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Absiraci: The Tom Miner Basin bighomn sheep (Chis comadensis canadeniia) popilation is pant of the upger Yellowalane
metapopulation and declingd from moece then 100 shoop i the late | 9708 to sround 20 sheep in the 19908, We slentified
9 poszalie fetors thal mey have contributed thiz decline: 1) competition for forage with livestock:; 2) interactions Between
nhummﬂmnd:ﬂdi{hnﬂthpﬁnh]}mhm:hﬂmﬂﬂnmuﬂmkm&gmmfﬂhum

amerianur); 43 predetion, 5) ulivorable westher, 6) lnmiing or posching; 7) disease sutbreake; B) inbreeding suppression,
and 9 intrespecific competition.  Limng a variety of data snd fragmeented information, we systcnatically examined evidence

cach facior:. Wie chirmnaled maosd possshilities s were beft with predstion and westher as the most likely causes

with discase a= a distang third.

Determining why populations decline is, unfon-
nalely, n major activity of binlogists who work wath
Rocky Mountain bighom sheep. 1n some cases, the
proximal resenng are obvious (Buschner 1960, Orndes-
ka and Wishart 1984, Meagher 1982} and arguments
ceiter o ultmale or destal causation. [n olher casss, no
good proximal reason is apparent (Roy 1992, Irby
aipubl.). In most uncxplianed declines, nedther poten-
tial causal fciors nor herd states were monitored
closely enough to unambiguously determine which
faciors were important. However, there are oflen
irngeentary data sets pre available which could be weed
to elimsinase nuany faciors and allow biologists to focus
their effons on the remaining factors, We have at-
tempied 10 integrate all ovailable infmation to asscs
the likelihood of the potential explanations for an unex-
plained decline in one herd unit i the Upper Yellow-
stone River Valley of Montana, We hope this
approach will encourage other biologists dealing with
bighom population dynamics 1o (ke advantags of bits
of information they have available and the: process of
deduction to narrow the mage of possibilities when
dealing with populntion declines.

The Tom Miner bighomn population is pant of the
Upper Yellowsions bigham metapopulation (Fiedler
and Jain 1992, Harrison 1993). Sheep in this meta-
Gallnfin and Abassroks Moustaing of soathern Mon-
tana in & series of semd-i herds, Crenetic
flow was probably maineained by movements of sheep
among subpopalations while individual subpopulations
likely increased or decreased in responsz (o local envi-
romamenial conditions and siochastic events. When

Euwropenns sctiled dhe aren in the mid 19th century,
humana eliminaied mos threugh hume-
ing, discase transmined by livestock, andfor habita
changes precipitated by settlement (Beschner | Be0),
Begulntion of hunting, changing land use paiterns, and
bettor management of livesiock allowed survivors 1o
increase and recolondie some mnges (Keating 1981,
Monitoring programs in the area showed general in-
ceases in occupiod mage and numbers daring the
1960z and 1970z (Kesiing 1982, Moniana Figh, Wild-
life, and Parks, unpubl., Meagher, unpubl), In the
19808, & Chfamypdio outbreak in Yellowstane National
Park (Meagher 1982) sevencly reduced one or more
berds in Yellowstons Mational Park;, transplants and
immigration increased the range of shoep in the Absare
cka Mountains and possibly in parts of the Gallatin
Rampe (Swenson, unpubl, Meagher unpubl ), the herds
nasocinted with Cinnabar Mountain and the narthem
(allsin Range apparently declined; and berds in the
Tom Mincr arca declined sharply {Irby unpubl,, Swen-
son and Alt unpubl). By the 1930s. berde in Yellow-
#ane Mabional Park ghowed dome signa of recovery,
but cownts of sheep in the Tom Miner Basin continsed
1o decline,

In 1994, the Morthern Yellowstone Cooperative
Wildlife Working Croup, condisting ol biolagiats rep-
resenting the Montans Departswent of Flieh, Wildlife,
and Parks, the Gallatin Notional Forest, and Yellow-
stone National Park. ssked os o assces the statos off
bighom shesp in the Tom Mince Basin arca. Thiough
their support, fusding from the Welder Wildlifis Foun-
dation and the Foundation for North Amencan Wild
Sheep, and the cooperation of privaie and poblic land



panapers in the Tom Miner Basin area, we monitored
the population, located and organized all existing infor-
mation relased fo the Tom Miner population, filled
gaps in information where possibie, and aftempled to
axzesg (he probakility that of each ol @ Gclors coald be
responsible for the suspocicdd decline. The factom we
identifisd were: 1) competition for firage with lives
stock; 2) interactions between shoep and resadent elk;
3} internctions hetwesn cheep and colonkring moamnisin
goats; 4) presdation; 5) unfavorable weather, 6) hunting
ar poaching; T) disease puthrenks; 8) inbreeding sup-
pression, and %) intragpecilic competition. All of these
fciors have been propesed as explanations for bighorn
declines in one or more hends (Oldemever et al. 1971,
MeCollough et al 1980, Skibn and Schmidt 1982,
Heimer &l al 1984, Harrison and Heberi 1988, Hans
1969, Varley 1994),

STUDY AREA

The Tom Mincy Basin (Fig. 1) i% located in the
Upper Yellawstons River Valley 26 km nonh of Gard|-
ner, Montana and borders the nonbwest comer of Y el-
lowsione Motionad Park, Winler ranges aro scatiored
gver 150 km® in and adjacent to the Basin. Elcvations
range from 1500 1o =3000 m. Winter ranges in the
Hagin are typically grass-covered southwest-fcing
slopes at clevations >2000 m. For comparison, winlss
raiiges used by adjacent sub-populations (Point of
Rocks, Cinnabar Mowunain, and Mount Everts) ane ot
lower clovations (| $00-2000 m), dricr, and in grass or
sagg-sicppe communilics, Susimsér raapss for all herds
are ridge tops and alpine meadows. 2000 m in cleva-
Liom,

Land ownership in the siody arca was 8 mix of

Figure 1. The lecalions of the Tom Miner Bagn, Point of Rocks, Cinnabar and Mount Everts winter ranges in the upper

Yellowsione River Yalley.
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private, siate, and federal (primasily Yellowsione Ma-
tional Park [YHP] and Gallatin National Forest
[GNF]). Wintering arens in the Tom Miner Basin are
mostly on Forest Service land, bat public access in the
Basin is limited to a few trilheads with no direct ve-
hiculnr necéss. The Point of Rocks winler mngs is on
private band, but & county road crosess the mage. The
Cinnabar Mouniain winler renge includes private and
Forest Service Lands and eavy vehicular sccess via s
county road.  Winlering ansas used by the Mounl
Everis herd are in Yellowstone Mational Park. Public
aceess 18 allowed bud lnetly conmtnodlad

METHODS

W have weed o diverse sef of dota For this analy-
sis. Population trend infonmation for sheep, other
native ungalaies, and liveslock was obiamed from
MDFWP the Agency shocp
counts, YMP [Meagher, unpubl.), GMF filss, surveys
by pereonnel from Montsna Ste University (Keating
1982, Irby unpubl.), and Heldwork conducted during
this study ( Legg 1996), Information on population
linkages, snd the gubsequent Llikelihood of solation
leading to inbrooding, was obtained from Keating
(1982), Irby et al, (1966), Meagher (unpubl.), and
Lepg (1996). Information on hanting was obtained
froen MOFWT files. The influence of prodatson was
ascased from studics by Murphy (unpubl ) and obser-
vathons during feldwork in 199496, Daota on vegeta-
ton stntus and relative abundance of ungulates at spe-
cifie Akl weng ablained frodn an unpublished epont
prepared by Grunnigen (LISFS, unpubl, 1975) and
ficldwork we conducied in 199596 (Legg 1996)

Daming the 1234 and 1995 summer fickd scasons,

wi remcasiened 39 fecal pelled iransects and 5 vepetas-
tion condition and trend (ransects measured in 1975 in
Tom Miner Basin {Grunnigen, USFS, wnpubl. 1975},
We followed the LS. Forest Service technigues ap-
plied in 1975 as clossly as possible to inswe compaty-
bility between the 1975 and 1994-95 mngulate focal
counts, vegeintion coverage estiumates, and plant spe-
cies composition descriptions.  The transscts were
conpleted durmg July throupgh August im all years and
wene located in areas of high winter e fn |975,
The transecis wers perpendicalar to the comtoars of the
open slopes in the pouthwest end of Tam Miner Bagin
We counded all new pellet groups from bigham shecp,
ille, cartle, end other wild ungulstes in ascli rareed
HNew pellets were defermaned by color, sheen, and fex-
ture. Each traneect consizted of 10 81-m’ circles. In
19494-9%, we measurcd additional fecal pellet trnsects
in the Tom Miner Basin (o cover areas with a wider-
mnge of catile grazing pressure and open grasslends

el

congidered ndequate fior sheep winter mage but where
highnms were oot koown o winler. Thess tmnsecis
fllowed e same sampling iechnique as Grunndgen
used in 1975 but were spaced ot 73-m ivervals in ele-
vation from the bottom to top of exch site. The number
of iransects per sife varicd rom 2 10 4 depending upon
ihe meadow’s size. The disiance (o sscape (errain was
reoorded & coch transect site (<100 m or =100 m) from
escape lermiin bo deleming (he itrength of aggocialsin
between and use of aneas by shesp, elk, and cattle.

'We repeated the 5 vegetation and condition and
trend transects measwod by Grunniges in 1975 1o
nssess changes in vegetntion occurring in Tom Miner
Basin over the pasi 20 years. Crunmgen (USFS,
ampubl, 1975} used pace-line traneccts as descrbed
1975 USFS range ¢évalualion ninmeal bo anilyss rangs
condition. He locaied trancecis in areas that “appeared
typical of the umat as a whole,” His transects paral-
leled ridge lincs and the dominam pround cover ina 2-
em Joop was recorded ai S0 points per ranssst. The
pround cover types included bare s0il, erosion pave-
imend, rock, libler, meoss, amd individual plant specics in
3 desirability classes (desirable, inermedise, or e
desirable) (F. Grannigen, USFS, ungubl. 1975), The
ovemll vegetation quality was rated on p scal from
Very poar 1o excellent

The probabiliy thai a decline in shoep numbers
oecurred was assessed by assombling all population
swrvey data and cxamining heir congigdency. The
probabilitics of each fctor contributing 1o the decline
wat aszcssed via statistical tesis where possible or via
compansons of populalion trends in sabpopulations
that had simdinr oF greater expoiure bo the same (hoboe
af the same time.

RESULTS

Documenting the decline. = MDFWP surveys
of the Tom Miner mea from 1979 = 1996 show a high
of 115 sheep and a low all 15 [Fig. 2), Using yeass
where we could separme counts into Tom Miner Basin
winter ranges and the Polnt of Rocks winler mnge,
mayjor decline evidently cccumed between 1983 and
1984 i winlsring arcas wilhin the Basin (Grizzly
Creek, Sowtooth, Miner Campground, Bighormn Peak,
Sheep Mountain). Coants did not delineate the Poamt
of Rocks sren a0 n separnte unit until 1984, Exencive
ground swerveys in 1994-96 in the Tom Miner arca did
neod reveal proups of sheep thal were likely to have been
missed in winder surveys. Based on these information
soarces, we concluds that the papalation in the Bacin
declimed from a minimam of |15 (based on extensive
fixed wing counts) in the 1970 10 <20 in the mid
[ 940 (hased on intensive hellcopeer surveys)
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Figure 2. Madmum numiber of sheep cownted in Tom Miner Basin in the years 1579-1696, the suiey was nol
complated in 1508, 1668, 1680, and 1883, In 1678-1887 counts were from & fied-wing aircraft (irby) and m 1891-1908
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Poremtin fectart in the decline

Competition for forage with livestock. — De-
mestic sheep numbers in the Tom Miner Basin were
high during the early 19003 through the 19504
{Kecating 1982). No commercial herds were in the
Biasin at least since the mid 1970s. Catile roplaced
shocp as the dominant livestock in the mid 20th cen-
fury. Fecal counls on siles used by bigharns in the
Basin suggesied low usc by catibe in 1973 and almost
no use in 199495 (Table 13, Vegetntion composition,
wegetnion trend, and soil condithon ansl trend ai gites in
the Basin indicaled vopetation was i good condition in
|%75 and had not changed by 1994 (Table 2).

Intenctions with el < Trend counts from
MDFWP during 1990-1995 show variable elk num-
bers in the Tom Miner Basin (Fig. 3), but the Norhern
Yellowstone elk herd has been steadily increasing since
the mid 70s expanding into mnges north of YNEP
(Singer 1991). Fecal counts at sites usad by bighoms
in 1975 indicated elk used 26 of the 39 sites, and elk
used all gites in 1994 and 1995, Comparisoas between
elk and sheep fecal density ot these sites in 1975 and
1995 indizated o 40°% increass in clk pellciaha and an
BO0% decline in shecp pelletsha. Pells) counts af the
camplete array of siles measired in 1994 and 1995

on habiim festures. The incresse in elk pellet density
between 1975 and 1994 was not likely 1o have been
directiy related 1o the decresse in sheep pellet density,
Elk pelbets waw associaiod with sincs swsy from escape
tesrain that sheep evidently avoided (Table 3). Vapgeta-
tion conditicn an sites used heavily by sheep, elk, or
both species were classified as “fir 1o excellent,” and
we fiound no difference in the frequency of “good™ 1o
“excellent” quality vepetation classifications amoag
those categories of between those categonies and sites
uad lighthy by all ungalates,

lolemetions with moanigin goats. - Mouaidain
goats were first reparted in the Tom Miner Basin in
1990. By 1904, abeervations of goals were common,
and in 1995, we sited & minimum af 13 goats i the
bagsin. The poats were seldom seen within 500 m of
sheep in summer and never sighted on sites used heay-

ily by sheep in winler,

Predation. — Polential predators of sheep in the
Tom Miner Basin include grizzly bears (Lirsur arefos
hareibulur), black bears (Urtiar arclor americamus),
mountaln ions (Felis concolor), coyoles (Camis
latrans), and golden cagles (Agquila chrysaites), Popu-
lation trends of these species are unknown, but sight-



Table 1. Mean pelist groups per acre for caflle and bighorms 0 areas with bighorn vse and aress of no
baghom use in 1875, 1894, and 1555

Mo Bigharn Lise _Bighaim Lins

Yoar M Mean &0 iin Polax M Mean gD Miin ek

Crthie 1875 Pt 173 1272 00 4300 1% 8.0 ar.r oo Fa i
Bighom 1875 il ] (1 4] 18 1552 165.3 4.8 5068
Catte 1994 Fai] 430 1118 00 40687 13 a7 22 R [1L1] -]
Bighoin 1904 M (i s ] 13 wa 425 4.4 1608
Cattie 1985 g 6.6 ird 00 (52001 10 3.5 143 [1]4] LR
Bighodn 1805 23 0.0 18 T BOS 4.4 270

Table 2. Vegelation and sod condition and trend measures in 1975 and 1854 rom transecls compleled in
Tom Miner Basin, Condition was rated on a scale of very poor to excellent (very poor, poor, fair, good,
axc@llent) and trand was aithar up or down based on LISFES description lor mange anabysis,

Transecd Megetation Cand Sed Candan W Trand Sall Trand
1GTs 1604 1078 1504 1675 1894 1075 1934
i tair fair fiaar fiair coen up dosamn up
2 goed pood excal il T up up up
3 tail pood eced e up up ap up
4 tnir faleval ey ] good A U up i
5 i good axce Eweel ] L dawn 1]
PR myis s sl e SR :
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Figure 3. Mumbsar elk in Tem Miner Basin from the MOPWP cound in 1875 (Constan) and snnwal winter suneys froen
1880 o 1885 (Lemks)



Table 3. Mean pellels per acre for bighorm, elk, and cattle al <100 meters and =100 melers 1o escapd

iBmain in 185941985 combinad.

< 100 meteen = 100 maters
DS M Mean a0 M &0
Bigharn a 15.8 20.38 2 52 1.04
Elk 21 2 34 44 34 258 43 A%
-t 21 1.48 aeEd 34 e 48 47
ings ol grizzly bears have increased in the Basin over other herds in the ulatiom in years bracketing

the past 20 years, Lions have increased over much off
Montana n the samie penod (Auns 1991, Riley 1993),
Covoles are reporied 1o have increased in many preas of
Montana following reductions i predaior control ef-
fiorts in the 19705 and Glling lur prices in the 19805
(Giddings pere, commun ). Verified instances of pre-
dation in the Basin are rare, but 3 radiocollared  sheep
nnd 2-3 unenarked sheep wene reporied as probable
predator kills in the Basin in the early 1980s {Trby
unpubl.) , and Musphy (in prep.) recorded 4 kills of
sheep in his study of lions in northwestern YNP during
193094, During feldwork in | 994-96, we observed J
sheep mortalities: | ewe killed by a lieh, | mam proba.
bly killed by a predator, and | ewe death due to an
unkngwn Causc.

Evidénce against predation as & Inetor in the
decline is limited 1o comparisans of population
trends in other herds.  Sheep azsociated with the Mognsi
Everts winter range in YNP are probably exposed 1o 2
nlany Of more predatons than those o the Tom Mincs
Basin, but the precipiious drop in this population was
due 1o discase, and the population has recoversd de-
spite predation. Cinnabar Moamain and Point of Rocks
probably have similar predator complexes (although
the presence of human activities may limit some preda-
bory @ctivity) but did not experience o shasp decling ag
the snme timse ax the Tom Miner herd declined.

Weather. - The high elevations of winienng
orcas m the Tom Miner Basin insurc greaier snow
depth and longer snow coverage than in wintering eneas
al lower clevations in the metapopulstion. However,
during the 10 vears prior 10 the decline, winer sevenity
was severs | & years, average for 1 vear, snd mild in 3
vears. [hering the decline in 1983-84, the winier was
mild, and afler the decling oaly 3 af 11 winters were
clacsified ns severs and ¥ winters were classified sy
mild (Fames, unpubl. ), If lenb:ewe mtios ae avalid
index woy mmpacts af weather on populations (ie. agsum-
ing lambs are more vulnerable than adults to weather
reloded stress), ratioe recorded in the Tom Miner in
summer and winler were nol consistently lower than in

il

the decline (Irby 1994). The potential for catastrophic
desth due to avalanches ig higher in (he Tom Miner
Basin than in caber lower wimer ranges, but no evi-
dence has surfased of mass death despite our extensive
scarches during the summers of 1994 and 1993 and
anmual haavy waffls by hasters teoaghoul sheep range
in the Basin every September. The highest number of
dead sheep rocorded at | site was 3 in 1981, and the
desthe were atribuicd 1o predation (Irby anpubl b

Drought conild algo inlluenes populabon dvnam-
ics. Twelve of the last 20 years have had snow levels
below normal, but below normal snow levels should
fvar shecp 21 high elcvation by reducing snow cover
on winter range.  During the decline in 1983 to 1984
the anmual precipitation was bebow nommal i both
years (NOAA 1983 and 1984) suggesting that drought
could have affociod summer ranges.

Human-induced mortality. = The bighom huns-
ing s¢as0n in the Tom Miner Basin is one of the lew
"open” shecp hunts in Montana with 30123 valid
licenses sold per yekr during the past 20 years, Chaotas
and hunting season length have been reduced in re-
sponse in perccived declines in numbers of sheep, bt
legal mortality is ualikely 10 hove produced the precipi-
tous decling of the mid-#0s, Legal shecp hunting in the
Tom Miper Basin is restricted io sdult males gnd is
elosely moniored, Annual harvest has vaned from 3-9
animals (MDFWF unpabl., irby el al. 1989) with no
repovicd kills of femakes. Ram: cwe mtios hove re-
mmined high befiore and afier the years when the decline
fook place, and radiodelemctry studies in the 1980s
supgest thal mogl aduli males escape harvest (Irby et
al. 1989),

Mo illepal karvest of females has been
in the Tom Miner Bosin (MDFWP, Ann. Rep), and
fermales are unlikely 1o sitract much attention from
poachers in a species in which large horms are the dom-
inand incentives for illzgel kille. Poschers sre not Likely
to be caught (Vilkits 1968, Puraley 1977), but the
restricied acoees norose private property amd the steep,
anroaded terraims in the Basin probably limit poaching



diering mest of the vear. Poaching during the hunting
senson would likely be reported by cdber huners. Herds
in the metapopulation thal are much mons accessiblo
to poachers do not exhibii behavioml or populsiion
charscienistics associated with heavy peaching (Irby ot
al. 1989

Diher human-indueed mortality types (vehicle
collisions, kills by pets, poison, etc.) anc unlikely to be
emporiant in the Tom Miner Bagin. Access iz soverely
restricied by private property with no roads pasting
through sheep range, and human presence on sheep
mange ks limited 1o light use by hikers and horsehack
riders.

Discasg. = Oiven the kigh member of dieodfs
antribuied vo disease, this Metor wis cur initial st
choice. However, we have nod located any infbrmation
ihat inaplicates it, The Chlanpdta oulbreak in YNP
(Meagher 1982) rooghly comesponds to the decline in
the Tom Miner Basin, However, no sheep were ever
abwerved with the sympeoms in the Tom Miner Basin
ar in the Cinnabar Mountain herd a population much
more closely linked 10 Y NP spatially and by inter-
shange of individuals (Irby ot al. 1989). Poor physical
condition and coughing. sympioms associaied with
prcumania-comples dieafls, have been observed in the
Cinmabar Mountain and Mount Evens herds, but never
in the Tom Miner herd, Daring the 1977-9% period, no
epizootics followed observations of conghing andmals
im any herd in the complex.  Scables and cczema
{probably mechanieally induced soremouth that ap-
peared during a winter when snow depth forced shecp
to feed extensively on sagebrush) have occasionally
been observed m ndividuals from the Cinnabar herd,
bat o major diecfTs occumed. Contact with domestic
sheep occurred histancally in the Tom Miner Basin,
but the anly commercial herd maintained in the sren
was in range oocupied by sheep i the Cinnabar kerd
during 1983-93. Mo acuie dicofls occummed. Low
lamb: ewe ratios im many yeirs i all berds could inds-
cate digence in lambs, but we have never been able to
sample tissue from lambs on summer mnge o verify
this possibility.

Inbreeding suppression. —  We were unable 1o
analyze nssws samples to determing relntive heteromy-
gosity m sheop from the Tom Miner Basin. Hervess
data rnelscate that mms are relatively small, a poasible
indication of inbreoding (Stcwan and Buns 1982,
Fitzsimmon et al 1995) and that the population in the
Basin 15 below the theonstical number required 1o minj-
mize laas of genetie variability (Fitesimmon &t al
19695). Axthe ume of the dieall, haewever, the herd
exceeded 100 individunls, and mdiotelemetry studics

(litey of al. 1986, Legg 1996) show penclic linkages are
likely between most subpopulations we have observed.
Males from Cinnabar have been located i the Mound
Ewverts and Tom Miner winter ranges, Ewes rom Poand
ol Rocks wers observed on the Cinnabar winter range
during the breeding scazon, and cwex from Cinnabar
have visited the Mount Events wanler mage.  In the lats
150, numbers in these berds probably exceeded 500
animals. Inbroeding conceivably could have affected
recavery buat probably was not a factor in the initial
dhesciline,

Intraspesific competition. — I sheep in the Tom
Miner Basin are restricood to small, favamble winier
range sites, excessive use of these sies coald reduce
qualily or quantity of vegelation. The limited winter
range coulid lead o populatbon declines ihat are dos 1o
direct or indireet effects of intraspectlic competibion,
Thix possibility implics thay vegetation composition on
heavily used sices should changs over time and produc-
tivity of the herd should decline. Data from 1975 and
199405 indicate no change or a slight improvement in
mnge comdition on sites heavily used by sheep in 1975
(Table X). Lamb:ewe ratics varbed markedly in surveys
conducted in the Tom Miner Basin (Table 4), but data
do net indicate a steady decling prioe to the years when
we assume the population crashed or any sign ala

MSCUSSION

We sysiematically examined all evidence sup-
poritng 2 factors that could have lead fo & decling in the
Tom Mincr Bazin bighom population. The fhetors we
considered { 1) competition for forage with livesiock;
2} mternctions between sheep and elk; 3) inleractions
berween sheep and mountain goais; 4) predation; 3)
unfavorable weather, 6) hunting or poaching; T) dis-
ease outhreaks; §) inbresding suppression; and %)
intraspecific competition) are obvious cholces based on
the liternture on bighoms.  Although owr datn base was
fragmentary, we could ke advantage of
data 1o assess cach factor sysicmatically, The obwious
choices for blame seon became less obvious. Discase,
the number one villain in sheep biology inday, could
mot be climinated, but we did not find strong evidence
o suipport B mole. Competithon with Hvesiock, amother
trendy explanation for problems with bighomns, does
not seem important in this situntion.  Elk are rowtinely
blamezd for everything in the Monhern Yellowsione
area, but we could not extablish o casal link between
increnses im elk and decreates in sheep, Mountain goat
expansion from infroductions in the Absarcks Range is
also a worry 10 some biologists in the Yellowstong



Tabla 4, Lamb: Ewe ralios far the Mount Everts, Cinnabar Maurtain, Tom Miner, and Palnt of Rocks winber
ranges from 1984 to 1585 based on highest counts per class meconded during ground and helicopler
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arca, but amy impacts the goats may have are for the
fisture. Owergrazing in local sites where shoop ane
forced to winter would be an intuitively appealing
cxplanation, but available data just do not suppor tus
kvpothesis.

Mew technology has revived our intenest in ge=
nelics, and there is & lendency 1o blame many problems
in enall and homosy pous populstion on
inbreeding (Stewart and Butls 1982, Berger 1990,
Fitzsimmons et al. 1995). Howewer, the metapopu-
lation i teé Upper Yellowstong probably has as good
a chance of maintaiming maximiam heteroeypogity &
amy bighomn herd in Morth Amenica, and the decling in
thee Tomi Miner popuintion occurred when the metapop-
ulatson was close to histons high numbers, Large
populition size did not protest the hends comprising the

Urbanizatien of the LS. papulation and eam-
paigns by animal nghts groups have prodeced a surgo
in opposition (o hunting, especially when hunting is
direcied toward relatively uncommen animals with
exeeas wrophy appenl (Hom 1992). Research sugpests
that controlled hunting could have negative impacis on
bighoms (Hemer o all 1984, Fitlzsimmons o al. 1995),
Althoagh biclogists may be cosrectly identifving unt-
ing impacts on some hends. the docline in the Tom
Miner Basin does not fit the pattern cxpecied from
hunting impacts, hegal or illegal (Irby ef al 1989),
have boen reduced to weather and predators with dis-
eaic stll lingeriag mthe bockground. Shoep in the
Tam Miner Bazin mast deal with extremely severs
winier weather conditions, Their population buildup,
which evidently occwrred in the 19605 and carly 1970s

possibly colncident with reductions in domestic shesp
in e area, ocoumsd wdsr more severe winler weallss
than their subsequent decling (Farmes, unpubl)
Drought paticrns i the | 980s came phouat during and
afler their decline. Although, it is not obvious how
reduced rainfhll ot sn clevation thet lae too chort a
growing scason to cffectively utilize moisture in a dry
venr eould impact fornge quantity or quality, the im-
pacta of drought on recovery shoald be devesigsied
Predation is also & facior that dessrves greater
atiy, Mumne’s [ 1944) rescarch on Dall sheep may
have eolored our view of the vulnembility of shesp 1o
predators, Grizely bears in Yellowstone have leamed
1o kill elk effoctively and potentially could ke sheep,
Bears could also milwence kill raics of far move effec-
tive sheep prodators, lions, by forcing them off kills
and increasing the lion's overall predation rate (Mur-
phy in press), Increases in Hon Lill rates and lics num-
bers (Amne 1991, Riley 1993) with rising elk numbers
in the Tom Miner arca could increase lion density and
effectively raise the munber of predators that imention-
aliy or incidentally kill sheep. 'We observed several
coyotes in shoep habitats in the Basin indicating re-
duced pressure on their populations due to reductions
in predator control and fur harvest may have infloenced
the b0 wee aress whene fhey wens Gnce wncamemon,
Wolves generally preter to hant in less precipious
berraan tham like the shoep ranige in the Tom Miner
Baxin {Muric 1944, Pleicher unpubl. ), but one group of
wolves released in YMP has frequentsd the upper
drainages in Tom Miner Basin.  The wolves were pos-
gibly drawn by the abundant etk and may bocome offi-
tive prodsiors on shocp - ai least in the short term when
sheep have ol boen exposed (o wolves for 30 vears.
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