from a minimum of 2 to a maxdmum of 1 less than
the numibser of units in that stralum, This generated
264 simulabons lar sheap and 264 simulations for

goats.

Simulations  Using

Sampling Simulations Using Ratio Estimates
We used simulated double sampling o
generate ratio esmates (Cochran 1977) of the total
number of sheep in the KNWR for different
sampling intenslies. We generated rabio esbimates
for standoff versus slandard and standard versus
Inense suneys. All hgh and medwm density units
and 5 af 13 low density units wors double sampled
in ihe standard and inlenee surveys, Simulated
stratified random samples of sizes 3 through B, 3
through &, and 4 through 5 were drawn from the
high, medium and low densily strata respecively
The low density stralum had 3 empty units,
prohibiing computation of the ratio of standand and



Table 1. The total area (km) of strata and estimated number and density of Dall sheep by stratum

from counts made duning standoff surveys, cormected for visibility bias using counts from standard
surveys made hth!ﬂﬂﬂiﬂﬂmnﬂ“d“lw 1892
Mo, of units Tolal Total shoop

Density strata anca Dansity
High 8 478.9 1.6860 aov
Medium 18 4483 0.5083 228
Low 13 Bo4T 0.1062 85
Tatal 1738 06472 1200
Jackknifed astimate 0.6432 1114

* Corrected for visibiity bias but not Jackknifed.

" Carmected for visibility biss and mathematical bias by the Jackknife procedure resulting in a standard arror

for density of 008758 and total shesp of 169,

intensive counts for some samples of size 3,
Therefone, the minsmum sample size used in it
siratum was 4. From each sample drawn, a
subsample of 3 units In sach stratum was selected
at random for double sampling. This procedure
was repeated 1000 iimes for each combdnation of
sirala sample sizes. The standard deviation of the
1000 esSmabes of otal sheap was used lo campute
the “simuiated” BO% confidence interval for the
piven sample size for each pair of surveys. W did
not complete matio simulations for goal surveys
bacausa ol the large number of unils without
chsaralions.

RESULTS

The standof! and standard surviys covened ha
same 27 units with an area totaling 1768.7 km'
(6831 mi), During the standoff survey the
observation cres counted B50 sheep in 108 groups
and 410 goats in 72 groups, During the standard
survey the observalion crew counled 1032 sheep in
149 gioups and 458 goats in B4 groups. The
standaff suney cféw missed 57 shesp groups and
33 goat groups sean by the standard Sunvey crew.
Howavar, ihe standand survey minssd 17 sheep
groups and 23 goal groups seen by the standoff
survey crew. During the miense survey the
obsenvabon crew counted 1056 sheep and 264
goats in 189 units totaling 1242 km' (479.7 mi'). The
rabio of sheep and goats seen during the standof
versus siandard survays was 082 and 0.9
respacively and standoff versus intensive was 0.81
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and 0.77 respacively. The rabo of sheep and goats
seen durng the standard versus infensive surveys
was 0.83 and 098 respactively.

The probablity that the standoff survey crew
would sse a group of sheep increased considerably
tp = 0,0001) as group slze increased. We used this
relabionship to adjust the number of Dall sheep
counted during the standofl sunsey for visibslity bias,
resulting in an estimate of 1114 + 222 (B0% C1)
ftotal sheep in the survey arem (Table 1), The
probabiity that the standoff survey crew would soe
a group of goals also increased (p = 0.0168) as
group size incleased, Lising this relalionship 1o
adjust the number of goats counted during the
siandoff sunvey for visiblity bins, we estimated 541
+ 180 (80% C.1) total goals in the surveyed area
(Table 2},

The sunmy crew conducting the slandand
surey conducted the intansive sundey in 19 suivey
units, The intensive survey counted sightly more
sheep and goats (1056 and 264) than the standard
survey (B84 and 260). MNevartheless, dunng tha
intensive survey the survey crew failed fo defect
some sheep and goats seen during the standard
sLrviEy m some units, The medum densaty siratum
had 3 out af 6 units with standard counts graater
than intense survey counts. Using the matio of Dall
shoep and Rocky Mountain goats seen during
standard to intense surveys, we estimaled 1114 +
218 (80% C.1) shosp and 484 + 152 (80% C1)
goats, respectively, Using the ratio of Dall sheap
and Rocky Mountain goats saen dunng standan
and standard suny, wo osimated 1042 = 204
(B0% C.L) sheep and 471 « 158 (80% C.1) goats,



Table 2. The total area (km') of strata and estimated numbar and density of Rocky Mountain goats
by stratum from counts made during standoff surveys, corrected for visibility bias using counts

from standard aunrlE made in Kenai Mational Wildlifa FIE'IHE 1992,

Density strata Area Density Taotal goats
High 4788 0.2090 100
Mediurm 4483 01768 78
Low 804.7 D.4588 370
Total 1731.9 0.3173 S4g°
Jackknifed Estimate 0.3124 541"

" Coracted for visibiity bias but not Jackknifed.
* Comected for visibility bias and mathematical bias by the Jackknife procedure resulting in a standard ermar
for density of 0.0837 and tolal goals of 145.

Table 3. Selected examples of simulated standard error and 80% confidence intervals for
estimation of animal numbers using the logistic model and the standard survey to calibrale a
stratified random sample of units included the standoff survey in the Kenai National Wildlife Refuge
In 1982,

Sample size by
stratum
—shpep shmulatod —Goats simulated,
L' W W c SE cl SE
2 i ) 1028 +/s 447 303 421 +[- 485 3128
2 2 B 1118 */- 187 144 S04 + - #11 301
2 2] 2 1051 *J- 185 280 4.0 [ o 34 314
T | £ 1030 - 382 280 423 # e 214 168
T 3 3 1103 4 254 187 489 &k 175 128
T 3 4 1Mor  «. 206 153 811 /- 168 124
T 3 a 1114 e 176 131 510 & 165 123
T 3 i} 1102 +L 142 106 518 &) 166 124
T 3 7 108+ 122 81 508 L 188 118
7 3 B 1110 «~ 100 TS B2 »k 186 117
i3 (2] B8 1114 /= 1] 0 aid *f- 1] o
"L=low
M = medium
' H = high
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Table 4. Selectad examples of simulated and B0% confidence intervals for ratio estimation of
lrllnll I'HI'I'III'I'I using a stratified random sample of units included in all surveys and using more
urveys to calibrate the less intensive surveys and the corresponding logistic estimation

for Dall I-hLIEil'Ithllhmi National Wildiife Refuge in 1932,

Sample size Standard vs standoff Inensive ve standarnd Logestic
by siratum —wmulated __ simulaled simukated
L' M H 80% Cl 80% Gl 804
4 3 3 1047 #l= 248 1118  +- 283 1103  +~ 270
4 3 8 1044 *[- 128 1113 ¥ 125 1104 +f- 126
4 & 3 1048 2+ 237 1115 #= 232 1113+ 250
5 3 3 1044 & 238 1113 =L 248 1085 + 272
5 3 4 1042 4 108 1112+ 208 1110+~ 218
5 3 5 1042 = 172 M3 &= 175 1111 #- 180
g 3 & j0a2 +- 1580 112 =l 154 1104 #5154
5 3 7 1046 4~ 141 1117+ 1386 1115 == 133
5 3 B 1042 +l= 118 1113 LEE 118 1112 #- 108
g [} B 1052 - 104 1117 - B2 1116 #fe 67
—
L = low
M = medium
*H = high

raspectvely. The point esbmates and pracsion of
the logistic model procedure (1114 + 222) and ratio
procedure using standard and intensive counts
(1114 + 218} wore essentially dentical. Both
esimates were higher than the rabio esmate using
standolf and standard survey counts (1042 + 204)

We estimaled 8 mindmim number of shaop
and goats by combining counts of independant
animals from the standofl and stendard surveys.
The standard surviey crew counted 1032 sheep and
458 goats and missed 65 sheep (17 groups) and 49
goals (23 groups) cbserved by the standoll crew,
Bazed on these counls we concluded thal a
milnlmum of 1087 shedap and 505 goats astsiad IR
the surveyed area af the tme of the standofl survey

The standoff and standard surveys included an
inventory of all units within the study area. By
drawang a karge number of sirabifed mndom
samples of counts made during these hwo suveys,
we simulated estimates of sheep and goats which
could be expected using the logstic model If the
surveys sampled only a portion of the units, Table
3 providés an sxample of the results of thesae
simulations.
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The bicadest confidence intenal was obtained
with the minimum sampla s&e in sach stratum (e
NNy 8ndn , =2). The narowest confidence
Interval was obtained with the maximum sample
size m each stratum (ie.n, =12, n, =5, and n, =7)
Poinl esbmales bolth increased and decréased
whan sample sizes increased. Increasing the
sample in any stratum improved the precision of the
pstimate. The simulated confidence intervals may
be used o compare the expecled precmsion as &
functien of the cormespanding sample sizes. This
may help in choosing a sampling stralegy for fulune
studies

An example ol population estimates and
confidence intervals obtzined by simutating double
samping and ratio esiimaltes are contained in Table
4, We used simulations lo cormect the standard
suney counts using the infensive survey counts and
standoff survey counts using the standard survey
counts, These estmales were comparod to
eslimates and confidenca intervals generated using
the logistic model for estmabng the vsiblty
earecton factor gencrated in simulations. A todal
of 48 combinations of strala sample sizes Was



possible,  With small sample sizes the ratio
estimate, rogardless of surveys compared,
appeared more precise than the logistic model
estimate. However, as sample size increased, the
precision of the logstc model eslimate improved to
thi point of cxcaading the apparont precision of the
ratio estimators. In all cases the logistic model
gstimale of sheep and goat numbers exceeded the
estimate derived from the rafio estimator.

DISCUSSION

The intensity of the KNWR standoff (feed-wing)
survey (0.38 minkm?; 1 min/mf") was greater than
the standofl (fxed-wing) survey in the WRST
surveys (0.21 minfkm®; 0,54 min/mi’) reducing the
likelihood that sheep and goats would be missed by
tha KNWR standolf survey. Neverthelsss, the
glandofl and even the much more inlense standand
and intense sunseys conducted during our study
missed sheep and goats. Dur resulls illusirate thal
sheep and goat esimates based on the relafively
intense standard survey used by the ADFG, and
ovin vary infense saral surveys may be improved
by adjustments for visibility bias.

#As in the other asral surveys of Dall sheep
using double sampling and logistic regression
MeDonald ot al, 1991 and McDonald of al, 1990a)
group size emerged as a significant vadable
axplaining visibility bias for both sheep and goats
Correclions lor wisibilty bins using the logistc
regression model and the rmalio esliimabion
procedurs resulted in essentially kenbcal pomt
esiimates and precision for sheep and goats whan
using siandard and intensive survey counis
Howorvar, this & not since these 2 suneys
missed few sheep and the data are likely biased
because the same crew conducted both suneys.

Whan comparing the 2 methods, & seems maora
appropriais to compars estimales made from thi
sunveys using the independent standofl and
standard sunveys. The point esfimate obtained with
thm rabio of standolf and standaid counts = lowar
than the menmmum numbear of sheap knawn bo be in
the study area, The point estimale obtained with
e logslic estimalor @ slightly higher than the
minimum estmate and likely mone realisse. The
ratio and product estimator appears 1o be a béased
underestimate of size, as could be axpecied since
ralio  estimators  typically  confain - some
malharmabcal bas

We also feel the varance estimator for the
lopistic astmatsr for bath sheep and goal & more

appropriale. Several faclors associated with the 3
sunys may have contributed to the lower varance
of the ratio estimator. First, the intensity of all 3
surveys resulted in relatively few sheap being
mssed, For example, the standofl survey, the least
intensive effort, missed less than 20 percent of the
sheep and 10 percent of geals of the total seen by
the standard survey, This similanly m counts
resullad in a ratio bebween any 2 sunsy counts (R
approaching 1. Second, in the logistic procedure,
area s used as an awdkary vanable while, for the
ralio estimator, equal unit size is assumed, even
though uniis are of different sizes.  Third, the
formulas for caloulation of vardance used with the
rao estimetor assume independent counts,
hiowevai the counts made in i doubla sampling
design are dependent.

The standoff and standard surveys covared all
unitz. However, @ may be desirable o sample
populations rather than survey all  units,
Simulations using logisic regression and rabo
estimation provided an indication of the affect of
sample sire on suney results. Whila incraasing the
sample size in any stratum improved the precision
of the estimata using both estimaling procedures,
increases in sample size wilhin the medium and
high density sirata had the greates! effect on
precision. As with the point estimates the ratio
estimator appeared o have a lower varance, The
above reasons offared for ths réduced vanancs
alzo apply 1o the simulations. In addition, in cases
whare the standofl survey actually counted more
sheep and goats than the standard survey the point
estimale and varance would be artikcally reduced
Ewan with the bias likely in calculating the preciskon
of the raio estimate the logistical model provides a
more precse estimate of animal numbers with
larger sample sizes.
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AERIAL SURVEY AND DALL SHEEF POPULATION SIZE: COMPARATIVE
USEFULNESS OF EXTERNAL AND INTERNAL POPULATION DYNAMICS FOR
MANAGEMENT PURPOSES

WAYNE E. HEIMER, Alaska Deparimant of Fish and Game, 1300 College Road, Fairbanks, AK 28701

Abstract. Survey flights over Dall sheep (Ovis dall) ranges are the tradibonal and lypical extent of
populaton data collection for thes species in Alaska. Many factors which introduce vanabality in these aerial
surveys have been identified, and managers have oftan been refuctant to act based on thase vaguely
vanable data. Development of stastical technkpues to place bounds about Dall sheep population estimates
offered some hope for greater confidence in Dall sheep survey data. However, the promise of these
technigues is yet to be realized in Alaska. In the confext of praciical management, stabistical confidence
in the vahdity of population estimates = of sscondary importance 1o the fact that sven the best serial
population size estimates fail to elucidate intemnal populaion dynamics. The internal dynamics of
compasition and mortalty affectively pradict or explain fuciuations in populaton size and realizable
hanvests while total population estimates simply reflect changes which have already taken place. Even
given accurate annpual population estimates with stafistically valid confidence limits, total population
eslimabon techniques chronicle pas! population changes, and track them with an accuracy which is barely
narrovwer than the recorded range of population Aucluatians. This paper demonsirates the efficacy of using
internal dynamics from previously publshed data, and discusses the disadvantages of sirict rellance on
aural survey data for mansgemant purposes. Recommendations for improvements in population trend
assessment are offered.

Ideally, modam management of wild mountain  factars i5 the cholce betwesan fved or rotary-wing
sheep for maxdmum sustained use would be based  alrcraft. For Dall sheep in Alaska, expanence
on detsiled knowledge of the size and internal  defined the Piper PA-18 Supercub as the akrcraft of
dynamics [production, récrslment, age structure,  choice more than 20 vears ago, bul sporadic efforis
and agelsex-specific mortality) of the shesp 1o dévelop helicoptér use for sheep survays still
populasons baing managed. Histonically, these data  continue. Onca aircraft fype has been chosen, a
hiave been generally considered unobtainable or  hierarchy of factors affecting data quality becomes
prohibitvely expensive to gather, As a result,  operative

managers have “made do”® with less specific These factors range from those which are
infarmaton, simple esBmates of population size and  cléarly controllable through those that are
trend samewhal manageabls to faciors beyond direct

The dominant methodology for gatharing sheap  control of the manager. Controliable factors inchude
populaton size and trend information throughoul  aircraft type and survey intensity (ime spent per
North Amerca has been aerial survey. In most  area), Faciors which are somewhal manageable
cases, sendl estmales of populabon size have include pilot and cbsener exdpenence, level of pdol
been used to define populsion trends. Where offort. observer onthusiasm/attitude, and faciors
population size has not been considered definable  which are negotiable with the aircraft pilot (eg.,
by merial survey, shesp managers have “seitled for”  flight speed, asnal tachnégue ralating to fght routes
indices of population trend such as minimum  and terrain, lighting aspect, and distance above
numbers of shesp seen, sheep seen per howr of  ground  evely). Factors which are vrtually
siinvey @fforl, trend m nismbser of apimals harvested,  unmanageable include wealther, ighl conditons,
Of range use indicatars. and shesp detribubion among habidals where sheep

Agrial survey and census of wild mountain  are easier or more difficult to see. Finally, the
shoeep ate dominaled by factors which introduce  composite effect of other work schedules and
variability to thi results. The most basic of these  prionties must be balanced with relatively narow
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meteorological and biological “windows™ during
which survey conditions are ideal.

This consdraint often necessitales compiomises
among the hierarchy of factors listed above,
resulting In less-than-keal survey condiions and
mhlm further questions aboul the varity of resulls.

docisions by the sheep manager
lndthuu invelved in the management process at
higher organieationsl levels. The resull & thal no
one i compelled to bakeve any 2 aonal sheep
counts are truly comparable or that thay accurately
represeni the biological sliuation with respect 1o
population size or trend

In additicn 1o the nhefent vanabdity just
decussed, counting  maethodologies  include
counting as many sheop as possible while Mying in
the mountains, counts with Agorously-defined fight
paths and search Intensiies, the use of marked
animals to define discrete poputabions and survey
efficiency, and elaborate statiscal sampling
schames and bismatric analysss. This svolutionary
spectrum of technigues resulted from incramantal
efforis to increase the credibilty of aerial survey
resaits. Stabstically driven sampling schemes have
bhean the most recent and high-profile efforts to
increase this credibility,

The biostalistical approach io increasing the
crodiblity of & single population ssimale produced
by an aocral survey has required gensration of
slatistical vanance within internal subsets of the
survey data and using this varance o caloulaie a
confidence interval about the estimate, In essence,
his procedune predicts the precision of a theonebcal
=ample of popilation astimates which walld result
if the survey could be replicated. To date large-
scale surveys have been impossible fo replicate
because of ther expenss ard the facl thal the
uncontrollable warables listed above préciuda
survey duplicaion. Small-scale repeat surveys with
high precision were reported by Michols (1978). bul
this tachnique s not been widely applied.

In =pite of the difficulty in establishing the
accuracy of these procedures, considerable effod
has gone into development of statistcally bounded
single population estimates for several Dall sheap
populations in Alaska (McDonald et al. 1880,
Strickiand af &l 1992, Stickland o al, this
symposium). While progréss has baen made In
placing confidance intervals About the individual
shoop population eosiimates, some estmates,
parbcularly those n the Wrangell Mouniains
(Strickland et al. 1992), seam implausibly high

, developmental work on This lechnique
has shown fecal constrainis limil the practicality of

a4

namowing the confidence nlerval lo less than
approxmately plus or minus 20% of the estimatad
population size at the 50% lovel of confidance, the
typlcal measure of precision

if the deal dats sel for madmum sustained
yield management should include not only
Pﬂli'lﬂﬂﬂﬂ size bul alse measures of intamnal
dynamica of the managed population (defined
garier), & complete survey and inventory prograim
cannol be limited to aerdal populalion esimales.
This paper defines the differences in managemaent
uliity belween axteinal population dynamics
{dervable from aerial estimation of total populabon
size) and |nternal population (as lislod
earter). Addiicnally, results from 2 Dall sheep
monitoring programs in Alaska will be comparned,
One program focused exclusively on annual acral
surveys. The other program also monitored internal
populslion dynamics and checked the predicted
changes in population size based on thess
dynamics agains! exiernal population dynamics
dorived by & repeated aorial survey,

METHODS

External Population Dynamic Monftoring
Extarnal dynamics of sheep populations in the
Chugach Mountains ware monfored by annual
survey flights from 1976 through 18983, D. Harkness
maxmizod efforts to Bmil vadabdity o dala
collection, In July of each year, the same highly
axperienced plolobsener team, B. Wiedarkehr
and D. Harkness, canductad the survey using the
same arcraft (a PA-18-Suparcub), Survoy intensity
(ime spent In the area) generally was consisient
fram year o year &l about B hours of thghl b
{=0.75 mindkm’ [2 min/mi]). Aefial technique also
was consistent over the coursa of data collection
During those sunvoys, the numbor of Dall shoep
counted was recorded, with shesp idenbified as
lambs, ewe-like sheep [(which include owes,
yenthngs, Bnd young rams wiich stil ook like swes
whien viewed from an airplana), and rams aof legal

fire depending on applicable reguiatory definition

ntegrated Population Mopitoring Using nternal
Population Dynamics

In Juiy 1880 an inikal ewe population size
ostimalo using owes marked with neckbands 1o
pssess obsenvabilily was generated for the well-
defined shesp ranges in the Robertson Rivar sfudy
area (Heimer and Walson 1886a). This estmale
wat basad on inlense seral searches (1.5 minfkm’



[4 min/m€]) using a PA-18-150hp Suparcub with &
highly expenenced pilot'obsenver team - B. Lentsch
and W, Haimes). During this census, sightability of
ewe-lke sheep was established at 76% based on
resighting 48 of the possible 63 marked ewes
présent in tha count area. Tha number of swe-like
sheap was cormectad for ewe-like sheep-nol-sean
by expanding the lotal obsarved by the proportion of
known marked ewes sighted,

The actual number of ewes among the
eslimated number of ewe-ke sheep was
calculated using ground-based observations of
populalion composition. Sheep were classified as
lambs, awes, yearlings, and rams of Classes |-V
(Geist 1871) using 8X binoculars and 15-80X
&poting scopes ot distances of less than 33m (100
yds) al the main mineral lick in the study area
during the last 2 weeks in June. Mortal®y amaong
marked ewes was calculated from mineral lick
regsightings over the pext 4 years (Heimer and
Watson 1886a). These dala were used to elucidate
the effects of inlemal dynamics on ewe population
size. They were antered into a simple (yearing
recrufment “in“ews mortality “oul”) model 1o
predict the fnue ewe population size prior lo a
second aenal count scheduled for July 1984,

In Jume 1983 and 1984, trapping and marking
resumiesd using established methods (Heimer 1974,
Hedmer af al. 1280), and resufted n 74 marked
owes (including same yoarings) presant in the
population for the 1984 aedal survey, The 1984
aerial survey duplicaled the 1880 count as exacly
a% possible, includmg the same awcrafl and
plotiobsarver team, search intensity, flight routes,

and markesighting methodology

RESULTS

External Population Dynamic Manitoring

Mumbors of owe-like shoep, lambs, voung
rams, and legal rams were recorded for each
aurvey (Tabde 1),

integrated Population Monitoring Using Internal
Population Dynamics

Im 1980 resighting of V8% of the known
neckband-marked ewe-Bce sheep in the population
dunng an intense aanal search of the areas was
used to produce a population estimate of 588 awe-
like sheep, Lhsing reconciled aenal search and
ground composition data, the ewe population was
calculaled to contain 456 true ewes {of which B3, or
13.8% were marked) and 132 yearings of both

soxes. Hall of these yearfings (66) were assumed 1o
be fernales so the midsummer ewe population was
estimated o be 522 ewes of all ages.

Beginning with this ewa population size, wsing
the internal dynamics of the ewe population as
input, tha population model predicted a mid-
summer 1884 populafion size estimate of 550 ewes
(Tabée 2},

Obserdation of 62 of the possible 74 marked
awas during the aenal count of 1984 produced a
sghtability comecton factor of 0.84. When
reconciled with ground com n data from
spring 1984, a corecled population size of 530
ewes was calculated, indicating we marked
approdmately 13% of the ewe population,

The population of 550 ewes estimated from
agrial counling in 1884 was identical to the
population size predicied from the population
miodel,

DISCUSSION

The tradiional asnal survey approach to Dall
sheep population inventory should be recognized
#% a compiomise bebween heving no dala and
having the complete data sef required for
information-based management. Prior (o the
biological discovenes and technological advances
which allow insight into internal  population
dynamics, aaral sunvey of almost any type was the
most attractive alternatve. It became the standard
technigue, and éventually the tradiional one.

Aenal survey or population astimation sarves
best when rigorously pursued each year. Haimar
(1902) argued that population trend cannot be used
reliably without annual assessment becauss “noiss”
caused by varialions in emsronmental resistance
from yoar b year may falsaly indicats tend (o
stabiity) if population assessmants ara intermittant.
The data in Table 1 represent the most
outstanding sxample of asrial sunvey consstency
available in Alaska, These data indicate a perod af
stabiify ol about 1000 sheep (1976-1878), a period
of growth (1979-1688), and a pericd of stabiliy at
aboul 2200 sheep (1088-present); the population
appoars o have doubled in size since 1979, During
the mcrease, the number of ewe-like sheep
counted mcressed from aboul 600 1o about 1250,
There s no doubt more sheep have becn seon
during later counts, bul the cause or causes of
these higher counts are unceriain. Possibilities.
ranging from an actual population increase with r =
0.09 {which s theoretically possible) to increased
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Table 1. Game Managemant Unit 14C (Chugach Mountains) Dall Sheep Survey Data 1976-1383

courtesy of D. Hllhll“lﬂllhl Department of Fish and Game. =
Ewe-like Lambs-100
Year sheap Lambs owe-like sheep  Young rams Legal rams
1876 G0og 130 £1 152 as
1877 621" 21 = = 34
1878 596 135 23 141 BB
1978 514 161 21 143 a5
1980 740 182 25 1T 70
16881 820 238 28 151 B2
1862 BET 183 20 231 3
1983 1006 84 28 282 118
1684 1048 as7 34 265 168
1985 87e 284 30 288 138
1588 1208 358 30 329 172
1087 1228 is2 29 427 162
16588 1218 334 27 ara £04
1888 1355 347 28 50 214
1560 224 259 21 440 218
1961 1228 410 33 416 228
1092 1324 144 26 419 235
1993 1200 258 2 360 203
* Poor counting condifions,

*Young rams includoed with ews-ike sheep dua to poor counting conditions.

Mote: Prior o 1979 legal rams were 34 curl, from 18781988 legal rams were 7/8 curl, from 1988-1953
any shaop was legal. In this tablé rams recorded as legisl ffam 1980-1893 wara T curl ar larger.

Table 2. Ewe population sizes, female yearfing recrultment and overall ewe mortality for Dall sheep
in the Hobertson River area of the Alaska thr 1980-1984,

=t
Summer ewe
End of winlar adull  Yearbng ewe reciulmant population Winler evwe mortalily
Yioar awe papulation from previaus year siFe % (yaars)"
1980 458 adults + 06 yearling ewes = 522 ewes 0% (1880-1881)
(from 1878)
1881 522 adults + B4 yearling ewes = 606 ewes 22% (1881-1882)
(fram 1980) (=133 mwes)
1982 471 adults + 85 yearling ewes = 558 ewes 2% (1982-10283)
{fram 1981) (-12 ewes)
1983 546 adults + 38 yearling ewes = 584 pwes 17% (1983-1584)
(from 1882} {-99 awes)
1964 485 ndults + 65 yearkng owes = (from 550 owes

1983)

* Calculated by multiplying hall of yeardings: 100 swes mba by tha numbar of hundreds of ewes (Heimer
and Watson 1888a),
"Calculated from resighting of collared ewes at mineral lick (Heimer and Watson 1888a)
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counting skills by the plotobsarver team, could
account for the increase.

Unforunately, because of the absence of
yearling recruitment, age struciure, and morality
data, these possibilities cannot be fgorously
evalualed. However, an actual population sire
increase based on the lambs: 100 ewe-like sheap
ratios appears (o be improbable.

Calculaton of the ambs: 100 swe-like shesp
ratios far the panod of early stability (mean = 25
lambs 100 ewe-ike sheep), populaton growth
(mean = 28 lambs 100 ewe-Bke sheep), and
slability at high population (mean = 26 lambs: 100
ewe-like sheop) roveals a ramarkable stability, This
level of lamb production (an overall mean of 27
lambs 100 ewe-like sheep, range = 20-34) would
scarcely be adequate fo support maore than
population mainlenance in other areas of Alaska
{Heimer and Walson 1988g.B). I the increases in
sheap counled accurately reflected an increase in
poputation sire, modalty from countable-aged
lambs through oid-aged ewes mus!t have been
consistently lower than ever recorded in a pristine
ecosystem.

Lise ol simple Lotus mpubioutpul simulation
indicates the population increase bebween 1978
and 1988 would have requirsd intermal dynamics
equivalent fo those [Eled below:

1. A constant recruitment of 40 yearlings:100
producing ewes (gven the estimated number of
wwas of reproductive age caloulated from typical
composion data for growing sheep populations by
Heimar and Watson (1888h) and the approximalaly
800 ewe-like sheep countad at the and of the aarly
slable period),

2. A constant mortality of 3% or less on all age
classes of ewes from yearling age through age 12
yaars during the growth paniod, and

3. Fow owes survive past thair twelfth wintar

These condifions would be unusual. Seldom
have single-year yearing 100 swe ratios been
recorded at 40100 in Alaska, and it s certainly
impossible fo average 40 yearlings:100 ewo-like
sheap with a mean lambs; 100 ewe-like shaep ratio
of 27100 with liflle o no ewe mortality,

Measured morality among ewes under age 9
averages 3% per year under normal conditions on
ideal continental ranges (Walson and Heimer
1984). Once ewes exceed 9 years of age, morality
increases to an average of 50% per year (Heimer
1973, Watson and Heimer 1884, Helmer and
Watsan 1988a). It & not unusual for ewes older
than 12 years o produce lambs {Heimed and
Watson 1988a), Stll, production of Iambs recorded
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in Tabla 1 appears inadequate fo produce the
observed population growth. Thi consistancy of the
lambs:100 ewe-like sheep ralios throughout the
survey perod, coupled with 2 perods of stakility on
aither side of unprecedented growth, suggests
gither emigration or a dramatic increass in survey
area or efficiency during the 1878-1988 period.

HAorial monltoring of shoep populations, along
with the besl possible aerial sheep classificalion,
does not provide sufficient data 1o answer Bislogical
guestions, Even il these population estimales had
relatively narrow stalistical bounds, the data would
sill prowvide na clué &5 o how the méasuned
increase was achisved,

in the Chugach Mountaing where these dala
were galhered, no biological harm resulted from
this failure to account for or offer a hypothesis to
explain the population increase. That is, the existing
sheep managemeni program  was  nof
compromised because these populations are
managed under a resincive perm#l  system.
Conversaely, a greal deal of management banefil
accrusd as a result of these annual Survoys
because the public was content with the level of
elfort on the parl of ils managers. Furthermore,
other user-focused benefils resulted from the
suveys as hunling opporunibes were shared from
MANSGETS 10 Usars.

However, in a more typical management
sumAbion with maximum sustained yield hanost as
the management goal, determination af the cause
{parficularly i low morality) could have made
cropgang of ewes an unusually atiraciive option in
the absence of normal enviionmental resstance
Without biological insight to the mechanisms of
internal population dynamics, such managsmant
actions can be implemented only at high risk.

In conlrast, he milsgrated population monioring
pragram using aefal papulation estimation along
with data on the internal dynamics of the monfored
population produced remarkable  agreement
betwean predicied and estimated population sizes
oWer a 4-year pericd in shaep populations of the
Alaska Range, | caution the reader against the
inferance thaf the technique = without emror. Still,
the remarkable exact prediction of the ewe
population size suggests use of intarnal popuiation
dynamic daka to pradict extermal population sizes s
workable, The fact that 2 major population
adjustments took place during this period furher
sugpests the potential predictive power of this
procedure. The mome stiking fuctuation was
associated with the unusually difficult winter of
1881-1982 (Watson and Heimer 1984), Mortaly



dunng this winter centered on old-aged ewes which
had aiready cxceedod normal life expectancy.
Because this internal dynamic was understood, the
22% decrease in ewe population during winler of
1881-1282 was inferprelable as a narmal
papulation adjustment, koss of Tlingerning™ cohorts of
old ewes fram the populaton, and nol @
catastrophic population crash. Management was
simplified by this knowledge.

Annual assesasment of population compasiion
allowed accurate prodicton of a relative scarcity of
mature rams 7 years afler the low yearing
recruftment of 13 yearlings: 100 owes in spring
1883, even though the lamb production had been
nominal (29 lambs 100 ewes) in spring 1982
Hareest from this count area is consensathvaly
managed for trophy production by & Emited antry
lottery permit for full-curl (or 8.year-old) rams.
Consaquently, unexpectad fallure o mest an
antcpated harvest goal T years later with attendant
hunier dissatistacion was precluded, Nevertheless,
benafits accrued to bath managers and the hunters
because hunters wers aware of the likelihood of
slighlly decreased irophy ram abundance before
going afeld in 1890. Becausa of constant prosancs
of managers in the field and the intermittent aenial
seveys, dentical ancllary benefits produced by the
oxclusive asral monitarng of external population
dynamics in the Chugach Mountains were also
produced by the integrated program.

This companson suggests the integrated
program s equivalent 1o simple asnal surveys for
praviding benefits for managers and users and
supanor for answernng biotogical questons. This
should not be surprising, it has long been
undersiood that variafions in cohot size will affect
sge structlure (Murphy and Whitten 1878); and that
older-aged cohats ane maorne vilnerable to maortality
during difficult wintars (Watsan and Heimer 1984).

Sill, the questions, “How much infarmation s
neaded?” and "Can wa affard o gather 177 miust be
asked. I management needs are Emited 1o
maintaining a visible presence as acive managers
ol monitored populations, the tradiional aerial
sundey program may suffice if human costs are not
8 consideration (see subssquent discussion).
Sirniladly, if managemani ohjectives do not fecus an
maximum sustained wield fo oftain  hanest
objectves which may be compromised by
cccasional produchion or recruitment failures or
unexpectsd mortality, aeral survay may be
sdoguate. However, i sccurale blological
monitoring to predict harvest or adjust regulations
for quanbfiable managemen! objecives s
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desirable, or if increasing biological knowledge is an
objective of management, the integrated program
will be more benahicial

In spite of the benefits produced by monitoring
extemnal populaton dynamics, we should recognize
that even the maost sophisticated, accurate siatistical
sampling schemes can only provide mote
confidence in mdvdual population estimates based
on menal suvey data. Deciding whether this
confidence ks warranted requires examination of
basic assumplions concerning precision and
accuracy. As presenily concelved and pracliced,
statistically bounded population estimates provide
a lheorelical inference of precision but no
assurance of acouraty.

Precision defines the conaistency of repeatable
measurements, bul does nol necessarnly assun the
sof of precsss measurements is accurale - only that
the measurements are conskstent with each other,
In their quest for accuracy, it seems that sheep
managers and biomelricians have assumed that
measuremants with an acceplably defined level of
precision (90% confidence) will be accurate
{Strickland et al. 1892). That is. biologists seem to
have assumed thal accuracy s a function of
precision.

There & no assurance this assumplion s
correct, and the incredibly high population
estmatas for the Wrangell Mountains (Strickland ol
al. 1992) rese sedous quesions aboul thedr
accuracy (although they are acceplably precise).
Stll, the assumplion B understandably aftractive
because s converse ks, by definitian, true R IS
mathematcally carain that high precision is
penerafed by repeatedly making accurate
measurements of stable parameters. Hence,
precsion among measurements ik a funchon of
measurement accuracy i the measured parameber
is static. Al the presant imae, thens s no actusl nk
batwean the Iheoelical precesion projected for an
astmated Oall sheep population size and the
acouracy of the populaton esmate, In the jargen of
remote sensing, we would say, "There is no "ground
truth’ for aedal survey data.”

The lack of verificaion that bounded population
astimates are accurate becomes disconcerting
whan wa recall the assailability of Dall sheep count
accuracy was the reason for development of
slalistically acceptable aeral sampling procedures
in the first place. Theae circumstances define a
curious relatonship bebveen percelved and actual
accuracy, a relafionship which managers may
profiiably reconsider.

Additonally, managers

should  mecognue



inherent varnabiiity in sheep population size fram
year to year may exceed the projected resolution
capability of the stalistically bounded populaion
estmate, Giwen thal vanaions in Dall sheep
populations of 20%-25% (Walson and Haimer
1584, Halmar 1982) can be independent of long-
tmrm population trend (Heimer 1862) without
sonous managemenl consequence, it sesms
unlikely tha! confinued statistical refinement of
marnal  populaticn  esbmation  lechnques  will
realistically meet managemeni nesds. If sheap
populations vary by plus or minus 20%-25% withaut
séwers  managemenl conssquences, the
managemeani relevance of a wvery expensie
lechnigue having a 80% chance of documenting
changes, which must be greater than plus or minus
20%, = unclear. Henoe, the gueslion of whather
accuracy & a funchon ol precision or vice versa
becomes mool because inherent varabilty n
population size from year to year may axceed the
resolving power of the lechnigue at any ime.

The best we can hope for from biostaBslical
approaches to population esfimabon is an accurate
[or perhaps precse) chronicle of  extemnal
populalion dynamics and longerderm  frend
providing that population esfimates are made with
sufficisntly high frequency. Even if such estimales
ware affordable and hence avallable, they do nat
hold the prommss of allowng managers o
accurately anticipate population changes which will
affect fulure harvest success, changes which are
cortain fo resull from the infermal dynamics of
sheep populations.

Each approach has ils unique costy. Monfaring
oxtemal population dynamics from aircraft roquires
relatrealy large investmaents of operatonal funding.
particularly il biologists use helicoplors. Agral
survey also cames a Wile-recognized human cosl
Flying in mouniainous ferrain s dangerous and
lakes a surprisingly high lell in the es of
managens and pllats.

The proceadings of this ium list sinca
1870 the deaths of Jim Enckson and his pllot {fixed-
wing Dall sheep survey-Alaska); Harold Mitchell,
Wesley Pradiger and their pilot (helicopter baghomm
work-British Columbia); Orval Pall, his pilot, and
anithed obrsarer (feced-wing bigyharm
radiatelemetry-Albarta). Ofher sheap and goat
managemeni-related deaths of which | am aware
inchrdo Spencer Lindarmian and his pliot (ed-wing
goat survey-Alaska) and the deaths of 10 others
angaged in aerml searches for missng biclogists.
These 20 deaths (and perhaps others) have taken
place during the las! 24 years. To be coldly

mathamatical, these data ostablish an average
death rate associated with aerial counting of sheep
and goats of 1 human life every 14 .4 months. The
hazand of fiying near mountaing i further illustrated
by the even greatar number of deaths among
guides and huniers who also use aircraft lo search
the mountaing for sheep and goals.

In contrast to aeral survey, the integrated
program i less harardous and roquires scant
operational funding bat lavish expenditure of time.
if professional managers were to spend the
requisite amount of ime on the ground with sheap,
salary costs could excead those of fied-wing
surwys, and porhmps approach those of helicopter
use, However, | have had success Bmiting salary
expenditures through the use of voluntears in
caplure operations and ground-based data
gathering. There have been minor injuties
associted with sheep capture, but the human (and
scaly cosis of ground-based methodology have
been insignificant compared with aenal efforts
Some asifal suney s enavoddabia in the integrated
program, but the quality of information and the
reduction in time spent al risk while fiving in the
mountaing increases the benefits associated with
the calculated nsks of the required aeral counting
lo i acceptable levela
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UTILITY OF SUMMER FIXED-WING AERIAL SURVEYS IN PREDICTING LAMB:EWE
RATIOS OBSERVED ON WINTER RANGE

LYNN R. IRBY, Biology Department, Montana State Universty, Bozaman, MT 53717

Abstract: | investigatad the eficacy of using had-wing aireraft to survey sheep during the summers of 1984
- 1980 in southwestern Mantana. The area surveysd served as summar range for 150-300 sheep which
opccupied al least 3 distinct winter ranges, Observations on 9 summer surveys were used o caloulate
lamib;ewe ratios for individual winter ranges and an overall lamb;ewe ratic, These values were compared
to lamb.ewe ratios developed from winter ground surveys for indhvidual winter ranges and for all wintar
ranges combined. Even with moderately detailed information on summar distribution fram radio telemelry
studies, the information | collectad in summer did not adequately predict sheep numbers or lambiewe ratios
on wintar ranges following the surmmer aenal surveys. Tha funds | spant on these surveys could have been

betier spent on other activities.

Managers of bighom sheep (Oviz canadensis)
papulations tradiionally have relied on lamboewe
ratios ta forecast population trends andfor retative
herd health (Geist 1971). Jorgenson (1882) and
Festa-Bianchet (1082) suggest thal lamb-ews ratios
have lmited predicthee wlility, but this index may be
the only readily altainable value for assessing the
stalus of some herds. In the norhemn Rocky
Mountains, shesp ftend to congregale an
pradictable wintering areas whera the ages and
sexes of sheep can be ascortained relathely easily.
I lower than “nomal® lambewe ratios indicate
potential probdems, most managers would prefer to
know thiz before winler. In areas with low density
sheap hards deparsed over inaccéssible terrain,
options for summear monitorng are  limited to
pariodic ground sampling, helicopter surveys, or
fxed-wing surveys. The fied-wing survey would be
the mosi desirable of these oplions from the
standpoint of manhours and rental costs i viakd
estimates of iIamb production could be made.

| tested the efficecy of using lamb 1o ewe ratios
derived from sheep classified on fxed-wing
summer flights as predictors of winter lambiowe
raties for several herds in the upper Yellowstone
River Valley of Moplana, These herds include
shesp wintenng along the Yellowslone River al
Cinnabar Mountain (CM) and Point of Racks (PR)
and small bands wintering at high (2000-3000 m)
slevatons in the Gallatin Range above an aroa
known as the Tom Miner Basin (TM), Thess winter
ranges ane used by shaep which summer over an
area of approximately 400 km®  The total

al

population wihin this ama differed from
approxdmately 150-300 indhiduals during 1984-50.
The tesks involved varants of the null kypothesss of
“no reiationship between summer and wintes
lamboewe raios” for bands associalod with specific
winter ranges and for all winter ranges combined.

Funding for Mighls was provided by the Boone
and Crockett Club and the Montana Department of
Fesh, Wiidife, and Parks. Ground sunsay dala ware
oallecied by @ number of people including: K. All 5
Geymer, T. Lemke, J. Swenson, and the
paricipants in the annual inferagency sheep count.
Thank you.

METHODS

Summer movement patterns for ewe bands in
the upper Yallowstone ares were dentified using
radio telematry in 1978-84 (Keating 1982, Irty ot al
1986), From 1984 - 1980, 9 summer flights wana
made in July or Augusi lo classify shoeep n
summarning areas idenfified wia radio telemetry.
One flight per summer was scheduled for 5 of the
years and 2 fights per year were made in 1985 and
1888, During sach flight, a Piper Supercub was
flown af the lowest eélevabons parmited by wind
condtions on the day of the fight. The pilot and the
obsaver atlempled to classify all sheep sighted
(lambs, ewes, males with less than 3M-curl homns,
males with *3M4-curl horms). Sheep thalt were
ientified as females and lambs wers used io
calculale lambewe ratios.



Lambowe ratios for summer areas used by
sheep from specific winter ranges were companed
to lambowe ratios oblained the following winter
using paired t-lests (Hono difference between
summer and winter lambewe ratios for specific
herds and for all herds in the area) and regression
analysis (H,: no predictive relationship batween
lambewe rafios absensed in summar and thossa
obsarved in winler for specific hards and for all
herds). A 2-factor regression anakysis [(wintar
lambiowe ralics = mean + summer range
lamboawe matio affect + the alfed of summear
sample size [indexed as the minimum numbeas of
individual ewes obaarved in summer divided by the
minimurm number of indvidual ewes observed in
winter multipted by 100] + emor) was used fo
delerming il predictabslity was influenced by the
sample size used (o calculate summer lamboewe
ralios, Summer ralios frequently were based on
amaller sample sires than thoss ablainad in winter
bacause of the dispersed distribution of sheep n
summes. All stalstical tests were run on MSUSTAT
(Lured 19639),

High variability associaled with ratios calculated
from small samples can abscure gonaral trands;
therefore, | placed lambiewe ratios in general
producinvity classes [ 0-30% = poor production; 30-
S0% fair production; »50% = good production) and
comparad summisr and winter classifications.

RESULTS

Mine fights yielded total counts of 31-127 shosp
(Table 1). These values inclieded 25-88% of the
lotal number ol ewes on which overall winter
lamboewe ratos were based. The pamed fghts in
1885 and 1889 were used to develop a combined
"best” esimate (ncluding groups missed in one
Tigght bul s&an in the other) for tests (Fig. 1).

Faired {-tesis (using the single "best” estimates
for 1885 and 1983) ndicated thal lamboewe ratios
i surmmer tended 1o e higher than i winber, bul
no differances were significant at P < 0.05 (CM: 1=
178, P=013 TM t=2.18, P = 0.10; PR: 1= 0.48,
P =064 Overall: 1 =184 P=010),

The valuge of summer lamboawe mbos m
predicting wanter Iamb:ewe ratios was low for CM
(R"=0.00. F = 0.55), TM (R* = 0.01, P = 0.85), PR
{R* =018, P = 0.37). and overall (R = 028, P =
0.22). Adjusting the regresshon for the number of
awes il were used to calculate summear lamb fo
ewe ralios via a 2-factor regression did not improve
the predictive values of modets (R range = 0.14 to
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0.38; P range = 0.38 to 0.80). There was also no
predictive refationship between total number of
sheep sighted on summer aeral surveys and the
minimum population estimates based on ground
obzarvations the following winler (R* range = 0,03
to 0.15; P range = 0.37 1o D.73).

Whaen production based on lambiowe ralios
was arbiraly classiied as poor, medium, or good,
summaer  classifications  agreed  with  winter
classifications in 3 of & years for the CM herd, 1 of
5 vears for the TM herd, 4 of 7 years for the PR
hard, and 4 of 7 years for all herds combined.

DISCUSSION

Low inlensty aeral surveys during mid summer
using fived-wing aircraft did not prove to be an
accurate means of predicting lambiéwa ratios
during the fallowing winter far bighorm herds in the
upper Yellowstone River valley. The (ailure
presumably was due to inadequate sample sizes,
Sheep on summer ranges in thes area ane wedaly
disparsed al low densies and do nol hasitate o
s fimibstred habdtat types. Whan thase Iciors ans
combined wilth high winds that preclude low
elevation searches in many aneas, results tend fo
be poor. Knowledge on distribution of sheep
gained from radio telemetry studies helped identify
search areas but did not insure consistont sighting
of sheep.

Biological uses of the data collected during
surnmer aeral sureys during 1984-90 were limiled
The data suggest that poor recruitment in bigham
herds in the upper Yellowsions area was nol dus 1o
farmb mortality In lale summor or cary aulumn.
Winter lambxews ratios tended to be lower than mid
summer ralies, bl differences wene inconsaslend
and oo small to explain the low proportien of adult
ewes that brought lambs to wintor ranges.

Lamb’ews raos on winter ranges in the study
area during the 1870's were generally high (Koating
1962) mdicating that these sheep ranges were
capable of sustaining higher productivity  Several
factors that were prevalent in the upper Yellowsions
area during the 1980°% have been reporied in the
Merature (Woodgerd 18684, Stellox 1876, Lawson
and Johnsan 1982, Festa-Bianchel 1988, Dunbar
1892) as owplanations for a paftern of low
lamb:ewe ratios by mid summer. Duning the
1880, the age stuciure of females became
progressively. skewed owards old ewes; drought,
fires, and high elk (Cenvus elaphus) numbers could
have contributed to nutritional stress: biood and
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Figure 1. Summaer and winter lamb to ewe ratios for Cinnabar Mountain, Tom Miner Basin, Point of Rocks,
and all hards combined, 1984 - 1890,



Table 1. Summaer and winter counts used to develop lamb:ewe (L:E) ratios,

Summer

Sunvey Date Ewe Lamb  Total LiEE Ewie Lamb  Todal LE

Cinnabar Mountain (Cii)
10 July B4 T i 13 57T 40 a Fii 20
18 July 85 T 1] 15 o 44 18 83 41
18 August 85 B 4 b | &7 i44 18 83 41
21 July BE b | B 38 26 A6 15 & 33
28 July 87 23 d 27 17 47 1] a0 18
19 July &8 7E 10 32 45 a4 17 a9 39
2 July &8 i | 47 13
27 July 88 30 i a7 13
15 duly 90 16 3 a0 18 34 ] B0 2]

Tom Miner (TM)
10 July &4 3 3 1@ 100 &1 5 47 24
18 Jduly 14 7 258 50 75 T 54 27
18 August 85 ] i 7T 1] 28 Fi 54 27
21 July 86 a5 T 57 20 28 6 45 21
28 July 87 4] 3 12 60 ar 18 649 a5
19 July B8 Z3 13 35 58 9 £ 15 22
26 July 88 L] 1] 15 1]
27 July 88 21 2 35 id
15 July 80 i1 T 21 G4

Point of Rocks (PR)
10 July B4 3 3 14 el 10 B 27 BO
18 July BS 0 o 36 15 5 30 Kk
18 August B85 22 10 i 4% 15 5 30 33
21 July BE 11 & 27 &5 14 & 32 43
28 July 87 12 a & Fi 3 £ 12 iTH
19 July BB 18 1 19 ] 4 3 13 75
26 July 89 10 4] 16 i) B i) 18 0
27 July BB 2 1 g 1] g 1] 18 Q
15 July 80 23 8 31 35 1 a &2

TOTAL
10 Juily B4 15 10 a7 B7 rd | 21 145 k! i
19 July 85 A T 4 13 A5 30 167 a5
18 August B5 28 14 g2 &0 a5 30 167 s
21 July B8 Tr 21 127 27 Ba 27 170 k§ |
28 Juty &7 410 16 &1 410 ar 28 161 33
18 July 88 63 24 a7 38 57 22 m7 39
26 July B8 16 ] M [¥] a8 4 G5 10
27 July 89 3 3 43 13 38 4 85 0
15 July 80 50 18 74 36 45 B B2 11




fecal samples indicated chronio disease and
parasite infections in the population (Worley, D,
Montana Department of Fish, Wildlife, and Parks,
pers. comm.) and falling prices for coyole (Canfs
lfatrans) pelts and reskricions on lion (Felis
concolar) hunting could have resulled in increased
predation. The fed-wing sunveys provided no
insight info which, I any, of these factars were
important,

In surnmiary, unless you are flying for the thrill of
low level mountain flying, save your money, Fixed-
wing aircraft were not an effective means of
sampling dspedsed sheep populabons in soulhwest
Montana during summar, avan when we had much
more detailed information on summer distribution
than s availlable for most sheep hends
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A METHOD USED FOR ESTIMATING MOUNTAIN GOAT NUMBERS IN THE
BABINE MOUNTAINS RECREATION AREA, BRITISH COLUMBIA

DEBORAH B. CICHOWSKI, BC Parks, Bag 5000, Smithars, B.C., V0J 2N0
DEERA HAAS, BC Parks, Bag 5000, Smithars, B.C., V0J 2N0
GEORGE SCHULTZE, BC Environment, Bag S000. Emithers, 8.C., VOJ 2N0

Abstract A mark-fecaplure method was used fo estimate the mountain goal population size in the Babine
Mounitains Recreation Area in northwest Briish Columbia. Mountain geats were marked using a Rebel 80
paini-ball gun fired from a helicopter. Marks on indhadual goats ranged from single hits (o flanks marked
by brushing against rocks that were hit with paint balls. A total of 28 goats was marked. The study area
was sunveyed 1 week after marking and poputation size was esfimated wsing the Peterson mark-recaplurs
esiimate, Assumplions of the Peterson estimate with respect to this technique are discussed,

Mountain goats (Oreamnos americanus) are
most often associated with high elevation open
habitat such as alpine meadows, grassy lalus
slopes, cliffs and rocky ridges (Banfeld 1974)
Consequantly, mountain goal inventories typically
consist of censusing goats seen in those open
habitats (Hatler and Hazetwood 1885, van Drim-
melen 1985, Banchaello ot al. 1989). However,
some individiaks use forested or partially forested
habitats (Joslin 1986a, van de Wetering 1989) and
are not counted during census of open termain,
Because the entire population is not censused, a
minimum population size is ohtained,

Correction factors have bean used widely for
wildlife population estrmales to correct for animals
not seen during surveys (Smith and Boves 1584,
Gasaway #l al. 1988, Jones 15388, Seip 1590)
based on bolh qualtatve and quankitative
infermation. An intultve estimate of the proportion
of the population not seen (8 best guess) is often
used when mformation for more gquanbiaive
spproaches & lacking (Jones 1888). Quanbtative
cofrection factors vary depending on the type of
survey being conductad. In Alaska, a sightability
cormecton factar for stratified random block moose
(Alces alces) sunieys was developed based on
intensively resurveying a portion of several blocks
(Gasaway el al. 1988). Mark-recaplure esiimales,
based on the propordion of marked animals seen
during sunveys, are also often used to correct for

anirmals not seen during surveys (3mith and Boves
1984, Seip 1990).

For the mark-recapiuie lechnague, animals may
Iba marked with radiocollars, visual collars, eartags,
jpaint or any other marks that are vaible durng
fufure sunneys. Marking animals with radiocoliars is
desirable since all radio-collared animals can be
Incated, whether they are within or oulside the
survey area, and the proportion of marked animals
in the survey aréa can be delermined. Radio-
collared goats have been used for goat invenltones
in southeasiermn Alaska (Smith and Boves 1984)
and Montana (Joslin 1986a). However, & sample of
radio-collared animaks s expensive lo oblain,
Marking animals with paint or dye = a less
expensive method for obiaining a marked sample.
Aeral application of dye has been used on
mountain goats in Alaska (Nichols 1880), Dall
sheep (Ovis galii dall) in the Northwest Termtones
(Simmons 1971), and canbou (Rangifer farandus)
and mooass in Newfoundiand (Mercer & al, 1989).

For the Babine Mountains Rocreabon Arca
mountain goat inventory, we invostiigaled a
technigue for marking goats with paint, using a
paint-ball gun fired from a helicoplar. The
technique had been tested on moose in cenlral
BErifish Columbia, but marks were too small o be
conspicuous dudng surveys (M Langin, pers
comim,), Mo olhar allempl al ussg a pamt-ball gun
for marking ungulates was found,



Because Terry’ Bme by helicopter from Smithers
{o the Babine Mowntains Recreation Area was only
5 minufes, the area was ideal for economically
testing the marking technigue on mouniain goats.
Thiz papar oulfines the technigues used o mark
mourdain gosts and the mesuling population
sesimate for the Babine Mountains Recreation Anea.

The abjectives of the project wera:
. To test s method Tor marking mountain goats
ustng & pamt=ball gun fired from & hekoopler
To determine the size of the mouniamn goat
population in the Babine Mountains Recreation
Area using the Peterson mark-recapture
estimate.

The survey was conducted by BC Parks in co-
operation with BC Environment, Fish and Wildlhife
Branch. Funding for the mouniain goat inventory
was provided by BC Parks. George 3chultze
operated the paint gun durng the marking
expodifon. Tom Brooks (Canadian Helicoplers)
piloted the helicopbar for the marking expedition and
the surveys. Dave Cidani kindly loaned us his paint-
ball gun to mark the goals. Rick Marshall, Hub
Langin, Dargl Hebert, Jean Carey, Dale Swip, and
Dawe Hatler provided advice on our marking
technique and sufvey design. Kent Jingfors and lan
Hatter prondded comments an an earlier draft of the
manuscaipl.

STUDY AREA

The Bablne Moumaing Fecrealon Ares m
lncated in nodfnweestem B.C., 18 km northeast of
Smithers (Fig.1). K covers 32400 ha of the
soulthern Babine Ranges in the South Skeena
Mountsing Ecosecthon (Demarchi 1883}, The
Recreation Area consists of primarily Alpine Tundra
(AT} and Engelmann Spruce-Subalpine Fir (ES5F)
bicgeochmabc zones, and the mountaing rise up o
2400 m from the Babine-Stuart Plateau o the easi,
and the Nechako Plateau to the south and west
(BC Parks 1881). Vegetation in the ESSF zona
consists prmarly of subalpine fir  (Abios
lasfocarpa), Engelmann  spruce  (Plcea
engeimanm), black huckiehery | Vaccinium
membranaceurn) and false azalea (Menziesia
ferruginea), The AT rone ks characlerized by

=)

krummholz and alpine serub at lower slsvations
and herb meadows, dry alpine communibies, grass
slopes, exposed rocky slopes and glaciers at highar
elevations, A forested valley (Harold Price Creek
and north Reiseler Creek drainages) separates the
southem Babine Mountains from the northemn
Babine Mountains which [ north of the Recreation
Area. For survey purposes, the Recreabon Area
was divided into 2 zones separaled by the Driftwood
and Cronin Cresk drainages.

METHODS

Marking Technigue

Goats were marked in the Babine Mountains
Recreation Area bebwean 0700 and 1000 on June
16, 1981, 1 week pror fo the survey. A Bell 206
helicopler was used to locale and mark goats in
alpine and parfially forested areas throughoul the
Recreation Area. Single goats and ndividuals
within groups were fargeted. Marking was
vonducted by finng oil-based, Nelson "007" paint
balls (The Melson Paint Company, 48 |ndusirial
Park Cros., Saulte Ste. Marle, Oni., PGB SP2} from
a pump-action, Rebel 90 paint-ball gun (Rebel 20
paint-ball gun based an Nelson paint gun design),
from the helicopter. The paint-ball gun was
powered by a 200 gm (7 oz) CO, tank and firing
vlocily was sel &l approdately 140 misec. Goats
were marked sither by a direct hil with red or
arange paint balls, or by brushing againsl nearby
racks thal had been hit by paint balls. Each group
was sxamined mmedialely afler marking o
determing the number of goals marked and the
marking patterns on each animal,

Survey Technigue

The Racreation Area was divided inlo 2 rones
for sunseving (Fig.1). Zone 1 was censused haice
(July 22 and 24) and Zone 2 was censused once
(July 231, Each zone was surveyed between 0630
and 1100 to minimize missing animals which
moved below treeling dunng the heat of the day
(Nichols 1880). All open and somi-open areas
wore searched, Surveys wire conducied by Boll
206 halicopter with 3 obsarnvers, using the mathod
described by van Dammelen (1985). Locabons of
groups were plotied onto a 1:50 000 mapsheet and
indeddual goats were classified as adull makes,



adult females, yearings or kids. Classification was
based on pelage and marphological characteristics,
and presence or absence of a vulval patch (Hatler
and Hazebwood 1985 van Drimmelen 1885, Smith
1988).

Populstion Estimation Using the Peterson Mark-
recapiure Estimate

The size of the mouniain goat populabion in the
Babine Mountains Recreation Area was estimated
using the Chapman estmator of the Polerson
mark-recapiure esimate (Sobor 1982).

M = {n+ ]]m & j] =1
(m+ 1)

whaore:
M = tofal number of goats in the population
n = number of goats counted during the sunmey
M = number of goats marked
m = number of marked goats counbed during the

SUMVey

and an approximately unbiased estimate of the
VAMANCE 5.
Var (N) = (M=1}{n+*1){M-m}{n-m)
(rm+1Y(m+2)

A 95% confidence interval for the esBimate was
calculaled as:
M £ 1.96 x (Var[N])**

Assumplions associated with the Petersan
mark-recaplure estimate that must be satisfied by
the marking and survey techniques for the
population estmate to be valid are addressed in the
discussion

RESULTS

Marking

Alotal of 28 goats (26 adults, 2 yearlings) from
& groups was marked in 2.3 hours of helicoptor
time, for a marking rate of 1 goat / 5 minutes of
helicopter Eme (Table 1, Fig.1). HeBicopter ime
included Tarry’ time betwean groups and ‘fery’ time
to and from the study area, Marks on individuals
included mingle hits, mulliple hits, and flanks
brushed agains! rocks that wore hit with paint balls
{Fig 2). Accuracy was greatest when the halicopter
was 20-40 m away fram the goats, and when the

]

halicopter was positioned directly beside and at the
same level as the goats. Paint balls fired at goats
abova, balow, in frant, of behind the helicoptar werne
deflacied by ‘prop wash®,

Survey

The weather durning all 3 days of the survey was
sunmny or slightly overcast. Table 2 summarizes the
number of geals counted during the surveys. Only
& marked animaks were observed in Zone 1 on July
22, out of @ possible 13 that were marked in that
zane, Wa bolieved that we missed seeing some
marks on goats in larger groups duo o
inaxpafence of some obsanvers with the surey
procedure, Therefore, we resunveyed Zone 1 on
July 24,

Data for Zone 1 from July 24, and foar Lone 2
from July 23 were combined io eskmate the lotal
populalion sire (Table 2).  Using the unbimsed
estimator, the summer populabion size was
estimated at 283 £ 64 (95% CL) and the adult and
yearling population was estimated at 253 £ 53 (85%
CL).

Mot goats wore counted in Zona 1 on July 22
than on July 24 (Table 2). Data for Zone 1 from
July 22 and for Zone 2 from July 23 were combined
for &8 minimum population size of 236 goats. Zone
£ contained proporBonally more males  and
yearlings and fewer fomales and kids than Zone 1,
bast, the ratio of kids: 100 females was consistent Tor
both rones and for both days of surveys in Zone 1,
and averaged 345 kids100 females (Table 3).
The age/sex ratio of goats marked (7 adult males:
18 adult females: 2 yeadings) did nol differ from the
age/sex ratio of goats counted during the survey (51
adult males: 95 adull females: 16 yearkngs)
(X*=0,86, p<0.05),

DISCUSSION

Marking Technique

Marking mountain goats with a paini-ball gun
from a heficopier was an effective and cost-efficiant
method for marking goats for shof-lerm purpases.
As the shooter and pilot became mara familiar with
the behaviour of the paint balls in the 'prop wash®,
marking success and efficency increased, Marking
frequency of 0.2 goats/minute was lower than the
marking frequency of 1.1 canbow/mibnule in



Table 1. Summary of goats marked with paint in the Babine Mountains Recreation Area, July 18,
1991.

f.‘-mu.p No.goats
Mo, in group Sex Location of mark
1 40-50 Female :
Female
Female -
Female Top front shoulder
Femala Laft rump
Femala Laft neck
s A0-50 Femala Laft flank
Famala Laft shouldar
4 & Mala Left shoulderineck
Male Head
Mtabi Haad
Male Lot shoulder and side
Mals Head, head, left Aank
4 10-15 Famale Right rump
Femala Right side
Female Right side
Female Right side
Female Left side
Female Left side
3 8-10 Female Top shoulders
Famaba Laft neck
Femiala Left nisck
Male Lasf rizck
Femala Laf rump
6 B Mala Left shouldenupper leg
flal Right shoulderfupper leg
r 2 Female Back, left frant leg
8 1 Male Rt shoulder

; qu numbers cormespond fo numbered lecations in Fig. 1.
“ lecation of marks on the first three goats was not recorded

Table 2. Total number of goats counted during helicoptar surveys in the Babine Mountains
Recreation Area, July 22-24, 1991.

Marked Adult Adult
Zone Dhate (poats Seen rriabias females Wrigs Kids Total
1 2207 mE 5] 14 BO 8 28 130
2 2300781 g 35 47 14 14 106
1 2407 m 10 15 o3 2 18 a8
241 23+24 18 51 65 iB 33 195
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Table 3. Agelsex class percentages and ratios of goats counted during helicopter surveys in the
Babine Mountains Recreation Area, July 22-24, 1831,
B %
Aciull Adult T b Kids:

Zone  Dale males fermnales Yearlings Kids Tatal 100 famales

1 22107 108 615 6.2 215 130 350

2 2307491 340 39.6 132 13.2 106 333

1 240781 16.8 1 X 21 213 BY a5g

¢ 2+ dd 4 i ] 5.7 84 i7.8 238 344

£2+1 23424 26.F 487 B2 16.8 185 4.7

Mewfoundiand using a paint spray apparatus
(Mercer et al. 1989). However, the density of
canbou (4.7 canboukm’) was greater and the size
of the study area [20 km”) was smaller than for the
Babine Mountains goat population (0.8 geatskm’,
324 ko), which Bkely contributed to higher marking
efficiency. Marking efficiency of the paint ball
fechnigue on the Babine Mountains goat population
wias comparable to the paint spray technigue (0,15
canbouminute) on carbou in Newfoundland when
ihe density of unmarked caribou dropped o 1.0
carboukm’,

Red and orange painl marks were highly
vizible an both smooth and shaggy animals during
surveys: however, both sides of aach goat had to be
obearved sincs individuals may have had marks on
aither sde. In large groups (=20 goats), both sides
of indnidual goats wers sametimes difficult to
observe. Conseguently, moré fime was spent
laoking far marks than would have been i all
indhaduals had been marked an the same side
Filtura aftempts 1o mark mountain goats with paint
balls should focus on marking all indviduals on the
same side to increase survey efficency.

Paterson Mark-recapture Estimate

The population estmale based on  the
Paterson mark-recaplure equation must satisty a
number of assumpbons in arder for the astimate (6
ba valid (Krebs 1989)

Assumplion 1: The population & closed.

The population is closed if no  natality,
morality, immigration of emigration occurs bebween
marking and recapturé. Becauss the Recrealion
Area 5 fanked by low elevabion plateaus lo the
wasl, south and east, and is separaled Irom the

norfhern Babine Range by a forested wvalley,

immigrabon and emigration dunng the week
between marking and the survey likely did not
occur, Also, since most kids are born by mid-June
(Banfield 1874), natality was negligibde. No kids
less than 1 week of age were observed during the
SNy,

Although mortalty was more difficult to assess,
no evidence of recent goat morality was cbserved
during the intensive survey, Because the infenal
between marking and recapture was short, soma
evidence of mortalty should have been observed
had maortality occurred. Kid mortality during the
marking and survey periad for the present survey
was lkely neghigible. No kid moraliies were
reparted (6F & sample of radic-collaned Kids in wasd
central Alberta priof ta August 18 (Smith et al
1992), or for kids associaled with radio-collased
female goats in Montana prior to July 28 (Joslin
1986h)

Assumplion 2: All animals have the same chance
of being marked,

During the marking expedition, individual goals
{males and females) and goats in groups were
targeied throughout the Recreation Area in alpine
and subalpine parkiand habitat. Also, the agelse
rabla af mafked goats did net differ (fom the agaises
ratio af goats counted during the sunvey, indicating
that the marked sample represented the
populaton.

Although kids were not marked, the population
estimate derived from the yearing and adult
populaton and factorng in the proporion of kids
(283) was Ihe same as the population esbmale

including kids.

Assumplion 3: Marking individuals does nol affect
ihair catchabiliby.
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Marking individuals must nof predispose them
o being more or less detectable than unmarked
animals. For example, in this case, because the
goals were marked from a helicopler, the marked
goats may have been more prone than unmarked
goats (o hiding when they heard the helicopter
coming during the survey. To les! for equal
calchabilty, & minimum of 3 recaplure or survey
sossions B required (Krebs 19889), Becausa the
study ares was surveyed only once, we were
unabie to lesl this assumpbion, However, bacause
the whole survey area was searched intensvely,
{.2. a iotal count rather than a sample cound), bias
associated with not seeing marked animals was
minimezed.

Fewer goals were seen dwing the second
survey of Zone 1 than during the first. Factors
which may have contribuled o the decroase in
number of goals seen include avoidance or hiding
from the helicopter due 1o exposure to the
helicopter during the first survay, and weather
conditions. If unmarked goats hid from the
halicopter bacause thay were exposed fo it during
the first survay, then marked goats would have
hkely avoided the helicopter even maore, A amaller
proporon of marked goals than unmarked goats
observed during the second survey would have
bean sxpecied. However, more marked goals were
seen durnng the second survey. Because we
atirnibuted that increase to not seeing all marks
during the first survey, we assumed that the
maximum possible number of goats present in
Zone 1 during the first survey was eguivalent o the
number of goats marked in thal zone (13). No
difference was deiecied between the ratio of
marked goats (10/13) and the ratio of lotal goats
(89/130) saen during the first and second surveys
respoctivaly (=040, p=0.05), suggesting that tha
decrease in lotal goats sean was proportional o the
decrease i marked goats sean, snd likely did not
affect the population esimate,

Waeather conditions may have also affecied
goat disinbufion. The firs! survey of Zone 1 was
canducled on a sunny day ollowing several days of
cloudy and rainy condiions. The second surney of
Zone 1 was conduclted on a sunny day following
two sunny days. Fox (1877) observed that goats
moved more immediaiely following rainy weather
than during clear weather. For the Babine
KMountaies goat survey, goats may have baen mone
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wvisible while moving during the first survey of Zone
1 than during the sacond survey

Assumption 4. Mo marks are lost between marking
and recapture.

Becouse the paint used was oil-based, and
because the interval between marking and
recapture was shor il & reasonable 1o assume that
all marks were retained. Also, losses due io
maortality werns unikely (see Assumiplion 1).

Assumplion 3: Al marks encountered dunng the
survey ara mcorded,

Due (o the inexpanence of some observens with
the survey procedure, we believed thal this
assumplion was violated during the first survey of
Zong 1. Mol all goals in large groups were
observed from both sides so the area was
resurveyed, All goats were observed from both
sides in Zone 2 on, and during the resurvey of
Z2one 1. Marking goats on only one side would
increase survey efficlency and reduce bias
associated with nol salisfying this assumplion.

Overall, the marking and survey techniques
umad to estimale the Babine Mouniaines Recreation
Brea goal populstion were elfecive in satmfying the
assumpbons of mark-recaplure estimates, The
survey technique was weakest in salistying equal
catchability. However, because there did not
appear o be any movement bebween the two zones
in the Babine Mountaine Recreation Area, equal
catchability may be tesied cconomically in fulure
sunveys by resunveying one of the zones 3 times

Population Estimate

Tha Babine Mounimine Recreaion Ares
mountain goatl population was estimaled al 283 £
64 (5% CL). Dunng a survay in 1985 the
populabon was estimaled sl 2489 goals [van
Drimmalen 1985); howevear, thal estimate was not
cerrected for animals not seen duning the survey.
During the presant survey, a total of 236 goats ware
counted on Day 1 and Day 2, withou! correching for
animals nol seen, The 1385 estmals =
comparable to the 1881 minimum populabion count
and lies within the 85% confidence Emits of the
population estimate. The population appears to
have remained stable between 1985 and 1991



MANAGEMENT RECOMMENDATIONS

The markng and survey techniques used o
esfimala the mountain goat population in the
Babine Mountaing Recrealion Area were cost
effective and generally salisfied the assumplions
associated with mark-recaplure estmates, We fes!
this procedure could be used for delermining
raliable estmates of other mountain goat
populations,

Survey efficlency and reliabilty could be
increased by marking geats on only one side of the
animal, tesling for equal calchabdity by resunveying
8 portion of the survey area 3 times; or marking
goats from different zones with different coloured
paints to idenbfy movements befween zones.
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A STANDARDIZED TECHNIQUE FOR HELICOPTER SURVEYS OF BIGHORN SHEEP

WALTER L BODIE, Idaha Department of Fish and Game, 3101 5. Powerline Road, Nampa, 1D 83686
LLOYD E. OLDENBURG, ldaha Department of Fish and Gama, 600 5. Walnut St Boise, 10 83702

Abstract: Helicopiar surveys are used commonly 1o provide population indices and 1o daterming the distribution
of bighom sheep (Ovis canadensis) in idaho. Surveys, however often differ in methodaology. creating prablams
in comparisons and interprafation of data, Wo present a mathodology that standardizes helicopler sursay
techmiques and data collection procedures, and uses a sighlability model fo comect for visibility bias inherent
in hebcopler surveys for bighoms. Dur lechoigue provides estimates of tolal population and herd composifion
with known levels of precision, We present survey data for 4 populations of California bighorn sheep (Oviz
canadensis calforniana). The model caloulated 90% Cls of +18% for population number and parameler

asimales.

Accurate and preciss estimates of populations of
ungulates have beon eluskhe goals for wildlife
biologists (Cauvghley 1874, 1877, LeResche and
Raisch 1974, Pollack and Kendall 1287, Samus al
al. 1887) and specifically for mountain sheep (Bodia
ol al. 1980, McDonald et al. 1800, , Neal ot al. 1894)
Highly variable populalion frend and herd composition
data collected during mountain sheep aedal surveys
can creale difficulty in  assessing  population
parformance (Bleich of al. 1880, Bodie of al. 1985,
Meal et al. 1504}

In the: past, idaho Department of Fish and Game
(IDFG) wildiife managers and binlogists conducied
independent aerdal frend surveys with little
coordination between individuals. Population trend
survey methods and dala collection lechngues wors
basad on the survey sUpoMSars past expantioncs in
conducting aerial surveys lor other large ungulates,
primarily mule deer (Qdocolleus hemionus) and alk
{Ceorvus elaphus). The [Rerature provided litle
assitance in designing bighom trend surveys.

IDFG and U. 5. Bureau of Land Management
[BLM) biolagists and managers were cancermned that
awrial trend surveys of California bighom sheep were
nat providing sufficient informabion o infensvaly
manege @ sansive and limiled wildife resource
Increased demand for bighermn hanest and livestock
grazng opportunies, wilderness designation for
portions of the Calorma bighomn range, a proposed
U. 5. Air Force tachical electronic bombing range
adjacent to & major California bigharn range, and a
subsnic and supearsoniz Military Oparating Ares over
maost of the Califormia bighom habiat in [daho creatod
# need for more accurale population estimates.

&

The IDFG and BLM funded a research project,
Federal Ald in Wildlife Restoration, Project W-160-R-
18, to determine the varables affecting visibility bias
dunng California baghorm shesp helicopter surveys
(Bodie et al. 1995), Our objective was to use the
results of these and other studies to develop a
standardired method for bighom surveys that would
provide cost efficient, relable estimales of population
numbers and performance, and detect 8 change in
population of + 20%.

METHODS

Wae conducted a Merature roview of studies of
population estmation fechniques and evaluated these
for relevancy to idaho condiions and the needs of our
California bighorm management program. A method
was salected and implemented in 1992 for California
bighom populations in idaho. The solecied method
was then used fo esimate population numbers and
herd compaddion parameters of 4 California bighom
populations in southwestam ldaho.

Standardized Survey Mathods

Surveys were flown in June since avarage group
sizes were large, most lambdng was completed, and
ewes and lambs had already formed nursery groups
reducing the potential to disrup! lambing actvilies
(Bodie et al. 1995) Ramd used opan flats and slopes
at the upper edge of canyans wherd gréan-up was
oocuming and sighitability was high. Ewes and lambs
ran less, were In or near escape cover, and the lambs
were oul of the Iying-in-seclusion phase and moving

-
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with the ewes. Sightabilty In the escape cover
habaats was low and since ewes and lambs ran less,
avoidance of the survey was minimized resulling in
relatively precise estimates (Bodie of al. 1685),

Most bighom habitats in daho are characternized
by steep, rugged terrain, with limited human access.
These factors preclude the use of ground or fixed-
wing aircraft surveys. Helicopter survey was selected
because i provides a lime and cost- effichent survey
tool, while allowing a more intensive cbeervalion of
the survey area than possible during feed-wing
surveys (Bleich at al. 1580).

Sample Design

The survey area was divided inlo sampling
subunits (6 to 12 km®). Results from previous surveys
provided information an how sheap responded to the
halicoptar. This information was used to dosign
sunvey routes thal moved sheep into habitats with
higher wisibility. Bighoms react 1o holcoplor
disturbance by moving karge distances during and
after helicopler surveys (Bleich et al. 1990, Bodie el
al, 1885), Large movements during sunveys and our
inability o predict subunit densities violate two of the
assumphons. of random or siratified random sampling
(Bodie et al. 1995) and suggest thal thess sampling
dasigns ane not sultable for Bsghom sunveys. Our
procedure was, therefora. 1o sunsey oll sampling
subunils, The helicopler crew was Instrucied 1o
include marginal areas with widely scattered groups
of sheep since the population eslimate was only valid
for the area surveyed,

Survey Procedures

Flight paths were designed to consider the
reaction of sheep to halicoptar caused disturbanca.
In some cases bighorns could be “pushed” 1o the
edge ol bighom habitat where observability was
higher.

A Boll Jot Ranger 1 haBooptar with two rained
and expefienced observers was flown at 35 fo 45
krrvtr at 30 1o 60 m agl on 100 m verically saparated
contours, systematically over the antire survey area.
The doors nearest the observers were removed 1o
increase visibility. A sunvey segment was slarted at
dramage bottom and progressed up slope unlil &
plateau or ridge top was reached. Survey segments
were small, <1 km in longth. Larger segments
adlowed these highly mobile animals to move greater
distances croating difficulty in defermining if a group
had bean counted, Survey segments used borders
that were readily Identified from the canyon boftoms
and lrom the plateau, Plateaus were fiown at 200 m
Intenvals to a minimum of 1,000 m from the canyon

rims. Survey flights were nol conducted when wind
spead exceeded 25 kmihr or rain decreased visibility.

Dala ware recorded on a standard survey form
using the instructions given in Appendix & and the
localions mapped. The latifude and longitude were
recarded from a ship-board Global Posiioning
Senice (GPS) recaiver.

The bighom classification system described by
Geist (1871} was modified to reflect differences in
horm growth patterns of local bighom populalions,
difficulties in identification of sheap by the halicopter
crew, harves! regulations for rams, and because the
June surveys occur during the middle of the yoarly
growth peripd. Sheep were classified as ewes,
lambs, legal, and sub-legal rams

Sightability Model

Twio techniquis have béan descnbed (o cormeet
for visibility bias encountered during helicopter
surviys of bighom shoep, mark-recaplune (Meal of al
1884) and sighiability comection (Bodie ef al. 1883).
We selected the sightability cormection method to
avald the sxpense of marking animals and the
expense and disturbance associated with mulbiple
helicopler surveys, The compuler program AERIAL
SURVEY (Unsworth el al. 1881) modified for bighom
sightabslity (Bockia et al. 1995) was used o estimabe
population parameders (Steinhorst and Samuel 1889)
for all survey areas

RESULTS AND NSCUSSION

Population surveys wera conducted during Juna
1882 and June 1883 for 4 California bighom
papulations in southwestem idaho (Table 1), The
sightabllity model reduced the ram:ews ratio and
increased the lamboewe ratho estimate for all surveys,
because rams, and ewes without lambe, tended to
use habilats of higher visibilty than ewes with lambs
(Bodie ef al. 1883). During 1883, lamb survival was
about 50% of thal obseved in 1882, The higher
porcantage of ewes without lambs observed in 1993
rosulted in lower observed ram:ewe ratios for the
Lithe Jacks Creek and Owyhee River populations,
since owes withoul lambs are more likely to be in
habitats with high visibility, Severe condiions during
the 1892-83 winler (snow depiha =140% of normal)
wore probably responsible for the decreased lamb
survival observed in 1883, The number of shoep
observed during 1993 increased by 29% for the Littie
Jacks population and by B% for the Owyhee
population over 1992 data. The model estimated that
the Little Jacks Creek population was not differem



Table 1. A comparison of observed and estimated bighorm sheep population parameters from

helic of 4 ulations in southwestern ldahe, 90% Cl in parenthesis, 1992-93.
Obsorved * Estimated®
Rams per Lambs per Total Ramsper Lambs per Total
Survey location  Year 100 ewes 100 ewes 100 ewes 100 ewes
Litia Jacks Creak 18502 87 .98 i 154 GE4A 05 8 3088 (£51)

18683 6218 2288 231 STIA 2388  3A (+63)
Crweyhee River 1662 5084 441A 628 4544 48.TA  1041A (+203)

1883 44 BA 1008 669  40.5A 2158 8588 (+141)
BruneawJarbidge 1993 1078 157 114 918 16.7 165 (=37
Big Jacks Creek 1883 .3 413 80 531 418 114 (+33)

* Estimates for populations within columns fallowed by diffarent lefters are different (Bonferroni method: £ <
0.033). Ratios by populations within columns followed by different letters are diffarent (Tukey type test for
multiple proportions; G < 0.05, Zar 1984 ),

between years (Z = 0,033) but the Owyhes populaion  LITERATURE CITED
was (F < 0.033), {Tabla. 1).

A typical svaluation of the differences betesen  BuEcHY. G, R T. BowvER, AL M. Pauli, R. L VERNGDY,
1882 and 1993 survey data (not corrected for visibility AND R, W, AnTHEs, 1880, Responses of
beas) could include the following. The severe wintar mountain sheep (o helicopler surveys. Calil. Fish
probably caused some add@ional mortality for rams in and Game. 76;187-204,
tha Litha Jacks Creek population and possibly, lo s  Bobig, W, L., E. R. Tavios, aNp M, McCov, anp D,
lesser extant, in the Owyhes population. Lamb Towel 1990, Status and distribution of
sunvival decreased in both units. Total ram numbers California bigham sheep in ldaho. Bienn. Symp.
and todal animals observed increased batween 1992 Narth. Wild, Sheap and Goat Counc. 7:12-18,
and 1993. These data give conflicting informationte _____ 0. E. GarTon, E. R. TAYLOR, AND M. McCoy.
the manager trying to set harvest levels. However, 1895, A sightability model for bighomn shaep in
the sightability model estimates for the same canyon habitats, J. Wildl. Manage. 50:832-840,
comparisons indicale thal ramewe rabios and Cavosiey, G. 1974, Eias in aerial survey, J. Wikdl.
estimates of ram numbers wera not different bebween Manage. 38:921-833,
years for both populations, and lambiewe ratios , 1977, Analysis of vertebrate populations.
decreased between yeams. The Little Jacks Creak John Wiley & Sons, N. Y. 234pp.
population was nol different while the Owyhea GestV. 1871, Mountain sheep, a study in behavior
population decreased between 1882 and 1983. and evolubion. The Univ. of Chicago Pross,

Chicago, [lingis, 383  pp.
LeRescHE, R.E. AnD R, A. Rausc, 1974, Accuracy
MANAGEMENT AND RESEARCH IMPLICATIONS and pracision of atfal Mooss censusing. J. Wildl
Manage, 38:175-182.
Standardized survey methods that corect for  McDowawo, L. L., H. B. Hexry, F. J. Maugr, anp A, B,

visibliity bias provide the IDFG with estimates of Brackney, 1980, Design of aenal surveys for
California  bighormn numbers and  population Dall sheap in the Arctic Naional Wildlife Refuge
parameters with known levels of precision. The lack Alaskn. Bienn. Symp. North, Wild Shaep and Goat
of sightabilty estmates for bigharns in Bmbered Counc, 7:176-183

habitats precludes the usa of the model to correct  NeaLA K, G. C.WHTE, R.B. GiLL, D. F. REED, anp J.
Rocky Mountain bighom (0. ¢. canadensis) survey H. Outerman. 1004, Evaluation ol mark-resight
data for visibiy bias. A better understanding of model assumptons for estimaking mountain

bigham response io helicopter disturbance, factors sheep numbers. J, Wildl, Manage, 57.436-450,
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STATUS AND HISTORY OF MOUNTAIN GOATS IN OREGON

PATRICK E. MATTHEWS, Oregon Department of Fish & Wildlife, 82119 Fish Hatchery Lane, Ertepris,
OR a7a28

VICTOR L. COGGINS, Oregon Depariment of Fish & Wildife, 82118 Fish Hatchery Lane, Enlenpss OR
97828

Abgiract: The status and history of mountsn goats (Oreamnos amencanus) in Oregon is reviewed. Recent
archeological evidence suggests goats occupied Helts Canyon prior to the influence of European
sottlement. Mountain goats were released in the Wallowa Mountains of northeast Gregon in 1850, The
population status, influence of hunting, lack of genetic diversity, and isclation of the Wallowa Mountain goat
herd ks discussed. Transplants to the Elkhorm Mountaing of northeast Oregon and the Columbia River
Gorge are reporied.

Incfgenous mountan goal detibubion has been  Richardson (1828), Townsend (1839), Suckley and
described as rugged mountainous areas of western  Gibbs  (1860), Grinnell and Fannin  (1890),
North Amenca from southeastern Alsska o Hornaday (1806), and Midler (1824) reporiing
southcentral Washington, and from western  mountain goal as a species native to Qregon, but
Alberia as far south as ceniral ldaho (Johnson  disagrees with these reporis. Bailey guestoned
1877, Guenzel 18980, Wigal and Coggins 1882},  whelher goals were sver nathe 1o Oregon since
Phyaical evidencs has bean lacking to establish the therse wate o authentic records of thedr accurmancs
historical occurrence of goats in Oregon, in recent years, He admits that 8 is nol improbable

Mountain goats wera not presant in Oregon a1 that in earler Gmes, goals may have ocoupied
ihe tumn ol the twenbeth century (Bailey 1836);  Mount Hood and porhaps other peaks in the
hence, goats have adiionally beon considered an~ Oregon  cascades, as well as the Wallowa
exobic species. In 1950, six goals were released in -~ Mouniains in northeast Oregon, and the Seven
the Wallowa Mountains, and since thal date  Devils in daho, However, he suggests further
subsaquent Iranaplants have occurred in the  evidence shoukd be sought Hall and Kelson
Wallowas, Elkhorn Mountsins. and Columbis  (1850) describe goat distribution in North America,
Gorge. This paper provides informaton on the  and include the north portion of the cascade range
hestorical eccumence of Rocky Mountain goats and  in Oregon.

a review of the current status of goat populations in Diary entnes by Henry H. Spalding describe a
Cragon, mieeting with the Nez Perce Indians near Wallowa
Lake, Oregon, in July 1838; “Joseph proposes a
sport with goals™ and "goes o o lick the goats
HISTORIC EVIDENCE frequent, to start them out,” bul does not find any
(Drury 1958: 271). Homner  {unpublshed

Early literature reports mountain goal as an  manuscript, Ongin of Wallowa County Place
indigenous species in Oregon. Lewss and Clark  Mames, p.120, Wallowa Library) describes a basin
describe the skins of mountsin goat pessessed by east of Joseph, Oregon, "named for a bunch of
Indians along the Columbia River, and describe  wild mountain goats that ranged there in the winler
foats occurring “on the chain of mountains forming  of the 1880s, Fred Herson killed the guard
thie eommencament of the woody country on the  goat-lhey always have & guard on lookoul. Thaeir
coast, and passing the Columbia betwean the falls  hair is different from that of the mountain sheep,
and the rapds” (Hesmer 1924: 180). Grant (1905)  also their homs grow up and back, different from
reporied the mountain goat ranging as far south s the sheep” Bolh of these accounts have been
Mount Jefferson, Oregon, based on the records he  questioned, since neither provides  sufficient
was able o abtaln, However, Grant does ol information differentialing between goats, bigham
provide sources for his records. Badley (1938) cites  sheep, or pronghorn.
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These reparts of mountain goats occuning in
vegon are based pimarily on anecdaotal accounts
and have left managers with concerns as lo their
authenticity, However, archasclogical svidence
from the Bermard Creck Rock Shelter, along the
Idaho mde of Hells Canyon, ndicates the presance
af mountain goal rermains in two axcavation levels
at that site (Randolph and Dahistrom 1977). The
pgoat remains (banes) wane estimated 1o ba 300 -
1000 years old (Reagan and Womack 19&1),
Since the goal remains were fragmented, i
sugpests their use as food rathes than raw matenal
fiar tsdils o refigious objects (Reagan and Womack
1981). Based on this svidence, along with the
current knowledge of prehstonc hunting and
gaihering actvities, Reagan and Womack
concluded goats were present in Hells canyon
200-1000 years ago. In a later archaeological
investigation on Camp Creek, Oregon side of Hells
Canyon, goat remains were idenlified and
radiocarbon dated trom S00-1500 years befors
presant (Leanhardy and Thompson 1881), Corless
(1890} reported Wiekser Indians hunting mountain
goals in the Seven Dewils Mountains, which
coincides with these findings.

it has becn argued thal goats may have
occurrad i the Seven Dewis Mountains on the
idaho side of Hells Canyon, bul that the Snake
River was a barrier o the goats; therefore, they
were never indigenous on the Oregon sade of Hells
Canyan. This same argument has been proposed
along the Columbia River separating the
Washingion and Oregon Cascades. We refute this
argument. The Snake River would commanty
freeze-over during severe winlers, pror o dams,
and would have allowed goats easy access o
either side of the Canyon. In nddition, goats occur
on adjacent canyon walls of large river comidars
such as the Fraser in Brilish Columbia (Macgrogor
1877), and have been documented swimming
across Kenal Lake, Alaska (Smith and Nichols,

Table 1. Mountain goat mrmgl.nu to the Wall

1984), This suggests that river comidors such as
the Snake and prabably the Calumbla waulkd not
have bean barrers fo amigrating gosats,

W conclude that early anecdotal repors and
references, coupled with recent archasological
findings, demonstrale thal mountam goats wana
indigenaus o the northeast comer of Oragon and
most likehy portions of the Oregon Cascades
Goats probably disappeared from Oregon during of
priar fo Eurepean setlement in the early 1800s,
The northeast cormer of Oregon was solated from
European setlement by rugged terrain untl the
1870s: however, European influsnce arrivad much
sarlier, with Mez Parce Indians acquinng horses in
the sary 17008, Improved mobiity and firearms
greatly changed focal Indiam culture  which
influenced tribal hunting impacts on native wildiife.

STATUS OF TRANSPLANTS

Wallowa Mountains

The Wallowa Mountaing encompass an anea of
approdmately 573 km? and are situated in the very
northeas! comer of Oregon.  The area is
characterized by U-shaped glaciated valleys, alpine
basing, rugged preciptous terrain, and sharp
fidgetops, Elevalion ranges from 1400-3000m.
Dense mber stands occur below 228Tm with
Douglas fr (Peeudofsuge menziesis), white fir
{Abies concolr), and westem larch (Lanx
occidkerdalis) the most abundant tree species,
Soattened tmber stands occur above 2287 m with
subaiping fir (Abies iasiocarpa) and white-bark ping
{Pinuz albicauliz) predominating. Forbs and
grasses ang the most abundant plant ferms on high
elevation ridge tops.

The Wallowa Mountain goal herd has
ofiginated from 4 separate releasas (Table 1).
One adult female died the day following the 1850
release. Of the 33 goats reléasad in the 19805, &

owa Mounlains niﬂmi:n.

Release localion  Year Number released

Male Female ﬂriajn of slock

Josaph M. 1850 b 3 2 Chapaka ML, WA

Hurricana 1885 B 2 B Otympic NP, WA

Hurricane 1886 8 3 5 Misty Fiord, AK

Hurrcans 1288 17 B 8 Ohympic N.P., WA
Total a8 16 22
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minimum of § mdividuats, 1 male and 5 females,
are known to have died within 1 year lollowing the
releases,

Survey Techniques

From 1862 through 1982, goats wore counied
and classified annually from fixed-wing aircraft
during mid to late summer. Groumd sunieys
oecasanally were incanarated with asdial suneys
frarm 1883-1093. Ground SUneyYs were conductad
in aréas of high goat usé and helped provide a
mare thorough count in the area suneyed;
howaver, ground surveys ara more ime consuming
and have not been conducted with equal effort
from year to year, Tracking of radio-collmred
indwiduats, from 1980s transplants, helped to
locate onimals durng surveys and  provide
infarmatian an movamants.

Population Stalus

The Wallowa Mountain goat population grew
fram the orginal transpiant of five animals o o
minimum poepulation of 28 animals by 1988 (Tabla
2). The population declined in the late 1860z and
remained stabic through the 1980s, with aedal
sounts ranging from a low of 10 to a high of 32
animais. The estimated population never axceadad
45 animals during those years. 3Surveys from
1960-1993 indicaled an increase with counts
ranging from 25 fo 37 goals. The curment
populabion estimale is 55 animals.

Kid production was highest in 1066 with an
adjusted kid ratio of 61 kids per 100 adults
(yearlings inciuded with adults) (Table 2).
Production decreased thereafter and remained
static a1 low levels through the 1%80s, From
1880-1893 kid producton improved and remained
slable with a mean kid ratio of 33 per 100 aduifs,

DISCUSSION

Hunting of mouniain goats was inifated in 1985
and continued annually through 1838, A total of 23
lags were Bsued and 20 animals, including 13
males and 7 females, were hansested (Table 3).

During the corréspanding ime period, the number
of goats observed on aerial surveys decreased to

a low of 10 animals. We beliesve that hunter
harvest, particularly of adull females, was a major
factor in the initial decline of this population.
Similar relationships betwesn hunter hamnest and
goal papuiation declings have besn reportad

Table 2. Late summer mountain goat
classification survey dala for the Wallowa

Mountains of Oregon
Total Adjusted

Year count Adults® Kids kids/100 adulls
g2 12 B

1863 - =

1064 28 18

1865 - -

1066 20 18

1867 21 v

1868 11 8

1889 10 8

LTI . i 12

1971 22 17
1972 18 17
1973 18 16
1974 15 13
1975 20 17
1976 18 17
1877 18 11
1978 22 18
1978 24 20
iog0 A 23
1981 19 14
1882 156 13
1883 12 i1
1684 10 8

ok SRonBEBNERERCaBEARRED £ 8

D0 =8 =k B | AR = B LA e b e BRI LA B R = LR LA BRI RS B T  m | A

1985 14 12

iGe68 - -

1887 26 20

1488 B ]

1585 8 i 13
g8 I L a5
1981 28 21 33
1982 25 18 X2
1903 37 78 32
* Includes subadults,

Table 3. Hunter harvest of mountain goats in

the Wallowa Hnm'l-tllnil ﬂmgunl 18965-68,
Tags
Year msued Males Females Tolsl

1986 5§ 4 1 5
1966 5 3 2 3
1967 5 3 2 2
1968 8 3 2 o
Total 23 13 T 20




(Macgregor 1977, Kuck 18977, Fostér 1877, Bone
1878).

Although legal goat hunting has not been
allowed since 1968, the population did nol increase
significantly unfil recently. There are varous
factors thal may account for the lack of increase.
Pradation, avalanches, and accidents are mortality
factors which have been obsarved in this
population. However, we do nol believe them 1o be
major factors limiting population growih,

Low kid production or survival in the Wallows
Mountains may be directly relaled to a lack of
sutable winier range resulting in a winter nutritional
doficiency (Vaughan 1975). We balove
inbreeding may have been a major factor
stpprassing produchon, The affects of inbreeding
in small populatons have bean discussed by
Farnsworth (1878), Pettus (1982), and Nash
(1882). In 15 of 16 species of captive wild
ungulates, inbred young were significanily less
hikaly o surviva than non inbred young (Ralls ef al.
1878). Because the Wallowa goal population
originaled from a transplant of five indviduals, of
which cnly two were females, and outbreeding has
not been possible due to the Bsolaton of these
animals fram any neighboring goat herds, we
believe that a lack of genetic diversity through
mbreeding may have been a major factor
suppressing kid survival, In 1985, 1988, and 1988
supplemental goat releases provided goenec
diversity to the Wallowa Mouniaing populaBon.
Individusals from the supplemental iransplants hava
bean observed ublizing the eslablished goat
ranges, as well as ranges previously unoccupsed by
goats.  Wa believe the improvement In kid
production and survival during the past four years
was direcily relaied to the supplemental releases.
Survey information suggests thal these releases
provided the genebc diversity, along with the
pioneenng of new habitats, necessary to improve
populabon production

ELKHORMN MOUNTAINS
The Elkhom Mountains, approximately 126 k',

Table 4. Mountain goat trans

lie just west of Baker City, Oregon. Elevalions
range from 1400-2770m The area s
characterized by placiated valleys and rugged
alpine basins similar to the Wallowa Mountains.

From 1883-1888 a tolal of 21 goals were
raleased in the Elkhorm Mountains [Table 4).
Tracking of radic collared indhdduals provided
information on movements and establishment of
hard ranges post release. n 18902, aenal surveys
were initiated with fxed-wing aircraft to count and
classify goats during late sumimer.

Tatal number of goats obsanved was lower in
1893 than in 1992 (Table 5). however, this was
thought 1o be a resull of observation emor and not
an aclual decrease in populabion size. K
produchon has been good (Table 5), and the
Elkhorm Mountains goat population is belisved to be
growing.

COLUMBIA RIVER GORGE

Mountain goat habital in the Columbia Gorge
encompasses the nordhern  extension of the
Cascade Mountains in Oregon and lies within the
Columbla Wildemess, Bull Run Watershed, and
the Mount Hood Wilderness. Elevations range
from 870- 3000m. Lower elevation ranges ane
characterized by notih facing vertical rock outcrops
surrounded by stands of Douglas fir and mountasin
hemlock (Tsuga manensiana). Upper alevatons
cansist of primarity alpine basins near the foothilis
of Mount Hood,

Since 1969, 13 goals have been released in the
Columbia Gorge (Table B}, Annual surveys specific
to this goat herd have never beén established
Miscellansous observations of goats ocourred
from 1873-1990 and ranged fram 1 to 4 individuals
obsoved. Observations of 2-4 goats wore reporied
occasignally from 1880-1883. However, since thal
fima, obsarvatons have declined, with no goals
reported since 1990.

Small tranaplant size, scattering of indvidual
goats, and paucity of male goats have been major
concems and possible explanations for the failure
o establish goats in the Columbia Gorge.

nts to the Elkhorn Mountains of Oregon,

Releasse Number Crigin of
location Year raleasad fale Femals slock

Pina Cr 1hEd B o d MF Gleanvater, ID
Pine Cr. 1985 8 4 4 Olympic NP, WA
Pine Cr 1885 T 2 5 sty Fiord, AK
Taotal 21 g 12

T2



Table B5. Late summer mountain goat
classification survey data for the Elkhom
Mountains of l'.'lugnn.

Tolal Kids100
Year count Adults' Kids sdulls
18892 28 19 10 53
1863 23 14 ] G4
* Includes subadults.

Table 6. Mountain goat transplants to Tanner
Butte in the Coalumbia River Gnrlt of ﬂnﬂun.

MNumber Crigin of
Year  released Male Female  stock
1868-71 8 2 6 Olympic N.P., WA
1875 -] 2 4  Olympic N.P., WA
1976 1 1 - Olympic NP, WA
Tolml 15 5 10
SUMMARY

Archaeological findings presented in this
manuscript demanstrate that mountain goals wara
indigenous to Helle Canyon prior to European
sellernent. Faunal remains now place goats within
48 km® of the existing Wallowa Mountains goat
herd. We believe that goets also occurmed in the
Wallowa Mauntains and probably other ranges in
northeast Cregon, since rugged canyon cormdors
link the Wallowas to Hells Canyon.  Wilkdlife
managers ypically have described the distribution
of goals based on  occurmance &l the fime of
Eurapaan sxpdofation of setlement. ENarts 1o
document the historical range of goats should
continue thiough the identification of faunal
remains recovered in archaeological excavalions of
human encampments and wood ral middens. We
encourage  wildife managers o utilize
archasological information in conjuncion with other
sources of physical evidence 1o more accuralaly
descnbe histonical dstribution of native wildlife
Restoration of mountain goais o nathve ranges
should be continued, especally where priorties
are to manage for ecalogical diversily

The Wallowna Mountains goat population
daechned during the 1960s as a result of heavy
hunter harvest. Legal hunter harvest was nol
allowed thereafler; however, the population level
reimidrsd stabc with low kid produchion thiough the
1880s. We believe the lack of genelic diversity was
a major factor affecting kid production and growth
of this population. Recenl supplemsnial goat
fransplonts appear o have improved annwal kid
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production, and the Wallowa Mountains goat herd
currently is increasing.

The Elkchom Mountaing goal herd appears o be
eslablished, This goat herd coninued to increase

since the intal transplant in 1883 and has
demonsirated good kid clion in racent years.

Altempis to establish goats in the Columbia
Gorge have not been successiul. Currently thare
ang no goats known to be alive in this area, Failure
in establish goats in the Gonge may be due to small
transplant size, lack of male goats, and scaltering
of transplanted indiaduals.
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REVIEW OF THE HISTORICAL LITERATURE REGARDING THE DISTRIBUTION
OF THE ROCKY MOUNTAIN GOAT (Oreamnos americanus)

M. LANETTE IRBY, Biology Department, University of Northem Colorado, Greelay, CO 80631
ALEX F. CHAPPELL, Colorado Division of Wildiife, Box 38, Dillan, CO 80435

Abstract The presantly accepted southemnmost range of non-introduced Rocky Mountain goats is the
Sawtooth Range of idaho (43" N, near 114" W), A significant number of credible historical accounts writhen
during the 1800s places the Rocky Mountain goat south of 40° N Lattude in the Colorado Rocky
Motintains. The outline of faunal investigations of the LS. Department of Interior provided the method used
to conduct the [Rerature roview. Criteria used to screan fictifious and unhelpful materials from credible
sources is dacussed, This paper reviews historical documents and explains how important informatson
regarding the Rocky Mountain goat has baen lost. Brief side noles on Western Amaerican history provide

a usaful background.

A lack of careful and sclentific study of the
Rocky Mountain goat prior to 1900 opens &
gueslion regarding s original range, Much of tha
confusion surrounding the: ssue of distribution may
be altributed to terminclogy ermors used when
raferring to mountain goals, bighom sheep {Owvis
canadensis), and pronghoms  (Antlocapra
amencang), Lewss and Clark, and members of their
mxpediion party, called the Rocky Mounlain goal a
"mountain sheep” and used the same lerm when
referning to beghom shosp (DeVolo 1853). They
originally called pronghorms ‘goats’ or ‘buck goats'
prior to discovering the bighom and the mountain
goat

Thia terminology ermor bacame a raproduction
arror in many Natural History books. In Steward
(1833), Oveamnos amercanus 5 called 2 mountain
shoap, While the accompanying illustration depicts
a mountain goat, the text is almost exaclly the same
as the text printed on the next page Tor Owis
canadensis. Meanwhile, the pame for Ows
canadensiy B ghen as Amercan afgali (and &
accompanied by an Blusiration of a bigham shaap).
Thi book doss not describa the distribution of these
animals. Such arors contributed o public and
scientific confusion regarding the distinciion
betwaen these bwo species.

Maountain men apparently saw “while goals” in
what are now called the Colorado Rocky Mountains
in the 18205 and 1830s. Many of them probably
ravolled above the tree line on occasion and may
have span mountsin goats, but thes genecal tack of
Meracy and Tamiliarity with descripive Zoological
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methods prevented them from comveying this
infarmathen in a form usaful to modarn research.

Reports of Rocky Mountain goats show up in
the literature printed prior to and during the era of
the Colorado gold rush which began in 1858,
Mining camps were hasbly erected in the mountains
betore roads wers buill, The few loll roads that had
been built in the 1850s were S0 axponsive and poor
that the price of food was axtramely high and thare
were frequent shortages. Many of the prospeciors
turned to market huniing, killing as much game as
fast as they could to earn a fortune from hungry
miners (Ubbelande et al. 1988). Like the prains
(Bisan bison bizon) and mountsin bison [(Bizon
bizon athabascas), all races of Rocky Mountain
goats in Colorado could well have been eliminated
by markal hunting.

Angora goals (Capra spp.) had Been impored
o Colorado as of 1872 (Balle-Grohman 1900).
Thase animals wara coverad with leng while hair
and had hams axtending hazantally fram the haad
in & T-shaped pattern. Some modern schokars insist
that these domaestic goats are the cause of all
"white goal” sightings in nineteenth century
Colorado, However, Angora goats and Rocky
Mauntain goats ane distinguishable not anly by their
appearance, but by their behavioral characternstics.,
This [Herature review ciles only documents thal
clearly-llusirate, and’or describe the lealures,
natural history, or behaviars of 0. amercanis,

The habital of the Rocky Mounlain goat is an
environmant that makes the chanoce finding of
cantury old specimens highly unlikely. The alpine



zons = blanketed wih snow in winler and
repeatedly blasted with dry winds year round, A
carcass |lefl exposed fo the elements gquickly
dsintegrates leaving no race of the ammal That
died. The geographic features of the land are
constanily in motion, grinding up any subsurface
remaing with ground movemenl resuling from
freeze and thaw cycles. Glackers grind up any
Irapped animal and plant remaing into tny bils of
debsis. Only carcasses left in immaobile pockats of
placier ice or caves might remain intact and none of
these have boen found o dale in Colorado.
However, Pleistocens fossil evidence of Rocky
Mountain goats has bean located within a few mides
of the Colorado state lne in Wyaming.

The objectives of our project are: to question
the hisiodcal distibution of the Rocky Mountain
goal and o report all avadlable documentalion
lting 0. améncanus accurming in Calarada

We thank Martin T. Wirth, Terry Fridh, Arch
Andrews, and the International Order of Rocky
Mountain Goats for thelr help during this study.
Funding for this project was generated by the
International Order of Rocky Moumtain Goats and
supported by the Colorado Dniston of Vildiife
requisiion number PEA-3-0450, Denver, Colorado,

METHOD OF SCREENING LITERATURE

This research recognizes the misidentification
erfors and ciles credible hislorical sighlings
contngent upon the original authar's demonstrated
ability to distingutsh between the bighorn sheep,
pronghom, and the mountain goal. These
distinctions were made based on the namation of
the behavior and habits of the animal and by the
physical desoription of live ar killed specimens.
Many fanciful and fictitious sccounts ware
discovered during the course of the review. Such
accounts were excluded because of incormect
descnptions of geagraphy, habitat, fauna, history, o
climate. Mo part of any account which could
feasonably be judged ficliious was used in the
resbaw, even if by codncidence some pan of il would
agres with known fruths, The precedant for this
survey can be found in the outline of faunal
investigations of the U.3. Depariment of Infodor
{(Wright et al. 1932}

CHRONOLOGY OF FINDINGS

Fa=sail Remains

If Rocky Mauntain goats Ived in Colorado
during the 1800s, they may have resulied from
relict populations from the lasl ke age. Fossi
avidance has baen located in the Ball and Hormed
i Caves located in Albany Gounty, 32 km NE af
Laramie, Wyoming (41°34'N, 105 31'W) [the
Colorade-Wyoming state line s at 41°00' N] and in
Little Box Elder Cave in Converse County, 30 km
wiest of Doughies (42° 40N, 105" 52°W){Guilday et al.
1967, Anderson 1974). These spacimens date to
the lata Wisconsinian pariod 30,000 years ago. The
femains of O. amerdconus have been found along
with other animals of alpine affindty (Kurtén &
Anderson 1980),

Early Explorations

The expeditions of Pike in 1808-7 and Long in
1820 falled to document any sighlings of Rocky
Mauntain goats in Colorado (Coues 1895, James
1866). Long did not travel as extensively as Pike
and confined his sxplorations io the Front Range
betwean presant day Dermver and Colorado Springs.

Mountain men of the 18205 and 18305 later
claimed to have seen animals fiting the descrption
of the Rocky mountain goat, howover, these
accounts were later discredited in the Iterature by
aristocrafic sporthunters who were disappoinied in
their quests to Kill the animal in Colorado.
Burrington wvisled local MNatve Amercans in the
Cafon City ansa babvean 1838-1842 and naticed
that they pessessad samples of “a shiny long black
hom™ (Messiter 1878). After negoliating, he gol
thierm to agres 1o ake him on 8 hunt for the animal
which provided Ethe homs. Burringion hunted
bighoms. prong-horms, and bison and knew that
the hoimns did nol come from these speces
(Messiter 1878),

A report, compiled from the noles of Johnson
and Abert af the U.S. Army Hunting Party in the
Southem Tetons (Cooke 1847-1848) describes the
kg of & mountain goat in Wyoming. The location
of the kil was south of our presently accepbed
histarical distribution.

Tha first mountain goat specimens given to the
Museum of the Royal College of Swgeons of
England was inventoned as the head and skin of a
femake and her kad that had baen "shot south of the
40th parallal” in 1849 (Garson 1871).

L5, Armmy Hunting parties continued to axplore
thie Colorada Rocky Mountain region in the 1850s.
Their purpose was o survey game avallabilty as
food along proposed rallrond routes and o

provisioning troops on fulure expedidions. A party
scouling the region around the Gunnison River in
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1853 killed several mountain goats (Ol Ammy
Soction document #21311).

Tha Topographical Corps (1857), 8 13 voluma
guario sel, contains the comespondence and feld
journals of various railroad exploring partes of
185355, Volumes 7, 9 & 10 are devoled
exclusively 1o sclentific repors on botany and
zoology. These volumes are considersd 1o ba
among the most important American scientific
produchions of the nineleenth century. Volume 5
reports: “42 white goats killed for meal." This
occurad north of Meade and Wasatch canyon of
southarn Idaho.

Market Hunting During the Gold Rush Starting
in 1858

The Colorado Rocky Mountain ecosystem
could sustain a permanen! nafive population
aastmated at around 4000 W 10000 Mathve
Amavicans (Ubbelohde et al. 1988). The Gold Rush
brought over bvdce thal many newcomers each year
alter 1858, As of 1859, as many as 50,000 gold
rminars had amved in and along the front range and
as many as 25 000 may hove stayed on aftar the
first grueling weeks and months of prospecting
(Ubbeiohde et al. 1888). This influx continued
through the 1880s despite the Civil War starting in
1861, In the beginning, roads wene non-exsian,
laading to chronic food shortages and prices that
were ben tmes highor than in Danver. Many of the
prospectors abandoned their claims to hunt and
provide meat far the mining camps and Lowns, an
occupation that often proved more lucrative than
digging for gokd.

After panning out gold laden streams, mining
oparalions lurned io more ecologically destructive
methads such as placer mining which poliuled
numarcus streams with mercury, and smelting
which denuded onlire mountain valleys of irees
These environmental changes would have helped
deplete game animals in the lower valleys and
driveen marked hunlers o higher elevalions,

Sportsman’s Literature in the Gold and Silver
Years

The earfiest published sporthunbing book o
claim thal Rocky Mountain goats reside in Colorado
is the Encyclopacdia of Sport (Pike 1872), In
Cartwright (1875, Chapter 5: The Rocky Mountain
Goal), the distributional range of the Rocky
maunlam goal = given as 40 to 60 degrees north
Iattude. This agrees with Hallock (1879), who wrole
“the White Goat = confined to the loftiest peaks of
the Rocky Mountains: It Is not known south of

T

Colarada, and i probably rare south of Washington
Tarrtary, but is found to the norhward as far as
Alaska "

Theodore Roosevelt {1888) wrote that Rocky
Mountain goats were found "on the highest most
inaccessible mountain peaks down aven to Anzona
and Mew Mewico; bul being fitted for cold climates,
they are extramely scarce everywhere south of
Mentana and northem ldaho and the great majority
oven of the most expenenced hunters have hardly
a0 much &5 héard of their axistence” Cooper
(1880), Is less specific ragarding the range of the
mountain goat stating that “the Rocky Mountain
Goal has been reporied as far south as 36 degrees
norih lattude”. Grinnell {1887} likewise asseried
ihal the mountain goal could be found “on & peak
af two in Colorada”™,

The United States Cartndge Company of
Lowell, Massachiusafts sent out [ofters to goviemors
of the variows states and termiories requesking
information on game availability in their region.
According to this informabion published in their book
(1898}, the governors “relerred the malter o the
game commissioners.” Cited in the chapler for
Colorado, are references from Gordan Land, the
Colomado State Fish Commissioner. In regard lo
mountain goats, the book states: "there are some
Rocky Mountain goats in the stale, but they are not
abundant.”

Huntington {1804), is not as asserve in his
claim of mountain goats lving in Colorade, He
approaches the subject of mountain goat distr-
bution by stating thal, “olher wilers™ clam the
mountian goat can be fownd in Colorado.

By conlrast, 68 years later, Armstrong (1872)
clied from Coues and Yamow (1875), " an
sccount of the mountain goal, reported "one
indiidual seen in Colarado by Lt Marshall's party '
Trippa (1874) noted the mounlain goal (as
Aplocerus montanuz) among the mammals of
Clear Gresk and Gilpin counties.” Armstrong goes
an o asser that “there s no evidence 1o indicate
that the mountain goat has ccowrned in Colorado in
recen! mes pror fo #s Introduction by man,
Perhaps aary repots represent saghlings of bighom
awes "

The Session Laws of 1887 and 1889

Recognizing & steady reduclon in the
availabibty of game, the Colorado state legisiature
passed bwo sels of soession laws that establshad
hunting seasons and banned the killing of bison
for 10 years, bighom sheep for 8 years, and Rocky



mountain goats for 10 years (General Assembly
Sesson Laws 1887 and 1888). The 1859 law mada
it easier to prosecute poachers in the district in
which they were caught, and added possession and
transportabion of protected antmals’ remains to the
list of offenses.

William T. Hornaday

Hamaday (1914), remambarad purchasing 150
mountain goat hides in Denver, Colorado for fifty
cents each around 1887, He was pleased fo note
that the seller probably lost money in the
ransachon. s not claar whare Hornaday believes
the southerm-mast distribution of Rocky Mouniain
poal lays. His map “Distribution Of The White
Mourntain Goat™ subtitle: “the black dots represent
aclual occurrences”, shows several dols localing
goat populations along the Rocky and Canadian
Pacific coast mountain chains. A single population
dot has been placed in tha Teton Mountains near
Jackson Hole, Wyoming. The map onds af tho
soulhem boundary of Wyoming.

Edwin Canter and the Danver Museum of Natural
History

In 1888, Edwin Carter and Wiliam Wilkinson set
up & museum of Colorado fauna in Breckenridge.
Cater bought oul Whillkinson's share of the museum
in 1856, The collacton cansisted of a large number
of wild animals: "100 ek heads [Corvus alaphis]
and 1 ok, 8 bison {(of which 2 ware the mountain
subspecies), 55 deer heads [Odocolfeus spp.], 161
plarmgans [Lagopus fewcurus], 3 wolverines [Gufo
guic], 4 grizzly bears [Ursus arcfos], etc.” (Fiester
1873). Prior to this project, it was believed that
Edwin Carer had no mountain goats in his
collection. Recently obtained information now
challenges this bellef. In the pasi few years the
Summit Counly Hislorcal 3Jociely has been
reloding e Edwin Cater Museum and one of their
projects was the restoralion of a collection of glass
plates photographed in the late 1800s. From this
colkecton, a photograph was descovenesd showing a
full body mount of a Rocky Mountain goat standing
in the norh room of the Museum. Anolher
photograph contains the unfocused image of a
Rocky Mountain goat head mounted to the wall
bhind Edwin Carter displaying a woll (Canis lupws)
in the foreground, While the woll photograph
merely suggesis the presence of 8 mountain goat
specimen in the background, the olher photo
confirms that at least one entire Rocky mauntain
goal was displayed in Edwin Carer's muzeum of
“Colorado faumna”,
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Other references o Rocky Mountsin goals
include the Probate Record (Summit County Gourt
House- Mo. 18) where several goat skulls and
horms were listed and appraised. The values given
ta the items in the appraisal were greater than thai
given to the complele remains of bighorm sheep
suggesting thal the goal fems were relatively rare
and cerainly not of domestic goats.

After Caner's death in February 1900, his
collecton was acquired for the museum in Denmver,
taken from Breckenndge, and stored in the siale
capiol. Many of the specimens weré never
displayed in the Colorado Museum of Natural
History because they had deterorated. This i
because of Carder's primiive matheds of taxdormy
and the stuffing of larger mammals with straw.
Meanwhile, the firs! employess of the Colorado
Musawm of Matural History, a father and son leam
of tasddermists namad Rudoll and Victor Boreherdf,
quickly sought replacements for the mounian goal
specimens. This s described In an arficle in the
Denver Times (Dctober 14, 1900} wher several
members of the Colorado MMuseum and Library
Association put together a hunting sxpedition 1o
search idaho for mountain goats o complete the
collaction, The article states that: "in Colorado, ihay
[mountain goats] had become quite exdinct”™

The mountsin gosts were displayed in the
collection of mammals indigenous to Colorada until
1508, After that, & vanety of cxhibes wars intarmsed
with the Colomede fauna eollaction and it was nol
until 1820 and after several iwmovers in staff that
the museum puf logether anofher exhibit hall
dedicaled solely o Colorado fauna (Colorado
Musaum of Matural History Annual Repod ta the
Trusless 1912-1820), Meanwhile, the 1913-1814
Biological Surveys failed to find any Rocky
Mountain goats in Colorado (Colorado Museum of
MNatural Hislory Annual Repor lo the Trusless
1914). The musaum stafl had reconrds indicating
that the mountsin goals in thair collaction war
acquired in Kaho. As such they judged the
mountain goats to be “obwviously doubtful forme”
and had them moved to the Standley Wing which
was set up to display animals that wore not
indigenous to Calarado. Thus, the Rocky Maountain
goat was informally and unknewingly declassified
as a species indigenous to Colorado. Mone would
bsie wpiary i thie Colorado Rocky Mountaing untd thedr
succeasfil reinfroduchion in 1948 (Irty  and

Chappall.

DISCUSSION



Thes paper Kentifies numercus historical
spurces placing the Rocky Mountain goal in
Colorado previous o and dunng the Gold Rush
years. The desiructive envirenmeantal changes af
the late ninsteanin cantury led to habaat foss and
ovarhunting of many garme species. The moumntain
bison Is known o have suffered extinction in
Colorado during this pedod. I is highly probable
that the Rocky Mountain goal became axdinet
Colorado as wall, This papor = an attempt to maks
g comprehensive suvoy of hstoncal documaentation
that focuses on the distibution of the mountain goat
with emphasis on ils presence in Colorado,

Althaugh archealoefgical evidencs & felt to bé &
mare decsive way of ascertaining the mountain
poal's axstence in Colorads prios to 1900, historical
documentation cannot be ignored as a valid source
af information in determining animal distributions
The historical malerials reviewed here suggest that
the Rocky Mountain gost may have lived south of

the 40°N Lafude in the Colorado Rocky
Mountains
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EFFECTS OF HORN SIZE AND HUNTER SUCCESS ON SATISFACTION WITH
BROOKS RANGE SHEEP HUNTS

KENNETH R. WHITTEN, Alaska Depariment of Fish and Game, 1300 College Road, Farbanks, AK 99701

Abstract. For many years, the Alaska Department of Fish and Game's goal for sheep (Ovis dalli) hunting
in the Brocks Range was to provide for taking rams under aesthetically pleasing conditions, Including
opportunibies to be seleclive about which rams fo take, Seven-gighths-curl remained the minimum legal
horn sire after most of the rest of Alaska had gope to full-curl management. To delarmines whather hunlers
were satisfied with thair Brooks Range experience, we senl questonnaires to 750 people who hunted from
1880 to 1982, 444 [62%) wera filled out and returned. Filty-four percent of the respondents wars
successful in taking a legal ram, and only 14% did not sae a legal ram, Fifty-eight percent of all hunters
saw legal rams they did not stalk, and 34% stalked rams they did not shoot. Hunters were ovenly diided
in thair responss i statements that any lzgal ram is a trophy or that only large, old rams >full-curl are trua
trophies: however, they generally agreed that full-curl rams are trophies. Whaen asked to define “trophy”
in their own words, 81% described rams thal would be full-curl or larger while 25% specified any legal ram,
Twenty-lour parcent added that the quality of the hunt should determine the value of the horns as a trophy,
Succasstul hunters wera monas satisfisd with their overall hunting expanence than unsuccessful hunters,
bul successhul hunters generally were satisfied with their rams as irophies regardiess of horn size or how

they defined a trophy.

By the early 19690s, general hunting regulations
for Dall sheep In most of the nteror and
southcentral Alaska allowed the taking of full-cur
rams anly, with the lagal definiton of full-curl also
including any rams over 8 years old or with both
horns broomed. A less restnctive bag limit of
7M-curl prevailed in the Brooks Range in northam
Alaska, whers the sheep management goal was to
provide: opporiuniies for taking rams  under
assthobcally pleasing condiions. Absence of
crowding and the opporunity to be selective in
choosing which ram fo shoot were generally
undersiood to be the primary compenenis of
hunting under “aesthebcally pleasing condithons ™
Remaleness of the Brooks Range, abundant sheep
populations, and generally low hunbng pressure led
the Alaska Departrment of Fish and Game (ADFG)
o balieve we wers achieving our  sheop
management goal in spile of the less restrictive
regulabions, However, numbers of huniers using
the Brooks Range increased steadily during most of
the 19805 and, by 1992, sheep numbers were
declning aftar a seres of harsh winfars. Hunters
and managers became concermed thal compatition
for reduced numbers of rams, along with a 7/8-curl
bag limd, would soon compromése the Brooks
Range hunting expensnce

After 1889, managemeani plans for the Brooks
Range incudod an objective to maintain & hanest
with @ mean hom length exceeding 34 inches and
A mean age sxcoeding B years (Nowlin and Heimer
18848 Golden 1880, Stéphenson 19893). We wans
achieving the objecive through 1991, but beginning
i fall slightly sherd in some areas by 1982
(Goodwin 1883). However, we had litle or no
informaton on whether sheep hunters were
sebective in chooding which rams to shaot and, if 50,
what critena they used for selection, Therefore, we
decided fto survey Brooks Range hunters io
determine how am hom size influenced their
overall hunting expenence and to solicil ideas for
wital we could do o provide continued or improved
hunter sabsfacton,

METHODS

In late 1852, we seni guestionnaires o afl
peaple who reported hunting sheep in the nothen
and eastern Brooks Range during 1990 and 1591
A random sample of hunbers from 1992 was added
io rames the ot number of contaels (o 7500 Hunler
names were screenad so that no one was sent =1
gquestonnaire, and huniers were nstrucied to baze



thair responses on their most recent Brooks Range
hunt only. Questionnaires were sent o the address
the hunter used when oblaining a Dall Sheep
Hunter Report Gard, which was required of afl
resident and nonresident sport hunters. We made
no atiempt to find hunters who had moved fo new
addresses, and no follow-up or reminder letters
were senl. The survey asked questions aboul &
numbar of aeathatic values, bul only responses
ralated io hom size and is affacts on hunier
salisfacton will be provided in this repaort,

RESULTS

Thirty-five questionnaires were not deliverabie,
Hunters returned dd4 of the remaining question-
naires, & response rabe of 62%, However, 1

refused to answer any questions and 4
more had not hunted in the Brooks Range, yelding
435 questonnaires with usable data, Sample sires
far specific responses or analyses varied because
some respondents did nol answer all questions,

Fifty-four percent of the respondents (n = 420)
wore successful in taking a 7/8-curl or larger ram,
compared io 37% of Dall sheap hunters siatewide
during the same Bme pedod (n = 10,087. D.
Harkness, ADFG, unpubl). Eighty-six percent of all
hunters (n = 438) and 70% of the unsuccesshul
hunters {n = 193) saw al least 1 legal ram during
their Brooks Range hunt. Unsuccessful hunters
reported seeing 8 mean of 3.5 legal rams each,
wihile successful hunlers (n= 227) saw a mean of
7.3 each (Fig. 1). Fifty percent of the unsuccessul
hunters (n= 184) passed up a mean of 4.4 legal
rams each (e, decided nol to stalk them),
comparad o B4% of the successiul hunters (n =
231} passing up 8 mean of 57 rams each.
Succassiul and unsuccessful hunlers dilferad littie
in their reasone for passing up rams (Table 1),
Thirty-eight percent of the unsuccessful hunters
stalked rams they did not shoot (£ = 2.2 per hunter),
compared 1o 30% of the successiul hunters (§= 1.7
par huntar)

Hunters were feirly evenly divided in thair
fesponses [o stalements thal any legal ram = a
traphy or that only exceplionally large, old rams are
true trophiss (Table 2} Hunlers generally agreed
ﬂ_h @ statement that trophy rams are >fuli-curl, and
this was parficutarly true for unsuccessiul hurlers.
When asked lo define “trophy™ in thelr own words,
bath succossful and undsccessful hunies gave
similar responses (Table 3). AMer adjusting for

B

double responses from some indviduals, 81% of all
huntors defined trophies as full-curl or larger rams
{assuming thal rams with 3B-inch homs have
reached full-curl), Successiul hunfers enjoyed
their owverall hunting experence more  than
unsuccessiul hunters (Fig. 2). Successful hunters
were generally satisfied with their rams as frophies
(Fig. 3}, even though hom length and age of rams
variad greatly (Fig. 4), Mean hom length for all
rams shot by huniars in this survey was 351 inches
and mean age was 8.43 vears. Horn length had fo
be =33 inches boforo hunters began o bo less
satisfied with thelr rams as trophies or =37 inches
befare they began to show increased satislfaction
(Tabie 4).

Mean ram horn lengths and ages wene
essentally the same regardless of how huniers
defined a trophy (Table 5). Most hunters who
defined rophies as excesding specific minkmim
by benfgths actually shot rams with smaller homes,
most were sill satisfied with their irophies, although
@ fow were nol (Table &),

Huniers using highway vehicles for access
reparted only 32% success (n = 73}, and 27% did
nof sea a legal ram, Hunlers using arcrall had a
succass rate of 50% (n = 341), and only 5% did not
soe a legal ram, Successful hunters were more
sabsfied than unsuccessiul hunters regardiess of
the type of lransporation used. Unsuccessiul
hunters using highway vehicles or chamer aircraf
reported the lowsst satisfaction ratings (Table 7).

Unsuccessiul hunters reported mare years of
prior sheep huniing experience than successiul
hunters in all categores sxcept for hunting sheep
outside Alaska (Table 8).

DISCUSSION

Several factors may explain why successful
hunters lended 1o be satisfisd with their rams
regardliess of hom length or age. Hunters ofton
described trophy walue in lerms of hom curl, and
some full-curl or =full-curl rams had homs well
below the mean homn lengths in this sample. Also,
retatively shord but heavily broomed homs meet the
legal dafintion of full-curl and are very appealing to
some hunters. Finally, almest 1 quarer of all
huntars responded that a traphy s undefinable (or
al least unquantifiable) because the guality of the
hunt should determine the value of the homs as a
reminder of the hunting experience, rather than the
size of the horns determining the value of the hant
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Table 1. Reasons given by hunters for passing up legal rams in the Brooks Range, 1990-1992.

Suceisiul Liirsasce sl
hunters hunters
{n=153) {n=103)
Mot s bag as desined g1° &7
Mot rghi kind 15 i
of trophy.
Too early in the huni. 31 21
Too far away, 24 18
Inaccessible. 20 24
Being stalked by 5 T
somaeone olse
Er_ﬂiul 16 8

*Percent of hunters. Totals add up to =100% bacause soma hunters listed =1 reason.

Table 2 Responses ol Brooks Range sheep hunters to stalements on whal delines a lrophy ram.
Strangly Moderaialy Modaraiely Etrongly Mo
agres agres dsagree disagree opinion
(%) %) (%) (%) (%)
A, Any legal ram is a trophy.
Successiul 223) 19 35 27 19 1
Linsuccassful (185) 18 33 28 19 2
Al hunters (408) 18 34 27 18 1
B. Mot all full curls are trophies; only rmims near the and of thelr natural Bfespans are true rophies
Buccessiul (222) 18 28 28 20 4
Unsuccessful (179) 25 28 26 17 4
Al hueters (402) 21 29 27 18 4
C. Only full-curl rams are true tfrophies.
Successhil (225) 27 3z 29 11 2
Unsuccessful (185) 25 41 21 11 3
All hunters (410) 26 35 25 11 2
* (Sample size)

Table 3. Definitions of “trophy ram” proposed by Brocks Range sheap huntars.

Sucowssiul Unsuccesshul A
hunters huntars hunters
(%:n=213) (% = 155) (%: n=373)

=Full-cur* Y | a0 31
Any legal ram 27 24 25
Undefnable" 25 23 24
Full-cairi . 21 21
Broomed 4 14 a
=40 inches B 12 ]
*38 inches (] L] 5
=36 inches 4] 3 5
Unbroomed T 3 5
Crihier 4 5 4

" A ram thal would be larger sndfor older than a typical full-curl sheep,
* The hunting experence determings the value of the lrophy, rather than vice verss

B4



SUCCESS VS OVERALL SATISFACTION
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Fig. 2. Satisfaction with the overall hunting experience for successful and
unsuccessful sheep hunters in the Brooks Range, 1990-1992.
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HUNTER SATISFACTION WITH TROPHIES

11

PERCENT OF HUNTERS

very (- SATISFACTION RATING — extremely
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Fig. 3. Satisfaction with trophy value of rams taken by Brooks Range sheep
hunters, 1990-1992.

86



3=

40 =

0~

MUMBEN WA M

A X ¥ N ¥ M ¥ N Y N N L 4 g
HONN LEMOTH [INCHES)

MUNMBER OF fass

Fig., 4, Length of horns and ages of rams taken by Brooks Range sheep
hunters, 1990-1992.
g



58

ESIEA BIW UBY) JByIR Aydog Byj jo enjes saULEED aousuedxa Suguny ,
daays Jno-pn) (exdd) e uey) sappo soppue JefUey &0 pnom LBy wel y |
UOUYAP | < PAISI] SIGJUNY BLOS RIGIUNY JO MGUnN ,

L8 ISPE 3 TR
LB'E Z¥st ol W D=
B g DO'SE FZ Ul ge=
GBER e BT Ul gE=
G5 8 BEYE S NN
o' 85 vE L¥ N3N
irg 06'¥E ST wie jebi) Ay
(S1B@A) [E=TTRITH u O 3]
ofie ueaw yibua) wioy ueapy

JOYS ASLY SLWIES |0 a0E .u_..-_uﬁ.m..__l IO e O
eajjEjal wed Sydon jo suomgiu)jap Jepuny deays abuey syoosg g age]l

‘Biifyed LoaeisHes Uaes o assjunyg L paubese siie) jo jusaed |

a gl It =] BE Ll BE (4] IE £ El L )
r T TR O YT T T 0l paupddesy
4] 1] 1] ] 0 1] k 5 1] I 1] o 1] dewagey
i} a 0 a 1] (1] a | 0 i i} i | ]
v} V] 0 . I b k k4 i v} i} i} L
0 a | a ] 1] a8 E 1] g 1] i} g
V] a £ & 2 g akL oL g 8 i} Fi 5
i £l FL oL Ll oL al g E ¥ El o ¥
1] g FlL s ¥ ag i " BL EZ &t ES Fl E
L1 Bl ¥z GZ a2 i Lk Gl EZ =1 iE L5 F panysies
tE £a g 5 LE i ot Gt B2 a7 iE Tl L LT
<OF= «HE= «BE< =lE% K oTE <FL= ok B A < bE= e Bumey

(ESTau0] [ous] WoH UOROESHES

“SUIE] U} |0 @N[EA AQAOI) LJIM UOHIESIIES  Simuny dosys abuty SHoolg U0 YiBua| Loy Jo 5i08)03 ¢ Mae]



Table 6. Horn lengths (inches) and satisfaction ratings of rams shot by Brooks Range sheep
hunters who defined trophy homns as »36 inches, >34 inches, or >40 inches.

SR SR oS -
Length  Rating® Length  Rating Length  Rating
g 8 30 3 a2 1
41.5 7] a4 3 33 4
32 7 34 4 a3 4
33 4 3% 3 34 1
34 ] a5 4 34 1
4.5 1 a7 s 34 4
35 1 a7 k] 34 4
35 1 a8 1 34 3
3G 3 34 5
38 4 35 5
355 3 36 4
k) 1 v 3
33 4
3 3
40 1
40.5 2

*1 = very safisfied to 10 = exiremely disappoinied

Tahle 7. Effect of transportation method on overall hunt satisfaction of Brooks Range sheap
hunters, 1990-1992.

__Unsuccesshul hunters
Mean safisfacon Mean satisfaction
rating n rating n

Alrcraft

Private 1.83° 54 463 58

Guides 218 83 312 8

Charfer 241 160 4,34 70
Highway Vehicla 218 22 474 45

*1 = very salisfied 1o 10 = exdremely disappointed.

Table §. Years of prior sheep hunting expenence for successful and unsuccessful hunters Brooks
ﬂ-lllll :-hnE hurltnlr:-I 19801883,

~Sutcessiul hunters Unsuccessiul hunters
years n years n
Same aroa 084 203 1.38 177
Elsawhera in 051 185 1.10 -
the Brooks Range
Elzmwherm in 254 201 A4 170
Alaska
Chutmide Alaska naei 182 .40 144
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This may explain how same hunters wers very
satisfied with aven the smallest legal rams.

Novartheless, hunters did generally agrea with
full-curl-gnly management, and safisfacton with the
traphy wvalue of ams increased somewhal sl
moderately greater horn lengths (Lo, greater than
about 3T inches). A few hunters apparently had
such sirict personal standards for trophy quality
that they registered dissalisfaction with seme of the
largest rams in the sample,

Success in taking a ram appaared to be the
most importan! factor influencing overall hunt
satisfaction. For example, huntors using highway
vehicles or charter aircraft often complained of
overcrowding and competiion. Taking & ram
tended to overmide these negative factors, however,
and successful road hunters still reported high
satisfaction, MNevertheless, unsuccessul road and
charter aircrafl hunters reported the lowest overall
hunt satistaction ratings, suggesiing  that
unfavorable sxperiences such as crowding did
adversaly affect hunter satisfaction whan coupled
wilh lack of success,

Buccessful huntérs saw more legel rams and
elected to pass up maore legal rams, but made
fewer stalks than did unsuceessiul hunters, This
could indicate that successiul huniers tended fo
choose areas with more legal rams, or that they
ware maore expapenced and skillfil, Unsuccesshul
hunters actually reported more years of sheep
huning experence, bul nonresidant sheep huniams
in Alaska (with a few exceptions) must hire the
senvices of professional guidefoutfitters. Thus
inexpenenced, but successiul, hunters may have
benefitted from the experence of their gusdes.
Another confusing factor may be that resident
sheep hunters using the Dalton Highway had
previous sxpenence siher there of in other road
accessible areas which are not necessarily the best
places o hone one's shoop hunting skills, Finally,
saome unsuccessiul hunfers may have been very
skilled and sxperenced, yol terminated stalks
voluntarily because they were more discriminating
and, al close range, elected not lo take legal rams
that were smaller than desired,

MANAGEMENT IMPLICATIONS

The key o hunter satisfaction seams o be
misintaining @ high rate of success. Hunters may be
mosd satsfind with large rams but they remain very
satisfied with vitually any legal ram they take.
Baeginning with the 1883 hunting season, minimium

20

horn size for the Brooks Range was increased to
full-curl. Under the previous 7/8-curl regulabion,
st hunlers saw mone than 1 legal ram and were
abile fo be selectve in choosing which rame fo stalk
and shool. Eighty-two percent of the rams shot
were =8 yoars old and would stll be legal under the
new regulations. Al least a few of the younger rams
could also have been legal based on hom curl.
This fits well with experience elsewhere in Alaska
whare increasing the hom sise standand has had
only a minor or shor-larm offect an harves
succass. Al the very leasl, tha harvest should
remain comparabde with only shghtly increased
hunter efforl.

Cumenlly, faclors other than hom-cur
regulations are having a much greater short-tenm
gffect on Brooks Range sheep harvests, In
conjunction with a seres of severe winlers, sheep
populations in some areas may have fallen as
miuch as 500 over the past fiew years (F. J. Mauar,
W5, Fish and Wikdl. Sery., unpubl. data), and
harves! alzo has dropped nearly 50% (ADFG
unpubl. fes). Howewer, word of reduced sheop
numbers must have spread rapdly among sheeap
humters, By 18992, fewsar hunters were going afield,
and thus the success rale fell proportionately less
than the absolute drop in the harvest,

The ullimate benefits of full-curl managemeni,
i leims of hunter salisfacbon, may be subdle
Thasa hunters wio seak really lange rams will have
A batier chance of fulfilling their desire when the
minimum standard is sel higher, and fewer rams
are laken while still small. Hunters who are
presednthy satsfisd with any ram they can lake
should b oven more satisfied if they happen to
take largar rame under the new regulations,
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THE SUCCESS OF MOUNTAIN GOAT MANAGEMENT ON THE KENAI
PENINSULA IN ALASKA

GING G, DEL FRATE, Alaska Departmeni of Fish and Game, 3288 Douglas 3t., Homer, AK 88603,
TED H. SPRAKER, Alaska Department of Fish and Game, 34828 Kalifornsky Beach Rd. Swile B,
Soldotna, AK 99669,

Absiract. Innovalve managemant strafegies are somelimes necessary when budgets and manpower are
limited and the demand for a resource is high. Mountain goat (Qreamnos americanus) management on
the Kenal Peninsula in Alaska has evolved under these imitations from a liberal general season o a
quota-based dual parmit system. We utilized a limitled drawing permit hunt based on a predetermined
harvest quota followad by an unlimited regestration permit hunt. Drawing permit hunters were allowad 52
diays (10 August-30 September) and registration permit hunters were allowed a maxdmum season length
of 47 days (15 October- 30 November). Twenly-nine survey areas were open ko hunting in 1824 from a
total of 35 areas, Each huni area was surveyed on 1-5 year inbervals and harves! quolas have increased
fram 5% 1o 7% of the number of goats obsened. Individual hunt aréas reopsnaed or a registration hunt i
the quata had not baen harvested during the drawing parmit ssason and the risk of overhanvest was
considered low. Hunt arcas werne closed as havest objectives were met. We ovaluated this system based
on thwee major criteria; mountain goat population status, hunter opportunity, and control of harvest levels.
This harvest-racking strategy aflowed for gradual mcressss in populabion size, maintansd productivity, and
contralled harvest where access is varable while maximizing hunter opportunity and maintaining a
sustained and distributed harvest of goats.

Mountain goats ocour aleng the enlire length of  additive (Heberd and Turnbull 1977, Kuck 1877,
the Kenai Mountains in Alaska (Fig. 1) which Smith 1888), restictons on or elimination of human
represents the western-most nalural extension of  caused morality is necessary following back to
the speciss’ continantal range. Goat populafions  back or multiple severe winters. Surveys following
are most abundant in the coasial mountaine and  suspectsd severs winters would help managers
least abundant along the dier wesiem slopes and  identily population declines and make difficult
inkenor portions of the Kens mountan range, where  decisions regarding permil reductions or season
they conxist with Dall sheep (Ovis dal). closures.

Goats within Kenal Fjords Mational Park (KFNP) The Kenal Paninsula has been a popular
were unavallable o hunting afler the park was mountain goal hunting area since statehood
established in 1880, In addition to the 2,268 km’  because of iis prodmity to Anchorage and relatively
EFNP, most goal habital on the Kenal Penmsula  sccessibe goal populatons. By the late 1970%,
lies within the ienal Mational Wildlife Refuge (7,839 Alaska Department of Fish and Game (ADFAG)
k), Chugach MNational Forest (ca. 5120 knv), or  wildiife managers recognized thal moderate to
Kachemak Bay State Park system (1,500 km™), and  severe winters, combined with liberal seasons and
famains  wrtually unaffectsd by  human  bag himits of up 1o 2 goats, resulted in local
development. population declines. For example, the number of

The most significant factor affecting goa! goats surveyed in area 342 declined from 84 in
populations on the Kenal (Hjeljord, 1873) and near 1868 to 22 by 1980. Consequenily, a regesiration
Hatchikan {Smith 1984) was balioved to ba winler  permil hunt system was implemented in 1978 to
weather. Severs winters have pronounced effects  reduce harvest and distribute hunting pressure. In
on nataify rales and mortalty of older aged animals 1980, drawing permits were ssusd by |oftery
and juveniles (Smith 1986). Couplod with hunter  Tollowed by unliméled registration permits for areas
harvesl on prime aged animals, goal populations  where harsestable quotas remained, In addifion,
could decline. Since hunter harvest B primanly  subsistence permits were allowed in desagnated
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Figure 1. Kenai Peninsula and the associated mountain goat hunt areas. Most
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Refuge (KNWR), Eenai Fjords National Park (KFNP) and Chugach National Forest
(CNF) as indicated by cross hatching.



subsistence Uss arcas only.

ADFAG management objactve is to maintain o
population of 4,000 1o 4 500 mountain goats an the
Kenai with a harnvest of predominanily (B8%
minimum} males. The Department utilizes a
harvest-tracking system (Caughley 1977) based on
survay results of indnidual hunt areas.

We would kke to thank L. Nichols and Dr. G.
Schwarte for their review of the manuscript, all the
pilots and observers (two of whom never came
homa) who spent hundreds of hours sunveying
goats and collecting data on the Kenai , and the
vanous ADFAG staff who assisted in developing our
curment managemaent system.

STUDY AREA AND METHODS

The Kenai Peninsula (21,831 km®) is located
south of Anchorage, Alaska (Fig. 1) bebween 59°
and 61" N, [attude and 149° and 152° W, longitude,
Cook Inlet bounds the Kenal on the Wesl, the Gulf
of Alaska on the south, and Prince William Sound
on the esst. The Kenal Mountaine and the
associated mountain goat range lie on the eastern
side of the Peninsula,

Climate on the HKenai vardes from coastal
maritima along the Gulf of Alaska to drier interior
portions of the peninsufa, Snowfall data avaidable
from the USDA Soil Consarvation Service (1054)
indicate thal snow pack levels peak in late Apdil or
early May. Mean snow depth in 1881-1880 in
salecied sites near goat habitat ranged from 76 2
em (30 in) at Summit Creek to 248.9 cm (98 in) ot
Muka Glacier and Tumagan Pass.  Annual
variations i snowpack were caused by marifime
influence, surrounding topegraphic features (Pasz
15981), and prevailing storm direction.

The Kenai Peninsula mountain goat range is
divided into 35 survey areas, which comespand to
individual hunt areas. Twenby-ning arcas wore
open to mountain goal hunling in 1994 . Of the 8
arsas not opened, 4 were located within KFNP and
the other 2 contained small hards (less than 20
goaks).

Since the eardy 1870s, the department has
mondtared goal populations using aarisl surey
techniques describad by Lentfer (1955). Surveys
were flown using a Pipar PA-18 Super Gub with an
obeerver during early mormning and evening in July
and Awgust {prier to hunling season). Survoys
generally were flown along drainage contours
baginning al the subalpine zone progressing
upward inlo The alpine rone by 150-200 m
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increments. We counbed and classified goats as
glther kids (= 4 months) or adults and recorded
data on standardized forms. Harvest quotas ware
calculated based on the number of observable
goals in each huni area.

Thres goat populalion rend areas, each
consisting of 2 or 3 contiguous CoUNt areas, wers
established in separate geographic regions of the
Kenal (Del Frate 1292a), These areas became the
primany sampling units for monitoring trends in goat
production and abundance Tor the regions thy
representad  Insufficient annual budgets restricted
us fram surveying all areas annually. Trend areas
and other high priority areas were surveyed every
1-3 vears, while low priority areas were surveyed at
least every 5 years.

The Kenai Peninsula mountain goat population
size was estimated by summing the most recent
aenal survey results for all counl areas and
comecting for sightability. In deing so there was an
unavoidable lag in the magnitede and direction of
increase or decline of estimaled populabon sife.
Additicnally, saves 1980 we assumed the popubation
was increasing in all areas. The composite
estimale was expressed as a range by assuming
that 70% to B0% of the goals present during aerial
surveys wire obsarved (Michols 1980a). Recent
rccurale esBmates of mountain goats 0 KINFP
were not avadable but were assumied bobtweon
B00-1 000 animais.,

Drawing permits were allocaled based on the
number of goals observed, degree of accessibildy,
and hislorical success rates for indhidual hunt
areas. ADFAG is authorzed through the Board of
Game o ssus up to 500 permits. Currently, 29
hunt areas are open and the number of permiis
differs from 2-40 per indwidual hunt area. The
drawing permil season opened 10 August and
closed 30 September. Hunters were required 1o
report o a local department office within 10 days of
harvesting a goat with the horns for aging and
vamication of sex. LUnsuvccessiul hunlers were
required to report within 15 days of the end of the
saasan by returning the harvest report porticn of
their panmit,

Since success rates differed annually and
because we suspecied that additional drawing
parmits could resull in overhamnvest in some aneas,
we included a registration permit syatem in 1982 tor
7 days and quantSes werse unlimied, Only selected
areas wore opened (wheda harvest quotas wera not
met and chances for overharves! were minimal},
Huntérs wiere requinéd o apply in person al an
ADFAG office. Succassiul hunters were requined o



present the homs within 5 days for measuring and
aging. A shorl S-day reporling period was
necessary to facilitate in-seasan managemant

The registration hunting season opened 15
Cetober and clesed 30 Movemnber unless areas
wearne closed by Emergency Qrder (ECY). In recant
yvaars mosl areas were closed by EO becausa
indiidual area guotas weara flled within 1-2 weaks
of the registration ssason.  Emergency orders
smued locally allowed for closure of an area in one
or two days, thus, reducing the risk of overhanvest.
Hunlers who had not yel gone afield were advised
af the EO closura by phone.

In Alaska, special provisions provide a priority
for subsisience uses of wildife, Where resowces
warg nol plenbiful encugh o provide for the
subsistence needs for all residents (Tier [,
resources were allocated to qualified indiiduals

through lottery (Ther I}, Hunter qualiications

were based on need, prodmity to the resource,
history of use, and sources of alternative foods,
Subsistenca mountain goal huntors were regulated
utllizing the harvest-tracking strategy, Currently, 4
areas have been designated for Tier || subsstence
hunls on the Kenai Peninsula, The Tier | S8ason
began 1 August instead of 10 August and closed 30
September. A follow up registration hunt was
allowed if harvest quotas had nol been met. These
registration hunis were limited fo residents of
Alaska who qualfied for subsislence

RESULTS

In annual population estimates using the most
recent aerial surveys, the mountain goat population
remained relatively stable from 1968 to 1981 and
then steaddly increased through 1992 (Fig. 2). This
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Figure 2. Kenai Peninsula mountain goat population, 1968-1993.
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technique has been used fo identify long term
popidation trends as was noted with almast a thres
fold incressa in tha Kenai gosl population,
However, some limiations wene noted: dopending
on the number of annual surveys compleled, there
may be a lag in recognizing population changes,
localized increases and daclines weane not readily
evidont since all survey information was combined,

As the mountain goat population size increased
under our management system, population
objectves were revised upward in 19889
{Holdermann 1980) and again in 1993 (Del Frate
1892h). The currant population sstimate is 4,500
1o 5,800 goats.

Trend area survey resulis during the ponod
1868-1887 indicated kids:100 older goats and
parcent kids observed ranged from 200900 to
44100 amd 17 6 31%. respechvely. Fid
parcentage during annual surveys in the Wesl
Shope and Biving Sound regions declined gradually
in 2 of 3 trend areas duning the last decade (Del
Frate 1992h)

Harvest rates for Indvidual count areas wans
increased frem 5% to 7% of lotal countable goats
bo try to stabiize goat numbers within managemaent
objectives. Additional increases in quotas may be
necessany if the harvest rate of 7% s inadequale,

DISCUSSION

The onginal permil system was instituted 1o
disperse hunting pressure, limit hanests i highly
accessible areas. and maintain hunter apportunity
(Sprakor 1981, 1983). Afer the 1984 season,
Spraker (1986) recommended "adjusting” the
parmil allecation lo mael the increasing population,
Smith (1584) suggested that a population tracking
sirategy (Caughley 1877) was advantageous for
mountain goal managemaent, Since then, harvest
has been based on predelermined population
objectves and adjusted for lopg term
anvironmental trends. Parameters such as sex
ratio in the harvest and mountain goal distribution
have bean included (Hokdermann 1988).

The drawing pormit systom was iniGated in
1882 when we realized the regisiration permit
wystem Tailed to prowde the necessary safeguands
1o controd hunting effort and to prevent overhanest
Localized ovarharvest problems generally occurred
in areas with good access, Using drawing permits,
huni areas with as few as 30 goals could be
opanad. In addition, hunlers could be distibated
miore evenly across e Peninsula and the “gold
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rush” style of hunting would be aliminated.

Success rates for drawing permil huniers
differed substantially between years, For example,
hunt area 338 havests have varied from 1-8 goals
annually with success rales of 10% o 100%,
Regstrabon hunts were allowed only when hansest
numbers were below quotas. By combining both
drawing and permil sysiems we can
maximize hunter opporiunity and achieve hanvest
objectives while prolecting smaller subpopulations
of goats. Where there are small populalions of
goats or good Access we Can only issué drawing
permits since the possibiity of overharvest is high,
Annual adjustments in the number of parmits
issued often were necessary fo adjust for the
desired harvest, By comparison, areas with
moderate to difficull access have been managed
wall using registration permits. If an aroa had a
high probabilty of overharvest, a regisiration season
wirs nof aulhoized regardiess of surplus goats.

Weather also is a facior thal affects in-season
managament by aflecting hunter success rates
Extonded pariods of paof weather provent hunters
fram iraveling to hunt areas or reaching goals in
difficull terrain. Drawing permit systems genorally
cannot be ad|usted for unpredictable and vanable
harves! rates. The addtion of the regmsiration
permil system allows in-season adjustments 1o
cnabie the Department fo achieve harnest
objectives.

Swveral condiions of the penmils allow persenal

contact between the Department and hunters.
Informialion on animal condilion, age, and séx, as

well a5 mathods of transportation, and success
rales allowed us to gain insighl concerning the
rosults of our management program, We provided
g handout fo hunlers describing the life history of
poats, how fo dentify billies in the field and specific
maps showing the description of hunt areas.

CONCLUSIONS AND MANAGEMENT
IMPLICATIONS

Thera are saveral benafs associated with tho
currant mountaén goal managemant systom on tho
Kenal Peninsula. Each type of permil allows for
specific objectves to be met while stll manlaming
hunter opportunity and protecting wildlife resources.
However, manpower for data entry and analysis
increases with in-season management. In areas
where unlimited participation hunis are no longer
viable, a dual permit syslem may be applscatils

Since the baginning of tha harves! racking



strategy on the Kenai Peninsula the mountain goat
population has expedenced continuous growth. The
decine in the proportion of kids may be an
indication that the Kenal Peninsula goat population
is nearng carrying capacity. Declining habitat
conditions may reduce the productivity of female
poats (Adams and Bailey 1982) or perhaps density
dependant reduclions may be occurnng (Swenson
1885). Both theones need further investigation on
the Kenal

Weathar patterns genarally have been
moderate to mid with only a few exceptions. Poor
winler condiions have been reparted 3 times since
1978 (Nichols 19800, Del Frate and Speaker 1981,
Del Frate 1992¢). If the Departmant suspects high
overwinter mortality, aliocation of permils can bo
adjusted 1o account for winler sevority. Lale July
surveys may confirm suspicions and we can further
adjust regstration permil allocations.

The addiion of a registrabon permil funt
system thal follows the drawing systemi & not
without s faults This type of In-season
management i iabor intensive. Personnel need (o
be available to Bsue pormits on demand as well as
check huniers in and out of hunls. Since the
number of regsiration permits are unlimited,
access becomes critical to whether or not an area
should be opaned. Areas wilth good access
slimulate inferest In some hunters who would
otherwise not attempt o hunt goals, In some areas
on the Kenasi waell over 100 permits have béen
maved in less than 5 days.

Smith [1584) suggested thal mountain goal
populations followed “boom or bust” cycles based
on exfended penods of moderate or severe winlerns
Mountain goal management on  the Kena
Peninsula recognzes the potential for thesa cyclas.
We can take advantage of the “booms™ by
increasing hunter participation and harvesting
addéional animals. In the evenl of a "bust” we can
prodect the remaining animals through conservativa
pllecation of permits. If necessary, individual hunt
areas can be closed untl populations sufficiently
recovar. The Keys to the succaess of this program
are the manager's warking knowledge of mountain
goat hiology and hunter demographics.

This systerm of mountain goat harvesi
management developed on the Kenal Peninsuls
may have application elsewhere, Advaniages ara:
(1) effacive despersal of hunting affort by allocation
of parmits by hunt areas; (2) reduction in the sk of
localirod overhanest in arcas with casy access; (3)
specific hunt area objectives, and (4} long term use
of trend areas  facditates assesament of hunting

a7

and emvironmental effects an mountain goats.
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HORN GROWTH IN MONTANA BIGHORN RAMS
HAROLD D, PICTON, Departiment of Biology, Montana State University, Bazeman, MT. 58717,

Abstract Annual growth incramants of 58 bighom rams (Ovis canadensis canadensis) from 18 Montana
hunting districts were analyzed to test several current hypotheses concerning horn growth. Fluctuating
asymmetry measurements wers used to test the hypothesis that the small hom syndrome of certain herds
resulled from population bottlenecking and a resulting 1655 of ganatic vanabélity. Mineral analyses ware
usad io test the hypothesss that ham size differances can be explained by mineral composition differences
which sene as indicators of major soil fedilty differonces among ranges. Meither of these hypolhases was
suppoiied by the analytical resulis. The general pattern of growih was highest in the middle years of life.
The sheap fram ranges producing large homs showed greater annual growth from the 2nd or 3rd year
through life than did the sheep from ranges yielding smaller homn sizes. Pattems of hom growth in
transplanted sheep populations resembled the psrent population but had considerably larger annual
growth increments. Flucluating asymmelry values were smallest in the sheap from areas producing small
homs. This suggests that loss of genastic varability was not a major influence on these sheep, Asymmetry
values in ransplanied populations resembled the parent population and sibling populations more than
unrefated populaions. When climatic effects were evalualed, the annual variation in precipitation
accounied for about 30% of the annual vanation in hom growth after the effects of age were accounted for.

The homs of bighom sheep differ somewhalin_ METHODS
78 AMOng vanous ranges of this spacies (Stewan
and Butts 1882). 1t is presumad that this varation B Tape measurements of circumference and
duse to both genetic and emdronmental factors. The  annual increment length on the outside curve of
relative contribution of each of these factors tothe  each hom were made when sheep heads were
horn variation has never been determined. More  brought in for regsiration and marking. All sheep
detailed information concerming ham growih wolld  anabyzed in this study ware killed in 1983 and 1984,
ba of henofit in managing the species. Inan  The methods usad for mineral analysis have bean
aflampl io explore horn growth, data on the annual  described proviously (Picton and Eustace 1886),
growth increments from 58 rams representing 18 STATA 3.1 (Compuling Resource Cenber,
Montana hunting districts were analyzred, Santa Monica, CA) was used Tor all statisbcal

| wish to thank the many members of the analysis. The F test for equality of standard
Montana Fish, Wildiife and Parks Departmentwho  deviations and the T test for equality of means were
measuted the homs and collecied the dill shavings  used. Because of sample sizes and hislorical and
produced in the identification plugging of the homs.  regional affiniies, adjacent hunbing districts were

Tha current study focused upon the Muctualing  grouped logether for some analyses.
asymmetry of the annual growth ncrements, the Fluctuating asymmalry was measured by
cverall growth patterns, and the relationship of horn sublracting the measurement of each annunai
growth to climate. Fluctuating asymmetry refers o incremont of the left hom from that of the right horn,
the bhilateral differences in growth seen between the  The differences were tofalled to give an asymmetry
right and left homs of an aenimal.  Such index for the ankmal. Only dala from the base
lopsidedness has been used as an index to  through the ffth increments were used for
inbreeding M small populabons of cheelah compansons because of differences in ages and
{(Acinamyx fubafus) (Wayne et al 1986), grizzly  brooming in the terminal incremants The analyss
bears (Lirsus arctns) (Picton of al. 1980) and other  was repeated using the circumigrence al each
species (Leamy 1984) Inbreading incroeases the  annual increment. An index to the amount of hom
fluctuating asymmatry bul environmaental stress  lissue laid down each year was obtwined by
may increase it as well (Leamy 1884), multipdying the annular circumference by the length
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Table 1. A comparison of average homn lengths of bighorn rams over five years af age fram

diffarant ranges in Montana, 1983 and 1984.

Area n hean ago Mean length (cm)
Flint Rangs 4 BS+25 852+80

Rock Creak 3 BT +06 B+ 52
Gallatin-Hilgard i8 68+16 Tr4+93
Highland Mis. 4 S8+15 902+«84

Sun River 8 T3=13 BBE + 73
Baaroath- 11 TE+14 B1.5 + 107
Absaroka

of the annual incremant. This was falt 1o be mors
sensitive to the actual metabolic processes of horn
growih than the volume esimates used by othar
workers (3iewart and Butis 1982 because i is a
betier reprasentation of the aclual amount of hom
fissue that ancloses the volume.

Maonihly precipitadon totals and growing season
data were oblained from weather station records
(NOAR 1875-1884). Weather stations with weather
Huctuations similar of that of the bigham sheep
ranges represantad by the samples ware salacted.
Thus, the weather station serves as an index to the
weather of the sheop range as follows: the Gison
Dam weather station dala was used for the Sun
River hunting districts, the Phillipsburg Ranger
Station weather dala was uzsed for the Rock Croek
and Flint Range sheep ranges, the Wise River
wealher stabon was used for the Highland
Mountains shaap ranges, Hebgen Lake weallier
records for the sheep ranges located in the
southern portions of the Gallatin and Higard
mountain rAnges., and Cooke City weather for the
Beartooth and Absarcka Mountains sheep ranges.

RESULTS

Ham Length

The Flint Range, Rock Creek and Highland
Mountains areas are notable for their production of
large rams (Table 1) over the tasl 20 years, These
areas have all recolved transplant animaks from
Sun River. The Beariooth-Absaroka area includes
the highest mountaing In Montana. Two of the
sheep populations in this melapopulalion unit have
besn judged to ba in paor condiion by papulation
paramatars (Martin 1888),

Asymmilry

Asymimetry as a percantage of tolal incremaont
length averaged |owest (0.3 parcent) in the
poputations of the south Gallalin - Higard range
areas. The highest average length asymmetry (3.4
percent) was seen in the Sun Rner areas. The
horn surface anea index was used 1o compars the
fluctuating asymmetry of different herds (Table 2}
Tha F tesi was used to assess the vadation in
fluciuating asymmetry using the indices of
asymmaetry, Horna from the Sun River region did
not differ in asymmalry from thoss in the Rock
Creek-Flint Range or Highland Mouniain areas
Some ransplants of sheep from the Sun River
were made in these areas since 1960, Sun Rwver
sheep also did not differ in asymmetry from the
Gallatin-Higard sheap but did differ fram thase in
the Beartooth-Absaroka area, Bearooth-Absaroka
sheap had significanily less variation in asymmgiry
than ded any of the other areas exceplt for the
Highland Mauntains.

Annual Hern Growth

The amount of surface area added to the hom
wias amall during the first year of ke, maxmum
during 3 years of age, and then declined for the
remaining years of life (Table 3). On average, the
synihesis of horn Gssue declned by 14.5 per cent
per year after the peak year of growth, The rate ol
deciing of hom growth appeaned to be similar far all
populations, Rogression analyss indicated thal age
oxplained bebween 42 and 81 per cent of the
variation in annual hom growth within the vanous
arcas (Tabie 4).

Relationship of Hom Growih and Climate
Slepwise mulliple regression was used o
oyplore e relaionship babssan annual hodm
growwth and monthly tolsl precipitaten (Table 4). In
general, precipitation explained about 30% of the
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Table 2. A summary of the asymmetry of hom surface area indices for five Montana bighom sheep

areas, 1983 and 15384,

Araa n Mean index Mean % Area differ
asymmatry asymmelry indax (P<.05)

Flint-Rock 11 13.4 0649 Bearaoth

Haghland Mt ] 127 0.57

Sun Reear 8 10.2 0.54 Beartaoth

Gallatin- 19 8.5 057 Bearioaoth

Hilgard

Bearteoih- 11 8.5 0.54 Al excopt

Abszamka I'“Iia.nd

variation in horn growih remaining after the effects  DISCUSSION

of sge were accommodated. However, there were
cansidarable differences amang areas (B.9% 1o
T7.8%)

Relationship of Annual Hormm Growth and
Minaral Content

The Fa, Al, Mg, P, Ca, Pb and Zn levels
reporied presiously (Ficion and Eustace 1886) did
nol show significant cormolatons with the annual
grewih  increments. Mo consistemt  palterns
amaerged from e data

The Flint Range, Rock Creek, and Highland
Mountain areas have been prime areas for the
production of large horns for a number of years
These areas have received fransplant of sheep
from the Sun River population. The Flint Range
and Hock Creek ares had sosting populations
which were supplemented by the transplants. The
Highland Mountaing population ropressnts  an
entirely new population on histeric range. This
population s characterized by exceplionally rapid

Table 3. A comparison of annual horn growth using the surface area indices for five population

units in Montana, 1983 and 1984,

Age Flint- Highland Sumn River Gallatin- Beartoath

Rock Hilgard -Abrsaroka
1 189 125 17.7 0.2 6.9
2 831 121.6 B8.1 622 =44
3 1054 127.8 BG.2 T6.6 66 6
4 807 831 805 66,2 B35
5 725 a2.0 54.0 &7 g8.2
6 50.1 < T 368 3G 45,5
T 43.1 - aM.r 3586 323
8 27.5 i 17.6 18.7 214
] 15.8 . 9.2 18.3 15.1




Tablke 4. The proporiion of annual hom growth explained by age, precipiiation, or unexplained. The
months in which precipitation has a major positive or negative effect are given.

Area Age % Age %Ppt % Lin- Important months
explain Bxplain explain NDJFMAMJJASOD
Flint <2 42 L 32 F
‘Rock 3+ T4 T 18 MAM.I o
Highland <2 81 7 3 A M 5
Ix 68 2 10 MJdJ SO
Sun River <2 - - -
I [ 2 27 N JFM J
Gallatn <2 69 B 25 N MAMJJA
Hilgard 3+ 55 ] ar M MAMJAJA
Beartooth <2 a7 [} 45 D FMA
Absajoka 3+ 74 -] 21 J4F A J O

harn growth rates in the second and third years of
Iife which carried over into the fourth year in all
axcepl the Sun River. Historically, the Sun River
populalion persisted for many vears al ecological
cairymg capacily and then underwenl a major
expansion following reduction in the number of ek
(Carvus alaphus) on the range (Picton 1984). The
sheap for the transplants were obtained during this
period of increasa.

Stoward and Butls (1982) proposed that the
differance in hom size among different populations
can be related to popiutaton bollilensckng snd
consequent inbreoding in this century. Fluctuating
asymmatry can be used io fest this hypothesis
because i Is believed to increase as inbreeding
increases (Leamy 1884). Inbreeding reduces the
effectiveness of prowth confrol fesuling in an
increase in “lopsidedness” in the animal (Leamy
1884, Palmer and Sbobeck 1988). Thus,
fluctuating asymmitry should increasae in areas that
historically had a major period of population
constriction, The Gallatin-Hilgard and Beartooth-
Absarokn arsas might be axpected to show high
levels of asymmabry but instead were notable for
the low levels of asymmetry. The latter population
s norkheast of Yellowslons Park; the former area
i nortvwest of the Park. The Auctuabng asymmelry
analysis doas not support the population
bottlenacking hypothesis. The apparent lack of &
significant difference in ssymmetry betwsen the
Highland herd and the Beanooth-Absarcka sheep
may have bean due to the small number of
samples for the Highland herd (n=5).

Hypotheses that deficlency of insolubdity of
paricular mineraks interfered with hom growth
{Picton and Eustace 1886) were lested using this

detailed dalabase, The analyss of annual homm
groswth pattems and their mineral content produced
no support for the hypotheses that thesa mineraks
were limiting., Schwantje (1986) pointed out that
low levels of copper and selenium can produce
subdlinical problems in domestc sheep and
parhaps bigharn sheep. Although Cu levels were
closaly sxamined for a relation ta horn growth, none
was found, While homn tssue can be expectad (o
b a physiological recorder of conditions present
during its formation, it is probably not as senstive as
I live ssue used by Schwanlje (1988).

The pattern of horn growth secen horo, with
peak growth during years 2, 3 and 4 is similar to the
inverted U patiern described for Dall sheep (Ovis
dalli dadlf) (Bayer and Simmons 1884, Konlg and
Hoels 1884}, While #{ cannol be specifically
confirmed, it appears that aréas notabla far lange
harn sizes have parmbcularty high rates of growih in
the sarly years of life,

The relatonship of climate o the producthity
of sheep also has been reported (Piclon 1964),
The usa of weathes station precipitaton represents
a rough assessment of the importance of climale
and the probable effects of year to year variation in
nutriten on hom growth, Use of an eflectve
precipitation model for each range area combined
wilh dstibution nformation would improve the
assesement. Both positive and  negatve
relationships were seen when companng maonthly
precipitation and horm growth, However, | feel that
a more defalied analysis is necessary before il can
be concluded whether increased pracipiation
during a given month will have a positive or negathis
effect on hom growth
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MANAGEMENT IMPLICATIONS

in managemaent terms, | appaars that the
sheep of the high altivde ranges surrounding
Yellowsione Park may represent an adaplive suite
that includes smaller tightly curled homs. It is
suggested thal further evaluation be done before
supplameantal plants of sheeap of the larger curd
lineages are mades in the area, Comparable data
from the neighbouring herds in  Wyoming
(2hoshone River and Whiskey Mounlain areas)
wauld be parbcularly valuable, Bighom sheep from
the Sun River lineage seem particulardy able o
make use of new habitsts  and should be
considered when making reintroductions  info
currently unoccupied ranges.
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SUMMER ACTIVITY PATTERNS OF BIGHORN EWES IN THE NORTHERN GREAT
PLAINS

ROGER W. SAYRE. Departmant of Biclogy, Box 9019, University of North Dakota, Grand Forks, ND 58202
ROBERT W. SEABLOOM, Department of Biology, Box 8018, University of Morith Dakots, Grand Forks, ND
58202

Abstract; Eight bighom ewes (Ovis canadensis callforniana) were caplured and fitted with motion-sensitive
bransmitters in earty 1582, Their acihvily patierns were monitored with a elemetrydata recording system during
the summers of 1992 and 1993, Concurmenl behavioral observalions indicaled thal the syslem recorded
activityfinactivity with = 85% accuracy. The ewes wera more active during the daytime and PM twilight than
during the night or AM halight (P < 0.01). Peak acivty pariods accurred in the moming soon afler sunniss, and
in the afternoon/evening, which tended 1o be the most active time of the day (P < 0.08). Activity levels did not
differ on days whaon temperature was > 23 C, companed with days < 23 C (P > 0.05). Howover, ihe owes

tended fo be more active on wet days than on dry days (P < 0.01 in 1892),

Enowiedge of acivity palferns can vield important
informabon aboul the ecolegy and behawior of
ungulates. However, data are difficull 1o oblain. Long
hours of observations are roquired, stedy animalks
may move oul of view, and the presence of observem
may affect the behavior of the animals. Moreover,
data on 24 hr actwity budgets, mcluding noctumal
patterns, of bigham sheep are lacking. Radio
talemetry has facilitated research of actity patterns,
and new advances with automated tslamelry allows
workers fo collect actvity dala continuously ower
extended periods, Previously, the data were collecied
on sinp chart recorders (e.g.., Memill 1835, Hamr and
Czakert 1986, Kufeld ef al. 1988), but these require
intensve monfloring. Computerized data recording
devices intorfaced with telemetry equipment have
been uwsad on mule deer (Kie el al, 1881, MacDonald
1980, Peterson and MacDonald In Prep.) bul net on
bighorn shesp. Use of this technology could halp
increase knowledge of ungulale ecology in a vanaty
of regions and environmental conditions.

Rututvely few ecological studies of bighom sheep
have been conducted in the Great Plains region
(Brundige and McGabe 1986, Fairbanks et al. 1987,
Besger 1991). Fairaizi (1878, 1980) provided the only
provious reports on the reintroduced population of
bighoms in the badlands of North Dakota, and his
risearch focused on population estiimates and food
habis Behevioral stidies of these sheap in Bl new
enwvironment have not besan conducted.

Thie objpecives of this study waere! (1) mplement

and vabdaie an aulomated lelemetry mondodnng
system to evaluate 24-hr activity patterns of bighom
mwes in northem Grest Plains, (2) delecmine summer
activity pattams of evwes duriing the different pedods of
the day; and [3) analyze the influence of temperature
and precipiation on activity patterns.

Funding for this study was provided by Cenex and
Maridian Qil Companies, North Dakola Game and
Figh Depl, and the USDA Foresl Sendce. We
thank Dr. C. Patérson for instrucons on the
telemetry/dala  Iogper  implemaniation  and
progeamming, and Dr. J. Lang for lending his data
logger. We also acknowledge the Dept. of Biclogy,
University of North Dakota, for administrative suppont

STUDY AREA AND BIGHORN SHEEP
POPULATION

The research was conducted al the 14 km'
Magpse Creok study area, 1.5 km east of the
confluence of Magple Creek and the Lithe Missouri
River in McKenne County of western North Dakola,
Elevation ranges from 646-802 m.  The area is
rugged and dissocted by steep coulaes which were
formed dus to erosion of the soft silt and clay since
the Pleisiocene. The plant communities are a
complex mosaic thal reflect the vamed lemrain,
Plateau tops and gentle side slopes (<50%) are
dominated by threadieal sedge (Carex filifoda).
needie and thread (Shps comala), weslern wheal
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grass (Agropyron smidhily, and blue grama (Bouwfelous
graciis), The sieep southarly facing slopes (= 50%)
are either non-vegetaled or dominated by xerophylic
shrubs such as sagebrush (Arfemisia indenlals and
A cana), and rabbitbrush {Chrysothamnus spp.).
Morth facing slopes are dominated by Rocky
Mountain  junipar  (Juniperus  Scopciiorum).
Complexes of shrub  communties, including
chokecherry  (Prunus  wvirginiana),  snowbarry
(Symphorcarpos  occidendaliy), and skunkbiush
(Rhue frifobala), are interspersed within the primary
habitals. During most of the past century, ivesiock
grazing was tha prmary land use and § continues in
the Magpie Creak area. During the past 15-20 years,
oil development has bacome increasingly widespread
in tive Litthe Messoun badiands, and the current density
ol actve of wells within the study area i 16
wollskm’,

Audubon's bighom (0, ¢. sudubony previously
occupied the badiands, but they were extinpated by
the earty 1900s (Fairaizl 1978, Knua 1891). Eightean
Calfornia bighoms waere infroduced io the Magpie
Creak area in 1858 (Fairaizl 1978, Knue 1891}, and
by 1875, the area was Inhabited by ai least 30 sheep
(Fmragz] 1978). The hard count Iotalled = 40 sheap
a5 recently as 1990 (W. Jensen, North Dakola Game
& Fish Depl pers. comm.); however, only 18
individuals have been observed within the Magpie
Creek study area since our research commenced in
18492,

METHODS

Exghl swes and 1 raim ware caplured using a nel
aun fired from a halicopter during Marnch of 1982,
Each owe was ear-lagged and fitted with & radio-
collar thal was eguipped with 8 motion-sensitve tp
swilch (Telonics Inc., Mesa, Arizona). The ram was
nar-tagged and mleased. Radio signals from sach
ewe were recorded for 30 sec, every 3 min, 24 hriday
by & Welemelrydata recording system. The signats
wafe recaed by an omnidifeéctional antenna that was
connocted 1o a Telonics TR-2 recelveriscannar and
Talonics TDP-2 dola processor. The tolemetry
equipment was interfaced with a Campbell Scientific
CR10 data-logger (Campbell Scientific, Logan, Utah)
(MacDonakd 1990, Pelerson and MacDonald In
Prep.). The sysiam was powered by a 12 V' battary
that was recharged with a 5w solar panal. Dala ware
slored and periedically down-loaded onie a personal
coumpubier

The telemeatry system recorded whather an

10

animal was acive or inactive, Aclive behaviors
included feeding, walking, running, and social
acliviies, Inactive behaviors included bedding and
standing still. To valkdales accuracy, 5 of the radio-
collared awes weors obsorved directly while the
system was opembing, and the recording was
compared with observed aclivity. Activity analyss was
conducted by compiing data from randomly selecled
24 hr pariods during June, July, and August of 1992
{n = 10) and 1983 (0 = 14). Missing dala wara
discarded from the analysis Temperature and
precipitation dala were collected al Fairfield weather
slation, located 37 km southeast of the study area.
Activity dala for lthe ewes wané combined
bicausa field chsandabions indicatad that the radio-
collared ewes usually remained in the sama group
{Sayre unpublished data), thus their activity pattemns
ware not independont. The proporbion of tme ewes
wers actve wers averaged for each hour and for
different periods of the day. The 24 hour cycle was
categorized into 4 perods based on cwil beilight
{Anonymous 1992, 1093): AM twilight (beginning
when the sun was 6* below the horzon; dayime
{(sunrise to sunset); PM twilight (sunset until the sun
wias 6° below the horzon); and night (between the
end of PM twilight and the beginning of AM twilight)
Daytime was subsequently divided into 3 paniods:
micmming (tha first 4 hours following sunmsa), mid-day
{fram » 4 hours after sunrise until 4 hours before
nightiall), and cvening (4 hours prior to nightfall).
Times were recorded at Mountain Daylight Time
Two lewvels were analyzed o evaluate relationships
batwean activity patterns and amblant temperaluns:
= 23 and > 23 C. This temparalure was used
becavse i & the best available estimate for upper
criical temperature (UCT) of a bighomn ewe
Information on LUCT for northern bighom sheep arae
latking, and 23 C was used &5 a threshobd becauss
it has been reported as the average UCT for mule
dear (Parker and Robbing 1984, Parker and
Gillingham 1980}, a neminand thal iz approdmately the
same size and body shope as a bighom sheep, In
addiion, 2 levels for precipitation were used; wel and
dry. We analyzed this vanable because the bentonite
clay ridges, used as the primary escape tedrain by the
sheep, become extremely slippery when wel We
hypothesized that the behavior patierns could be
different on wel days because field cbservations
mchcated that the sheep had dificully negatiating the
steap slopes. Wet days were dofined by feld
observations, andfor when > 0.5 cm was recorded
during the 24 hr period thal acivity dala were
recaorded, or when = 1.0 cm of predpilation was
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recorded during the previous dey (the banionila
remains sippery for = 24 hr after substantial rainfall).

The data wene subjecied to repeated measunes
AMNOVA, with activity as the depandent vanable, and
year, temporature, and preciptation as  tho
indopendent varables. Paired tHests with the
Bonferroni Inequality (Snedecor and Cochran 1888)
were used to compare activity levels during different
panods of the day, Influence of weather vanables on
actvity lavals ware compared with the two sample t-
test. Statistical analyses were conducted with SAS
computer programs (SA3 1985),

RESULTS

When compared with visual observations, the
telemetry monitofing syslem  cormectly recorded
atve behavior 93 of 05 times (97 9%), and inactive
behavior 108 of 114 Hmes [856%) However,
praliminary analysia of the data indicated that the
radip-transmitter  from 1 ewe maliunctoned.
Therefone, data from this animal were excluded from
further anabysis.

Hourly activity patierns indicate that the ewes
followed a diurnal activity schedule during sumimer
{Fig. 1). Ewes were relatively inactive at night and
displayed peaks of activity at about 0600-0700 and
about 1400-1800. During a8 mid-marming lull (0200-
1100}, activity levels were reduced by al least 50%
when compared to peak fimes, The ewes typically
had 3- 4 actvity bouts/day

Stalistical analysis of the actvity pafterns
indicated that the awes ware significanily less active
(P= 0.001) in 1982 than in 1993, Thus the data were
analyzed separately by year, even though daily frends
between years were similar, During both summaers,
the ewes ware less active at night and AM Bwilight,
and more active during the day and PM twilight (P <
0.01) (Table 1). Analysis of data from different
daytime perods, indicated a slight decrease of activity
frem moming to mid-day (P = 0.30) in 1882, but
revealed significantly greater actwity during the
evanmg perod (P < 0.01). In 1993, the awes were
mare active in the evening than in the morning (P <
0.05) but the oiher compansans ware not different [P
» 0,15)

0‘ ] T T ] T T L] T T | "

BOO

1200

L]

11@‘ -Ema

Time of Day

Figure 1,
{n = 14 days) ol Magpie Creek, North Dakota,

24 hour acthity patiems of 7 bighomn ewes during summers of 1992 (n = 10 days) and 1993
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Table 1. Proportion of time %) bighorn swes
wan active during segments of 24 hour cycle and

durin ime at Magple Creek study area®.
18992 1843
Pariod Mean 8E Mean 8E
AM twilight  10.2A° 27 135A 28
Daytima 1528 1.4 44.TB 1.3
PM twilight 3448 25 202ZB 2.8
Might oTA 05 1254 1.5
Murrin;; 33048 . 45 94 25
i -day 31.84 14 41.2B 2.4
Eveani 42 68 2.8 2258 3.1

* Ewes (n = T) were monitared for 10 days in 1892
and 14 days in 1993,

¥ Means within columns with different letiers are
statisBcally different (P < 0,05, adjusted for Bonfermani

inequality}.

The average summer lemperature was 18,7 Cin
1892 and 16.2 Cin 1883, These wara relatvely cool
compared io the average scasonal termperaiure of
18.7 C© (Mational Weather Service), Temperatures
on days thal aclwly data were recorded did not
deviate from the average of sach year (P = 0.30).
Daytime actvity levels did pol differ when the
lomperature was < 23 C compared o > 23 C (P>

0.19) (Table 2). However, the swes tended to ba
rmore active on wel days in 1992 (P < 0.01) (Table 2).
During 1883 the activity levels during the wet daytime
periods were slightly higher than on dry days, but the
differences wers nol significant (P > 0.20),

DISCUSSION

The telemelry mecording system  provided
accurale recordings of general achwity patiams.
Although Kie et al. (1281) reported high * values (>
0.81) for mule deer ai the level of walking, foraging,
and resting, we did nol quantify behawvior al this
rigalubon because the sheep frequently fed on steap
hillskdas with their head up, and wa were not able 1o
diffarentiate feading from other activiies. Inaccurale
recordings ocourred either when the animals wers
bedded and they moved their head up and down
during the 30 sec scan period, or whan the animais
were standing or foraging wihout moving encugh o
lip the mercury switch,

Moctumal bahavior patierns of bigharn shoeop are
poory undersiood. Dats oblained in this shudy
indicated that during tha summar, bighorn ewes were
relativly inactive at night.  Although nocturmal
observations were not conducted, field obsenalions
indicaled thal the awes stayed within the same area
once they bedded down for the night (Sayre. unpubl

Tabke 2. Daytiome activity levels of bighorm awes in elation to temperature and wet weather [wet days
had = 0.5 cm precipitation, andior > 1.0 ém on previous day; explanation and rationale in text), at Magpie

Creek, North Dakota,
[<23CF [=23Cf Dy’ Wet®

Yoear &

Pariod X 5E X SE P X BE X EE P

1682

Daytma A58 1.8 a51 2.1 .93 ns 1.0 384 1.4 0,004
Morning 34 4 4.1 3.7 28 .89 302 .5 AT 6 28 0.090
Mid-day 344 1.2 309 1.9 019 284 1.5 .3 1.0 0.004
Evening 383 4.8 438 37 0.45 388 3.5 485 43 0.200

1883

Daytime 43 8 1.6 468 1.8 028 43,3 16 4568 24 o.280
Meming 438 35 E0.4 36 02 433 4.2 481 30 0.270
Whid-day 41.1 27 40,56 53 0.80 386 30 443 35 0.250
Evi 526 3.5 51.3 57 0.66 518 52 531 1.3 0.790

‘=3 days in 1992 and 10 days in 1983
*n=T doysin 1992 and 4 days in 1993,
‘n=5days in 1882 and B days in 1883,
“n=5daysn 1992 and B days in 1883,
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dats). The activity that did occur probably represents
reposiioning and movement among bed sites during
he nighl. Diurnal observations indicated thatl, during
bedding penods, the animals stand and riposibon
thamsetves every 30-120 min. Additional rasearch on
noclumal behavior patterns of bighomn sheep is
neaded.

Clrecadian acthvity levels increased = 2
hoursiday from 1882 1o 1883, A number of faciors
may hava conlribuléd to this incréase, including
weathar, [ambing success, predator activity, farage
availabsity and qualty, or other desturbances. The
activity data in 1983 were collected on relatively more
wel and cool days than m 1992 (Table: 2.
Furhermore, 3 ewes successiully reared lambs In
1882, but no lambs were alive after 1 June 1883, In
1882 the ewes lended lo stay closer to their pimary
lambang terrain than in 1883 (Sayre, unpubl, data),
thus their travel tme may have been less.
Disturbances by coyoles also were obsanied maore
Troqueently in 1893 than in 1882 (Sayre, unpubl, data),
which may have confribuied o the increased level of
achvity.  Likewise, sghtings of rams and ram
harasamant of the ewes was greatér in 1993 than in
1992 (Sayre, unpubl. data). Data on the availabilty
and quality of forage were nol collected. Howewver,
the Bming and stocking rate of cattle grazing did not
diffar between the 2 years, (Bruce Rogers, LS
Forest Sepdce, pers. comm.). The efects of other
deturbances, such as oil developmant or interactions
of ewes with cattbe are yot to be analyzed.

Allhough actiity levels did not vary in relafion to
thia hypathasired thieshold of 23 C, field cbservalions
have indicated that the ewes sometimes increased
daylime bedding intervals on hol and sunny davs by
resling on the shady side of the ridges (Sayre, unpubl,
data). A higher temperature threshold may exist, and
research is continuing o detsrmine whathoer the swes
alber activity patierns when the lempanature & high.
It is not clear why ewes tended to increase aclivity
lovels during wet days. Energetically, they may be
loss stressed because the cloud-cover would
substantially reduce the operalive ftemperature
(Parker and Gillngham 1880}, In addiion, fravel by
bighoms on siaap bantonite-clay ndges appaars to be
more difficull on welt days, therefore, swes may be
spending more time foraging on less slippary grass
and shrub habitats resufting in overall increased
activity levels. Data colléchon s contnumg so That
telemetry activity recordings can be corroborated with
observed behavior and habital use under varying
emargnmenial condibons.

Eccles (1983) repofted that sermi-caplive bighomns
in British Columbia averaged 5 diurnal activity peaks

during the summer, while Davis (1938), and Van Dyke
(1878) reported only 2 or 3 daily peaks for wild sheep
in Wyoming and COregon, respectvely, which is closer
o thee tedernetry recordings of ewes at Magpie Creak.
The higher number of activity peaks reporied by
Eccles (1983) may be an arifact due to semicaplivity.

Finally, the data presented in this repord are
representative of a sample of data from oenly 1 herd
during the summer, Extrapolation of the Magpée
Creak data to athar populations, or to other seasons
should be viewsd with caution,

MANAGEMENT RECOMMENDATIONS

Human actvities should be scheduled at imes
that are leas! dsruplive o bighem sheep. Therefore,
we recommend that wehicle traffic wilhin sensle
areas, such as lambing habilal, should be limdted to
times when the sheep are mare likely 1o be inactive
and secure on escape tarrain, Specifically, based on
the information presented in this repord, the early
marning prior to 0400, or mid-marmng from 0800-
1100 would be the bést imes 1o allow human actvity

in close procdmity o the sheep
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EVALUATION OF BIGHORN SHEEP IN THE TEN LAKES SCENIC AREA OF
MONTANA

STEVEN JOHNSEN, School of Forestry, University of Montana, Missoula, MT 58812
C. L MARCLUM, School of Forestry, Uinhersity of Montana, Missoula, MT 58812

Absiract. Demographic charactensiics, distribution and movements of the Phillipps Creek herd of bighorn
sheep (Ovis canadensis canadensis) In Montana were investigated during July through Seplember 1881
and all of 1882, The most conservative population esimate for December 1882 was 82. Lambiewe ratio
in June 1992 was 90:100 and declined to 47:100 by December. The herd spent the rul, winler, and spring
periads (mid November through mid May) in Briish Columbia. The spring ranga was an enlarged wintar
range. Two [ambing/mursery areas were located in Mantana, 17 and 24 km southeast of the winler/spring
range, Mixed groups (ewes, lambs, young rams) used areas north and south of the intemational border,
from mid June through mid Novemnbaer. During this same period, ram groups were most often observed

south of the border.

In 1977, the Montana Depariment of Fish,
Wildlite and Parks (MDFWP} began documenting
reparts of bighorn sheep in the Ten Lakes Scenic
Arga (TLSA) of northwest Montana (MODFWP,
unpubl. data). The Fortne Ranger District of the
Koatenal Nabional Forest also received reports of
sheep in the armea over many years and stall
observed bighom sheep during an aedal survey in
1989 (G. Heinz, Wildlifa Biologist, U.S. For. Senv,
pers. comm.). Tha sxistence of this bighom shoep
herd has been known for al least 40 vears by the
local residents in British Columbia (A. McDonald,
Grasmere, B.C., pars, comm.. ),

The primary objective of our study was o
conduct ground surveys dunng all seasons of the
year to delermine abundance, composition, and
productivity of the bighom sheep population that
inhabits the TLSA in sumimed. Wae also describe the
disiribution and mavements of the hard,

This project was designed Insally as an
ooservational field study. Alter tha first Gokd season,
the cooperalors decded thal due o the Bmited
access and rugged topography of the amea dala
collection could be enhanced by puting
radio-collars on some bighorns. However, because
of a limited budget for fiying, the basic study plan
was not allered.

The sludy was funded cooperatively by the
Ministry of Environment and the East Koolenay
Wilditfe Association in Canada: the USDA Forest
Samvice: Kooltenai Natonal Farast and MOFWPE in
the United Slates; and the Foundation for Naorth
American Wild Sheep,

3TUDY AREA

The study area (Fig. 1) inclides a partion of the
sauthwesiern end of the Galton Range in British
Columbia (B.C.} and the northwestern end of the
VWhiiefish Range in Monlana. The TLSA (2,503 ha)
is within the Kootenai Nabonal Forest, immediately
south of the nternational border, The western
boundary of the study area is farmed by the Rocky
Maountain Trench.

METHODS

Bighom sheap wers capiured with a drop-net at
2 different sites, in February and March 1982, Siles
were baited daily with alfalfa hay and apple mash or
whole apples, A mineral block and a pan aof
granular minerals, containing vitamin E-selenium,
alsa wers svailabla at sach site. Captured bighoms
worn hobbled and blindlolded. Sex, age, and any
Identifying marks were noted. All animals were
marked with a numbered ear tag and a shot of
vitamin E-sedenium (1 cc adults, 0.5 c¢ lambs, | M)
to guard against caplure myopathy (Hebert and
Cowan 1871, Dalton et al. 1978, Kock at al. 1987).
Radio-collars were altached io 8 bighoms.

Bighom sheep were located by hiking or driving
i likely locabons within the sludy area and lockng
far them with & Tx binocular of a 15-60x vanable
power inlescope. Additionally, neral sunsey flights
in fixed or rotary wing aircrafl were conducied
approximately once per monih {0 locate and
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obsarve bighoms. Later, radio telemetry was usad
io locale bighorns during feed wing aorfal suneys
and on the ground.

Onca localed, the number m the group and the
afe and sax class of each individual, acconding to
thair horn size and shape and body stre (Geist
1471), was idenfified. The locafion of each
ebservation was recorded on an aeral photograph
or iopographic map so the site could be visited lster
to determine habital lype and measuie lopographic
characlenstics Tha Gming of sach saason is hased
on the activities of the bighorn sheep herd.

Ohsarvations from 12 days during Decamibr
1882 were used to esiimate the size of the bighom
population, Two populaion esimates were
calcllated; one using the Schumachar-Eschmayer
equation (Gaughley 1977), one using a technlque
developed by Miller of al, (1987}, in which the
authors modified the slandard caplure-recaplure
lochnique so thal the geographic closume
requirement was nol necessary. The madmim
nasmiber of highorn sheap observed in sach age and
sax class during the same period (Decembar 1682)
was used o estimate the size of the population and
calculate the percentage of the population in each
age and séx class, Lamblewe rafios weie
caloulated acoording fo Bowden ot al. (1984).

A yearty home range of the herd was calculated
using the harmonkc mean method (Dixon and
Chapman 1980}, The accurale delermination of a
harmmonic maan home range is dependenl on 2
assumptions: locations are indepandant of aach
other and the probability of delecting an animal is
proportional to the amount of ime the animal
spands in thal area (Samuel et al. 1885). Furiher,
the use of fewer then 50 locations fo determine
hiumnianic mean homa range results in an anlanged
home range (Jaremovic and Croft 1887). These
requirements were addressed by using B4
observafions and radio locations obiained during
aenal sunveys, The calculalion of seasonal homae
ranges would have required the dwision of the B4
leeations into af leasi 2 groups. Therefore, T was
docidod a yoarly homo range was the most
accurate home range thal could be delermined.

RESULTS

Sbdeen bighom sheep were caplured and
marked in 2 trapping allempls. Radwo-collars were
put on 6 females and 3 males. Upon releass no

bighorns showed any symptoms of caphurs
myopathy, s described by Dallon et al. (1878}, No

animals ware njured or killed during the trapping or
handling procoedurs,

The  Schumacher-Eschmeyer  equabon
produced an esbmate of 82 (085 Cl = 70 « X «
132) individuals during December, 1952 The
technique developed by Miller et al, (1987) provided
an merage population estimaie of 82 (0.95 C1 48
X « 108) during the same period (see Table 1 for
dali used o calécilate estimates), Using the
consaryative astimate of B2, we asbimate he
population contained 34 females,; 32 males and 18
Iambs during Dacembar 1992

The cbserved lamblewe rmatio for February
1882, was 34.100 (085 C1, 19 « X « 49) (Fig. 2). By
Apiil & had chropypiad o 10:100 (085 C1, 0 < X < 22).
Productivity during 1992 was high. The observed
lamb/ewe ratio for June was 80:100 (085 CI, 70 -
X < 100). The lamblewe ratho declined throughout
the summer and by December if was 47,100 {0.95
El, 41 « X « 53).

Mxed groups of ewes rams, and |lambs
winterad on the hilis and banches 3 km north of the
inorational border (Fig, 1). Philipps Creek bisects
the winter range (Fig. 1). A portion of the area used
by bighorn sheep south of the Creek s povale land
Much of the forested private land has been logged
and the remaining over story canopy cover s <10%

Ram groups were seen ragulady in the sama
area as mived groups, during January, However,
afler 5 February, few malure rams wene
encountered. A group of rams was seen on 24
March, on the fidge north of Rainbow Craek
Gubssquent visits revesied several rams using this
anea,

The sping range was an expanded winber
rangs. In lale Apdl, radio-collared owes began
making movemeants east up the Philipps Creck
drainage and south along the wes! face of the
mountaing. However, they relurned to the comne
winter range. On 14 May, they began moving lo
lambing/nursery areas and did nol return, Only 1
ram group was ohsemned during sping, an tha ndge
above Rainbow Creak

Two lambingmursory arcas wore idoniifod
south of the intermaional border, Ewes with [heir
larmbs used the south face of Mt Barmaby, 24 km
southeast of the winter range. They aiso were found
on the south face of “No Grizzly Ridge®, 17 km
southeast of the winler range and 1 km nothwest
of Litthe Themiaull Lake.

During summer, mosl radio-Collared ewes
movaed back and fordh acioss the Inlermational
border sevaral imes. They iraveled throughout the
TLEA and were observed 12 km north of the Bordes
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in B.C. (Fig. 1),

Rams appeared o move lesa than mived
groups and spent most of the sarly and late
summer in the Ksanka Paak area in the southem
paritien of the summer range. Poor Man hMoumntain
and the Ten Lakes Basin, immediately to the east,
wire sed dunng mid-sumimesr, Small groups of
rams were observed in other parts of the range
throughout the summer, Some mbed groups
maved nerth inte B.C. and remained there during
fall, Others remained in the TLSA until they moved
onto the west face of the mountaing, Ram groups
ware most ofien obsarved in the Ksanka
Poak-Independence Paak areq,

The herd refumed o the winter range ara and
the it started in mid-Movember (Fig. 1). Most of the
mating activity occurred south of Phillipps Creek
After mid-December mixed groups began redistrib-
uling over the winter range.

Based on radic-locations. observations, and
raparts fram hunters, 2 travel comdore were
idantified (Fig. 1). One route ook the bighorns
east-wesl along the ridge north of Philipps Cresk.
ion the other route, bighoms traveled norh soulh
adong the west side of the mountains when moving
betwaen winler amnd sumimer ranges,

The area included in the yearly 0.85 harmonic
mean home ranga was 207 km?®

DISCUSSION

The Schumacher equation (Schumacher-
Eschimeyer 1943) s one of a number of technigues
based on the mark-recapture method, AR such
techniques nclude seversl assumplions that must
be met to produce an accurate esfimate, The
assumpbons are: geographic and demographic
closure of the population, correct identification of
marked animals, independent probability of
capture, and no loss of marks (Caughley 1977,
Meal &1 al 1993), The method developed by Miller
of al. (1987) 5 also based on mark-recapture
techniques. However, it has been modified to
comect for a lack of geographic closure. In this
study, the 2 methods produced similar estimates of
the size of the Philipps Creek herd, resulting in
increased confidancs in the asimate.

In unhunied populations, bigham rams may
equal or outrumber owes (Buechner 1980,
Wioodgerd 1864). A nearly equal male-female ratio
(0.8:1) has bean roported for a lightly hunted
bighomn population (Cowan and Geist 1871). The
Phillipps Creek herd has a sex ratio (0.94), similar

to lightly hunted bighorn populations.

Caughley (1974) demaonstrated that age ratios
da not necessanly reflect changes In wildiife
population frend, He showed that both increasing
and decreasing populations could have similar age
ratios. More specifically, Geist (1971), Fesia-
Banchet (1992), and Joigenson (1992) have
discussed the difficulties of using age ratios 1o
predict trends in bighorn sheep populations. The
only reliable information thal can be gathered from
the high lambewe rafic documented for this
popilation during June 1992 s thal most females
in tha populaion produced viable offspring. The
dechning ratio fram June through December,
demonstrales thal surmmor-fall lamb loss may be

fairly high.
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EFFECTS OF AGE OF PRIMIPARITY UPON HORN GROWTH IN BIGHORN EWES.

MARCO FESTA-BIANGHET, Départament de Biologie, Université de Sherbrooke, Sherbrooks, PO J1K 2R1,

Canada

JON T, JORGENSON, Alberta Fish & Widie Services, 5820 1A Street SW, Calgary, AB T2H 0G3, Canada

Abstract. The effects of age of first lambing upon changes in homn length were investigated in a marked
popudation of bighom sheep (Ovis canadensis) in Alberta. Two-yedr-old ewes thal reised a lamb had longer
horns al the beginning of the summer (June 5), but grew less hom during summer (June 5 o Seplember
15) than other two-year-old swes Hormn length of 3-year-olds was independent of age of primiparity.

Several recent studies suggest that animals
adjust raproductive affort to reproductive patential
(Bovee and Pomring 1887, Pelfifor of al. 1988,
Stearns 1992, Pettifor 1883; ). Age of primiparity
{first hirth) should largely be determined by
variations in individual quality. Individuals that will,
on avarage, profit from early reproduction, should
reproduce at a younger age than individuals for
wham the finess cosls of early maturalion are ely
f excedd s banefits,

If this prediction s corract, within a population,
individuals that mature early should be of beter
gualty than late-maturing individuals. The posi-
reproductive growih of early-maturing indwiduals
could be slowed by their investmant in reproduction,
but not enough to offsst the fithess gains of earty
reproduction. There i, however, little information on
thi consequences of varation in age of primiparity
Tor subsequent growth of female ungulales. Green
and Rothsisin (1991) found that bison {Bison bisan)
cowes that first calved at 2 yaars of age were smaller
at age 3 than cows giving birth for the firsl me 8t 3
or & years of age

In @ previous papar (Jorgenson el al. 1993a), we
examined the causes of varation in age of first
reproduction in bighom sheep ewes at 2 diffarent
shidy sfes. On mrerage, ewes that produced a lamb
M 2 ynars had longer horms as yearlings than swes
who posiponed their first lambing unktil later, but
there was considerable overlap in hom langth
bastween the two groups, For example, hom length
at 15 months of age at Ram Mountain, Alberta
varied from 8 to 18 om (plus a very small éwea with
horns of only 4 cm) for ewes that failed to produce
lambs at 2 vears of age, and from 10 fo 18 em for
ewes thal produced lambs at 2 years, Al Sheep
Rivar, Alberta, the horms of 15-month-old ewes that

produced lambs e following year were about 20%
langer than the homs of 15-months ald that failed 1o
lamb as 2-year-olds (17 3 vs 14.4 cm) [Jorgenson at
al. 1883a).

Hera, we explore the consequences of vanabon
in age of first reproduction upon subsequent hormn
growth of bighorn ewes in the Ram Mountain
population, We expecied less homn growth for ewes
that produced and nursed lambs at 2 years of age
compared bo nonparous ewes of the same age.

Financial support was provided by the Natural
Sciencos and Enginearing Ressarch Council of
Canada and the Fonds pour la Formation de
Chercheurs ol FAdde & la Recherche {(Qudédbec)
(operating grants to MFB), the Alberta Recreation
Parks and Wildlife Foundation (grants to JTJ), and
the Alberta Fish & Wildlife Diision. MNumerous
people helped us capture and observe bighom
sheep and we express our grafifude to them, Eardlber
drafls of the manuscripl were constructively
reviewed by J. T. Hogg, W. J. King, M. J. Pybus and
5. C. Stearns

STUDY AREA AND METHODS

Ram Mountain (52°N, 115°W, elevation 1082 1o
2173 m) s separated from the main Recky Mountain
range by 30 km of coniféerous forests. A corral rap
baited with salt allowesd mulliple captures of almost
all ewes each year, and ovar 95% of the papuiaton
was marked individually in most yoars. Trapping
ook place between lale May and [ate Seplember or
early October. Horn length was measurad with a
measuring tape to the closest mm along the front of
the hern, from the haidine to the tp. We used the
avarage length of the 2 homs, unless one was
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obvioushy broken, in which case we maasured only
the mos! intact harn, If both horns were broken, the
owe was excluded from the sample. The lactabon
status of ewes was checked al caplure by visually
inspecting the udder and attempling to squeeze out
milk and during observations by noting lamb
suekinn

Botween 1872 and 1881, the population was
kept a1l 85 = 110 sheep by yearly removal of 12-24%
of adult ewes (Jorgenson of al. 19930). Removals
ceased in 1981 and the popuiation increased fo 210
sheep by 1892, Only one of 50 2-year-olds
produced a lamb during 19881881, Therefore, only
ewes bom before 1887 were comsdered in our
Analyaes,

Summar horn growth of Z2-year-old swes was
approxnmately linear (Figs. 1 and 2). We adjusted
hom Iengths to commaon dates by linear regression
with May 25 as day 1. We chose June 5 (day 12) for
earty-summer hom length, and 3eptember 15 (day
114) for late-summer bom length comparsons, We
used individual horn growth rates bo adjust hom
Inngth for pwes with ot inast 40 days batwesn first
and last capture. For owes caught only once n a
summer (6% of ewes), we used an owverall

regression of horm length on dale calculated for ali
caplures of ewes of the same age and reproductive
status (barren, lost lamb, or weaned a lamb). Hom
fength was adjusted only if @ measurement was
availlable within S0 days of the desred dale,
othersise the ewe was excludad from the sample.
The average ime betwesn adjusted and moasuned
horn longth was 8.8 days £ 0.7 SE for June 5, and
274 £ 1.3 days for September 15,

Cverwanler hom growth was calculaled for
indiadual ewes by subtracting length on Seplambei
15 from length on June 5 the following year. More
detailed descriptions of our study ama and methods

are presented elsewhere (Jorgenson e al. 186834,
1893h).

Definition of Variables

Early producer. A ewe thal produced her firsd
lamb at 2 years of age.

Late producer, A ewe nol known to produce her
first lamb at 2 years.

Successful parly progucer. An early producer
whose lamb surnvived to early Octobar, the

approomale ime of weaning,
Statistical Analyses

Wa used ANOVA to compare three groups of
owes, late producers, early producers whose lamib
died, and successful sarly producers. Sex of lamb
reared by Z-year-old ewes had no effect upon
maternal mass ch (Bérubé el al, in prap.),
therefore data for mothers of lambs of either sex
were pooled. ANOVAs were followed by Scheffi
tests o delect parwise differences between the
threa groups (Sokal and Rohlf 1981). The sample
of 2-yoar-olds that produced bt lost their lambs was
small; therefore, some comparisons were limifed to
Huesis between successiul early producers and late
producers,

RESULTS

Overwinter horn growth of yearling awes was
independent of thelr reproductive status the following
year: it averaged 2.5 = 0.3 om for late producers (n
=403, 3.02 1,1 cm for unsuccessiul sarly producers
fn = 5), and 2.8 7 0.4 em for successhul sarly
producers (n = 12) (F,., = 028, P = 0.76). Early
producers already had longer horns as yearlings
{Jorgenson et al. 1983a). On June 5 al 2 years of
age, successiul early producers stll had longer
horns than late producers (F, . = 4.81, £ = 0,009,
parwise diflerence P<0.05, Scheflé tesl). For 2-
year-old ewes, horn length and horn growth during
summear differed with reproductive status (Fig. 3).

During surmmer (June 5 o September 15) as 2-
year-oids, late producers had greater horm growth
(41 = 02 cm, 7 = 55) than successiul early
producers (31 03 em, n=s 14, [, = 452 P=
0.001). The homs of unsuccessiul earty producerns
grew considerably (4.4 * 0.7 cm) bul only 3 were
caplured sufficlently near the beginning and the end
of the summer lo calculate hom growth, so they
weara nol included in the analysia. Despite greater
summer homn growlh, by Soeptembar 15 iate
producers slill appeared o have shorter harms than
successiul eany producers (Fig. 3). althaough the
differences between groups were not significant
{F;]- m 2 81, P=0.07).

The homs of some Z-year-olds grew bebwesn
Seplember 15 and June 5 while those of olhers
bacame shorter. Overall, ham growth over winter
was nol affected by reproduciive status a8l 2 years
(Fps = 0.62,F =0.5), averaging 0.3 * 0.2 cm. The
horns of J-year-olds on June 5 did nol differ
acconding o reproductive status at 2 years (F,,,
0.95, P = 0.4), and averaged 20.6 * 0.3 cm (Fig 3).
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DISCUSSION

Wi predicied thal sarly reproduction should
have negative effects upon horn growth. Haorm
grosvih of yearings botween Seplembar 15 and
June 5 wis not affected by pregnancy. This result,
however, does not imply that pregnancy had no
effects on growth. Horn growth dunng summer was
linear and presumably continued after lata
September. By the ime of the rut in lale Movembar
or early December, howaver, ewes had probably
oither stoppad growing their homs or their hom
growth rate had conskderably diminished. In Dall
sheap (Dviz dal¥), yearlings cease hom growth by
mid-Movember (Hoafs and Nebtle 1982), and
bighorns likely exhibit 8 similar pattern because by
thien they subsst on low-quality forage. Theralore,
i s likely ihat much of the hom growih that we
measurad between mid-Seplember and early June
actually took place betweasn mid-Séeplamber and
Dwcember, before any ewes conceived. If aur
suggestion i comect, then pragnancy cowld mal
alfect changes m hom length from 1 to 2 years of
aga.

As pupecied, hom growth of 2-year-alds nursing
lambs through summer was less than for non-

lactating 2-year-olds.  This resull suggested a shoil-
term trade-off between reproduction and growth:
ewres that produced milk were imable to grow their
horns &t the same rate as non-lactating ewes
Parous 2-year-okds whoso lambs died did not baar
the costs of lacation. They gained horn fength over
the surnmer at a rate similar to that of nonparous 2
yeai-olds, confirming the negative affect of lactabon
upan hon growth

Our results suggest &n ensrgetic cost of
lactabon, which was raflacted m lower horm growlh
The funclions of horms in bighom sheap females,
and in other female bovids (Packer 1983), however,
are unclear. M is nol known whether a few
centimaters diference in horm length may affect a
female's lfe histary. Socinl relationships among
fomales in bighom shoeep appear (o have [#ile offect
upon reproductve success (Eccles and Shacklelon
1986, Festa-Bianchel 1991} and # may be
premature to intérprét our résults &s indicatars of &
long-lerm life- history cost of early reproduction

By age 3, age of primiparity had no significant
overall affects wpon horn length, This hnding
contrasts with results cbiained for body mass in
raindacr, Rangifer tarandis, (Leader-Williams ana
Ricketls 1862) and bison (Green and Rothsiein
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1881} , where early preducers suffered a decrease
in body growth. Early reproducton may alfect
growth in bighorn sheap less than n ather
ungulates, suggesting that bighorns may recovar
from the energeic costs of reproduction by
oxploiting summer foraga.

MANAGEMENT IMPLICATIONS

Accurate horn length and ham annull measurs-
man of bighom ewes could be useful as an index of
the frequency of reproduction among 2-vear-olds. In
Japanese serow (Caprcomis crizpus), reproduction
has & negative effect on female hom growth, and
harn annuli reflect & famala's reproductive histary
(Miura et al. 1887). Maura et al. {1887) were able to
measune all horn annuli in Japanese serow, In that
specws, smilarly to other rupicapnds, annuli are
fairty evident. In bigham sheep, annuli are difficult to
identify for ewes older than 5-6 years. However, an
accurate measurament of the first 4 annull wsually is
possible. By compsiing measurements of the firsi 3
annuli of different ewes from the same populalion
one should be able to estimale the Inequeancy ol
sarly reproduction. This indirect way of assessing
reproducive periomance would be useful in saveral
ways. For example, i would help in estimating
poputation growth rales and in assessing population
status: our shady at Ram Mountain revealed thal one
af the firsd consaquences af increasing populaton
density was an abrupt drop in the frequency of
reproduction among 2-year-old ewes (Jorgenson et
al. 1883a). It would also be a uselul criterion for
assessing habital productvity, as repreduction in 2-
year-old ewes 5 lkely indicalive of high-guality
habitat (Geist 1871),
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SOCIAL STATUS AND NANNY-KID SEPARATION IN ROCKY MOUNTAIN

GOATS.

M. LANETTE IRBY, Dapartmant of Biology, Uiniversity of Northem Colarado, Grealey CO 80639
JAMES P_FITZGERALD, Departmant of Biology, University of Northemn Colorado, Greeley CO 80638

Abstract. The social structure of Rocky Mounlain goats (Oreamnos amesicanus) in the Gore Range of
central Colorado was studied using a cardinal ranking system. On average, nannies with kids wene mos?
dominant, fallowed by biliies, adult females without kids, male 2-year-olds, female 2-year-olds, female
yearlings, and male yearlings. Mannias with kids ranked 1 through 3 had larger spacing betwoeen cardinal
values than mountain goats ranked 3 and below indicating that the relationship between dominant nannies
was relativaly well established. Nannies with kids interacted 2 to 10 times mora among themsakves than
with non-nanny goats bul, the everall average level of aggressive Interactions for nannies was lower than
for non=nanny goats {(Kruskal-Wallis p=0.05). it was hypothesized, and demonsirated (Kruskal=Wallms
pr. 01, that lower ranking nannies at the sall kck would be separated from their kids more frequently than

high ranking nannies.

Early studies on dominance in social animals
usually were descriplive accounts of sodal
organization, Gradually, ordinal ranks, based on
dyadic malnces replaced the descriplve accounts
with maore quantitative studies (Thouless and
Guinness. 1986, Holekamp and Smale 19592
Howovar, the use of ordinal ranks for structuring
animal socielies suffers from several probloms:
1}difficidty i assessing the magnilude of difference
in dominance among individuals; 2) difficulty in
companng dominance matrices based on different
hord sizes and observation periods; and 3) difficulty
in employing statistical technigues o rolabe
dorranances rank to olher qualibes of mterest (Boyd
and Silk 1983). To ovéercome these draw-backs,
cardinal ranking systems have evolved,

Cardinal ranking methods incorporate
infarmaton aboul Ineractions that &nd R wins,
Insses, and ties to generate an index of dominance
rank. This paper describes the social organization
of Rocky Mountain goals using a cardinal ranking
syslem from data of 14 herds obsenved
congragating at mineral licks duning the summer
manths of 1982 and 1993,

Observalions that led to the imesligation of
social struciure included: 1) aggressive interactions
between cohorls for sccess to sall ick holes; 2) a
tendency for nannies to aggressively interact
spacifically with other nannies: and J3) separations
of kids from nannies who losl in aggressie

interactions. Frequency of nanny-kid separations
(Hopkins el al, 1883), maintenance of proxmity
(DeBock 1870, Hutchins 1884), and distances
batwean nanmy and kd (Chadvack 1983) have bean
evaluated.

We hypothesired that nannies who wone
chased or deplaced from the sall Bck by other
nanmnies were of low ranking status. Furthermore,
we hypothesized thal low ranking nanmies were
becaming separaled from their kids more often
than high ranking nannies.

METHODS

Population

The mountain goats studied were members of
a population of approdmately 125 animals in the
Guore-Eagle’'s Mest Wildamess Area af the north
ceniral Colorade Rocky Mountaines west of the
Continental Divide. Observations ware resinciid to
Ellloll Rudge, a long narmow alpine ndge wilh
numerous salt licks (Hopkins et al. 1952} Mountain
goats entering the sall ick area together duting any
pne observation perled were considered a herd
sample, All nannies were identified as indwiduals
by tags, collars, pelage patierns, scars, of broken
harms, Two-year-olds were classified visually as
animals ranging in halght and hom size bebwaen
the majorty of all adults and yearkngs al the saklt
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kck. Gonder was determined by wination posiures
and during opporfuniies to observe genialia.
Mother -offspring relations were eslablshed on the
basis of nursing and close associaion. Agonistic
and separation data were collected for individuals
in 14 hards ranging in sze from 10 10 45 animals,
with @ mean herd size of 21. A lolal of 83 hours was
spant in behavioral obsarvation

Cominance hierarchy structure was assessed
by scofing win- loss oulcomes in compebtion
batween individuals (Chase 1974). In this study,
dominance is defined as an indvidual's ability to
noquie access o a sall lick hole and defend i frem
compelitors, A win was tallied when an individual
chasad another away with a rush, hoin, or present
threat (Chadwick 1983) or if by moving towards a
galt lick hole it displaced an indsidual that was
there onginally, These events are marked by the
approach of a challenger, the encounter, and the
resulting win of foss, The wing and losses wen
fallied in dyadic matrices

Ordinal Ranking with Dyadic Matrices

Analyas involved thres sleps. Firsl, mountain
goats were ranked ordinally through placement
along a dyadic matr. Ordinal ranks wore the
arrangement of mountain goats based on winfloss
oulcomes, where [osers had the lowest placement
relative to others in & dyadic (sociomelnc) malix.
Each dyndiic malns used the commaon convantion of
listing losars along the top and winners along the
left column respectvely. The matrix was sored o
maxmize the total of entnes ksted m the upper
riangular portion of the matrie. This proceduns
placed animals in ordinal posfions of dominance
from most dominant on the top of the left columin to
legasd dominant an the battom, The most dominant
animal = placed at ordingl numbed 1 and less
dominents take higher numbars relative to their
positons lower down in the hierarchy, Nannies and
thasir ks are islod iogether as one indvdual in the
dyadic matm. Lone kid interactions are ignoned
because these do nol constitute a determinaton of
rank within the herd. Such inferactions include play
behaviors with olher kids and rejection of losi kids
by nannies 1o whom the kid does nal balong,

Cardinal Ranks Obtained from the Estimator of
Probable Dominance

Secondly, cardinal ranks wane dermied from the
ordinal ranks (Equation 1) . Cardinal ranks were
values derved from the fotal number of wins per

total number of contests. Unlike ordinal ranks, they
help to normakze the rank values for all mountain
goats found in different size herds and obsen/abon

penods.

A
= 2 1
e =l

The alpha goat is given an ordinal rank of i= 1
and a cardinal rank, R1 = 1.00 . To calculate each
subsequent rank we lat j =i+ 1 . This means that
tha cardinal rank, Rj, of each goal was calculated
frcem tho maxt higher up, R, in ordinal rank, This
allowed subordinate ranks to be determined relatie
o each ordinally higher ranking goat. Al is the
number of wins by ordinal | against ordinal i, Aji s
the number of wins by ordinal | against ordinal (A
+ A equals the total contests between land |. The
expression Aijf{AY + Aj) is the ratio of wins by the
higher ordinal rank to the tolal number of contests
faught: @ has a ranga of [01]. It is alsa the
eslimator af probable dominance of | ower |,

i i and | win equal numbeors of conlests against
one another then the estimated probability of
dominance i5 0.5, which meéans that i s not shown
to be dominant to |. The cardinal rank, R, provided
by Equation 1 will be equal to Ri when the data fails
fo suppord dominance. This s achieved by
sublracting 0.5 from the estbmator of probable
dominance o obtain & range of [-0.505] This
expression is then mulliplied by 2 1o maks A
consistent and comparable to the whole number
orchinal rankang system by giving the rank difterence
a range of [-1,1]. 1 i wins all contests against j then
Fj = Ri + 1 making the cardinal ranking system
comparabla to the ordinal ranking sysiem.

Dominance is increasingly well established as
saries rank differences gel closer 1o ona, The seres
ranking ghven by Equatian 1 Is paricularty usaful in
gquantitying how well vanous ages or sexes of
animals are placed in a hierarchy,. We define the
rank difference, (Rj = Rj - Ri . These rank
differences can be averaged for age and sex
Qrougings.

Equation 1 is undefined where (Al] + Aji) = 0.
Thir dyadic matnces were faifly sparse_ Arbilrary
selection of any two goats will usually give the
undefined resull, but in such cases Equabon 1 s
not applicable. The eguabtion depends on first
propuecly ranking the goals ordmally in a dyadic
malrix and calculating the cardinal ranks starting
with the alpha goat. Most of the contests were
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fought beteeon goats of close ordinal rank. If
conests had bean randomly, independent of
ordinal rank, than Equation 1 would not be a useful
esimator of cardinal rank. There were a few cases
whers (8§ + Ajl) = 0 between adjscent ondinal ranks
because there weré no contests. We adopted &
comvention that assumed such cardinal ranks to be
equal. Tha main reason for this assumplion s thal
some of the nannies were the first o take
possession of one of the several sall lick holes and
remained unchallanged duning the entire pariod of
observation. Randomness in nanny-kid saparations
based on ranks was evaluated with =
Kruskal-Walles (K-W) test (Devore 1981).

Herd Samphe Nommalization of Cardinal Ranks to
a Scale of Ten

One problem with Equalion 1 i thal the cardinal
ranks of the lowar ranking animals have a high
dependency on herd size. The madmum possible
cardinal rank number is aqual o the number of
animals in the hend, but could only ocour il all
dommants won  all conlests  agamst  thei
subordinates. Nevarthalass, largar hands will farcs
the subardinate ranks downwand relative o smalles
herds. An mprovement 0 the mothod would
minimize any herd size dependency in dominance
ranking.

After herd sample has been ranked using
Equation 1. a conversion facior is calculated that
allows the ranks (o be adjusted (o a scale of ton,
This means that lor every herd sample the
maximum rank numbser & 10 with all other ranks
miultiplied by the same canvérsian faclor. The
conversion facior. ¢, | calculated by Equation 2:

c=_10 (2}
R...

Ry = the maximum rank number obtained
from the herd samplé using Equatian 1. After
Equation 2 has been applied, cardinal ranks are
confined fo a scale of 10. Any number could be
substuted for 10 in Equation Z. If it is equal o the
herd size, the cardinal raniks will ba closes] to the
ordinal ranks. The valus, 10, isalf is not impartant.
its impartance lies in the fact that the conversiaon
Tactor reduces the effect of herd size on cardinal
rank and allows valid comparisons o be mads lrom
ane herd sample fo the nedd regardiess of size.

Dwefinitions, Terminalogy, and Notation
The following terms ane used: @ nanny is an
gdult Temale with a kid. Female goats withoul kids

are designated simply as ‘females’. Kids ame
designated lower ranking or higher ranking
according fo the ranking of their mothers, Billes ane
adult males {3 years or older), younger males are
subadults. Each goal in each herd is designated by
an uppercase letor starting with "A" for the most
dominant. These designations are valid only within
the contaxt of a gh'en herd. Lowercase "k" indicates
a kid, for example "AkK™ 58 a nanny with kid.
Lowsicase "b° indicales a billy, "m" indicalss a
male subadult, and 7 indicates an adull female
without 8 kid, An accompanying number indicates
age in years, For example “Fm1” is a3 sixth ordinal
ranking male yearling, "Eb" is a fifth ranking blly,
Cohod refers 1o any nearest ranking goat relative to
another. Peer groups are mauntain goats with the
same or similar carding! rank values, meaning that
piear group mountain goats may be similar in rank
with only fractional diference in values. When a
and kid lose sight of ane another and either
animal exhibits searching behavior, or bleats, the
event is called separation
Dafinftions for cardinal rank statistics include
rank avernge (R, standard deviation of ranks
(50, rank minimum (Ry.,). rank maximum {(Ry.),
and average difference between ranks (aR,.).
The average differsnce in rank was used o
evaluate the linearty of the hierarchy for vanous
soi-age groups. Highly linear sex-age groups have
higher averags rank differences (.R,,.). Less linear
SOX-0Q0 Qroups, of peer groups, have lower
average rank differences.

RESULTS

Rankings

Mannies occupied the three most dominant
positions in 12 of 14 herd samples, In herd H a billy
held the third most dominant position and in herd A
there were only two nannies. Mannies had the
highest average rank difference, suggesting their
dominance relationships to one ancther were well
establmhed (Table 1), The remaining sekx-age
groups had average rank differences near 0.5
excapt for male yearlings who were considerably
lower than the rest.

Average rank differences were calculated
yingg the herd manks oblained only from Equations
1. That sé&fes ranks ablained irom Equation 1 alanes
emphasized contes! results between adjacent
paars. Equation 2 was applied fo emphasize herd
placement and reduce the dependency, especially
ol the lower ranks, on herd size (Table 2). The
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Table 1. Cardinal Rank Statistics. Series ranks using anly Equation 1.

MNanny Female Female Female Billy Maie 2-  Male
2-yr-oid yearling yr-akd ywarling
Ruwe” 312 6.58 7.60 B56 6.31 768 842
S0, 212 184 308 282 2.44 2.06 2.80
R 1.00 4.00 344 383 2.44 387 360
R 964 10.00 1333 1333 9 64 13.33 1333
Rue 0.73 012 0.48 052 0.56 0.46 0.28
* Dafinitbons proveded in text
Table 2. Cardinal Rank Statistics. Herd nommalired cardinal ranks u!il'li Equations 1 and 2.
Manmy Female Female Female Bilty Male 2-  Male
2-yr=-aild yarfing yr-ald yoaring
R 324 B.42 764 9.02 627 7.57 8.83
5D, 1.72 1.60 1.58 1.35 1.93 1.54 1.36
R 0.75 3,75 4.52 4.91 2983 4.70 .44
Ryus 748 10.00 10.00 10.00 10.00 10.00 10.00

TDefintions provided in ex.

Tabla 3.5“-“: EmE Distribution Et In Mormalized Herd Ranks lﬂl'l_'li' Equations 1 and 2,

Rank Manmny Femala Femala Famala Billy Male 2-  Male
2-yr-oid yearling yr-old yearling
0-2 N5 0 0 0 0 0 0
2-4 7.0 83 a LI 223 a a
45 24.7 333 192 80 2T A 250 71
6B 6.8 50.0 85 16.0 8.8 21 143
B0 L] 83 423 760 111 427 T86
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Figure 1. Mean number of agonistc encounters observed per hour versus cardinal rank for all 14 herds

of Rocky Mountain goats on Elliott Ridge

standard deiations of cardinal ranks are higher
whan anly Equation 1 is used (see Table 1), This
higher standard deviation results from varfance in
the herd sizes from which samples wers taken. The
slandard deviabion using herd normalized ranks s
lew fior male yearings. This coincides with the low
average rank difference for this sex-age group,

The parcentage of mountain goats distributed
al various herd normalized ranks was calcuiated
(Table 3). Kxlless females showed a significant
(P=0.05) difference from nannies. Male and femala
yaarlings and 2-yr-olds are similar, respectively, in
rank distribution daspite male yearings' much lower
awvedage rank differance.

Aggression in Herd Normalized Ranks
KMountain goats with herd normalzed ranks of
4 through 10 had more agonistic encounters per
hour than goats ranked 1-3 (Fig. 1). Dominant
mountain goats (rank 1-3) had more wins relative o
losses bad thi relaionship reversed for subordinate
poats. In small herds, we observed the lop-most
nanny being challenged a few times by the next
highest ranking nannies. but aimost never by lower

rankang goats. However, in large herds the top-most
nanny was challenged by, bul usually defeated,
goats who were not nannies with kids.

Contests with Top Ranking Mannies in Large
Herds

Behavior of one fermale yearling (Ff1) in herd J
indicalés how females may move towards
dominancs positions within a heid, The yearling had
ovar four timas as many agonistic encounters with
high ranking nannies as her cohorts, She won 9 of
20 conlests with Dk and 11 of 28 with Ek (Table 4)
=he was chased by Ak 22 imes with no wins. Lower
ranking nannies in large groups were akso seen o
compete with higher ranking nannies more
frequently than cohorts (Table 5). Herds J and L
were used (o evaluale which sex-age groups wers
more [kely o compele with top ranking nenniss
These herds were selected because observation
times weare 17 hours over 3 days Tor J and 14 hours
over 2 days for L. Those imes were well in excess
of those for the other large herds and provided the
only opportunities to make significant obeenalions
of subordinale goat behavior toward dominant
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Table 4: Dominance matrix of mountain goat herd J (22 animals) on Elliet Ridge, 1993 after 17
ahsarvation hours

Winners

Losers
Ak Bk Ck Dk Ek FM Gm2 Jm2 Hk H KR Lm2 AMEZ HNmi1 O Ph
10"AK* - ™ 1 2 1
20 Bk - 14 3 1
30 Ck 12 2
10 Dk - 14 2 11 { 2
3.1 Ek 112 - 1T ] -]
N E N - 5
43 Em2 - 11
4.3 Jm2 - 2
51 Hk 1 1 i - & 5 1
63 W . o 12 13 2
63 K2 10 1 - 17 13 S |
70 Lmz2 ] K ] - £
7.3 M2 d 1 12 1 - 1
T3 HNmi - 5 2
T4 OH
81 Pb
! Eerios rank
¥ Ses ted for letter dafiniions

ad B
i

20

15

10 -

Total Observed Contests

© Wins by goat listed on row against goat listed In column.

L .
k f f2 i1 b

Sex-Age Groups vs Dominant Nannies
[IWon [l Lost

B o=

mea m1

Figure 2 Agonistic encounters behwean subordinate goats and dominant nannies in herds J and L
averaged for individuals in listed sex-age groups. k = nanny with kid, f = fermale without kid, 12 = female
2-year-old, 1 = fernale yearfing, b = billy, m2 = male 2-year-old, m1 = male yearling.

.
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nanmes, The lop five rmnking nannies in beds J
and L wers designated dominant. Mannies ranked
balow thess wers also ranked below other sex-age
group goats. Unlike some of thair more dominant
cohorts, these nannées tended fo infringe upon the
dominant nannies and be chased away (Fig. 2),
The high average for female yearlings in both
groups is solely aftributable to F1 of herd J.
Dominant billies also were observed o infrings
upon dominant nannies, but folally avolded
encounters with the top three nannies,

Manny-kid Separation

Durning the course of the study, 73 cases of kids
baing separated from thelr nannies ware obsenvad,
Separation imes ranged from 2 minutes o 3 hours.,
The tendency for lewer ranking nannies to interact
agonistically with higher ranking nannies suggests
an sxplanation for this high incidence of nanmy-kid
separaton. Such interactions acouffed when lower
ranking nannies infringed on nannies of higher rank
or wirs chasoed from a lick. Aftor being displaced,
the low ranking nanny moved around the salt lick
seaiching for & ick hole which could mone easily be
acquired, During this ssarch, & kid often bacams
“lost” due to the kid's inaftentiveness, sleaping,
playing, or loo many mouniain goats blocking the
view, of bacause the nanny moved oul of the sall
lick area. When the kid “discovered” loss of viswual
contact (Le, when it awoke or finished play acthitbes)
i was considered separated when R could not
immedialely find #s nanny and then iniliated
"abandoned kid” béahawior. Behavior of abandonad
kids included searching for the nanny, bleating, and
the cccasonal rading after a juvenile playmate and
its nanny only to be rejected by the playmate's
naniy. With one sxcepbon sach lost kid was
aventually found by its nanny. In the one event
where | did not observe the kid reunifing with its
nanmy, the nanny had left the sait lick area alons
and vocalized twice. The kid had moved dawn the
mountain side and was apparently out of hearing
range. Two hours after the separation, the
remaining herd (n=21) left the sall bck logether
The kid remained with this group and repeatediy
vocalized while moving out of observation range.
Reunions typically were marked by nose to nose
conlact with the nanny smelliing her kid along the
langth of its body.

Saparaions per hour increased with increasing
lower rank among nannies (Fig, 3 and 4). The
refabonship bebwesn lower normalized herd rank
and average nanny-kad separations per hour ang
correlated and significant{kK-W P=0.01)

The second cause of separation 5 walk-aways
(Fig. & and 6), Walk-aways occur when |ower
ranking mannies searched for a lick hole, o
doparted from the salt lick area without being
chased by another nanny, The parting of the
nanny-ad pair under these creumsiances is nol &5
sudden as those of the chase. The walk-away
soparation relationship akso was correlated and
suggested that, ai the sall lick, separations between
nannies and kids occurmed more frequently among
lowar ranking nannies(K-W P<0.01).

Lower ranks appoarsd o have a sleady
increase in average separations as the ranks
decreased, The average soparation result af the
Iwest ranks appeaned io be neary Enear with the
tremd thal began al the highesl ranks. The
exceplons in the middle may have been due fo the
sparseness of the data relatve to the higher ranks
(See Fig. 4 and B). High ranking nannies were
abundantly observed, being present in all herds
Only the largest herds provided opporiunities o
obsernve nannies of middle and low herd normalized
ranks.

SCUSSION

The level of sggression for nannies was lower
than the avérage for all othar goats in the hierd (Fig.
1). The conditioning induced by repested wins
would tond to place the more experenced and
dominanl nannies into an increasingly linear
hiararchy and reduce aggression [Jackson 1987)
This wolld allow energy olharwssse spént In
intraspecific competition o ba spent on reanng
young.

Subordinate aggression may have baen
increased by crowding which reduced access o
salt lick holes and encouraged lower ranking goats
to appromch the high ranking nannies more
frecuantly. Mala yaarlings appoanad to fafm poer
groups

It is possible that FI1 of herd J may be the
offspring of one of the domimant nannes. Chadwck
(1883) reported that yeardings and newbomn siblings
often accompany their mathers onto the salt lick
area, As such, the yearling may still be afforded
some profection by her mother, The yearling FM1
may algo have been conditioned o winning by the
protection of her dominant mother (Ginsburg and
Allea 1942}, Likewtsae, bower ranking nannies that
frequendly challenged higher ranking nannies at the
salt licks may be offspring of higher ranking
nMannees.
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Low ranking nannies generally faded 1o avoid
encounters with high ranking nannies. Subaduls
minimized encounters with high ranking mouniain
goals by positioning themselves along the ouler
perphery of the sali lick area, Lower ranking
nannies had from two to ten imes more encownters
with higher tanking nannies than did Ehedr
non-nanny cohorts. This suggested several
possibiliies: 1) higher ranking nannies singled oul
lower ranking nanmies and preferentially chased
them. 2} some lower ranking nannies. weoe very
competitive against the higher ranking nannies; 3)
lowear ranking nannies had not learned o stay
outside the individual space of dominant nannies.
The nanny HK, along with the female yearing Fi1,
in Herd J was cbserved 1o have more agonistic
&ncountars with higher ranking nannies and actually
won several of them. in Herd L. nanny Hk
encroached, competed, and won in contests
against hagher ranking nannbes. Let us conskder the
relalve ranking of Hk lo higher ranking nannies
Ck-Ek using Equation 1. If we remove goats Fk and
Gh, then He will have a considerable inereasa in
cardinal rank value. The resulis from Hk against
Ck, Dk, and Ek, places Hk as a dominant of rank 3
ta 3.6 rather than the 529 that results from HK'S
losses to the inlervening mountain geats. The paint
is that Hk competed intensively with these higher
ranking nannies.

Although other lower ranking nannies did not
win against higher ranking nannies, they sometimes
gncroached wupon them only to be repelied
Encroachment by lower ranking nanmes  and
preferantal attack of lower manking by higher
ranking nannies are not mutually excluskhe
possibiliies. Both silustions arosse during the hends’
occupation of the salt lick.

Mannies with an ordinal rank of 1 were never
separated from thair Kids ailher by baing chagied of
by walking memy. Rank 1 nanny dominance over the
rest of the herd may allow her o remain in one
place Tor long perods, reducing  chance
separations. Nannies with kids ware the highest
ranking mountain goats in the Gore-Range Rocky
Mountain herd. Nannios with Kids interactad bwo to
ten times more among themselves than they did
with olher pon-nanny mountain goats, I Hely
that nanniss without Kids wate younger. If o, much
of the social hisrarchy could be explained by age

and might also be corralated with sxperisnce in
rearng young. When ed, kids may be
axposed to greater risk of predation, increased
froquency of aggressive encounters with older
mountain goats, and longer periods of time without
access bo milk.
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SUMMER-FALL HABITAT USE AND FALL DIETS OF MOUNTAIN GOATS AND
BIGHORN SHEEP IN THE ABSAROKA RANGE, MONTANA

MATHAN C. VARLEY, Department of Biology, Montana State University, Bozeman, MT 58717

Absztract A three year study (1991 to 1993) of mountain goat (Oreamnod amencants) acology Wwas
conductad in the Absaroka Range of Montana, Wyoming, and Yellowsione National Park. Data on habital-
use and food habits of goats and bighorn sheep (Owvs canadansis canadansis) are presented here.
Summer and early fall habilat uze by mountain goats and bighorn sheap were dissimilar. Feeding sites
for goats tended io be rocky, steep, and sparsely vegetated while sheep feeding sites tended to be open,
mederately sloping, and continugusly vegetated. Behavioral feeding sirategles for the two species also
differed. Six obsenmtions of interspedific infemctions wera made duting the study. Diets of mountain goats
and bighom sheep were simitar and consisted primarily of grasses and sedges. Forage taxa contributed
to fall food habits in approgmate proportion fo their abundance as estimaled from laxa fregquency and

canopy coverage data collected al representative habital-types.

Mountain goats have been  introduced
successfully into several mountsin ranges in
weslem Norh America (Johnson 1977). In the
Absaroka range of southwest Montana, mountain
goals werne successfully infroduced i 1958
{Swanson 1885). Emigrants from thés expanding
populaion have been sighled recently in the
Absarokas of northeastern Yellowsione N. P. and
Wyoming. Ewvidence for goals being a member of
Yellowstone's Holocene faunal communily is
Imcking: theraiore, they are conssderad axaotic by the
Malional Park Service. Determining the ecological
effects of mountain goats In Yellowsione s
impoitant ko their management,

Exolic species may cause impac! 15 nabive
communities (Berger 1991). For instance, mountain
goats in Olympic Mational Park had a detrimantasi
gffect on vegeiation communities and endemic
plants (Pike 1881, Pfitsch and Bliss 1985). Despite
being sympatic during their eovolution, the
infroduckan of goals to nalive sheep habifats in
westérn slalés has evokéd quesBons aboul
polenbal competition betwesn the wa spocies
(Adams of al. 1982},

This study descrbes summeniall ecological
relabonships of mountain goats and bighom sheep
in the Absaroka Range. The data presented
inclucde; [1) terrain and vegetation characteristics of
goatl and sheap feading sites, (2) fall goat diel for
comparison with sheep diet, (3) feeding behavioral

stralegies of both species, and (4) interspecific
interactions obsensad.

STUDY AREA

The 280 km’ siudy area ks located in the
northern Absaroka Range of southwes! Montana
and northwes! Wyoming, Elevalions range from
fimberdine at 2 550 m to 3.313 m, the highest paint.
on Amphithealer Mountain, Lacking large plaleaus,
the range Is characierized by narrow, abrupt ridges
separated by forested drainages. Parent material
i pamanly the Eoccens Absaroka ‘olcanc
Supargroup (Decker 1990). Badrock B of two
primary types:  voleanic breccia and lava flows,
Sleep cliffs and scree slopes are common on
norivern and eastem exposures, Gradually-sioping
northemn and weslern aspecls accumulalé more
soil and support alpine turf communities.  Dry,
southern slopes have shallow soils and are

sparsaly vegataled.

METHODS

Ground survays of the study area worns
conducted during five 30-day perods from May 15
through October 15, 1881-1883 to document
habsal-use by goals and sheep. Prospeclive goal
feeding sites were searched by research leams and
absenmations wane made wih the ald of 7 %
binoculars and a 20x-E0x spoting scope,

Habital-type occupled, ime spent in oach type,
and distance travelad were recorded for Teeding
poats and sheep. Habidal-types were classified
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based on terrain, vegetation, and soil charactenislics
within a 10-meter rads of the subject animal,
Four physical charactaristics of feeding site
selection also were recorded from 7.5° USG5
topographic maps: slope, aspact, alevation, and
distance to escape femain. Vegetabon in three
habital-types used frequently by feeding mountain
goats was examined. Percenl canopy coverage
and frequency were astimated visually for plamt
species in 2 X 5 dedmeter plod frames spaced at
gne meter intervals along a 20-40 meter line
transect (Daubenmire 1959),

In 1962, 22 goat hunters successtul in drawing
permis in the study area were asked to provide
one-guart rumen samples from thoir hanvested
amemal. Rumen sample analysis (Korschgen 1880)
was used o delerming fall food habits, No
adjustments for differential digestibility were made.
Mean percent ocourrence of forage faxa in rumen
samples and mean percent canopy coverage of
forage taxa from plol ransects were compared
LSing Spearman’s rank-cormelation.

Four distinet bigham sheep hards migrate 1o
summer ranges in the Absarokas from winfor
ranges in the Beartooth Range and Yellowstone
Park. Sheep amved on lhe Absaroka summer
range in mid-June having already lambed in
fransilional ranges (Steward 1975, Markin 1585),
Drata for groups of ewes, lambs, and juveniles were
collected (few adull rams ware ancountered),

Interspecific interacions wera recarded whien
sheep and goats wera abserved within 20 m of
each other. Each inleraction fil into one of four
descriplive categories based on whether or not
inMerference compefiion (Miler 1967) was
ebserved: sheep-dominated, goal-dominated,
mutual inlerance, of ambiguous oulcame,

RESULTS

Mountain Goals

Goats primarily bed on young plan tessus which
grew throughout the summer following receding
snow. Goals were observed using various habdnts
on all aspects depending on snow-mell and plant
prowth stages (Tables 1 and 2}, In the spring, goals
fad in snow-frea habifals on south aspects. As the
Sumimer progressed, goals pursued receding snow
lines and the emergence of young, succulent
vegetation fo habtats on west aspects, By late
summer and early fall goats used noh and easl
aspects where sieep, shaded lsdpes harbored
medting smow.

13

Goats fed individually or in small groups (= =
5618, 1-47) within or nearby slaep, rocky escape
cover durng all perods (Figure 1), Forty-six
percent of all obsenvations of feeding mountain
poats wene within escape terain (Figure 2). Mean
slope and mean elevation of feeding habitats was
33 degrees (19-63) and 3562 (2925-3836) m,

While feeding, goats often traveled substantial
distances before arrhing al bedding sites. They
typically traversed a variety of habilats pausing no
mofe than & lew minules o graze any paricular
site. A mean of 2.8+1.9 habital-typas wore usad
per hour af unintarruptad faeding.

Seven of 15 successhul hunters returmed rumen
samples, Analysis of umen samples colleched
froem 9-15-82 1o 10-6-92 indicaled predominant use
of graminold spocies (T6%) in the fall (Table 3).
Farbs were sacond in importance (20%), while a
combination of browse and kechens made up the
remaining porion of the diel. Speaman’s rank-
correlation bebwean mean cancpy coverage of
forage taxa in the three habital ypes sxamined and
maan parcent oocurmanca in rumen samplos was
043 (P< 0.03) suggesiing forage selection is
proportional 1o abundance. Spearman’s rank-
cormelation betwsan graminoi] species canopy
coverage and moean parcent occurrence of thoss
species in umen samples was 083 (P=0.01)
suggesiing graminold wse in the fall diel =
proportional to abundance. Mo discemible
asgociaion bebween use of forb taxs and their
avallability was delected using the rank-correlaticn
test statstic (-0.08 (p < 0.80)).

Bighorn Sheep

From mid-June through September, sheep fed
in large groups (== 11,5 £8, 2-42) in open alpine
and fimberding meadows. By late Seplomber,
smaller groups fed i Smbedine meadows and
patches of sparsely vagetaled dirl-gcnee and talus
EBighom sheep and mountain goats were obsened
using differenl aspects (P<0.0001) and habitats
{F=0,001) during all five pericds (Tables 1 and 2).

Distance o escaps lerrain was greater for
foeding sheep than goats (P<0.001). The average
slope of sheep fonding sites was 24 degrees (12-
38). The mean elevation of sheep feeding sites
w3429 melers (2960-3888), 133 meters less
than goats (=4 34, P<0,001)

In contrast to goats, sheep tended o
concanirale fesding on one sils par feeding pericd

e
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Figure 2, Association with escape lerrmn by feeding mountam goats and sheep in the
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133



Table 1. Habitat use® by I'wd:'ri! mouniEin goats and sheep in the Absarokas, 1991-1993.

n_ Ledge R.scree S.scree T.scree  Tudl  Salpine Talus
May-June
Goats 48 122000 919 TS 48 T 705 1D
June-July
Goats 40 10(25) 10(25) 7(18) 5(12) 3{12) 2(6) 1(2)
Sheep 36 0 3 S5() 60T 1542 79 040
July-Aug.
Coats 74 23(32) 200N 68 9(12) 9(12) 68 1(D)
Sheep 34 0m 2{6) 2(6) S(22) M@0y 8(22) OO
Aug.-Sepi.
Goals 68 2537 1725 6(9 B(12) 6 (9 5(M 1y
Sheep 25 1(3) 2 3 S5(18) 1036 726 0O
Sepl.-Ocl.
Goats 62 19431) 422y T(12) 5(8) 610y  9(14) 2(3)
Sheep 29 0 () 14y 4(14) T24)  1034) T(24) 0O

A Types include ledge. rocky scree, sandy seroe, turf scree, turf, subalpine, and wlas.
b Number of ohservabions {percent of total),

Table 2. Aspect use by leeding mountain goats and sheep in the Absarokas, 1991-1963,

n N NE E NW W SE 3

May-June

Gioals 48 Xlop 2{4) 2() S(10) 6(13) B(le) 9(18) 11(23)
June-July

Goats 40 B2 3(M 3M 6(1% 5(13) S5(13) 411 6(1%5

Sheep 36 2N o 0@ 1 BEZNH 932 2N 725
July-Aug.

Goats T3 O1926) 10014) 15(20) ©9(13) &l11) )] 45) 3(4)

Sheep 36 1{2) 1{2) L) 2(5 822y 709 3(10) 1440)
Aug.-Sepl.

Goals 68 334 116 1623 11{16) 4(6) 1 (2) 0 ( 24

Sheep 22 301D 1) 1) 4013 1035 312 13 S(19)
Sepl-Oct

Goals 62 1524 11{18) 120200 1528 7(12) AX(H)] 1(3) ()

Sheep 2% 25 0 o 1 BEM 9032 20 7025

i Mumber of observations (pereent of 1otal)
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Mean number of habitat-types per hour of feeding
was 1.5 £ 0.7 and less than for goats (=328,
P<0.01). Sheep herds intensively grazed one sile
par feading boul and directional movemaents ware
not ebsenved to the same exient as goals.

Interspecific Intaractions

Dnly st obsandations of goat-shesp interactions
ware made, and of these five wers neutral, The
sixth concerned a group of 11 sheep feeding within
20 m of T bedded goats. When the author
appearad, ten shaep flad leaving one adult awe
and the goats who appeared unconcermsd
Alternpbing Io escaps to ledge areas, the ews was
blocked by the bedded goals. The owe
approached to within 10 meters of the author in
order to access an alernate escape moute.
Although goalts seemed lo prevent use of the
escape route, this obsarvation was influenced by
this abaarves and was amblguous.

DISCUSSION

Faeding site salection and behavioral strategies
for the two species were dissimilar, Mouniain goals
fed on sieep, sparsely vegetated sites during all
obsenvation perods. Feading stées wore often rocky
and closaly nssociated with maling snow.
Ganarally, goats fed individually or in small groups
and breveled substantial distances before stopping.
Chadwick (1974} described this behavior as “trail
feadifg”™ and noled i was greatest in the swmmen
and did nol vary until winter when snow pravented
long movements and thus, restricted feeding to
parbcular sdes,

Bighom sheep genarally fed m large groups in
open, moderately sloping, alping or timberline
meadows. While sheep were obsarved In ledge
habitats, they rarely fed al these sites. Shesp
stumed o bo altracted by the relatively high
biomass of turf communities, where they rebed on
large group sire and the vsual radivs of their
feading =ifes to detect predators (Shannon et al
1875, Adams ot al. 1982). In contrast to goats,
sheep tended to concentrate thelr feeding on one
it

Seasonal changes in aspect, elevalion, and
habital use in response to sarly growth has basn
reported in other mountain goal studies (Hjeljord
1973, Smith 1978). In this study, goats consistently
used sites with earky-growth vegetation. By clossly
following receding snows and foraging on the
subsequent "groen-up”, goats used all habiat typas

1
a

on all aspects during the five observation periods.
Phenologically similar sites woere avalable
ihroughoul the growing season because snow
melted more slowly on steep, northern and saslem
aspacts. In conirast, sheep used drier sites where
vegaiation was mone abundant and mature relatve
to that selected by goats. By using wel siles
predominantly, goats avoided termporal overlap with
sheep that, in some instances, used the same sites
later in the season.

Martin (1985) determined fall diet for sheap on
Absaroka summer range by microhistological
analysiz of fecal droppings (Table 3). Sheap used
grasses predominantly (Td4%) while forbs were
second in importance (18%). Sheep also used
browse (10%), mainly willow (Safix spp). Sheep
diets were simillar fo those found for mountain goats
in thes study, Both species’ diel primarily consisted
of common graminoids, particularly sedges [Cangy
spp). The § forage taxa with the highest mean
canopy-coverage composad grester than half of
bath species’ fall diels suggesting both species are
gensralists and feed on the most abundant forage
avallable durng tha fall. The use of uRcammon
forage taxa was not detacted in either species’ dist.

With few exceptions, sheap and goats loraged
on different forbs. Sheep used more browse and
less lichen than goats. Dissmilarties n the two
dests may reflect feeding site selection differences.
For instance, goats fod on rushes (Juncus spp.)
which were abundant in wel, shaded areas like
ledges and steep avalanche chutes. Also, sheap
browsed willow which primarily grew along
drainages in gantly-sloping meadows.

Meither species was obsered using mineral
licks. Martin (1985) did nol obasrve shesp using
mineral licks on the Absarokas summer range as
wall. The alkaline rock types of the Absarckas are
characierized by relalvely high polassum and/or
sodium conten! (Decker 1980); therefore, mineral
soulces may be abundantly dispersed throughoul
the range. rather than concentrated in paricular
sites. Forage growing in the volcanie soils may also
provicks mmeralks

Compatition wiould occur if the two species
were ulizing some emdronmental resource in short
supply;, however, feeding behavioral strategies and
site selection differences minimized ihis possibility
during the growng season, The conirasting
patterns descrbed herg aré indicative of niche
divergence hal would ba axpectsd given the hwo
species’ extonsively overlapping destribution and
evolutionary history in Morth America,

The patental for compeliion betwaen sympalne
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sheep and goats is likely greater during winter when
resources are more limited (Adams et al. 1982).
Mountain goats do nol occupy sheep winter ranges
in Yellowstone Park at present. However, wintering
areas for the Bearlooth Mountaing” goal population
overlap with thosa for some shesp herds that
migrate from fthe Absaroka summer range.
Investigating the relationship between the bwo
spacies on this winler range would be valuable in
further addressing the guestion of competition
between native bighom sheep and introduced
malntain goats.
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Bienn. Symp. Hocth. Wild Sheep
and Goat Counc. 9:139=-143.

MOUNTAIN GOATS ON MOUNT EVANS, COLORADO - CONFLICTS AND THE
IMPORTANCE OF ACCURATE POPULATION ESTIMATES

DALE F, REED, Colorado Division of Wildlife, 317 W. Prospect, Ft. Colling, CO 80526
KATHERINE A. GREEN, Colorado Division of Wildlife, 5060 Broadway, Denver, CO 80216

Abstract Translocation of mountain goats (Oreamnos amercanus) 1o Mount Evans Colorado has led lo

management challanges. From 15 animals released in 1861, the population increased to at
least 168 by 1983, Concemn regarding inferspedfic compaelition bebween mouniain goals and mountain
sheep (Oviz canadensis canadensis) was addressed by a research project conducted fram 1880 to 1986,
Coordinated multi-route ground counts have been conducted since 1978, Discovery of an aror in
estimating the minimum population after the 1991 harvest and a subsequent affort by membars of the
public to eliminate hunting of mountain goats, led the Wikdiife Commission to reduce the numbser of parmits
from 44 to & in 1982, A resclution proclaiming the Rocky Mountain goat native to Colorado was passed
by tha Wildife Commission. & mountain goal population goal of 100 was sot tentativaly for providing
watchable wikdiife, hunting, and for kesping mountain goats at a population level which would reduce the

possibility of competition and disease tranamission with bighorn sheep.

Mountain goats were nol known to ocour in
Colorado when the Same, Fish and Parks
Department began releasing them m 1948, Fifteen
goats wers released in the Mount Evans arés of
cantral Colorada in 1861, with tho population
increasing Io ai least 188 by 1983, Concarn about
interspecific competiion between mountain goals
and mountain sheep (Hobbs et al. 1890) was
addreased by a research project conduched fram
1880 10 1986. Upon project completon, hunting
permits for mouwntam goals were increased from 15
(1882-86) to 20 (1887), 22 (1888), 30 (1969), and
44 (1990-52), Discovery of an error in delermining
thie minimum popuilation of mountain goats (140 vs
B8 in 1981, calculated by eliminating duplicate
sightings from a lotal ground count) led to reduction
of 1882 hunting permits from 44 to 8, and o 3
hunting permas for 1993 and 1984

Asmultaneous and ongoing effont by members
ol the pueblc o siop mountain goat humbing on
Mount Evans highighted the confiict bebwesn
humtars and recreationists, and the need for betfar
knowledge of user needs and atfifudes., The
Colorado Diision of Wildlife contracied the Human
Dimensions in Matural Resources Undt at Colorado
State University fo cinduct a survey of public
atttudes in summer and fall, 1983, Rasulls
provided managers with a battar understanding of
the socological faciors considered in determining
wildlife objechves.,

In 1893, the international Order of Rocky
Maountain Goats proposed that mountain goats be
declared a “natve” species in Colorado. The
Colorada Wildlife Commission passed this
resolution on 11 March 1893 (Colorado Division of
Wildlife, 1993),

This paper provides a case study of the events
on Mounl Evans, showing how criical census
Accuracy can bhé Effors can become the facus of
public confict aboul wilkdife management and
misinlerprelation of sgency  management
objectves. Mumernous people participated in the
Mount Evans counts over the years including
persannel fram the US Forest Sensce and
Caolarado Diviséon af Wikdiife, and membears of tha
Rocky Mountain Bighorn Society, R. A. Larson, D.
J. Todd, R. B. Gill, K. A. Grean, G. Hain, R. D.
Harmbrods, R B, Oshikers, 5. M. Wemer, J. J
Vaske, and K. & Wittmann were members of the
Mount Evans wildlife-associated recreabon analysis
team,. J. L George analyzed and re-analyzed
count data and reviewed the manuscrpl.

BACKGROUND AND STATUS

Papulation Estimation and Harvest

Grownd counts. of mountain goats and mowntain
sheep wens used to estimate populations in the
Mount Evans area, about 100 km” of mountainous
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terrain aast of Guanella Pass. Coordinated mult-
route ground counts wera iniiated in 1978, and
have been conducied annually since, yielding 16
years of populabon estmates. Annually, 25-35
people were divided into 12-15 teams covering 12-
15 rowles in one day. The counis weare made
during late July, staring at fiest light The
methodology involved counting and classifying
groups of animals, noling ther localion on maps
and recording the time of ahsarvation. Aferward,
counl dats were summarized and probable
duphcate sightings wene eliminated to produce a
meinimum popalaton see,

Mountain goat and bighom sheep population
minima ranged from 44-168 and  G0-210,
respectively, during 1978-1983 (Fig. 1), The
mountain goal population may have been relatively
slablia (1081-19809) with & harvest of 10.8 paicant
(.. mean harvest = 14.9 +089 SE animals and
mean minimum populaton = 1371 #66 5E). The
bighom sheop population may have been slable
only during 1881-1B84 (mean ram harvest = 3.5
#0.8 SE, mean minmum population = 120.3 £12.9
SE).  Mountain goat harvest objectives wene
incroased in 1888 to bring the goat population
choser to 100, Harvest was 28 In 1888, 41 in 1980,
dd in 1991, 7 In 1992, and 3 m 1093, A decreased
harstst quota in 1892 and 1993 was sal fallowing a
July 1992 count of only 88 goats and evidenca of a
miscalculation in 1881 (88 vs 140, resulting from
Tailure 1o exclede all duplicate sighings), In
subsequent counks, data were recheckad to previent
recurrence of such amors

Upon Division request, the YWildife Commissian
Took smergency achon and reduced the 44 licenses
issued for 1892 fo 8. A new drawing was held for
the 8 licengas. Tha remaining 36 kcensa holders
were offered a license in another goat unit, first
priadty for Mourd Evans in 1883 if licenses were
issued, a icense in 1953 with one unil 1o be offered,
or given a refund.

Hunter - Recreationists Conflicts

Twa conflicks bebewssn hunlers and other
racroabonsts resulted in a public oulery and media
coverage in the Denver newspapers. The fimt
pcourmed on B Sepltember 1984 whon a Boansod
hunter took & mountain goat above Summit Lake
and browght the animal through the parking ot on
a busy Sunday afternoon  The second incident
cccurred on 26 August 1990 when a licensed
hunler shol & sheep in full view of a number of
odhor visitars. The shéap was shot 1od close to the

Mount Evans Highway (o be in regulaiory
compliance and the hunter was prosecuted.

Fegardless of the legality of hunlers’ actions,
the public questions the compatibility of hunting in
an area of high general recreational use. Temp-
oral separabion of users was implemented in 1983,
1888, and 1887, The goal season was maved from
Seplember lo Dctobar when the road was closed o
vehicles because of potentally dangarous driving
conditions. However, in 1985 and 1986, early
wintor stormes during tha frst week of October made
hunting condithons and access difficult. The season
was then relurned o Seplember-early October but
spdit into two perods, with weskday openings. In
addition, [etters were senl fo all hunters asking thair
assistance In preventing conflict in this area of
extreme sensitivity, In 1880 and 1991, there ware
four S-day seasons with no weakend hunting. In
1804, the araa within a half-mile of the highway was
clozed o hunting.

Based on the surveys conducted in 1883, aboul
T5 percent of the people who visited Moun! Evans
had no conflicts with olther users. Conlibct resulBing
frioem individual visitor bahawior iInterfaring with othar
visitors was rare, and was primarly related to
viewing and wildiife feeding.

Population Objectives

The infent of increasing the number of parmits
dunng 1988-1991 was to reduco goat numbars.
We believe that faillure to crop the mountain goat
populaion results 0 increased inlespeciic
competition and transmission of Johne's diseass
(Mycobacfenum parafubercwlpsis), Opposing the
effort to reduce goats was a group thal espoused
making the Mownt Evans area into a “preserve” and
lerminating hunting These cdlizens favored &
mountain goat population that was disposad
primarity to “waichable widiife™ In an affor to
balance these opposing objectives, a minimum
poputation abjeckee of 100 (based on ground coun
milnima) was astablished.

DISCUSSION

Minimum Viable Population

Emall populations may not maintain genelic
variahility or parsist over time. They are subject fo
sicchastc extirpathon events o slow extinction dus
lo accumulation of deleterious alleles through
inbreeding (Locava and Hughes 1984, Rood ef al
1988). Thomas (18980} suggesled, based on
empincal evidénce, that 10 i far too small [genatic
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variabilty wal b lost rapadly and extinction will likely
be swill) and that 100 usually i inadequate. For
example, a simulaled grizzly bear (Ursus arcios)
populaton of 50 has a 0.08 probability of remaining
axtant for 300 years with an expected time fo
axtinction of 114 yrs [Shaler 1978, Bhaffer and
Samson 1085). An effective breeding population of
50 may be sufficient o avoid loss of variability, but
@ larger population may be regquired o neulraliza
the effects of genetic drift (Frankdin 1880),

Barger (1990) found that all sheep populations
of fewer than S0 animals wont extinet within 50
years and thal populations with more than 100
persisted for 70 or more years. He concluded that
hierd dbjectves should be =100, I has been
suggested that a "best estimate”™ minimum viable
populaton (MVP) for mountain sheep is 125 [Smith
el al. 1991). Presuming that mountain goats fit a
similar paradigm and that the population may nat
be isolated (aboul 200 mouniain goals ocoupy
Grays-Tomeys Peaks, 11 km northwest of Mount
Evans), a herd objective of 100 for Mount Evans
may be an acceplable MVP

Papulation Estimate Accuracy
Most counts of large wild ungulales
ie hwo-thirds of the real population (Meal
el al. 1993). To what exent varablas diminish the
accuracy of the ground counts for Mount Evans is
unknown. In an attempt lo describe the variabslity,
three ground counts (using methods described)
ware conducted in 1887 (D. F. Reed, pers. obs.),
Unfortunately with a amall sample size (n =3; e,
11 Jul = 132, 25 Jul = 137, and 30 Jul = 113), the
slandard orror was lorge and 95 percent
confidance limils ware wide [mean = 127 £7.3 BE,
85% ClI = B6-1589). Furthermors, this only
describad the population minima. How many ware
missed when the 137 were counted? This is
unknown, Similarly, it is unknown for the other 15
years of population minima (Fig. 1). Hence, an
independent test of ground count methodology &
needed.

Probably the mes!t practical method o
indepandently tesl the ground countl method would
be a mark-resighl sludy involving a prescribed
number of “telametry marks® and “habcopler
counts.”  Assumplions invohing  mark-resight
methodology were tested for mountsin sheep and
# computer program (MOREMARE) daveloped
(Meal et al, 1993, G. C, White, per. comm.).
Applying the dasign feature of NOREMARK o an
estimaled mountain goat population af 100 and 5

resighting occassons  (hebcopter counts), the
following confidence intervals (Gl) were genarated:

if number of animals with telemetry marks = 40
then, Cl = £13.7% or £13.7 animals.

it number of animals with telemetry marks = 50
then, Gl = £10.6% ar £10.6 andmals

To manage for a populaiion of 100 mountain goatis,
thie laller probably represents the Ci neadead,

MANAGEMENT LIMITATIONS

The “Wilderness" designation {U.5. Forest
Service) of the Mount Evans area (excluding the
highway and Summit Lake) may constrain
approaches io les! the ground count methadology.
The “mark-resight” method assumes that al
animals have an equal chance of capiure (and
being marked), Caplure via hebicopler rather than
trapping In randomly selected sites may be a
reasonable way o accomplish equal accessibility.
Secondly, If ground counts were substituted for the
5 helicopter resighting occasions, this would entail
organizing and Iraining up to 150 people — a labor
intensive affort  An exempbon Tor helicopter
operation in the wiiderness is unlikaly, hence, the
“mark-resight” test will likely not go forward,

Contraceplives may provide fulure options for
controlling wildiife populations. New technologies
to regulate the reproductve rates of wild animals
may be operational by the end of the 1980s (DL
Bakor, pers. comm ). However, in most wildlife
managemeant situations, the promise of controlling
ihe growth of populations with contraceptive
lechnologies may be more symbolic than real,
Compudar simulations that compare the efficacy of
hunling versus contraception to control wildiite
populations suggest that feriiy conirol will be
feasible only with small populations of large
animals (M. T. Hobbs, pers. comm.), On thes basis,
fertility control of mountain goats on Mount Evans
may prove useful. Fertility control technology is so
new thal we are unable to lorecast either s
affectveness or its costs, Furthermore, we have
not engaged ouf publics in debale over (he elhscal
and policy iBsues that will constrain the use of
fertliity controls.  In any cass, publie hunbng &=
economically superior to other population coniral
oplions,

Results of the suneys sugges! thal conflict over
wildlife managemeant policy, s rooted in the
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{undarmental differences in values thal characterze
contemporary American soclety (whether or how
paople ought to use and enjoy wildlifs). It i unlikely
that such value conflicls can be managed.
However, management sirategies, like spatial
andlor temporal zoning of uses, can reduce
confficls between peaple whose values are similar,
even If they angage in different forms of wildiife-
assoctated recreation, More specifically, B
atematve management scenarios were suggested
by the public for the Mounl Evans corridor
(Colorada Diision of Wikdide, 1894). Soms
scenarios do nol meel current Division mandates
and are moompatible with the U.E, Forest Sendcn
mandates, Ulimately the wildlife cormmission will
determine the scenaro by which Mounl Evans
wildlife will be managed.

CONCLUSION

An aror in censws, although discoveresd and
comacied befora negalive impact occurmed, caused
a sanous cradibdity problem for wildlife managers.
Cpponents of hunling used this arror to capitalize
on media coverage and public sentiment to further
question the Diision's ability 1o manage the
outcame fof the public trest Corment census
methodology has been roviewsd., Comparatve
fesls of methedology should be conducted so that
CENEUE AcCuracy s ensured,

The wildlife management and wildlife recreation
actitias which acour in the Maunt Evans area miust
meel the needs of a large and diverse public
possessing  different and sometimes opposing
values. If conflicts are nol managed, widespread
pubsc suppon for diverse recreational actvities will
be jeopardized. This could have long lasting
witdlife management consequences.
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Absiract. Physical geography and prevailing macro-climatic factors determine habital suitatility for Dall
sheap (Owviz dal). Dall sheep habitals, which suppor high denshes of shesp, are found on the lee (or
snow-shadowed) sides of linearly armayed mouniain manges whech lis @cross the routes of prevailing bulk
air flow. The higher density sheep habitats within these mountains are charactorized by long, siraight
drainages parafisling bulk air flow. Thess drinages channal cold, heavy, dry air masass downhill after the
air masses have cooled and lost the ability to carry walar while being forced up and gver the mouniains,
Wind speed increases as gravity accelerates the dense air masses downhill, producing catabatic winds in
the abasnce of (or within) baromelric pressuie cells, Theses predictiable winds prevent snow accumdalatian
on ridges batween tibutaries that flow into larger drainages and produce stable wintering habitats far Dall
shaep. Habitable but suboptimal ranges are found whare one or more of thesa ideal physiographic
condisons & absent and average winter snow accumulation & less than 175 cm (70 in), Winlor ranges ane
tess siable in the suboplimal habitats. Preliminary analysis of existing data on Dall sheep movements and
harmiie mange sires suggests an imerse relabonshp between habdat climabic stability and winter home range
&iFe. Liss stable winter habitats demand greater Mexdbilty in use of available micrahabitats by the sheep
which occupy thess ranges. This demand results in larger home ranges with generally less stable
populations of sheep than higher quality (mora cimatically stabie) habitats

i hes been long observed and previously notod
(Heimar and Smith 1975, Nichols 1878) that Dall
sheap distribution in Alaska s lmited by snow
accumulation. Dall sheap are nol Tound in areas
with mean snow accumulations of greater than
175 om (70 in) (Heimer and Smith 1975). Helmer
and Smith (1973) also speculated thal rams
harvested from rugged portions of the southem
Wrangell Mountains had the highest hom quality
index in Alaska because their habitats, unique
among Alaska sheep ranges, have southern
exposure and are in the snow shadow created by
tha coaslal Chugach Mounlains.

It also has been axomatc thal winter winds,
along with light, dry snows, are impartant
components of ideal Dall sheop winler range
(Michols 1874, 1878, Heimer 1884). Helmer (1882)
argued thal, from Dall sheep adaptations, their
apparent tendency toward a stable population
siralegy was an ovolutionary result of habitat
siabilty. In this paper we integrate the wall-
scoepled factors of snowlall and wind fo form a

hypothests defining habitat quality in ferms of the
physical geography determining these factors,

BACKGROUND

Why Integrate Prevailing Storm Movement and
Geomorphology?

Crur imterest in the dea that prevailing bulk air
{storm) movemnent is related to Dall sheep ecology

through geomorphology  resulted  from 2
serendipiious events:
Pravading slotm movemenl. Afller spanding

portions of more than 20 winters in classic, high-
density Dall shesp habitat in the cenfral Alasks
Range, Haimer had tho opportuniy to work with
colleagues from the Bureau of Land Managemend
in a hedicoplter-supported sheep caplure opermabion
in the TananaYukon uplands. Several sheep waie
o be marked with radiocoliars for o movament
sludy, Prefiminary studies (Gross 1963) suggeuted
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these Dall sheep moved considerably more than
those in other areas (Heimer 1873)

The Tanana®ukon uplands ke between the
Tanana and Yukon Rivers in Interior Alaska. These
uplands cannol be accurately defined as
mouniainous, being Ay roundad Rills
completely envaloped by boreal forest. Sl there
are A few scatiared hills of montane which supparnt
alpine plant communities and reach allitudes of
about 2000 m (800D f), These mountains are nal
arrayed as a typical “range of mountains® but
scaftered descontinuously through-out the lower
hills. The TananaYukon uplands are conssdered
the logical refugia of thinhom sheep dunng the
mwst recent (Ilinoian) glaciabon becatise this area
was nol glaciated while other cument Alaskan
sheep habdals were covered by lce {Coulter &t al,
1862). As a result of not having been “recentty”
glaciated, the Tananaukon uplands are atypical
of modern Dall sheep country, and call to mind the
habitws postulated for mountain sheop as thoy
colonized the new world (Getst 18971, Valdez 1982).
The Tananaukon uplands suppor viable Bt loaw-
density and disjunct Dall sheep populations which
gxploil Emied “Blands” of alpine undra surrounded
by boreal forests. Storm movement through the
Tananafukon uplands generally is from south to
narth, bl there s no geographic barrer to eashwand
[onshora) starm movement into the uplands from
the Bering Sea via Norton Sound or the Chukchi
Sea via Kolzebue Sound.

In the course of the TananaMNukon uplands
sheep caplure workl, Heimer was 16l out of tha
helicapiar on 8 mouniain top 5o the helicopter could
b maneuvered more safely in pursull of a sheap.
He was told towalk io @ more suitable landing area
where he would be picked op after the sheep had
been caught. In the course of looking for a suitable
landing site, Heimer walked sastward along o ridge
and noticed that unlike other easl-wes! ridges in the
Alaska Range, snow cofnlces wers found on both
gides of the rdge. This, of course, meant that
enowsiorms “blew in™ from both sides of that ridge,
indicating the absence of a prevailing
“windward/leeward” situatan,

This sfluation was strikingly different from the
central Alaska Range where an immutable
“windwardleeward” snow deposiion dominates.,
There, pravading bulk air flow s nodhward up the
soulh slopes, over the lop of the Alaska Range, and
o this nartfward drainages into Alaska's Intarkor
regon. Thus, air movement results in the “lee” side
of easi-west ridges being unfailingly on the north
side of sach ridge. The presence of snow cornices

an both the north and south sides of an east-west
ridge in the Tanana’'ukon uplands showed that nol
all sheep habitats ame subject to identical climatic
influinces with respect to snow and wind directian,
and resulled in consideration of diffaring
geomarphic arrangements of high and low density
sheep habitats with respoct to prevailing bulk air
fow.
Geomorphology. The secand event was a fight
Heimer made from Fairbanks, Alasks 1o
Whiteharss, Yukon in a single-engine Cessna. The
flight route was a iransect chosen along sheep
ranges on the north faces af the Alaska and north
slope of the Wrangall Mountains in Alaska, and the
aouth side of the Muskwa trench to Whitehorsa in
the Yukon. Thess sheep ranges Be in ihe
pracpiation shadows created by the Alaska Range
and Wrangell-5t Elias Mouniains,

Sheap abundance along this lransect varies
froim high in the central Alaska Range and northermn
Wrangell Mountains fo relatvely low in the adiacent
narhern reaches of the 5t Elias Mauntains of tha
Yukan. In the cowrse of covering this expanse of
sheep habital along a major sheep population
density gradient, it became apparent the high
densty areas had differing geomorphalogy than the
areas with lower dansity,

Whare Dall sheop populations are al high
density, the major drainages are typically crented
narth-south (parallel to provailing bulk air flow), and
were generally long and straight. In areas of the
Yukon, where sheep density was less, drainages
warfe shorter, more crooked, and Nowed “around”™
the high ricige which forms the southarn side of the
Muskwa nench, Thus, it seemed unikely thal
densdy driven (catabatic) wind velocity in the Yukon
would be as greal as in the Alaskan portion of the
fransact

Integration and hypothesis. In Dall sheep
country, high-density shoep habitals are found
along long, siraight drainages which ke on the lae
sides of linear mountain  ranges amayed
parpendicularty o prevailing bulk ar ow, In thess
silmabions, warm moist air is forced up the windward
sides of the mountain ranges where il cools
adiabatically causing the water it carries to be
deposited as snow. On the south side of the Alaska
Fange, the ice fields of the Wesl Fork af the
Susilna, the Susitna, MelLaren, and Black Rapeas
glaciers attest to this phenomenon

Once air reaches the crast of the Alaska
Range, it & cold, dense, and dry, As this heavy ar
cascades catabatically down the loeng, strakght
diainages characteristic of “classic™ Dall shesp
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habdat, § iemoves the typically bght, dry snow which
accumulates an the [ower east-west ridges. Thase
‘wind-blown nedges suppart plant communities which
form deal Dall sheep winlering habilats onca the
snow s removed. In these ideal habitais home
ranges are small, and documented fdelity to
seasonal ranges s 100% (Heimer 1973, Heaimer
and Watson 18982, Splers and Heimer 1590)
Elablo, high-density populations may be expected
in these areas (Heimer 1852},

Cur hypothesis predicts where prevailing air
fiow does nol consisl of ar magsses adiabatically
cooled to the point of dryness, whare the direction
of storm front movement & inconsistent, or whera
geomorphology does nof favor acceleration of
catabatic winds down relalively lfong, straight
dralnage channels to promote wind-scouring of
snow from lower elevation vegetated ridges, sheep
habitats will be less than ieal. In these marginal
habitats, sheep survival should require more
adaptive exploitation of micro-habitals. Our

alzo predicts 3 natural conssquence of
this forced adaptabilty should be larger home
ranges (with increased difficulty for researchers o
establish range fidelity) and lower density
populations maors prone to fluciuation.

METHODS

Optirnal ranges wih known shaep densities and
winter home ranges ware identified by the criteria
lisbed above, Optimal ranges in the Alaska (Heimer
and Watson 1986) and Brooks Ranges were
located on the lee sides of Enearly arrayed
mountain ranges lying across prevadling bulk air
flaw roules and having long siraight drainages for
catababic air Now.

Twa differing types of suboptimal range whare
density and winter home range dats were available
also were identified. Cne rmange in tho
Tananaukon uptands was considensd suboplimal
because B s not arrayed across the path of
consistent bulk air flow, and lacks long straght
catabatic wind channels. The other suboplimal
range was localed on the windward (snow
deponating) south slape of the Brooks Rangs. by this
area, habital geomorphology was not unfavarable
ithe Brooks Range les across the pravailing south
to noh bulk ar movement). However, snow
accumulation approaches the Dall  sheep
habitabilty threshold on these ranges bacausa they
lie on the spulth slope of the Breoks Range where
Ao i déposlig

Cwverall densibes of sheep on aach rangs waie
determined by dividing population size (from
summer aerial count data) by the araa counted,

Winter range sizes were determined by
monfioning the movements of collared sheep. The
greatest Enear distance between winber radio-
lpcabons was defined as an ndex of the maxamilem
home range size for each Mentfied winter range
A mean winter range size index for each habitat
typae was then caloulated. In the Alaska Range, 8
opiimal winter ranges were Kenbiied over the
course of 20 years using more than 400 sheep
marked with visible neckbands, Range identity and
fidelity were then confirmed using radio-marked
sheep over separale 3-year periods (Heimer 1873,
Heimer and Walson 1886, Spéers and Heimer
1990). In the Brooks Range, 11 oplimal ranges
were dentified by 268 radio locations of 38 sheep
over & Syear sampling perdod. In the suboptimal
ranges of the TapanaMukon uplands, 3 winler
ranges were delineatad by 566 radio locations of 15
marked shaap over a S-year paniod (Durtsche &t al.
1880), Suboptimal ranges on the south side of tha
Brooks Range wore defined by 82 radiolocations of
12 shaep over a J-year pericd.

Fidefity 1o winter ranges was delermined by
consstency of range use from year to year. Fidakity
was expressed as the percentage of consistent use
of winter ranges for marked sheep of each area,

RESULTS

Shesp populations from the “classic™ habitals
had smalar home ranges and higher populaton
densdties than those from "marginal” habitats (Table

1),

DISCUSSION

This paper reports observations which provide
& rabonalization for long-appanent distributonal and
populaton density parameters relating to Dall
sheep. i & nol a chronicle of experimental science
We have placed ouwr observations in the consiruct of
hypethess development and testing as a vehicle for
their prasentation moré than as a rigorous
hypothesis test. 56l the consfruct of hypothesis
testing provides prefiminary assurance that a
salisfactory explanation for variations in Dall sheep
home range side may be found.
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Table 1. Density, winter range size, and observed winter range fidelity by optimal or suboptimal

range designation.
Dransity Index of maximim Fidality

Type/location {shesp/mi} winter range diamater %)

Optimal:

Brooks Range (north) 2.4 -541 4.0 mi (8.4 km) 100
(n= 11 ranges)

Alaska Rangs® 30-80 2.6 mi (8.0 km} 100
(rt = 9 ranges)

Subaptimal:

Tananaukon

uplands® 02-05 21.3 mi (34.1 km) 100

{m =3 ranges)

Brooks Range

(south) 02-05 5.2 mi (8.3 km) 81
fn=5 ranges)

* Heimer and Watson (1088)
* Durtsche et al, (1880)

As supggested by the hypothesis, population
densibes were higher (approxdmataly 10 times) in
opimal habitats than in suboplimal habiats. While
no data refating winter forage production per unit of
range to Dall sheep densily are svailable, the
“optimal” ranges have sustained higher density
poputatons of Dall sheop over tme than the
"suboptimal” ranges. We suggest prevailing wind
and precipiiation shadowing are major factors
conlribuling fo these sustained high densities
bécatise of the consmbently greater anea of suillable
winter range available to shesp.

The hypothesis also predicted comectly with
respect o winter range size. Welghted averages of
both oplimal areas produced & mean maximal
winter range index dimension of 7.5 km (4.7 mi)
while the weighted average of both suboptimal
areas produced a mean maomal winler range
index dimension of 17.8 kmi (11.2 mi).

It is possibla this latter dimension could be
inflaled by dala from the Tanana™ukon uplands,
The long me span of data gathering in that area (3
years) and the lange number of relocations (566)
could have obscured ocoupancy of smaller discrolo
ranges if Durtsche ef al. (1980) used all locations Io
define large composite home ranges. I this wore
ther case, actual range fidelity may be lower than
the 100% repoited from the TananaYukon uplands
(Table 1).

Fidufity to defined winter ranges was low in the
subopiimal Brooks Range ama. Throe of 19
miarked ewes definitely changed home ranges over
the 3 voars of the study, These diffefen] wanber

ranges wels separaled by an average dislance of
21.% km (13.7 mi). N is notable there has bean no
suggestion of winter range shifting in the optimal
areas in either the Brooks Range (n = 38 radio-
collared sheep monitored intermittenily over 5
yvears) or Alaska Range (n = more than 400
neckbanded sheep monilored intermitbently over
20 years). Still, suboptimial area winter range shifts
in he Brooks Range ane relativaly common, Ao in
the Brooks Ranga, Ayers (1988) reported 1 of 10
radic-marked ewes In the Western Brooks Range
{which would be classified as suboplimal habifat
according 1o our hypothesis criteria) changed wintar
ranges between 1883 and 1985. The distance
betwoen the centers of her winter ranges was
17.7 km (11.1 mi).

The suggeston that home ange size is larger
in areas with less-than-ideal geomorphology may
be rolavant in some managoment sfuations. For
example, resdents of Arclic Village have
maintained throughout the |as! decads thal thair
Cotober subsisionce sheep hunting success in the
upper East Fork of the Chandalar River (the
suboptimal Brooks Range area) has been
compromised by aircraft disturbance. The villagers
asser thal aircraft used by recreational hunters
during the August season drove sheep from winier
ranges where sheep were successfully harvested
during the years bafore the overflights. This claimed
link betwsan presumed aircrall harassmeant of
shaep on thoir summer ranges and absance of
sheop from winler ranges whore they weare
successiully harvested in the past is not credible.

147



The finding thal Dall sheep in this area have
large home ranges (parbcularly if linked to near-
ihrashold snow accumoulation because of thair
range locations on the windward side of the Brooks
Range) may eaplain why shoep have boon
mconsstently found on the same winter ranges year
after year. Similarty, the finding thal some Dall
shepp home ranges vary tremendowsly in size
oclviates concema thal anse whan sheap appaar to
be inconsistent in movements over the shorl term
whare habiat geomorphology is nol ideal,

Finally, consideration of the geographic of
geomaorphic enrrelates of population density and
hame range size for Dall sheep may be of somea
benefit to bighorn managers planning transplants.
The baghorn Bteralure is replete with accounts of
fransplants to apparently sultable vegetatve
communities in sutable proximity to escape terrain,
yet the transplants did not thrive. Perhape a simple
overview ol prevailing air flow and physlography
could senve proflably as a frst screen of habitat
suitability prior fo apphing more sophisBcated
habital suitability models typically applied in
evaluating proposed iransplant programs.
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CONSEQUENCES OF HABITAT FRAGMENTATION ON WILD SHEEP
METAPOPULATION MANAGEMENT WITHIN USA

DOMALD J. ARMENTROUT, Bureau of Land Management, Eagle Lake Resource Area, 705 Hall Streed,
Susamalle, CA 36130

RAYMOND J. BOYD, Bureau of Land Managemenl, Service Cenler, Denver Federal Center, Building 50,
Denver, CO 80225

Abstract Compansans of current and historical wild sheap habitat information with wild sheep disiribution
data gathared for the Bureau of Land Management's Bureauwide Mountain Sheep Ecosystem Strategy
Plan ndicate contimang fragmentation of metapoputation habital. implications of this fragmentation include
a potential permanant loss of viable wild sheep habitat with a subsequent loss of metapopulation viability.
The data llustrate thet actual and potential habitat fragmentation ocours throughout the weslem United
States rather than being confined to just a few locations. Habdat that links populations can be overlooked
because i is not vewed as typecal wikd sheep habital. The paper discusses how fragmentalion has
impactad some metapopulations and provides recommendations for achisving metapopulation

managamant.

Frior to seltiement, wild sheap ware widaly
distributed in most mountain mnges and badiands
of western Modh Amenca. Since that ime apparent
large scale habifal fragmentation has taken place
(Wishart 1878) (Fig. 1). Fragmentation occurs when
a large expanse of habital is transformed info &
number of smaller patches which are isolated from
wach other thus forming a matix of habitats unlike
the onginal. Using Hanski and Gilpin's (1991)
definition of fragmeantation, we balieve wild sheep,
as one of many specios with formerly continuous
spahal dstnbubions, are esperencing habitat
fragmentation. Fragmentation of habtal remaing
the principal throal to mast species n the temperate
Fame (Wilcowva of al. 1988).

The key to management of all races of wild
sheep B habital protection, maintenance, and
enhancement (Michols 1878, Wishart 1878). Undil
recenlly the predominale approach io habilat
management his been at the local scale (Bleich et
al, 1990). Local seale i= defined as the scals at
which indiiduals move and inleract with each other
in the course of their routine feeding and breeding
actnities  (Hanski and Gipn  1991), A
metapopliation |s defined as a set of local
populations which interact via indduals maving
among local populations. A species restricted (o a
newly Iragmented habital does nol necessarily
function as a matapopulaton. It may have such &
resiricied ability to disperse that a local population,

once  extingt, will remain exdincl. We  must
undersiand the dynamics of these fragmented
populations so that proper management rermedes
can be alempled bo plevend total extinclion (Hanski
and Gipin 1991). Metapopulation scale in relation
tn local scale has been defined by Hanski and
Gilpin (1991) as the scale at which individuals
infrequently move from one place (populaton) to
anather, pcally scross habdal types which aré not
suftabde for their fesding and bresding actvibes, and
often with substantial risk of failing to locata anothaer
suitable habitat patch in which to settle. The
importance of metapopulations 1o bighom sheep
{Ovis canadensis) and the adverse impacts of
fragmantation have boon addressed (Schwarkz o
al, 1986, Bizich &1 al, 1990, Berger and Wehausaen
1991, Ramey 1891)

The Bureau of Land Managemeni (BLM), as
well as other hab#tat management agencies has
begun managing for blodhversity ower broad
scosystams, resulling in a focus on |andscaps
ecology and metapopulation mansgement. Forman
and Godron (198&), in defining landscape ecology,
pointed out thal landscape ecology has many
similafifies with metapopulation studies, including
survival of species, communities, and scosysiems
in fragmanied habflals, how lo distngush the
malfric, or the disiinction bebween habital paiches
and their surroundings; ongsn, size and shape of
habitat patches, and the role of habdtat corndars in

143



ES Present
B Historic

Fig. | - Present and Historie Distribution of Mountain Sheep
in the Western United States (after Wishart 1978).
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Fig. 2 - Presenl Dhstribution of Dall Sheep in Alaska and Canada (after Nichols 1978).



i Mew Mexleo

E Present
B Historic

Fig. 3 - Present and Histone Distribution of Desert Bighorn Sheep
in the Western United States.
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Fig. 4 - Present and Historie Distribution of Rocky Mountain Bighorn Sheep
in the Western United States.
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Fig. 5 - Presenl and Histone Distribution of California Bighorn Sheep in the Western Uinited States
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iaciating disparsal and hence maintaining viable
populations. Motapopulation siudies developed

deductively, with extensive use of mathematical
madils and, with extensive testing of any advances
agains! obssrvational data and expardmental
systems. On the othar hand, landscape ecology =
holistic in its approach and focuses on the enlire
landscape. Merging of the 2 disdplines should
ke for exciing scientific synthesis,

One of the first strategy plans based on
landscape ecology being prepared by the BLM
through mnberagency cooperation & entiled,
Lands. This planning effort will establish Bureau-
wide goals for managing the thinham sheep and 3
bighom sheap subspacies which occur on public
land. These wild sheep are Dall sheep (Owis dallf
o) (Fig. 2), desert bighom shaep (0. ¢ malsoni)
(Fig. 3). Rocky Mountain bighom (0. . canadensis)
(Fig. 4), and California bighom (O, c. cafiforriana)
{Fig. 5). In order to prepare such a plan wea need o
understand as much as possible aboul current
mansgemant prachices, wild sheep distribulbion,
popuiation numbars, population and habital limiting
factors, and several management support fems
including  habitat manipulation projects,  land
acquisiion exchanges needs, and  righi-of-way
acquisition, One of our first sleps was to quantify
and document thess Asms. We will Emit the
discussion in this paper lo those responses
periinent o mefapopulation management.

W thank all the siate wildlife agencies, BLM.
USDA Forest Benvice, and privale members of the
intaragency team who developed the questicnnains
used o gather the needed information and who will
confinue to be imvolved in the task of completing the

plarn,

METHODS

& gompiled dBASE IV data base in the form of
8 gquestionnaire was sent to all 138 BLM feld
offices. Although tha BLM biclogsis were o
respond directly to the questionnaire, all responses
wers i be coordinated with state wildlife agencies
and other federal agencies. To date, 134 (87%) of
those conlacted have responded. Questions ted
direclly lo analyzing lhe stale of metapopulation
mianagement included total niember of habital acres
curranily occupsed, total numbar of acres that ana
sudable habdat but unoccupled, total acres of
hisioric habital which are no longer sullable for
habdation, and factors which Bmit habitat use.

1

Sultabilty = dstermined from habital inventory
results. Tho questions were (o bo applied o a
biological unit or béoregion by speces or sub-
species, A biological unitbioregion is defined as a
terridory having a combination of biological, social,
and geographic ciera, rather than geopolitical
considerations; generally, & sysiem of related,

interconnected ecosystemns. In mosl cazes, ths
formarly was called a hard unit. Becausa Canada

is not presantly Included in this planning effor, we
are reparting only on sheap populations within USA.

REBULTS

Tha 134 respondents providoed information for
252 blological undis/bioregions. From a tolal of
57,743,704, acres, B1% (48578168 acres) ame
occupled habitat, &% (3611274 acres) are
unocoupied suitable habitat and 13% (7.556,261
acres) are hislorc unsuitable habital, Wihin the
252 Ilodal biological unds/bioregions, 24% are
unocoupled, 245% have o papulation of 50 or less
indivduals, 25% have a population between 51 and
100, and Z7% support populations of =100
indraduals. Analysis of the habital informalion was
completed for individual species and sub-species.

Dall Eheep

Dall sheep in Alaska. Alaska conl@ins
29,475,300 acres of Dall sheep habital (Fig.2). Dall
sheep currently occupy 96% (28,338,300 acres) of
thie tolal with unoccupled sufable and historic
unsuitable each being 2% or 468,000 acres and
568,000 acres respeciively.

Desert Bigharn Shaep

Six of the 11 western siales provide a total of
17,501 022 acres of habitat (Fig. 3). Desent bighom
sheep occupy T3% (13,143,340 acres) of this area
with 8% (1,531,672 acres) suitable but unocoupled
and 168% (2828010 acres) unsuitable hisloric
heabital

Rocky Mountain Bighern Sheep

Ton of the 11 western states provide a total of
7,430,433 acres of habital (Fig. 4). Rlocky Mountain
bighom sheep occupy 52% (3,842 056 acres) of
this area whils 13% (951,964 acres) is unoccuphed
bul suitable and 35% (2638419 aces) =
ursultable histonc habitat.

Calfornia Bighom Sheap
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Five of the 11 western states provide a total of
3236943 acrés of habitat (Fig.5). California
bighorn shesp oooupy 37% (1,251 473 acres) with
20% (6859 838 acres) unoccupied but suitable and
438 (1,425 832 acres) unsuilable histonic habiat

DISCUSSIOMN

With 134 respondents Bsling a folal of 252
bological unds, it s nol clear if the melapopulation
management approach has become a working
concapl. A review of Figures 2 through 5 indicates
the application of moetapopulation management
principles ape baing applied unequally throughout
the 11 weslern slates and Alaska Several of the
respondents have mapped and reported on
individual local populations rather than displaying
and discussing exdsting metapopulations.

With & 1993 total estmaled population of
72,356 wid sheep in the western Uniled States and
Alaska wa have made some prograss in increasing
sheep numbers from the estimated population of
85723 in 1874 (Trefethen 1875). Of the 252
biological units reparted, B0 (24%) have a "7
populatan. Elghtesn of the 60 biological units with
0" populations are predicted to be populated by the
year 2000 through transplanis and dispersal, Wea
presume these 18 represenl the suitable
unaccupied habtat The remaining 42 “0°
population biological untts should represent the
7,556,261 acres of unsultable historic habital which
indicales continued fragmentation of habitat.
Discarding the 60 "0" populations we ane laft with
192 occupied biological units. Taking the
conservative approach and following Berger (1860)
we conchede that sheep in 32% (61) of the
remaining 192 biological units will kikely go exdinct
within 50 years Wehausen (1895) reviewed
Berger's work and has raised doubl concarning the
likelihood of these populaions actually going
extinct. Garaful population mondonng will be
necessary to detarming which view i comact. This
amount of time, taken in the context of biodiversity
and ecosyslemn management, is nol adequale fo
state there would be a wviable population or
meatapopulation in thosa bislogical units, & worst
case sconario for the 81 populabons which could go
exlinct within 50 years & thal an addiional
3705263 acres of presently occupied habitat
wialihd B lost

The majority of cccupled habital s found in
those areas where the human influence is least fel,
Fifty one percent of occupied wild sheep habdat

occurs i Alaska with the remaining 48% spread
through the 11 weslern stales. Al the othes end af
the spectrum, 50% of the unsuitable historic habitat
iz found in 4 states, including California {18%),
MNevada (13%), and Wyoming and daho (10%
each). This finding is consisient with the thrust of
landscape ecology which m parbcularly concermed
with the human role in landscape development
(Hanski and Gilpin 1881}, Califarnia has not only
undergone fremendous urbanization during the
20th cenfury, R joins the other 3 states in having
widespread, inlensive livestock grazing. Livesiock
grazing was the primary habital limiting factor cited
by tha majority of those responding. Othar habstat
limiting factors included habiat fragmentation and
tirnkser managermenl. Habdal rmgmentabon can be
a cause for population decline or esinction as a
result of land use practices. Apgressive
reinfreduction programs, where appropriate, could
raise the tolal occupied habitat by &%,

Review of the quesbonnaife resulls on &
species and subspoecies basis supports the genaral
consensus thal increased habitat fragmentation
leads to populations and hab#ats thal are in

i=opardy.

Dall Sheep

Drall sheep habitat is the least fragmented of all
the species and subspecles addressed In this
paper. It ¥ bological units range in size from over
21,000,000 acres to 690400 acres. Population
figures for Dall sheep appear to have remained
basically slable owar the lasi 20 years. Alaska is
extremaly low in human population for its size, with
limiied access o many parts of the stale. Livestock
prazing is not an issue in Alaska at this ime. Once
the land selection issues associated with the Native
Clams Act have been resobved, the metapopulation
sifuation may change

Desert Bighorm Sheep

Three of the 20 biclogical units identified with
"0 populabon are sulable unoccupied habitat, The
remaining 17 represent the 2,636,419 acres of
unsuitable historic habitat. A review of Figure 7
llusirates the habitat fragmentation that has taken
plwce to dale, Fifteen of the remaining 70 biclogical
units support population levels of less than 50
indnviduals, potentially predisposing desert bighonn
habitat to a loss of apprommately 1,701,056 acres
(@ 10% increase in habilal loss In the next 50
years). A confinued aggressve reintroduchion and
augmentation program inlo approphiate locations
could perhaps recover 9% of the habitat available,
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decrease fhe polential for extinclion of low
population habitats, and increase metapopulation
potential by lowering habitat fragmentation.

grazing, habital loss and habéat
fragmentation are idenlified as habiat Emitng
factors, In states where fvesiock grazing has been
identified as a major hab#al limiting factor, dsease
could b carried from population to population by
inddviduats who have had nose 1o nose contact with
domestic sheep. Livestock grazing in this context ks
in iself a habitat fragmenting activity. In California,
whal should be one edraordinanly lamge
mistapopulaton B fragmantsd inloe 5 smaller
melapopulaions by fenced, multple-tane highways
and, two open agueducts.

Deser bighom sheep populations appear to
have increased over the past 20 years from
approdmabely 11,115 ndiwduals in 1974 (Trefethen
1975) 1o 15,858 in 1993, Livestock grazing and
dizease are the top 2 population Imifing faciors

Rocky Mountain Bighom Sheep

Theee of the 16 bological units identified with
"0 population are sullable unoccupied. The
remaining 13 biological units represont unsuitable
historic habital areas which indicales a loss of 35%
of the total habitat lor these sheep. A redew of
Figure 4 ilustrates the habital fragmentation that
has taken place to date. Fifteen of the remaining 55
biclogical units support population levels of lass
than 50 individuals, predispesing Rocky Mountain
sheep habital lo s loss of approximately 1,433,161
acres of habitat (a 19% mcrease in habdal loss in
the next 50 ysars) An aggressive rentroduction
program info appropriate locations could parhaps
recover 3% of the habital available and increase
metapopulation poleniasl by lowesing fragmentation.
Livestock grazing, imber managemenl prachices
and habstal fragmentation are identified as habital
limiting factors. Rocky Mountain bighom sheep
populations appear o have decreassd aver the
past 20 years from approxdmately 13,110 individuals
in 1874 (Trefethen 1973 to 8,163 In 1883,
Livestnck grazing and disease are the lop 2
pepulation Emiting factors

Califarnia Bighorm Sheep

Eleven of the 24 biological units wih D"
populaton are suitable unoccupied. The remaming
13 biclogécal units represent unsuitable histore
habdat areas which account for the 43% loss of
total California bighom sheep habital. Thirty of the
remaining 60 biological units support populations of
less than 50 individuals, which raises the polential

15°
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for the loss of 727,126 acres or 22% more habital.
An aggressve appropriately designed reintroduction
program could increase the occupied portion of
fodnl habtat by 20% which may lower the high leved
of habitat fragmentation which is evident (Fig. 9).
Livestock grazing, and habitat fragmeniation are 2
of the top habiat limating faciors.

California bighomn sheep populations have
incraased over the last 20 years from approsimately
1,500 in 1874 {Trefethen 1875) to an estimated
4885 indwviduals. This apparent paradox
demenstrales a “semi-feast or famine™ population
situation. Soty percent of the occupied biological
units with papulations greater than S0 individuals
cantsin populations in sxcess of 100 individualks.
Most of the rermaining populations are close o a
100 mndividuals per area level. A review of the
amount of acres contained within the occupled
areas results in a delermination of high densiy
populalions, If, as reported, Ivestock grading and
dissase are the primary population limiting factors,
these high density fragmented populations could
quite easily become ondangersd. This has beaen
demonsirated in 4 populafions in California.

RECOMMENDATIONS

The larges! single road block to adequale
acosystam management s the abilly to change
attitudes and agency thought procasses. For a
highly vagile species such as bighom sheep, large
areas must be managed for wide-ranging
melapopulations, With these points in mind, wa
offer recommendations lor implementing and
maninining the matapapulationdandscape ecology
approach needed o inswe the continuation of
viable bighom sheep populations.

1. Al agencies Involved in management of
bighom sheep must move from terrilorialism to
mivtualism, We are all working to perpetuate a
species which is wide ranging and has no abiity
fo recognize |ursdichional boundanes. Wae,
thersfone, are achng imiprudently if we ignore
natural lanws in favar of erntodal mperatee =
Lging the inferagency plan being prepanaed Tor
BLM as a slarfing point, bighorm sheep
biologisis  and managers should form
interagency advisory groups, There shoukd be
a group for ¢ach separate speces and sub-
spacies.  Easch interagency group should
undertake the lollowing lasks.



n. Determine the curmenl peocgraphical
distribufion of the target wild sheep.

b. Determine where the geographical
distibution has bean fragmented  into
metapopulations and local scale populations.

¢. Establish the funcionality of these
metapopulations and local populations in terms
of thair viability through population demographic
shudies and habital irands.

d. Establish whare within the geographical
distribution there is poteniial for recovery of
“lost” habitat and pul a stralegy in place o
accomplish the recovery.

g Implament a strategy which will maintain
viable metapopulations far into the future

3, Develop ecosystem based guidelines for
continual successful management of wikd
shaop on a metapopulation basks and provide
to all agencies and privale organizabons
imvolved with bighom sheep management

The Northern Wid Sheep and Goal Councl
and the Desert Bighom Council may be the
appropriate organizatons o work with agencies and
other organizations i forming the nteragency
groups.
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EVALUATION OF A MULTIVARIATE MODEL OF MOUNTAIN GOAT WINTER
HABITAT SELECTION

CHRISTIAN A. SMITH, Alaska Department of Fish and Game, 1300 College Road, Fairbanks, AK 93701

Absiract: A predictve model of wanter habitat selection by mountain goats (Oreamnnos amerfcanus) in south
coastal Alaska was developed using discriminant function analysis (DFA). Thirty-two individual goats on
the Upper Cleveland Peninsula (UCP) were radio-collared and monitered on a biweekly basis for 1-3 years
lo provide informafion on winter habitat selection, DFA was used to separale winter habial areas from
rafcdamby selected amas on the UCP, Dstance to cliffs, aspect, and imber valume provided the greatest
discrimination power. The model was tested by placing radiocollars on 13 resident goats in a
subpopulabon located 75 km south of the UCPF and on 15 goats transplanted to previcusly unoccupied
habitat cn an shand 35 km south of the UCP. Relocabon lights over 2 winbars in the first test area and over
1 vanmter in the sacond revealed that the modsd cormactly prediciad winter use arsas in 81 and 82 percent

of the cases, respectively. Accuracy of predictions was significant at the P < 0,05 lavel,

Human habitagion and developmant continue 1o
axpand in the range of northermn wild sheep and
poat populations. Wildlife management stralegies
designed o maintain populations of thesa species
hinge, 1o a large degres, on protecting critical
habitats o minimize the mpact of land wse or
respource sxfraction. The polential impacts (o
mountain goats from loggesng coastal old growth
forest iz of particular concern in southeast Alaska
whore several studies of habitat sslecton have
demonsirated thal some low to mid-slevation,
south-facing =lopes with commercial timber are
used heavily by mountain goats for winter habdat
(Schoan and Kirchhoff 1982, Smith and Raedeke
1982, Fox 1883, Smith 1986). However, simply
knowing the altributes of criical habital & not
enaugh. To be effective in influencing land use
decisions, biologists must be abls o dentify crtical
habitals in a tmely fashion over refatively large
ansas using tools commonly avallable o resource
managers. The use of habfal models s often
chosen to fill this need (O'Neil et al. 1988, Hobbs
and Hanlay 1980, Allen ot al, 1681)

Several nvestigalors have developed models of
habal selection for goats in southeast Alaska using
discriminant function analysis (DFA) (Schoen and
Kirchhofl 1882, Fox 1883). These studiss
demonstrated that DFA could be used to
differantiale bebtereen goal halulat and random
locations in & given study area. Anderson (1990)
similarty applied DFA to distinguish between resting
siles used by bobcats (Feliz rufus) and random

sites. Dubuc et al (1980) used DFA lo diferentate
between walersheds used, or not used, by river
olters (Lidrs canadensis) in Maine, However, none
of these studies provided independent lests of the
accuracy of this modelling approach.

This study appliad a habitat salechon model
using DFA genaraled in 1 study amea (o predicl
habital selection in 2 other areas in south coastal
Rlagka, The objective was lo determine whather
bioghysscal infarmaton available on standard farest
inventory and topagraphic maps could be ussd (o
accurately predict the location of winter habitat for
coastal mountain goat populations, If successiul,
e model would give forest and wildlife managers
a quantitaiive tool for use in designing Bmber sales,
roads. or habitat retantion areas.

Funding for thes project was provded by Federal
Ald in Wildlife Restoration Projects W-22-1, W-22-
2, and W-22-3. Additional funding was provided by
Region 10 of the U.S. Department of Agriculture
(USDA) Forest Service, Alaska Department of Fish
and Game biclogists John Schoen, Matihew
Kirchhoff, biometricians Michael Thomas and Jay
Ver Hoel, and technicians Kaent Boves and Scolt
Brainerd provided assistance in the field and
suppart durng analyss,

STUDY AREAS

Three separate study areas were used in this
analysia (Fig. 1). The Upper Cleveland Peninsala
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Fig. l. Location of Upper Cleveland Peninsula (UCP), Quartz
Hill vicinity (QHV), and Revillagigedo Island (Revilla)
study areas near Ketchikan, Alaska.
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(UCP) = localed approomalely B0 km noth of
Helchikan, Alaska. The LCP s typlcal of coastal
goat habiat with alovabons ranging from sea lovel
to over 1,500 m. This area s described in detail in
Emith (1888), The UCP was selected as the “base”
area for development of the habital selection
modal,

The Quartz Hill viciny (QHV) area is locatad on
the coastal mainland approximately 70 km east of
Kotchikan and 80 km southeast of the LCP. This
area s biophysically smilar to the UCP and
sustaingd goal populations of comparable density
to the UGP (Smith 1884a). The Rewilagigedo
Island study area (Rewlla) is on the northeast third
of Revillagigedo Island approdmalely 50 km
northeast of Kelchikan, midway batween the UCP
and QHV. ARthough biophysically similar to the
LICP and QHV, this area was nol occupeed by goats
until they were transplanied to the area in 1883
{Smith and Nichols 1934). The GHY and Ravilka
areas are described in detall in Smith (1984k),

METHODS

Standard U.S. Geological Survey topagraphic
maps, overprinted with USDA Forest Semvice Bmber
types and expanded 1o 1:31 660 scale, were used
for development and testing of the model
indepandant grid overlay systems similar to those
used by Schoen (1877) wers devaloped for sach
study area by overlaying a 10 x 10 matrix with 100
grid cells per section, on the topographic maps.
Each cell contained approcimately 2.6 ha of land.
This stre was considered large enough to permit
accurale mapping of goal relecations, yet fing
enough to permit a single point sample of habiat
parameters to descnbe the cell,

Habital variables used for the predictive model
Included elevaton, aspect, slope, distanceo 1o the
mearest clilf (i.e., area of meéasurable slope =507),
and tmber volume. These parameters have the
most influence on goat habital use in Southeast
Alaska (Fox et al. 1882, Schoen and Kirchhoff
1882, Fox 1883, Smith 1888},

Hahitat vanables wara scaled or comvaried 1o
numarc values as lollows. Elavations were scaled
in 36 m (100 i) incremenis. Aspects were groupad
i fats, N (ncleding NW and NE), E and W, and S
{including SE and 3W). Slope categories were 0-
157, 16-20°, 21-25°, 26-30", 31-37", 38-50°, 51-
B5° and =66" Distance fo clills was in 0.4 km
inits. Standard USDA Forest Service bmber
voluma classes (0, <8, B-20, 21-30 and =30

thousand board feal per acre [mblfal) weane used
(No malrc oquivalent oxsts for these classes
[Schoen and Kirchhoff 1880]). Additional details of
mathodaology for parameter measurement are
provided in Smith (1886);

A pradictive model of goal winter habital was
developed using stepwise DFA 1o separate cells
usad by a sample of goats in winlad from randomly
selected cells in the same arca as previously
reported for goats by Schoen and Kirchhoff {1982)
and Fox {1983), For this analysis, the 1,526 gid
cells randamly selected and sampled by Smith
(1988) to determine habitat availability on the UCP
were divided into 2 groups. The first group
consisted of those cells used by goats on the UCP
during the winter (Nov 1-Mar 31}, Addiional UCP
cells used by goats as reparted in Sman (1866), but
nol included in the random sample, were added to
the first group. This was called “winter habiat ™
The remaining random cells, which weare unused by
the collared goaks, were considered “other™ habiat.

The dscriminant function derived with the UCP
data base was used 1o predict the location of wintar
habital on the OHWY and Hewlla study areas
Systemabc samples of 25% of the grid cells on tha
QHV and Revilla study areas. consisting of all cells
with oven x and v coordinate values, were sampled
for elevation, aspect, siope, distance to cliffs, and
limber volume as was done for the LICP cells,
Each ol the cells was then classifisd by tha DFA as
masl likely belonging in the “winler habitul® or
“pther” group.

Maps of “winter habiat”® were developed using
a Z-nlep process. Firsl, cells identified by the DFA
a5 being in the “winter habitat™ group were mapped
on the study area gnd overlays. Second, nes wero
drawn arcund these “winter habitat™ cells and any
nonsampled cells thal shared al leas! 3 comers
with sampled cells tha! wane classiied &s "wintas
habitat.”

Thes "Z=carmesr” rube far classifyng noansamphed
cells on the QHV and Rewlla study areas was
tested by randomly sampling 250 addiional cells on
the GHV, nol incheded in the systemalic sample.
Thesa calls wers chosen so thal 50 cells with 0,1,
2 4 and 4 comners, mespecively, contacted
systomatically sampled calls classified by the DFA
as “wanler habital.” Whan these 250 colls wore
ihen processced by the DFA, 4% of those with ©
comers in contact with syslematically sampled
“wanler habstal® cells were alzo classified as “winbe
habitat™ This percentage increased to 28% for
cellz with 1 comar in eontact with “wdnber habitat.”
E4% for cells with 2 comars, T9% for cells with 3
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cormars and 80% for cells with all 4 cormers in
contact with “winler habitat." Thus the "2-comer™
fule appears to be a conservative approach io
completing mapping from the 25% systematic
sample,

To test the accuracy of the predictions of “winter
habitat,” goats were radio-collared and monitored
in the OHV and Revlla study areas, In the GHY
araa, 13 goats, distributed over all major ridge
complaxes in the study area, were radio-coliared in
summer 1882, Winter relocations were obtained
for these goats on a biweekly basis during winters
1982-83 and 1983-84, In the Revilla, 15 of 17
goats transplanted to the Revilla as described by
Smith and Michols (1984) were fitted with
radipcollars and released in the centor of the study
afea in 1983, These goats were also located on a
biwenkly basks during the winber of 1983-84

Winter relocations for goats collared on the
QHV and Rovilla study areas were mapped to
determine whether they fell within the predicted
"winter habidal® areas, Chi-squared goodness-of-Mt
Insts wore Used to assess the level of significance
of the goats’ selection for the predicted “wintar
habstal” (Sokal and Rohll 196%).

RESULTS

The DFA of UCP cells ysed by radio-coltared
goats dufing winter (n = 313) versus unused,
random UGP calls {n = 1,436) identified slope
calegory as the most powerful discriminating
variable for separating the 2 cell groups. The
slandardized cangnical coefficents (Table 1)
indicate that slape angle contributed nearly twice as
much to the saparation of the groups in mulivadiate
space as did distance to cliffs, and more than twice
a5 much as timber volume. The latter 2 vanables
ware rélatively close in terms of their discriminating
power. Aspact and elevation contributed less to the
discrimination. but were, nevertheless. significant in
terms of overall separalion.

From the signs of the coafficients i is evident
ihat slope. aspect, and Umbed volume makes

Table 1. Standardized canonical coefficient of
the discriminant function analysis of “winter
habitat” versus "other” cells on the Upper
Cleveland Paninsula (UCP), Alaska study area,
1981-84.

Varnable Constan
Elmvatinn -0.12220
Aspect 015548
Slope 0. 70545
Dstance to chil (140808
Timbar walurma 031803

positive contnbutions fo the function {.e., sleaper
slopes, more southerly aspacts, and higher imber
volumes ore characterisfic of habital colls) while
wlevation and distance fo chfie make negafive ones
(i.e., higher elevations and greater distances from
chifs are more characterstic of random celis),

The derved discriiminant funcion had relately
farge Wilks & (0.81) and rolatively small separation
of group cenireids in multivariate space (1.05 for
"winter habitat” cells versus 0.23 for "other™ cells),
which ndicates there s subsiantial overlap of the
groups. This s not surpriging, inasmuch as many of
the "oiher” cells are. in fact. blophysically identieal
to the cells used by goats during the winler. In fact,
rmany of the “other” cells were probably used by
radio-collared goats during times betwean locabon,
or by unmarked goats throughout the winter.

Mevertheless, the canonical correlation of the
equation (0.44) & high enough to suggest that this
tunction can adequately discriminale among the
call groups. This conclusion is also supported by
ihe results of the classification table which indicates
that the function correctly classified 84% of the
"winter habital” cells and T1% of the "other” colls
when the celts were reprocessed through the
function (Table 2). The most impotant test of the
DFA, howover, is how wall i predicts areas that will
be used by goats during winter,

Of the 1,906 cells syslematically sampled on
the QHV study area. the DFA classified 808 (429%)

Table 2. Resulis of classification of “winter habitat™ and "other” cells on the Upper Cleveland

Peninsula, Alaska (UCP) study area when reprocessed through the discriminant function analysis.
— Predicled group

Actual group () Winter habital Othir
Wintor habital 3a 264 [B4%:) 49 (189%)
Cither I-ls-g 411 (29%) 1025 [71%)
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Table 3. Variable scakes and codes for use with classification coefficients for predicting winter goat
habitat based on discriminant function analysis of "Habitat™ vs. "Random” cells on the Upper
Cleveland Peninsula, Alaska (UCP) study area, 1981-84,

Vanabla

Soale

Codo

Elevation

Axpact nia

Slope

Distancs o il

Timber volume

100 it (38m) conlours

degrees

miles (0. 4km inlenvals)

mbfiacrae

100 =1

200 = 2

300 =3

Mat = 1

N NE ANW=2
E&AW=3

S, EE A8W=4
0-15=1
16-20 = 2
21-25=3
28-30=4

337 =5
J&8-50=8
5i65=7

GG+ =8

O=0

2026=1

D25« XD S50=2
081 <X=<075=13

0=0
«8=1
B-2=2
21.30= 3
10+ = 4

as habilal calls, Of the 5,690 cells sampled on the
an the Revilla, the DFA classified 2 362 (42%) as
habital. After drawing lines around groups of calls,
fhe lolal proportion of each area predicted io be
"winler habital” was approdmately 40%.

Iri thee QW area, B1% of all wanler relocations of
radio-collared mountain goats (n = 280) occurred
within the borders of the predicted habilal. An

additional 17% of the QHV relocations occurred in
calls adjacaent to the barder. In the Revilla, B2% of
all winter relocations (o = 60) wore within the
borders and another 8% ocourred in cells adjacent
to the border. Chi-squared analysis of goodness-
of-fit indicates that in both the QHY and Revilla
sludy areas, goals made significant (P = 0.001)
salection for the predicled habital cells

Table 4. Classification coefficients for use in predicting goal winter range based on discriminant
function analysis of habitat selection patterns of 20 Upper Cleveland Peninsula (UGP) goats from

1881-84.
_ Classification coefficient

Variabla "Hahitat™ "Randam”
Elowation [C,) 03782435 0. 3967044
Aspedt (C,) 12069100 10750810
Slopa (C,) 12243040 0. 7473283
Distance fo ckif (T 1.B618730 22220880
Timber volume () 2 1358080 1. 7548600
Constant =12 9007500 =10 4777800
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DISCUSSION

Alkhough the underlying assumpbions of DFA were
slrained in this applicabion, DFA & an exdremely
robust procedure and volation of same
assumplions is not fatal o the results. The most
sonious crlicesms of using DFA in habitat anabysis
are that authors atternpt to infer cause-and-effect
relatonsinps (Willlams 1983) or that DFA may
invent armoneows stalistical relationships with no
passible biological significance (Rextad o1 al. 1988),
This study avoided these problems by simply
apphyng DFA to make prediclions which werne then
tested using an independent procedurs. Thus as &
management toal, this approach appears logically
sound, practical, and easily appled

Based on the degree of accuracy of
predictions, the funcbon derved from the UCP
could be used with confidence o predict the
locaton of winler habitat in other areas that are
biophysically similar to the UCP. This may include
much of the coasial goal range In southen
Boultheas! Alaska and norh coastal British
Columbia. To apply the function, topographic and
bmber iype maps ke those ussd in this analysés
should be overtakd with a similar grid systam. Then
he elevation, aspeci, siope, distance to cliffs, and
timber volume shoukd be determened for all or a
sysiematic sample of cells. All values must be
staled as indicated in Table 3. The values for each
coll would then be entered into the equalien:

SCORE, = Elavation * (Ce) + Aspect * (Ca) +
Elopo * (Cs) + Demtance to cliff * (Cd)
+ Timber Volume = (Ct) + (Constanl)

for both the “Hab#tatl” and “Random® coslficenis
givan in Table 4. The resulting scores would be
compared and the coll would be classified as
belanging in the group for which it has the higher
scofd.  Pradicted "Habital® cells can then be
mapped for use in decision-making.

With fthe increasing avaitability of GIS
lechnology, @ may now be possible o conduct
similar analyses much fasber and more thoroughly
than here. A wider range of miultivariate
lechniques is also being developad and applied 1o
habital modelling. Other methods of discriminant
analysks use Kermal density estmation (Hand 1582}
and new mothods of spacial data anabysis and
image analysis (Ripley 1988, Cressie 1991) can
mlso be used, Regerdless of tho stabstcal
approach used, addiional elforts should be made
io lest the accuracy of habitat selection models with

the empincal approach usad in this study to avoid
the problems idenkified by Rextad et al, (1988).
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SPATIAL SEGREGATION OF BIGHORN SHEEP, MULE DEER, AND FERAL
HORSES

ROBERT E_ KISSELL, JR., Fish and Wildiife Program, Departmant of Biology, Montana State University,
Bozeman, MT 58717

LYNN R. IRBY, Fish and Wildlife Program, Department of Biology, Montana State University, Bozeman,
MT 58717

RICHARD J. MACKIE, Fish and Wildlife Program, Department of Biology, Montana State University,
Boreman, MT 58717

Abstract. We examined populition sire, spatial detribution, and behavioral interactions of Roacky Mountain
bighom sheep (Oviz canadensig), mule deer (Odocoiens hamionus), and faral horses on the Pryor
Mauntain Wild Horse Range (PMWHR) and the Bighorn Canyon National Recreation Area (BCNRA) of
Maontana and Wyoming. The BCNRA wintar range s one of the driest, if not the driest, sites occupled by
the 3 species In Moniana, and the summer range i one of the most heawly foresled and rugged areas
pccupied by feral horses in the northwest. Duning 1983, we esbmaled 159 (S.E. 81) sheep, 518 (S E 121)
deer, and 95 (5 E. Z2) horses on The winter range in the study area. Potential for competithve interachons
betwesn doer and horses of sheep were low due to habital segregation in winter and habital and spatial
separation in summer. Horses and sheep used similar cover types in summar and winter and oxhibéted
clumped desiribulions thal could have exacerbated competiion for forage i forage were limiling. Spatial
segregation reduced the potential for compelition at cumrent population levels. The consequences of
population incresses should be considered by managers in the area, The mule deer population s
apparantly stable, but the shaep population has increased by approximately 17% annually since 1989, and
intorast groups supporting feral horses are capable of bocking population reductions in the horse
population.

Ecologically similar specics co-ocour through  supporfing  sympatnic  populations. Habitat
one or a combination of stralegies. These include preferences and preferred food items are ublized
compelBion, resource parliboning, and cosxstence withou! regard 1o the presence of another species.
(Begon and Mordimer 1987). Behavioral  Kissaell and Kennedy (1992) found this to be the
domination, one form of interferance compettion,  case for two generalists, raccoons (Procyon lofor)
has been documaented for a number of potentially  and opossuma (Dideiphis virginiana)
competitive species, such as mule deer and catile Most co-ocourring ungulates possess greal
(Kie & al 1901), burros and bighomn sheep  opportunity for overlap in habitsl use and food
(Saagmiller and Ohman 1881), and rod fox (Vulpes  habits.  Bighom sheep. mule deer, and horss
vulpes) and coyoles (Camiz lafrans){Dekker 1983).  populations have been shown fo compele, parfiton
Resource partitioning allows for cosxistence and  resources, or coexst (Wishart 1978, Seegmiller and
mvoids competiton by separating species by habltat  Ohmant 1881, Kee ot al, 1881) with another ungulate
or forage use, Moose (Alces afoes), elk (Cervus  population wihen present,
wlaphuzs) and  while-taded deer (Odocodeus A community of potenfially compaelitive specias
wiginianiis) in northwestern Montana were found lo exdsts on and around the Pryor Mountain Wik
spatially segregate to reduce compeliion (Singer Horse Range (Boyce et al. 1992). The PMWHR
1878) and Wydaven and Dahlgren (1985) found  was established in 1968 to manage and protect the
compatition to be reduced between pronghormn  reskdent feral horse population (BLM 1584),
antelope (Anfilocapra americana) and bison (Bison  PMWHR histoncally supported both mule deer and
bizon) by dilfevences n forages consumed, bighom shesp. Bighom shaap wore extirpatad prior
Coexistence, unlike the other sirategies, occursin 10 the tumn of the 20th century bul recently have
landscapes containing unlimited resources recolonized a portion of the PMWHR. During the
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pasi decadao, the shoop population has boan
increasing rapidly (Coates and Schemnitz 1888).
The horse populafion has been mainisined al
approdimately 120 through capture and removal
since 1871 (BLM 1984), and the mule desr
population has varied about the historcal mean
(S00-200).

Ungulate populations occupying small restricled
ranges, such as on the PMWHR, may require
intansve managoment (Wydeven and Dahigren
1885). Boyce el al. (1952) imphed a need io
gvaluale polenial compelition between bighom
sheep, feral horses, and mule deer on the PMWHR
a% a factor in management. Sludies directed
toward feral horse bahawor (Falst 1971), faral
harse reproduction (Feist and McCullough 1875),
feral horse population dynamics (Garrot and Taylor
1480), and bighorn sheep ecological relationships
(Coates and Bchemniz 198%) have been
completed,; however, no allempl has bean made o
differentiate use of resources of the area by the
three ungulates relative fo their ecological
requirements. Our cbjoctives were 1o delarmine
populaton estimates for mule deer, bighom sheep,
and feral horses, ascertain destnbubanal pattems,
and describe behavior regarding the potential for
compatitha inlaraction.
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STUDY AREA

Thee siudy area is located approximately T3 km
south of Billings, MT (45°00° N, 108°20' W), The
study area encompasses approdmately 350 km'
and includes the Pryor Mountain Wild Horse Range,
portions of the Bighaorn Canyon National Recreation
Area, and lands managed by the Bureau of Land
Management, the Custer National Foresl, and the
Crow Indian Tnte,

Soils are relatively raw, compased typically of
sandstone, imestone, shale, dolomite, and alluvial
deposils (Richards 1955, Blackstone 1873).
Topographic features consist of vertical canyon
walls, steep talus slopes, and gently rolling hills and
meadovws inlersected by canyans. Several spring-
fed and some intarmiftant crecks traverse the ares

Habitat on the BCNRA and surrounding area
has baan classified into 6 pancipal types (Knight st
al, 1887). Juniperimountain mahogany woodlands
are dominated by WMah juniper (Jumiperus
psfeosperma) and  mountain  mahogany
(Corcocarpus feddolus). Ths type s further broken
dawn into juniper woodland, mountai mahogany
shrubland, and junipar/mountain  mahogany
woodiand, depanding upon tha dominant spacies.
Riparan habitat & dominated by cottomwvoods
{(Poputuzs spp.). Deser shrubland is dominated by
saltbrush (Alriplex spp.), greasewood (Sarcobafvs
werrnicidatus), big sagebrush (Arfemisia idenfata),
and med deserd shrubland communities. Rubber

rabbitbrush (Chrysothamnius NAUSEOIUE],
shadscale (Afriplox , big sagebrush,
broom  snakeweed (Sufierrexia  saroffvae),

bluebunch whealgrass [Agropyron  spicaium),
Fendler three-awn (Ansfida fendieriana), and
needie-and-thread (Shpa comala) compise the
mapar components of mibed desert shrubland,
Sagebrush stappe iIncludes both big sagebrush and
black sagebrush [(Arfemisia nova) communibes,
Basin grasslands are dominated by bluebunch
whealgrass, blue grama (Bowleloua gracilis),
needle-and-thread, broom snakeweed, Hooker
sandworl (Arenars hookerr), fnged sageword
(Arfemizia figeda), and Hoods phiox (Phiox hoookl)
Conitarous woodlands are charactenzed by Embaer
pine (Pirus fexilz), ponderosa pine (P. ponderosa),
douglas fir (Psuedolsugs menziesi), and a spruce-
fir (Plopa-Ables spp.) mix.

Chmate varies from near desert fo subalpine
with the elévalian ranging from 1108 m 1o 26875 m
Mean summer temperature at the lower slovation
in Lovell, WY, i 21,1 C and mean summer
precipitation is 2,13 cm. Mean winter lemperature
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is -6.3 C and mean winter precipitation is 0,74 cm
(Western Sugar Company, recorded since 1920).

ni land uses include catlle ranching and
agricuflure, Catile are mainiained on portions of
the study area throughoul spring and summer,
Agncullural crops primanly conssl ol aifalla,
Hunting is allowed on the study area. Deer are
harvested through regular season regulations in
Wyoming and Monlana and bvo bighom sheep
permits have been issued annually by Montana
aince 1991,

METHODS

Paopulation Estimation

Bigharm sheap and mule deer were capturad
and marked 21-22 Seplembar 1992 and 14-15
January 1863 using a net gun fired from a Hughas
S00-C helicopter (Barred of al. 1982, Andryk of al,
19887). Age was estmated for bighorn sheep and
mille deer using toath wear and replacement
(Cowan 1840, Daming 1952: Robinatte ot al. 1957).
Each animal was fitted with an uniquely marked
radio collar (150.000-151.909 MHz), Horses ware
nol radio-collared, but 20 readily recognizable
horses distibuted among vanous bands were used
as “marked” animals. Sidean female and 4 males
bighem sheap, 14 female and 3 male mule dear
were radio-coflared, and 14 female and & male
horses were used as "marked™ animals,

To estimale population size, approximately 30
seral fransects were flawn in a Hiller 12-E at
approdrmately 1-week intervals from 10 February to
8 March 1883, with each transect replicated 5
ok, Transects were separated by approcdmalely
0.5 km and typically wene fiown duning the morming
(O700-1200 hrs). Transects wene flown 20 - 40 m
above the tarrain at 40 - 50 kmihw. The date, ime,
localion, species, number of animals, sex, age
category (adult or juvenile} when possitde, and the
number of marked animals in the group were
noted. Chapman's (1951) estimator and Lincaln-
Felarson index lechniques wers usad [o estimate
population size, Chapman's esiimala comects for
surveys in which no marked animals of a specios
were obeerved, Each estmate derived was used to
determine & mean population estimate.  Mean
astimates were compared with results of previous
sludies by Coates and Schemnitz (1989) using a t-
test lo evaluate population growth rates bebween
1985-1088 amd 1988-1803,

Distribution

Distribution was determingd by radia lacations
and casual obsensations during ground and aenal
surveys. Locations wera determined for 3 lime
periods: morming (0500-08%58 hrs); midday (1000 -
1558 hrs); and ewvening (1600-2300) hrs. Asnal
locations ware obtalned wsing a portable recaier
and 2, 2-element diractional antennas attached to
the wing struts of a8 Super Cub or 1 pivolal 3-
glement directional antenna mounted beneath the
fuselage, Asrmal localions were made bypically
during the marning time black. Ground locations
wore obtained using a portable receiver and hand-
held, 2-alement, directaonal antenna,  Additional
locatons woere obimined by chance observations.
To obtain independence of observabions, days and
e Blocks wene randomly assignied to speces and
individual animals, respectively. Feral horses were
located by a weekly ground search, All locations
ware plotted on 1:24000 USGS topographic maps
and Universal Transverse Mercalor (UTM)
coordinates were obtained, Overall distribubon of
marked animalks was determined by lumping all the
lacabons of one species for a season. Distributional
ranges were overlayed to delermine common areas
of use,

Behavior

An attompt was made to observo each marked
animal and the group essocialed with i
Mcelseason; once during the moming and once
during afternoon hours, An observabion consisted
of an 1-hour session during which bahmaor type
{leading, bedded, standing, moving) was recorded
svery 5 minuies for both the focal animal and the
majority of the animals prosont oG group.
DObservalions were made using a 15-60 X spofiing
scope, Days and indnad ual radio-coflared animals
o bea obsarved were delermaned randomly.
Observations of homes were conducted by chance
Al pach session, we nobed the number of helero-
and conspecifics visible in the area, the estimated
distance from the focal group, estimaled distances
moved al 15-minute intarvals by the focal group,
and aggressive or submissive behavian ohesnad
during the session. Homogenedy of belvavior
BCross seasons for cach species was examined
using chi-square, Due o small sample sices, smoes
woizre luimiped,

RESULTS AND DISCUSSION

Population Estimation
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Table 1. Population estimation for bighorn sheap, mule deer, and feral horses, on the Pryor

Mountain Wild Horse during winbar, 1993, il
Bighorn sheep Mule doer Feral horses
Date n' m' N° N° n_m_ N My n_m N M,
11 Fabruary 3 3 B0 209 244 T 553 550 54 14 TT 75
17 February a4 4 283 235 155 5 527 467 48 10 96 83
22 Fabruary - ] 0 148 142 4 604 514 42 & 140 128
1 March 20 3 13 108 181 4 812 680 38 10 (- B
B March 2 4 110 98 130 8 304 350 48 9 17 10
Tolal N, 168 = 91 886 £ 151 100 £ 26
_Total Ny 158 £ 61 S516+ 11 85 ¢ 22

* Total number of animals observed.

* Total numbser of marked animals obseryod,
" Lincaln-Pelerson population estimatar.

* Chapman's population estimator

Population estimates for 1983 are given In Table
1. Coates and Schemnitz (1989) reported the
bigharn sheep papulation to be nereasing at an
expanental rate of r = 0,18 during 1985-88. We
found the population increased al the same
exponental rate (r= L172Z; p > 0.03) since 1888,
This high growth rate s charactenstic of colonizing
populations of other ungulates (Eberhardl 1987,
Gagan and Barrat 1987),

Estimated mule deer population size was in tha
range typical of the study arca during 1986-1990
(MOFWP 1930} when the population generally
increased. Our estimates sugges! the population
sre may have stabiired during 1680-1583. The
minimum number of mule dear known (o be alive
following the hunting season of 1880 (MDFWP
1890}, 565, was similar to our estimale,

The horse populaton was estimated 1o be
approximately 100 baged on helicopter surveys
during winter 1993,  Another, possibly more
nccurate, estimate basad on sightings of uniquaky
marked indhiduaks during spring and summer 1943
indicated approximately 180 feral horses, including
1983 foals. Garrol and Taylor (1990) reporied the
population to b this high only twice during an 11-
yaar period from 1876 to 1986, IT foals wera
dueleted from the summer ground population
estimate. a downward adustment of 17%, owr
helcopler surveys estimated approximately 50% of
the achsal popudation size. Stoll et al. (1891) briefly
reviewed shudies in which ungulaste populations ane
underestimated 33% - 88%. Ghen the farrain,

vegelatve cover, and the nature of the lechnique,
our estimates are much more lkely o
underestimals than overestimsle populalion sire

Distribution

The 3 species were spatially segregated
throughout the year (Fig. 1a-b). Through winter and
early spring, bighomn sheep were disinboled
prmarly along the edge of Bighoim Canyon. Rams
and swas remained iogether until mid-late winter,
Thereafier, rams moved o a poriion of the study
area inaccessible o horses and seldom frequented
by ewes. Homses ranging in close proximity 1o the
sheep papulation showed very strang Bdelity to the
southern and east-central porions of the PMAWHR
Distribution of these horses was similar i cach
season, probably s a result of limited waler
sources, Other bands of horses used the southern
porfions of the study area for winter range. Deer
were distributed along the southern portion of the
study area during wintar and early spring.

In spring. sheep wene distributed similar (o late
winber while horses occupving the south-gentral and
southwestermn portions of the study area began a
migrabion nortward on the East Pryor Mountsin,
Deer also began migrating northward during the
Bpring

Summar  dstribulions  provided  extrame
exampies of spatial segregation. During lambing,
ewes spenl consderable Bme near or in the
Bighom Canyon. Two ewes weaie obsarved
lambing in Crooked Creek Canyon, appronmately
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Figura 1a. Distribution of bighorn sheep, mule deer, and feral horses on and surrounding the Pryor
Mountain Wild Horse Range during winter 1993
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10 km west of the primary lambing area.  Thase
ewes relurned to the primary lambing area, the
Bighom Canyon, within & woaks. Rams ocoupled a
large area of e lopographic reliel and a
considarable distance (>3 km) from parmanent
water in the centar of the study area during the
summer and fall. Leslis and Douglass (1978) also
reported that ewes occupled areas of greater
topographic refief and closer to waler than areas
umed by rarms, The majodty of the horse herd spent
the summer and fall seasons al the op of East
Pryor Mountain, Mosl deer summered along the
base of the mountain on the norhem and
northeasiem sides, Only one radio-collared deer
summered on top of the East Pryor Mountain.
Addsionally, very few daer were seen on top, oF on
the southern aspect, of the East Pryor Mountain
during summer and most of fall,

Rams relurned (o the lower elevations af the
study area during late fall and early winter whera
ewes spant summer and fall. Horses and deer also
returmed to the winter rango during this tme. Snow
and the onsel of more severe winler conddions
appeared fo be factors indiabing Tallwinfer
migration.

Ungulates typically separate spatially or
temporally to avoid competition [Hirst 187%).
Though there was insulficien] evwdence o support
the sdstence of competition bebweaan faral horses,
bighorn sheep, and antelope. Berger (1986)
imvoked habital separation and food habit
praferences as the stralegies used in the Great
Basin to avold compatiion. Seasonal distribulions
of the 3 species on our study area were indicative of
spakal segregation suggesting that il = al least one
tachic being used lo avoid competifion,

Behaviar

Mo differance in frequency of behavior (fesding,
maoving, standing, bedded) between seasons was
observed for mule deer (8° = 154, p = 0.5)
Differences bebtwean fall and summer (X = 14.4, p
< (0,005), fall and spring (%' = 14.85, g < 0.005),
and fall and winter (X* = 1006, p = 0.05) for
frequency of behaviors were indicated for bighom
sheaep Differences in frequency of behaviors were
absenaed for feral horses batween Tall and summder
(%" = 9.7, p<0.05) and fall and spring (¢ = 14.1,
p = 0.005),

Wory few (M < &) mterspocific inleractions ware
obrsarved dusing 1583, All pccurred in the winter or
eaity spnng, when the thréee species wers on winber
ranges and all included horses as the dominant

species when horses were presenl. Like Berger
(1988), wa found thal encouniers belween species
were rare as a result of differenl  habitat
praferences and seasonal use pattemns, Coates
and Schemnitz (1385) also ropored few
interactions (n = 8 ) between sheep and horses;
where they occurrad, horses were the dominant

MANAGEMENT RECOMMENDATIONS

Greatest opporiunity for competition sxmsied
during wanber when the thiee species ware in close
prosdmilty. Howsever, given present population sizes,
distributions, movements, and the nfrequent
gncounters  bebween species, lifle o no
interspecfic interaction of populalion consequence
appears to be ooccuming.  Therelore, we
recommend that the three species be managed
independently at this ima. Berger (1886) noted
that inerspecific conflicls botwean feral horses and
native species almost always resulted in submission
of the nabve species, With this in mind, we Suggest
that these ungulate populations be monitored
closely to determine if the increasing sheep
population ks influenced by the feral horse herd or
if the sheep population expands its range further fo
maintain the reduced polential for competition with
horses.
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FOREWORD TO THE WORKSHOP REPORTS ON SHEEP MANAGEMENT
PROGRAMS, NORTHERN WILD SHEEP AND GOAT COUNCIL, CRANBROOK,

BRITISH COLUMBIA 2-6 MAY, 1994

WAYNE E. HEIMER, Executive Director, Mortharm Wild Sheep and Goat Council, Alaska Department of
Fish and Game, 1300 College Road, Fairbanks, AK B8701

Originally, management of northern wild sheep
throughout ther ranges in the United States and
Canada was done by simply opening or clesing the
hunting season to allow harvest of presumably
surplus sheap, hpically assumed lo be malure
rams. Later on, managers (with autonomy that is
unthinkable loday) bagan 1o “do what they thought
was best” for the shoop and the hunters who
wanted fo use them. In momre recenl tmes.
selective pressures for recogniion of other uses
and groater public involvement have driven the
avolution toward a system of formally defined
managament programs.

These management programs are presumably
guided by managemen! policies that drive
managamant plans which, in tum, determine effort
{measured in time and money) to gather biological
information which may affect the regulations by
which management is practiced. Although tha
formal system & presumed to function n this
fashion, thera s considerable varabiity in
philasophy, policy, plans. and effort expended in
managing sheep among management agencies.

The purpose of this workshop was to generake
reparts on the sheep management program from

sach mamber state or province in the Morthern Wid
Sheep and Goal Councll. These reports were
generaled by response io a questionnaire sent fo
the recognized sheep managers in each state or
provnce, Ouestions relating to the présence of a
recoqnizad of farmal program, its origin, #s funding,
offort expanded, and a dizcussion of program
effectiveness were asked of all participants. Al
mombar stales and provinces wheroe bighorn,
Stone, and Dall sheep are present responded.

The symposium organizers, the sxecutive board of
tha Morthern Wild Sheep and Goat Councll, the
warkshop participants, and | hope thal these
abbroviated reports will be useful. We anticipate
these reporis will be uselul as histories of how
things gol the way they are as well as informabBon
on how managamant is curmantly proceeding. We
also hope that the agencies which propared the
repaits saw them as an ntarnal review of their own
programs. The discussion sections should be
partcularly helpful in understanding the operaton
of sach program because parBicipants weire aaked
to be particularty frank in ovaluating program
effectivaness,
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1994 NWSEGC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE: THE
FOUNDATION FOR NORTH AMERICAN WILD SHEEP - PUTTING WILD SHEEP ON

THE MOUNTAIN

DUNCAN GILCHRIST, Director, Foundation for Morth American Wild Sheep, 720 Allen Ave. Cody., WY

B2414, (307) 527-6281

The Foundation for Morth American Wild Sheep
(FMAWS) may be the world's most successiul
hunting-oriented wildlife conservation organization,
It s compased of over 5,000 members that are
dedicated to the concept of putting wild sheep on
the mountain. Each year the group holds an annual
convention during a four-day period in February of
March with some 2,000 attending members. All
stales having a sheep auction parmit have chosan
this group to auction a ram permit fo the highest
bidder. In all cases, the funds are earmarked by
the state for sheep projects. In addiion, FNAWS
ftsell funds up to $500.000 for wild sheep and
associated projecis each year,

This group, headquartered a1 Cody, Wyoming, is
very cost effectve as thers are only 8 paid
employees. This number is far lower than any of
the other major organizations. The overhead of the
arganizaion is held to a minimum. The 11 elected
officars and directors are unpasd wxcepl for
oxponses. Some direclors aven pay their own
expenses. |In addition, there are other members
thal contribuie much timae in their respecive fields
of expartse 1o the organization at no cost.

| am proud fo say that | am an elected director of
FHNAWS As a director, | am spanding
approximately 50 nights away from home on
FNAWS business in 1684, This includes atiending
board meetings and functions to which FMAWS
normally sends a representative.  In addition, |
spand many days in the fleld talking over sheep
management projects with bislogists and others.
There = s0 much that needs to be done.

Artiche Il of the bylaws states:

“To promote and enhance increasing papulations of
indiggenous wild sheep on the North Amarcan

continent, 1o safeguard apaine! the decline or
atinction of such species, and to fund programs for
professional management of these populations,
kasping all adminstrathee cost to & mindmm,”

The organizaton publshes a quarerly magasine
fied WILD SHEEP. Itis a quality publication filled
with infarmation on wild sheep, FMNAWS activibies,
as wall as hunting reports from membears.

Theere are many FNAWS Chaplers throughout the
country who ane Ekewise warking towards the same
or similar goals. Maonbes ralsed by the chapters are
thair cown to spend, | have aliended several chapter
fundraisers and have been most impressed by the
people thal | have met,

Bidding at the convention is spirited with & close
raio of value to bd pnce, and bids are B0% of valua
or higher overall. Most biddars have a genuine
dedicalion fo the organization because of the high
percentage of money that refurns 1o the ground in
the form of funded projects compared 1o the othar
major huniing organizatons. About BD% of
FNAWS net income is spent on grant-in-aid
funding.

The national headquarters in Cody, Wyoming, are
localed almosi nexl door o the Bulfalo Bal
Museum. This building housss a fine collection of
Boone and Crockeit trophies, western and wildlife
art, the Winchester gun collecthon, the museum of
the Plams indians, and the Buffalo Bill collecton, it
akas time to visit this museum

The FMAWSE headquarters is beginning to house a
respectable collection of wild fams and ram
[fmrature

The annual membership dues are 545.00 (1994)
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1984 NWSEGC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE:
ALASKA'S DALL SHEEP MANAGEMENT PROGRAM

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

28701

QUESTION: Does your state or province have
an identifiable sheep management
program?

Yes

QUESTION: What is your guiding policy
staterment?

Tha Alaska Deparment of Fmh and Game
(ADFAG) Dall sheap management pallcy [most
recently revised in 1980) says:

1. The depariment recognizes the consiituional
rrndate of e stale of Alaska to manage Dall
sheap on the sustained yield principle for the
benefit of the resource and the people of the
stale, and also recognizes that national and
intermational inlerests must be considersd.

2. The deparment recognizes thal responsible
Dall shesp management must be based on
scieniific knowledge. An active deparment
program will ba mamtained 1o mocreass
knowledge of the population status and the
bictogical and ecological requirements of
sheap.

4 Maintenance of suitable habitat i of foremost
importance in Dall sheep management. The
departrmant will seek land-use desgnabons
and cantrals thatl will maintain sheap habitat,
Intreduction af domesic animals which may
compete with Dall sheep for available forage
or which may introduce diseases or parasies
will be opposed.

4. Itisrecognized thal management techniques
for sheep may change with future advances in
knowledge of sheep biolegy.

5. Transplanting Dall sheep for restocking
formar ranges or stocking vacant habitat may

be a useful managemeni tool. However,
bacause ransplants often have unforeseen
detrimental effects, introductions of sheep
will be generally opposed

. Dall shesp will he managed 1o provide
sustained vields of animals for humans and
for wild carnbvore populatons that depend
on them for food.

QUESTION: How doidid you do management

planning?

Early management planning efforts (1976)
consisted of species eams composed of area
managemen! blologists, regional managers, and
regional researchers agrecing on the biological
capaciies, limitations, and existing uses of Dall
sheep in each management unit of the state. and
selecting appropriate management goals for each
population.

QUESTION: ‘What are
goals?

These planmng teams identfed 2 types of goals
retating to uses of Dall sheep

your management

1 Hunting was the dominant use of Dall
shoep when statevide management plans
ware drafted, Consequently, Dall sheep
managameant plans cantersd primanty on

hunting management. Thres types of
hunting expariences wera identifiad.

1A, Maxmum oppocunity to parbcipate m Dall
sheep hunfing. In some areas, providing
the oppartunity to go sheap hunting was the
primary goal. Harves! success rale, size of
animals  hamvested, commonality of
transportation type used, and hunier density
wiere sacondary consideérations, Hunlers
wiale advised that thess condifions miy b
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iesz  ithan desirable under some
cifcumslances, bul consstent opportunily (o
participate  without reguirements  bayond
purchase of a hunling Bcense was assured,
An unlimited numbar of residant keenses are
avallable at 525. An unlimited number of
nonresidant licenses are available at $85. and
an unlimited number of nonmesident sheep
tags are avallable at 3425, Harvestis mited
bo 1 full-cur ram per yaar,

Cppariundy to hunt under assthalic condifions!
In areas with this goal, plans were made o
provide high guality hunting experiences in
erms of uncrowded opportundies where a
hunter could reasonably:

1) Expect anincréased measure of solitude
with freedom from constant invablsament
Wil alternale transpanaton types other
than ha or she used,

2)  Anbcapabe a higher harvest success fram
a lass-intensivaly harvasicd rosource.

3y  Enjoy an enhanced opporiunity io bo
selective in am harvest

Huntars have bean given many chances to
understand that providing the opportunity 1o
hunt under aesthetically-pleasing conditions
may require limiting participation through
lottery perrmil syslems, In areas nol imited by
permit requiremant, ahy appropiiataly licansad
hunter may participate. Assthetic quality goals
are mosl often achioved because he araas
whoie these goals apply ane remote.

Opporiunty to harves! rophy rams: Ina few
select argas, the goal was to provide a hunting
experence where each honled has the
apportunity 1o take an unusually large, traphy
ram, Huniers understand this requires limiing
parbcipation by lotiery permit and submaximal
ram hamvesis, Qriginally, legal standards in
rophy managemeant areas ware higher than in
other arcas. With passage of the stalewsde
full-curd minimum for ram harvests, (he legal
definiion fer harvest s now uniform. The Tull
curts are just larger in frophy management
argas, Anyone may apply for a permi in
trophy management areas except in the Tok
IManagement Area, where successiil huntas
muy nat reapply for 4 yoars,

1D.

When  subsisience  hunbng  was
insttuionalized, providing the opporunity to
participate in subsistence harvest of Dall
sheep bocame a further  hunting
management goal.

Although hunting was the dominant use of
sheep when management plans were
drafled, recognition of athar types of shesp
usa was farmally institubonalized. These
ises included viewing, pholography, and
scientific study of Dall sheep. They were
provided for by special areas resenved for
them throughout the year, and by restricting
hunting activites to a 42-day fall season
statmwide,

QUESTION: What methods do you use to
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reach tham?

A research program was established to
increass knowladge.

Onece knowledge was avallable, capacifies
and abililes of sheep in each area ware
matchied with the appropnale managemeani
goal,  High-density populations with
well-developad access, a history of high
hurman harvest, and production of small-lo-
average rams were designated for
"maximum opportunity,” Areas where #
was reasonable to expect low hunter effar
were desgnaled “aesthelic” and only a
coupde areas whers rams  fypically
produced large homs wera established for
“trophy managemant.”

Az knowledge increased, regulations weare
changed appropriately as needed.

A statewide harvest monitoning system was
developad using Pitman-Robertson money
under the Survey and Inveniory program
Fopulation monilonng programs  were
developed by each area management
binlogist cansistent with his ar her Interasd
in, or ability to monitor, sheep population
gize, composition, and productivity.

Area managemen! biologists  were
encouraged to be vigilant with respect 1o
habitat concorns In their assigned areas
and coordinate responses to land-use
planning efforts with habitat specialists



QUESTION: How mich effort is devoled to

reaching them?

There are 12 area management biologisis who
have sheep in their assigned management districts,
These bislogisls are generalisls who are expected
o parfarm dala gatherng and managemant
functions for all wildiife papulations and habitats in
iheir respactive amas. s reasonable to suggest
that mach of these “joumeyman-level™ management
biologists spends 1 maonth par year invalved with
shesp managamant This translates inlo roughly
£75.000 in salary and benefits for managemant
beologists.

In addiion, the harvest monitoning funcBon requires
about 4.5 manths of “lechnician-level” woark. This
comes o epproomately $17,000 in ealary and
benafis,

Finally, approimalely 4 maonths per year of
addional Bme has typically bean devoled to sheep
management by a regional management specialist
in the most "sheep-rich™ region (the Intedor) of
Alaska. Al lhe same pay grade as for area
managament bislogists, this requires an additional
£19.000 in aslary and banefits.

Thus, the lotal person-months allotted by ADFAG
to shesp management comes lo an average of
about 205 pemon-months per year. Sadeen of
these are at the management biologist lavel for a
lotal of $84,000 in salmy and benefits. The
remaining 4.5 pemon-monihs are associated with
harveat statstcs compilation and anabysis ab the
technician level for about S17.000 and benefis.
;he total expenditure for persannsl i approsmataly
111,000

QUESTION: What Is your operating budget
for sheep management?

Oniar the last 5 years, ADFAG's operaling budget
for sheep managemaent (including research) has
been approxmately $8.000 for harvest reporting
and wup to 310,000 for surnvey-inveniory wark
throughout the state. Plans for the nexd fiscal year
call for an increasa of 85 to 100 thousand dollars in
sheep operational funds. It appears unlikely that
this increase will be susianed.

Other Agency Participation in
Management in Alaska

Shesp

The Mational Park Sendce (MPS), the U, 5. Fish
and VWildiife Service (LISFWS), the Bureau of Land
Management (BLM), and the U, 3, Forest 3envice
{USFS) are also active in sheep research and
habitalt managemenl in Alaska, NPE achilies
canber in the Moatak National Presarve, Gates of
the Arctic NaBional Prasarve, and the Wrangell-Si.
Elias National Park and Presamnve. NP3 expends
approdmately 570,000 annually {330,000 on aboul
G person-months per year and 340000 on field
oparabons)

USFWS actvities are pamarily centered on the
Arclic Mational Widiife Refuge; in a cooperatve
program with the state, USFWS has expendad
approximately $100,000 per year there, avaraged
aver the last 5 years. Expenditures on the Kenal
MNatonal Wikdlife Refuge ware high last year with
§36,000 dsbursed io conduct a bounded
population estimate of Dall sheep numbers

BLM shesp interests are focused on the
Tanana/Yukon uplands where about $10,000 are
spent annually on survey work and habital
research, assessment, and manipulalion in areas
used by Dall shaap,

USFS metviies are Emited to the Kanai Peninsula
where inierpretive programs and some habstat
research sludies ame underway, Costs 1o USFS are
not known &t this ime

Total other agency expenditures over the last §
years have probably averaged $160,000 fo
$190.000.

Additional Funding and Foundation far North
Amarican Wild Sheep Participation

The state of Aleska does not consmstently ask the
Foundation for MNorth Amercan Wik Sheep
(FMAWS) for funding. Grants o ADFAG from
FMAWS have been primadly from the Alaska
FNAWS Chapler, and have averaged aboul 54 000
per yaar over the last 5 years (including a fairly
large grant of approdmately $12000). The
national FNAWS organization ropons sponding
almost $400,000 in Alaska since ils organization.
Less than 10% of this money has gone lowand
bislogical managemant of Dall shaep. Mora than
80% of it has gone lo political acton,

The state of Alaska has wal to paficipate in
donatan of a gavernars permit o FMAWS to raiss
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funding for sheap management. Legisiation which
would make this possible has been submitied.

DISCUSSION

While the Alaska Deparimant of Fish and Game
has a well-structured managemaent pragram which
is currently in a state of flux there are 3 factors
which influence the program.

The first i critical need. The biology of Dall shaep
in Alaska allows adequate managemeant of thes
species with less effort than other Alaskan species.
Dall sheep in Alaska exist in stable. ciimax habitats
which are still in pristne condiion. Consequantly,
habstal protection is the phonty, and enhancamant
projects are considerad of Mtle utity. In Alasks,
tand ownership patterns and mandaled reviaw
render hahitat protection relatively Inexpenshe.
Also, limiting harvest of Dall sheep in Alaska to fully
mature rams s currently undersioed o have no
deleterious effecis on Dall sheep populabon
performance, Simply pul, in the past, managers
infarred that harvest of truly surplus animals
required minimal monitonng and managemeant
Consequently, commitment of funding to this
spocias, which has required tle “comventional
management” to meet human demands. made it a
lowar funding prionty than ofher species which are

more lablle as a result of their biology, habitats, and
harvest management. With recent declines in Dall
sheep abundance, increased funding is being
commitied o Dall shasp

A sacond complicaling faclor i Alaska's
legistatively-mandated provision for subsistence usa
and the conflicting federal subsistence priomty an
federal public land. Subsisience use as i &
presontly defined in tarms of historc aboriginal
harves! practices may not be sustainable, Still,
subskstence harvest of Dall sheep & practiced at
yariable levels of mtensity in remola areas. In
addiion, most subsistence use of Dall sheep is
focused on federal public lands whore state
management options are limited and in dispute al
thiz time. Fmally, the general wildlife curnculum
under which managers train makes it difficult for
managers o deal with ewe harvests, | think ths is
because most population management training 5
based on examples from cenid populations in
lempaerate Tone ocosystems where natural
predaion has bean reduced and density-dependent
food limifation = demonstrable. Consequently,
acceptance of the idea that Dall sheep baology in
intact arctic ecosystems may be an exception to ihe
general ungulate case has been slow among
Alaskan managers
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1994 NWSAGC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE:
ALBERTA'S BIGHORN SHEEP MANAGEMENT PROGRAM

JONT. JORGENSON., Alberta Fish and Wildlife Servces, #200 S920-1A S1. SW.. Calgary, Alberta.

QUESTION: Does your state or province have
an identifiable sheep management
program?

Alberta has a recently-formulated bighom sheep
management plan thal i quite compreheansive in
natura. It i= a publicly available plan that contains
information on  the evolution of bigham
management in Alberia, the bology of the species,
historical and curren! stalus, policy framework,
management goals and objectives, and plan
applications on a regional perspective.

QUESTION: What s your guiding policy
slalamant?

The P {Fish and
Wildlife Division 1982) establishes palicy poals for
the administrabon of wikdife resources in Albarta,
These policy goals provide a framework for the
formabion of specific bigharn sheep management
plan geals.

Resowrce Prabechan

1. "..The prmary consideration of (he
government = 1o ensurs  that  swildiife
populatons are protecied rom severa decling
and that viable populabions are maintained....

Resource Alipeaton

£ "_Tha wildlife resource, as a Crown resgurce,
will be ulized in 8 manner which contribules
the most banefit to the citizens of Albarta.

3. " Wildlife will be allocated throwgh a defined
process whereby spechic resources are
deployed o specified uses in arder 1o achisve
sialed public benefits,

4 The Diesion (Seraces) may allocate live wildlife
lor vanous uses such as game farming, game
ranching, iducation, or science and zoological

dspiays n conformdy with olher aspects of the
wildlife policy.

5 Wildlife must be allocated ameng different
primary users in response 0 government
policy. Unbl such ime as supply and demand
can be batter rabonablized, the following intarm
allocation guidalines will prevall in order of

® .msdenl recreational use of game will have
precedeénce over nonfesident use. Wildlife
stocks not fully allocated or ublized to higher
priarity uses may be allocated commercially 1o
nenresidents.

B. The allocaion of wildlife stocks to the differant
primary uses doss not mply that other uses
cannol oecur within areas wherse Such usas ans
entitled,

Recreational Lise

7. A vanaty of wildiife recreational opportunites,
in addiion lo huniing, will be available for the
baneft and enjoyment of Albertans,

&, A vanely of hunting opporunities will be
agvallable for the recreational bensfit of
Alberians..,

Commarcial Usa

#.  The dmsion will encourage an envirenment
that premoles the growth of the fourist

industry. "
QUESTION: How doldid you do management
planning?

The bulk of the management planning was initially
done by the species coondinatar (we no longer have
specs cocrdinators), Input was then sobcitod from
regional keologists b0 prowvide more specific

180



information on  local herd siatus, special
management Bsues, land use Issues, populaton
goals, and hunling priorties, Drafl plans were also
reviewed by cerain pefsans wilh expeniéncs in
béghorn sheap

QUESTION: What are your management
goals?

Our management goals essentially [nvolve
resource  profection and resource allocation
amongsl the varnous user groups:

Goal 1: To ensure that viable populations of
bighorn sheep are maintained.

This will be achieved by protecting all existing
wintanng populations from overhanest, dlegal
hunting, deturbance, and disease, and by sacunng
and mainiaining all of the known wintering areas.
Ta thes end, all known wanter ranges have baan
mapped along with associaled sUmMMEr ranges
where these have been dentified

Goal 2: To ensure that populations and
habitats are managed o mest the
resource  requirements of the
recreational and sconomic goals and
objectives.

Currant papulaticn esfimalas have been identified
alang with hanest goals (aumbers of haphy rams
and ewes) for sach of our shesp managemant
arcas. Population objectves for sach aea by the
year 2000 have also been delermined toward which
harvest allocation and olher managermen] prackices
will B tuned to achdeve. Harvest goals in termms of
rophy rams and non-trophy sheep to the year 2000
have also been established.,

Goal 3: To maximize the mcmational benefits
and snjoyment to Albertans from the
bighorn sheep resource through the
provision of a varety of types and
amounis of recreational opportunities,

Twao types of shaep Runiing opporunities will be
made available to residents. Maintain the current
oppartunity io hunt “trophy” (4/5-curl) rams, and ag
part of the population management stralegy for
maximizing the production of trophy rams, provide
thie manamiuim opgortunity far residents to hunt “non-
trophy” (ewes and lambs) bighom sheesp. The

harvestable surplus of trophy rams will generally be
limited ta 50% of tha tolal number of irophy rams

avaitable and shall not be allowed 1o excesd 70%.
Al least B0% of tha harvestable surplus of tropiy
rams will ba allocaied to recreational hunting by
residents under an unfimited entry season, A 1-
vear walt-out penod will apply 1o any successiul
trophy sheep hunter. Non-trophy hunting will
generally bo restricted 1o residants under a limited
antry ragime, Tha harves! of non-trophy sheep will
nol axceed 18% of the winler population of
veariings and ewes unless population levels are to
be reduced,

Resdent trophy seasons will generally open 1 weak
gariber than thal for nonfesidents and extend
approvdmately 15 days beyond the closure for
nonresidents 1o Octabar 31,

A provision s made lo prowde a vanety of
opportunidies to all Albartans for directiy-ralated,
nonconsumptive wildlife activities such as wewing.,
photographing, and scientific and educational
activities that will enhance knowledge of bighom
sheep.

Goal 4: To optimize the sconomic benefrt to
Alberta from the commercial use of the
bighorn sheap resource.

Pravide Ihe opportunily for oulfilter-guides 1o
contract nonfesident trophy sheep hunters.

Provincially, a masimum of 20% of the hanestabla
surplus of trophy rams may be allocated to the
ouftfitting industry. MNonsesident hunting for traphy
sheep and, hence, outfting activites will be
directad to more remots areas of the province o
reduce conflicks  with  resident  huniers,
Monresidenis will be required to hunt with a licensed
sheep outfitier who has been allocated o specified
numbser of nonresidentalen shesp licenses wiich
are valid only in specified wildife managament
areas. A 4-year walting perod for successtul
nonresident’alien trophy sheep hunters will apply,
QUESTION: What methods do you use fo
raach tham?

A standardized format has been developed o
inventory most of the provincial sheep populations
on & 2-year frolabonal bass, Only populations wilh
well-defineated winler ranges and not widely
dispersed, and with consistently more than 20
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animals are surveyed, Rasults from these surveys
have baen used 1o establish future population goals
as wall as (o determine annual parmit numbers for
non-trophy hunting seasons,

A well-established program of compulsory
regstration has baen in efect for many years as &
wary of monfionng hanvests and success rates which
in turn are also wtmed in the parmit satting process

Sevaral long-term bighorn sheep research projects
have been iniiated (and sbll continue) to gather
data on population dynamics. The data collected
from these projects have had a direct impact on the
current management program. Addiionally, more
short-lerm projects on lecal populations have been
conducted primarily in response fo some local issue
al high prorty. These projects have prowvided belter
information on population levels, seasonal range
usa, responsze 0o recreationalindusirial
developrmants as well as the causes and impacts of
disease.

Regional biclogsts respond o local msues
regarding sheep populabons in their areas with

whalever management programs they see it and
can afford In terms of manpower and budgets,
Special habitat prolection measures may have o
implementad orf habitat enhancement projects
initiated.

QUESTION: How much affort is devoted to
reachimg them?

To try and put a manpower and dollar figure on the
effort expended on the shesp management
pregram in Alberta is not easy. The level vanes
froon year o year, depends on whether any special
projects were iniialed in response to some local
issue, and mode impartant than all & the ever-

levels of staff and bedgets. Cansiderably
less effon is cxpanded now than what was done 4
or § years ago.

The only programs which have nol been affected
severaly by changing economic imes and that ane
maintained esach year are the compulsaory
registration program, annual permit setting process,
and population inventary. The division has also
maifilswned s nvolvement in 2 sheep research
programs

The compulsory regsiratlon program Envaolves
admiresiration and enforcement stalf time o

rirgister animaks and process forms as wall as the
time of a technician for computer entry. Bighom
sheep are only a small portion of the hanest
stalstic program which i maintained for all species
in Alberta. Considering the relatively small number
of shesp harvested in Alberta (approx. Z30M4T),
about 1 person-month wolkd be devoted to harvest
statistics al an eatimated cost of 3,000

The local management of bighorn sheep falls
mosily under the jursdicton of the 4 area wildlife
biologists with sheep in their regions. They ane
mesponaible  for  implamenting any  sheep
managamant programs  required  including
population inventory, permit setting for non-trophy
sheep, any hakdat enhancement projects, and any
research projecis, At present, the actual bime
involemant vanes betwesn individuals, but would
probably average 1 person-month per year
{probably & bt generous) al & lotal cost of aboul
£18.000. Thes puts the lolal manpower expendifure
for sheep management in Alberta at around
21,000,

QUESTION: What is your operating budget

for sheep managemant?

An allotment of about $12,000fear 15 made loward
helcopler bme to do population inveniony in varous
parts of the province. This is an indirect axponditure
since the aircraft balong to the government and
thair use (ard budgel) comes from anoiher
depariment. We are, however, allofied a cerain
number of hours sach year with whech o do
surveys., The 512,000 i the cost to the governmant
af operating the aifcraft for the approximately 30
hours given annually for sheep surveys. It =
significantly less than what it would cost us lo
charter from the private secior.

Addiional monies allofted toward sheap
management might come to aboul $5.000 per year
and would include general operating expenses
refated to the harves! slatistics, research programs,
habstat enhancement programs, or other programs
initialed by regional biologsts. In 1933 about
516,000 of addtonal monay was contributed by the
division (mostly in the form of equipment) o
research programs imvolving sheep. Most of the
monies used for research projects come from
sources oulside of the division

The Fish and Wildlifo Serdeos total budget is 529
milliom.
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Other Agency Participation in
Management in Alberta

Sheep

The only other agency that devotes time loward
bighem sheep managemant & the Canadian Parks
Sewvice (Le., federal government). Their paimary
manageament effort goes toward population
invenlory, mondloring of specific populations, and
habitat enhancemant programs such as prescribed
burning. VWhile the primary goal of the burning &
nod selely o enhance bighorn sheep range, sheep
invariably benafi from it. The bumng B more
relaled to réluming successional vegelative stales
to a mare nalural order befors fife SUppRession
became vogue, The MNatonal Parks Senace also
mainiasns a rather intensive branding program of
adull rams in an effort o discourage poaching.
Since this is more enforcemant related, | have not
included any manpower cosis.

The Canadian Parks Sendca alkots approaimately
$12,000 annually for asircraft time performing
inventory work, although surveys are conducted
every 3 years on a rolabonal basis., Prescribed
burning programs vary considerably from year to
year in acthity laveds. About 1,000 hectares has
been burned per year for the last several years at 3
coel of aboul 520 por hectare. Tha Canadian
Parks Sendce has also made significant
contribulions towand vanous research programs
involang sheep both on and off federal lands. In
1092/93, $30.000 was contributed toward sheep
research, and ancther 520,000 was contribarted in
199384, This contribution consisted of equipment,
manpdiwer, and monies

The manpowar commiment from the Cansdmn
Parks Service is equivalent to about 7 or 8 person-
months per year, or about 535,000 per year,

Additional Funding and Foundation for North
American Wild Sheep Participation

Funding for research projects has generally come
from sources other than the Fish and Wikdiife
Division. For the lasl 2 years, confribubons have
amounted to about SB3.000 per year. These
sources are mostly fram other government granting
agencies, from private groups (Fish and Game

Associations, etc.), from private companies (oil and
gas, or coal mining), or from universily grants.

Thia only monay received from the Foundation for
Modth Amenican Wikd Sheep (FNAWS) was 5500 1o
halp finance & research project on Ram Mountain
in 1993, Other requests from FNAWS have been
turmiad dowwn.

The Fish and Wikdlife Division does not have any
special huniing permats for sheep that are donated,
auctioned, raffled, or given away in some other
manner as a means of raising funds for bighem
managament. The idea has been suggested
sevaral Bmes and gone through several discussion
ﬁﬂnﬁ. but nothing is contemplated for the near
re.

DISCUSSION

Alborta has a very comprehensive manageaman
program for beghorn shoep, | oullines fairly
specifically the goals and objectives as to how the
sheep resource will be protected (populations and
habital) and how the resource will be allocated
amoang the vanous user groups. Recreational
hunéng &= clearly defined in terms of harvest goals,
dllocation between residents and nonreskdents,
types of hunting opportunities, seasons, and
restrictions o thal hunting opporiunty should the
resource ba threatened.

of all the components in the program, however,
there are only a few which one could say are
consilently delwered including  populabon
invantory, compulsary negistration, and permit
setting. Unforunately, in this era of declining
manpower and resources, even some of the
systematc survey programs are taking a back seal
& other higher priority pregrams.

Other aspects of the program such as habatat
protection, habitat enhancement, research goals,
and non-consumplive objectives arna mone vaguely
outined. The objectves appear more as guidelines
or things thal would be good to do if resources were
ot & limiting factor, Thedr implamentation & laft to
the local wildlife biologist to infiate depending on
their other priofties.
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1984 NWS&GC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE:
BRITISH COLUMBIA'S MOUNTAIN SHEEP MANAGEMENT PROGRAM

DAM BLOWER, Ministry of Environment, Lands and Parks, Wikdlife Branch, T80 Blanshard 5., \ictoria,

British Columbia VBV 1X5

QUESTION: Does your state or province have
an identifiable sheep
management program?

The provinea of British Columbia has an

identiiable, but |sosely  structured

managemant program.

shesp

QUESTION: What is your guiding policy
slatementy

Provincial policy i to retain the existing herds and
their supporting habitat.

QUESTION: What are your management
goals?

Managemant goals ara;

1. Mamnlwin an opimum abundance of the various
spacies and subspecies

2. Provide reasonable levels of consumptive and
non-consumpiive uses of the resource

QUESTION: What methods do you use o
reach them?

Managermaent planning is guided by a Praliminary
Mountain Sheep Management Plan for British
Calumixa

Regional sheep management plans are developed
for each region of the province where shesp occur
{all regions except Vancouver Island and Lower
Mainland). Provincial program coordination &
aversesn by the Wildlife Branch in Victora.

QUESTION: Hew much affart is devoted ta
reaching them?

Wilkdlile managers spend a deproporiionats amount
of ime on mountain sheep managemaent over the

managemeant of ather wildiife species.  Howewver,
there are no provincial personnel who are
employed exclusively lo manage mountain sheep,

QUESTION: What is your operating budget
for sheep managemeant?

Mo specific oparational funds are sel aside annually
for sheep management in the province.

Other Agency Participation in
Management In British Columbia

Sheep

Other agencies regularly or intermittently invoived
in sheep managemeni in the province are:
Foundstion for MNorth American Wid Sheep
[FHAWS), B.C. Wildie Fedaration; Guide Outfitlers
Associatan of B.C., Habdtat Conservation Fund of
B.C.: Wid Sheep Society of B.C.; Nature Trust of
B.C.; Matwre Conservancy of Canada: Cansdian
Wildlife ZSernvice; Okanagan Regional Wildlife
Hertage Fund. Koolenay Wildlife Hertage Fund;
East Kootenay Hunters Association, and Eant
Kootenay Wikdife Association.

Additional Funding and Foundation for Noerth
American Wild Sheep Participation

Mo tabulabion of the monetary or staff lime
contribubons of thess agencies toward sheep
managoment in tha province is avallable, FMAWS
has been a fairly consistent contributor toward
provincal sheep management, with approamately
210,000 recénved annually. The province has nal
yet approved the donation of a sheep hunting
permil io FMNAWS for auction

DISCUSSION

The Widlife Branch of BC, BMaslty af
Enviraonment, Lands. and Parks coordinates the
mountain sheep managamen! program m iho
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phtvince, Two speceés and four races of mauntain
sheap occur in British Columbia.

Thinhom sheep (Owvis dail) are located only in the
norihern hall of the province and numbers are
ssimated st 12,000, Approgmately 11,500 of
these ame classed as Stone sheep (Owiz dall
sfoned and approdmately S00 as Dall sheap (Owis

clalt cla).

Bighom sheep (Ovis canedensis) are located in the
ceniral and southern portions of the province and
numbers are estimated at 8000. Approximately
4 500 of these are classed as California bigharm
shesp (Owis canadensis calforniana)  and
approsdmately 3,500 as Rocky Mountain bighom
sheep (Ovis canadensis canadensis),

hanagement achaties have pimarnily been devolod
lo safting sheep hunting regulations and carrying
out seleciive population surveys. Other important
actvibes camed out o varying degrees andfor in
vanous regions include populaion transplants,
range asseassmoents, habitat acquisiions, and
habital enhancemants.

Harvest regulations are mainly centered on open
season ram hunting, using a curl regulation to lmit
harvasts. Whaere "limited entry hunting” (draw for
parmils) occurs, there iz & trend toward “any-ram”
regulations, Permil ewe hunting also occurs on
som# bighom sheep populatons. Monresident
husnting = regulated in most areas by the allocaton
of a quota to licensed guide autfitters.

Some of the mountain sheep management issues
of concern in the province of Britsh Columbila are:

1. An up-to-dale provincial mountain sheep
managemant plan has not been developed.

2. As the operational management of mountain
sheep populations i strongly regionalized,

18

some difficulties occur in developing a fully
coardinated provincial management program,
To SO exteEnt, the personal
philosophies/preferences of indnidual regional
wildiife biologists determina the type of program
fallowed in a region.

. Mountain shesp population inventorysurvey

data & inadequate {or in some areas virtually
non-edstent) in all regions of the province.

. The mortailty factors that are controlling the

numbars of mountain sheep are nol adequately
undersiood in most populations. However, wolf
predation on thinhom sheep and cougar and
coyote predabion on bighorn sheep are known
to be important modally factors for some

populations.

Horm-cur regulations continug o be of some
administratve concern. Difficulties in handling
enforcement and huntor appeaks following
confiscation of marginal sheep, although not

numerous, are fime consuming for stall and a
traumatic axpanance for indiidual huntars.

. The need to more effectvely controliregulate

the abonginal sustenance hunting of ram
mountain sheep has been increasingly
racogmired in recenl yoars.

. The transmiéssion of diseases o mountam

sheep from domestic ivestock confinues to be
of concem. The increasing use of domeskic
sheep grazing as a foresl silvicullure brush
conlrol measiens could result in the axpaswrse of
wild sheap to domestic sheep diseases. Also.
the importaion of exobc sheep (1.8, barbary
sheep, mouflon shoep) by some domestic
Ivestock interests have disease ransmisson
and genetc interbreeding implications for
indigenous mountain sheep.
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1994 NWS&GC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE:
CALIFORNIA'S MOUNTAIN SHEEP MANAGEMENT PROGRAM

VERMNOMN C. BLEICH, California Departrment of Fish and Game, 407 Wesl Line Streal, Bishop, California

83514

STEVEM G, TORRES, California Department of Fish and Game, 1416 Ninth Street, Sacramento, California

a5814

QUESTION: Does your state or province have
an identifiable sheep
management program?

California has & mountain shesp managemant
program, with a stalewide program coordinator
located m the Sacramento office, and a regional
coorfdinator located in the Bishop office of the
Californda Department of Fish and Game (COFG).

QUESTION: What is your guiding palicy
statement?

General palicy for the consarvation of wildlife in the
stale of California s provided in Saction 1801 of the
Calfornia Fish and Game Code, which statas:

"It is heraby declared fo be the policy of the siale
o encourage the preservation, consenvation, and
maintenanca of wildiife resources under the
jurisdiction and influence of the state. This poicy
shall include the following objectves:

@, Tomaintain sufficient populations of all specias
of wildlife and the habiatl nacessany 1o achiewe
?di-ntim staled i subdivisions (b), (c), and

)

b. To provde for the beneficial use and enjoyment
of wildlife by all citizens of the stale.

c. To perpatuste all species of wildiife for their
intrinsic and ecologicsl values. as well as for
their direct benefits o all persons.

d. To provide for aesthetic, educatonal, and
nnnqpptnnriam uses of the vanous wildlife

FPaTES,

B, To maintain diversified recreational uses of
wildlife, including the spori of hunting, as
proper uses of cerdain designated species
of wildlife, subject to regulations consistent
with the maintanance af healhy, wabls
wildite rasaurces, the public safety, and a
guality ouldoar experence.

i To prowde for economic contributions 1o
the citizens of the state, throwgh the
recognition that wildiife is a renswable
resource of the land by which economic
refurn can accrue to the citizens of the
state, indiwvidually and collectvely, through
resguiated managamant. Such
management shall ba consisient with the
maintenance af healthy and thming wildlife
resources and the public ownership status
af the widife resources.

g To alleviate economic losses or public
health or safely problems caused by wildlife
to the pacple of the stale either ndnidually
of collectively. Such resolution shall be n
a manner designed o bang the problem
within tolerable [mits conzistent  with
economic and public health considerations
and the objectives stated in subdivisions

(@), (b), and (g).

. It s not infended that this policy shall
prowida any power to regulate natural
resources of commercial of other actabes
connacted therewith, except as spacifically
provided by the Legisiature. ™

Palicy specific to thie consarvation of the wild sheep

resource 15 provided in Section 4900 of the
Calfornia Fish and Game Code, which states:
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"_The Legslature declares that bigham sheap are
an important wildlife resource of the state o be
managed and maintained at sound bislogical
levels. Therefare, it s hereby declared 1o ba tha
policy of the stale to encourage the preservation,
restoration, ublization, and management of
California's bighormn sheep population. The
managemant shall b in accordance with the policy
?:dﬁm: in - Section 1801 [of the Fish and Game

QUESTION: How do/did you do management
planning?

The sialowide program coordinaior annually
organizes a meeting for the department’s Mountain
Sheep Management Program participants, The
objectves of this meeling include reviewing and
reporting the progress of current research and
management efforts, recehing and reviewing
proposad ressarch, coordinating survey and
captura afforts, and outlining the program budget
and fund requesis.

The statewide and regonal coondinators and
contract coflaborators are currently preparing an
updaled “Long-Range Conservation Plan for
Mountain Sheep in California.” In addifion to
updating management goals, this plan will serve as
# lead reference for management planning,
continued population assessment, PrOgram
priontes, and the sconomics of our conservason
efforts. This pian should be completed in 1804

Planning mandates are also specified in Section
4801 of the Fish and Game Code, Thes prowndes for
the preparation of management plans based an
defined management units. Managamen! units are
defined on geographic and biclogical cntana, and
inciude informabion on the following:

1 Data on the numbers, age, sex ralios, and
distribution of bighom shesp willin the
I'I'Ill'lﬂﬂﬂ'l'l'l-ﬂﬂt LimiE.

2. A survey of range condilions and a raport an
ihe compeblion thal may exist as a resull of
human, livestock, wild burro, and any other
mammal encroachment,

2. An assessmant of the nead to relocate ar
reasiablish bighom populations.
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4. A staternent on the prevalence of diseases
or parasies within the population.

5. Recommendations for achieving the poicy
objectve of Section 4900 [of the Fish and
Game Code],

Thase management plans generally are prepared
as a collaborative effort that includes input from the
local wildlife un® manager, the regional coordinalor,

and the stalewide coordnator. Appropriate goals
are selected for @ach managemaent unit on a cass-

by-case basis using the best biological information
available to the planners.

QUESTION: What are your management
goals?

Managemen! goals fof mountain sheep, as
published in the Statewide Plan for Bighomn Sheep
(Califarnia Department of Fish and Game 1983:3),
are as follows:

1. Maintain, improve and expand bighorm habital
wharne possible or feasibla

£. Reestablish bighorn populattons on hestonc
ranges whore feasible,

3. Increase bighorn populabons so that all races
become numerous anough 16 no langer
require classification as rare or fully protected.

4, Prowde for aesthetic, educational, and
recreational uses of bighom sheep,

QUESTION: What methods do you uss 1o

reach managemant goals?

1. MWuost research and management activilies are
carted oul by the efferts of depantment
biologists and contraci collaborators. Given
deparimental Bme constraints, most ground-
manitaring efforts are conducted by contract
siaff, while survey, capturs. and habiat
improvement projects are coordinated and
conducied by department staff.

2, Based on the resulls of the program research,
plans were formudated that provided for a
variety of uses of sheep occurring in the
varlous management units. In some cases,
harvest management was recormmended and,
in others, recommendalons against harvest



wntll  cerain  criteria  defimed in the

management plans was met spacifically warne
ineluded

3. Alhough no detmled statowsde objectves oxst
fer  monitoring each  mountain  shesp
poputation, local personnel cooperats with
project coordinators 1o ensure the acquesition
of meaningful demagraphic information on a
regular basis. Annual damographic surveys
are conducled In those zomes subject to
havest management, and recommendations
for utikzathon are formulated based on those

BUIVEYS.

4,  State law (Office of Adminisirative Law)
reduires that tha dapadmenl annually provide
hunting regulatian proposals. These proposed
regulation changes are provided to the
California Fish and Game Commission, and
are submitted for public review and input.
Final recommendations and adoplion of
reguiations oacwr in Apil

2. Siate law (California Environmantal Quality
Act) provades thal an environmental document
be prepared to ensure full dsclosure of
environmental impacts anficipated o result
from implementation of any harvest
management recommendations, Such a
document has been prepared each year since
1987. This document & also circulated far
public review and input.

6. Und biologists review and comment on federal
land managemant proposals that would
impact the habdtat of maountain sheap, and
work fo ensure that anticipated impacts are
mitigated to the extent possible.

7. Formal working groups thal  include
representatives af COFG, as well as land
managemant agancies and other appropriaie
personnal, have been infaied (0 coordinate
management wfords for mouniain  sheep
occuming in the Skerma MNevada (Owis
canadensis calformiana) and in the peninsular
ranges of southwestern California (Owis
canadensis cremnobales). Both of these
subspecies are lsted as "Threalened” by tho
California Frah and Game Commission

QUESTION: How much tima is devoted to

reaching managemeant goals?

Thate are 9 unit biologists thal have sheap in their
assigned geographic areas.  As in most othor
states, these biologsis are generalists and are
expactied lo accomplish a variety of tasks reiated lo
NUMEerous species occurmng in thelr geographic
areas.  The amounl of imeé spent on mountain
sheep by each of these unit binlogists vanes
considarably. In some cases (n=2), less than 1
week per year s spenl on activities directly related
1o wild sheep management, while in others (n=2),
as much as 3 months ped year may be spant an
ackvities ralated directly to the management of the
wild sheep resourcs. On average, unil binlogisis
probably spend less than 1 month each year on
acivities related directly to the management of the
mountain sheep resource, The amount of lime
dedicatied to sheep managemant by unit bialogists
probably is a function of 3 things: (1) the number of
other “urgent” activities, such as emvironmenial
review activities, occurring within thelr geographic
area; (2) the size of the sheep population in thesr
gecgraphic area; and (3} the presence of ongoing
hamnes! programs in their gecgraphic area.

Currantly, all of the mountain sheep in California
occur in a single administrative region that includes
thie sasiarm Sierra Nevada, the Mojave Desert, and
the Sonoran Desert. The régicnal cooardinator
expands approxdmately & monthsfyear on activities
relaled direclly fo the managament of mountain
sheep in this broad geographic area. Activities
include faciiating and coordinaling aenal sunwey
actvibies, research efforts, and oversaeing the
harvast program.

The program coordinator ai the statewide level
expends approomately 10 monthsfyesr  on
administration directly related to the management
of mountain sheep in California, Acthities include
program planning and adminstration, budgeling,
project coordination with regional stafl, oversight of
sundey and research efforts, eversight of contract
collaborators, roviewing legisiative  proposals
prepanng hunting  recommendations  and
environmental documents,

The fotal person-months dadicaled fo the
management of wild sheep by personnel of the
California Depanment of Fish and Game iotal
apprommately 25 monthsfyear; B of these are
accomplished by unil biologsts, 6 of these ane
accomplished by the regional coordinatar, and 10
are accomplshed by ithe stalewsde program
coordinator.
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QUESTION: What is your operating budget for
sheep managemeant?

There i no special oparating budget for acthvities of
wildlife unil biologisis or the regional coordinator
rélated io the management of mountain sheep, In
retant years, oparating expénsea for each ol these
parsonnel have besn limited fo approdmately
£5,000/ear for all management activiies. When
operating oxponses are exhausted, some
avgmentation may be provided from funds
contralled by the stalewide program coordinator.

Sinco 1986, COFG has recelved approsimataly
52000004 car from the California Emdronmantal
License Plate Fund specifically for mountain sheep
management. These funds have been made
available through a special legislative appropriation
on an annual basis. Addifionally, COFG has
received funds ranging from 537 000 ko $162 000
from the annual sale of special fund-raising hunting

pormits (Table 1) since 1987. To date, the
department has recehed 5734 473.50 from the
aliocation of 84 mountain sheep tags. These funds
are allocated io an account dedicaled to mountain
sheep management. Section 4803 of the Fish and
Game Code stipulates that such funds must be
used = solaly for programs and projacts to benaft
bighorn sheep and for the direct cosiks and
administratnee overhead incurred solely in carmying
oul the depariments bighom sheep acthifies.
Administrative overhead shall be limited fo the
feasonable cosls associabed with the direct
adminstration of the program. These funds shall
ba used (o sugmaent, and not to replace, Moneys
appropriated from extsting funds avaiable to the
department for the preservation, restoration,
utilization, and mansgement of bighom sheep.”
The interpretation of these mandates has been
gpen lo some queston both by persons within and
putsaie COFG.

Table 1. Summary of Neison bighorn sheep tag allocations, harvest, applications, and auction tag

revenue® from 1987-1994 in California

Allo- MNumbser MNumber

Yoar caled harvesled  applicants Revenus’ Tag lees Total
1987 8 & 4 088 £ 70,000.00 § 21.830.00 £91,930.00
1888 ) 7 3,385 $59,000.00 $18,525.00 §$77.525.00
1939 ] & 3,185 £40,000.00 $17525.00 £ 57.525,00
1980 B & 2.5M S 37,0:00,00 51385500 % 50,955.00
1981 - 4 2834 £ 42.000.00 £15,570.00 $57.570.00
18832 12 12 4,798 £ 651,000.00 5 22 4654 50 % B3 464 50
19093 11 9 4118 $100.000.00 §25.082.00 $125.082.00
1584 14 - 4 882 £162.000.00 £ 28 42200 5190 42200
TOTAL G4 53 24177 $571,000.00 $163,471.50 $734,471.50

Other Agency Participation (n Sheep Memoranda of understanding exst with each of

Management in California

Mountain sheep occiir on land managed by the U,
£ Forest Service (USFS), Department of Delenss,
Cablomnia Department of Parks and Recroation, Los
Angeles Department of Water and Power
(LADWP), National Park Sendce (MPS), U. 8, Fish
and Wildlife Senvice (USFWS), and the Bureau of
Land Management (BLM). the majorty of wild
sheep in California ocewr an BLM  lands.

these agencies regarding the management of
wildlife and hab#tat occwrring on their respective
lands.

The Inyo Mational Fares!, Yosamile Nationa Park,
Sequoia-Kings Canyon Natonal Park, LADWP, and
the Bishop Resource Area of BLM have entered
into an agreement with COFG regarding mountain
sheep o the Swrra Nevada (Sierra Mevada Bighormn
Sheap Interagency Advisory Group 1984), This
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agreement s directed specifically al resloring
papuiations of this subspacies on historical ranges,
as well as maintaining exsting populations.
Mountain sheep also occur on the Los Padres,
Angeles, and San Bermnardino National Forests, and
throwghoult southeastern Calfornia on lands
adminstered by the Cabformia Desed Dhstncl of
BLM. Recently, BLM has embarked on & planning
effort emphasizing 8 metapopulation approach o
the consaervation of habital for deser-dwelling
mounizin sheep, and approxdmatoly 8 monthahvear
are sxpendad by a planner working on that effort,

Death Valley Mational Monument (DVMM) recelves
the majority of funding from NPS specifically
directed toward mountain sheep managemant,
Currently, research Is directed al describing the
demography of sheep occurring in OWVMNM, Aside
from tha planning position nated above, few funds
are expanded by BLM specifically for mountain
sheep, operating costs for shesp acthities are
bome by the indvidual resource area biologists.
Mountain sheep occur on USFWS lands adjacent
1o the Colorado River, few, if any, funds have been
expanded spacifically for sheep management,
Recently, USFWS parsonnal have bacome involved
in several planning efforts that have arsen as a
direct result of the proposed listing of O &
arermnobales as a federally-threatened population.

Additisnal Funding and Foundation for North
Amarican Wild Sheep Participation

In 1886 the California Legislature authorized the
harvest of mountain sheep for the first ime in more
than 100 years. With that authonzation, the
legislature provided for special harvest tags for
fund-raising purposes. In 1987 tha first such tag
sold for 570,000: total incoma from 1987 to 1984 B
5571,000. The majority of these tags (7 of §) have
beean auctoned by the Foundation for MNorth
American Wild Sheep [FNAWS), Because stalte
law mandates that all proceads from the sale of
these fags musl be returned to the state of
California, specifically for wild sheep management,
COFG annually donales a special Research and
Management Adventure 1o FNAWS, which retains
100% of the procasds from the sale of that itam

Although COFG recetves all of the mones from the
sule of fund-raising tags, relatively few requests
have bean submifted by CDFG to FNAWS
requesting suppart for projects. Since 1983, COFG
has receved funds tatalling $50 500 that have been

expended for research ($32.500), ranslocations
($15,000), and inventores ($3,000),

DISCUSSION

Management acliviies for mouniain sheep in
Califgrnia are highly vistble and are al the highest
level in history. Funds providad through the sale of
anvironmental license piates and through the
suction of special fund-raising permis have
enatded the deparimant to support a number of
important research efforts concentrating primariiy
on demmography and the deease stalus of mountain
sheap.

Although funds are adequate to augment in-house
personnel lo work specifically on mouniain sheep
conservation and research, reguesis for such
postions have been consistently denied by the
Dapartment of Finance. The lack of adequate
intarnal staffing has besn detimenial io the
departmenis sheep managemani program,
bocause indiiduals outside the deparfiment
perceive COFG personnel as being incapable of
complaling research propects withoul confracting
with academic perscnnel or olher consultants
Although funds are available to support a formal
mountain sheap research program within COFG, no
such program exists because no posiions have
been allocated for such a program. Hence, most
formal research conducted on mountain sheep has
bean canfracted to individuals associated with a
number of academic insttutions, Sama significant
research has been cared oul by permanent
department employees, however, largely in addition
o their rsgular dubes

The managameant of mountain shoep k= one of the
few programs within COFG that annually is growing
and becoming more strongly supporied, Al this
i, the statewsde piogram coordinator and the
regional coordinalor work closely 1o ensure that
funds are allocated to the most meaningful
projects, but burgeoning administrative tasks. such
as the proparation of envinonmental documants for
the hunling program or the preparation of contracis
and budgets, supersede ackabes that woukd directly
beneft mountain sheep. There B moré work than
can be accomplshed by personnel currenty
involved with sheep management. and the
augmentation of the sheep pregram with additional
postions would be welcomed, In the absence of
such an evenl, planning, coordination, and

150



implementation will ba caried out at a rate Sierra Meovada Bighorn Shesp Recovery and

consistent with available ime constraints., Conservaion Plan. 1884, Sierra Bighomn
Interagency Adwsory Group.  Califomia

LITERATURE CITED Department of Fish and Game, Sacramento.
17pp.

Calornia Department of Fish and Game. 1983, A
plan for bighomn shaep. The Resources
Agency, Sacramento, 11pp.
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Bienn. Symp. Horth. Wild Shesp
and Goat Counc. %;182=153,

1984 NWSEGC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE:
IDAHO'S MOUNTAIN BIGHORN SHEEP MANAGEMENT PROGRAM

LLOYD OLDENBURG, Idaho Fish and Game, 600 South Walnut/Box 25, Boise, ldaho 98501-1081

QUESTION: Does your state or province have
an identifiable shesp managemeant

program?

The kaho Depariment of Fish and Game
{department) has the statulory responsibility fo
conserve, prolect, perpefuats, and manage all
wildiife within the state (Idaho Code, Section 36-
103),

QUESTION: How deoldid you do management
pl'.lnnhg'i"

Department personnel develop S-year species
plans which are approved by the department
These plans then are given widespread public
review fallowed by cormmission action to approve or
dizapprove sach recommendation. Tha technical
plan includes 1) blological consideration, 2) habitat
mHanagemnant, 3) harvest sirategies,
4} management Information  requirement,
5) economic consideratons, 8) trapping and
transplanting, 7) ssues and sbrategies, and
8) statewide management direction for each
subspacias,

The department maintains blological surveys fo
determine population stalys  (aerial  herd
compaostion counts). A mondtonng program lor
pathogenic and parasitic organisms is maintained
Habital considerations are reqguested of land
management agencies o enhance conditons for
bighorns whenaver and wherever possible,

Harves! = only by controlled hunts with available
permis limded annually to no more than 20% of
legal rams observed on the most recent survey in
gach hunt ama, Cnly rams with 34 cur or larger,
of 4 years old or alder, can hegally be taken under
ihe once-in-a-ifetime  regulations for  each
subspecies, Calornia and Rocky Mountain bighorn
rams. The harvesl of 8 ewe does not affect the
once-in-a-lifetme rule for rams. Low drawing odds
for permits are maintained with a regulation

prohibiing applcation for any other cantralled hunt
permit if you apply for a bighorn permit. A trap and
transplant program has been very effective in
reestablishing bighom populations in  vacant,
suitable historc habitat,

What
goals?

QUESTION; are  your management

The departmant’s management goals are:

1. To imncrease bighorm populalions o allow a
earresponding increase in hunbing opportundy
and recraatonal vewing.

2. To establish new hords throsgh transphants.

3. To promote nonconsumptve values of
bighorms,

4. To continue bighom disease research,

5. Tosurvey all populations at least once every 3

yHArs
QUESTION: What methads do you use to
reach them?

Population increase is achieved through harvest
sirategy, habital snhancement by working wilh
federal land management agencies, and
transplanting into unoccupied, suitable histonc
habilat. Research for methods of disease and
parasile conbrel 1= ongomg. Popular aricles are
written 16 promaole ponconsumplive bse ol the
bighorn resaurce and to develop support for
bighom management and research programs

How much effort is devoted o
reaching them?

QUESTION:

S of the ekght administrative regions in the stabe
have bighorn populations. About 150 regional man-
days (13 people) and 534,000 are carmarked for
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management each year. There is 12 man-year
velerinanan research time, 1 man-year wildlife
health technologst trme, and 172 man-year wildiife
fechnician time devoled to bighom disease
regearch each year

QUESTION: What is your operating budget for
sheep management?

The budgets for these projects and fund source
include:

1. Veterinarian 1/2 year§50,000(FALG)

2. Wildiife Disease Researchd 1, 300{FP R.)

3. Laboratory Senvices79,000(P.R.)

4 Laboratory Construction100,000(P.R.)

5. Regional Personnel34,000(F.R.)

6. Siatewide Persannel30,000(FP R.)

7. Statewide Personnsl10 000(FAG)

8. Trap and Transplant3S 000(FAG)

8. Trap and Transplant30.000(FMAWS)

10. Census50 000{F&G)

11. Hanvest SunseyPinning5 000(P.R.)

12. Controlled Hunt Draw10,000(FAG)

13. Reguiations Develop/Print10 000(FAG)

14. Research Facility Upgradeé, S00(FNAWS)

15, Mounl Ram for Education 1.800 (%00

donation; 900 FMNAWES)

16. Purchase Transplant Trailer8,000(3,000

FNAWS; 5,000 Grand Siam Club)

:_ 7. Lab Technician 1/2 year8,B00(Lotery
ag)

18 WilkdlieDaomesbc Research100,000

* Thizs was a one-tme (1982) Commission
authorization to expend $100,000 (FAG).

Other Agency Parbcipation i
Manageméent in ldahe

Sheep

Tha idaho Legesiaturs in cooperation with e daho
Woalgrowers transfers $100,000 sach year to the
ldaho - University Caine Veterinary Training
(Agrcutture Research) Center for work on disease
reséaarch as i pedains fo inleractions bebween
damestic animals and wildlife, Mol counting the
5100000 transferred t© University of Idaho
Agrculiure Research. the depariment spent
£409.400 on tighom sheep research/management
m Fiscal Year (FY) 18984. Tha 1993 bighom
permitiags, excluding auchon and lotery tags,

provided $22,755 income (o the department (133
residents paid 58443 and 26 nonresidents pasd
513,312 lor permitlags). The department, license
buyers, and the Foundation for Morh American
Wild Sheep (FMAWS) fundraisers subsidized the
bighom managementresaarch in idaho in FY 1994
for £488 845 or 95,5% of the program.

The Bureau of Land Management was involved in
California bighorn research through FY 18933, but
currently is not imvelved beyond Environmental
Analyss (EA) for transplant siles. The U, 8. Forest
Service is doing an EA which, if approved, would
remove domestic sheep allolments from Halls
Canyon Mational Recreation Area. | have no data

on exact Gma and cost of this project.

Additional Funding and Foundation for North
American Wild Sheep Participation

The depariment obtans funding from FRNAWS (and
associated organizations) on an annual bases as
neaded in the form of direct grants. In 1993 wa
recenad 554 000 in granis; 546,700 was fram
FHAWS, £5 000 was from the Grand Slam Club,
and 52 500 was from the lowa Chaplor FNAWS.

We also offer 1 tag for purchase at the annual
FNAWS auction and 1 tag for marketing by the
daha Chapler of FMAWS through a loftary. In 1993
the auction tag sold for $31,000, and the lottary tag
produced over $11.000. The income from all
FMAWS sources supplements  our statewide
MAnAgEment program.

DISCUSSION

The cooperabion between FMNAWS and the Idaho
Department of Fish and Game has been sxcellent
FNAWS has provided money for census,
transplants, and emergency sampling when
disease outbreaks occur. | personally believe
FHNAWS refums more dodlars of those raised to field
work, directly benefitting bighoms, than any othar
interesied sporsman erganization relurns o any
other speces. The percentage of money rased by
FNAWS returned fo the stale bighamn
managameantresaarch programs will remain very
high as long as this organization contnues on their
currenl course of few paid employeos, intansae
fundraisers, and concem for the resource.
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1884 NWSAGC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE:
MONTANA'S BIGHORN SHEEP MANAGEMENT PROGRAM

JOHN J. MCCARTHY, Montana Departiment of Fish, Wildlifa & Parks, Box 306, Augusta, Mantana 59410

GLENN ERICKS0N, Montana Deparmant of Fish, Wildife & Parks, PO, Box 200701, Helena, Montana

59620-0701

QUESTION: Does your state or province
have an identifiable sheep

management program?

Montana doas not currently have a detailed sheep
managemant program planning document. We ans
in the process of putting fogether a Programmatic
EIS for the Wildlife Division that will cover bighoms,
frapping, transplants, and hunting. This document
B dus ouf in 1997

QUESTION: How  doldid you do
management planning?
Montana has been divided infa B wildiife

managemaent regions. Shesp management is
carmisd out on @ herd basks within each region, The
regional wildlife manager takes recommendations
fram fiedd biologists on seasons, habitat acquisition
of manipulaon projects. transplants, and trapping,;
prontizes them; and submits them o the divisional
afficé in the state headquarters. The season
recommandations are compsled by wildlife division
ndminisirathe stalf i the state offics snd miosl be
approved by the Fish, Wildlife and Parks
Commission which is appointed by the governar
Trapping, ransplanting, acquisiions, studies, and
other projects based on regional recommendations
to the division are priontized, and spending on such
projects is coordinaied through the division,

This system works well and should continue to do
50 @85 long as open Bnes of communication exsl
between and among all levels of management.
Occasionally, it breaks down when ndividual
prioiities are nol shared at higher or lowar levels
wilhmn the management framework,

Other Agency Participation in
Management in Montana

Othat participate In  bighom
management programs within the state include the
Mational Park Service (NPE), the U. 2. Fores
Senace (USFS), the U, 5. Fish and Wildlife Service
(USFWS) and the Buresu of Land Managemant
(BLM). A briaf description of the level of thase

agencies’ achvities with sheep follows.

agencies  that

MFS has funded population and movement studies
in Glacier Mational Park and provded parhal
funding of studies adjacant to and in Yellowstons

Matonal Park.

LIZF3 has enfered info several cosi-share projecis
dealing with habilal manipulation to Improve
bigham ranges. Prescribed bums and logging have
besn the main mathods amployed to dale. USFS
has also contributed monsy, manpower and
administrative assisiance lowards several studies
done in the stale. They also monitor vegetation on
several grazing allotments and olher bighom
ranges thal have been impacted with some type of
developmaent, and have adjusted grazing systems
and made other allerations In managemeni
methods for bighoms,

USFWS monitors range and population parameters
for ranspianted herds on the C. M. Russell Wildlife
Refuge (CMR) and the Moiese National Bison
Range (MNBR). They have provided funding for
studies on the MNBR and for populaton and
vegetation monitering on the CMR, USFWS has
#lso helped to fund sludies and aided In frapping
and transplants through the Cooperative Wildlife
Linit at the Uinversity of Mantana,

BLM has provided funding for studies in vanous
parts of the state. They have menitoned vegetation
and poplabion changes assocmiod with bighoms in
the Miszour Breaks, and have helped fund and
assisl irapping and fransplant operations
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Operational, administrabive and study costs vary
annually between the different agencies. It is
estimated an average of $10,000 per year Is
coninbuted by these agencies toward sheep
management in Montana,

Additional Funding and Foundation for North
Amencan Wild Sheep Participation

Montana does provide a bighomn permit to be
auctioned off by the Foundation for Narth Amarican
Wild Sheep (FMAWS), Dollars generated by the
auchon are sarmarked for habtal improvemant of
acquslien, and Irappeng, ransplanting, or sludies of
bighoms. In our B years of participation in the
auction. the parma has rased $780.000; 80% of
parmil earnings (57 10,000) has gone into the sheoap
program in Mantana and 10% has remained with
FMAWSE for their grant program.,

During the same penod, Montana has received
batwaen 55,000 and 510,000 annually in grants for
bighomm wark in the state from FMAWS. It would
appaar that for this period, we are essentally
getting full price of the tag we auwction bul mo
additional funding from the organization. We do
feed that FNAWS offers the bes! opportunity 10 raise
money through the auclion of a tag, and we are
ahead of the game in total doflars raised for the
sheep program because of their ability 1o bring in
the bucks for such an event. There are some

fe=t

o
L

second thoughts, howewver, on the medts and
modality of raising money using this methad,

DISCUSSION

Montana's sheep management program, while not
wall documantied on papar, runs smoothly and ks
providing the license holders and other interested
publics a wide vanety of opportunities in regards (o
bighom sheep, The central coordination for
spending programs such as trapping, transplants,
and habital acquistion and manipulation at the
divesional level allows for stateside priontzaton and
énactment of these programs. Each region in furn
is allowed the lesway to manage the populations
within their jursdicton as well as recommend
transplants, studies, and habétal acquisiion of
alteraion programs. It is a system that is driven
fram the bottom wp rather than from the top down,
This has resulted in a dwersity of managemeant
and season lypes being applied across a
diversity of habitats rathar than 1 or 2 management
stratagias being applied across the state.

As with any program, docuomented or nol, when
individual management directions are nal hald in
check al the regional or state level a wreck is going
to ocour. Consequently, we have reached the point
where it has become necessary lo documant broad
regional objectives and lay oul a statewide program
that will st allow managers o deal with real sheep
in real situations.
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1994 NWSEGC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE:
NORTH DAKOTA'S CALIFORNIA BIGHORN SHEEP MANAGEMENT PROGRAM

JAMES V. MCKENZIE, North Dakota Game and Fish Department, 100 N, Bsmarck Expressway, Bismarck,

Morth Dakota 58501-5095

QUESTION: Doas your stale or province

have an identifiable shesp
management program?

Naorth Dakola has a loosely struciured, panticipative
management program for bighorn sheep that s
identifiable undar special big gamea.

QUESTION: What is your guiding policy
statement?

it is he responsibility of the North Dakota Game
and Fish Department o be the principal
governmental proponent for fish and wildiife
populations (including bighormn sheep) and their
habiats. The depardment must aggressively
consene and enhance these resources and probect
them from imeversible harm to snsure thair
axmstence n perpeluity for the citizens of the siate,
It s an thal premise thatl the following management
policies (far all species, including bighom sheep)
ane formulaled:

(NOTE - only those policies relating to bighom
sheap or their habital are mcluded.)

MANAGEMENT POLICIES
Resoufce Lise

1. The department will suppor, promote and
actively defend biologically sound sport fishing,
hunbng and trapping as fradiional and
lagitimate wses of Nordh Dakola's fish and
wildlife resources

2. The fish and wildiife resources of Morth Dakota
belong to the residents of the state and, while
national intarests will be conssdered [especially
as they pertain 1o our abundant migratory bird
resgurces), these resources will ba manaped lor
the recreational and other legitimate bonofits

thal can be derived prmarily by the residents of
North Dakata,

Education

3. The department will promote and conduc
raming and educabonal programs thal
amphasizeé outdoor skilts, ethical owdoor
behavior, safe hunting and boating practices.
thie needs of fish and wildlife, and the wise use
and appreciation of the state's fish and wildlife
PREROLI GRS,

Promobon and Marketing of Outdoor Opporunifiss

4. Inorder to ensure continued famdiarity with and

participalson m accepiable use of renewable
fish and wildlife resources, the departrment will

market #s products lo residents wsing
conlemporary adverising methods,

5. Working wilh appropriale governmental

agencies, and with input fram  resident
sportemen and women, the department will
idontly accepiabla limits of nonresident uses of
Morth Dakota fish and wildlife resources and
coordinate wilh siale and local promobonal
groups to kéep marketing to nonfesidants al
appropriate levels and directed at appropriate
programs.

BE. The department recognizes the value of rural
economic development through prematian of
the siate’s natural resources thal provides
exposure to and understanding of resource
managemeant requrements, as long as | B
consistent with sustained use and does ot
negatively impact resident public  use
opportunities.

General Fish and Wikdlife Management
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7. The department will advacate that fish, wildiife
and their habfats receive (favorable
comsdaration relathve fo other resources in land
and water management decisions,

Habital Managemenl and Prolaction

8 The depantment will actvely support and
paricipate in efforts to protect and enhance the
integrity of our native woodlands, shrublands,
praines, wallands, and natural landscapes.

Cooparatian with Other Agencies and Entities

8. The depariment will develop cooperatve
waorking agreements and relationships with
govemning agencies fo  ensure  elfectve
cooperalive management of fish and wildlife
resources involing shared managemant
rezpansibiities,

10, The department will aciively oppose or work o
miadify programs and procedures of agencias
aof enliiés whase impacts 1o fish and wildife
resources are unacceptable or in direct conflict
with staled department program goals and
objectives.

Intraduchans and Stoecking

11. The depariment's managemeont will maintain

sell-parpetuating populations of spord fish and
wildlife whanaver possible,

12, Introduction of fish or wildiife species may be
considered wheon: (a) substantial benoefits ano
anticpated; (b) sufficient suitable habiat s
availabde: (c) impacts to native species, hakilat,
and the human emvironment are acceplabie;
and [d) where necessary, approval is oblained
frem  appropriate  agencies  or  povate
landownors

Ntigation

13, Whenever unavoikdable fish and wildiife habitat
of population lesses occur, the department will,
wheie practical and legally possible, actively
seak compensabon fof the siale's losses under
the following guidedines (in order of priorty):

A For long-lerm losses causod by habitat
elminaton or degradation, compensabon
by acquisBion and improvement of alternate

habital will be sought rather than monetary
restituion. Compensabon must be
parmanent and include funding necassary
for annual operatons, maintenance, and
monitoring if these are required to ensure
that target goals for fish and wildidfe
benefits are achieved.

B. Manetary restitution, based on costs to
replace lost resources, will ba sought for
insses causad by diract morialify.

C. Whenever possible, replacement of losses
will be by the same fish and witdliife species
of by habital capable of producing the
same spocies that sufferad the loss and
compensation pragrams will be located in
the immediate area of loes, ar in a Mo
desirabls location if appropriate.

D. "Off-site” locabons and different species
may be substituted n compensation
programs if “on-sta” and “in-kind”
compensation is not possible or practical.

E. Compensation levels will be based on loss
of habital and loss of potential for fish and
wildlife producton and recreation rather
than numbers of animals or days of use of
animals occurring at the me of loss.

Captve Fish and Wildfife

14. The department will work closely with caplive
fish and wildlife propagators and appropriate
state and federal regulatory agencies to:

144 Ensure only genatically pure, disease-free
stock is brought into the state.

148, Enszure aqustc or terrestial  holding

facilites are adeguate o prevent escape of

capive populations into the stala's

weaberwanys of terresinal habstat,

14C.  Ensure protection for all wild, free-ranging
fish and wildiife populalions from disgase,
interbreeding, or habilat competfion from
escaped caplve fish and widlife

Finamcial

15. The department will investigale alfernative
funding sources [beywond Boensse sales and
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fechiral axd) that wil allow all North Dakotans the

appartunity (o financally contribufe to the future

wiell-being of our fish and wildlife resources.
QUESTION: How doidid you do management
planning?

As a stalte agency, the North Dakola Game and
Fish Department is subject to various mandates as
prowvided in thae State Constitution, Narth Dakota
Century Code, and other govarnmental regulations

and policies Within these guidelings, the
department can manage fish, wildiife and their
habitats ta benafit a vanety of publics. As pan of
developing the PArticipative MAnagemant (PAMA)
process for the depariment, the main fish and
wildife species that the departmen] manages wire
softed and placed inlo calegories called Programs.
The programs are grouped to represent similar
managamant strategies.

Table 1. Programs of the North Dakota Game and Fish Department.

Special Big Game Ring-necked Pheasant
Mule Deer Prairie Grousa
White-tasled Deer Wild Turkey
Prongharn Other Small Game
Ducks
Grrman
Qther Migratory Game
Fox and Coyote

SPECIAL BIG GAME PROGRAM PLANNING

Histary

The term “Specal Big Game™ rafers to 3 spacies of
big game in North Dakola — moose, California
bigharn sheap, and slk. Although they are quite
differant animals with very different  habital
requirements, they have several things in common.
In Morth Dakeota, habitat for these species is quite
limited and populations are small. To keep
populabons within the capacily of the range io
sustain them, recreational hunting is a valuable
managameant ool Yat the recreational
opportunifies provided by thess hunts are vory
limited. To give all North Dakota hunters equal

Missour River Systom MHongame
Devils Lake Educational
Senices
Mid-sized Reservoirs

Small Lakes and Resanairs

Rivers and Stroams

Chther Furbeanar !

chances (o hunt these animals, icenses for these

species are sued by loflery on a once-in-a-lifetime
hasis

Goal

The goals of the Special Big Game Frogram are {o
maximize populatons in areas whaere feasable and
compafibde with habitat and people, to provide
unigue hunting opportunities. and fo  mest
apprecathe-use demands.

In the sirategic planning process (FPAMA), 4 basc
cofmpanents arehvere considersd:  Inventony

(Where are wa?), Stratagic (Whera do we wani to
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be?), Operational (How do we get there?), and
Evaluation [Did wa make it?).

Al this poinl i time, the bighorn sheep
management plan has progressed from inventory
through sirategic phases and |5 now invalved with
operational efforts. We will be evaluating the
results in 1995.

History - Bigharn Sheep

Bighom sheep are native to Morth Cakota. But the
subspecies of bighom native to the badiands of the
soulhwesl = the Audubon beghom = has been
oufinet  since the eary 1900s, a wvictim of
unreguialed hunting and the changes broughl
abaut by setlement.

The depariment became interested in
reesiablishing bighoms in the badiands in the mid-
1940%, I was nol until 1855 that the department
found a populaton that was bolth avadable and
thought to bes adaptable to the badiands
emironment.  These sheep were California
bighorns, native to the lower elevations of the
mountains of cenbral Bntish Columbia,  In
Movembar 1956 the Morh Dakota Game and Fish
Department and the Brtish Columbla Gama
Commission cooperated to trap and transplant 18
Californda bighome (o the North Dakota badlands.
Since 1056, shewep management has emphasized
a traptransplant program to establish new herds
from the onginal 18 sheep. In 1989, the Game and
Fish Depariment relurned to British Columbia to

trap 9 addiional sheep and release them into the
badlands. M 1990 and 18081, the department
cooparated with the state of Idaho to bring 23 and
38 California bighoms, respectiely, fo Morth
Dakota.

Current Status - Bighom Sheop

Typically, bighom sheep in North Dakola inhabi
topography which includes plateaus that altitudinally
range from 2500 to 2000 fest and encompass
areas of 0.6 square miles or more. These plateaus
are surrounded by steep cliffs. Habital such as this
provides escape cover which is critical for sheep,
kost daily movements of baghorns are on or near
these plaleaus with a small amount cocurming on
flal-top ridges, Bighom sheep are now distributed
in 11 sepanaté bands over 151 squard milas of tha
badiands (a8 Figure 1), Additional bighom sheep
habital exsts thal would be suitable for fulure
introduction.

The frst recreabonal hunbng season  was
proclaimed i 1975 and, with the axcepbon of 4
years (1980-1083), seasons have bean open each
yoar since. These permits ane ssued by lofery on
a once-in-a-lifelime basis for male sheep, In 1586
the regulations for ssuing bighorn permits were
changed to allow 1 permit each year o be
auctioned to the highest bidder at the annual
convention of the Foundation for Morth American
Wild Sheep (FMAWE). This annual auction has
raised nearly $250,000 for sheep in management
in Norh Dakota

Table 2. Management objectives for North Dakota's California bighom sheep in 1985,
| —
Population Index' Hunter | Days/ Hunter
Year n Hunters Dn::. Hunter | Harvest Success
1986 A 7 13 1.8 8 B6%
1887 Th A 33 it 1 ] 100%
1988 a7 [ 20 2.5 8 100%
1989 a1 ] 33 4.1 a 100%
= = z




QUESTION: Whal are your management

goals?
CBJECTIVES

Objectves for 1995 are highlighted in the Table 2
Data from previols years ane shown for companson
purpases. Complementary Sheap Objectives

1. By 1995, delermane canyving capacity of exsting
habital and increase effort to improve the
rahabilty of the population index.

QUESTION: What methods do you use to
reach them?
Ouwr own melhods and research from other

jesdicions have and will provide the basis for filling
woicds of knowledge as our bighorm program moves

toward established goals.

Field biologisis conduct spring and fall aerdal
population surveys, Seasonal assistants determine
lamb production and lungwonm larvae loads in the
various bighomn bands, and ball for lungworm
control prior to panuntan,

Department crews trap and transiocate bighorns,
from both in-state and other junsdicions, lo control
poputation numbers, iImprove genetic diversity, and
eslablish new breeding populations on acceptable
new habitats. Biologists man field-checking stations
dunng annual hunting seasons fo gather data
deamed necassary lo allain management goals,

QUESTION: How much effort is devated ta

reaching tham?

During an average year, 3 big game biologists, 2
athar bEologests and 2 wildlife technicians spend 4
man-months and 3 seasonal part-8me assistants
spend BE man-months on bighom sheep
management. The total man-months of effort for
bighom management averages 12 .8 with salaries
and banafits tatalling 519 581 13

QUESTION:  What is your operating budget
for sheep managemant?

The average budgel for the same Emeaframe as
referred o in answering the preceding questan is
£30.742.42. All line tema (including salanes and
bonafits) are included n this figure,

Other Agency Participation
Management in North Dakota

in  Sheep

The Bureau of Land Managemenl, the MNational
Park Serdoe and the University of Morth Dakota are
impahved n sheep research andior managemant i
Morth Dakota, The amount of thesr funding is
Linkriawn.

Additional Funding and Foundation for North
Amurican Wild Sheep Participation

Morth Dakola has requesied grants from FRAWS
each year since the mid-1380s. During that B-year
pariod, grants have averaged about 55000 per

year

This same time-frame (1386-1883) saw the North
Dakota governar's parmill lo FNAWS average about
526,000 per year.

In rocant vears (since 1990) ihe WMEnnesoia-
Wisconsin Chapler of FNAWS has addiionally
funded the bigham shesp program in North Dakota
with 2 large grants, 1 for 313,000 in 1991 and & 2nd
for £5.000 in 1992

DISCUSSION

The PArmcipative Mansgement Process in North
Dakaota is a fact of e, It is a wall-structunsd
sirategic plan that involves the depantment and the
vanous publics | sanves. However, | may prove 1o
be top-heavy in planning and lacking in that

operational component that is to answer the
gqueston "How do we gel thera?" | sse a real

danger in managing to satisfy publics over
scientfically-based management thal benefis
bighom sheap,

LITERATURE CITED
PAMA, MNorth Dakota Game and Fish Department's

PAnicipative MAnagemeant Process: 1992
Morth Dakota Game and Fish Department,

200



Bienn. Symp-. MHorcth. Wild Sheep
and Goat Counc. $:201-203.

1994 NWS&GC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE:

OREGON'S
MANAGEMENT PROGRAM

ROCKY MOUNTAIN AND CALIFORNIA

BIGHORN SHEEP

RON ANGLIN, Oregon Department of Fish and Wildlite, P.0. Box 59, Portland, Oregon 07207

QUESTION: Does your state or province
have an idenlifiable shesp

management program?

Sheap managemant for both species = guided by
the siale Bighorn Sheep Managemeni Plan
adopied by the Fish and Wildlife Commission in
1882, Fledbillty does oxist within the plan o take
advantage of changing conditions and philosophies
of ather agences and public interest groups.

QUESTION: What is your guiding policy
statement?
Oregon  Depadment of Fish and Widlife

managemant policy (revised 1993)-

1. N is the policy of the State of Oregon that
wildlife shall be managed to prevent senous
deplefion of any indigencus species and fo
prondde the oplimum recreabional and aesthebc
benefits for present and future generations af

the cittrens of this state,

2. The department will continue to serve as an
advocate for habital protection and restorafion
measures on both public and prvate fands.

i. Tha department will aggressively sesk to
reastablsh sheap throughout historical ranges.
However, those aress with domaestic or axatic
sheep will not be reciocked,

4. The department will continue o manage sheep
fo provide hunting opporunities for the public,

5. Maintain the biclogical integrity of both spedies
of bighom sheep through spatial separation.

6. Testing of all ransplanted stock 1o establish
huerd hoalth profile.

QUESTION: How doldid you do management

planning?

Upunti 1882, management efforts wera guided by
the staff big game biologist working in cooperation
with district personnel to move forward with
trangplants and hunting Seasons. The
management plan was @ combined effort of staff
and district biologists and contains plans Tof
restorabion afforts, habilal profection, and fof
maintaining species integty.

QUESTION: What are your management
goals?

1. Reestablsh sheep throughout as much of their
historical range as possible

1A, Thae depariment recognizes polental conflicls
with domesbc and exolic sheep and has
excluded thoss areas from the list of transpdant
sités untll such a time as land uss changes
BEEUr

18. Habifat may be in poor condion and in need of
restoration. The department will work wath
private and public and managers o provida
technical assistance to improve habdat 1o
lavels which will suppord and sustain vable
populatans of sheap.

1. The department will work with public and
private land managers o manian axsbing
habitat and prevent degradation.

2 Provide quality hunting opportunity.

All iags are ksued through a conirolled
drawing. This 5 a once-m-a-kebme
opportuniy for successful applicants,  Durng
1994 a total of BS residant and 4 nonresidant
tags will be ssued, Resident hunter lags cost
£84 while nonresident hunter lags cost 5378
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Season langths vary from 9 to 14 days with no
mare than T hunters during any hunt. Oregon
currently operates under an “any ram” rulo
where no minimum homn size is required.

3. The department recognizes that tha
recreational opportunities  associated with
bighom sheep are highly valued by the public.
Places and Bmes for vewing sheep are
identified and provided to the public.

QUESTION: What meathods do you use to

reach them?

1. The department maintains an aclve role in
piblic and prvale land management plan
reviews, Positive and negative impacts of
differant managemen! praclices are defined
and recommendations are presented fo the
appropriate managers, Herd health ks
montored through an aggressive blood
scTEEning and dEsass esting program and
animals are treated when possible,

2. Census s conducted bwice a year to delermine
lamb sunival and recruitment. Ram to ewe
ratios are noled and trend-developed. Some
districts are beginning to use modeling (Pop-il)
e predict herd growth and what componant of
the poputaton can be removed through hunting
and trap and iransplant programs,

3. As populaions have grown, hunt areas and tag
numbers have been increased fo take
advantage of surpdus rams. Efforts have been
made to protect the quality of the hunt thraugh
manipulation of seasons, hunt areas, and
hunter numbers,

QUESTION: Hew much affort is devated lo
reaching them?

There ané curmenily § biologisis who have sheop
within their respective districts. Each of these
bivlogists oversees a variety of programs for all
wildlife species within their juisdicion, Time and
effort spent on sheep varies (o a certain extent with
the workioad and the interests of the local biologist;
herwever, most disiricts probably average around 1
man-month per year for a ftotal cost of
$50.400/vear.

Stafl ime spent coosdinafing sheep transplants,
securng grant moneys, and analyzing data

accounts for another 3-8 man-months for an
addifional $19.800.

Total manpowar cosis associaled wikh
implementing the siale’s sheesp management
program corme o 5625 0004wear,  All of these
positions ane paid for oul of the genaral game
managemant fund. Nao grant dollars are used for
personnel costs.

QUESTION: What is your operating budget
for aheap managament?

The deparimeont currantly has 5200000 por
béennium dedicated to the sheep program. These
doliars are used for habial restoration, specal
research, sheep iransplants, and disease woark. All
parsonnol-related expensas come out of the
general game management budgel of 514,000,000
par yaar,

Other Agency Paricipation in
Management in Oregodn

Sheep

Cooperathva progrants ano curmenily conductad with
the U, 3, Forest Semvice (U3F3), Bureau of Land
Managemeani [BLM), and the U5, Fish and Widile
Sendce (USFWS).  All USFWS activities are
conducted on the Hart Mountain National Wikdlife
Refuge in southeastern Oregon. USFS and BLM
have concendrated on habltad protection lssues, and
only recently have these agencies looked to commit
daollars 1o an-the-ground projects; consequantly, a
spending history is unavailable

Additional Funding and Foundation for Nonh
American Wild Sheep Participation

The department has been successful in procurning
commitments of funding from  private
sourcesigroups to assist with bighom sheep
transplants, diseass work, radio lelemetry projpects,
and habilal work, Several loose-knif groups have
“adopted” herds of noew releases and ane provided
with penodic updates on herd siatus. Addiional
furnds have been recened fnom the Foundatan for
Morth Amercan Wildlife Sheep (FNAWS) far
varous transplant, habital. and disease projocts
During the lasi year, approximaltely 530,000 in
grantidonabon funds were receved, The
department has an excellent working relabonship
with FNAWS., FMAWS personnel have been
instrumaintal in providing poliical pressure within
varnous land management agencies 1o speed up
envsanmental documents, and to discuss conflicts
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hetwean shesp restoration/dvestock interactions.
The depadment has been committed o providing
imely responses to all informational requesis from
FNAWS and has been rewarded with prompt
responses o reguests for help,

The dopartment was also granted permissson by
the 1881 |legslature to raffle off a bighom sheep
permit.

Ovigon does participalie in & bighorn sheep auction
tag. Legislation was passed during 1985 that
permitted the departmeant Io Buchbon a govemnors
tag. Since 1992, this auction has bean oversean by

FNAWS.
DISCUSSION

The départment has been opefaling under a sheep
management plan since 1987. This plan was
updated with new information during 1992. Tha
deparimont has historcally been very consenatve
m hunting seasons and tag allccations, Many of the
presant herds have & lange surphus of legal rams
All Gaifornia bighorn sheep transplants have
originated from British Columbia to Hart Mountain.
This stock has served as the basls for most new

herds in Oregon. Continual removal of lambs and
ewes from Harl Mouniain may be skewang the
population ftowards rams. Al surveys are
conducled hwice with efforts made in Junaluly to
determina lamb production and again in March to
determing owerwinter sundval.  Additional survoys
are conducted by local biclogists depending on
their individual interesis and time allotments. The
gurrent management plan oullines Wrap and
transplant opportunities for 1992-1987_ Systematic
relocation eforts are conducted on an annual basis
depanding on funding and sheep avallability, The
department oparates under an “any ram” rule and
mandatory check-in is required of all successiul
hunters. Age struciure of Ihe harvest is very
complete and indicates an abundance of alder age
rams are available. More liberal season and
hunting opporluniies are baing proposed and
implemented while still protecting the quality of the
hunt. Restoration of sheep into historical ranges
has bean accelarated with the addiion of FRNAWS-
GlA dollars, auction and raffle tag procesds, and
private donations, Loss of revenue would mean a
curtalment af the cufrent afgressie nestoraton
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Blenn,. Symp. Morch. Wild Sheep
and Ooat Counc. F:1204=-205.

1884 NWS&GC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE:
WASHINGTON'S BIGHORN MANAGEMENT PROGRAM

ROLF JOHNSON, Washington Department of Wedlife, Big Game Program, B0O Capital Way N., Olympia,

Washingtan S8501-10891

QUESTION: Doaes your state or province have
an identifiable sheep
management program?

Washington has a vary general bighorm plan that is
revised avery few years, The plan is of lile value
because & s not used by field personnel. We are in
the process of revising our species management
plans at the presant ime and hopefully will have a
mare functional sheap plan in tha future

QUESTION: What is your guiding policy
slatement?

1. Maintain Population Status: Develop an
improved system for measuning population
parameters, ends andlor  estmating
populations.

2. Inventory, Protact and Improve Habiat:

ZA. Encourage cantrolled burning snd other range
improvemant technigues o enhance bighorn
sheap,

2B, ldenbly and seak mitigation/compensation for
mpacts on bighamn ranga from logging, mining,
rond construction, 8c., ﬂ'hl'l'.'luuh resia  of
emirenmental documents.

2C. Encourage the LS, Forest Senice (LUSFS) and
the Department of Matural Resources Io

patiarn imber sales io protect habitat at S5-year
action plan meetings.

3. Manage Harvest and Use: Evaluate population
dynamics, harvest, and other pertinent data:
make hunling season recommendatons in
accordance with data.

4 Obtain Game Liw Compliance. Emsure (hat
@0% of bighorn sheep harvesied are lawiully
taken,

5. Establish New Populations: Supplement
introduced poputations of bighorn 5 years after
anginal release.

6. Conirol Wildiife Diseasa:

8A. Frevent contamination of bighom ranges by

restricing use by domestic shaep and cattle
6B Treat shesp o be Wansplanied with
antihelminbics.

QUESTION: How daidid you do managemant
planning?

Planning efforts change every few years depending
on depariment priorty. We have used lhe leam
approach and the single plan wiiter approach. We
have had planning as a high priority function with a
single person responsible in the agency for
planning. Al the present ime, our emphasis s on
Integrated Landscape Flanning. Planning is done
on specihc geographic area (e, watershed) for all
EPECInS.

QUESTION: What are your management
goals?

W hove outdsted population and  harvest
objectves. Our population objoectves are o
increase populations from the 1870-78 mean of
450 sheap to 700 sheep by 1989, (We currently
hawe abbul 900 sheep.)

Harvest objectives are io increase annual harvest
from the 1870-78 mean of B rams 1o 10 rams by
1988 while maintaining the hunter suscess of 33%.
(Last yaar 11 parmits were issusd and all were
successiul. Tharefore, we exceeded our outdated
objectives,)
QUESTION: What methods do you use 1o
reach them?
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We monitor hunting seasons by questionnaire seni
fo all hunters and a follow-up phone call if hunfer
does not return the questionnaine. All harvested
sheep must be inspected and branded by a

depariment agent or biologist.

Fopulation surseys are done via helicopter or hiking
routes. Bghom populations m Washington are
small and fairly isolated. Survey data vary from
area to area, and surveys are frequently conductad
in coordination with surveys of other speces.
Accuracy of survey data varies, but In many areas
shesp are a pronly species and biologists devole
exfra time to get batter daka than for other species.

How much effort is devoted to
reaching them?

QUESTION:

We recently infiated a Pittman-Robenson contract
for special speces (sheep, goal, moose, and
cougar). Most of the effort is for surveys for sheep
and gaoals. The contract identifies 510,000 for
sheep surveys, Unforiunataly, the governor |ust
directed all state agencies to cul budgets by 2%,

and our state decided to cut all special survey
dollars.

W have about 8 area biclogists with shesp in their
district. Time spent on sheep management
actvibies iotals B8 days or less than 40% of 1 FTE.
Department expenditune for salares, overhead, and
benefis for deparmant employees warking on
shoop s §23.530.

QUESTION: What s your operaling budget
for sheep management?

Washinglon does not budget by species. As
mentoned above, expenditures for salary, benefits,
ehe. total about 323,000, and survey expanditures
lotal about $10,000. The overall budget for sheep
excluding  enforcemant, land  management
administration. #te., is about 533,000 per year

Other Agency Participation in
Managament in Washington

Sheep

Nearly all of the bighom sheep in Washington State
are an lands owned or manasged by the Department
of Wildlife. For thal reason, very itle participation
has boen recenved from federal agencios in sheap
management

A couple of years ago, the Bureau of Land
Management (BLM) was a cooperator in a sheep
fransplant 1o Lincoln County. This year BLM and
USFS have volunteered to help with a sheep
project on Mt Hull. The cobperative agreement
identifles @ £5,000 contribution from BLM and
$5,000 from USFS,

Additional Funding and Foundation for Morth
American Wild Sheep Panticipation

The Depariment of Wildiife does nol consestently
ask the Foundation of Nerth Amerncan Wild Sheap
(FMAWS) for funding. A6 our request, FNAWS
Bowght a domestic sheep grazing lease in cantral
Washinglon a couple of years ago to prevent
domestc sheap from coming info contacl wih
bighorns. This lease cost about $5.000 and was a
1-shot project.

This is the first year a local chapter of FNAWS has
been formed. | belleve their first banquet was in
February 1984, We have nol yel received any
funding from the local FNAWS chapter.

The Wazshington Wildlife Commission decided ths
year to auction 1 sheep permit in 1994 Policies
and procedures ane being drafted 1o facilEate this
parmit. Wea axpect 1 sheep permit will be auctioned
im 1984 and aucton revenues will be dedicated to
bighomm sheep management,

DISCUSSION

Washingion's sheep management program is less
effectve than it could be pamarnly because of lack
of funding To be perfectly honest, if we had
funding we could develop a struclured
management plan, bul withoul resources a
structurad plan is of liftle value. The propossd
auction for 1984 could change thal situation. We
have drafled a plan on how lo spend auction permid
revenue, and thal spending plan will direct The
managameant plan. Our Wildlife Commission will
have 1o review the spending plan and the
department adminisiration will have o make a
decision on implementation. These polifical
decisions  will delermme our fulure sheep
managemeant directian,
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and Goat Counc.

Symp. Nerth. Wild Sheap
9:208-210.

1884 NWSEGC MANAGEMENT WORKSHOP QUESTIONMAIRE RESPONSE:
WYOMING'S ROCKY MOUNTAIN BIGHORN SHEEP MANAGEMENT PROGRAM

KEVIM P. HURLEY, Wyoming Game and Fish Depariment, 832 Arapahoe, Thermopolis, Wyoming

52443-2115

QUESTION: Does your state or province have
an identifiable sheep

management program 7

Whyoming doea have an  denlifiable sheep
managamaent program.

QUESTION: What s wour guiding policy
statement?

Qur mission statement, organic act and statutory
authonty do nol specifically mention bighorn sheap.
The mission statemant of the Wyoming Gama and
Fish Department (WEFD) ks

“It s the mission of the Wyaming Game and Fish
Department to provide all publics with diverse,
quality wildife-associated recreation, contributing
scientfic. educational, aesthetic and economic
banelis fo socely and ensuring that all people have
equal oppartundy o enjoy the wildlife resource,”

Furthermore, VWyoming Statute 23-1-103 stipulates:

“For the purpeses of this act, all wildlife in Wyarning
is the property of the state. It is the purpose of this
act and the policy of the siate to provide an
adequate and flexdble system for control,
propagation, managemeant, protection, and
regulation of all Wyoming wildiife, There shall ba
no pivviale ownerstep of bve animals classified in this
oet a5 big or traphy game. "

Wyoming Statute 23-1-302 provides sxpressed,
specific legal charges o the WGFD, under the
direction of the Wyoming Game and Fish
Commissian

QUESTION: How doldid you do management
planning?

Wyoming employs a management-by-objective
system for each of 185 individual big game herd

undts in the state. For bighom sheep, there are 18
discrete (or suspacied to ba) populations (Table 1),
Popdation objectwes are establishod for each herd
unit, based on biclogical data, various public
demands, and npuliriew from fedecal and povate
land managers.

Once established, population objectives are
reviewed al least every 5 years, more often if
necessary, This Mexble and dynamic sysiem
altempts 1o intégrate biological capability with
bispaliical reality.

QUESTION: What are your managament

goals?

Based on populabion objectives sel for indnadual
herd units, an aggregate objective is established.
For post-season 1883 the stalowide objectve is
8,635 sheep, Of the 18 herds, 7 are estimated io
be at or above objective, while 8 are below
objectve. One population was established within
the past 3 years, no objectve has yel been
dotarmined. Tha post-seasan 1993 stalewids
population esiimale s § 980 sheep, appraamalely
19% below objoctive.

Other objectves or management goats ane set for
aach herd unit, then combinad into an aggregate
slatewide figure, These objectves are of a lowear
priority, and deal with desired harvesi. number of
hunters, hnler success rate, lotal recreaton days,
and days per animal hamnvested,

Sport hunting is one of the primary managamant
goals for Wyoming, although some sheep herds
around the state are currently managed with an
emphasis on non-consumplive use, viewing, and
pholography. Sheep kkenses am issued on a 3.1
ratio, residents to nonresidents (Table 2), and
successful applicants must wast 5 years hefore
reapplying.
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Table 1. Bighom sheep population objectives and estimates for 16 herd units in Wyoming, post-

season 1993,

bewcode ____ Heedu Objectve ______ Esimgio

106 Targhes 125 120
107 Jacksan 500 550
121 Darky Mountain 150 150
201 Clarks Fork 500 475
202 Trout Peak 750 G615
203 Wapiti Ridge 1000 1050
204 Yaunts Peak Boda 850
205 Francs Peak 1360 1470
MA® Shell Canyan MA® a0
=3 1) Douglas Creek 350 125
217 Laramie Peak 200 200
518 Encampment River 200 50
603 Whizkey Mountain 1350 1000
810 Temple Peak 250 fh
14" Sweatwaler 400 i o
G115 Feris 300 ad

Btatowide Total BE35 B9ED

¥ Recenl iransplant; no objectne established yet.
® Scheduled ranaplant; no population established yal.

Tabla 2. Wyoming Gama and Fish Department bighorn sheep harvest and revenue summary,
1882-1883.

Total Fercent Rec. Days per ammal Licanss
Y aar Tatal boenses® harvest SUCCESS dﬂ harvested revenua
1862 56 193 54.2 3382 17.5 48950
1883 361 1868 5.5 ag15 211 40550°
1984 374 204 545 3863 19.4 511567
1985 364 2268 621 3889 17.2 50050
1888 382 248 65.2 4150 16.7 S2350"
1987 374 244 85,2 3353 13.7 512507
1988 364 218 £8.9 avaz 171 S0050
1989 373 228 60.6 2828 168 S0850°
1960 Iva 241 54,4 1804 15.8 512507
1991 56 223 626 2d4d 154 489507
19492 338 232 686 2062 128 08915
18983 32 208 B4.9 2838 14.0 O 245°

' Licenses issysd 3:1 rabo. residents 1o non-residents.
* Resdent foense = $50; Nonresident licansa = 5 400,
" Resdent icense = $55; Nonresident license = $1000,
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A 3fd-curl restricBon on harsesting rams has been
in place statewide for years. In 1983 this restriction
was changed m one hunl area near Jacksomn,
license numbers wera lowaned and licenses wara
made valid for any sheep. Addiional hunt areas
are expacted to make a simiiar change beginning In
1984,

QUESTION: What methods do you use 1o
reach them?

For many herds, district wildlife biologists and game
wardens annually attempt 1o gather data on sheep
dstribulion, agesex classaficaton ratios, and hunber
harvast.  Avallable informaton is usad in POP-I
amulation modeling to estiimate populatan size for
gach herd unit. Harvest data & collected via a
mandatory regisiration and horn plugging program,
in place since 1977,

Mo formal research program owsts, although
special projects (known as enhancements) are
pencdically funded (o address particular
management concemns, When funded, theso

projects are typically done using WGFD
tamporary/contract  personnel  or  graduate
sludentsfechnicians  from  the  Wyaming

Cooperative Wildlife Research Unfl andior the
Urniversity of Wyoming.

To repopulate historic andior abandoned habilaf,
lrapping and transplanting of bighorn shesp has
occurned in Wyoming since 1944 In the past 30
vears. over 1800 sheep have been trapped af the
Whskey Basin winter range complex, southeast of
Dubois. Ower 15300 of those sheep have been
moved to release ailes in Wyoming, while over 300
have been provided to other states to assist thair
shesp management programs.

WGFD  bighomm sheep managers roulinely
cooperate with federal land management agency
biologists to maintain and enhance sheap habitat.
One prominent sxample of coordinated,
intaragency management is tha Whiskey Basin
Tuchnical Commitlee comprised of agency
personnel from WGFD, the Shoshone Mational
Foresl, and the Lander Resource Area of the
Bureau of Land Management (BLM). Since 1974,
this group has developaed and implementad
managemaent planning for the Whiskey Mountain
sheap herd.

How miuch effort is devoted to
reaching management goals,
and what is your operating
budget for sheep managemeni?

QUESTION:

There are 11 WGFD wildlife biologists wilh al leas!
some sheep in their respectve management
districts. Other WGFD personnel [(e.g., game
wardens, habitat biologists) actively participate in
sheep managamant in Wyoming. Annual trapping
operations at VWhiskey Basan involve personnel from
WGEFD, the UL 5. Forest Service, BLM, conservation
ofganizafions such as FNAWSE and the Wyoaming
Chapter FMNAWS, and private ciizens.

In an average year, WGFD personnel report
approximately 48 work-months devoled to bighom
sheap management (Table 3) Annual
expendiures on the bighorn sheep program
AVErage approvimately £280.000,  with
approximately 85% of that total being spent on
salares, and approdimaiely 35% as direct project
sxpendilures,

Table 3. MIE Game and Fish Depariment hiﬂ?m sheep program costs, F¥91 to FY93.
~Percent
Fizeal Direct program Estirmated Estimaled =Paicent apan spent on
yoat costs workhaurs warkmonths on salanes projects
FYo1 281,350 B.416 486 71.1 299
Fya2 218,183 5531 3.5 6.8 432
FYad 308 637 10,955 B3.2 G648 5.1
Ave, 289,390 8,301 479 643 357




Revenue from license sales (Table 2) & cumently
nal suffickent (o maet program expenses (Table 3).
Funding for WGFD's bighom sheep managemant
s drawn from other revenue-positive big game
programs (e.g., pronghorn, mule daer).
QUESTION: What other agency effort is
directed at sheep management
in Wyoming?

The U. 5. Forest Sanvice (USFS), BLM, L. 5. Fish
and Wildiifa Service (USFWS), and Mational Park
Service (NFS) are also involved with bighom sheep
management and research in Wyoming. Federal
agency expendiures are allocated in a fashion
similar to those of WGFD, approximatehy 273 for
galares and 173 for project epandiures.

USFS in Wyoming repors approdmaiely 15 work-
montha and spends ~527 000 annually on sheep
management. BLM in Wyoming reporis
approgmately 7 work-months and spends
~$15,000 annually on bighorn sheep effors
USFWS, in an advisory capacity 1o the Wind River
indian Reservaton, annually contributes about 1
work-month and =51,000 fo bighomn sheop
management in Wyoming. NP3 reporis about
1.5 work-months and 52500 on project
expendifures annually on sheep managemant in
Yellowstons and Grand Tatan National Parks.

Additional Funding and Foundation for North
American Wild Sheep Participation

Since 1881, the governar af Wyoming has annually
donated a sheep license 1o the FNAWS, This
license ks fully donated, with all proceeds going to
FMAWS for their sheep management efforts. The
Whroming license & the only governor's permit
which is fully donated 1o FMAWS.

Since 1989, B donated Wyoming gQovernors
licenses auchoned by FRNAVWS have raised @ tolal of
£221.750. Grantin-ald funding on Wyoming
projects from FMAWS has iotalled =5123.671 since
1888, Funding support is also often requested from
e Wyorming Chapter of FNAWS. These funds are
used 1o supplement ongomng state and federal
sheep  management programs  throughoot
Wyoming, and are ypically direct project
expenditures (e.g. prescribed buming, sheep
transplants, fight ime for surveys, elc.), rather than
bl wsed o underswnbe salaries for agoency
personng.

DISCUSSION

Bighadn sheep management in Wyoming has been
highly wvisible, and has enjoyed a great degree of
support from state and federal agencies, prvale
conservation organizations, and a variety of publics.
The best-known case hislory is that of the Whiskey
Basin herd, which for years has besn the source

poputation for transplants in and outside Wyoming,

There are a number of changes which could be
made lo improve management of Wyaming's
mountain sheep, Habital improvement efforts
should be increased. As in many westem stales
and provinces, bighom habitat is slowly being
aroded, dus to fire suppression and vegetative
succession. The problem is parficularly acute on
the lower-alevation fringes of designated wilderness
areas, where prescripiive fire may not be allowed,
Acguisition of crucial seasonal hahitals could
guaraniea future securty for many of Wyaming's
hends.

Cverlap with domestic livestock continues to be a
management concem, from both a lorage
competiion and disease transmission standpoint
Specific gusdslines to ensure spatial and temporal
separalion of domestic sheap and desert bighoms
have been developed and adopled n the
southwestern U. 5. similar guidelines should be
implemented in Rocky Mountain sheep range. In
many cases, ivestock managemant may be pivolal
in reestabishing bighom populations.

Often, agency budgets are insufficient to collect
basic data (e.g., agefsex classifications, seasonal
distribution, productvity/survival estimates, habitat
usa} on many bighom herds. Licenss revenus, al
least in WWyoming, fails fo match program
sxpenditures.  Nonresident license fees were
increased in 1992; resident licenses are shil
underpriced. Developing supplemental funding
sources o maintain or expand sheep management
efforts will take on greater importance in fulure
YEars.

Similar ta other states, Wyoming mighl consider a
once-in-a-ifetime harvest limitation, o reduce
compatiion in the license draw and allow mome
people to paricipate in sheep huntng. The move
loward “any shesp” licenses 5 biologically based,
but a stronger information effort must be made to
explain agency rationale fo the public.
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Fimancial bonds exsi between statefederal
agences and privale conservation organizations,
but progress could be made in srengthening
philosophical bonds. Gontroversial issues such as
prescribed  bumming In wilderness,  wolf
reintreduction,  predator  control,  livestock
management, and coninuation of spori huniing
nedd full and open discussion,
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Wyoming i prowd of its mountain sheep resource.
and proud of the management efforts thal have
been made in recen] years. Continued cooperation
betwean agencies and pivate ciizens/organizations
should ensure viable bighom sheep populabions
wall into the future.
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1994 NWSAGC MANAGEMENT WORKSHOP QUESTIONNAIRE RESPONSE:
YUKON'S DALL SHEEP MANAGEMENT PROGRAM

JEAN CAREY, Yukon Department of Renewable Resources, P.O, Box 2703, Whiteharse, Yukon Y1A 206

QUESTION: Does your state or province
have an identifiable sheep

managemaent program’?

Tha Yukon Terrtory has & small, but identfiabls
sheep management program.

QUESTION: What is your guiding policy
statement?

The greatest influence on the management
direction of the Yukon's wildiifa resources comes
from the implamentation of natve land claims,
General principles and obligations concarming the
conservation of widife and habitat were adopted by
the Government of Canada and the Councll for
Yukon Indians with the signing of the Umbrella Final
Agreament (UFA) in 1990, Provisions within the
LIFA provide the mechantsms to implement wildiife
resourcs management stralegies in the Yukon.

The objectves of the UFA with respect to fish and
wildiife conservation and use are as foflows:

1. To ensure consenvation in the management of
all fsh and wildlife resouices and their habitats:

2. To pressrve and enhance the renewable
IFEOUICES BEONOMTY;

3. Ta preserve and enhance the culture. identity
and values of Yuken Indian People;

4, Ta ensife the equal participabon of Yukon
indean People with other Yukon residents in fish
and widife management processes and
decisions;

5. Toguarantes he dghts of Yukon Indian People
io harvest, and the Aghts of Yukon First Mations
o manage. renswable resources an sefiament
land;

. Tomniegrate the management of all renewable
esoUrces;

7. To integrate the ralevant knowlodge and
axpenence both of Yukon Indian People and of
the scientific communities in order 10 achieve
conservation;

8. To develop responsibiliies for renewable
resource management al the communaty level]

8. To honour the harvesting and fish and wildlife
managemeant customs of Yukon Indian People
and to provide lor the Yukon Indian People's
ongoing needs for fish and wildlife;

10. To deal fairly with all Yukon residents who usa
fish and wildlife resources in the setleament
area; and

11. To enhance and promote the full participation
of Yukon Indian Peopla i renewsble
resources managemeant.

QUESTION: How dol/did you do management

planning ¥

The firs! compréhensive species management
guidelings are being drafted by a contract béolagist
(for consistency) i conjunction with the species
binlogists. The guidelines will ba presented to the
Yukon Fish and Widiife Management Board, an
advisory body formed under the provisions of the
UFA, for review and subsequent public comment.

QUESTION: What are your management
goals?

The goals of the Yukon's sheep management
PrOgram are.

1. Tomaintain healthy and reasonably abundant
thinhom sheap populations and habfats within
the Yukon
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2. To achieve the consar/ation and sustainabls
use of thinhom shesp and their habaial
providing long-terrm  cullural, subsstanco,
recreglional, and economic opporiunites
associated with hunting and vewng,

3. To educate people and instill public awareness
of the value, ecology, and management of
thinhorn sheep and thelr habdat.

QUESTION: What maethads do you use bo
reach them?

The basis of our sheep management program is a
conservative harsest regeme supporied by penodic
population assessment The kcensed harves! is
resncied o rams having obdadned full curl or 8
years of age, and in some easily accessible areas,
permis restict the number of hunlers. The
eharaclarsbics of the harvested rams are closely
monitared. In areas showing & declinng age
average of Increased hunting affort, an aeral
population census may be prescribed

Careful review of land-use ssues is the other
method used 1o ensure the consendation of sheap
populations, A lack of accessibility was the saving
grace of most sheep populations through the
Yukon's “frontier mentality” days. Developmant
proposats which improve access receive particularly
criical review, as do any agricultural applicaions
which may potentially put domestic Ivestack in
proximity with wild sheep populations.
QUESTION: How much effort is devotad to
reaching them?

There = 1 full-time biologist with responsibility for
sheep and gosl management throughout the
Yk, with the bulk of har ime currently devoled to
sheep issues  Approwimately 67,0005Can is
budgeted for personnal costs.  As well, about 2
months per year of technical assistance ls required
duning the hunlng season o process fthe
compulsory biological submissions. This adds
angther 10,0008Can for a total personnel allocation
of 77,0005Can.
QUESTION:  What is your operaling budget
far shesp managemant?

The opsaling bwdgel s cumently pegged at
32, 5005Can. Well over 90% of this & spanl on

aircraft rental and fuel. The average lotal wildiife
oparating budgel is 400.0005Can annually.
Other Agency Parficipation in Sheep
Management in the Yukon

The Canadian Parks Service spands 15,0008Can
annually on sheep-relaied issues. This includes
salary and aircrafl rental for population monfoning
surveys, as well a% the cost of an exended season
at a visdlor infarmation centre.  The Yukon's most
easily nccessed and well-known sheep viowing
area Bes within Kluane National Park Reserve.
Sheep Mountain is an important lambing area, and
an increased presence of park personnel i
important both to educate the public and to protect
the sheap from harassment.

Additional Funding and Foundaiion for North
American Wild Sheep Participation

Dutside funding is not routinaly sought The
Foundation for Morth American Wild Sheep has
supported projects in the past and has contributed
approxmately 10,0005Can towards 3 projects in
the last 10 years.

DISCUSSION

With the full-cud rule, sheep are often sad lo
‘manage  themselves™ and so the Yukon
governmaent has not devoled a lot of resaunces to
thair ma ment. Tukon wildlife managemani s
largely Esue-driven and issue-specific. 3heep often
fake & back seal fo canbou and moose, the
principal subsistence species, and will prabably
continue 1o do 50 following the implementation af
the UFA. The ikea of “rophy management” ar
treating sheep as a "trophy species” may no longer
b tenable in the curfent contex

While hawving 1 person responsible for the ermiory's
shiep management program ensures consmstoncy
and standardized data acquisition, i often does nol
allow for more than a supericial underslandsng of
local concens and condiions. The problams ane
compounded by the fact that much of the "most
current” information dates back fo the 1870s.

The major challenge ahead will be to respond to
increased information demands created by the 14
new local renewable resource councils without a
proporional increase in funding. New siralegies
and technigues will have to be explored

£l
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GUIDELINES OF THE NORTHERN WILD SHEEP AND GOAT COUNCIL

The purpose of the Northern Wild Sheep and Goat Council is to foster
wise management and conservation of northern wild sheep and goat
populations and their habitats,

This purpose will be achieved hy:

11

111

1) providing for timely exchange of research and management
information;

2) promoting high standards in research and management; and

3) providing professional advice on issues involving wild sheep
and goat conservation and management.

The membership shall include professional research and management
biologists and others aclive in Lhe conservation of wild sheep and
goats., Membership in the Council will be achieved either by
registering at, or purchasing proceedings of, tha biennial
confeéreénce. Only members may vote at the biennial meeting.

The affairs of the Council will be conducted by an Executive
Committes consisting of: three elected members from Canada; three
elected members from the United States; one ad hoc member from the
state, province, or territory hosting the biennial meeting; and
the past chairperson of the Executive Committee. The Executive
Committee elects it"s chairperson.

Members of the Council will be nominated and elected to the
gxecutive committee at the biennial meeting. Executive Committee
members, excluding the ad hoc member, will serve for four vears,
with alternating election of two persons and one person of each
country, respectively. The ad hoc member will only serve for two
yoars.

The biennial meeting of membérs of the Council shall include a
symposium and busineéss meeting. The location of the biennial
meating shall rotate among the members’ provinces, territories and
states. Members in the host state, province or territory will
plan, publicize and conduct the symposium and meeting; will handle
its financial matters; and will prepare and distribute the
proceedings of the symposium.

The symposium may include presentations, panel discussions, poster
spssions, and field trips related to research and management of
wild sheep, mountain goats, and related specles. Ehuu?d any
member’s proposal for presenting a paper at the symposium be
rejected by members of the host province., territory or state, Lhe
rejected member may appeal to the Council’s execulive commillee,
subsequently, the committee will make its recommendations Lo the
members of the host state, territory or province for a final
decision.
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The symposium proceedings shall be numbered with 1978 being No. 1,
1980 being Mo. 2, etc. The members in Lhe pravince, territory or
state hosting the biennial meeting shall select the editor(s) of
the proceedings. Respansibility for guality of the proceedings
shall rest with the editeor(s). The editors shall strive for
uniformity of manuscript style and printing, both within and among
proceedings.

The proceedings shall include edited papars from presentations,
panel discussions or posters given at the symposium. Full papers
Will be emphasized in the proceedings. The editor will set a
deadline for submission of manuscripts.

Members of the host province, territory or state shall distribute
copies of the proceedings to members and other purchasers. In
addition, funds will be solicited for distributing a copy to each
major wildlife library within the Council’s states, provinces and
territories.

Resolutions on issues involving conservation and management of
Wild sheep and goats will be received by the chairperson of the
Frxecutive Committee before the biennial meeting. The Executive
Committee will review all resolutions, and present them with
recommendations at the business meeling. Resolutions will be
adopted by a plurality vote, The Executive Committee may also
adopt resolutions on bahalf of the Council between biennial
megtings.

Changes in these guidelines may be accomplished by plurality vote
at the biennial meeting.



