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FOREWORD

Papers in these Proceedings were presented during the Tenth Biennial Symposium of the Northem
Wild Shecp and Goat Cooncil held Apnl 2% - May 3, 1996 at Silverthome, Colorada.

The papers have received only cwrsory review and have not been referced. Mamuscripts were not read
by peer biologists/rescarchers bocause of the tme construints after inordinate delays. [t bocamo the
responsibility of the authors 1o provide documents ready foe publication with minimal editing. Papers were
formaited into the style of the Journal of Wildhfe Manogement where possible. As always the reader s
responaible for critically evaluating the information contained in these papers.
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MOUNTAIN GOAT SUBPOPULATIONS IN THE ABSAROKA RANGE, SOUTH-CENTRAL
MONTANA

WATHAN C, VARLEY, Department of Biclogy, Montana State Univérsity, Bozeman, MT 59717

Absirsc: A 3-vear ficld stady of mosnin gost distritztion snd shundmnce wis conducied in the Abssrokn Range of south-
cenire] Montans, 1991-93, Groond surveys produced populution counts and composition of introduced in the latz
19505 and 19605, Surveys ol 4 ul.d:pupuldnnn-l umits of the 300 km' study area took place betwomn May and Qetober.
[eerusity estinaies ranged from 0.0 gosts / ko' in the loest populated undl 10 5.1 goats / km® i the most populsied unit. Groap
s were |arper im Dhe high denseity ueit bad ol not differ in the: olber 2 unili widh growpa. hMean reproductive suceess (Lids
10 older goats) soemed greater i the kow deseaty umits than i the high density unit. Variation in subpopulations was
expluined in the eontest al irmaptive popilation growth theory.

Meomntain goate were relesed ints the Abzarolks
Hange of south-centmal Montana in 1956 (5 poals),
1957 (10 gowis), end 1958 (8 goats) by the Montann
Figh pnd Game Department (MF(E) o provide lor
recreational opportunitics including hunting (MFG
1976). These goats orginated from native hends on the
Continental Divide in soulhwest Montana and were
relcased in ihe norihern Absanokns. Between 1942 and
1936, 48 goats were released in the Beartooth Range
(MFG 1976) adjacent o the Absarokas (Fig. 1) Mo
significant barriers to movements between the Abgar.
oka and Beartooth mnges oxst; therefore, these intro-
ductions mury have contribulzd 12 the Abzaroka
subpopolasidons. Since the imroduciion, the Absaroka
population has grown in aumber and expandad its
distribation, primarily to the south and cast.

STUDY AREA

The ~300 ki’ sudy arca is located in the north-
em Absaroka Ranpge of southwest Montana, The study
area was divided into 4 units aseocisded with major
drainages: Mill Creck, Hellroaring Creek, Pebble
Creek, and Cache Creek (Fig. 1), Study units were
farther divided into smaller subunits of spprocimately
equial size whese ground surveys were conducted. The
Mill Creek unit consisted of 2 relatively 1solaied moun-
tnin peaks ot the headwatens of Mill Creck, Gallatin
National Foreat, The Hellroaring Creek unii consissed
of comtinuoos ridpe networks separaiing Hellmoaring
Crock from the Boulder River and Mill Creck. Four
subunis wens surveyed in this unif i the Absaroks-
Beartooth Wildermess, Gallatin Mational Forest. Five
subunits consisting of scattered peaks snd loosely
connceied ndgelines in the northeast comer of Yellow-
stone National Park and surrounding lands comprised

the Pebble Creek unit. The 2 subuenits of the Cache
Creck uiii were 2 nidge systems north of Cache Creck
im Yellowsione, Mountain gosis are legally harvested
in the Hellmarnng and M Creck unfis but not in the
Pebbla and Cache Creel units.

METHODS

Crround surveys wene conducted 1o produce 8
count of goats in the subunits. Suabunits were surveyed
comtimeoasly uniil the area of ke subunil had beea
scarched on foot or glaveed with the aid of TX hinocy-
Inrs and 8 2000-60X spotting soope, Care was taken 1o
avoid duplicating located goats in the coumts, but it
may have occarred in mng inEENces. SUrvEYE were
conducted from mid-May through mid=-October, 1951-
1993, Most subunits wene surveyed mone than once,
during different months, in o glven year, Onby the
Pebble Crock and Cache Croek units wero surveved in
1991, all units were surveyed in 1992 and 1993,

thﬂlwuﬁm for subunits were derived from

where 5D is the subunit density estimaie, 54 is the
area soarched in a subunit in km' estimated from U S
3. 5. 7.5 inpographical mape, and 5C is the lnrgesi
survey count for the subunit. Density estimales were
conzidered conservative becanse the largest suraey
wount assumably filed to detoct all goats in a subunit;
0o adjustment was used for sightability dus to the iffi-
culty in estimating this biss. Unit densities were the
mesan denwity af the subunite.

Group sizes and composithon were recorded o
goats encountered dunng surveys. Composition for
stady units was derived from the vearly totals of clagsi-



Figurs 1. Subinss of the 4 unis in the etudy anea in the Abtarska Rangs ssuth-aentnal Mantana

fied poats located during surveys. Classifieations of
goat age and gender followed Smith (1988). The num-
ber of cazes of nannics (ndult females) with fwins ob-
served was necorded for each unit.

RESULTS

Ground surveys within 14 subunits of the study
area produced H6 counts, Conts were found in
all units with the exception of the Cache Creck undt; no
goats were located in The Thinderer (3 surveys) and
Amphithcater-Abinthar (2 surveys) subunits of that
unit. Density estimates and growp siees in the units
vaned (Table 1). Density estimates for the 3 units with
non-zero counds mnged hetween 0.2 poats / lam® in the
Pebble Crock unit in 1991 10 5.1 goats / km® in the
Helbrearing Creek unit in 1993,

The largpest counts and group sizes oocurmed in
the subunits of the Hellroaning Creek wnit, In 1993,
Iron Mountain, where the largest group, 43, was ob=
served, had the highest density estimate, 6.8 goats /
km, for a subunit. Large groups of 20-40 were consis-
tently found in that subunit a5 well as the other sub-
units of the Hellroaring Creek unit. Counts and group
simes for the study (1991-93) were greater in the Hell-

roaring Croek wnit than in the Pebble Croek amit (@ =
3.7, p=0.000; 0= 305, p<0.0001, espoctively)
and the Mill Creek wndt (U= -3.54, p = 0.002; | = 226
p = (U000 , respectrvley).

Counts and group sizngs in the Pebble Creck wnit
did not differ from the Mill Creck unit (i =12, p=
0.2640: ¢ = 1.32, p=0.191). In the Pebble Creek unit,
groups seemed 10 be concentrated in the Waolvering
Peak subunit, The largest count for the Welverine
Peak subonit was 4% in 1992, The largest group scen
wig 11 in 1991, Omly small groups (= 6) and singhe
individuals were found in T surveys of the Cutoff
Mountain subunit. Only signs of mountain goat occur-
rence which included hair and tracks were found oo
Barronette Peak (2 surveys) and Mount Homaday (2
SUVEys)

In the Mill Creck unit, (he largest counts in The
Pyramad subunit were 10 and 20 and the Iargest group
sizes were 7 and 11 in 1992 and 1993, respectively.
Chaly 2 goats were located in the Monitor Peak subunit
during a 1992 survey.

The highest reproductive success miios (kids
J100 older goats) fior the study were associated with fhe
Pebble Creek unit where the 3-year mean was 41/100
(Table 2). Approximately cnie-thind of all goats ohsez-



Tabla 1. Dens®ty, dally undupScated counts, and group sizes of mountain goats obsensed during ground
surveys of 11 subunits in the Pebble, Heliroaring, and ME inits of the Absaroka study area, 1581-1853.
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ved in this anit were kids duning all years, The propof-
l3on was greates in s Pebble wnit than in the Hell-
roaring and Mill gnits in 19992 and 1993, In 1993,
48100 was recorded in the Pebble Creck unil, versus
247100 for the Hellroaring Creck wnil and 427100 for
the Mill unif, Eight cases af nanmies with wins were
ohserved in the Pebble Creek unit verous O caces in the
Hellroaring Creek unit and | case in the Mill Creck
Adult females comprised the largest proponticn
(41_3%) of the moantain goats abserved in the study
area (Table 2}, They ollen octurred in groups with
vearlings and kids of both sexes in the unils where
goats wers encountercd,  Aduli males (11.5%) were
encountered singly or in smaller groups (2-5),

DISCUSSION

Analysis of density and reproduction in subpop-
ulations within the 4 stody unils suggesis the domo-
graphics of subpopulations can vary widely 5o that
information on any one subpopulation can be mislead-
ing if extrapolated to the entire popualation. Density,
reproductive success, and cases of [wing varied among
4 subpopulntions within the Absarolkn study area (Fig.
2). While not producing sccumte population estimates,
the ground swrvey method seemed relishle to detect
relative daiffercnces i abundancs among (he 4 anits
which will be discusssd in the contex of frruptive
population growth.



Table 2, Populaflon composition of mountain goals observed in three unds of the Absarcka study anaa,
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The imuptive population growth curve described
hﬂm(lﬂljnﬂﬂﬂ#ﬂﬂ{ﬁ‘?ﬂ}nwm
tipn growth varies with duration of subpopulation
establishment after introduction (Fig. 3). The growth
raie iz xlow following the initinl introdsction until the
population becomes established, followed by an initial
increase phase characterized by a low-density popula-
tion responding to abundant resoarces with high repro-
ductive rales. Growth following the inital increase
phase levels off above the lang-term carrying capacity
{K) of the range in the initial stabilization phass char-
poterized by high density and moderme or declining
reproduciion. Resources become searce and the popio-
lation subsequenily drops below K in the decline phase
growth fluctuates near the long-term K thereadler in the
post-decling phase.

The Pebble Creck unit subpopulation 13 likely in
an initial increses phase of populaton growth, Low
density and high reproductive success are indications all
& productive subpopualation which may be respansing
to abundant resources oocunming in this newly exploited
area. Cases of twing indicate high productivity which
is comman in recenily established popolations (Lentfer
1935, Hayden 1984, Festa-Bianchet et al. 1994), On

June 29, 1966, an aduli mountain goat sighted on Me-
ridian Peak represented the first known sighting of a
mountain goat in the Pebble Creck unit (Varley 1596).
In the same year, the first goats were harvesied from an
established and growing population in ithe Hellroaring
Creek and Mill Crock units (Swenson 1985), Occa-
sional sightings continued in the Pebble Creek unit
through the 19708 and 19805 while the subpopulations
in ihe Hellmarng and Mill Creek units grew. Carrent
distribution and abundance data indicale a viable sub-
population is now established in the Pebble Creck unit,
3540 years after the ol miroductions ook place.

Gowts in the Hellroaring unit have boon estab-
lished 20-30 years bmger than in the Pebble Creek
umit, and density and group sizes are high relative 1o
the other units. Mo cases of twins were observed, a
gign of high density (Houston and Stevens | 988).
Swenson (1985) suggested the subpopulation was in an
initial increase phase in the 19705, Although reproduc-
tion estimates have not reached a cnitically bow level,
the indicstors sugpest the subpopulation may now be
nearing the peak of irmuptive growth, and may forewsm
n dengity-dependent decling similar 1o cases reported in
Montans (Foss 1962 and Colomado {Adams and Bailey
1082, Bailey 1991),
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The Mill Cregk anit subpopulation may be m the  These subunils were essentialy 1skand-like, and
post-decline stage ol population growth;, however, there  although movements between islands off hobitat ooowr,
is o evidence to confirm that ecological carying co- lack of alpine connectivity may have limited colonizn-
pacity wik reached.  Demsity and reprodection i this tiom o the cxtent that it slowed subpopalation growth,
unit did mod vary significantly fram thal of the Pebble The Pyramid and Monilor Peak subianits had ssiilakle
Creek wnit so it may be thai this subpopalation is ina goat habitat, bus were peographically isolsied from
similar state. Lack of habital linking goal-use arcas large, continueous mountain chains by 10-20 km of
muary limit use of suitable, but isolated, ancas (Hayden foressed and/or patchy habitats.

1989, such as the subunits of the Mill Creek st



Similarly. the Barroneie Peak and Mount Home-
aday subuanits of the Pebble Creek unit may be isolated
tor the extent of kaving a low colonization and estab-
fishment miz. In contrast, the habitag of the Hellroas-
ing Creck unit and the Walverine Peak subunit were
continooms mountain ndges with high continuity, and
were likely arcas for imatial berd establishment and
growth 1o cocur in the colontration process.

Mo evidence of subpopulation esintlishment was
fiound in the Cache Creek unii. 'Whether this is due io
imsulMicient colomd ration or icsoarcs deficiency B um=
clear. Considering the close proximity (5 km) of the
Amphithcater-Abiathar subumnit to the populous Wol-
verine Peak subunil, an explanation for the sobundi's
low counts may be resource deliciency. The
Amphilkenter-Abinthar subunit was charssiesized by
mulliphs near-venical slopes and Hitle kedgc habital as
found in more subunits [Varley 1996), The
Thunderer subunit appeared to have suitable goat habi-
tal; however, its digtance from estnblished subpopula-
tiona and isclation from ather alpine haldits may be
thee moers proximal fcior limiting growih:

Mountain goats are considered 1o be relatively
poor dispersers (Stevens 1983), and the time requined
1o establish herds in curmently unccoupied but suitable
mreas 18 difficull to extimate.  (Goots eolonizng the
(Hympic Range progressed nt an estimated e of 3-6
bmu'year (Howston of &l 1994). Goals ney have
reachad the Pebble Crock wnit wathin 10 vears af their
introduction i the region, but ook 3 times longer o
establish a resident subpepulntion. This sappons ke
supposition that posts sre slow to ecinhlich herds in
vacant mnges, bud that individuals wall travel great
distances from sstablished herds (Chadwick 1974),
The Pebble Creck unit s =100 km south and ~&3 km
wiett of ithe Absaroks and Bearaath introduction siles,
respectively, resulting in a raie of 2.5 kmfvear. Goats
sem o respond o halvitod (o dunng colonizatnon
by cstabilishing subpopulations in the highest quality,
msest continuous portions of their range first and filling
in the more isolated partions subsequently so thot this
rale i non-uniform and would apply to a broad spateal
scale such as the eniire Absarokn range.
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YARIABILITY IN LIFETIME REFRODUCTIVE SUCCESS OF BIGHORN EWES

MARCO FESTA-BIANCHET, Ddpanement de biologie, Universild de Shesbrooke, Sherbrooke, PO J1K 2R1,
Canala

0N T JORGENSOMN, Albenin of Environmentnl Prodection, Matuml Resources Service, Suile 201,
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Abstract: Varahility i fifetsime reprodisctive success was mvestigated m twe marked populations of bighomn sheep (Cha
camnderais) s Albria mﬂmﬂmwrmﬁmuuhlimﬂiﬁ In bodls populstions we
foumd that swerage Bifiteme reprochctive macoess docreased aned nbcrindividus] vanahilsiy incrensed as reproduciive sucoes
was messured forther from Lumb berih. Almost all ewes prodoced a lamb every year, buil individuals sppeared to differ in
thear ability 1o raisc lambs o weaning and io | year of sge. Ohar resulis muggesi that bamboowe ratics soon ofler parturiiion
mre-of limiited wse in predicting population trends. When possible, couniing yearfings is more asefil than counting lambs

The number of alfspring produced by individusla
over their Lifistine represents probably the closest mes-
sure of fitncss thai can be obtained [or wikd animals,
and iz therelore of great theoretical inberest (Oring ot al
19491, Pembertion et al. 1992, Albens and Alpmsann
1995, Wauters and Dhandr 1993), even thaugh repro-
ductive success and fiiness are not equivalent (MoGmw
and Coswell 1996), For waldlife managemeni and
conservation it is usefll o know bow individuals vary
in their reproductive capacity because average repro-
ductive success and individual variability in reproduc-
kive success have o direct effect on population dynam-
ics, extinction probability apd harvesting potentinl of
wwildlifi (Cluiten-Brock 198E).

The study of individual lifetime reprodictive
sisocess in farge mammals such as bighorn shecp (Ows
canadersix) roquires the availability of marked individ-
sals and accessible study sitea whese marked sbecp can
be meadily found and their reprodsctive staie acsessed
accaraiehy, Inaddibon, grven that some bighom owes
can live more than 15 years (Forgenson ef al. 1997), the
docamentation of lifetime reproductive SuCosss requins
a long=iemm personal and financial commitment io o
resgarch program.

We acknowledpe the financial suppon of agene-
cies that appreciace the valee of long-term wildlife
research, including the Mammnl Sciences and Engineer-
ing Research Council af Canada, the Alberta Natural
Fesourees Service (formerly the Fish and Wildlife
Davision), the Alberia Recreation, Spons, Parks and
Wildlife Foundntion_ the Fonds pour b Formation da
Chercheurs et I'Aads & ln Recherche (Cruébec) and the
Llniventate de Sherbrooke. We thank the Alberia Forest

eolleagues, volunicers and assistants feat have helpad
ug capiune and moniter bigham shaep,

MATERIALS AND METHODS

Ohar srudy aress and methods 10 capruse, mark
and moniior sheep have already  been described (Fesin-
Biznchet 1926, Jorgenzon ot al, 1993, Festa-Bianchet
ctal. 1953, We collecied dua from two marked popo-
lations tn Alberta, Fam Mountain (das from 1975 jo
1994} and Sheep Kiver (data from 1981 to 1994). We
calculaied lifetime reproduciive success for individuaally
marked ewes thot were mondcowed from 2 years of age
onward W limited aar to coharts whese
members hod cither all died or were older than 10 years
by 1994, We cxcluded cwes thai had boen ariaficaally
remoryved, collecied, or shod by hanters. At Sheep
Rives, foe cach ewe we meadared (he number af lambs
produced, weaned, and that servived o | vear ol age.
Ad Ram Mountain we only measured the member of
lnmibs produced and weaned, because in the earlier
vears of the study we did not have informaticon on sur-
vival to 1 vear for all lambs produced by individual
ewed, Some lambs were nol marked by e end of the
ficld peagon in carly Ociober, others were markes] bt
i mother was mol identified. and a few loal their tags

OVETWIRLET,
RESULTS

Bocaiss the Sheep River study staried Lxier than
the Ram Mountam study, the average ago at death of
ewes in that population was less (Table 1) than 1.¢
Ram Mountain ewes. Conscquently, the sample for



Ram Mountain incliedes many odd cwes thal had a
higher lifetime roproductive success than most Sheep
River ewes, These dilferences, however, do nol neees-
sarily reflect differences in reproductive performance in
ihe two populiationg.

As the measure of reproductive success thal was
uzed io compane individusl swes moved finher from
birth, vanability in reproductive sucocss increased in
both study populations, The coelficient of variation
ingreased markedly ot Sheep River, but only slighdy n
Fam Mouniain (Table |; Figs. 1 and 2),

]l

AU

LIFETIME LAMES PRODUCED

= 1

NUMBER OF EWES

:a [l I HDHEE

LIFETIME LAMBS WEANED

Figure 1, Lifetime reproductve auccess of female bighom
shesp ot Ram Mouniain, Alberta, o) number of lambs
produced. b) numbear of lambs prodisced e sundesd 1o
weaning (Golober).

MSCUSSION

In our study ereas, it is mez fora ewe 3 years of
age or older not 1o produce A lamb in & given vear
(Festa-Bianchet 19884, Jorgenscn &l al. 1993}, there-
fore it is not surprising that varisbility in famb prodisc-
ton was less than vanabality in the number of lambs
weancd or that survived to ons year. At Bam Moun-
tadn, same adull cwes did nat prodisses lumba at high
popidation density (unpublished data), b those were
mewstly from coborts bom afler 1985 and not mclisded
in this analysic.

=[N TR - |

0 2 4 6 & Iy
LIFETIME LAMES FRODUCED

=T TR S W

L i 4 & L] 10
LIFETIME LAMBS WEANED

NUMBER OF EWES

1 R T 1 I_I 1 1
LU 2 A L L 1Mk
LIFETIME LAMBS TO 1 YEAR

Figure 2. Lifiptimn ieproguctve suscess of femals bighsm
sheep of Shoap Raver, Albaria. a) number of lambs pro-
dused. b) Aumber of lambs producod that suhieid 1o
wianing (Octobar). &) number of lambs produced thal
suvreid 1o ehe year of oge



An increase in variance in individual reprodoc-
tive succcss a8 thal succsss is meagared farther from
birth b5 10 be expected even il offspring mortality is
random with respect to matemal characteristics (Ca-
bana and Kramer 1591}, therefore a funther analysis is
nocessary o wdentify faciors that may aflec] the ability
of individual ewes 1o ensure survival of their lambs,
The important implication of our results for bighom
sheep mamagement is that the uscfilness of lambowe
radscd or of lamb counts in prédiching population tremds
is limited, as we have previousty suggested (Festas
Bimnchet | 992, Jorgenson 1992), Once lumbs survive
to one year of age they are independent of their mother,
exoept in e cases of very high population density
(Festa-Bianchet 1591, L'Heuroux ct al. 15595), Thene=
firg, the taimber of lambs surviving 1o one year is
probably & better measure of iedividual reprodoctive
success than the number of tambs produced, and cownts
of yearling shoep will provide managers with a better
iddea aff fuhire populaticn trends than counts of lambs,
Oibwiously, vearing sheep are meoe difficuln o identily
than lambe, especially during helicopter surveys. Our
resulis suggest that in some caies, ground surveys may
b better than asrial survevs of shesp populations.
From the ground, trained observers could sdentify most
vearling sheep. In addition, the naks bo personne]
imvolved im the servey will be decreased (Heimer
1%M),

Az the measure of individual reproductive suc-
cech changed lroam the pumbser of lambs . peoduced to
the number of lambs weaned over the lifsume, the
coefficient of variation increased substantially mose i
the Sheep River popalation than in the Ram Mountain
population (Table 1), hkely reflecting the differences in
timing of lamb mortality in the fwo study areas. Mor-
tality before weaning tends 1o be greater ot Sheep River

Table 1. Lifetime reproductive success and age al
daatt far marked biyharn shoop awas in e papa-
lations in Alberta.

Brarage ED Cv
Sheap Fver (N = AT swes)

Lamibs bom 23 343 65.40
Lambs waaned 345 290 B4
Lambs surviving bo 1 year 172 1.88 BE5T
Al a1 death 745 362 46 64
Ram Mourntan (M =70 eses)

Lambs bom T.09 389 54 E3
Lambs waaned 454 313 feL3
Age at death .04 4 4289

than ot Rom Mountain, possibly because of mourring
problems wath pneumonia in the Sheep River popula-
on (Fesw-Biancher 1988b), We suspoct that indived-
ual variability in lifetime reproductive success &t Ram
Mountain would have greatly increased had we boen
able o measws s number of lambs produced by cach
ewe thal survived 1o ane year of age.
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REPRODUCTIVE SUCCESS OF BIGHORN SHEEP IN THE PENINSULAR RANGES OF
CALIFORNIA

ESTHER RUBIN™, WALTER BOYCE', and CHARLES HAYES"

'Department ol Pathalogy, Microbiology, snd Immimology, School of Vetarnary Medicine, Univessity of Calafarmia,
Davis, CA 95616,

Yirndusle Group in Ecology, University of Califombs, Deavis, CA 95616,

‘Califcamia Deparment of Fizh and Game, | 416 Minth Street, Sacramento, CA 93814

Abstract: Poor recnutment associsled with mfechious discase fis been proposed as the paimary’ crse of miarkedly
decreased mumbers of desent bighormn sheep (Shas canadenyis) in the Peninsular Ranges in southemn Califomin.  'We
exarmmned the repricctive soooess of indnidoally merked ewes in 4 subpopulstions in ths range dunng 1993.1995, Annial
recruitmenl, a product of lamb prodection amd aevaval, wiss foumsd to Dedctusts preally mmong sibpopulalqons and years.
Lamb production ranged from 50% o 100% per sabpopalation with & mean of 0. 3% for all sobpopubstions and vesns
combined. Lamb sarvival o 3 months of age mnged from 4096 1o 10004, while survival to & months of age ranged from 1026
W T5%. Thres of the 4 subpopulations had i least one vear of high resnitment, in which 2-55% of cwes raisod o lamb o
6 months of age These vesrs of good mecrmimend did pod occur pi the same time, however, sugpesiing that the
subpopulations were influenced by scparate lamiting factors. Ewe age and the Gming of bamb bartha were inveatigated &
factors posahly influencing reprochactive awcoes. Mo sgnificant differcnces: m reproductive succees were found smong ewes
in different ape classes Mew lamba were first observed from Februsry throagh Asgust, and there were no significast
differences in lunbing periods smong subpepulutions. The majority (74,5%) of lambs were born in March and April, and
Lembis born during thess fwo months edrbied seniflzantly betier survival [P < 0.001) than lamba bora during later mantha.
Cur dats sugpest thit there may be & positive relatbonship between o ewe’s reproductine sucoess in a grnmn year and hor
succesy in producing o lamb in the folkvaing year, Although certain subpopslatons in the Pennsuler Rangss may be
experiencing chronic low recrutment, we concluded thal lamb production and recruitnrent were not limiting population
prowth tieowghout the range during (he time period of this siady.
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MOUNTAIN LION PREDATION ON BIGHORN SHEEP IN THE PENINSULAR RANGES OF
CALIFORNIA

WALTER BOYCE', ESTHER RUBIN', Charles Hayes', STEVE TORRES', and MARK JORGENSEN'

"Dq:l:l'l._:.[ulF:l:l.hi-h:ur Mserobiology, end [mmanalegy, Schoal of Veteriney bMedicie, [insversity of
California, Das, CA 95516,
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“Orndunie Group in Ecology, University of Californis, D, CA 93616,

Abstract: An investigation of cause-speeific monakity amoag 91 midiccollared bighom sheep waa condueted from
Movernber 1992 through Jamuary 1996 m the Peninsuler Ranges of southern Califonma. Mountain Bon predation was the
mos sEgnificeant canse of mortaliy and soeoumied for 63% (27/43) of all monalities in the 6 sheep populationa mcluded m
the study Liom sscounied for 0-100%% al’ all mortalities within these populaticns, amsd 0-27% of the radioco] lered sheep
within any given population were killed by lons annuslly. The age ot capture of the sheep vaned significanily mmong
populations, and the ape dimrbution of sheep killed by lons dd not appesr 1o differ from tas pattern. Sloep of both sexes
were preyed upon by lions bul o stefisticel companson between seocs was nol poasible becsise only o small namber of mme
wiro radicoollanad. Predation cccemed dising all times of the year cxoept for the months of June, July, aed Agast. Sisty-
seven percent (VR27) of the predation evenls cocurred between Decemnber and March. 1 appears that Bion predatien has
b i s gnalicnt lemaiting facbor during the sl theos years, and suslained hagh levels of prodation by loms may sdversely
affect the long-term viability of this threaiened metapopulaiion of bighom sheep.

LK
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COUGAR PREDATION ON BIGHORN SHEEP IN SOUTHWESTERN ALBERTA'

P. AN ROSS, Arc Wildlife Services Lid,, 2201 34 51 5W, Calgary, AB T3E 2W2, Canada

MARTIN G. JALKOTZY, Arc Wildlife Services Led, 2200 34 St 8W, Calpary, AR T3E 2W2, Canada

MARCO FESTA-BIANCHET, Département d2 bialogie, Universitd de Sherbrooks, Sherbrooke, PO J1K 2RI,
Canadn

Abstract Prey selection, snd proedasion and conasmpiien rates by cougars (Felie comoolor) were studied in the Sheep River
area of soullwdstern Alberts dusing winter from [93] o 1994, We estamumad 376 klls made by cougaras. Ungalates
pervidied =95 of the biomass comsumed by both male amd female coagars: beiween November and Aprl each yesr, Five
gl apocics were available within the study snea, and all were takoen by cougars. OF 30 bighom sheep (O canaderiis)
Kallled b oougars, 14 were lamba. The remaimder ranged m age from 1-16 yeors, and includod % owes and 7 rams. Known
wougar kalls secounted fir 0-1 1% of the early-winier sheep populaihon cach vear, and scoounied for up 1o 34%% of known
overwnler mortality. A modd besed on observed eougar-predation patiers predictad that cougars would kill 10.9-13.6%%
of the carty-winter populstion. Bighoms provided 9. 1% of the biomass commmmed during winser by female congars, and
5. 5% for mabes. Couigir predateon on bighom sheep igpears i be Largely an individual, learmed hehaiveer, most conigans with
hoone ranges cverlapping baghom winter mnge ranely killod sheep, but certnim ndividunls preved beavily on them.  Predation
by | female cougar accousted for #% of the early-winter sheep population | yesr. For ungulates that ocelr in small,
relatively isclaled groupa, soch s many overwinlenng bghorn shecp berds, the presence off a few such prodatons may
strongly influence their vital rates and behavior

"Full paper published in Cansduan Jiwimal of Zoology T4 771775 {199T).
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A NEW LODK AT PREDATOR-FREY INTERACTIONS USING A SIMPLE ENZYME
KINETIC MODEL

WAYME E. HEIMER, Alaska Department of Figh and Game, 1300 Collage Road, Fairbanks, Alaska 99701
(MNew address as of this printing: 1098 Chena Pump Foad, Fairbanks, Alaska $970%)

[Author's more: [n 1993 the Alwska Depertment of Fish ond Came unelerionk a research plomning effon designed i guide
recearch for the next two decadrs, Integral to this process was the establishment of a predator-prey specialiss group.
1 prepared the following eseay fo stimulme inrospeedion and thought by this group. [ offer i i this semposinm for the

Eaamm reio.

Abstract: Modern study of prodator-prey interactions coniinues o produce imcreasingly sophasticaled mathematical and
mﬂlﬁﬂ! Some afl these modely lrep.l'l:]rﬂﬂ:rr[lnle u.ﬂ'n'lemqme I!n'uh'lnﬂ md[l'ndldnll:ﬁ.l'lnl.lu:.l
The obwaous complasaty of these models further mystifics the numm'dhﬂmulplmwﬂum
Further mystification increases i risk of distmeing predulor-prey biology from the pracical mainstream of waldlale
runapererd readting in compromised benefits for wildlife nsers. In an effon (o demyatify predstor-prey biology, predator-
ey sysdams may ba consdenod in the fremework of clesse ensyme-cotalyred biochemical resctions. Approsching predator-
prey study from this perspeciive sugpests claesic methods peed by wildlife ressarchers, while productive in describing the
proces of predatyon, may be misapplicd i aflempls to shizly predalor-prey inlerssinoms ol the coosystem level I so, 1l
fellows that progresive development of nencasingly complex ierative models may well e o distrocting, result of
insppropriate research methadalogy. 1t may be time to resiamine methadology and seek o new perspoctive. This paper

oilcrs that opgroriuniiy.

I freely admit to being & relative "outsides” to sure is determined by the relative concentrations of the
predator neseanch. However, throughout the history of  reactants and prodocts. A memerical constant {called
soinee, ‘outsiders” have effected interdisciplinany the equilibrium constant, K.} is defined, accarding the
transfiers af peripective which have sccelerated prog- Law of Mass Action, as the ratio of reactant comcentra-
ress. To this end, | suggest review of the well-devel- tions on the lefl side of the squation to the congentra-

oped field of enzyme kinctics (to which | am also an thons of products on the right side of the cquation for
“oulsider”) may be belpful in prodation rescarch, The the reaciion,

empirical findings and mathematical models commonly A+ BeeaC + D the
applicd in e atudy of cryme kinctics may satisfacio- 1AL18]
rily quamtify and explain much of what we have learmsd K= TCI1DI.

in pasd studics of prodator-prey baology. In fact, much

:ﬂfmﬂm‘ﬂr - “”’I m“‘“:g“ Life and Enzymatically-Catalyzed Reactions

1 R . Living organisms are highly organized

simple enzyme kinetic models than the complicated o nicl

“ﬂm hl. ph:u::mnil:li:hrmm'm : “.:]r Rk Ky ooty ture and channel encrgy into maintaining Ii':uﬁﬂﬂl;-

- teoan s Function requiared for life. Failure to capluse

METHODS and suitably channel this encrgy results in decreased
order (increased entropy). As organized meiabolic

To cstablich a basis of anderstanding, | shall re. gystems become increasingly entropic, thear function

vigw some concepls from basic chemisiny; progressively detenoradés. Wlen an organiam becomes
sulficiently dicorpanized, that entropy & enchecked, we
Basic Chemical Reaction Theory describe the condition of the organism as “dead,”

Im uncatalyzed reactions chemical cquilibrim s Death results from failure of scpamie, but ntegrated,
desermined by what chemists refier 1o as e "Law of enceymalic syslems 1o caplure and channe] encrgy into
Mass Action.” That is. the dirsction and rate of n resc-  organization. 1t resulis either from progressive deterio-
tion under defined conditions of lemperature and pres-  ration of necessary enyme systems ar from rasmatic



digruption & the organ systems nacsssary o suppon
the enzymatic systema that process eneTgy,

The paint of all this is that biclogical svetams are
enzymatically based from the modecular level upward.
Henee, | hope o cstablish some credibility for consul-
cration of enryme kinctie models st higher levels of
ugu,muu_ Life, ot the malecular, cellular, tienas,
organ, organism, population, community, mim-:-
tem levels may be linked by threads commaon o the
tapesiry of organization and catalysis. [T s0, predation
may be prafitably considered within this framewneic

Prodatcss Hyve by disnspling the supporting organ
systems ol their prey and hastening e enrymatic dexth
Oince prey aro dead, the encrgy in therr highly organized
gystems is approprisied by ibe predodor fo maintnm ids
organ-supporied enryme-cainlyeod systems. The quesi
of lifs may be thought of as an engoeing effort to appro-
priate energy o maintain the highly organized, but
exiremely delicate enayme systems which support me-
tabolism.

tions o fsnction at sulllciently low energy levels thai
ithe energy mnsformations do not disnapi the
delicaic and fragile structure requared for life. This is
sccomplished by eneymatic cainlyeis. Ensymes work
by organicing 1ife"s chemical reacianis, called sub-
strates [by binding and onenting them 1o increase tha
chances of fruitful molecular nteractions at lifc-sup-
parting lemperaiues) so that metabolic renciions can
proceed st koawer encrgy levels. Chemists refer to this
as lawering the activalion energy requinsd to initinte &
reaclicn,

Onee the reaction is completed, the substrute has
become the product, but the enzyme & unaliered. This
produces the common gencralized reaction for enzy-
matic catalysis:

E + 5 Enpyms¢-Substrale Complex «=E + P
(Where "E” i enzyme, “5 18 subiirale, and “F7 i
proaduct]

Carmivores and ungulsies (whese our inlesesd in
prodators and prey usually ceniers) ane both homeother-
mic species ErOUpL. Cummmlhr I shall assume

works ol @ given cfficiency of rate. That is, the raie af
which cach enzyme molecule attaches (o {or binds)
substrale, facilitates conversion io product, and releases
ihé product b consdant. Hence, unlets ihere id more
subsirate than ench encyme mobsciels can process, any
changes of substmile concentralion n an ensymatscally
caialyred reaction will change the ric of the reaction,
Put another way, unlil an encyme's “enviroament’ is
*snfurnied]’ with subsiraie, the mie of the resction il

catalyzes will ineresse wilh incresses in substrie con-
centraton

Becauze holding the amount af ensyme catalyz-
ing a reactbon constant and varying the amouni of sub-
strofe svailable o i) affects the mie of the reaction,
reaction rales are slow o very low subsirale concentra-
tiona. There are more enryme malecules avoilable than
subgirate molecules 1o convert to product. As the
ptsoial of suletrste s ncrescsd. more of the availabbs
enzyme modecules are supplied with subsirals and the
rale of the resction incresces. [ substrale concentration
is flarther increased, eventually coch enzyme molecular
will be “pubstrate-zaturnied, ™ nod the resction mte will
plateais a1 maxbnem velocity, Ensymologlsta eall ihis
mie, V. This veloeity will be linited only by the
inherent speed” of the enzyme itselll

Through the application of the Law of Mars
Action and mathematical manipulation, a fomula
defining the numesical constant describing the inherent
ability of an enzyme to work of standard conditkons can
be derived. [ shall aot o into the malhematical exer-
cize et 1i can be found in any elemeniury biochenls-
iy text. This constant, called the Michaelis-Menien
constant (K.} afler the biochemists who pionesred
enzyme kipelics, hns uniis of mbgimis concentration
and is, o5 a general mule, hallol W (Fig 1) liis
similar in concept o maximum sustainable vield being
half of carrying capacity in wildlife carrying capasity

Once there is envugh substrate that every en-
nyme malecale is lunctioning st WV, the mate af ress-
thimn can only be increased by incroaging the number off
eryme molecules. A plot of reaction mie o a function
of enzyme concentration when substrate is in excess is
Tepresented in Fig. 2.

Inn this sitaation, the mie of neaction can be con-
tralled by allening ihe elfiztive concentralion of e-
pyme. Adding more eneyme molecules icreases the
rate; reducing the number of functional enayme mole-
cules reduces the mte. Becanse it ks difficult 1o ake
enoryme molecules oul ol B reaction syslem, enzymaol-
ogists imterested in the kinetics of catnlysis (analogous
o population dynamics in wildlife biclogy} found ways
tor decreass the effective concentration of enryme with-
oul varying the sstual amounl of eneyme piggent. This
wai done throuph introducing substances called en-

Enzyme inhibitons come in two basic vaneties,
called “noscompetitive” and “competilive™ inhibatom.
MNoncompetitive inhibitor reduee elfective caryme
voncentmation by reversibly “tving up” the reactive
siies of individaal enryme modecules. Ohnee Buse reac-
tive giles are lied up, the eneyme no longer warks. [t is
functionnally “dead.™ Hence, tha effective concentriion
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is diminished; and the conversion of substrate to prod-
uct shows,

Competitive inhibitors skow the rate of reaction by
tempornnly binding enzyme active sites in a reversible
manner, The wilidlife immobiliziag agent, swocinyl
choline (uzed in early chemizal wildlife captuse) was a
competitive inhibitor of sors. 18 competed with the
reatural neural tranemitter, acetyl chaline, for enzymatic
"space” at neural receptor sites,  Acetyl and suscinyl
choling have the same chemical structure excepd thal
succinie acid i pwo carbon mobecules longer than the
neetie acid malacils in acetyl choling, S, succiny
choling was structurally similar enowgh that it attached
io nearotransmifter sites; it just didn"t work a5 a neuro-
transmitter. Hence, nerve (and muscle) function were
imterrupied and animals coubdn't use thear muscles antl
the succinyl choline was metabalined and nerves (and
muscles) renurned to normal, scetyl choline mediated.
funciion.

L

The kinetic mathematics of inhibitad enrymatic
systems have been well worked out in general, and for
many spesilic competitive and nonpompetilive cneyme
inhibitors, |suggest these kinctics may be relevand to
prodator-prey dynamics.

RESULTS

‘What Dogs This Have to do With Predator-Frey
Sysrems and Wildlife Management?

I wo think of erczyme systems as analogs of
arise. Lt us consider a simple wollimoose svalem a8 &
beginning  Remenyber that an enrvme modisies the mate
of a reaction without being permanently aliered. |
suggest we think of woll predation as an ensymatic
system where moose are the substrate, wolves ane the
enzyme, and the product is woll fooes. That is, wolves
muy be thought of ns catmlyzing the conversion of
mocse 1 woll scan

Predators must defecate 1o live, and they mes
o 30 reasonably frequenly, Hence, thoy must ba
prety good of killing prey and comventing if 1o fees
This means that unless predators are on the biter edge
of sinrvndion they will pretty much = pet theirs™ from a
prey population.

If wolves are, in fiacd, good at killing, eating, and
fecal production, it follows that, in enrymatic tecrms,
substrate (prey) is in effective excess as long as wolves
cominuc o prodoce moosc-generniod scats, Hence,
there is no reason to expoct moass ot low densities 1o
recover from woll predation without lowening the con-
version mie of moese 1o woll feces. [n ferms of our
more complicated, and mone alliierstively appealing
multipls equilibrium moded, mocss ane in a “predatar
piL”

Typically, the rate of conversson of mogse i
wolll scat will be a direes function of 1he number of
wolves [analogous 10 enryme molesules) catalveing the
conversion of moose to woll scat (Fig. 3. Furiber-
e, il we know substrale (mopse) concentration 15
not limiting the ability of wolves 1o convert them 1o
wolf seat, the “enzyme rate constant (KL, for walves,
and the conceniration of wolves, we will be able io
calculale the equilibrium direction and rale of moose
conversion o woll scat, 1 we know these things, and
can determing mooss concenirations, wollmoose dy-
mamics can be described,

We can debermine the “woll rats constant™ (K.
for wolves in two ways. [5we could find an ecosystem
where the concentration of moose limited the produc-
tion of moose-generated woll scat, and could cxperi-
mertally increase the concontration of moose until
moose-genernied woll scat production reached WV,



we coubd then read the concentration of moose (mooses
density) requined to produce half of maximem velocity
from Fig. 1. Maore practically, wo could stdy the
activity af “the eneyme” | waolves) directly 1o determine
their kill rate on moass becanse K i homologos 1o
this kill rate.

An eneymoleps woald consider definition of the
“enryme rabe constant” (K, moose predation raie e
wolves) basic to understanding the system, | sugpgest
pmmﬂimdﬂﬂuﬁmhm
approach in stodving woll kill mies.

The Management Issue

Once we assess the kineties for os wildlifers call
them, the dynamice) af a predator-prey sysiem and find
that mooss ane being converted o wolfl scat faster than
they are being produced, we may decide the equilibrium
should be ahifled o favor moode (substrae) conocnir.
tan, At that paint, the question of how to lower the
conversson of moose o woll scal becomes relovant.

From the above, il is obvious that decreasing ihe
numher of aciive enzyme sites is the only way o cause
a reduction in reaction rate. This can be done by redoe-
ing the number of eneyme malecules (wolf popalation
reduction) of making them less sffective through the
use of inhibitors, Diversionary feeding of predators
would be ong woy to do this, [duthor's nore: Alaska
Deparment of Fish and Game was considerimg diver-
sionary feeding of wolves and bears, using railroad-
killed maraze, iman efford o increase canibow herd nem-
bera im [nterior Alaska wien this prsay way weriten |

Within the framework of this discussaon, the
relevoni question relating io diversionary predaior
feeding is not, “Can we make more carthbon or moose
uging this methad™ Instead, il is, "13 carmion an effeg-
tive competitive inhibitor of wolf (or bear) catalysis of
caribou (or mopse) conversion from living animals to
woll or bear sear?™

In the same frame of reference, the questions
abbout socinlly acceptable methods of woll comtrol
should mod only address (he issue of whether the public
will tolerane them, but whether or not they will affect
the averall rate of prey conversion to wall product,
[Awihar s nare; Alarka Deparmmens of Fial ard CGoame i
o imvefed i aieplization of aimhe paies of wofeer in
i afferp fo fnereaie caribor ealf survtval i the Fort-
mile Caribow herd in [nterior Alaska, |

DISCUSSI0MN

Here it iz important that we not confuss “rae”™ and
“dvnamics” As developed above, "rate” s a function
of concentration, however “dynamics™ are the cumuda-

I7T

tive resulis of associated reaction “rates.” Obvioasly
managers are more mberested in “dynamics” than “mic”
because aliering the dymamice of the sysiem o prodoce
miore moost for human consumption i3 the raditional
mansgensent goal. To approach defining “dyiamics™
using “rabes,” | suggest solving a system of simulia-
neous equations describing the plots of Fig. | and Fip
2 (where the wollfmoose K, i 8 common conatant)
wiould be a begmning,

What About Resenrch MethodsT

As long as substrve is in excess, it 15 improcti-
cal to monilor disappearance of substrate as a measure
of the reaction rate. Tha ia, it is semantically (and
scientifically) mapproprinte for us to defing sur moni-
toring of the disappearnnce (a mte stsdy) of marked
mooss (or ofher substrates) as “predatos’prey” rescanch,
IT subsstrate is kn cxocss, moniloring its disappewance
wonld be conmectly térmead "prey” research,

If we are primarily interesied in prey rescarch,
pnd what we really want to know is the rate of rdic-
collared moose disappearance, moose mortality stsdics
are appropriate. Studics of this type serve premanly (o
confirm existing knowledpe. They demonstrate conclu-
gively that predators medinie (by accelerating) tho rocy-
cling of moose in the ccosysiem. However, studying
subsirate comversion whene substraie is ped limiting
cannd elucidate the dynamics of the system, it can only
document the e of prey disappearancs, When biolo-
gists engage in stodics of this type, they may alwo infer
the causs of disappearance (which predater did the
killing) from study of carcass remains. Oy on rare
ectasions i3 predation actually observed. Whithan this
frame of refercnoe, an cnnmalogist would ask:

1f woui e interested in dymrmica, why do you
study' (e disappedrases of mooss L méssiane i
conversion b woll s in svstems where vou
doni't think monse concentration sctaally limits
woll pracation. Wauld 1t net be better 10 study
wiltves and see howy often they sccomplish the
conversion, of allemately, why not study the
kinctecs of moosc-generaicd wolll scat nppesr-
amca? Adber all, how aflen doea o moose tam
Enier wol " scat in the shacncs of wolves!

[f this frame of reference is relevant (obviously | think
sa | wouldn't be writing this), we have inapproprisiely
labeled our research into predator-prey dynamics for as
long as | can remembeer us having identified it as sach.

Earlicr investigaiors studied predators more-or-
less separalcly from prey.  This approach was prodiss-
tive 1o the extent that it documenied the now-gbvious
fact that it &5 po problem for wolves 1o kil enough prey
to survive and thrive. This was not a rivial finding



becaise, at the beginaing of nkodem preadation shsdies,
the popular scicntific perception of predation (as a sori
ol biological toathbrush aking only "the wnfil™) was so
far froem reallity it was both necessary and expedient io
document the hagic fucts of life and death, [dwhar’s
mate: T Alaska this docwmentation was mone pecessary
Jor the seientlfic commiwnin thn ihe exprrienced Alas-
hrm,pl'HF:. Unforfunaiely, part of the credibility coat
Jiner borm in “comrvincing ourselves " bas been
huq.l"mptﬂﬁmhﬂu whr already knew i from em-
pirical observalion over long peviods. bt that ‘s another
-lmﬂ-'c-f
Cince an adequate data set demonstraged that
wilvis were ellicient predators without a compelling
aliruistic evolutionary mtionale driving their prey selec-
tion, research biologists decided to nddress the problem
al preduthon resesreh more Inclusdvely. They began s
think of predater-peey research sz a “systems analyeis”
problem, and attesnpied 1o describe the larger picture
{presumably with an eye iovwnrd managing ibe system),
In retrodpect, T sugpen predsioe-prey specialists
began to ask “systems-type” questions without making
appropriate changes in methodology. That is, they
began 1o ask "dynamics” quéstions based firsl on quali-
iative and then “mic” methodology, This methodology
had been effective in pewermg the most basig qoes-
fions relating to predabor biclogy, but wos exiremely
difficuli to “manmy” io svaiems analysis. As a resuls,
the data gathered didn't dircctly answer the questions
being askad. This ts not an anconumen sifeation s
rescarch questions become more complex. Meither is
imnique 1o wildlifs research. Nevenheless, we were
quite resoarceful in our effonts 10 mbonalize the dispar-
ity Bebwea what we hopad (o know amd what our
methodology revealed.  We urned 1o modeling
In an ci¥fort o make the daia oblained using
traditional, matural history=tvpe methodoldogy relevant
o the complex mansgement situslions nvolval, g-
scarchers purswod modeling. After all, weve all been
assured that maodeling is the way to identify strengths
and weaknesses in knowledge. Through expericnce, we
eventually discovered the obvious (within the tradi-
wonal wikdlife msans frame of reference]). that
manapers noed (o know how all the vanables in as
system will affect each other before they can, with
surety, predict an oulcome within the numow range of
probable results dermanded in programe as controver-
sial a3 woll control. This was not a partcalarly satisfy-
ing prospect because knowing how unpredictable syz-
tznag will react s smpossible. Stll, we kept of neodel-
ing, and owr models bacame incressingly sophisticaed,
These complex medels soon =0 dominant cur thinking.
that we began o focus mooe on their refinement than on
the management task af hand. The msull las been hal

our models have become 50 complex and esotoris that
they are beyond ithe reach of most manapers

I ghink this is risky for two reasons. First, mas-
ngemend is most often justified 1o the public and imple-
menied by area managemend biologigis.  These binlo-
sty are iypleally too basy with “real lile™ to Focos on
ithe esnteria details of models which, to date, have flane-
tioned primarily as research tools, Hence, managers
are often in o dilficull position when it comes 1o justify-
ing a manngement action denved from a rescarch
maodel. Az aresull, managers mury be more comforiable
managing on the basis of local knowledge ihon by ihe
uncerizin or probabiliny-defined model outpute. This is
particularly true when model outputs are based on
questionable, assumed, or extrapolated inputs

Second, the ephemeral noture of models imvales
criticizm fmm cthers. This i on inleresiing and per-
haps edifving excrcise for those who are “inio model-
ing,” but generates conflesion and endless debate
over alleged points of biokogy whach may not be vitally
relevant 1o ihe big picture. Public confuzion sompro-
it management clfectivencss, partcularly when it is
easy 1o find “expert wildlife scientists™ with campeting
wiews or philosophics who can always find something
1o critieize in o complex model.

What Docs All of This Mean?

Perhaps nodhing. However, 1 think it points to
seversl relevani questions abowl the way we plan o
conduct predator-prey receasch in the fufure. First, we
need to decide what questions we arc asking. and iden-
uify the most productive methodology 1o apply in ssok-
ing answers. 1 we really want to stody predator-prey
gyalenag, | dupggest iowill be productive (o nsove beydind
the standard methodology, which fociscs on neanate
mortality stadics. 17 we would undersiand “ihe sysicm”™
with an eye 1o regulating §L we et frst underunnd
“the predatory enzyme™ itself
Approprinte questiong nelude:

1. s prey asctually in cxeess to prodabor food re-

quircmcnis?

2, What ig the per usil rate of conversion of prey
o woll producis? What is K for woll comver-
gion of the species they wtilize?

3. What are the concentrations of “enzyme” (pred-
ators) and "substraze™ (prey)?

[dutkor’s mote: Alatka come close fo addresaing

iheze kineie dymomie pelationabip questions i thie
predator reduction progrants of the bae 19708 ard
early [980s This almasr happened ar we arhirarily
selected apecific predatar: prey ratios ax defined end
point of predotor reductions of thal period, How-
ever, onee chamges fn the political climmte pre-



cluded predoter reductions, research remained

the only predotor-related activity, and research

mrethodology reverted (o prey mortelity studies

(primarily among meomaies),

4, Whai can be done to decrease the rate of
conversionT

SUMMARY

Sociopolitical Fordes and & gyelenss-approsch
based on sdherence (o csiablished, but questionabiy
relevant, methodology have driven predator rescarch
eoward mercasingly cioteric modeh which have yetio
yicld & management bencfit. It might be productive i
returned to a simpler, generalized approach if we hope
io understand the pelual dynamics of prodaloe-prey
systems.  After all, concentrations of wolves and prey
and (he species-spiecific kill miss by wolves ana the
keys 1o undersmncing dynamics.

Additionally, il i3 important Tof us 10 conlimslly
remind ourselves of the impact our models have on oar
perceptions and how we convey them 1o oabers,  For
example, consider the well-wom lom, “predsior pis”
This tema attractively describes the bower level equilib-
ritmn predicted from spruce tree! nsect population
dynamics thot has boon applicd (or perhaps misapplicd)

1%

1o ungulaie’carnivore sysiems. In this case, cur termu-
nobogy affects public perception.

Our use of the term (and concept) of a “predatos
pit” {whsch has its basis in inseet fecundity) ivvites the
public po infer that pnce woll redoction has boosied o
nscse population fram "the pit,” no flarther reductions
in environmental resistance ane reguined to assun
moose (and wolf) abundamce, When we cause or allow
this 1o happen, we fail 10 remind everyvone Brvalved
maintenance of high moose abundanca requires contin-
uous kow environmental resistance, Hence, we should
not kead or allow the pablic to rssume that wolf control
i3 a "onc-shot” prOpOsEton.

When we alkow Facilitate public considertion of
complex thearctical models, the culiured skepticiem
about woll reductions will seire the nation that eavi-
ronmental resisiance (o which woll contrel 15 the mea-
Jor manageable compondnt) can be effectively assured
by intermaittent and infrequent wolf control. I so, the
public may resiit continnoss manipulation of predatos
populations on the assertion that “once in o while™ is
pdequate, Adopting a simplified modiel (the enmyme
kinctic mode], despite ite onfamilianity 1o wildlife bial-
opists, bs much less complicated than the multiple
equilibrium spruce’ insect modely would logically
priechude the opportunity for complicating enroaneous
asgumgeions of this ype.
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COMPARISON OF MARK-RESIGHT FOPULATION SIZE ESTIMATORS FOR BIGHORN SHEEP
IN ALFINE AND TIMBERED HABITATS
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Abstract: We conductod mark-resight ssrveya using 50 radio-callared bighorn sheep (Ohvis canadensiy) distibaled scross
three miercomnecied msbpopulations in the Kemosha snd Temrypsll Meoninine, Colorsds, Pqn.l.n‘unmu{hﬂm
Mouninins subunit was estimaied bassd on data from 2 helicopier lights using both the joint hypergeometric maimam

et estivmstor { JHIE) mnd Bowden's e imntor ia the NOREMARE: populition soe af the Tarryall Moussinins
subunil was estimatad besad oo dats froem 1 helicopter Hghls aeng JHE. We ahasrved el hetiieen the 2
estimators in the Kenosha Mountaing: populstion catimases (9% confidence imtervals) wane 97 (B7-1 15) using JHE snd
5 (B0 | 65 umcing Bhorvreny's estimator. [n the: Tarmyall Mountsins subunit, JHE provided & population estbmste of 148 (136
[543 The dilference i &ighling probability betwoen seves spproached stgmficancs (P = 0.074 and 0.013) with sighting
probabilities for marked ewes (0.9 and 1.0; n = 10) being greater than for marked rams (0.5 on both occasions; n = 6),
Sighting probabilitics did ool vary over ocessions in the Kanosha Mountains subunil (0,75 and 0.81) (P'= 0,67}, bul &d vary
in the Taryall Moontains subanit (0838, 0.32, 0.65) (P < 0.0001). 'We conclide that sighting probabilitics foe bighorn may
b similar owver sighting occssiomss in alpine and adjscent subalpine habitsls, bul may very widely i (Embered habitats,
Tocame Bowden's extimator alfows sighting probabititics 1o vary smong individuals and with fsctors like vepetstion cover,

we recommend s use i enatyring mark-resight data (0 estimate bighom sheep populations in timbered hahitats,
Keyworls: (Chis camadensin), populalion cetmation, mark-resight, sighting probabilities

Pepulntion size estimaies for bighom sheep vany
greatly in relinbility (Bailey, 1990). Bighom are nor-

mally found in steep, nigged termain that 15 ofben associ-

nied with limited human sccess (Geiel 1971, Asa
resull, bighomn censuscs are expensive and lime con-
suming. 1n addition, bighom sheep population extimas
tion kas ot received as much atention as foe desr and
elk. As » result, most bighomn herd estimates have
b baged on impressions (Bailey, 1990%, counts with
no sdjustments for sightability (Cook et al. 1990,
Bodie of al, 1950, Karasek ot al. 1997), and counts
with some standard adjustment (13.33%) (Skjonsherg
1988, George unpubl, data),

Recently, methods using marked bighom o
estimabe the proportion of populations that were
missed on helicopter surveys have been used to esti-
mais bighom populaticns. Thess methods have in-
chuded mark-resight surveys (Leslie and Douglas 1979,
1986, Remington and Welsh 1993, MNeal of al. 1993} in
desert and foothills habitats, and a sightability model
(Bodic ¢t al. 1995) for canyon habitats. Many bighom
herds in Coloredo are found in mountain habitais with
canopy cover where mark-reaight sarveys have not been

applicd and Bodie ef al, (1995) did not recommcnd
asing their sighiahdlity mode].

The bighom berd in the Kencsha and Tarmyall
bountaing uees both open and limbered habitsis
Histoncally, population eshmates have been based on
counts of sheep af hait sites, fickd pereons’ judgement,
and intermattent senimer proand counts b the Kenddhs
Mountnine  Becently, helicopier counte have been nosd
in the Kenosha subpopulation to obdain minimum
population numbers and were adjusted upward for a
population estimate of 100, Diring lhe sams tims
period, some field persons volced concem that populs-
tion size of the Tarryall subpopulations was overesti-
munied.

Conoumeni mdio-telemetry studics in the Feno-
sha and Tarmyall Mountains provided the opporiunity to
comduct mark-resight invenlories. Ohar obpectives wern
1o; 1) estimate bighorn population gize wsing mark-
resight surveys; 1) compare sighting probabilities of
marked bighom among sexes, sighting occasions and
subunis; and 3} compare 2 population estimators”
performance and complinece with their respective as-
fumplions.
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espacially Terry Sandmeier and Ron and Marshs Mur-
dock, made sheep capture go smoodhly with 8 minimum
of giress 1o the ghesp and hunean panicipants. Caplure
and radiocollars were pasd for with special sheep i-
cense nuction and mifle funds. The Colomdo Divigkon
of 'Wildlife contributed resowces for copiure and paid
for helicopier time.

ATUDY AREA

The study area was located in Park Coungy in
central Colorado (397 N, 105 W), We divided it o
2 subunits which incladed all known and sespecied
manges of 3 bighom subpopulations. The Kenosha
Mountning (KM) subunit was spproximately 65 ke’
and contabisd | subpopulation that ranged in the Ken-
osha and Plate River Mountadns, and M. Thrryall Peak
afca. Elevation ranged foom 2 3040 - 3800 m. Big-
horna were primarily found on alpime fmdm and on
mixed graas slopes inierspersed with bristlecons pine
(Fleriiy grisiato), Doogles fir (Preudotrigs menriesii),
ponderosa pine (Pinus ponderosa), Englemann spruce
(FPleea englemannii) aspen (Populur rermiloddes) and
rock outcrops, 'Willows (Selix spp.) and large stands
ol condfiers were used occasionally. Escape sover con-
sisted of rock outcrops that scldom exceeded 100 m in
wertical reliel.

The Tarryall Mountains (Th) subunrli, was
approximately 130 km', abutted the southcasiem
boundary of the KM, and contnined 2 bighom sub-

ions, Topographic relicl was greater than in the
KM, with cliffs and rock outcrops ofien exceeding 200
mi il vertizal feliel, Elevation ranged from 2400-3300
m. During March and April most bighorm wsed nixed
grass slopes interspersed with ponderosa pine, Douglas
fir, bristle cone pine and aspen, and riparian mesdows
along Tarryall Creek. Bighomn also used steep, broken
slopes with conifer cover approaching 50%. Alpine
tandra and dense stands of Douglas fir and Englenann

spruce received Linte wse n winter snd early sprimg.
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METHODS

We caplured bighoms in the TH and KM with
drop-nets or by immobibization with carfentam] deliv-
ered by @ dart gun. On ong oocasion we umed helicopler
nei gunning io capiure sheep in the TM. Copiure oc-
curmed on multiple dates, during Wovember = Febmuary
199 1-95, al 3 separmie siics i an effort io deposes
marked sheep throughowt the study aren. Bighoms
vweere agesd. sexed, lithed with melicoollars amd released
Each collar had & ualque mdio frequency ki the mnge
148-149 MHz and, in the KM, cach collar was uni-
guely marked for visual identificalion from a helicop-
ter. Fifty marked bighom (34 nduli ewes in the TM
and |0 sdult ewes pnd 6 adult rams in the KM) were
used in mark-resight sarveys.

We conducted 3 helicopeer resight surveys dur-
ing lale March and carly Aprt, 1995, Thes time was
chosen becsuse highoms concentruied in open Aress
(olpue tundra, scuth-facing slopes end meadowa), they
wane more reluciant o gee timbersd sreas 1o avobd e
hehcopler (Gearge and Mason, unpobl. dota) and the
wrlses] parturition dades wese af lenst | monih lader (5.
Roush, pers. commun). Bigham range in the entire
etudy srea was searehed on the firet 2 flighee, but diss 1o
flight time restrictions and weather, only the TM was
courted on the third flight, Surveys were geparsted by
i least 5 days bo munimize effects on bighom sighi-
ability on following surveys and io mduce siress on the
aninsals

To minimize differences between surveys, the
same helicopter (Bell 47 Soloy), pilet and primary
ohserver wers used on all Mights. However, the see-
vadary obscrver vanad. When a group of bighom was
sparted, the kecation was noted, and the animals were
followed, counted, and scrutinized for marks. [n the
KM, marked bighom were individually identified.
Afterward, the helicoper retumed 1o the previous fight
path. Immsedistely aftér each survey, all marked big-
hiom were located from the groand with telemetry e-
wedvers 1o confirm that they were alive and within the
sfushy arca.

Popilateon sizes in bolh subpopulations were
(JHE}, ns recommended fior mountain sheep by Meal et
al. (1993), using the program NOREMARK (White
1993, 1996). In addition, individually identifiable
marks in the KM allowed population size estimation
wilh ihe Bowden's estimalor (Bowden and Eufeld,
1993) in NOREMARK. We used the Chi-square
statistic o test for differences in mean sighting proba-
biilicies



RESULTS

There wis close agreement between the JHE and
Bowden's astimator in the Kenogha Mountaing (Tables
| and Z). Populatson estimaies (%% confidence inter-
valg) wero 97 (B7-1135) using JHE and 96 (B0-1 1)
using Bowden's catimator. The 90 confidence inter-
\-ﬂwuiﬁg}ﬂrmﬂ: for JTHE than for Bowden's
estimmbor, buf both were less than + 21%.

Ins the TM, the JHE provided a population esti-
maie of 148 (136-164) (Table 3). The confidence
imierval was gmaller (<& 1 1%G) than ke sonfldence
imervals for the KM's population extimates.

Sighting probabilities af marked swes (0.9 and
1.0} were greater than sighting probabilities for marked
rams (0,5 on both Mights) (x'=3.2; df=1; P= 0,074 and
1'=6.154; df=1; P = 0.013) in the KM (Table 4). Duta
was not poaled bacause the same bigham wers inval-
vid in both flights.

In ihe KM, ench af the 10 marked ewes wag scen
af beast once and 9 were seen on both Nights, On 30
Muorch, pnly ewe *5° was missed Oa § April all 10
mnrked cwes were soon

Twa marked rame were 3260 oa both Mights, 2
were soen on | fMight, and 2 were not seen on either
Might. Om 30 Morch, rams "X", “F", and “P* werg
obscrved. On 3 April, rams "X, "F", and "* wae
obterved. Fams "H® and K" were not obeerved on
aither MHigh.

The propartion of marked bighom seen did not
vary over flights in the KM (0.75 and 081} (F= 0,67,
bust did vary significanily in the T™ (D.£8, 032, 0,645
(P = 0,000} (Table 5).

DISCUSSION

Population Size Exthmates

In the KM, population catimales from the JHE
and Bowden's catinaton (97 and 96) were cloge to the
prior populstion estimate of 100, The prior estinale
was obtmined from helicopter counts adjusted upward
approximately 20%% based on "professional judge-
ment * Skjonsberg {15968y also adjusied fll-winter
heficopter counts in alpine terrain 10 sccount for a high
propartion of the bighorn that were present. He used
mmwdndjumu[l:m Lo estimate population
size. Sighting probabilities in the KM support the
Judgement thal from 75-85% of bighom ane counted on
helicopter counts in alpine and sdjacent subalping
habitats during winter or early spring.

The som estimate for the TM providad by
the JHE (148) was approximadely 40% lower than the
previows estimate of 250, and similar to the mingmam
number of sheep observed in ihe subumit that winter

(136) (). Vayhinger, pers. commun. ), The previoos
eatimate wiss based an counts ot bail sites and profes-
sional judgement. The JTHE mark-resight popalation
estemnte may have undercatimated the TM subpopu-
Intion becawse only ewes were marked. [7 sighting
probabilities fior rams was lower than for ewes in the
TM as we observed in the KM, the mm portion of the
T popilation nay have been underestimnted, Heow-
ever, it i8 doubtful that the ram underestimate woald
sccount for the emtire 40%, difference.

Sighting Probabilities

There is litlle published information on sighting
probabilitizs for bighorns. Conssquently, sighting
probahilitics ohserved in this study area can be com-
pared 1o only 2 other studies. The mean sighting prob-
ability for marked ewes of (L6] in the TM was similas
by thoss obscrved for marked ewes by Meéal ¢ al,
{15593) (0_58) and Bodie ot al. (1993 (0.57). The
mean sighting probabality for marked ewes of 0,95 in
the KM was higher than has been reponed,

The sighting of ewes were
than for ams in the KM, Bodic ct al. {1995) observed
the opposite relaticnship in Idabo with sightability For
mams being greater than fior cwes, These suibors ob-
gerved that rums were more Likely 1o use habitats with
preader visibility (Miats and open slopes), whereas cwes
used habitats with less visibility near escape cover

Wi observed that mmy were more likely to be
near conifers and aspens than cwes which may have
nided rams in avoiding detection, Rams also used &
cape cover than ewes. Consequenily, identifving seanch
arcas was boss prediciable for mma than for cwes. In
the KM, mums were hunded, bul ewes wire aol. Thus,
rams oy be more likely (o use timber 1o avoid detec-
tion by hunters.

Wenther muy have affected sighting raies in the
T mecwre tham in the KM, The propartions of marked
bighom observed in the TH (088, 032, and (L65)
were significantly lower and more vanable than in the
KM. The beat conditions occurred on 30 March and
corresponded 1o the highest sighting rate in the TM.
There was 100%% snow cover that was less than 24
hawrs old daring mest of the survey, light winds, and
panly cloudy skies. The poorest conditions aocurmed
on 5 Apnl; the same date s the bowest sighting mie in
the TM. Spow cover wae bese than 5004 with winds
gisdangy 1o S0 kph, and flat Light,

Diher laclors may have sontributed to the viri-
ability among and within subunits. In the KM, we had
predetermined the mogt cffective Might plan for couni-
g bighom firom 5 previpus helicopier bighom coumts



Tabla 1. Mark-resighl population esbmate statislics (rom halicopter counts ﬂtﬁlﬂmﬂﬂphﬂﬂm
Wountsins, Colerade, 1885,

Ha. [ Linggin-
Daté o, Marked barkad Obasrsad Ma. Unmarksd Obsanad Patpssan Esbmata
30 Mar 18 12 -] Ga4
Bpr 18 13 a4 g7
Pop. esfimate (90% Cl) B7 {87 - 115]

Tabée Z, Mark-resight population esBmate statishcs for Bowden's esBmator from helicopter counts of
bighomm shaep in the Kendsha Mountains, Colorado, 1985,

o marked 15
S unmarked observed 127
Mo marked obasroed 25 (2 ahsap obasrved 0 S, 3 shesp observed 1 me, 11

sheep observed 2 tmes. )
PopulnSan estmate (0% CT)08 (B0 - 118)

Table 3. Mark-resight population esBimate statisics from helicopter counts of bighom sheep in the Tarryall
Mountains, Colorado, 1995,

Mo, Mo, Lincoin-
Dinde Mo, Marked Marived Crpasnved Mo Unmarked Obsened Petarsen Estimatn
30 Mar 34 o 41 1358
5 Apr 34 11 Ak 1623
2 Apr 34 2z a5 168313
Pap. sasemats (00% CI) 148 (138 - 164}

Table 4. Sighting probabiliies of marked bighom rams and ewes in the Kenosha Mountains, Colorado,
1995, Pvalus is a test of equal sighting probabiifies of rams and ewes,

Mo, Masksd ho. MarkedObeernved SighfngProbabiiy
Darta Ram Ew Ry Ews Ram Ewa L

30 Mar - 10 3 a 05 og 0.074
5apr 8 10 3 10 035 10 0013

Tabla 5. Skghting probabdfties of marked bighom sheap in the Kentsha and Tarmyall Mauntaing, Colarada,
1285, Pvalues are a test of equal sighing probabilies across sighting occasiom.

LocatonTiate Mo, M N, MaskedCbearved Lyghhngitrakandty [
Hancaha Mountaing

30 Mas 18 12 oS

B Apr 18 13 L] 067
Tarryall Mountains

30 Mar 2 an 0.88

5 Ap - 11 032 <. 0001

12 Ape - 22 065
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dusring e 2 preceding yoars, However, in the T,
complete helicopter counts had nat occumed pricr 1o
this study, 30 8 firm fight plan had nog boen estab-
lished, Observer bins moy have comnbuted consider-
in thad the secondary observer chamged between Mights
and tha primary obeerver was mone fhmiliar with the
KM study area.

Estimator Comparison

We observed close sgprecment between popuka-
tion cstimaies provided by the THE and Bowder's
cefimators in the KM, They vaned by approscimately
1% and were larger than the mintmum namber of
sheep known to be in the subpopulation.  Bowden's
W confidence micrval was 283 larger thian, but
overinpped and included, the THE's.

Bath estimators have requdrements and asswmp-
tioms that must be met (o estimate population mombers
wilhout bias and with goosd precision. The JHE esti-
malor is basad on the Lincoln-Petersen estimator which
requires thai: 1) the popualation is elmed geopgraphi-
cally and demographically; 2) andmals must nol lose
marks; 3) all marked animals are commectly idemificd,
counted and recorded and 4) all snimals (marked and
wnmarked) must have the same, independent probabil-
ity of being vighied during individual sighting acea-
sions (Owia ot al. [97H).

We believe that tha firet 3 sssumptions of the
JHE estimalor were éotiplelely mcl, bt the fousih was
not. Relocations of marked bighorn afier each flight
confimmed that all remained in the study area and no
murks were logt W beliove that all marked bighorm
were commectly identified, counted and recorded. How-
ever, the dilference in sighting probabilitics between
sexcs and subunits indicate that all animals did not
have the same probability of being sighted. Neal ¢t al
(1993 and White (19%3) found that cstimaied confi-
dence covermpe for the JHE was too small iff sighting
probabilides varbed, bar estimates wene relatively unbi-
ased.

Marked animals should be representative of the
population, We coptured bighoms in the KM during
the breeding scason to minimize differences in captre
probabilitics hetwoen sexes. Although | bait site wag
used, we dropped the net on 2 different groups of big-
horn and daried on a third cccasion, Observations
indicated that marked sheep dispersed throughout the
EM and few groaps were observed without at beast |
markad shecp. Howgver, we avosdod placing mdso-
collars on lamba snd yearling mes, so the assumpion
of a representative sample wos not met completely. We
believe that sighting probabilities for lambs and vear-
ling rams were simalar 10 the ewes that they aooocinied
with.

ke

Unlike the JHE, Bowden's estimator allows
sighling probabilitics o vary among individuals and
van depend on such faciors as group size ond vegoia-
tion cover (Bowden and Kufeld 1995), I1is casy io
cabculsic and docs not requine independent population
sighting trials o even sepamie population sighling
trinls. The procodure docs requine: 1) nnimaks mast be
muarked so they ore individually identifisble; 2) the
number of fmes each marked animal s stghied s e
corded withouwt error, 3) the sumber of aamarked ani-
mals & roconded without crmor, 4) the sighting process
iz independent of the mark status of the aninal, and 5)
animals are sclectod for marking ina manner equives
lent to selecting a simple mendom semple

The fiest 4 requirements ol the Bowden's extima-
tor were met bnothe B, bt the fifikh was nat come-
pletely met.  Animals wene isdividually identifiable and
we believe that marks didd mof affect sighting peohahbaki-
ties. As described above, we attempied (o obinin o
requiremsent of oqual capturs probabilities was not met
completely, The effiact on population estimates and
associnted confidence intervals is unknown, becase
the bias from this vislation is o function of how Boa-
represemtative the sample is of the population.

CONCLUSIONS
Sighting probabalitics for bighom on helicopser

cengus may be similar over sighting secaziong in alpine
aiie] adjacent halatais, bt may vasy widely i bmbered
habitats. Sighting probabilities also varied between
SCNEE,

The reliability of bighom population estimales
can be improved by using marked animals in mark-
reaight invenlorics and by measuring sighting probakbal-
ies. Bowden's estimaior i3 recommended over the
JHE estimanor bocause it allows sighting probabilities
to vary among individuals.  Although complete compli-
nance with astumgdsons is difficull, mark-résight esti-
mascs and associatod sighting probabilities allow man-
agers (o base population estimates on Agorously est-
minted parsmeters miber than judgement alone. Al
though professional judgement is often supported by
ohserved data, ngomoasly estimated values ane more
defendable and relinble, with their confidence intervals
providing measares of procision.

We rectmaiend thal neanagers bake alvanlage of
siusisons where bighom populations will be smdied
using radio-telometry collars and plan (o include mark-
resight population serveve. 18 is inexpensive to attach
idividually identifisble marks to radiccallars.  The
only additkenal expence will be for helkoopier and per-
sonncl tmse f0 conduct resaghl surveys.
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AN ANALYSIS OF POTENTIAL FACTORS RESFONSIBLE FOR THE DECLINE IN
BIGHORNS IN THE TOM MINER BASIN

KRISTIN LEGG, Biology Department, Montana State University, Boseman, MT 59717
LYHNH B IRBY, Bialoyy Department, Montana Stae University, Bozeman, MT 59717
TOM LEMPEE, Mantsna Depanment of Fish, Wildlife, and Pasks, Livingston, MT 59047

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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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 :
1000 — > ; : '
= BOO ] *
ik
g
=
E aon -
]
i ADD —pecvuee e
n - .
1975 ]5'9'! 1892 1953
Year

Bl Fixed-wing Aerial Survey [l Helicopter Survey

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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SEASONAL MOVEMENTS AND HARITAT USE OF THE HIGHLAND/FIONEER MOUNTAINS
BIGHORN SHEEPF HERD OF SOUTHWEST MONTANA

WILLIAM I. SEMMENS, Biology Department, Montama State University, Bozeman, MT 59717

Abstract; A siady of Rocky Mousnilan bighomn sheep (Ohis conadeneis canadensin) within the Highland and Pioness
hMountains was conducied on a seasonal basis duning 1994, Data were oollected relsied to sex and age structure, home
ranpges, population estimate, fsod hehaty, snd possible competition with muls deer (Cdoeoilers hemisnue) andfor caltle
Winler and simmer home ranges for 3 subpopulabions wene asscssed with iclemelry data from 36 radio-collared cwves
Home ranges ranged rom 640 o 3297 ko', Sex and ege composition were determined from 5,985 observalions of
mbrvidiaal shoop (mchaded rilisple oheervatsons of he same anmmal ), resilting m 1994 menn lambewe end mmewe mtios
nl'ﬂﬁl-nblmildrmpﬂ1lxlwu Fending site, fecal, and nemwen analysis showed that gramdnotds were e

dormsnant vegelation cliss i ke dict of highorn sheep dunng all seasona. However, fealding site analysis showed that s
palutabde fortrs bocame shundant during the sarng and early semmer©, shoop increased intake of focbs, Mule deer and highom
shivy diets during the wiser showed dissimilarities, with bighomn sheep consuming maore {F < (L05) gramanoids then mule
deer. The summer decls of Tighormn shesp and caitle were similar in forb and shanib content, i catile consumed mon (P
= 0,05} graminoids than bighom sheep. Catibe and sheep maintained spatial separation in summer. This sudy descnibsod
seasonal movernents and habiiat e of ihe Highland/Pioneer mountaing bighorn sheep hend immediately price 1o a dic-off
airiusal 1o & sheep proumons comples. Approstmataly 90% of the pepulaiion disd between Dooomber 1994 amd blarch
105

The native herd of Rocky Mountain bighom 1974} In the mid-1980s, the Highlands bighom sheep
shesp (Chiy canadensis canadensis) that onginally hend haad becoms one of the premicre berds in the
inhabited the Highland Moantaine area south of Butte,  United States for trophy reme, with many rons reach-
Montana, was exturpatod in the casly 1900 (Cowcy ing trophy statas by 4 vears of age. From 1983-1993,
mnel Schallenberger 1971} In the late 19608, 51 big- 24 rams taken by hunters in Hunting District 340 (HD
hom sheep wene nelocated to the Camp Creck aea 340) made the Boone and Crockett record book (minl-
within the Highland Mountains complex via 2 trans- mum soome = [E0) (Rarwaski 1994), Included in these
plants firom the San River bighom sheep berd of north= — trophy rams is-a dead ram found by Jack Aacheson, Jr.

central Moetana, The tranaplams occurred in 1967 in 1992 that scored 203 378 and ranked #2 in Montana
mnd 1965 with 21 and 30 sheep, respectively, and &5 in the workd (Rencau and Rensau 1993,
Im the earty 19702, bighom sheep began expand- This stady was developad 1o document the status

ing their mnge, branching out from the Camp Creck of the HighlondPioneer Mouninins bighom shoep herd
arca in both north and nerthwesiesly dissctions. The using the following objectives: (1) determing the sex

sheep population continuad to cxpand {ts mnge and age structune of the herd; (1) document the seasonal
throughout the 19702 and B0z farming 3 subpopis- ranges of the 3 primary segments ol bighom sheep; (3)
lations present ioday. Choe subpopulation remnins in estimate the population size; (4) docament fisod habds

the Camp Creek arca; the second subpopulation setiled  of bighorn sheep by ssason; and (3) delinests the de-
north of Camp Crock in the Moose Creek arew; and the  gree of overlap of range uee among mule deer and
third subpopulation setiled in the Maiden Rock ares of  bighom sheep, snd between livestock and bighom

the East Pioncer Mountnins (Weignnd 1994). The 3 sheep. This repon covers monitoning cffons in 1994
subpopulations will be relermed 1o as Camp Creek ard &5 & contiaation of the study by Wegand (1994},
Subpopulstion (DOC5), Moos: Creck Subpopulation I wigh 1o acknowladpe the Barean of Land Man-
(MCE), and East Ploncer Mountaine Subpopulation agement, Montana Department of Fish, Wildlife and
(EPMS). Parks {MDPFWP), the Foundation for Moah Amernican

By the carly 1970 the bighomn shetp population  Wild Sheep, and Alcheson's Taxidermy of Butle, Mon-
i the Highland Pionccr mountains had grown o a size  (ana, for Funding this siudy.
that allowed limited hunting opponamites (Janscn
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STUDY AREA

The sody arca was located south of Butie,
Momtana in the Highland and Pioneer mountaing. The
boundsrics of Hunting District (HD)Y 340 (MDFWP

Legal Descriptions 1994), within MDEFWP's Fegion 3,

also served as the boundaries for the study unit. Big-
horn sheep have been documented 1o cocupy approxi-
mately 400 km'of the 2335 km? of land area that lies
within HID 340,

The study area was divided inio esst and west
sides by Interatate 15, The east side of the study arca
was made up of ke Highland Mounesin Range and

adjacent southwesiern foothills. The wesd side of the
study ares was comprised of the East Pioneer Mowan-
tnins. Bluschunch wheatprace (Agropyron gpiomim),
carllzal mountamn mahopany (Cercocarpus legifolig),
big sapgebrush (Artemicio (hdentara), and Douglas-fis
(Prendpiruga menziesi) were the dominand grass,
shrubs, and tree of the study arca, respectively, Elevas
tions of the study &rea ranged frons 1580 m o 3110 m,
Land uses included mining and ranching.

Climate
The climade of the study arca was semi-and, char-
acteristic of southwestern Montana. Figures | and 2

Figuwre 1.  Compansars of e 1684 mean monthly lemperaiunes wersus the 30-year mean monthly iIempenstunes af e
ana

Figure 2. Compasisons of 1534 MEan monihly precyWiaion vels versus the 30-year mean monihly preciplation levess

of M sludy ares



represent the mean monthly 1994 tempentare and
precipitation oampared to the 30-year mean noomal
iemperatune and precipitation (LS. Diepartment of
Commerce 1995). Weather dota were collected at the
Unbed Seates Westher Buresw Suation st approosdmately
1,650 m bn elevation aear Divids, Montona, Iscated on
ihe narthem boundary of the study area. The winber of
1994 was very mild throughoust the shady ares,
Droughi conditions prevailed during the months of
Augusi-Sepiember. October and November had greader
amounts of precipitabion than normal, and severs
weather continued into the winier al 1995,

METHODS

Relocations of 36 midio-colluned ewes were
obtained ussng radio ielemetry from  ground and air,
Mo mmg were mdio-collared during ithe study. Some
uncodlared bighom aheep were individually identifi-
oble by pecublar markings, mainly plrveical abposmeali-
ties {L.e. scars, broken or deformed homs, etc.)
Cirownd sightzngs and mden relocations were obtained
using & Teloncs reocd ver (frequency mage 130, 000-
154000}, a kandheld H-antenns, 1030 binsculars,
ond a 2ix spotibng scope. Acsial rolocalbons were
made using a Piper Super Cub with a retractable bot-
tom mounted, dircctional J-clement Yagl antenma.

Home mages, sex and age structure, ind popula-
tion estmaies wore determinad using the relocation
data. Cut=0ff dates between swmmer and winter ranges
wore determined when al loast 509 of the mdio-col-
lared ewes had relocated to the semmer and winter sore
arcas documented by Weigand (1994} Home mnges
were delermined uging the program Cafhome (Kie et al,
1954). Populsion cxtimaes were made by analyring
the numiber of sheep observed during 19 flights in
1954,

Food Habits

Feeding site data wene obtained by obesrving
feeding bighom theep for a time period of no less than
10 dmates, Thén the feeding sile waos approached o
collect data. Diata were collected using the method
described by Frisina (1974), where one blie was con-
sidered 1o designaie an instance of wse per plant. In-
slances of wse were placed inlo ane af four calegones,

forba, shrubs, or irees.  Seasonal nstinces
of use were iotaled and analyeed 1o defermine food
habits on 8 scasonal basis,

Foaty composite fecal samphes (10 per seascn)
from bighorn sheep were sent to the AAFABR Compogi-
ton Analysis Laboratory in Fort Collms, Colomdo o
be classified by microhistological analysis. Whenever

aT

possible, fresh fecal sammples from at least 10 diffesent
animals were combined to make wp | composile sam-
ple. The samples wern placed in paper bags and oven-
drisd ot 517 C for a period of 24 hours. Aler drying,
individies] pelleds were madoanly selected fom papes
hage wntil ppproximstely 10 grams of pelbets wens
oblained. This sub-sample was senl b be analyzed.

A list of the |94 bighom sheep permit holders
for HD 340 was obuined, and a letter was sent 1o cach
permil holder requesting that he or she save the rumen
for analysts upon harvesting a bighom sheep. A lotal
of Tl letters were seni, Approximaiely | liler of rumen
content from cach sample was placad ina | lier jor and
filled with 10% bullered formalin solution to preserve
the specimen unill the food habii annlvaks was per-
formed  Rumen coniente were examined ai the
MDFWP Wildhife Laboratory in Bozeman, Montana.

Deetermination of food habits by rumen analysis
wit accomplished using the point-frame method de-
scribed by Chamend and Box (1964). Plan frgments
were identificd to plant type or specics with the aid of o
Tx30 dissecting scope and the plant specimsen Hibrary st
ihe MEFWT Wildlife lnbormory in Borcman, Mon-
fana

Interspecific Helationehipy

Locations were reconded for bighom sheep and
other wild and domestie ungulsies o determine the
extent of range overlap. Distance fhom observed elk
(Cervus elaphus), mole deer (Dalocoifees hemiom),
moundnin goats (Creamnes amerfcanns), pronghoms
(Antilocarpra americana), catile, and domestic sheep
to bighom sheep were reconded during each season.
Distnnces were placed in | of 5 categorica (0-10, 11-
50, 51-200, 20 -500, and >300 m) fior analysis, An
observation was only recordad when amother ungulase
species. regardiess of the number of individuals pres-
enl, could be seen wn the same Geld of view as bighom

Comparisons of mule deer and bighom sheep
dhiets were made by fecal analysis during the winter.
Five compidabe focal samples were collogiod from mials
dier wiing areas in close proximity 1o bighom sheep,
The mulde desr camposite fecal samples were prepared
and analvzed in the same manner as the composite fecal
samiples of bigharn shoop,

Cattle and bighom shesp dists were compared
durng summer by feeding site analysis. Four feeding
silc panlyscs wore completed for canle within grazing
allctments on public lands kecated i arcas of bigham
shoep use. Canle feeding site analysis wos executed in
the same maoiter a3 bighem sheep feeding sate analysis.



Differences in desr-shotp and catllc-sheep dicls
were identified oxing mudtiple -esty for forage class
mnd semson, Arcas of use (I, Adge tops. open mead-
OWE, movement paticrns) were aleo aken into consider-
ation.

RESULTS

Sex amd Age composition

Betwesn | January and 31 December 1994,
8,285 observations of individual bighom sheep {in-
tluded multiple obgervations of the same animal) were
made, Of these obscrvations, 4,006 were made during
19 flights, and the remaining 4, 189 abservations were
made during ground censuses.  Attempds were made io
¢lagsify bighom sheop nge and =ox composition during
cach survey, but 2304 observations of shecp were not
classified due 1o weather conditions, darkness, or dis-
lanes

The populathon age stracture was eslimated at
3, 35, 53, and 51 lambs per 104 ewes for winter {Jan=
Mar), sprimg (Apr-Jien), summer (Jal-Sep), and (bl
{Ohca-Dec), respectively, Sex stnuciere wos estimnted a1
53, 67, 40 and 50 rams per 100 ewes during winger,
spring. summer, and fall, respectively

Homie Ranges

Home ranges were calouladed anly for ewe-lamb
groups becauss these wero the only groups that con-
tabned murked animals which could be consistently
refocated. Matare mm groups were sepregnted from
awe-lamb groups during most of the year and sparadic
observations of mature rams groeps did not define
potitive home range boundary for these ammals,

Ewe-lamb groups in the CCS wene migratory
ranges. Summer homes mnge dates were from 10 May
10 6 Detober, while the winter home ranges wire oo

pied fram 7 Cetober to 9 Moy, These dates were alsa
arbitrarily applied to the EPMS and MCS, even though
ihese subpopulations were not considered to be migr-
tory. Home range sizes ranged from 6.4 km' 10 32.9
km’ {Tahle 1). Home mnge boundaries were deter.
mined wsing the 93% minimem comvex polygon
mecthod (Figure 3]

Estimation

The population iss was cstimabed from (he 19
Nights taken during 1994 A mark-recapture populs-
tion estimation was not esed becanss the assumption
thast all amimale had an equal chance of being sighted
was violatod, Radio-collansd ewes were used bo locals
bighom shesp groups, thus binsing the number ob-
served 1o the sheep within the marked growps and no
unamibiiguoasly marked mm groups were availshlz

As an alicrmative, a population estimabe was
npplied based on mininmem number knoan alive (o
csiimaie the population. The kighesi number of sheop
observed during a single flight was 321 on 8 April,
1994. Bocauisc rams and cwes remained segregatod
fior moet of the year this was not considered 10 be an
aocurate cstimate of the mindmam mumber of sheep
kncwm alive. A mone nccurnie sstimaie of the mini-
i munber known alive was obtained by summing
the highest mumbser of mature mms and the hdgles
number in ewe-lamb groups, even though they oocured
on different Mights. The greatest mumber of matue
rams (32) was observed on an B Apnl Might, while the
highest number of evwe and |amibs (243) was observed
on 22 July, This gives sn minimum number known
alive of 324,

Averape sizes of ewe=lnmb and mm groups were
smmanzed to debermang the lime af year whén maxi-
i growp siee occurred (Figare 43, The masimuam
ewe-lamb group sizes occurred during the winter
monihg, while spring 1o carly smmer observations
showead thal mms wese conpregated in Larger groups,

Table 1. Numbser of relocaBons () and land area (km?) of summer and winter home ranges for the East
Pionear Mouniain (EPME), Moosa Creek (MCE), and Camp Cresk (CCE) subpopulations.

SUMMER

BUBPOFLULATION n

EFMS
MCH 52
LGa @1

N3
6.4

45
146

285
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Figure 4. Ayverads Qroups size for svwe-lamiD and am grous a5 desermined froem 19 Mighis 1aken during 1854

Foud Habits consumed during each scazon of the year, while trees
Seasonal food hablis of bighom sheep were were the least consumed. Inmtake of shrubs and forbs

determingd from 51 feeding sites, 40 composile fecal vanied amon g scasons and with the type of analysis.

samples, and 32 rumen samples. Scasonol percentnges Forbs were consumed mone than shirabs daring the

of the diet based on the graminoids, forbg, shrubs, and  spring and summer acconding 1o the foeding gite analy-

troce are shown in Table 3 ey, bat forbs were anly dominant over shruba during
Graminoids were the dominant forage class the summier months using the fecal analyss,

EL



Table 2. Perconiage of seasonal dists of bghorn shoop as delarmined by 3 methods of analysis.

FEEDNNG BITE FECAL RUMEN

Wintw  Sping Summer  Fal Winter  Sgeing  SBumnmer Fall Fall
GRAMINDIDES m2 BE 7 izl - ) 51.0 0.5 - K] 28 Qo0
FO®BE 50 303 204 ' B s T L] B3
SHRUBS 144 a8 T MG 4232 108 78 413 1.4
TREES oo oo oo 0 1] 13 LB | a2 03
LNERGWH 1.5 (ali] o a1 1% ] 1 1] [ %

Interspecific Helationships Drices based on fecal anolyses of mule deer ond

Observations indicated that mule deer, domies-
tiz shoep, and cartle had the gresest depres of spalial
overlsp with bighom sheep. Mule deer range over-
kapped with bighom sheep ranjge most Frequently dur-
ing the winter. Bighom sheep uied agricultural arcas
that supported domestic sheep moat aften during the
fall. DHet overlap of domestic sheep and bighom sheep
was not determingd because domeslic sheep were kepd
on private lands and fed in hay flelds. Canile use of
bigharn shecp range oocurmed most often during sum-
mer on public land grazing allotments.

bighoem sheep differed in winter (P <0.05). Mule deer
ingesicd fewer graminoids than sheep (P < 0.05), bt
no gignificant differences were identified for shrubs,
forbs, or tress (Figare 51

Data collected af feeding sites indicaded that
caltle ingested a higher proportion (P < 0.05) of
graminoids than bighom cheep during summer (Figure
&), No differcnces in use of forbs, shrabs, or mees were
indicwied. Cattle usedd areas of epen graseland mead-
owa near water, while bighorn shocp used the ndges
during samemer,

MMULE DEER (n=5)
EBIGHORN SHEEP (n = 10) |

PERCENT LS

B 8 & B B ¢

-
(=]

= ]

Figure 5. Diet similarfes bised on composta fecal snalyess of bighom sheep and mule desr durng the wanter of 1094,
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DISCUSSION

The 1967 and 1969 trenaplanis otaling 51 big-
bom sheep from (he Sen Biver herd into the Highland
Mountains wene highly successful, Since these 2 trans-
plants, the HighlandPioneer Moontnin bighom sheep
herd has expanded it rnge from the intreduction point
in the Camp Creek anea (o a region covering appross
matcly 4040 km' while increasing in population size
frowm 51 1o almost 4040 animals (Weignnd 1994) in g 25
year span.

It has been shown that reproduciion n rmis
nanis, mcluding bighom sheep, docrcases as the popu-
lutson density imcreases (Oeist 1971) The sex and ape
structuse of the Highland Pronecr Mountain bighom
sheep herd indicabe that this herd may have reached o
population density ligh enough to redusce bend fecun-
dity, Lamb:ewe ratios of S0 lambg per 100 ewes ane
considered adequaie 1o support a population increase
{Lawson and Johnson 1982, Geist 1971} The 1994
winer lamb:ewe mtio of 30 lenbs per 100 cwes with
the Highland'Pioneer herd does not indicate an increas-
ing population. However, the relatively young ages off
ramd bn the Highland' Pioncer hend a8 maturnity and
death moy indicase an exponding population. Geist
(1971) sugpested that in declining or sable populs-
tions most adulis die in excess of 10 years. Hom an-
i counts indicatsd harvested rams ranged fiom 3 %
to % Y vears old in the Highland/Pioneer herd, with
ondy | rem baing harvested over 9 years of age i 1994,

Intcraciions between subpopulitions occwmed m
all seasons except sumaner. No aggreasive behavics
was seen becween sheep of different subpopulations
during perods of mixing.  Although mdividuals from

al

with their own subpopulations the majority of the ime.
As sugpesiad by Festn-Bianchey (1986), the results off
this study indicated that ewes are able o recognine
other shecp bedonging 1o their group and are not likely
1o join other groups permanently. It is advantageous
far sheep 1o remain within their own groups because
this is where movement patierns and habitnt use were
Jenmed (Geist 1971 and Fegls-Rinnchet 1986). Addi-
tionally, socinl stress and risk of predation may be
b

The minimuan aunber of shecp known alive
within the Highland/Fionser herd was determined io be
324 ammals. Populniion esiimaics of animals daring
pernial mrveys usually comtain bisses due 1o animals
missexd bocause of bad weathor conditions, dense
cover, light conditions, and observer Mtigue (Caughley
1974 and 1977, Samue] and Pollock 1981, Pollock and
Kemdall 1987, Unswarth et al. 1990, Bodiz et al.
1995). Daring serial surveys more than one-third of
the animals are olien missed (Canghley 1977.35) This
is supported with sigheability of bighom shecp. Bodie
et al, [1'993) and Neal &t al. (1993) und that the nseas
sighting probability of bighom cwes was 0.57 and
0,58, respectively, Dharang the 8 April, 195448 Might,
321 individual bighom shecp were sighted in the High-
land’Pionser herd. Assuming a conservative 28 percent
of {he herd miszed, the approximaie population size of
ihe HighlanidPiosicer herd was approsemately 400
individunls,

Foml Habits

Seaspnal Tood habils ol the Highland Tionoer
bighorn sheep herd were determined using feeding site,
fecal, and rumen analyses. Biases have boen shown to
be associnied with esch of these tvpes of mnalvses (An-



thony and Smith 1974, Dearden et &l 1975, Smith and
Shandruk 1979, Sanders o al. 1980, Vavea and Hole-
chek 1980, Holechek and Gross | 982).

The gregariousnsss of bighom sheep minimined
the difficulty of detacting Light we of o6 s o o
bias ol feeding site analysis (Smith and Shandmk
1979). Owutof 31 leading eites, aily 11 contained e
than |0 individuals, The problem of ether ungulaics
using an mca (Smith and Shandruk 1979) was
wecounted for by éxamining an ares immedinbely afler
bighom sheep wee This not only reduced the chance of
pnor use by other ungulates but made it casier io deter-
muing fregh biles from old once. During this sindy, the
major wiresolved bias in foeding siie analysis appoared
io be within the shnab caiegory, Each indivadoal biee
wia dillicull to locate on slwubs, and, therefiore, ghrub
utilization may have been underestimated

Misidentification of plant specics in fecal analy-
six is 8 major problom in fecal analysis (Fitzgerald and
Waddington 1979) and was a problem with the High-
land/Pioncer study. The graminosd results were clearly
incorrest snd had 10 be miumed 1o have the slides re-
read, The secamd set af resulis appeared to be mon
accwrate, bul onc grass genus (Sehismiu) | which docs
noi occur in Montana (Hitchcook 19713, was (denified
in | composite sample. The problem of fecal analysis

& diffierent location other than whene it was
collected (Sanders ctal. 1980, Smith and Holbechek
19737 was belicved fo be commected during this study by
comblning kndividiaal fecal samples rom mullipls amcas
mio 10 compaosite eamplos for each season, thus in-
ercasing the chance that fecal analyvsas represenied the
crlafe $judy anea and nof 8 restricied section.

Foteel and Wt {1970) found mo significant
differences between the mean of fumen
contend as determincd by the standard volumetric tech-
nigue and the poini-freme meibed ved in thizs sady.
Chamma and Box (1 964) revealed that 2 assumptions
must be met for point-frame analysig 1o be unbinsed,
“{1} the sample is sdequately mixed and (2) there are
no anuzaally lange items in the compazition”™. Dirmehl
(1962} shawed thers were no significant differences in
the mean compositions af fomges neing 5.66 mm, 4,00
e, and 283 man meshes for fllenng mumen contenis
and concluded that mesh size docs mot affect results 1o
amy extent. Rumen annlysia resules fhom tbe High-
lanedPioneer herd indicste that meeh eirs may have
affected the correct analysis, The use of a 3-layered
gleve system with a .00 mm sleve on the top o flter
comtends of uniform size into the 2 80 mm sieve may
have excluded same of the larger shrub material cawght
by the & 00 mm sieve from being analyzed,

Interspecific Relationships

Range averlap and dict similaritics have been
used to determing possible competition betwesn big-
hom sheop and other ungulates in past studics (Julan-
der 1958, Schallenberger 1966, Constan 1967, Lonner
and Mackic 1983). During thes study, mule deer and
caftle werne found o be podential competitore with big-
o sheep based on mags overlap and/or diei.

Oither studies in Monana indicace mule deer
wshizg the same arcas as bighorn sheep, especially
during the winfer 1966, Constan
167, However, Pallister (1974) foand thai mule deer
and highom sheep mnrges in the Beariooth mountaing
of Montana only overlapped during the ssummer,
Schallenberger (1966) found that there was o possibil-
ity of competition amang mube deer and bighom sheep
for forbs and shrobs, My study showed that mule decr
and bighom shecp used shrubs in similar amounts, bu
the quaniity of shrubs available w both ungulste spe-
cied appeased to be adeguais to cancel any campatition.
(irasses were 10 times mone sbundant in bighom dicts
than in mule deer dicts during winier, Alithough, big-
hom sheep and mule deer dicte overinpped, compestition
was unlikely because mule deer did not wtilize the
grasses Gvored by bighoms during the winter months.

Use of the same ancas by cattle and wild herbi-
wores may result i competition for foraging areas and
for forapge (Julander 1958, McCollough 1980, Loaner
and Mackie 1983). Spatial mindmizstion of competi-
tion betwoon caitle and bighom shoep was notod in the
San Luis Valley in south-central Calonmsdo (MoCaol-
lough 19807, My study showed that cattle and bighom
shoep usod forape classes similarly, but need different
arzas o oliain these forages. The cattle remained on
penther glopes, in open grassland meadows, and pear
water, while the bighom sheep wed ndges farther from
water esurces. Although the ndpes uzed by bigham
sheep were accessible 1o canle, cattle scemed neluctan
o veriture far from water, The patendinl for compedi-
tion was low deaphie dicinsy overlap, The large overlap
in diet probably did nat indicate competition because
nonz of the forages species wene apparenily limiting to
either ungulate spocies (MeCollough 1980)

Competstion could also oceur vin displecement
If cartle displaced bighom sheep, the shoep should
utilize the gentler open grasstand meadows favaned by
castls when eatile were sbesnt. This did not happen.
The Upper Canle Gulch grazing allctment was rested
during 1994, and the bighom sheep continued o use
the ridges the majoriy of the time and did not advance
bder Ehe mress favorsd by cattle, 'With little evidemss of
spatind overlap, displaccment, or cxcessave fomge utili



eation, | belicve thal no competition between catls and
bighom sheep occurred during 1994 in the Highland
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ESTABLISHMENT OF ALTITUDINAL MIGRATION IN A REINTRODUCED BIGHORN SHEEP
PFOPULATION

HIKE | GOODE0N, 15300 Horee Creck R, Bogeman, MT 59715
DAVID R. STEVENS', Rocky Mouantain National Park, Estes Park, CO 80517
STEPHEN KING. 1250 Bear Mouninin Court, Boulder, C0 80303

Abstract: The original Rocky hMountain bighom sheep (i commdensiy canadeaniy) population in the Mosth 5t Viein
Canyos was migratory snd wis extirpated prior to 1970, Bighom sheep were reintroduced in 1980 by the Colarado Divisson
of Wildlife e cooperation with the Arapabo and Roosevelt Mational Forest.  Biologists betieved that a s, saderary
i ghorm shoep herd woulkd result becsuse o major highway and & band of dense subalpine forest 7-12 km wids separated the
Carmyon from traditions] smmer ranges snd established bighom popalations in Rocky Mountxin Nations] Park. Our study
st nitinted pearty 12 years afler reintroduction. Using o mark-reeaphare indey wo estimated the sumber of adolt swes io
bo 79 {95% CL. &1 - 95}, The tolal popalstion wes estemaied to be 184 bighom. Thoes famale-fuvenile groups with distine
rumpcs were adenfified using rdio-telemetry: the Buftonrock group wsed the North 5. Virin Canyon year-round; the Twin
Sixters group used the Canyon most of the year bul had a Inmbing and carty summer range ot higher ebevations; and the
(Mive Ridpe group migrated between the Canyon and high clevation ranges on the Continenel Divide. ‘We coachaded that
sucoesss of the transpland was relased 1o: back of competition with domestic livestock: eoeellent habitat qualiny; and contact
betweon transplant sheep and native sheep. We provide examples suggesting that whkae transplanted bighorn contact
estnblished populations they typically show faster population growth, larger distributions, more extensive migrations, e
Inrger ultimate populalicn swre than fransplaeis inio @olsiod ranges.

Transplams have been instrumental in halting trast to cervids that produce exoess numbers of off-
the widespread docline of bighom shesp populations spring (twins sre common) that disperss ino gvailable
throughout the western Unided Siates and in oreating habitng, bighom sheep produce single olfipring that
increasing populations in most states in recent years. remain with their noinl growp, Females follow alder
In Colovads in 1988, over 4054 ol the ot cstmabod fomabes and males remain in female groups il be-
bighorn sheep pogialation was in transplant hesds, and tween 2-4 yvears when they begin following older rama.
several of the largest native berds had reccived supple-  Dispersal is @ mse cvenl occurming in respanss fo un-

mental transplants (Bailey 19940, However, not all usaally favorable or dicastrous condithons and is under-
transplanis have boen successflal. Only kall ol 18 taken by groups not by indivaduals (Geist 1971, 19743
trangplant herds old enough 10 evaluate were consid- Geist (1974) predicted that if bighom were

ered sucoessful in Montana (Janson 1974). In Colo- transplanied into continuous habitat not imermupted by
rde, |] af 25 transplants kad produced surviving bands af timiber or imbered valleys 8 gradual dispersal
herds of 25 or mare sheep, but only 56% of the trans- of sheep through the habitat will occur, but thas if
plants had produced herds estimated at over 50 bighomn  sheep were introduced into patchy habitat that was
(Bailey 1990), inferrupeed with bands of forest and/or forested valleys
Mamy factors have been implicated in transplant  they would not reoccupy hese palches. The Morth Si,
failures, Bighorn ane vulnerable to competition for Vmin Camyon transplant herd is an cxample of 8 gue-
lormge with other wild and domestic anguiates ond are cessful iransplant ndjscent 1o an oocupicd ranps that
susceptible lo discases transmitied by domestic sheep overcame expected harricrs 1o movemen and mnge

(Foreyt 1950}, Prodection from fire has resulisd in establishment.
habitat deterioration an many histore bighom mnges We thank Rocky Mountain Mational Park, the
{Waklyn 1987}, But problems alsa result fram an Colorado Division of Wildlik, and ihe Foundation for

innate lack of explomtory behavior in bighom. Geist Morth American Wild Sheep for financial support. We
(1971, 1974) pointed oul that evolved behavior pat- thank the City of Longmont and D, Fisher (Ranger,
terms of bighom limit success of ransplants. In con- Longmont City Parks) for providing access to the study
arca. We thank Q. Schoonveld, Northeast Regional
! Current address: 15300 orse Crock Rd, Foreman, MT 59714 Beologist, and District Wildlife Managers: M, Bab-
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bler, 5. Steinen, and . Spowernt of the Colorsdo Divis
sion of Wildlife for acrinl surveys and conducting the
capture operation. J. Goorge and 5. George helped
during the trapping operation and provided Gedd obaes-
vationa, T. Sichlgren of the Mational Biological Ser-
vice, and T, Johnson of Rocky Mountain National Park
provided sdminsirtive mssisiance. We extend special
thanks io M. King and b. Breithan for their valusissr
pssisiance in mdic-iracking.

BACKGROUND

Evaluation of the North 50 Vrain Transplant Site

During 1978-1979, bialagiste for the Calarada
Drivision af Wildlife and the Roosevell and Ampabo
Mational Foreste coneldersd the low slevation Mok 51
Vrain Canyon and high-clevabon St Vrain Mouninin
ez bighom sheep transplant sitcs. Historical informa-
ticn indicated that the Monb 5t Yealn Canyon was
originally a winter mnge from which most or all sheep
edgrabed to high elevalion summer mnges, while 5t
Vrain Mountain was documenied & o summes mange
{(Ooodson 19782, b)), Decanse of concems about innde-
quate winger mnpe and lopistical diffizulties of rane.
plaming bighom o a remote high-clevation rmnge, S0
Vrain Mountain was from congiderntion,

Evaluation of the Morth 5. Vmin Canven irens-
jplant site included considerntion of historical ocen-
pancy paitcrns, faciors related to loss of the original
lbighom hend, and cument habitat conditions. Cladr
Billings, a rancher living in the Canyon in 1978 siated
that, according to his father, bighom shesp were com-
man in the latc 1800s and carly 198 The sheep were
generally seen at elevations abave 6500 ft, and Fre-
quenied North and South Shecp. and Cook Mountains
i the MNorth 5t Vimin Canyon, Cabin Creck (a tribu-
tary of Narth 5t Vrain Creck), and Flanop Mountain
in Rocky Mountain National Pask (pers, commuun,
Clair Billings).

Bighom populatiens apparently declined rapidly
between 1935 and 1945, In 1940, Ranger F. Blacks
mer, Roosevelt Mational Forest, thought that a bigham
sheep migration routs still existed from Wild Basin in
Rocky Mountain Mational Park 10 the North 51 Vmin
Camyon where a small herd of bighom sheep was pres-
eni (Fackand 1941). The last resident herd ledt the arca
arcund 1945, Afler 1945, sheep sightings were rare
(Goodson 1978b),

The decline and disappearance of bighom in the
Morth 51 Vruin Camvon colncided with widespread
decline of bighom sheep throughoat Rocky Mountain
Mational Pask and the disappearance of resident
female-javenile herds on high elevation mnges believed
to be summer ranges of the Narth 51 Viadn Camvon

Taered {Cioodson 197T8bB). Bighom dizappearcd from the
Indinn Peaks between 1958 and 1970 (Bear and Jones
1973). Pocumonia (possibly tanemitied by domestic
sheep that were grared widely on alping ranges duning
this period) was belioved to be an imponiant cawse of
iheee declines (Packard 1941, Goodson 1980),

Two sdditional factors may have contributed 1o
lezs of the original bighem in the Marth 5t
Vrain Camyon.  Highway 7 betweoen Allenspark and
Estes Park was construcied between 1916 and 1930
and by 1938 the entire road was oil processed (Good-
gon |97Eb). This road bisects the wraditional bighom
migration route between the Canyon and Rocky Moun-
tain Mational Park. Allotneents in the Canyen werg
also severely overgrazed by cattle in the 19203 through
160 (Goodeon 19730). Four of & cattle allotments in
the Canyon becasme vacant in 1969-1970 wid use wa
reduced on tao allatments sl active in 1979 (Allat-
mend files, Arapabo and Roosevelt National Forests).

The established populations nearest the North
AL Vimin Canyon were o recenily iransplamied (159TR)
herd om the East boundary of Recky Mountain Natianal
Park (the Fall River herd) and the Continental Divide
herd (a native popalation) in Rocky Mountain National
Park (Fig. 1). Female-juvenile bands had nod been
observed in the southern half of the Park for gver 20
years, however, occasional sightings of mm bands
oecurred on the Continenial Divide south to near the
Park boundary,

In 1980, we believed that a small, sedentary berd
would be the likely cutoome of the tmnsplant. Protec-
tion from fire had resulied in spread of farest reducing
available suitable habitat and increasing habiat frog-
mendation. A major highway and 7-12 km (3-8 mi) of
heavily forestod tcrmain separated the tmnsplant site
from traditional summer ranges (Goodson 1978h),

The Transplant and Early Movements

In March 1980, 19 bighom sheep from the
Poudre Casyon wene released in the Narth 5t Viin
Canyvon (Fig. 13, Some transplanted bighom dispersed
ko other arcas (Fig. 1), In November, tansplanted
bighorn were observed in 'Wild Basin, B km {12 mi)
west of the ransplant site. That same fall, three trans-
planied sheep were observed 18 km (12 mi)y nonh,
Ot of (heése joined the Fall River herd. A ram was
observed in 1927 on Specimen Mowntain in Rocky
Mountnin National Park, and a sccond mam died on Lily
Mountain on the east boundary of Rocky Moumntnis
Mational Pardk in 1988,

Obgervations of bighom ghesp in southem
Rocky Mountain National Park increased sicadily dur-
ing the 1980g (Fig. 1), Bighom werg observed
throughout Wikd Basin, and crossing the highway



adjacent to the Park. Groups of rms were observed on
Mi Mecker and Long's Peale sress fram which sheep
had beon abseni for 10 years.  This momase was con-
current with an increaging native herd north of Bighom
Flaas on the Cominenind Dhivide (Sicvens and Goodson
1593},

Study Dhjectives

In the winter of 1991-1992, nearly twelve yoars
nfter the original trunsplant, we initisted o atudy on the
Morth St Yrain tansplan herd.  Objectives were to
ceiimaie size, populntion struciure, and distribution of
the new herd. We were especially interested in deter-
mining o differend hend sepmeents andfer migatony
Ibschavior had developed.

STUDY AREA

The Morth 54 ¥mom Camyon extends 10,5 km
between the towms of Allenspark and Lyons in north-
cenirnd Colorado.  Elevations mnge from 1970 m (6300
) oy 2RO e (5,000 £1) in the lower canyon.  Topogrs-
phy is rugged.  Yegetntion is a mosasc of comilior
stands, shrub associations, and grasey parks. North
and cast aspects ane dominaicd by stands of ponderosa
pine (Piar ponderora) and Dooglas-fir { Pousdotsugs
meviziesil), O south and west aspects shrab associa-
tioms and grassy openings wre mlerspersed with clumps
and open stands of ponderosa pine and Rocky Moun-
tain juniper (Junipere seaprlorem).

Honh of the Nonh 51 Vraln Canyon the termain
riges for approximastely 6 km to Twin Sisters Peaks
which reach above the trecline oo 3500 m (11,200 f)
Fareste of lodpepole pine (Pusis contarta), Engelmann
spruce (Ploea engelmannii), and subalpine fir (Abses
lanioearpa) coves the lower glopes,

To the west and scross Highway 7 a band of
subalpine forest 9-12 km in width separies the Can-
von from exiensive iundra and clif habiisi above tee-
ling in e high peaks of the Wild Basin arca of Focky
Mouninin Wational Park. About 7 ke seuthwest of the
Canyon the steep <lills of the Middlz 51 Vi Canyen
rise from 2800 m (9,000 ) 1o over 3500 m 11,2060 #t
on the south slope of 5t Vrain Mountamn, and extend
west 10 the Continental Divide in the Indian Peaks
Wilderness, Peaks near the continental Divide exceed
4,060 my {173,004 1),

METHODS

Field Obaervationg

Freldwork began in Febrsary 1992 with foot and
erial surveys i the Morth St Vi Canvon (o locate
bighorn sheep and polential tmpping sites.  Seven ewes
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and juveniles were discovered on (Hive Ridos near the
head of the canyon, and 12 sheep including large res,
ewes, and juveniles were found in the lower canvon
near Buttonrock, Thess 2 groups were baited using
alfalfy hay, salt, and fermemed apple palp for scveral
weeks,

A Fow days prior o trapping, a local resident
reponed seeing approximately 70 bighom cross High-
wiy 7 from west 1o cast nocar Allenspark. O the cap-
tare doy, March 20, 1992, sl Butionrock we trapped &
bighom and placed radio collams on 2 aduli ewes, 1
two-yenr-old female, and 2 mms. At the Olive Ridge
trop site, we found over 40 bighorm mast of which were
not habitanted to the net. At Olive Ridge, $ adult owes
were mdio=collared. Omne adult mm and 2 vearlings m
Bustonrock and 5 adult ewes, | Z-vear-old ewe and 4
yearlings af Olive Ridge were cartagged but not col-
lnred, Unigque combhinations of cplored eartags were
uscd on marked sheep o permil individua) ideatifica-
i,

Intengive Nickdwork was conductod from March
24 - April 4, and May | - September 30, 1992, March
22 - April 22, and June 30 - August 4, 1993; and May
3 -Ociober 4, 1994, Additonal observations were
made on & less intensive basis from April 7 = May 5
and December | - Jamuary 14, 1994, During periods of
intensive fiekdwork, we arempted to visually locaie
ench radin-collared bighem onees per week. 'We ob-
imined madio-loeationg for ielemetered bigham through
trisngulssen of signale or by backing sigaals to s
promincnt ridge when visual observations were mot
possihle

We made visual obierations of 191 (1992, 33
{1993}, and T2 (1994} bghom groups including obser-
vations of 3945 (1992), 320 (1993), and X73 {1994)
individual sheep, For each visual observation we ne-
corded the following informuation: Identity of marked
bigham; location and UTM coordinaties; habital()
used, aspoct and elevabion; belavior, and movemenis;
for marked cwes, association with a lamb;, sex-age
claxsification of the group, weather and snow condi=
pons. Locations of bighom groups were mapped on
U.5.G.5. 7.5 minute topographic maps.

Population Estimutes
We used 4 mark-resight index (Whils and
Garrodi 19590, p. 236) bo estimate the mumbser af sdal

ewes because wo had an adequaic sample of marked
antmals only for adult ewes. The number of cwes thai
were marked but not mdio-collaned was the mashed
cample. Thi radio-collared ewes wem used o locaie as
many as possibic of the entire ewe population dunng a
short period (2-3 days) that made duplication of obser-
vations unlikely. The mtio of marked 1o unmarked



ewes observed wae ueed (o estimme the pogulation off
ewies without radio-collars using the following equation
(White and Garrott 1990, p. 256y

Nw @+m+l)
(m; * 1)
where ny is the mumber of marked ewes without redio
collars, oy i the total number of cwes obscrved and m,
I the number of marksd ewes obsarved,

The number of ewes with active mdio-collars
wis added bo the estimale of the iumber ol cwes with-
oul radio-collens (o estimate the ol cwe popolstion
We averaged estimaies from 2 periods (o derive our
finall estimnte and confidence limits.

The pumbers of lambs, yearlings and mms were
estimated from the observed mtios between ohservas
thond of thése ape-classes and odull ewes, Cummulative
observations throughout the fleld season were uwed 1o
estimate the ratics of yearlings and rams (o cwes.
Ratios of lambs 1o ewes were bascd on obscrvations
afier July 7 becaugs after this dale no now lambs were
obscrved.

RESULTS

Population Siee and Struciure

Estimates of population sixe and structure were
baged an 2 periods of 2-3 dayvs during the 1992 fickd
seaenn A minimuam of 91 bigharn sheep intluding 76
ewes and juveniles and |3 rams were ohserved in Late
March 1992 in the lower Camyon. These incloded
bighom marked s both trap sites. In Aogust all Olive
Ridge shecg werg on alpins msige and Bullommock
sheep were in the lower canyon and counts in both
areas were combined,  The anthmetic mean of these
estimates (White and Garrodt 1990, p. 237) provided
the mark-resight estismato of the todal number ol ndult
ewes: 79 (945% CL 64 - 95), The observed cumulative
ratios of lambs (o cwes was 0.32, of vearlings o cwes
wans 032, amid of mms to cwes was 0,49, Using ihese
radies and the mark-resight estimale of nduli ewes, the
population was estimated 1o be 79 ewes, 41 lombs, 25
yearlings and 29 rams, a total of 184 bighom shecp.

(i ibe high elevation summer mngs wsed by
ewes caglured al Olive Ridge the mamimum count ol
ewes (inchiding 2-vear-plds) was 24 and the maximim
count of ewes and juveniles was 40, On Twin Sisicrs
and in the lower Morh 56 Vimin Cenyon summer
mnges weed by ewes captured al Bultonrock the masi-
nam count of ewes {including 2-year-obids) was 26 and
the maxmmuem count of ewes and juveniles was 47
We observed o minimum of 2} rms 1YY curl o larger
during the summer af 1992 These inchuded 4 14 curl,
9 172 curl, X 354 curl and 1 Fill curd mm.

a8

Distribution and Movements

Olive Ridee Group. = In 1992, all ewes mdio-
collared af Clive Ridge and 5 of 6 ewes ear-tagged (bu
not radio-collared) at Olive Ridge moved from the
lower Canyon 1o southwest-fscing cliflE of 5. Vrein
Mounialn shove the Middle 5t Viain drainage prios o
lambing (Fig. 7). During lambing and whils lambs
were less than one month odd ewes used an extensive
clifl mres on the mouthwest gide of 51 Vmin Mountain,
ldmlhhiugdiﬂﬂmh_uplhﬂm{ﬁg.ﬂ.
In July and carly Aupust ewe-fuvenils groups used
mone extensive areas including the nonh side of St
Venin Mountadn, and aress aonh and west of S8, Vimin
Mountain (Fig. 2). Later in Augnst they shified to the
west side of the Continental Divide, All morked ewes
of this group remained near reeline or above meeline
threwgh Inte September.

During late March and early Apel 1993, 4 of ihe
ewes marked a1 Olive Ridge (Olive Ridge group) were
observed nbove trecline on the Middie St Wmin dain-
ape, and 3 swes and a ing marked st Olive Ridge
were observed in the bower canyon, The madio of | cwe
of the Qlive Ridpe group was recovened i oa meadow
west of the Rock Creck Road between the lower canyon
end the Middle 31 Vrain Canvon, All 4 surviving
redio-collared Olive Ridge ewes were mdbo-located
phova mreeline in the Middie St Virain drainage doring
July - carly August 1993,

In 1994, the single surviving ewe with an active
madio-collar from the Olive Ridge group was observed
with campanions on Meadow Mouniain (between 51
Vmin Mountain and the lower Canyon) in mad - April
when inlengive feldwork bogan, Olive Ridge owea
inchadling this rdic-collanod fomalke osod the south and
southwest-facing <liffs of 3t Vraln Mountain during
the lambing period. They were consistently bocated in
(hig arca throsgh the end of July, In mid-Augas, s
radio-collared ewe and & lorge group of Clive Ridge
owes and juveniles were located west of the Continental
Drivide, whene they remained through early October.

in S = Dnaring
carly May 1992 the 3 mdio-collamed ewes trappod near
ihe mouth of the North SC Viain Canyon on North
Sheep Mountnin were ohserved in lnrge groaps on
North Sheep Mouniain and af the cast end of Decr
Ridge (Fig. 3). Two radic-collnred ewes lambed in
clifT arcas in the lower Canyan. The third radio-cal-
Inred ewe (691) moved to the south ndge of Twin Sis-
iers early m June: Althowogh this ewe, a 2-year-obd, ded
nisd have a lamb she was abserved in with ewes
with small lnmbs (Fig, 4. Throughout most of the
summer, the 1 rediocollored ewes that lombed in ihe



[wwver camyon were in ewe-juvenile groups ihat divided
their use between major clilf areas on North Sheep
Mountain and ot the cast end of Deer Ridge. In Sep-
tember they extended their mnge to the west end of the
lgwer camyan,

The mdio-collared 2-vesr-ald cwe (691) remain-
&d with ewe-juvenile groups on Twin Sisters Moantain
through mid-Tuly in 1992 In late July she retumed 1o
the lower Canyon, rejoining proaps nclading the other
2 mdio-collared ewes. In late Scptember she retumed
1 Twin Sisters Mountain,

Observations in 1593 and 1994 indicated ihat
range-uss patterns of the Buttonrock and Twin Siswers’
proups were penerally consigtent between years during
epring-carly fall. During lste March-Apnil, 1993 2
ewes radio-collared &1 Buronrock were observed in ihe
Iower canven, and the carcass of 1he third radio-col-
lared ewe was discovered in the lower canvon. The 2
surviving ewee wene observed in (he lower canyon
during July - carly August.

Omily one ewe with an sctive radic-cellar, 691 of
ihe Twin Sisters group survived in 1994, She waa
located in the lower when fisldwork began in
carly April of 1994 and remained there through cardy
Jung, On Juse 11, 691 was located on Thwin Sisters
with 8 weck-old lamb. She remained on Twin Sisicn
ihrough June, She was located with ber lamb in the
lower canyon on July 1. She remained in the lower
canyon in groups with ofher cwes and juveniles through
early Cetober.

Bam Crogp. = Two 112 curl mms were radio-
gollarad and one 314 curl ram was car-tagged on Monh
Shocp Moumiain in Manch 1992, These rmms remakmned
in the kower canyon ihrough carly June (Fig. 5). In
mid-June both radio-collaned mms moved o Twin
Sisters Moutnm. They were jommod by the car-tagged
rarms and the 3 morked mms remained with all-mole
groups in the Twin Sisters anca through lnic Sepicmber
(Fig. 3).

Observatons of mms dunng 1973 indscated thad
mnge-use patterns of mms were congisient betwesn
vears, The signal of | rdio=collared mm was lasi
received in Movember 1992 from Olive Ridge. During
March-Apnl 1993, the other radio-collared mm was
localed in the lower canyon,  The ram that waes car-
mgped bud not mdio-collaned was also observed in the
enme area. [n Jaby - Aupuet (he sinple remaining
mdio-collured mm was observed = the lower canyon
and on Twin Sisiers with the enr-tapped ram (Fig. 5),

Char information on distribution snd movements
of mma in 19494 was limited bacanes no mme with
active radie-collars remained in the stody anca. We
located ram groups in May In the lower canvon on

Morth Sheep Mountain, and droppings and tracks inds-
caied ams nsod Twin Sisier in carly = lni summer.
Emall ram groups were observed on St Viain Moan-
tnin in May and west of the Continental Divide in late
August

Ciroup Fidelity. ~ Ome marked sheep, a year-
ling ram eartapped in 1992 ot Buttonrock, changed
group affilistion, He was observed consistently with
Oiive Ridge sheep during 1994, No other marked
bighom champsl group aililintion,

SUMMARY AND DISCUSSION

Population Skee

Cirowth of the Narth St Virakn Canvoen (rana-
plant herd was excellant. The actaal population may
have been considerably Larger than the estimate of 184
in 1992 bocause we ehserved onaly about hall as many
rumis a8 cwes. The herd i lightly hamted and b un-
Likehy that this is the tros rameewe ratio, We expect
that we missed about half of the mms because they use
different press than ewes during much of the year and
because we did nod conduct fieldwork dunng the
(Movember - December).

It 43 lakely that Olive Ridge owes remain above
treeling fior the rut and thad ram groups that beeed with
them include trameplant rams and native rams from the
Comtinental Divide pepulation in Recky Mountain
Mational Park, In 1994, mature enmarked mnms wene
observed above trecling on 5t. Viain Mountain, and
west of the Continental Divide on summer range of the
Cllive Ridge swejuvenile group. A marksd ram fom
the original ramplant was also obscrved on Specimen
Mouninin in Rocky Mountnin Maiional Park in 1987 in

with rams from the Continental Divide popu-
lation. Simce the transpland, rum groups orgmating
gither from the transplant stock or native ighom have
been observed regularly in ibe Long's Peak - Mi. Meck-
er ared, following an sbeence of aver 30 years (Good-
son | 978a)

Distribution and Movemenis

Radio racking confirmed that females and juve-
niles ol the Olive Ridge proup and of the Butionnock:
and Twin Sisters groups had digtingt seasonnl mnges
and migrmion paresns. The Olive Ridge group meoved
betwepen the lower exmven and high-slevation ranges
simadling the Coatinenial Divide in Rocky Mouninin
Park and the Indian Peaks Wildemess, The Butionrock
group used the lower canyon year-round. The Twin
Sisters group consistently used higher elevations on
Twin Sisters Mountain during spring-carly summer.
Marked rams used a range similar to the Twin Sisters



female-juvenils group, hawever, rams used o groaker
area and range of habitats at higher elevations.

Mevensends between high clevation ranges and
the lower camyon varicd in timing from year (o vear.
Some years (or all vears) some owes remained on the
high elevation range most (or all) of the winger.

Evaluation of Success of Transplamnt

The North 51, Venin transplant was remarkably
successiul. Wiihin 13 vears of the origlnal transplans,
a population etimated nt 184 shoep and likely over
204} sheep was established, Fnlmmﬂmlnr'l
(1990) review of bighom in Colomdo, he
found only 9 of 53 herds established in 1980 or before
were estimated 10 include more than 160 bighorn.

The population included thiee groups of females
peasonal moges. O adult mm group was identified
with a mage similar to the Twin Sisters group, The
existencg of an additionnl ram group or groups that use
high elevalion ranges was indicated by observations of
rams above trecling on summer mangs of the Olive
Ridge proup, Groups dermved (rom the mitial rans-
plant established o rnge of approximately 60 sq km,
that includes elevation ranging from | 8754060 m
(6.000-13.000 ).

The ranpe-uee pattern setabliched by the Morth
51 Vain bighor shecp herd is similar o the mnge-use
pattern of original bighom sheep papulations in norh
ceniral Colorado (Goodson 1978R) and relmively un-
idisturbed mountain sheep populations in Cansds (Gedst
1971} Like original populations, this herd consists of
multiple subgroups with distineg sessonal mnje-use
[pamema, some of which include extensive alitudinal
muigradion. Thig trunsplant demonstraies that bighom
sheep are capable of recswnblishing populstions that
mimic the structure, dictribution and migration palicms
of original populations.

Factors Related to Suceess of Transplant
We belicve several fiactoms contnbuted 1o the

rapid growth, and large size of the Morth SL Vrain

bighom population and to its establishment of o pro-

ductive and natural range-opee pattern.  Thess factors

W

. Alow level of competition with domestic livestock,
Most albotments in bower camyon became vacanl in
the early 19708, Mo domestic livestock grazing
oocurs in Rocky Mountain Matioanl Park incloding
the Twin Sisters ares,  Grazing in (ho Indian Peaks
Wilderness is limited to cantle that use drainage
bottoms and subalpine meadows. Mo domestic

sheep are known (0 occar within the mnge cstah-
lished by the Morth S Vmin herd.

1. Excellent habital guality. Adequate snow-lies
winder tange and éxtensive escape fermin cxisis n
the lower canvon. The heart of the high elevation
renge is 8 serics of south fecing clifls forming ihe
Middle 58 Vimin canmyon that mnge in elevation
from alout 9,000 b aver 11,000 1 and thal are
adjacent 1o exiencive arens of sieep 1o rolling alpine
tumdrn.

3. Contact with bighomn rams (end possibly cwes)
from the Continental Divide berd in Rocky Mouan-
tmin Mational Park. Scattered bands of rams were
known 1o drifl down the Continental Divide from
pccupicd mags noah ol Bighom Flats io near the
Park boundary prior to (he indtial relense. Evidence
for contact with the tmnsplam herd includes a
rransplanied ram obgerved with Park mms on Spec-
imen Mountain, Recky Mountnin Nationsl Park, in
1987, and unmarked rams observed on alpine mnge
in proamity o Ofive Ridge ewes,  Additional evi-
dence of contact was unueislly kigh moaliy in the
introsduced herd durmg winlers 199219493 and
19931954, This mortality was concurrent with
peumonia-caused declines documented in 2 herds
located approximately 20 km north aof the Marth 51,
Yrain Camyon that had known coniact with mms
from Bocky Mountain Mational Park,

Thene are several ather axamples of successful
transplants of bighom sheep where contact with cstab-
lished populntions occurred. At Walling Reef, Mon-
tana, 37 bighom sheep were released in 1976, In
1982, the population was estimated 1o be 87 bigham,
Contact was docamentod with a subpopulation of the
indigenous Sun River metapopulation. Factors relaied
o the geoccia of the transplant were historically good
habitat, mild weather following inreduction, closurs o
livestock, and contact between transplantied bighom
and dispersing bighorn from an established populabon
(Andryk and Irby 1966)

The Fall River-Cow Cresk hérd resulied from a
transplant near the east boundary of Rocky Mountmin
Mational Park (Stevens and Hanson 1986), In 1977,
20 bighom sheep were transplasted into the Cow Creek
dramage. A mdio-iclemetry study of the population
conducied from | 9H0=1985 documentbed establichment
of alitudinal migration, & distribution of about 30 sq
kom, and a population of over 104 for the ransplant
berd. The transpland mons than doubled the bighom

population on the et side of the Park and pro-

shoep
vided 46 highom for transplants by 1988 (Bailey



| K}, Factors contribuling to 18 success were hisions
cally productive habitat, lack of domestic sheep grazing
and limited caitbe grazing, and comact with the native
bighom sheep population on fummer rnge.

Fifteen bighorn sheep were reintroduced 1o
Trickle Mounnin, Colomdo, in 15951 {Bear and Jones
1973), The herd increased mpidly. [t was estimaied in
msmber 225 bighom in 1588 and supplied 336 sheep
for eraneplaniz betwen 1971 and 988 (Bailey 1900).
Contact betweon iransplant shoep and a nutive bigham
population in the Collegiale Range was documenied
(Bear and Jooes 1973). Roms (and possibly ewes)
migraied from Trickls Mountsin 1o summer rumge on
M Antero in the Collegiare Range, a distance of 30
o, Exchangs wae also considered likely betwesn the
Trickle Mountain herd and the LaGariin hend (Bear and
Joneg 1973} Factors in (ke outstnnding swecess of this
tranaplant included extensive open habimg, ek of
eomipetition from domestic sheep, and contact with
bighom from established populations.

Eighizen bighom sheep were imneplanied in 2
groups in 1976 and 1977 to the Ceballa Creek Wildlife
Area in Colomds (Bear 1979), Thiz area
supported & migraiony bighom berd bat by 1970s oaly
wmall group of rams migrated from alpine mige near
San Luis Peak to the low clevation winier mnge on
Cebolla Creck. The tramsplant succocded m exiablish-
ing an ewe-juvenile group that used the winter mnge
pnd & summer range nearky, The San Luis Peak herd
hos increased from aboat 125 o 300 bighom sheep
since the transplant (Bailey 1990),

In conclusion, ransplanting bighom ino arcas
whre they will contsct bighom from cstablished herds
has bocn shown oo resualt in populations with larger
distnbutions, longer migrations, mone mpid populaton
growih, and langer ultinmie population size than typical
of trmosplanis into isolafcd mnges. In these cascs trans-
planis have seccecdad in extablishing populations with
structare stmalar 1o successiul native herds: multple
ewe=juvenils and ram subgroups wath distinct seasonal
ranges and movements patierns including altiodina
migration. This natural distribution pattern tesulls in
effective use of habitai patches and significant in-
Creases in peopulation sime.

LITERATURE CITED

Andryk, T, Ao, and L, R Irby. 1986, Population
charscteristics and habitad wse by mountain
shétq priar 1o a pocumania disofl. Proc.
Bienn Symp. M. Wild Sheep and Croat Conme
5272291

|

Balley, 1. A 1990, Management af Rocky Moamtain
bighorn sheep herds in Coborado. Spec: Rept. Mo
oy, Coborado Divirion aof Wilkllife, Fert Callins,
CO, 24 pp.

Bear, G, 1, 1979, Evahetion of bighorn tnns-
plants in two Colomdo localitics, Spec Rept.
Mo, 45, Colorado Dividion of ‘Wildlike, For
Collins, CO. 12pp.

Bear, G. D, and 0. W. Joncs. 1973, Hisioey and dis-
irtbution of bighorn sheep in Colorads. Colorads
Division of Wildlife, Fort Collins, €0, 232 pp.

Foreyt, W. 1. 1990, Pneamania in bighom sheep:
Effects of Pastenrello Anemolytica from do-
mestio sheep and effects on survival and long-
fgrm reproduction. Proo. Bienn. Symp, .
Wild Sheep and Goat Counc. 7:92-101

Geist, ¥, 1971, Mountain sheep: A study in be-
havior and evolution. Univ. of Chicage Press,
Chicago. 383pp.

Gicist, ¥. 1974, Commenis on iransplanting. Proc.
Bienn. Symp. N, Wild Sheep Counc.: 99101

Goodson, W, 1. 1978, Status of bighom sheep in
Rocky Mountain Mitional Park. M. 5. Thesis,
Colorndo State Univ., Fi. Collins, CO. 1%pp.

Goodeon, M. 1. 1978h. Narth Saim Vimin Camyon
proposed bighorn sheep transplant. Environ-
mentil Assesumenl Repon. On e, Colomdo
Division of Wildlife, Fort Collins, ©0, 27pp.

Jamsom, B 1974, Bighom shocp transplanting in
Montana, Proc. Bienn, Symp. N, Wild Sheep

Packard, F. M. 1941, Progress repart an the di-
cling and presen stafiss of the bighom sheep
in Rocky Mountain Mational Park. Own Ale,
Rocky Mountain MNational Park, O, 95pp.
(Typewritien),

Pockard, F. M. 1941, A scoond repon upon the
status of the bigham sheep in Rocky Mountain
Mational Park, Colorado. O file, Rocky
Mouniain Matiomal Park, CO. #0pp. (Type-
wribhe)

Sievens, D B, and M. ] Goodoon. 1997, Asgesc.
ing effects of removals for transplanting on a

high-¢levation beghorn sheep population. Can-

gerv, Biol, T:908-913,

Sievens, DR, and D, D. Hanson. 1986, The use
of transplanting to oxpand bighomn shecp
range. Proc. Bicnn, Symp. N. Wild Sheep and
Goat Cesine 5:166-177.

Wakelyn, L. A. 1987, Changing habitad condi-
tbons on bighorn theep mnges in Colomdo. ).
WildL Manage, 51:H04-912.

White, G. C., and B. A. Garroll. 1990, Analysis
ol wildlife dio-tracking datn. Academic
Press, Inc. San Diego, CA. 383pp.



A
M 5t Vrain Crik

Middila St Vrain Cric L

Indian Peaks Wildermess

Figure 1, The release sée foc the 1880 ransptan] of bighom sheap inbo the North St Viain Canyon s ahown in relation
io existing béghom populations (haiched areas). The crosshatched areas indicate where ranges of established groups

Movemants of ams from the established poputations in Rocky Mountsin Nationsl Pafk Sown the Coninenla
Dovide are indicabed by thie lange amow. Smalk amows indicate movemeanss of marked sheep from the Marth 51 Yrain

Ewithin B year aftar the transplant. Solid squares mocate cbservations of groups of Bgharn inciuding marked
Eighom fram the Naorth 5L Vrain transpiant dunng 1580-1002. Sold sircies indicate obesnmasans of bighom groups
dutirg 1980 - 1992 thal ded Aot include marked dheop but thal sotamed in areas whede bighofn had not baen abssned
for over 20 yeams prics fo the tansplant



Figure 2, Destibution of radic-manked ewes thal were bapped ai Olve Ridge, in relation 1o the nital rslease sie, and the
incaton whione they were roppod. Lambing areas within their mnge ane indicated by L's. A Blosy migration rouse
between e kow eleaban range and the high sevabon range s ndcated by a large mrow  The smal open sguane
indicates the bcation whaera the radio-coliar of an Oive Ridge ewe was discoverd
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Figure 3, Distiibutian of radio-marked ewes that wers trapped of Buttonrock and remained in the lower canyon =
inchcated in relafon (o tha inftial releass ste and th location whans they were irapped. Lambsng areas within their ranga
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Figure 4. Distribubon of radio-marked ewes that wene irepped at Buttoneock and that moved fo Twin Sisters” Peak s
indicated in relation to the inilal relesse sibe, and the location whene they ware rapped. The lambing aiea used by the
Twin Sistars’ group & indcated by an L. A Bcsly migrabon moule betwean ths iow slevation mnges and the high slevation
rANgE s indcated by ths e armos
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PARASITE LOADS AND THEIR RELATIONSHIF TO HERD HEALTH IN THE HIGHLANDS
BIGHORN SHEEF HERD IN SOUTHWESTERN MONTANA

KERRIE L. HOAR, Department of Biclogy, Montana State University, Boseman, MT 59717

DAVID E, WORLEY, Departments of Biglogy snd Veterinary Molecular Biology, Monting Stme Universiy,
Boeeman, MT 59717

KEITH E. AUNE, Montama Department of Fish, Wildlife and Parks, Boseman, MT 59717

Absiract: A dudy was conducted in 1992-93 o delermine the parasite foad of an esiablished highom shoep herd locaied
it the Highlasds asd Edst Prondstr mountiis ranges in soitiwesten Moelasa, in order 1o estumale e potential impact of
parasitizm oo the health of the berd. Post-moriem examination of 32 hunter-killed ansmals enabled determenations 1o be
ruscde af the numbers and typea of helminths and Proteess present al necropey. These datn were ased to evaluate relative
levels of nfection and year-io-year fuctuations i paresitism.  Foety-five fecal samples fhom these sheep, as well as 33
nmplﬂ&mlmﬂﬁn;ln.pﬂn‘ulfn’mh:ﬂiﬂ;linmtm win the Bscrmann el mexdifed Lase Dotnlson
tecknigues for additional evidence of the cceurrenes of parasites ol tse respiralony and gasiroimicstinal tracis fn @ bighom
population cemsidered o be relatively healiby, Sevenieen specics ol parawics belonging o cighl genem were [dentifiead
chiririg the enerse of the sudy, incloding len nemeEinde, two cesinde and five prolceoan spesies. Coocidia (Himeris ahimis,
£ fawrel, B imbrcok, £ ovire asd B ovimeidali) ocasmal commonly & mixe infoctions of ke inbensity, Averaje counla
af protostrongylel hmgworm larvees were 107 £ 1533 LPG in 1993 (u=19). The group of 15 sheep captured for
awplantng i 1972 had an everage lungworm cutpat of 21,8 £ 74,1 LMD, There weré po sigmaficant differemoss itwen
any of these langworm larval shodding rates bocause of the high standard deviations.  Ome xpecies of sdult cextode,
Wimanmimbar feford, Wis necovered Brom the livers of pine sheep, The lungs from 50 animals harbored mesn Profosiromdug
populatens ol 34 46 m 192 and 3.1 £ 5] = 1993, In sddition, mved gastroinicstine] nemsiode populations conxisting
of Oarertagia trifurcate, O sstertagi, Mematodirug abnormalis, N dovitand, Chabertta ovina and Trichuris spp. were
present ko mambra dhaning, both yesrs, with all infections conaisiing of fewsr than twenty adult wonmna per enfmal. The
abomasal nemaiods Warshallagio morghell] was the only gesiroiniestins] parssite thei ocourmed ai lkvels sugpestive of

pedsible claseal parssiism, with averzges of 234 and 114 worma per sheep o 1990 and 1993, reapsciively,

The eriginal Highlands bighorm sheep hend,
bocated in ithe and Easi Pionesr mountnin
ranges of southwestern Montana, disappeared in the
carly 1900's (Coucy and Schallenberger 1971), In the
late 1960, an effort was made to re-2stablish this herd
theough two tansplants of bighom sheep from the Sun
River herd. The first reintroduction, consisting of 27
animaly, ook place in 1967, This waa followed by a
second transplant of 31 chesp in 1962 (Couey and
Schallenberger 1971, Janson 1%74). Both groups were
reicased into the Camp Crock druinage of the High-
knnds mountain range.

Even though this re-cotablished herd has been in
existence for over 25 years, limited information iz
avalable about its current sioe, parasiic load and gen-
cral health stntus,  Further, no information is avadlabbe
on whetheér the parmsile load ks sable or incrcasing in
ihis population. Information on pamsiics coald be very
impowtand, a3 Thores of al. {1782) belicve that large
populations of bighom theep are mone likely 1o con-
tract discase and'or pasasites than small populations. Ti

has aleo been docyimentad that many bighom die-olfs
ooour in populstions that appear to be thriving or have
reached or excocded the canrying capacity of their
range. In addition, this herd may eventually be affecied
by the pocsibility of the BLM lssulng & permdt 1o allow
four sections of public land, in end around bighom
winler mange and rutting grounds in the westem porion
of the traditional mnge utilized by the berd, 10 be graz-
ed by domestic sheep, This would allow for the possi-
ble ransmission of discase and pamsitcs from these
domestic sheep to the bighoms. This acticn has been
delayed until an ongoing study of the Highlands big-
horm sheep hend's feading and migration halrits has
been comypleted.

Duning the present study, hunter-killed bighomn
sheep were examined in order 1o detemune the members
and types of pamsiles present in the Highlands popula-
pon.  The presiesi advantage in using hunier-killed
shecp in a stody of this type is that o large sample can
be obtained in a short time from widely distributed

arcas without arousing public animosity (Hunder and



Pillmurs 1954). These data were also aiod 1o deters
mibne il there is a relationship between population size
and parssise loads, The Lagter is based on a procedure
For uging parsgite levels 1o eatineale range wbilization,
herd densities, and other health-related factors in free-
maging ungulnte populations. This concept has been
izsedd 10 correlale parasite intensity wilh s bealth sin-
e of white-tailed deer herds in the somhwestem Lnit-
&d Staies (Demarals e al 1983, Eve and Kelloge
1977, nnd is wsed routinely to infer n relationship
between the sive of doer herds and available fompe
{Degter 1983), The concept of using parsite levels,
eepecially lungworm (Provostromgedus spp.) and stome-
aeh worm (Marshallagia) bundeans in bigham sheep as
indicators of the balance between herd size and avail-
abile renge has been propesed (Worley and Seeges
178, 1992

The asziztanes of Floyd Seeses in the sollsetion
and identifieation of spocimens and Mike Frizina and
Joi Welipand fior their conpermtion in ohiniming bighom
viscern is grabefully acknowledged. Thanks anc also
eyiended o the Montana Chapier of The Foundation
for Monh American Wild Sheep for thetr penenoas
fimansial suppoe

ORIJECTIVES

The chiectives of this shudy were fo 1) Identifi
lang and gaswoinicstinal parssiies presem in ithe High-
lands bighorn herd, T} Extimate the average level af
lung amd gastroniestmal parasite mfeciions present m
the herd; ) Identify potendinl trends in the level ol
parasise infection in Highlands sheep herd; 4) Deter-
mina if there is a comelation between sex, age, andior
level of precipitation and bevel of porasite infection in
the berd; 5) Identify potentinl relationships betwesn
bighom sheep popualation size and level of parasite
infection in the stady herd.

ETUDY AREA

The Highlands bighom sheep herd s located
primarily within Montann Humting Dristrict 340, This
district encompasses 235 km® with clevaion mrging
from 1593 m along the Big Hole River 1o 3108 m on
Table Mountain in the Highlands range (Weigand
1594). Land gwnershap 15 8 combination of priveie,
Buresu of Land Management (BLM), Forest Servace,
and state=owned pancels.

METHODS

Paraase snmpling of hunter-killed sheep in HD
340 was seconiplished in the following masner, Lists

ol permit balders for the 1992 and the 1993 hunting
peasons wene oblined from the Momtana Depanment
of Fish, Wildlife and Parks (MDFWP)L The MDFWP
Regional Supervisor for Region 3 sent a lefter request-
ing 1he coopemtion of sach permil holder in the collec-
tiom of mn incisor, lungs, Hiver, and gastromiestinal et
of cach hunier-killed sheep for use in this shudy and
that of ansiker Meoninna Seate Univessity pradante
studeni. A copy of this letter, along with a collecting
kit, was sent 1o each person on both the 1992 and the
15993 permit holder lists approximalely one (o two
wesks prior (o the heginning of the highorm Buntmg
scason (which beging om Seplemnber | and ends on
Movember 20, Each collsating kit zonsicted of one
coin envelope for the siomge of the incisor, one (1992)
or two (1993) large garbage bags for the starage of
requested organs, one pair of disposable gloves, and
ane tag for identification of hanier and other pertinent
infrmation such as date and lecation of kill and sex
and age of shoep, Manila identification tags wene aed
i 1992, bul, upon recespl ol specimens, if was discoy-
ered that maistire had obscured much ol the infome-
tion on some of the isgs. For this reason Tyvek tngs
were mead in 1993 and amy infsmation ineluded vas
writheni on the tag with a permancnt marker prios o the
inclusion of the tag in the collacing ki, This messurs
allowed for the collechion of sex and age information on
a greater number of sheep in 1993

Each bighom cacass ihal was received under-
weni a thorowgh posi-maonem examination. The fecal
samples obiamed dunng posi-moricm examinations
were annbyzed in the lob with the use of the Basrmann
men contemis wers removed and frozen for cmmination
in another project. Liver specimens were collocted and
froeen and are now being tested in o DNA analysia
study, Any porasites recoverod from these hunter-kalled
sheep were then counted and, when possible, their
ihen wsed 10 determime the intensity and Lypes of pars-
aite infections present in the resident Highlnnds shoep.

The age of cach bighom was determined in ons
of throe ways. Furst, some of the sheep wene aged in
the field through mandsbular toth replacement and
wear and through annulkar hom nngs by an M5U grado-
wic smadent ar a MDEWT emploves when the animal
wiik collecied fram the homer. Second, records of all
hunter-killed bighom mms are kept by the MDFWP.
Thvwese records include the age of the mm, as well as
other infarmation such ns date and locstion of kill,
Since the name of the humer was known for some af
the ram gpecinkng, the MDFWEP reconds wese con-
sulted to verify the age of those s Finally, the
original leter st to cach hamter requesiad the collec-



tion of an incigor, The inciksoes that were rceived were
senl 1o Matson's Laboratory, Milliown, Montana, for
#ge determunation utilinng the cementum age analysis
technigue. These age dais wer laoier anabyzod in dater-
mining the presence or absence of an age/parasite load
comelation for the Highlands bighorm sheep herd,
usang the ULS, Department of Agriculiare, Soil Conser-
villion Service's Centralingd Forccast System (CFS)
Crperational Daiabace bocabed af the Wiest Mational
Technical Conder in Portland, Oregon. Some of the
major data types containgd in the CFS include smow
course measwremenis, SHOTEL-iclemeicred sensor
valacs, Mational Weather Service (WWS), and NOAA
elimale station data. Theso data ivpes provide such
data as snow water equivalent (i, waber conlent of
snow pack), curment and histoncal precipitation, and
currenl and historical air tempertures. The SNOTEL
compuler polls remole telemelry siles, files site data
fe. g snow water equivalent. air temperafe, precipis.
tion, and soil lemperaturg), and produces special re-
ports of site conditions. [n sddition (o the peecipilation
data that are collocted at each SNOTEL site, the CFS
ks inchades monthly precipitation data that sre cols
lecied by the Mataonal Weather Service (NWS) and
Inaded imto the Operational Daiabase (ODB). All data
in ihe CFS arc formaiicd inio & wier year perind which
nuns from October to the following September (SCS,
1988). Specific site infarmation such as locatkon, ele-
v, oo, &t well as dinta which were down-loadad
from the CF5 computer are included in Table 1.

Post-Mortem Examination Procedure

The post-mortem protocol used was similar 1o
thait idescribed by Thome et al (19823 and Worlsy snd
Sepaee (19ER). Esch specinsen was (bret rinsed mnd
then scparated into its major parts (lungs, liver, aboma-
wum, small intestine and large inesting), afier which
cach organ of Lssias was examined for any abmormali-
ties and/or parazites.

Liver

The liver was examined for the peesence of tape-
wormes andar liver Mukes  [ndtially, ihe liver was ax-
amined exgemally for any nodules or lesions that meary
have been coused by n parsile, Any such deformitics
were removed and preserved in glveerin-specimen vials
in glyeerin-alcohol, Al a later date, these tapewomis
were cxamined with a dissecting microscope 1o deter-
mine their identity,

Lungs
The lungs were examined in detail for the pres-
e of langworms: (Profosfrongying spp.). First, they

»

werg examined exiemally for any nodules or lesions
which could have been cawsed by parasies. Any such
abnormalithes wone excised and preserved in glyoerine
alcabol for further examination. The lumgs were then
ihoroughly washed over an B0-mesh screen and all of
the mujor sir pnzsnges were opened with scissors,
Again, the lungs were washed thoroughly to remove
a1y lumgworms that may have been present in the nir
passages, These washings were ihen examined inoan
illuminated tray with an attached magnifving plass. All
suspicious matenial was tansferred 1o a petrl dish for
examination with a dissecting microscope 1o confirm
thedr identity. Al nematodes wene stored in glycerin-
alcohol until they could be examined in detail.

The washed lungs were then cul bivo one i bao
inch square sections, placed in & ane-gallon container
of tap water, and placed on a mechanical shakoer for
approximaiely 45 minuies to dislodpe any nematodes
which wene located in the lung parenchiyma, The ling
sectiong and washings then were tharoughly rinsed over
an B0-mesh screen. The lung tissue was discarded, and
the washings were examined in an tllaminated tray with
a magnifying glass pitachkment.  All suspicious maierial
was removed 10 a water-filled peini dish for examing-
tion with a dissecting mbcroscope 1o confirm their iden-
tity. All nemaindss were stored in glveerin-aleshol
until they could be cleansd in ghveerin and examised
microgcopically, Utilizing Honess and W inter ( 1956),
Theme et al. {1982, and Bocv (1984), the species and
sex af each nematade was determined whensyver the
parstite matenial required for identification was niace.

Gastroiniestinal Tract

The gastroimtestinal tract was separated it
sbonssgem, dmall intestine and large miestine. The
sontents wene removed from be ramen and Frocen, afler
which the remen was discarded. All fa1 and cxcess
tissues wene remaved from cach séction and examined
carcfully 1o detect the presence of any Larval tapeworm
cysls. Cysls recoverod wero then crashed i 2 waler-
filled petrd dish to relesse the larva for examination
with a dissecting microscope. A fsal sample was
taken routinely from the rectum or large intestine and
snalyzed using the Basrmann and modified Lane focal

An coterciome was used 10 incise, wash, and
scrape each section of the intestinal tract simuls
tancously over scroens (Biesell and Ciordia 1962,
Davis 1944). The ingesta were thorowghly rinsed over
these scroens io nnse away much of the exoess soluble
debris, The screen sizes used wene: 60-mesh for the
abomasal contents, and 24-mesh for the large intestinal
contents.  All washed ingesia were placed in jare and
mixed with tag waler, A small amount of 1084 forma-



lin was then added to cach jar to preserve the ingesta
prior o microscopic examination. For idemification,
viorms were placsd in a drop of ghycann on a mcno-
scope slide with o coverslip and examined with o ight
MAGTOSGoPE,

Basrmann Technigue

A modified Bacrmann procedure was used 1o
determing the number and relative concentration all
lungworm (Promstrompdur spp) larvee shod by cach
animal (Dinaburg 1942, Beane and Hobbs 1983),
When possible, a focal samplc was removed from the
roctum of cach sheep duning the posi-mortem cxaming-
tion I the roctum was nol collected, the fecal sample
was obiained from the most distal postson of the large
imtestine that was ovailnbie

Muodificd Lane Fecal Flotation Technlgue

The modified Lane fecal Notation procedure
dovelopad by Dowhirst and Hansen (1961 was msed
routinely to recover nemalode ova and protozoan
oocyss from raminant feces. This apparaiis consimned
ol n plass centrafispe tube into which fecal material was
mixed with & small amoant of A saturmded salt solution
This mixture was stirred for 1 to 3 minuzes to break up
the fiocal pellets. The mixture was then tunsfermed
through 8 amall seveen into o chean centrifugs ube.
This ube was then filled with a saturated sall solution
until & alight bulge se positive mendscus formed. A
cover-glass was then placed on top of the tube, and the
apparnius wat lefl alone for spproximately 10 mimstes
to allow ova bo rise and ndbere (o the underside of the
coverslip. The coverslip wae then Lifted fram the tube
and placed on & clean microscope shide and examined
under a light microscope 1o détermine the lype and
mumher of ovn and oocysis present (Thome e al
1983,

Buatigtical Tests

For the purpose of conducting statistical ests on
the data that were collectod, some basic assumptions
were madle. One, the samples were assumed to be
mandom samples, o that each individual bighorn sheep
in the Highlands herd had an cqual chance of being
imcluded in the sample. Sccond, it was assumed that
each sample was independent and nepresentative of the
whole herd.

Sutistical tests for equality of two population
msans were based on techniques for both normal popu-
lations with equal variances and large samples from
arhitrury populaisons (Meter ot al 1985). The comman
f=test was wsed for comparing nomal populntions with
equal variances. The Z-test was used for comparing
large samples from arbitrary populations. This test is

based on the assumption that the sample sizes are large
enough so Ut the estimaled standord deveations of the
sample means are roeghly cquivalent 1o the nespective
purameters. An F-{est for lesting tbe equality af vani-
ance was wsed 1o determine which of these two tesis,
fior the means, was appropriaie. The method descrilsad
by Meler el al. (198E) was wod for analyzang the differ-
ence betwesn (wo popualation proporions

A, stalistical tesl for determining the didlerence
between two populntion means osing maiched semples
was emploved for mnalyzing precipitation data. This
method simplifics to the analysis of a single population
MEAn using & commaon 1-test (Meter & al., 1988),

The statistical test employed for delermining the
relationsbup betwomn a dependent vanable (e g, LPG)
and oo or more independent variables (e.g , bighom
age) was based on & one-way analveis of variancs
{ANOVA) model, or P-est (Neter ot al. 19E8),

HRESULTS

Helminth Parasites

Worm parasites recovered from the Highlands
bighomn sheep hend included Woomiia fefomi, Prodo.
strongylus rushi, Profastrongydis siilesi, Marshal-
togia mureshalli, Osteriagia oxtertag, Oxferfagia
friflircata, Mematoding abnormalis, Nemalodirs
davtiond, Chaberifa oving, Trickeris spp., and cysts of
Taenla hydatigena, Duly M. morihalll eceurred in
significant numbers in the 32 sheep exnmined b this
wimdy, The average annual infection parasite intensitics
of all ather parasites were less than 20 worms per
sheep, Mean infection levels in 199293 e summa-
rized in Tables 2 and 3.

Liver

Examination of the gall bladder and Wile ducis of
51 sheep (30 in 1992 and 21 in 1993) led 1o the tecoy-
ery of only cox parasile; Wyomind felond, This ces-
bocde wan first described by 1.V, Scott in 1941 and has
only one known hast-Chis camadersis {Scott 1941,
Thome et al. 1982). This parasite was recovened in
very low numbers (1-2 per sheep) from 2 of the 31
Hvers cxamingd, In addilion, & common £-test showed
that there was no significant difference belween the
1992 and the 1993 infectson levels, T-lesis also show-
od that no commelaisen exisied botween inpeworm infec-
tion heved and sex off sheep in cither year. The identifi-
cation of a trend in cestodes lovels requined st o leass
ihree sets of data be compared, theselore, no such anal-
yin was alicmptod,

Ny evidencg of liver Mukes was seen during
post-monem examinations of any bighom sheep speci-
mens. Liver lesions recovened from two sheep speci-



mecns in 1992 were analyzed ai the Department of Live-
siock Diagneostio Laborntory in Bozeman, Momtana,
Lesions consisied of abundant fibrous connective tie-
suc. Ome of the specimens also contaimed dark pig-
msent, & reaction congictent with the presance of liver
Mukes. However, no adult or larval flukes wene found.

Lungs

The hengs from 30 sheep were received in 1992,
O these, 19 contained parasites in gither the air pas-
sages or lung tissue. In 1993, the langs from 17 shecp
were received, twelve of which contained pamsites. All
aof the recoverad lunpworms were identificd s cither
Frovssirongylios rushi, which lives i the air prssages,
ar P, sitlexs, whach inhabits lang tssue. The avernge
infection rate per sheep was 3.4 £ 4.6 (n = 30) in 1992
and 3,1 = 5.1 (n=17) in 1993, Worm counts probably
were nol &n accurale rellaction ol ol warm bardens
due to the difficalty m recovering intact specimens from
fung teesue

Infection bevels of both mums and ewes were
compared io determine i 3 conelation existed beaween
sex and lungworm infection level as indicaied by Festa-
Bianchet (198X, 1991). A t-test showed that no such
comclation exisicd in this herd. Statistical tests also
revealod thal hungworm infection levels in 1993 had
ned changed significantly from thoss in 1992, The
identification of o rend in Profesrosndes spp. levels
required that nt least three sets of dams be compared;
therefore, no such nnalyeis was stiempind.

Thrce b ghoma were diagnosed with verminous
pncumonis st the Department of Livestock Disgnostic
Labormbory in Boceman, Montana. The dingnosis was
mnda afer 8 thorowph examination of lunp aadule
sectiong roevered duiring posl-mofcm cxambnalion.
These nadules contained “innumerable adilt parasites
and large mmmbers of ova® of the genus Profastrongy-
Mz, Inaddition, the pulmonary parnchyma immedi-
ately sumounding the nodulcs contained areas of necro-
g and evidenée of inllammabory cell responss, both of
sams phenomenan was so20 in lung nodules removed
from one bighom sheep in 1993 which was akso diag-
e with verminous pnéamania,

Gastrointestinal Tract

The examiunalion ol portions of the gasinonlcati-
mal trocy in 1992 and 1993 revealed ihe presence of 8
epocies of parasites, Suwvtstical teszing was conducied
to determine if the avernge infection level of each of
these paragites differed significantly disring the tweo
vears of the study, In all cases no statistically signafi-
cant difference existed in panasite levels between yeirs.
These data were 1o be farther compared 1o the envimon-

mcntal conditions (&g, preciplistion amounts) during
those two years to deicomine i’ pamsite levels could be
correlated to levels ps suggested by Foe-
rester and Linell (1976). Since parasite levels did not
differ significantly between years, no comparison test-
ing v conducted with the emvironmenial data. In
nddition (o <between year' comparigons, all parasite
datn were also iested to delermine if & comelation ex-
estied habwesn hosl pex and infection level, In all cases,
nao such comelation coubd be detected. The identifica-
tion of o trend in gastroiniestinal nematode levels re-
guired dhat at leasy three st of data be compared;
thérefore, no such analveis was attempled.

Abormasum

The abamasa from 25 choep were examined
1992, Of teese, 19 contokned parosites, Marshadlagio
ararshally wero recovered from 18 of these abomasa,
while spocimena of Oriertagla frifurcafo pnd O, oxfers
rfagi occemed in five shesp. In 1993, all 19 aboaasal
specimens that were examined contained parnsites.
Morshallagio morshelll was the most conumon para-
site found in bighorms during this sludy, with an aver=
age infection level per sheep of 235.5 2 287.7 (n = 25)
in 1992 mnd 114 32994 (6 = 19) in 1993, In addi-
ton, Marshallagio was the only parasite found in
si gnificant numbers during this smdy. A firet glanes
the 1992 averaps appears 19 be much higher than the
1993 average, but tecting showed that the difference
was only marginally significant. In addition, statistical
Eesting was conducted to determine il A marshalll
infection levels were sex related  Toating condiscied for
both 19492 and 1993 indicated no significant difference
between AMarshallapio bardens in rams versus ewes in
cither year. Statisiical tests indicated that infection
levels of Oistertagio spp. did not differ significantly
between the two years of this study, In addition, -icsts
hoat sox,

Small Intestine

The emall inestines from 27 sheep were exam-
ined im 1992, Of these, 1} tracts contamed parmsites.
One graall intesting contaimed 3 sogments of the lape-
worm Wiominia tefonf, a parstie normally found in
the liver or gallbladder of bighom shecp, In addition,
Marshallagia marshalli was also recovered from the
smiall inbestene al two sheep. Roundworms of the ge-
s AemaradaiFies wene also eoovered fioen the emall
intgsting duning the posi-morizm cammation. The
malke paragibes wers identificd as N, abwormalls and &
iderifare



Several of thess parsile species were recovercd
froen @ of the 20 small idestine specimens thal were
received in 1993 One small imtestine contained 7
sepgments of B, fetoms. Male and Female NMematodig
ahnarmalis and & derefian were aleo recovered from
ihe small intestine, Other studies of bighom pasasibes
(Becklund and Senpger 1967, Thorme & al. 1982, and
Worley and Secsor 1992 have reporied lopeworms of
ihe specics Monlesia hemedeni, Mondezio expamnsa,
and Thysanosonta aciimioides, bul None were recov-
efed during this study.

A Z-pest wnk wised 16 deteet any dilferenee i
Nematodirur spp. indection levels betwesn years. Mo
significant difference was found. Furthenmore, statish-
cal texis showed no cormelation between infechion level
and hodl sex for this parasile.

Large Intestine

The cecum, large micsting, and rectum were
cxnmined 15 @ unit. All or pant of the larpe indestinal
<unit’ of 26 sheep wens received in 1992, while those
of 20 sheep were examined in 1993, OF these, only six
Ll wnily contained parasies. Dne unif examingd in
19492 commined ong male specimen of the large-mouth-
ed bowel worm Chaberife oving, while another sheep
cxamingd in 1993 contained one female C ovima. In
both years & singlhe large inlesting was found 1o conlain
one fenale whipwoarm (Trickuris spp.). 10 addition,
two large intestinal sections cxamined in 1993 con-
tmined Wyominng fefond mpecimens. The mesenteries
yielded larval cysis of the tapeworm Tovna fdal-
igena in two instances in 1993,

Stakrstrcal tests showed that infection levels for
all three species did not differ significantly betfween
vears. Mor was any cornclation detecied between mfic-
thon level and hoet sex

DISCUSSION

The concept of utilizing parasite bevels as an
imsilex of hery healih in (his study vms based on a proce-
dure for using parasite kevels 10 esthmate mnge utiliza.
tinn, hend denasties, and other bealth-related fssiors in
been ueed to correlate parasite intensity with the health
status of white-tailed deer hends in the sowtheasiern
Uinited Sindes, nnd is weed routingly to infier a relation-
ship betwoen the size of decr herds and svailable forage
in this region (Demarais et al. 1903, Doster 1985, Eve
and Kellogg 1977). 'While a para=meter such ns the
Abomasal Paragite Count (APC) developed by Eve and
Kellogg (1977T) ix nat availabls for 3 comparable analy-
ls for bighoms, the concept af uiing parasite levels,

Tabla 1. Pracipitation date collected at the
HOAA woather stabion al Dhade, Montana los
1662 and 1883 .-

1882 1883
Manth Ppt D, Ppt D
v} Gn)  (n)  {in)
Dietabar 24 oe 15 0,00
Mevemnbar | LR e, 0.8
Chescimm b 1.1 .97 24 X3
Janiany 1.0 129 24 011
Febmaory £33 033 £ 0.3
March 1.0 -1.78 1.8 408
Aprl 18 084 .4 142
May 12 -1.83 2.4 .73
Juis 68 384 432 i
iy 18 021 a1 1.49
At 0.4 Bt 20 1.4
Seplembet 1.7 027 1.1 087
TOTAL 241 -2 dd 307 a.16

"Located on the norfem sdge of Fe FMighlands bighom mnge
ol elavation of 1640 m. Abbievialion Ppl. = Precipiation
Dy, = Daviztion from svemage preciptation recorded for the

especially lungworm (Prowostromgsius) and stomach
worm (Aarchailagia) burdens in highom sheep as
indicators of the balance between hend siee and avail-
abila hne heen propozed (Worley and Sesess
1988, 1992). They felt that there are two perameters
thof sppear to be most usefial for the parposs of deter-
mining parnsite impact on berd health, i 1) the total
number of parasite spacies in A particular herd, and 3)
ithe relative frequency of multiple infections. The cur-
el sudy has ahown that the bevel of porasite infee-
irond s another imporiant (o thet shoald be consbd-
ered when assessing herd health, Application of Wor-
ley and Secsee'’s health index alone bed to the assump-
tion ihat this herd was m moderals condition in 1992-
93, Eleven spocies of parasiles were scen and 62% off
the bighoms examined had multi-specics infections,
However, several of these infections consisted of only a
single parasite of twa differens species (2.5, one speci-
men cach of C. oviens and P rushy, The effect on the
host of the two nematodes in this example wos negligi-
hhhmhwmmﬁnnhmnﬂl%mﬂu
of this herd. For this reason, it se¢ms reasonable 1o
incorporate parasite infection level o such o healih
e

Severnl factor may have affected the validity of
the siatistical teats comductod during this shady, First,
the rules and regulations of bighom sheep hunting must
have mn equal probability of being included in dhe



Table 2. Worms Recoversd at Nacropsy of Highlands Bighom Sheep - 1592 (n =27),

Bighom Sampla % AeTBgD Slandard
Prrasto Gerdar Sizm Infected Infecticn Clniabian Range
Gioup {n) L1] i8]
PG a1 28 T3 10.7 a8 00 -1378
Ram T B3 213 513 40-1378
Ewa 17 52 46 a.A 00-324
Prafosfangdus By =0 [z} 14 48 0-18
LT Ram 9 T8 AR £3 0-15
Ewes 17 65 a5 d B 0=18
Frovminie A i ] &0 0.3 a.7 g-2
ionw Ram B 1 o1 0.3 0-1
Evws i 18 03 0T g=2
Marshailigna Al x5 78 pric- 2878 0 - 1030
marsholl IFarm A 100 X9, 1T 130 - agy
Eve 18 - Fra i) b e 4 0= 1038
Oatarmagim Al 5 20 L) BB 0-28
app Ram a a3 6.0 10.6 0=28
Ewn 18 19 4.0 AT 0= 25
Mematodins All 7 ar 30 B3 0-28
Hpp Ram T 43 =8 5.0 011
Ewa i7 Eh| i3 | 0= 28
Chabenia Al 26 4 0.04 0.2 o-1
owving Ham L} o i} o o
Ewa i7 -} 0.1 o2 0-1
Trchuris Al s & 0.04 {1 g=1
Bpp Ham a8 o u} o o
Ewn ir &8 0 o2 g-1
P o ) 2 4 ; 8 :
Evet 17 o g o a

Abbrmensticna.  Avarage Infection = svarage pamsiSc nfection pet indeidual shenp, A% = Al shisep - Mals, Famals and
Uninown gender, LPE = number of Profostrongyius Lanse Per Gram of fecal matersl

sample. Montana hunting regulations restrice huniers
to taking only adult cwes and 3/4+ carl rams in HD
340, This results in a sample that is not truly represcn-
takivie of the entine herd since lambs and small-hormed
rame hnd no chance of being included in any hunter-
killed saample. The 1992 transplant, on the other hand,
did sample rams and cwes from all age groups in the
Highlands herd, but it was not & random sample. The
sheep included in this tranrplant were taken from only
area were nol included. In addition, samples were
received from only those hunters for whom it was coa-
venient io collect and refurn the requesied organs. This
meand thai (hose sheep thal were far from a moad, or
shod during adverse weather condithons were probably
not collected. This woulbd herve affccted the distnbution
ol the sheep included in each sample set, The sheep
that were inclnded in this study were modt likely aot
naformly distribated over the entine study area. Bag-
homs located close 1 a mad had a higher chance of

being taken by o bunter than those located 7 mreas not
50 casily scdessible. We know thal the distnbution of
the sheep included in the 1992 transplani group was

restricled 1o ane specific site. These Macton musd be

taken into consideration when determindng the validity
of uxing hunter-killed samplings as 8 means to deter-

mine the lcalib of a highom sheep herd.

The Highlands bighom shesp herd was found 1o
bharbor ten nemasods, two cestode, and five prodoeosn
species of parnsites. OF these, oaly Marshallagia
marshalli wak found in gignificant numbers.  Since
heavy infsitions of this parasite can cause decressed
wigor in bighorms (Thome ot al 1982, g level shoald
be closely monatorod i survesllance studies designed 1o
evalunte parnsile effects in fee-mnging sheep.

Although the concept of utilizing parasits loads
in inferning herd hesbith and ramge qualing in bighom
sheeg is feasible, more ressarch 18 necded before it can
b whiliwed wilkh any relinbility. More shadies soch as
this one need to be conducted, and the data pooled, to



Tabls 3, Worme Recovarad at Macropsy of Highlands Bigham Ehaop - 1893 (n = 20).

Bigharn Sample % Avarage Standard
Parasie Sendoer Eirg (S Infecion Dhadanon Range
Giroup {nj {x] {s}
LPGE Al i3 104 1164 153.4 0d-5348
Ram =] 100 1278 153 2 0.4 - 34432
Ewn 10 100 1475 182.8 BER-5MA
Prodosirongyisg AR 17 L] 31 51 0=47
g Ham B A3 a0 58 -7
Ewo 8 58 i 47 0-14
Wirominda A&l 21 18 0z 0.5 0=2
fatani Ham 10 ki 04 0.7 0.2
Emp " 9 01 03 0-=1
Marahmiapis Ad 18 104 114.5 i 5-d4i2
marshal Fam @ 100 124.1 1223 5412
Ewa 10 100 1058 e 11 =212
Ozlariagia AN 10 1= 1.0 29 012
500, Ram ] B 21 40 o-12
Ewe 10 ] 1] 1] 0
Mmmalooria ad 20 s 1.8 e o G=11
pp. Rmm 10 ] 232 432 0=11
Evwa 1w 30 [ ¥ 34 =11
Chabarfia A 20 5 o1 0.2 0=1
ovng Ram 10 10 0.1 0.3 -1
Ewn 10 1] a a o
Triciiyrs Al 20 5 (1K 02 01
5o Fam 10 1] 1] a o
Ewe 10 10 (1] 3 o-1
Tanns Al 20 id (18] 0.3 -1
hydialipona Ram 10 & 02 ad 0-1
Ewe 10 D o o 0

Abbrevdotons. Average infecton = mvarage pamsss nfecton per indridunl sheep; LPG = number of Profasirongyles

Liarvas Per Gram of fecal msltaral

determine bascline pprameters an which (o base hend
heealih conclusiona. In additon, kevel of parasise infee-
tion should be considered as an imponant panumeier
when making such conclusions abowt herd boalth.

Any futune focal analvess performed an this herd
should Include a guantingiye Lane fecal Noation sest
Since some of the coccidian specles eoovered doring
this study (mamely, ¥ ahrado amd £ ovimoddalis) arc
considerod highly pathopenic in bighorns, analysis af
infection level could prove 1o be beneficinl for the
Tutire manspenend of this heed,

MANAGEMENT CONSIDERATIONS

This study Instad only teo vears: therefom, na
valid hypotheses could be formulated reganding the
jpresence of potential tends in parasiie lopds pnd the
effect of weather conditions on these infections in the
Highlands bigharn sheep herd.  Therefisre, a lang-term
manitoring program should be devised for this herd.

As discussed earlier, this study shovwed tat neither
posi-meniem cxamination oy Fecal testing alons could
accurniely proedice Fromostromrplus infoction levels in
this herd. Festn-Baanchel (1991 siabed that "larval
counts ane affected by infection intensity and body
condition, do noi predic pneumonis epizoctics, and
Tave Hmdied rediability as an index of hend healih.®
hunter kills and/or field mortalities, combined with the
testing of focal material through the Bacrmann tech-
nigus, is the bes way o fully sscess the lungworm
burden of bighom sheep, Thereforo, hunter-killed
sheep should continue to be collectad for the purpose aff
monitoning parasite levels. In 1992, 75% of hunter=
killad sheep were received for testing. [n 1993, this
retum rate dropped (0 53%.  Even so, il return bevels
remnin pf Uis level, on adequote sansple sie could be
oheained for valid sinbistical analysis. However, other
herds alss are availabbe for such long-term stadics as
are required o determine the true relationship between



herd bealsh and parnsstc loads in bighor sheep. Rou-
tine health monitonng cver a penod of years is the best
way o determine if current management methods are,

mndeed, workang on bigham sheep herds.
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ROLF JOHNSON, Washingion Diepaniment of Fish and Wildlife, 500 N. Capital Way, Olympia, WA 98504

Abstractt Betwoen 1976 and 1996 Rocky Momtaun highom sheep {(Chlr canadenas camsdemr) ol Hall Mourtsn in
eeribeasicrn Walsngion were exgilired snd specifle biolagical samples wene collociad for health evalualion of the henl
Sarmples fram 230 bighor shasp were colleciad doring the study and evalsaied for respiratony vineses, Pasieurelio spp.,
inieenal and svaeral parssites, mrsibdies o nespinsiony virnses, Amsgeleres spp. and Srverlls spp. Respriratony viruses were
ol dotocied during the study, although anfibodbes aguinsl parsanfluenza virus 3, bovine virs diarmbea virus and respirsiony
ayncvtinl vinm were deteciod sporadically, md four resciors to Brucenlla ovix wore deleciind. Pomiewnnlla hemodyvior wes
detected i all shoop ssmpled when semples ware codlected froen the phanyngeal anca, but was rese when sssegplod from nass]
snimes, All !, hormolynics polaies were bsotype T (sl called Postewrells treheload), and were prisarily seootypes T3,
T4, T34, end TIA 10 Inbernal parasite pumbers were low hised on fecal evaluation, Paoropies spp. mibes were pol
detectad on ey shoop, mnd tcks ware woommon. Rempiraiory distase was nol obsorved ¢linically duning the 20-vear study,
and enimals appenned clmcally healthy. Duning the shady period, 5 bughomn sheep were tanshocaied (o other aress &
Washingtom e Oregon, several bighorm sheep migrated into Canada and formed 8 new herd, and 14 montalitses were
confirmed.  Beghorn abeep i 15e Hall Momtsin population have nol had known conlact with domestic sheep of olher
Irvestodi, epe fiod ut a feod station in winler, snd are dewormed during most winiens wilh fenbendarobe or ivermestin in feed

Wie bebeve the noults of ihas long-tomm study represent herd health parameters charsctenstic of & proactively

SEplanois. _
managed herd of healthy bighom sheep.

B ghaowm shessp (O coamadienais) are suseeptible
1o rumerous disesres that can affect their well-being
and survival. Monitoring populatians of bighom sheep
fior specific health parsmeiers can provide a basis fior
determineng the healih status of (he population ia terms
of predicting population survival and growth, asd
suitability for wransplang sock. Between 1976 and
1995, we monitoend a bealthy herd of bigham sheep
an Hall Mountain (480500, 1 1701 5W) & nonhes-
ern Washimgion for specific diseass parametens. To
oar knowledge, this herd of bigham thoep hes never
had signs of infectious diseases and has mol experi-
entod excessive moralities, The purpose of these stud-
i3 was b0 document the presence and prevalence of
ppocilic discase agents in o herd of bighom sheep
dhrcugh ihe we of physical ohtervalons asd siab-
lisked Isbomiory iocknigues.

We thask the husdreds of entlssiastic velerinary
students wh have participased in this study ever the 20
years. 'We also thank the nsmercas personncl from the
Washington Departmsent of Fish od Wildlife, Unéted
States Fanstt Senvice, and waldiife groups who assisted
in the sudy.

History of ibe Hall Mountain Bigharn Sheep Herd
Iis 1972, 18 Rooeky Monntabn bighamn sheep
{Evix comadensis cancdenis), inclading five rms and
13 ewes, were transplanted 1o Hall Moantain in north-
eastern Washingion from Waterion Lakes Natsanal
Park, Alberta, Canada (Johnson [983). The onby addi-
tioe 1o the herd since the original transplant has heen
twa adubt ewes from Wildhore [ilend ca Flathead
Lake in Montama in 1981, A wister foeding sestion
wis exiabiisked ai Hall Mountsin from which the wheep
are fod alfalfs hay and alfalfs grain pellets. Mineml-
izpd block salt is svailabde =t all times, and anthelmin-
tic medicaied feed blocks or pellets are provided during
most winters. The bighom sheep at Hall Mountain
have never bocn hunted, and are gencrally accusioemad
I tha presence of humasd, The Hall Maountsin berd is
& tomrist aftraction, and husdreds of people visil the
coninies approximately 33 ankmals (Tabls 1)
Between 1977 and 1993 a toeal of 85 sheep
were translocsted from Hall Moustain io other arcas in
southeasiern Washingios and northeastern Oregoa in
instiats mow herds or supploment existing herds. Same



initintad m new herd near Salmo Pass, which curmesithy
oumbers approximalely 25 shecp. Although them i
some intzrchange of shesp between the Hall Mosniain
and Salmo Pass hend, the imterchange is minimal A
total of 14 known mortalities have been recorded in the
Hiall Momntain kerd during the 20 year persod. The
deaths huve boen sttriboted 16 cougar predation, illegal
bunting. caphure myvopatn and uknown causes. Fope-
Istion nambers, lansh-cwe mtios, and eramslocated
sheep are lisied in Table |.

MATERIALS AND METHODS

Bighomn shaep ai Hall Mouniain have boon cap-
purcd by diferent methods. Imitszlly, sheep wore cap-
tared in groups with @ drop net afier haiting the anca
umder the net with alfalfs hay. A permanent cormal teap
vk constmeched in 15983 1o capeure the sheep on 8
yearly basis, Sheep were ateracted into the trap with
alfafa hay and alfalfa peflets, and when a sufficient
number were inside the trap, the door was pelied
chosed. Sheep were then forced through an small chule
whenz they were restramed phosically, To facliaie
handiing, some farge sams were given. 100200 myg of
xylarine wsing a jab stick, while other rmms were hazsd
inio 0 drive net and ihen restrained plnuically. Soms
very kg mms were relensed witkout being sampled
dug 1o human and asimall safety concerns. Following
bine a8 (he reversal drog.  Less than tes aheep ales
wene capiured By haxing them ingo a devve net, of by
immichilinng them with xylazise sdmimisiered from a
ennquilizzng rifle or pesiol. Afier sheep were restrain-
e physically, the fallowing medicaiions wee given:
ivermectin (lvomes, MSDAGVET, Rabway, Hew
Jerery) a1 0.2 mp/kg body weight, 5 oc of long adling
penizillin (Flo-Cillin, Fort Dodge Laboratories, Ine.,
Symacuse, Mew Youk), selenium ard vitamin E (B0
SE, Shering-Plough Animal Health, Kenitworth, Hew
Jersey) at 1 oo pex/25 kg body weight, and 2.5 ocofla
T-veny clostridium vaceineg (Fermicon T Sommsgen,
Missoari),

Between 1976 and 1996, bickogical samples for
evaluation were collected from 230 bighoem sheep
(Tables 2-4). While the sheep were physically or
chemically restradned, approxemaiely 5 grams of foces
was collected from the rectum, and 10 mis of blood
was obinised fremn the jugalar vein using an 18 gaape
peedhe and 10 of syrings, and then tranaferred o 8
Vacutsingr blood collection tube. Nadsl swab sampls
(Wiral Cubturee, Becion Dickinson Microbsology
Syatems, Cockeysville, Maryland) were collected for

vinu isolatica, and nesal or pharyngeal swab samples
{Trassette, Spectrum Labaradorics, Inc., Houston
Texas) with charcoal Amics modifiod modia, wene
eollecied for hacterial isalation. Cotton tipped svab
samplles were collected from cach car for detection ol
mises, and skin and hair wene examined grossly For lice
and ticks. Sex and ape were determined on cach sheep
while they were restrained.  Most gheep have boen
given large plastic car tags for identificaticn, and in the
L=si two yeam of the stady, sheep have bocn emplanicd
with a micoochip (AVID, Norco, Califtmia) in the
cartilape af the base of oo car, and a second microckip
in the subcutaneous tinsues of e nock.

Tz bliood tubes were placed in o cooler comtiin-
ing boc for rmnsport io the laborsiory. Adber conirifiga-
ticn, the scrum was withdrawn, placed in 2 mi plastic
wials amd Frocen a2 <200 until it was cvalusted for
antibedies to paminlluenea 3 virus (P13), mfoctious
rhimotracheitts virus (1BR), bovine virus disrhes vine
(BVD) and respiratory symcytial virus (RSV). All
wemlogical anakyses were done at the Waskingion
Animal Disease Dizgnostic Laboeatory (WADDLY),
Pultman, Washington, by stendard biborioey testn. All
wanb samples collected price to |95 were tmnsporied
o the: [aborstory i ice; however, since |99, swab
samples for bacteria isolations have been placed in
phosphate buffered ghveeral (Forevt and Lagerquist,
1554} and transporicd o the laborsory on dry ice.
Within 24 hours of callecizon, swab samples for bacte-
rial isolstion were sinsaked onio sheep blood agar
platzs for tsolation of Pasteurells spp. Suspected
cobonies of Pasieurella spp. were identified based on
morphalogical charscieristics (Caner, 1990, Bio-
dieseribed by Foreyi and Lagerquist (1994), Swab
gaemplhes for vine molation were snoculated onto ovine
embryomic tracheal cells (Amencan Type Cublure Cal-
kection Mo, CCL 44) and bovine turbirase cells (Ameri-
san Type Cubture Collection Mo, CRL 1390) for two
pazsages af 10-dey inservals and were examined daily
for cytopathic effect {Castro, 1992). Additional speci-
mcha wiere teated e resperabony syncyiial vinos by nse
of solid [Abbott REY
EIA, Abboti Laboratories, South Pasadena, Califior-
nia). Esr swabs were tramsported in glass blood collec-
o tubes and examined in the laboraiory for males
using a dissecting microscope with 20 1o 40 magnifi-
cation. Ticks and lice were placed in glass hebes and
idenilicd laler in the labominny nsing a disseeting
microscope wilh 2010 40X magnification. Fecal mm-
ples were evalumed for pamsiie eggs and ooy by the
sugar flotaticn lech-migue (specific gravity of 1.27) &
described by Foreyt (19597), Feces also were evaluated
for lungworm larvae using the standard Baermann



ieehmigue (Beane and Hobbs, 1983). Mumbers of
eggs, 00cysls, and larvee per gram of feces were deter-
mimesd,

RESULTS

sheep in the Hall Meantain herd are listed in Table 1.
A total of 230 bighom sheep were capuned lor ssmple
ooflection befween 1976 and 19594, with mos! captures
oecuring in December ol each vear (Table 2-4). One
sheep died during capture, and fomr shecp dicd within
24 hours of capture. probably from capture myopathy.
Blorwoen 1576 and 1993, 23 bighom shoep were ne-
meaved from the herd as tramiplant stock 1o other ancas
im southeastern Washington and noribeassern Cregon,
Sorology results are lined in Table 2, Antibod-
ies b the vinzses PO, BYD, and RSV were detected
over ihe experiménial period.  Antibodics wens not
detected for the vinuses [BR and BT, Angibodies 10

Table 1, Bummary of snmual bghom sheep populiaban al Hall Mounlain.

Brucelly ovis were detected in 5 of 82 (6%) sheep
eamples, and mnitbodics to Aamplarma were detectad in
10l 17 (39%) of the sheep lested. Vinisss were nol
detecied in 6= of the chesp ssmplad.

A sumenary af FPasiewrella haemolptica moov-
ened [rom phanyngeal swaba between 1991 and 15946 is
in Table 3. Pasiewrella haemolytica biotpe T (=
Parewrella frehelon) were meovered from all shesp
gampled (Table 3} The most comsnon seTolypes 1ecoy-
ered were T34 (33% of the samphex), T 34,10 (19%),
T untypeable (16%) and T4 (11%) (Table 3), Eight
additional serotypes (21%) are hsted in Table 3. Pas-
fewrelia madtoeioks was rcoversd from phanmpeal
wanbs fom four sheep.

Parastie eggs. larvoe, and oocysts are lisied in
Table 4, Profastreagylur larvae were detecied m 124
afl 120 samyples (5636}, mean intensity of & larvae per
gram of feces, Coccidia (Eimeria spp.), Neratodirus
sp. mnd Trichwris sp. were rocovered (rom 2%, B6%,
and 66%, respoctively, of the sheep evalusiod. Other
parasite cggs detected imchuded pinwonm, Skrobimems
avid, in | of 192 sheep, tapeworm,
Mosieria sp. in 3 of 192 sheep,
stroagyles in 6 of |98 sheep, and
Capillaria gp. in 5 of 198 sheep.

Vear

Estbmaisd pogulation  Bewcoenl  Lambiows ratlo  Trambogased

1996 a5 IDRITESL 20¢100
19495 15 1CR1AESL A0
5 kL] 138 14E6L 431000
199 a% 1381 EESL S0ep0a
153 &0 12RI4ESL 437100
191 -0 13RI1IEEL 507100
e &4 ISRI0ENIL SAr00
1569 ) 1IR15ESL 6007100
196 W IDRIZESL 427100
1967 i1 I2RIOESL 00 100
1985 1] 13RI 191 A0
1985 (4] RMEITL 411100
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17 b7 SETEIL 2100
1975 W 12 inial 5 lamis
130 B 1% intal 7 ladw
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Dorsal spaned Larvae computible
with Farelaphostromgyiis sp. were
detecied in 4 of 220 fecal samples.
Althcagh gicks were nod
specifically searched for on all
sheep, ticks wene recovered from 14
of the sheep caphared. Dermoceniar
iL albipictus, adubts and mymphs, was
the emly tick recenersd. Esr swaba
for mises (Praropies 3p.) and ear
i® ticks (ot megami were negative
fow 103 sheep. Grosa observations
on all sheep capiured dad pot reveal
Tesions coenpatible with mange.
One: lomme, Linognotius sp., was
reeovered from one sheep.

DISCUSSION

Results from this survey
establish heabth paremetor data for
this hend of healthy bighom sheep.
Easced on sl observations, andmals
numbers and composition, and

Firt released Dic2lih dlaia collected, it appears the

"E=mm, E = cwe, L. = Lanh
* Bl peconded

Hall Mountain berd of bighom
sheep bas romained healthy gince the
instiad transplast in 1972 Bo



Table 2. Sumemary of semlogy results froem Hall Mountain bighom sheap (1878-1586),
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viruses kave boen isolated fom this herd, although &
Tow astibody prevalence egains three of the respiralony

viruses, P (12%), BVD(I%), and RSV (<1%)

indicace thai exposure to b virses has oocumed.

The sagnificames of the high prevalence of Aae-
plasma wp, in this kerd of bighom shoep is unknovwn.
Alibough snaplesmosis in wildlife penerally produoes
oaly amild discase (Thome ot al. 1982), experimental
enficteons of two captive bighom sheep with A, owvix
have renalted in severe clinical dissase, indscated thal
free rangeng bighorm shoep muy be sdverscly alfecied il
exposed 10 the organism in natwe (Tibbiis &2 al. 1992).
Recoverod animaly can become latent carriers, and may
serve 3 naturnl rescrvoiny for amaplasmosis.

Five of B2 (6%) of the sheep had & Brucelle
ovis tiber of >1:10. 1t is not known at this tme if these
ey indicate actual exponse of infaction, or e coss
reaciing with other organisma, Alithough repeoduction
does not appear affected i the Hall Momntain herd,
Brucello serology, isolstion attempts for Mrucele sp.
froem tisswes, end chservanions of lenb sumbers thould
be continsed in the future io determine whether 8. oviy
is present withis the herd, or whether these four
reaciors ane false positive reactions.

Prior to 1991, only masal swabs were calbecied

for thelothon of Paxteureile spp., and Patewrells
ipp.wore ool isolated. Smoe 1991, phanmpes] ywabs
have been collected from each aninal and /. Aarmo-
ivtiva has boen isolated from every snimal sampled.
Partenreila havmolytiog liotype T b commonly
isnlated (rrem healiby bighom sheep; whereas biotype A
izalabcs are ehccimman m healthy bighom shesp and
are more frequently sofased fioen moribund or dead
bighoms (Foreyt 1994, Silllow et al. 1994).

The relsiively high prevalence ol coccidia,
Nematoadinug gp., Trichurir sp., and Proforirengdic
&p., which has been cossisient (heoaghomt the study,
sppears b have no detrimental impact upon imdivideal
arimady and fherefbre the herd as 8 whole, Fenben-
darole or ivermectin medicated foed blocks ar pellos
bane: been available at the feoding station dening most
winiers, and have boen consumed by most of the sheep
present, Al amimaly which are capsured anc given an
injection of ivermectin, which is cifective against most
gastroeniestinal and external parasites, but nol proto-
zoan pamsites, inchuding coccidin. The goal of de-
wenmmning shoep through use of anthelmintics on o yearly
bl s this berd ks 10 prevent an incroasce in parasiaes
thast could resull im climical ceces of infisctwon.



Table 3. Sumemary of Pesteurslla haemalybica recovery fram pharyngeal swabs collocted from Hall Mountain
bighorn sheep (1991-1998).
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There have boon o observed discase opisodes The membser of animals a1 Hall Mowsinis has dachined
amaong this hend of Rocky Moumtsin bighom shesp s the past several years bocanse some sheep have
Hall Mousvinin since the initiation of (he berd in 1972 emigrabed north into British Colusnbas, and a tots] of
Clinical discase has not been observed im existing herds 85 shoep, espocially nature swes, have been removed
that have received bighome from Hall Mountain as firom the herd as iranspland stock. Therefore, additional
watrsplant stock, o i rocemily indiated herds that remaval of bealthy theep from the Hall Mowntain herd,
originated from Hall Moustain. The continsed good ~ based oa documensed herd health hisiory, is likely
health of the current herd of bighorns & Hall Mounsain -~ when the berd buikds 10 an scceptbly higher number of
woald support their wse as healthy transplant stock, Enimaly



Table 4. Semmary of fecal evaluation far parasies of Hall Maunisn bighoem sheap [ 1876-1558).
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Abatract: A bieralure reveew wiss conducial repardisg the compatibility of bighorn sbeop and domestic sheep. [ bat
ferced stuicies asd froe resyging herds, maoat contect between biphom sheep and domestic sheep has resuliad i pneumonia
in bighorns and (he deatla of al| or meat bighoma while domestic shoep remainad bealilby, Poblisbed rescarch has shavs
thal Paseurella haemofyies (umally beotype A, scrtype 7) is the major pathogon fesponatbic for the death of bighorn shorp
wfler contact with domestic sheop. DA fingorpristing has proven the trassler of Pamesrelio spp. between bighom end
or free rengmg, et have come mnio contact with dorestic sheep and remaized healthy, Mo vaocene curmentdy exists thal will
prevent bighorn sheep B developing pocumonia afber contact with virubent straing of Pastewreile  'With the current
idormation, slmost off wikdlife profesmionals, wildlsfe veterinanans and nescanchers heve concluded thai bighom shecp and
domestic shecp should nol ooy the same ranges of be manaped in close proximuty 1o each olher, becsuse of the polential

lverne effect froen discase on bighom sheep.

BACKGROUND

Thas is am updated report and Fiersture review o
infomastion pertaining 1o (he compatibility of bighom
and domestic sheep. The coigimal review was requessed
by Regional Forester, foha Lowe in 1993, with the
comient 1o be used s the basss for future decisions for
the mansgement of bighomn thecp and domestic sheep
within the boundaries of Hells Canyon National Recre-
ation Arca, on the Wallows-Whitman National Forest.

Cuarrent beghom shoep mambers in the westem
Usnited Stmies have been extimated to be less than 1%
ol what they were prior to peessitiement (Goodson
1982}, Rocky mosntain bighom shesp (Chaz cang-
depiy canadensls) were nabive (o much ol the mosn-
kain and camyon country which currently compnses a
Large proportion of the Wallowa-Whioman Naticnal
Foreat in Mortheast Ovegon gnd western Idaba, Spocif-
kcally, kistorical acoounts indicate thay bighcorms wene
pumerous in the drairages in and around the Wallowa
Mountains (Bailey 1936), the lower Imnaha River,
Snake River, Grande Ronde River, Elkhom Mountaing,
Powder River, and Joscph Canyon. The last Rocky
Mountain bighorn sheep were gone from norbeasiom
Oregon by 1945 (Oregon's Bighom Sheep Manage-
maent Man 1992), Cisrrent numbers of Rocky Mounitsin

baghom sheep in (he Hells Casyon National Recreation
Arca are also a fracison o what (hey were historically,
Archacological stisdics indscate wald shoop wers a

significant ungulaie food item for Native Amenicass
(USDA Fonest Service Repon 1991),

Following enormous population declines in the
United States in the late 18005 and carly | 900s, big-
hom popelations did not nesover, a contmst b ey
less ioberance than cther native North American ungy-
Rage 0 pooe v conuliions. i " 2
ticn, over husting, and stress caused by loss of habitst
(Desert Bighom Council 1990, Most importasd, they
kave shown & much greater susceplibifity fo discases
(Goodsom 1562)

I e last century wild sheep mambers have
declimed, their populations sufferng from a wide van-
ety of discases, some that they have contracted from
domesise sheep (Geist 19711 Some of these include
I virus, blustongue vins, and conlagsous ectiyma
(Desert Bigghom Council 1990). Docamented bighom
die-0iTs were recorded as carly 2x the mid- 1800y and
have contimued up i the present (Tablz 1) (Goodsoa
1982, Foreyt and Jessup 1982, Coggins 1988, Onderka



clal 1988, Foreyt 1989, Dot Blighom Council
1990, Foreyt 1990, Callan cral 1991, Hunier 1993,
Forewt 1993, Foreyt etal. 1994). Bighom sheep
dae-offs have occiered in every siale in the western
Uniled States. [n recent vears biclogists and resesnch-
ery have suspected thal even casus] contact between
Hahl*ﬁ:pllhﬂﬂukl:pqlulhmﬁl-
iy disease and [tal pneamonia in the bighoms
(Oriderka and Wighar 1988). The role of domestsc
sheep in the epizootiology of bighom sheep peeumonia
i% &N imporiant isses in maltiple use maragement
(Foreyt e.al 1594)

There I strong evidence (Table 1) that the pres-
ence of domestic sheep with bighom sheep cassad the
Ioss ol part or all of the: affected bighom shesp populs-
tion. The lack of compatibility bereen domestic sheep
and bigham sheep is evidenced by the fbet that pa
bighorn populaiions exisi amywhere in the staie off
Hevada whene domestic shecp aee curmently being
grazed (MicQuivey 1978). Goodson (1982) reporied
thai no bighom shoep hends, thai occumed with domes-
tic sheep on their ranges werg Increasing exoepl ihose
on ranges where wse by domestic sheep kas been skgnil-
icanily reduced. 'With the information curvenlly avaal-
domestic sheep shoald not oocugpry ihe: sme mnpes or
b managed in close prosimity to each other, becoase
of the podeniial adverse effect on the bighom sheep
[Jessup 1580, Foreyt and Jessup 1943, Goodson 1982,
Jessup 1983 Kistner 1982, Wishani 1983, Coggina
1988, Jessup 1988, Onderka et.al 1988, Fonsyt 1989,
Foreyt 1994, Desent Bighom Council 1990, Callan
etal 1991, Coggins and Mathews 1992, Forevt 1992,
LSDH BLM Technical Commites 1992, Ward 1993,
Fareyt et.al. 1594, Foreyt [954, Pybus clal. 1594,
Hunder 1995, Foreyr 1993, University ol Idaba 1995

OF the numeros pathegens affecting bighorn
sheep, Pasieurelia hormolytica is the most impostast
respimbony patbagen of bighom sheep, md Pasteneella
mullocids may also bo imporani & the phoumenia
poemplex (Foreyt 1993)

Based oa expenmentsl data, bighom shesp sre
moee sascepitble fo fxinl pneumsonia than are domestic
sheep. Based on all published cxperimentsl data, big-
hom sheep dic afler close axsociabion with domets
sheep (Foreyt 1993)

Baghom sheep are highly susceptibde to domes-
kic abeep straing of Pasieurela spp, while dsmestic
shecp are refraciony 1o bighom sheep sraies (Onderka
1986). Bighom skeep die afber incculation with spe-

cific "strains™ of P kaemalytics of “haalihy™ domestic
gheep o gan (Onderlo ef ol 1984, Foreyt epal. 1994).
Bictype T strains of P, haemaolitica (. treakola) are
found predaminaiely in bighoms snd cther wild rumid-
nans, bictvpe A strains of P, Aeemalitics are found
predominately in domestic sheep (Foreyt 1993). Ina
study at the University of ldabo, Bictypes A, T and 3
were isolated From both bighoen snd domestic sheep, In
culture postive individuals, bictype T organisms were
inolated from T6% of the baghorns and 1% of the
domestic sheep, while biotype A organizmy were iso-
lated from 30% of the bighoms and 73% of ike domes-
1 sheep (Ward at.al. 1990), There are many serotypes
{1020 or moee) of P. hacmolpiica found in both big-
hom asd domestic sheep.  There are many DHA bpss
{50-100 or mare) of P. hoemalyticn in bighoms snd
domestics. Dafferent DNA types are present within s
serotype and differcal semiypes are widhin a nbotype.
Mot P, harmodiics scrotypes and DNA types kook
the same on agar, multiple colomics bhave 1o bo typad
froem each ansmal. Multiple beotypes and serdypes can
be isalated from the same animal. Tonsillar (pharym-
gzal) samples vield the highest isolation raiz of P
Aunemodyiica, masal swabs have lsmided vakoe excepd for
the fact that healthy bighom sheep rascly bave P.
hemulytice detecied by nasal swabs, P. haemolyiice
survives for less than 24 hows in the environmend,
survival oo dead snimals and on maty swabs, placed in
eedium, is oflen less than 24 bours, bt teads to be
bonger on swabs. For the highest isolation mées of I
hnemalyiica, special peps mus) be taken to assure
pood sempling snd preservalion af samgles.

Studies =t Washingica State University, one in
Edmondinn, Cansds snd one s the Caine Videninary
Center, Botie, hisha have ghown that specific types of
Postenrella koemolytica and P. multocida can be
directky transnaitied 10 bighom sheep fram domestic
sheep (Ondorka and Wishart | 988, Foreyt | 989, Foroyt
1990, Foreye 1592, Humier [DFG Lemer Daed October
14, 1993) Table 1.

Foreyt etal 1594 publsshed the resunlis of 1
study where DNA fingerprinting was used 1o pimpoint
the crigin of bacteris thai lzad o the death of bighom
sheep. Tdentified was (he specific DN A fype et cams-
ed the death of the b ghom sheep. The DNA ype
oniginsied in the domestic theep and had nol been
presest m bighom sheep before they were incculated.
The bactera was Pastrure il Anemaliticn (hiotype A,
sarotype 2).

In wild sitmstions, domestic sheep and bighom
sheep sssocistion oflen reswlis in death of the baghoms
and docs nof affiect the doenestics. Offlen thi is hased
o0 cirgametantial evidemoe, because dirct discase
transmission is diffioalt 10 substanise under fecld



conditiona. The finding of & shared Proifeurella spp.
mnﬂnwmmmm
and highom sheep in & Nevada study suggests the
Pasteuredla spp. can be ransmitted between the big-
(Huser 1593, Huster 1996 porsonmel communication)
Deatha coour in highorms afler pssociation with domes-
B¢ sheep bocause siraing of . hoemaolyfica that an
poapathogentls in domestic sheep ace transmitiod from
domesise shecp io bighoma resubiing in paeunsania sod
death of the bighoms (Foreyt 1993, Foreyt eval. 1954),

When bighom shecp expenence a pnoamonia
episode, all age montality oflen cccurs. Lamba that are
bom into these populatioss penerally expericnée low
survival mies for spprocimately 3 60 3 vears of mone
afler the initial pacumonia (Foreyt 1990, Coggins and
Mithews 1992, Ward eeal. 1992, Foreyt 1995, Hunter
1995). Observabions of bighom sheep kave provided
Bons may contribaie 1o ibe high lamb morealiey {lawor-
o et sl 19930,

Esscntially all ungalsies carry some siraing of P
harmolytica (Fareyt 1995), Experimentally, elk, deer,
tion with bighom sheep dsd not resull in pecumnonis in
bighorns (Foreyt 1992, Foreyt 1993, Foreyt 1994),
Evaluation of samples from Idaho asd Alasks bighom
sheep has conclusively demonstrated (hat froc roaming
bighorn sheep which have not had contact with domes-
tic stocp e nof free of P, hoemalytica (Waed 1990,
Hetmer cal. 1992). Thene are isolates of P. hoemo-
Bitica in some domestic sheep that mne mot kethal in
brighsom shcep (Foveyt 1993),

There are bighor sheep die-ofls due b0 pocno-
n2s that have oocumed without amy association with
domestic sheep (Goodson 1983, Onderka and Wishan
1984, Foeeyt 1989, Ward 1993 and Byder ctal. 1994,
Rescarchers agroe that there are five primary lhctors
that camse precumnonia in bighomn sheep, These are: 1)
ithe presence of bacteria guch s P, haemolytica and P
munliocids, types indigenous 1o bighorn sheep, which
with other faciors can predizposs bighams o pocamo-
nia, I) the presence of siress, cxamples inchade: de-
pleted foemge or kuman disturbance, 3) the presence of
lungwarms, 4) the presence of viruses, and %) exposure
%0 & virulent strain of P, harmolitice from domests:
sheep, Rescarch indicases that the forst four factors are
relatively common &t times foe bighom sheep (Foreyt
1995),

Bighorn sheep, in particular young rams, have &
propensily (o travel outside their home mepge. Dosmes-
e sheep in rugged tormin, have a tendency 1o stray
fircem the maim fock. Because of both behaviorn, baff-

erw between the two specics, unksss very large, bune
offien failed.

Althesagh aniempits have boon made, no effective
vaccins cusrently exists that will prevent bighoim sheop
from developing pocwmonts after contact with virulent
strains af . haemolytica (Fareyt 1995).

CONCLUSIONS

1) In both fenced studies and fhee maging heeds, mast
contact between bigham shoep and domestic sheep has
resulicd in pncamonin in bighoms and ihe deaths of all
oo moad bighams whille domestic sheep remasned heal-
thy.

) Thirteen fenoed sindics, some ol which were cirgom-
staniial evidence, in six siales of provinoes resulicd in:
% camcs where all bighoms died from pocamonin, whils
From 0% to 83% were lost in the other 4 studies.
3} Additionally, 18 incidents evolving fiee rmnging
bighoms in 8 states or provinoes Hnked contact with
domestic sheep io bighom die-alfs (Tablz 1),

4) DNA fingerprinting have proven the transfer of
Kices.

%) Mo studics reposted any bighom herds, fenced or free
mnging. that have come imio comtact with domestic
sheep and remained healthy.

&) Poblished research has shown that Paxtewrelia
haemoiytica (unsally bictype A, serotype 2) b the
major pathogen responssble for the death of bighom
7} Mo vaccine cusrently exists that will peevent bighoen
vinsdenl struing of Pastewrella wpp
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Tabls 1. Bighom deciines and dke-offs believed o have resulled fram contacts with domestc chasp.
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Abairast: In MNesesnher 1995, a bighomn sheep poscumonsa epldemic sisried i povthern Hells Canyon, Waskingion. bnan
effort o prevest spresd of the discase, all 72 live sheep in the snes of the initial cothreak were captured and treesiemed in
n captive hoklmg lacility. Hewover, the opadeem: aontimacd,, sed by February had sppezenily spread appromimetely 40 miles
iothe soully An estimated 127 bighorn sheen disd, incloding 50-75% of the bighom sheep m 4 Oregoa and Wishingion
hiercds et ffecied by the disease Highorn sheep soroes the Snake River in [dsho showed signs of respirsiory disense, bt
it dienaT ooourrad. Bigghom sheep across the Imnaha River in Orepon were spparcnily unaffociod. Afler surviving 16 days
ity caphivaty, highorms resoved fom B wild began bo dic fom bacterial presnomia desle slemive beatimal with
mntibioties, | iHimaiely, § of 72 bighoms ssreved in espiiaty, Hacienal, virsl, and perantodngical assmples were collecied
from 57 free-runging bighom sheep. Three fersl goate and 6 domestic sheep were also ssenplod. Pasteurells sssociated
oo was e coume of bughorm mortalify, bud the faciors thal inggered the outhreak were el defermanad. Treatmends
incladed placiag medicaiad protan [hocks snd fond near sck shocp.  The most cffective resémesd appeared o be nol-

F==ing sheep from o helieopier, resting with antibéotics, and releasing thers al the capiure sie.

INTRODUCTION

This paper chronicles & Rocky Mountain bighom
sheep {Chis canadensis conadenss) pocumonia epi-
demic thal océuned in and nsar Hells Canyon ol the
Snake River in Washingion and Oregon, November
1905 - March 1996, The spidemic resulted in moetal.
ity of appmoximately 327 bighorn heep including 50 -
7% of the bighom sheep in 4 af 10 herds i and
around Hells Canyon. 'We repont em the spread of the
opidermic, summaroe predmamary virology, bacteriols
oy, 1d pariitalogy daa and nclude information oa
efforts 1o treat free-ranging bighoen sheep affected by
e cizease paibreak

STUDY AREA

Hells Cavon of the Snake River is located in
Oregon, [dabo, and Washingion (Fig. 1). Elevaiions
mape from approximaely 243 m (800 ) ncar Lowis-
ton, idaho to abave 2743m (N0 in the Seven Dev-

its Mountaina, ldaho and Wallowa Mountaing, Oregon.
Much of the arga i public ksd mansged by (he UL
{Bog raursr), but alio seme domestic sheep (Chis
avies) and domestic goat (Capra hircus), occurs on
pubilic and private lands.

Caryen wpograply i sicep and sharply dis-
nae the bsdscape inderspersed with decideous shrub
Dougles-fir (Preudorsuga mensies) and ponderosa
pinss (Fraer ponalerona]) sands occur on northerly
aspoces (Johnson and Simon 1987, Mascuso and
Moseley 1994}, Climate is charscterized by light pre-
emperature. Summers are bol and winters mild. An-
maal precipstabion averages kess than 25 em (10 i) in
the camyos with (he heaviesi precipitation occurring in
the winker manths and in May and Jupe {Johnson and
Simon 1987).



History of bighormn sheep in Hells Canyon

Bighom shoep (Chir comademits) wers oaoe
abwandant im Hells Canyon, but, ng cheewhere in the
west, popalations declined precipitoushy with (he ar-
rival of sctilers in the late 1800s, and bighoms were
compleicly extirpatod from the Hiells Camyon arca by
the 19404 The first reantrodaction of bighom shesp 1o
Hells Canyos pocwrred in 1971, Since thes, 157 sheep
have been relessed st approcimately 12 locations.
Refocated sheep originmed in and near BaniT and Jas-
River, Idahey, Wildhorss Isisnd and Thompson Falls,
Montana; Tarryall and Comonwood Creek, Colomdo
and Whiskey Basin, Wyoming. The mast recent rein-
troduction oooarred in Fehruary 15993 with ihe reloass
of 38 baghoms fram Cardanal River, Alberta iio the
Lapwer Hells Canyon, Cvegon beml (Fig. 1)

Bighem sbeep have persisiod al all the remieo-
doction sites. Orver 70O bighom sheep ccourred in and
mzar Hells Camyon by the wiser of |994-95 (Toble 1),
However, mi least 3 population dieoiTs have been re-
poriod simce reinooductions were indlised: in 1971-72,
1983-84, 1TB6-07, 1988, and 199). Theee of thess
dicalls (1972, |983-34, and 1991} cccured in the
Upper Hells Canyon, ldoho and Upper Hells Camon,
Oregon herds. The 1986-R7 dicofl occumed in the
Lentine herd (Cogging 198%) and the 1988 dicoll oc-
curred m ihe Moundain View hend (Foroyt o al. 1930
(Fig. 13, The epidemics in ihe upper Hells Camyon
and Losting herds were thowght io be related i contact
with domestic shesp, bt no definifive caues could be
idientified for previous disofly,

Diendl chronology

This epidemis occurred in the wimer of 1575
155 i tho nostbern end of Hells Canyon in Washing-
tom mnd Oregon, On J Novensber 1993, Washangton
Departrment of Fish and Wildkife (WDFW) personssl
obssrved a feral domestic goat with bighom sheep in
the Tenmile Creek area alony the Snske River south of
Asptin, Washingion ad the lower end of Hells Canyon.
During the same period, bocal residents ohserved big-
bom sheep coughing. On 18 and 19 November, 2 dead
rams wene discovered in 2 separsle locations 15-20
mikes upstream of Tesmilo Creck. Ong of the rams was
rewicved amnd micen 1o the Waskinglon Stme Universaty
min was desermined 1o be the canse of death. More
dead aheep were observad between Tenmile Creck and
the Grande Ronde River (Fig. 1) over the next several
dovi. Om 1% and 29 Noveniber, 18 dead sheep were
observed ma WDFW senal sarvey and a bighorn mm,
bigharm cwe, and the feral gost were collocted together,
The goai and bighom ram appeared healthy, bet the

gwe showed signs of preumonia including coupghing
and lack of mobility. By carky Docember 1995, 2 10tal
of 33 densd blghom were pbaerved north of ke
Crande Roode River. Fam, cwe, and lamh monalaty
were high mear Tenmile Crock where the oothreak
apparcotly starfed.  Ham mortality domanaicd as ke
Cpideniit progressad 10 the soulh.

I 2 piteenpi in coninin (ke spresd of the dis-
ense, the T2 bighoim sheep remaining north of the
Cirande Ronde River were acrially nei. and
phacad m captivity at the ldabo Department of Fush and
Game (EDFG) Wildlife Health Lab at Caldwell, kdsho.
Fifty-eight were captured on 2 and 3 December, the
remaining 14 wene capoered on 12 December. On 7
December, o lethargic bighom ram was observed south
of the Grande Bonde River during an acrial survey and
on 18 December, 4 bighorns south ol the Grande
Ronde River in Washington were observed coughing
(Table 2). On 2| Decesnber, 3 desd rams were founsd
in Washingtoa. One of these, the ik ram observed on
T Detenber, had been dead approximately 10 days
Bighom shecp in Washingeon wers again ohaorved
coughing dunng an perial survey conducied on § Janse
ary, a5 were sheep ocross (he Snake River in Idabo,
where | dead ram was located snd collocted. Om 16
Jazuary, snother dead ram was found [n Washington,
Oa 20 Jameary, 8 coughing ram was colkected apstream
in Crvepon and a dead cwe was retrieved in kishe. On
30 Jamusry, 2% monthe afler the original outhreak, the
first dead bighoms (2 ewes) wers observed in Oregon,
nppraximadely 40 males Mrom the angina oalbyeak
(Fig. 1), Bighoms eantinued to die 21 o kigh rate
hrrrugh enid-Manch and some adull mortakity comtinoed
theveaph June: Low lamnbs survival was aleo appasent
thareaph July (Takle 7). Momality = (he Wenaba and
Mountain Yeew herds was not confirmed wnii] summer
and a1l af 1996,

Between mid-Movember |90 and July 1996,
sppeoxcimabely 120 dead bighoms were observed {in-
cluding those thai died in capiivity) and 207 morn wese
esiimaied to have died in the Hells Canyon srea (Table
13, Initisl morality was highest in the Black Buiie,
Washington herd and the kower Hells Casrvon, Oregon
berda, Laler montalily coecurred in the Mountain View
and Wenaha herds. Logses in other hends were light
(Tabile 1)

Bighorn shoep transfemed fo captivity survived
fior at Jeast 16 days, although masy exhibited sigas of
pocamonin (weakness and coughing) af capture. The
bighoms were orlginally separsted mo 4 pens, with
sheep capsured iogether penned together, On 14 De-
cember they were put 1ogether in o single pen. On 19
within 3.5 manihs, despiic subsequent separation into
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Tabie 1. Estimated Helis Canyon bighorn sheep nismbers, pre- and posi-disafl, 15§5-66.

il emmaE Hrg-hasd Boal-SoeT Mornigy %)
Bilnci Buse, VWA, 20 55 -]
Lovnr Heds Canyan, OR &b 25 ]
Upper Josegh Cresk, OR 50 b i i |
ME Virad, WA 51 18 [ 1]
WenohadLiost Praife ORAYA 120 &0 50
Lewwnr imanhe, OR 130 130 o
Uppar Hals Canyon, OR 20 0 o
Raedisrd, 1D &l LT 5
Lowai Hells Canyen, ID 5 24 i
\Usnor Helis Caanyan, I - 5 ]
TOTAL B 474 i

Table 2. Hells Camyon bighorn shaep survey information callecied during and after the 1095-68 apidemic,
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3 pens and nfensive ircatmeni with antibsotica, &4 of Washingtan bighors sbssep sel-punned and sehee-

the 72 captive shetp disd rom Meieunella mssiaated
phcEmonda.

METHODS

Bictween 22 Movember and 2 April, samgples
were collecled for discase and parssile evalustion from
niscty-seven free-rangang bighom sheep (Washinglon,
n=TT. Orepon, n = | &, Idaka, n = &), ncluding the 72

n

quently placed in captivity. Samples were also ob-
tained from 11 recemaly dead carcasses, 6 wick sheep
that were cuthanized, snd ¥ live sheep captured by
helicopeer pct-gunning ca dasting froem the ground
Swab samples for bacierial isolation were alio
collected from 6 domestic sheep, all on privale land in
Washinglon, Five penned domestsc shos oa & tribo-
Lary 10 the Grand Honds River were sampled on 3
December, and | demestic sheep penmed along he



Snake River, north of the Grands Ronde River was
on 22 December. Bacterial samples wene also
chiained from 3 fernl goats including the feral goat
engimally ohserved with the bighomn sheep ia Mevem-
b 1995, Two ferad female goats (remmants of § group
of domestic goats maging north of the Redhird bighom
shoep herd for sbowt 30 years, 5. McNall, pers.
comEmi ) were cepiared aed samplod on 13 December.

Maszl and pharyngeal swab ssmples were col-
lected For bacterial analysis from live animaly and from
carcasses, Swabs were mnalyeed of the University of
Idaho Caine Veterimary Teaching Center (CVTC) and
the Washingion Siajc University Animsl Discase
Dingnosis Lab (WADDL) Bacieria were classafoad by
baogroup al CVWTC and by serotvpe by WADDL using
standard tochaigues (Frask and Wessman 1978, Kilian
and Fredriksen 1981, Caner |984). Cyictoxizity ests
{ Silibow et al, 1990 were condocied on selected hacte-
rin smmples ai Washington State University, DNA
analysis of sclocted solases was condocied using res
sénctvon eneyme assay (Fadolph of al, in prep). Al
bacterial data repocted in this paper were collecied (s
the Meld.

Blood gerum from 72 bighorn sheep serially nei-
pened in Washingion was texied for anaplema
aniibodies. Samples from 20 madomly sclecied Wash-
imptom bigheres were snalvesd o the [dabe Stars Bu-
reau af Animal Health Labs ssd samples from 2 big-
Townes captared and treated in Oregon were analyned o
WADDL. Serobogic tesls wore conducted (br hie-
inepue, boving respiraiony sinsitial vines (BRSV) A
celia ondy, bondine viral diserhea (BYIY), epinoots:
hemorthagss discase (EHD), Leplospira spp., infec-
taous bovine thinotracheitis (TBRY, vibriosis, and pars-
infboceea -3 (PI-3) antibodics wsing standard toch-
nigques.

Masal gwabs (Vind Cultureiie, Becton Dickinson
Microbiology Syslema, Cockeyaville, MDY were col-
lected from 246 of the T2 net-ganned shoep for viral
evaduation (Cottenl 1978) at CVTC,

Mot bighom shaep wene inspested for external
parasites, including Mooraphes ovin (scabbes) and thcks,
Fioral exmples were eollocied and examined for imiesti-
nal pamsibes, including Eimerio spp. (coccedia), Mo
lodne spp., Montezia spp., snd Trichuwris spp. wbng
a sugar focal fMlotation technique (Foreyt |9%94).  Pres-
emie o bungwonm barvas (Profosfromgying Shilexd and
. rushi) was evaluated with 8 modified Bacrmann
iechnique (Beane and Hobbs 1983},

Bighom sheep transferred to captivity wers
treated with Sml axyterracyeline (LAZ00), Sml penicil-
lim {Flocillin}, and 2mi vermectin (fvomec) & capbarg,
Tieas highoen sheep will signs of respimiory discase (9
i Divegpesn and | in ldaha) were rested with antibaotics

and anthelmintics in the ficld 3 Febrasry - 27 March
1996, Scven of these (3 cwea, 2 young rasm) were ncd-
gumned from o helscopber, and 3 {1 fam and 1 ewed)
were dirted froas the ground. All were released at the
capiure siies.  Approyeniely §ion of medicaied feed
contaiming ieracycling, sk, race minerals, and molni-
acy was dropped from o helicopeer mear sick bighoms m
Hells Canyon Fanuary - March, Throe 23kg sl blocks
containing selenbum and 6-14kg proteln blocks oon-
[aiming ivermactin were also distribaied in Oregon

RESULTS

Becauss of the differoniaal mortalaty ol adull
s, 7% of the bighorn sheep sampled were femalbes,
and af the 93 dbsep whete age wikh tecorded, BO% were
under 4.3 years of age and 46%6 wre lambs and year-
lings.

Bacteriology
Paleiorella baclenia were fownd in 93 ol 97
bighom shoep samplod. Pastenrells was not detocsod
in 1 live gheep and 3 carcenses, possably dus to ficld

coniamination. Partewrella irehalos {also calied P
hacmalytica type T) was identified in 86 of 93 bighom
shoep wilh Pasivirelia (92%). Fosr bidgroups of P
Irehalosi were identifisd. A single biogroup (15) was
isolated in 91% (6%) of 75 bighomns where F. treholas
was classified to biogroup. . hoemalytéoa and
mmiliewicks were also molsted bul were less common (48
and 30 bighoms, respectively),

Pasteurella treholos scrotypes 4 (22 bighoms)
and 3 {3 highoma) were ddocted. The remaining M
frehalas] iolates agghutinated in sovernl aptiser in-
cluding 34,10, and 13, Fastenrelln haemalytica
baatype A, serabypes | (2 bighoms), 2 (1 Hnlml.!ﬂ
bighoms), and 11 (1 bighomm), were detected
remmadning unl.lulﬂhulnlmiin
severnd anfisers including 127811, and 15, Most
Pastewrella isalates agghatinated in mone than | anti-
3 or were untypable and may repeesent arganisma
uniqué to bighom sheep (Dusbar ot al. 1990). Durect
eros-referencing befween biogromps snd serofypes wa
not possible. [sobates classified as a singhe biogroap by
CVTC wore sometimes divided (mio different
by WADDL  Diber bacteria isolaied m the bighom
ihueep samples incloded Cloxtridinm perfrimpens, ©
sowdeiil, s Actimoomers ppogenes,

Pasteirela bicaype A was isalawed
from the & domestic sheep and the 3 feral goats.
Pesteureiln trehatosi biogroap 2 (a biogroup found in
5 bighom sheep) was isolaied from the 2 Iaho feal
oals and 3 of the domestic sheep. Fastenreila multo-
cidka wis esodated From the Waakington feral goat.



Cytotozkeity

Thiree off 24 bacicrin ssmples texsed were found
ko be cyletoase. These wers all P, harmaiidics bickype
A | was rom the bighom ews capiared with the feral
gou in Washingica 20 November, | was from a big-
bewm oz pouth of the Grands Ronde River,
Washingion 2 December, and the thind was froen (he
ingie domsestic shecp from the Snake River ssmpled
21 December,

DNA analysis

DMNA aradysis of selected Pasicuredls isolaies
indicated that P Amemolytica and . multocidkr
bacienin wore tasfirred betwoen ot least 4 bighom
shecp and 3 foral goats.  The Washinglon goal
observed of the ginrt of the cusbreak and a bighom cwe
colleciod with the goat shared genctically identical P
haemolytica and P multocido bacterin. Pastewrella
haemalytice biotype A in both Idabke prat masched P
haemiolytics in bighom shasp acmss e Snake River
in Washingion and bighom shesp over 45 miles 1o the
wenith and acroes the Saake River in Oregon. However,
everall, DWA typing did not identify & single comnsan
Pastenredio organism in the affecied bighom sheep
herds. To the contrary, in most cases Paslenrelia
bacteria tsodated from the bighom sheep exhibited a
high degree of genstic variation (Rudalph ot al in
prep b

Positive titers io 10 paibogens were identified
serologically indicating likely exposune (Table 3.
However, FI-} was the only vines deveciod (1 of 26
highoms evalusied). F1-3 and RSV titery increased in
captive snimals indicating continsed exposure (Humter
and Rudolph, unpubl, dats)

Insermal parnsiies detected are isted in Table 4.
Ticks (Dermocemior alfripichos and (Mo mepnial)
mmmmmhm

wire detwcted in BE% (50) of 74 sheep sampled and
lesiona wera abserved in G4% (58] of 88 sheg usamined

Treaimenis

Five ol 7 baghom aloep sei-gunned from a
belicopter and treated with antibbotics i the feld were
was not iollowed. Survival of bighom sheep net-
ganned, radin-collared, and treated was 83% (5 of &)
(Table 5). Overall sarvival me in the herd where
highcen sheep were treated {Lower Hells Camyon,
Orvegon) was estimaled at 31% (Table 1) and all 8
peevicasly radio-collared bighams ot treated in this
herd digd during the epidemic.

Thres bighoms darved froem the ground with
oytetmeycline died (Table 5), incloding 1 due oo
problems with dartmg. The effect of the medicaied
feed |5 unknown. Some bighoms apparcntly ats the
Feesd, bont proicin and sali blocks sppeared 1o be mor
palambde 1o bighom sheep than medicaied foed

DISCUSSION

Tt cause: ool this deeall appears io kave been
Pastrurell; - azsociated pncumonia. However, analysis
o the hactenolagy, viralogy, end pamsilology has not
vt revealed & pattern that would indicate how the
dieoll staried. Twpical stressors (Ward of al. 1596)
such & winler weathes, high lungworm levels, high
levels of human distarbance, of ovenpopulation were
net appasent ciors in this dicol. A wet fall had
produced betier than svermge forage coaditioes and

Tabie 3. Results of serologic tests for anfibodies o pathogens in selacted free-ranging Helis Canyon

bighom shaep samipled Docambaer 1085 - Mach 1098,
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Tabde 4, Irlemal
Movambar 19095 - 27 March 1995,

recorded in Rocky Mountain bighom sheop samped in Holls Caryon, 22

Far i Linis" n Topremance  Mean mbsmasy Poxsva fangs
Cocods ] 5 -] e lr;'lﬂ
Srongyes "y 51 Bl 18 1-74
Namatoding =] 5 43 4 194
Monmazia #pg 51 io a d-278
Tricherds =] 51 " i 1-3
Profoatrongyim ing & 50 & 1-28
B e e

* rpg = eggs per e of feces, lpg =~ ervee per gram of from

* e of bigharm aheenp hested.

Table 5, Hells Canyon bighorn shaop traated in tha fisdd, Fabruary and March 1998,

Dattrested  Sex  Age(ym) Capluretype Oxyetracycine Tylosin
(LA~}

Floolin  Wermactin  Sunéval
{Tylan)

AFet F 55 b=
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15 Fel F 4 5+ nd-grn
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20 Mar I ] nid-gum
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bighom sheep were m excellent condition af the sian of
the diecfT. The only potentially predisposing lacives
detecied were the: prevabenos of scabses and pousibly
the peesence ol Pl-3. However, the role of thess
Exctors, was hikely sccondary to pasicurcllose. The -
3 infection rale appeared o be bow and scabies bas
apparently been present in Hells Canyon bighom sheep
gince 1584 (Fonsyt e, ol 19940),

Circumstamtial evidence would immplicase the
fernd goat from Washingion, The timing of the
observatian of the gool ingether with bighom sheep in
the aren whene the epidemic stared jast prior 1o the
dasall suggedts caust and elfect 11 was demomitraled
that Pastrurello spp, wers iransfered betwesn bighom
eheep and feral goars i the wild A highom ewe asd
fernl ipoat shared genctically identical Pastenre/ at the
beginning of the cuibreak and ondy the bighem
showad sigms of pocumonia, suggesting possible
diMerential suscoptibility 1o the same bacteria. Oneg of
the shared bacteria was cytoloxic in e bighom and sol
in the goat. However, the directice of bacierial tramsfer
{bigham 1o goat or goat 1o highom| coukl nol be deter-
mined, nor were these bacterin common among the
bighoms sampled dening the opidemc, Therefone,

nlthough demesiic goais may pose o threat (o bighom
gheep, their mie in this disall eould sl be extablished

Removal of sick bighom sheep did not sop the
epademic, although it may have slowed the spread of
discase, Whiks bandling langs numibers of animals
allowed collection of moee disease-celated data than
wold have otherwise bocn possible, it has not yot
pravidad the infemation neadad (o detemine the chamn
of events leading 1o the cpademic. Removing bighom
did mot prevent the cventaal spread of the discase nor
dud of prevent the boss of the captured baghoen shesp.
Ratheer, the stress of capiivity and bandling may have
of groups with elinical siges of illncss from apparenly
healthy indivaduale maght have imcressed bighom
survival, however there would still have bem
reluciance 1o retem ey of these bighoms 1o the wild
bocsuse of [he potential thal they would be carming &
pathogensc Pasieurelli transdered in captivity.

Cwer g 4-month perice, the cpidemsic spread
approximsiely 40 miles from the initial outheeak,
despite & relatively paschy distnbution of bighom sheep
bn the area. The Snake, and posaibly the Imnsha Rivers
soemed b0 not s barmiens to the sproad of discase, even



theogh highormns mre known o crost bath e and
ficen both widey of the Snakes River, Although bighom
sheep across the Seake River in Idabo exhibited sign
of respiratory discase, inchoding coughing. no large
scale dseofToccurmed. Perbaps reluctance of highom
sbeep o cross the rivers diss ho high water kevels dusing
ke wnier of [995-96% protectied the [dabo and lmnahs
herds. A person hered 1o hame bighom iheep awary
from the Imnsha River may have also helped roduce
brghom movements in and out of the Lower Imnaha

herd,

Treamment of bighom sheep i the wild appearmd
12 be succsssful when shesp were net-gunned scrially,
Sheep thai were darted froem (e gromnd mey have heen
o wick io respond 1o trestment or drug defivery may
nist have been soccessful. This comroboraiss experience
in o previows dieoll i Ovegon where treatment with
aalibicdics increased bighom survival (Coggins 1988,
The 16 day warvival of bighoms net-gunned, treaied,
aned transfirmed io captivity ot the stan of the epidemic
lso sugpests trestment was cifoctive, although
epparcaily nol adequaie fo offsd problems encounicred
in captivity, Additional kesting of dnsg treatments is
warrnnicd. Treatmenis wene reganded positively by ihe
public, but capturing and treating individunl shoep was
difficult and expenzive.

Although relatively lanpe sumbery of highoms
were sampled duning ihe course of this epidemdc,
dade we harve bocm unable to trace the causative
agenbis) We bope that further analysis will provide
additzonal information and answer some of the
guestions raised during thas experience.
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Abstract: Bocky Mountain baghom shesp (Dhis conadensis conadrnnir) were mdipemcas lo norbess) Oregon and
n;lrpﬁdﬁmdtﬂhrlﬂi Resioraison efforis on hisonic range sisrted in 1971 and has suecessfilly resiored Focioy
Mountais bighom popalations o 10 northenst negion herds rmunbering an extimated 500 samsh.  Limiled ram busting
nﬂnlmdltﬂﬂtllmmmmmlm Pighoens from 6 duflerosd smunces of sock heve
been utdized for 22 trasalocations from 197155 The stwtus of estsblished kerds, review of eransplasts and flssare

manapemend direction it ammarivod

INTRODUCTION

Recky Moustain bighom sheep wae mative 1o
Wortheast Oregon and were numeroans i te Wallowa
Casrvons (Bailey 1936}, Archeological studies indicate
bighoms were abundant and & major food isem for
natrve Americans living in Hells Canyon (LISDA For-
ail Serviee Report 1991 Bailey (1936) reporied &
populstion estimabe of 50 sheep on (he Wallowa Ma-
tonal Forest in 1933 where a mowntnin sheep refisgs
o by the mid- 19408 (Coggins, 1980). Dseases
gontmcied from domestic sheep were belisved o bhe
responeihle for the eliminatson of native highoms.

Rocky Mountain bighom shecp reslomtion bogan
in 1971 when 40 animals from Jasper Notsonal Park,
Canada wiere relimed a Hell Canyon and (b Léstang
Drainage of the Wallowa Mountaing. The 1996 popa-
Iatiom was estimated of 300 amirale Cunrently Rocky
Moaniain bighoms mhabit the northeist comer of the
stnie o Fax Croel on Browalee Reservosr, norh
pdong the Bnake River to the Orepon-Washington sinie
lim= and weest 10 the Wenaha'Gramde Ronde River
dminages. Pasteurclla pneumonia dic-offs, excessve
disperaal of ransplants, and domestic shodp/Tlghom
condlicts have been major chatcley io restoration of-
fors.

TRANSPLANT HISTORY

Ressormiton of Recky Mowmiain bighoms stasied
m April 1971 and 328 sheep have been relessed ol 15
diffrend sites in 22 translocations through March,
1995 (Table 1} In additson, from Janmary 1980

through lenuary | 986, 66 baghoms from (he Lostme
herd were tanslocaied sm one tite in Washingson and 3
im Idsho (Table 2). Success of the Ovegon reloases
waricd with 10 tramsplants considered & ssoccss and 7
faalures (Table 3). For our purpeses we defined o sus-
cezxfial earsplant as o scif susaimng bighom popals-
fiscon establzshed withdn 10 air miles of the relesse site,
and esuceessful il transplants dispereed, disappeared
defined ai the majonly of the populstion mavisg from
low ehevation rampe io a high clevation mountain sum-
mef ranpe. Mon-migratory wias defimed s the majonty
of the populstion remaining ot bow clevatsons vear loag
I bty my mowe shorl distances along camyon walls

Unincecssfisl Transplants

Upper Hells Canyon No. 1

The upper Hells Camyon tramsplant of 20 bighoms
dissppeared uiihin 2 years of being releaced. The
release was made near a domestic shesp allotment and
coaninct between the two probably resulicd b the loss of

the bighom hord

Hans"Wenaha/Cottonwoud Jim Creck

Hasa Ridge No. 1. Wienaha No. I, Comonwodod
Creek snd Jim Creek tmnsplasts dispersed from their
onginal release sises. Both Hass and Wenaha bad a
few animsls retem in the original Loating captuse siic
from distances of up 10 f4 kilometers. Most of the rest
of the animals continosd 1o move aoand il they
disappeared. Most of the Coticewood Crock shecp
moved to other oocupied bightm ranges and mamy
recenily died in o Pasicuredla ouibreak. Most Jim
Creek sheep also maved pway from the releaee ae o



Tabée 1, Northoast Cregon Rocky Mountain bigham sheeqp transplant history, 1671-1865,

Cinta Sipiares ﬁrhh e
T od Stock Relepae Sife County  Animals
1 16348 oniana Mot Known Harl Mounian Lake i3
F | AT Abarta, Canada JiEipar Park Upr Halls Canyen  Wallowa il
11T Abaria, Cansda Jasper Far Lisstine Rliver Wallowsa 20
4 178 Lostine Remer Jasper Paik Bear Gr. Wallowa 17
§ W7 Lostine River Juspor Prark Elaar Cr Wallowm 8
o e Losdine River Jasper Park Lior Hels Canyan  Wallorwa 5

Batile Cradk
T 18 Losne Rber Jnsper Park Upr Habs Canyon  Wallowa 29
Bt Greak
] I8 Salmon R, ID Panttwar Cr Lwr. Imnahn Walkwa 18
Salmon River
B 18 Losing Rivar Jaapar Park Hass Ridge Wilalowa 10
10 1483 Lostine Rivar Jaspear Park Wonaha Canyon  Waliows 15
11 184 Sullban L., WA VWalprion Park) Biear Cresk Wallown 11
Thompasn Fads
12 154 Salmon R, 1D Panthar Croak Hass Ridge Wislowa 11
13 1284 Soimon A, ID Caove Croak Vanasha WA Wislown 28
Safmon River
14 128 SalmonR,ID  EbanérerBSaimon F Mirinm Fieesr Winliowa 12
15 1m0 Tormyal CO Tasryall, GO Shwep Man, Bigioar 21
18 280 CollomwoodCr. G0 Colorwood G Sheap Min. Bakar 4
1T 1283 Widhosa 16, MT SunRAiver T Lower Hells Carpon Wallowa g
Chary Croak
19 1203 Wikdhose Is., MT Sun Rhear MT Fax Cresk Baker 12
1§ 284 Widhoreels, MT  Sun Rivar MT Downey Croek  Wallowa 14
0 2 Widhorme s, MT  Sun River Min Fax Creek Bk 12
21 285  Albarin, Canada Cadomin Joseph Cr. Drainoge  Wallkrwa 18
Comomsood Cr,
285  Alborta, Canoda Cadomin L Hells Cnyn, Jim Cr. Wallowa 22
2 X85  Albarna, Canndn Cadomin Shesp Min, Haker 11
(Watanton/Salman | Shesap Min Baker |
Total L
Table 2. Norheast Oregon Rocky Mourtsin bighorn sheep ansplanted cutside of Dregon,
Qnigin N, of
Daie Somte iof Fioek Rt e Simn Animads
1 180 Losline Hrver (a) dnapar Park Chiof Joseph VA, WA 10
2 1EE  Losling River (1) Jaspar Park Salmaon Rivar, 1D 16
3 12E4  Loshne River (b)  Josper PardkA\Nalerk  Beaverhoad Mins, D 22
4 T'FE Losling Aiver (o)  Jesper Pare\Walart  Pahsimanal Ming, ID 18
ot 88

Joim aither bighom groeps ncarby. A group of 6 ani- ikear Creek No, 1 and 2

mualls fiom ihis release moved soathesst 32 kilometers Bear Creck Mo, | was a tansplant from Lostise
e uneecupied bighodn habilal where they reside of thas  stock and the animals were released on o winter moge
time. Three ewes in this group are rdio collared and 11 kikgimeters from their ongisal range. Most of these
will be moaitored o detonmine sobscuent movemenis.  animals retumed to the Lostine, slihough a group of 8



Tabde 3. Buccess of ransplants, migrabory vs. non-migralony stock.

Bummsshil n Unauccasshd Succaashul i Unsuccassdl
Losting Fver 20 Upper Hells Canyon No, 1 ﬁ Lowerimraha 15 Nane
Upper Hells Canyon Ne. 2 34 Hass Ridge No. 1 0 HassRidge 11
Shuep hEn, Wenaha No, 1 15 Wermba Mo 2 3B

Basar Grook Mo 1 i  BearMinam 12

Baar Créak Mo 2 11  Fox Creak 24

Cotonwead Croek 16 Downey Creek 14

Jdim Creek 22 Chermy Cresak 4
Humber of animads franspiantad

shecp did reman on the Bear Creck mnge through the
wiimiler priod (o returning. Bear Creek Moo 2 wad a
grovp of 11 bighoms from Hall Moundsin, Washington
redemund o the Hear Croek gite. Theos andmabs meved
thwoagh deep snow 11 kilometers and joised the Log-
time herd. This groog of bighoms bed no knowledge of
ihe Bocatics of other shee in he area having boen
vappeed about 350 kilometers nonh of the release aca.
They became pant ol the Logiine herd inclading o s=m-
mer migration o alpine semmer range. The mave-
menis reparied above demonstaie the sbility of big-
barns b0 find cther beghoms,

Bwcoessful Transplanis

Teen transplanss were oonsidened sucosssfal with 7
from stock nof considered migrasory and 3 from migra-
tory sheep sock {Table 3) The habitat type and be-
havior off the bighom source stock sppears s be impars
inni im deicrmining tansplast success.  Bighoens foen
magratory hends moving scaicsally soms distsnce [
and from high clevason moustain habitat seem 10 dis-
perse when relessed i low elevation cammon wall ppe
habetat.

Lastine

The Leestine herd ceiginated lean migratorny sock
and was iransplanted 1o winker mnge adiacent 1o high
chevakion moaniain habital. They morved foen the
winter nge bo summer mages 121 (0 30 Kilomsters in
distance. This migration paciern staned in 1972, the
surmancr follewing the eamiplant, and bas eontinwed o
dasg.

Sheep Mountain

Sheep Mowmain was estahbished ftom magrmory
sheep in g 1990 transpland. 1t was supplemented with
s gruioey bighorns in 1995, This herd occupies bow

elevaton canyon wall habitat adjacent 1o Obbaow reser-
wair,

Upper Hells Canyon
“This herd was extsblished with migraiocy Losting
seock and expericnced o decline probably fom & Pas-
teurells dic-all. 11 appears 1o be skowly recovening and
& Few rams Erom this herd mave 10 alping habitat in the
Wallowa Mountsins, Ewe-lamb groups utilize low
elevation camon wall habitr

Diher Herds

Of the 7 transplants considered succesadisl from
non-megrafoey siock all but cne utilizes low elevation
canyon wall habizst. The BeanMinsm besd moved
From the ceigiml release gite in higher elevation eanyon
wall kakitas bai 0 ks essemtially 8 resiclent berd even
thowgh an sbundance of slpine habatat is available
mcarby.,

These are olraously overlagd in suidiat of magra-
tory verses no-migratary stock and other reasons for
trnnspland fnilures. However, we beldieve ke bobitas
and behaviee of bighamn siock =sed for tansplasis is
alwo an impartant facior in their saccen. Ulilizing
noamigratory beghoms from canyon wall babitat at
releane gites with simdlar habitar chamseleriaics sppess
io have resulied in moee successful herds beng estsh-
lishad. W belseve babitad charscteriglics and bebavioe
of transplant soures ok ghould be maiched Az closely
&8 posEibde i the areas where relesses are plasned.

HUNTING OPPORTUNITY

Providing bighom hasing oppormunity was ane of
mmmﬁm.m bl e,
uﬂﬁﬂmlmﬁhiwmmhmdh



].I'lnl:ill;il-Ftr—:. The Lostime= hesd was (B only
Rocky Mowntain bighom population in Oregon at the
timg aned 7 of the B hustcrs were successfil (Coggans
19800, Since then, 129 ram taps (including auction
und raffle Baga) have boen seaed end § 14 mma from 6
hend ranges [ Tabde 4) have been taken by aghalders.
Sixtoen of the harvestod mms have equalled or cocood-
ed the Boone and Crockett Rocky Moundain bighom
peccard bk enimimuam scode of IR0 poinis. Six hends
were hunted im 1995 with 13 iaghalders all taking
.

In 1591, the rams hay lnt was changed From one
34 curl fooee rmm Ovegon low cunrently allows an
individusl 1o receive enly e highom sheep ag na
lifetime. In 1985, the Oregon Legaslature passed a law
that allowed the Fish and Wildlife Consmission to
actipn ong bighorm tag per year, The auctioning of
e 1ag per vear was employed. Im 1591, the begisls-

& swhsegmend disajpremest over the compatibdliny of
domestic shoep allotments and bighorns, all erasxplents
o {he Wallown-Whitman Foresi wers postpancd. This
pcticn resulted in anly one transplans (Sheep Mountain)
on BLM land being completed befween | 986 and No-
vember 19903, Since thal time, i Wadlowa- Whitman
Hational Forest, Orepon Department of Fish and Wikd-
lifie, BLM, and with the belp of many provate individu-
als, B iransplants b & difTerent sies in Hells Camyvon
{permif) in Hells Canyon (Tempernoe Creek) on the
Chregon side expines i Ooiober, 19946 and an environ-
menial assesament decision was made nod bo resew il
bexasse ol Incompaishilisy with bighoms. This action
s very mech oppoted by lovestock groups and soms
of the public in the ares. A Umited States Disorict
Court raling (April 1996) reaffirmed the U §. Forest
Service decision 10 remove domestic sheep from the

Oregon porvion of the Hells Canyon

sction makes Hells Camyan in Ove-

Iﬂl\ Havest af Rocky Mauntain bighom sheep i Oregan, 1978~ o snd mch of the cdaho side of
- L he Snake River Canyon svailable
Linrt Herd Range II::H Hanest Success SENIE CRRL R e -

Minam Lostine R boend 50 histori: Tkage. I addition,

Snake River Lower imnsha 2 W 90 wﬁf "imm':m“
Wenaha Wenaha 1 10 i0d ﬁmmnswhﬂhnﬁﬁulyndlm
Hlad SprafChea.  Joseph Creck ] T Ta with 3 Jong lerm con-

Chesnimnus Livwes Hells Canyon 3 3 {0 wu". g

Mhingsm Baar Creak 3 2 e Wmmﬁtﬁrﬂwm
Totsl 178 114 P "bighom populaiions through the

bure approved legiclaiion allowing the mile of ane beg-
howm tag per year in addition 1o the auction tag. A inial
of 10 mgs have been purchased  {nuction)
and 4 e soad by millle. Twelve of the

I4 agholders chose to hust Rocky Moun-

Hells Casyoin projee.

Table 5. Eatmated numbeds of Rocky Maungain bighom shisap

tain bighoms and 10 of the buntery her- in herd range, Apil 1808,
vested rams, Poputation  Transpland
Unit Hesd Rango Sixe Year
DOMESTIC SHEEP AND POLITI- Lookout Min. | Gheep Min 40 1980, 1985
CAL CONSIDERATIONS Lookout Min.  Fox Creek a0 10093, 16864
 hean s L Halls Camyon il 1983-1085
Damestic sheep allotments o the W= Ches Sled Sprs. U, Jassph Canyan 15 Pebiniad
alkowa-Whitman Mational Forsst have Shed Sprngs Lost Praine 0 feana
prevented transpilants of bighoms oo Al Lostines 85 18
large arca of high quality habisst. Dis- Minam BeanMinam 35 1805
cascs bnsmatied from domestic shocp o Soake Aiver L bmnaha Canyon 130 19739
bighoms (Martin, K. D., Schommer, T. Snaks River U, Helis Canyon 25 19781040
and Coggine, V. L., inpressi havemade  Wenaha VWenaha B fand
{hese sites uravailable io bighoms. Fol Total 500
lewing ihe Lostine dee-ofl in 1386-87 and " Pastoureia outhreak | RE5-96 decmated (ha herd



CURRENT POPULATION STATUS

Ten eatalilzibed Rocky Moustain beghorn berds
are identifled in Morhesss Ovegon. The Apnl 199G
populotion szimaiz for (hese bighom herds iy 300
andmals (Table 5). The largess contiguens kerd (1309
is located in the Lower Imnaha doinsge. The Lower
Hells Casyon and Upper Foscph Camyon herds contsin
the smallest nmmbsr of ankmals 10 and 15, respeclively,
Both of these herds sufferod Iosses dog 10 a pocumeonia
carlbenk in the windes gl 199556, Priat 1o the peeg-
mianias outhreak all hends wene showing elow ansmal
nCreases.

Ram o ewe and lamb 1o cwe rabos vary consider-
nbly between shoep herds. This vanation i belicved o
b retmlt off discasen, pasnsilis, prodafion, and e
ilam denzrable survey information from some herds,
Currenily, combined survey dais indicsies o 34 mim and
40 lamb per 100 ewe ratio for Oregon Rocky Moantain
bighoms (Takle &),

Hells Canyom transpland was belicved bo have
dind from pasumonis in 1973, Ocher small groeps of
bighoms moved o domestic sheep ranges in the early
158y and soon disappeared. A few dead bighoms
were found in these arcas and disease was suspocted
A mapor dee-ofl off Lostine brghoms ocomred ibe wanier
af 1986-E7 and ke populabon dropped from 100 o
34, In 1996, & preumonis die-off zpecad ints Oregon
frons an puibeeak in Southeast Washington, reducing
the Lower Hells Casyom herd from on sstimated B0 o
10, The discase wax also found in the Upper hoseph
Crock herd bt no cstimate of losses e svailable s

Contagious esthyma has besn found in the Lower
Immahy herd but mo manalities were aimibused 10 thes
disease. Prosostronglus e presend in all hends b
msi e Ereated with medicated blocks keepimg levels
lew. Peoropics Scabics (Proraples sp.) are present in
ol east 3 herds and some bosses were suspecied fom
thid parasite in the Wenaka herd in pasl veara. These
sheep arc presently treated with medicaied blocks a
sait licks and this technbque seems 1o have naduced the
iscidence of scabiey in the herd

Predatihon

Mlountain o {Felis comcodar) kills bave been
docunsenied im some radio oollarsd tmnsplangs. Licn
nurstbers are believed io be increazing following recend
paszage of an Oregon law prohibiting the use of dogs
io take lione; Several sonall bighorn kerds have fuled 1o
exhibit population increases, possibly becasse of pre-
dation. Several studics (Harrison and Hebert | 988,
Cunningham ¢ al. 1993} have indicased lions can be

significant predators of bighorn sheep and especially
tramplants, The Arzona sfudy reporied two trang-
b am importanl GBetar im cstablishing new herds in
Momheast Oregon given the apparent mpid growth of
cogar papolatians

FUTURE MANAGEMENT DIRECTION

Resvoranion of Focky Mountain bighom shatp fo
native renges in Mortheast Cregon remaies 8 priority
for the Omgon Deparmend of Fish and ‘Wildbife. Po-
tential source stock for fiseure transplants will be ovalu-
aied ko obiain sheep that more closcly maich the desired
feleane dite. Our cxpenence indicsies thal distance
betweon captare and release mite, habitad type and be-
havior of the bigham sounce stock, and habitat type of
Ik futare relesse siles are 4 imporinng facions o be
considered prioe to obiniming transplans mock. Skeep
freem & prelominantly migraiony population -
plariod (o camyom wall fype babitst bend i disperse,
generally resulting in & transplant Gilere. Likewise,
highoms Foem a nonmigratory populstion released st o
site where scasonal migration is desired, wall generally
oot adopt & migrational patbern wnless movement pai-
iems are already esahlished by resddent dheep,

Oregan, Washimgion, ldaha, Wallown-Whatman
Mational Forest, FNAWS and many privade individusls
ase commaiiied i & major restoraison cifion in Hells
Canyee, The elimination of domestic sheep allotments
in the Hells Camyon Nationsl Recrestion /Ares ha
opened & large area in Ovegon end Idaho fior bighoms
FNAWS efforts thromgh the Hells Camyon Frojoct kas
the potential lo provide the support, both polatcally
and financlally, 10 sé this effort succesd.

Hanting for bighom rams will continuee ander the
curtend any rmm hag Hmat. The nember of rm tagy
winilsble will vary depending on fisture population
trends and individusl herd sanss. Oiffering asnual
mcison and millc shoop taps has boon o posiive influ-
ence b0 bighom management in Oregon, providisg
recreationl opportsnity snd program funding
technigues seed 1o comtinue expecinlly with the Pasiey-
refla presmonia’s and scabies. Pasteurella die-offs
comfinue to periodically devastme Oregon bighom
populatives.

Larger mumbers of sheep may be nosded for indi-
vichual transplants given the merease im camivores in
Hells Cumyen. Libeenlizing hinting seaos sl olber
methads b reduce the impact of prodation on tram-
plants needs 1o be developed.
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SDCIAL DOMINANCE, REPRODUCTIVE SUCCESS AND BIRTH SEX RATIO IN ROCKY
MOUNTAIN GOATS: A PRELIMINARY REPORT

STEEVE D. COTi asd M. FESTA-BIANCHET

Growpa de recherche en Acologie, nmrition ot AnergAtique, DA parement de biokogi, UnheritA de Sharbrooke,
Sherbrooke, QuAbec 11K 1R1, Canada.

Abitrael. A positive correlation between female dommence rank end reprodoctive socoess has been shown = vroo
species of mammale  Dominent females can incresse their reproductive sucoen by producing mone offipring of high
wiability ihan subordineie females. Fermale could alss siow affspong scx eatio lovwand the s sl b more likely o leave
the highest punber of descendants. Tvwe mmajor ypothoses have been proposed o explaim the adaptive significance of birth
s ratio biss in masvomals. Trivers & Willand (1973, Science |1 50-52) suggrsicd that in polygynous specicy, females
in good condition (or domisant} showild prodisce mone sons than fomales = poor condition {or sehandmsle) moce sons of
dominen! fensles should have higher reproductive success than sons of subordesle fomales.  Alternalively, the kieal
recuren compelition (L) ypothess (S, 1963, Am, Mat 121: 55-66) predicts that high-ranking females sheould produce
more daughiers than soem end, bow-ranking femabes more sons this deghiers.  To tesl these bypotheses, spomisic
iternotions and fod prodiuction were sadied in mariod female mouniain goats (Creaomrar americamar) fom 1588 io 1995
ul Cow Ridge, west-comaml ATheria. Prolimimary resmilts showed that ked production, tut ot the probebility of kid srvival
o ome year, incressed with Banale age and dominance rk (corrected for ape effects). o far, domizence rank effects on
kid production have e more pronounced in young Bemalbes {3 to 6 year-olds) than in old females (> T-pear-olds).
Dominance rank wnd parity B4 not seem o affect bisth sex mitio but e probability of producing a male moreased with
ferrale age. Dur prelimenary resalis sgpspont neither e Trivers & Willird mesdel, or the LRC bypoyhesis bot suggest that
fermule mountain prats mary sdjs ther reproductive ot soconding o age and dominesce rank. The effocts of female body
condition romsin 1o be iested




Phemn. Symp. Harth. Wikd Sheep and Ot Couns. 10:04-100.

PRELIMINARY RESULTS OF USING TRANSPLANTS TO RESTOCK HISTORICALLY
OCCUPIED MOUNTAIN GOAT RANGES

JON T. JORGENSON, Deparment of Environmental Prosection, Naienl Resources Service, Suile 200, 800
Raalway Ave, Canmore, Alberts, TI'W 1P1

RICHARD QUINLAN, Departmini of Esvirosméental Prosscoon, Natural Resoanses Service, 151 Floor, Provinzial
Bailding, Clarcs Halm, Alberts, TOL OTO.

Abstroct: Betwoen 1993 and 1995, T8 mountain goats were transplansed oo four different relesse sises in southern Albera
in an effort 10 repopulale portioes of nnge previoasly oocupied by nesrby goal populstions. Ooals were obiained from 4
separmic Jocatioen in Ptish Columbes end 2 sress of Alberin and transplanisd in laie sumimer, Radiccollars were placed
e 35 podts o fcilals monitonsg, (roats wers capitiined by serial netgunning with one mormlisy. Nane mdincollared goais
dliex] 3 charys i 1.5 e st reosse (| cpiurne noyonaily, | griezly bear prodation, | woll predaion, 2 accidenia] falks, and
o s urfmown caves). Groats cither cstabfished home rampes anoend the release sic on desporsed o extablish home rasges
i e distant from where ey were relesied. Average distance Fom nelesse @2 to cenler of home mges was 17,6 kms
(renpe 7757 6 ko), Mo dTeenoes: wese detevter] hetwiees billies sl nassiies in the distance moved, however, the sample
sire S biflles wms small  Dhee: 1o e great diasnees oved befive bome mnpe catablishment, hese tramsplants were nol

pirtscular]y suctessfil in recstablishisg poprulations & some of he dimned Larpet i

INTRODUCTION

Eovernl mouniatn gost (Drrammus americanus)
ranges in southem Albers experienced major popels-
tion declines: in the eardy 19508 o 19604 (Gmes 1972),
The suspecied camse of these declines was atinbuied io
exccis hunbing pressand of goad populificess as & nesall
of ingreased acocss into previonsky inaccessibie area of
the mountains. While hanting seasans were regulated
by |scense and a limit of | goat per icense applicd,
there were no kimits on the namber of Boenses. Prior i
the expansaon of road bailding 1a the arca, most popu-
lations were protecied from overharvest mencly by their
inncecambility. By 1960, it had bovome evident (hat
severnl mnges (e Highwood Range) no loager har-
boured viable goat popelstions.

(ot hesnting was cartmibed in southem Albena
by 1949 bus continued in other areag of the province
through i issmance of pormits designed o lmai bar-
wiests dad bepier distribute th kill, 'Wildlil: mansges
felt that goat populatices in wxthern Albera would
increase om (hetr own and nanemily recobonize these
previously eccupied sreas, howewer, that did not appear
io be happenimg and other alicrmatives such as trans-
plants were conkidered. The alurs Lo nacohanize was
believed b0 be the resull of poor recruiement expen-
enced by pearhy popalnisons.

Owr obgective with thess rangplants was in rees-

tablish viable goat popalntions on outlying sreas ol
gitahle habitar Early anempds 1o ransplent goats
staried in |985 end continsed for 3 years, however,
ind manperwer intensive (Smith 1986). Cnly o few
poais were actually moved. [n 1993, funding was made
available to capbare and move relabively Langs nombers

ot ranges in southern Alberin from 1993 4o 1994,
Maonuioring of the irensplanis s expeciod bo confinue
For 2 moPe Years.

Funding foe the transplansy was provided by the
Wildlife Enhancement Trast Fand established by the
Departmem of Envirosmental Prosection. Many thanks
go o the B, C. Mimigiry of Environment and their siaff
D. Jury, K. Kicr, A Fontasa, and J. Elliot for asais-
tamce and providing goats, Capéure and relocation
BEsistance was provided by B Schanidt, G, Schu-
macher, K. Smith, E Brgns, B, Glasgow, [, Ross, M.
Jalkotzy, R Quinlan, J. Clark, R. Bryamt, G, Folis, H.
Bewantre, A Cevinveon and S, Munca, Cariboa Chil-
of the relocation and capluse Mying, Aerial wildlife
caphure sphcialists Helicopter Wildlife Manapemest
and Bigheen Helicopsers, did much of the capture
vk



TRANSPLANT SITES AND METHODS

Preliminary selection of trassplam bocatices was
made from acrial pholographs and fopographical maps
of the mbunlainous regions of southem Afbera. His-
dueted with individuals who had g long histoey of nse
{usaally bunters, outfiiters, or Department Forestny
officials) in the arcas. More dowibod cxaminaiions
wore then done of topography, vegetation componants,
and other factors charscteristic of other goat ranges in
i ores (Giutes 1972, Ross 1993) A detailad vepess-
thon analysis (species composition, bionass) was doog
[ior one of the wreas (Bamaby Redged (Gases 19723
Adifiional [aciors sech i molsbion o other mages,
jresent mnd future land wse, and preseecofahsencn off
resident poats were also considered.

Four nreas were selected 1o receive the indlial
Livinguone Renge, and Barnaby Ridpe (Figure 1), All
fowur of these sics harboured goat populations in the
piait and except for Bamaly Ridge same resident goals
were knawn to exist on the ramges prior 10 asy of these
relenpes  Ohor objective was 1o releste 51 beast 20 goats:
comprating of primanly yoang animals (<5 years of age)
inio cach area with a sex ratio of approximately 3 fe-
males io | pasle. To avoid disrupting nanny-kid bonds,
nd kids or nansies with kids were i be captured

Croals weere ciplurdd from several arcas in Hai-
ish Columban and Albena (Figure 1) where populstions
were large and stable enough (o coninbule ankmals. &
belicopacr uiing & nctgun was mitally cploved o
capiure goats. Fach animal was then hobbled, blind-
fidded, fivted with hom guards, and transported back 1o
& staging arca im the backseat of the belicopter. A mild
dioge (50- | (0 mp) of xylazine ydrochlonds (Reompeonj
wis adminisiered io exceively siruggling goars. Cnee
al ihe staging arca, individuals were fisied with either
ooboured Allfex canaps, & mdiocoller with momaliy
scnnor, of 4 coloated identafication eallar. Ivermectia
was administered ot a dose of 0.2 mp'kg and Vitamin
E-seldemium wak given al @ dose of Losl/ 100 ks, Seme
goats recerved an injecnon of Covexan B and Penicillin
(Derapen 500 cc)

Afler ing. goats were placed in individual
wooden ortes and hedd in @ 21k refrigermiod rocfer®
branapont ek 1o ensure thal hyperthermia would not
resuli a5 davibme lemperabanes had the pobential 1o
reach 25'C 1o 30°C. Goats from While River were
released on the came day s capione and did not reguirs
the recfer truck. These andmals were kept cool with
waiter and joe. Due to the great distance between cap-
lare s and releass sile, groups of poals caplured tn
oo day were (hen Thown back 1o scutham Alberia on a

Dash # awcraft. This greatly redoced the time the goats
Tl oo bt boebid im ther crades and allowed us 1o go further
afield fo capture animaly. Upon arrival, crases wens
Ivaded onio picksp recks, drven io the release acas
End either slusg by helicopter inbd an abphoe snca on the
tarpsy tansplami gite or driven 4o an area newr treeling
and relessed. Whenever poseible, goats were released
&5 oA,

Mesiiering Mights by helicopier wene condocsed
fullewing releases in order bo docmment moctakity,
maoverscnts, and productivity, The timing betwee
Mights vaned congsdenmbly, More Freqguenl fights wers
made immediasely following the release and doring
spring kddding season.  Fower nelocations were avail-
sbile for anslysis for the 1999 releases. Sequential
relocaiions were used o delermize post relosss move-
menl paiberns aad 1o caloalale sines and locations af
settled home ranges where possible. Distanses from
the centre of sestbad mnges i an indinddual s espective
relense site wore calculased for each of the mdiccolland
poats where sufficiend relocations were available. [t
witd also noted whether the release sile was within the
snthed rampe.

RESULTS

Captures

Twenty six, &, and 46 goals were captured and
relessed in 1593, 1994, and 1995 respectively (Tabile
1), Releases ocourred during August snd carly Sepiem-
ber. All of ihe planned ransplani sites excepl Barmaby
Ridge received the desired number of goats. Ondy 6
poats were redeased on Bamaby Hidge. Dhoe 5o the
large arca ol the Highwood Range innsplas site, il
wits dechded to releass 40 posts o 1 different locations
(Pickelpar Lakes, and Trap Creck) but all within the
tame fange

Helicopier neigunning proved I:lhl'ln'ﬂ'_!tﬂ-
cient snd relntively nimal safe method of
mountan goals. Cnly one poal deed during the copéure
process of the operation. This was o yearbing lemals
whach stopped beeathing while it was being browghl to
the staging area.  Efforts a1 revival fadled.

An experienced ciew wad able 1o be selective in
the sex and age of individuals capsured.  Avoidance of
naney-kid groeps was possible and caly oo lacesing
nanmy was captured, This nansry was i a grosp with 2
oiher goats nefther of which were kids. She may kave
necenily log ber kd or been brigfly separnied ai the
tima of the capture opertion. Whils it was pessible to
distinguish old hillics from yoeng billics, it wes much
micee: difficult b distingwish old nanmies from young
ones. Thus, several older than desirable (7-8 vear ofd)
nannacs wire captared.



Figurn 1, Lotsors of soises heds snd releass sies for mousiain goot transplants, 18R0- 1665,



Tabda 1. Summary of Goal ranspanis i Southem
Albarta, 1993 Io 1995

Relaass S Year Mo.oof G Ay
-

Limagatans Rangs 1003 -] 4F 1-5
1M -]
1904 6 S8F 3-8
L i

Highwood Range
- Mickefjor Lakgs 1983 2 2 15F 1-9
BN 1-8
= Trap Crisiskl 1505 i) 12F 1-8
BN 1-5
hihahi Ridga 1985 X i5F 1-5
L 1-3
Barmaty Ridge 1885 g 5F 3-4
2

L]

Xylazine hydrochlonde (Rompan) was adnsin-
igtered 1o the first peaty capeured in 1993 and 1594 bui
disconiinued afler several animals wenl inio respimioey
distress and required mamaal resuscitation and an @i
dote, ldaraxan, s reverse the efftcts of the Rompan.
Somg mdividuals appeancd lo bo qule sensilive lo even
small doges when capbared via netgunning.

The use af the refrigernted truck proved most
valuable in preventing bypesthermia. This method
excluded the need for ice or wader io cool individuals.
The plenc redueed the need 1o spend loag hoars in
iransport time (7 s v 14 hes), however in mosd cir-
cumstances, logistics requined the goats to be held
avernight in order for the plane fo laad, retum to an
appropriale airirip, and ged the animule 10 their respec-
five release wites before dark. Except for the goais
released on the Livinguione Range and Trap Ok (High-

wiced Fickease mile), poals were anaporiad in (her
arates by helicopter o an alpine area and reloased
griups. While gouts were released logether, they in-
variably seattered im all directions and did nod appear o
remuin bogeiher as aery kisd of cohestve group.

Morindity
Fadiocollars were placed on 35 of the goats
relensed beween 1993 and 1955, One of ihese eoflars
malfunctionsd and (ke aramal has not boen found rince
redease. As of the most recent relocation flights (Octo-
ber 1596), ¥ of these goats kad died (Tahle 7). Maorial-
ity causes ranpod from grizely bear and woli predatson
io what appeared 1o be accidenind falls. Severl wore
found dead from unknown causes. Early in the firnst
capiure operation one very barge billy wos capiured
{estimnated age T years). Thia bally died of capture my-
opathy within 8 week of releass. One sddinions] mon-
radiocollsred billy was shol by & husser in British Co-
lumbia during the legal hunting season. This goat had
mioved spprocamabedy 9.5 ks west of iy release sie

on the Highwood Rangpe.

Produciivity

Based only on vissal observations of radio-
collared animals, nansdes were documented 1o have
produced kids on af least theoe off the relesse siies (Ta-
ble 3}, There was a potential io be 5 kids fram Bam-
sty Ridge maemies. However, visual sightings were not
made during any of the suminer relocation Mights leav-
Ing their productivity stasus unksown. Elcauss of the
infrequency of relecation (lights during spring. some
nannies may have had kids withosi our knowladgs or
Jost. their kids bry the time they were ohserved. Not all
nannics of beceding age (2 years) appeasod to

Table 2. Mosrtalities of radiocollared goats released between 18083 and 1695 (as of October, 1966),

Mumbse of Goala Humibor of Radiccolared Mumber of Radiocolnned
Trarmgianted = 78 Goats = 34" Iortaktes = § {25%)

Feoleana Diatal pcwbion Diste Fiond Domied Agn Smx Caume

August 77, 1800/ Highwead Saplember 1, 1903 ] F Grazly baa
Auguet 31 100% Livingsions  Seplemiber 2, 1803 T i Capture myapathy
Aogust 25, 1883 Highmwood by, 1804 ] F Suspeechesd full
Auguet 37, 1980Hgw0od Augrat, 1934 T F Linknawn
Aggust 23, 1364 Livingstons Movmmber, 18G4 i ] Linknoswm
Augusl 27, 1903 Hgbrwood iy, 165 4 F Linikngwn
Aisgue 3T, 1003 Lingatons Wiz, 1006 ] F LInknGwn [paar By conisan)
August 30, 1995/ Bamnaby Soptember §, 1550 4 F Wol predaton
Auagust A0, 1995 Bamnaby Geplember 0, 1908 4 F Susperted il

* 1 acidiional mdocolar malfurcioned and not included in tolal



Table 3.
1983 and 1895 (a8 of October, 1966).

of ransplanted nannies released batwaan

estahlished a sentled range within which

Fream eelease soies o the centres of settled

i mﬂ,—.‘ h’:hw“ ranges were calcudsied for goats with suf-
R ~ e ficient relocation pointy (Figere 3). Goats
Hgrwood R L g i with seiled mages sway from the rolese
ange 17 salsof Junknown 4 (26%)
Fehats Ridge B slshmol1uikoown 2 (40%) point, moved an average af 29,4 kms
Barnatw Ridge 5 sialus of of unknewn {range = 7.7 to 7.6 km) avey from thear

produce kids and some nannics were never knowr ko
bave produced a kid despile baving been monstored for
3 potential seasoms, Cither amnics bave produce a kid
in cach potensial vear. Ons 1995 asany from Nihshi
Ridpe moved away from its releass site onio am isolated
meouniain peak (Mpose Mouninm) where there ane no
other goaty.

Movensenis

Afer release, movements of radiocollared goats
mosily followed two distines panerss. One patism
comidled of & scrics of king mnge movements sway
from the release site falkwed by the esinblishment af &
seithed home range (Figuee 2), In such instanoes, (he
relense sile wos not par of the seitled keme mage.
Home: range cyablishmen wsually occurred within |
month of relesse. The other type af paitern involved
the establishneent of a seitlod range around the relesse
site with the relesse site dncladed in the senled mnge
{Figure 2). These individuals essentinlly extablished
eetiled mages anound their respectove nehaase st

Somse exceplions 1o these patierns did sceur,
Thess invariably involied goats which sppeaned 1o
have sediled down asd established home ranges caly io
beave the sevibod mampe seveml mosths 10 & year |ater,
For example, an adsll nanny reloased on the Living-
sione Hange in 1993, cstablished a sesihed mngs that
imciuded the release gite and remained there for a fisl
year. I 1999, che had a kid and then shorily thereafler
lefd her settled range and migrated scross spproxi-
mately 16 kms of conifer covered fbothills 1o an igo-
lated moustain {Crowanest Meountakn) and has seyed
ihere since.

Highwood and Nihahi Ridge

Forr three goais an msudficient muimber of relocs-
tian poings were vet avaikable o confidently dolimcain
the: focation of & seitled range. For andmals whene
emoujgh relscalion points wore available (W = 183, 5%
of the radiccollared goats established senbed mnges
wwny from their relesse site. Only 2 individuals

respective release siies. Two poats had
seiiled mnges more than 60 L from
their relenss poine. One other andmal
could mot be fand foflowing it noloase but was fund
coancadentaly 10 moaths later by Handl Mational Pask
staff west of Peier Lougheed Provincial Pask in Brigish
Codunshia approximately 42 lons froem its releass point.
Fer the 2 poats with seitled ranges that incloded the
relexse site, the distances 1o the centre of the setiled
eange was 7.3 and 5.1 kms.

There was po comrelation betwoen age of femalke
goats and (he distance moved prios to establishing
pettled manges (v = 9.940x, 1= 044, df= 12}, Year
ling amimaly wers not mdipcallaned so they wene nod
nchuded & the above anabyxis. [t was also not possible
io sdequaiely compare the movemnems of billiss versis
nanmies a8 fow billica wene mdiocollered. There waa
sama indication that voung billies may be less inclined
to meve bong distances from a release siie (Fipare 3),
homever, an adequate sample of old billics was nog
available for good comparnison.

From the amadysis, it can be scen that most of the
goais moved away from ihe mmmedinic ana of the re-
lesde dole snd catablsbed bome mnges in olher loca-
tions. As a result of this dispersion, mest of the home
rampes for the Highweod and Mikabi Ridpe transplants
were establiched im sreas out=ide of the detired teget
mrat (Figaes 4 and 5),

Livingstooe Range

Coats released on the Livingstoos Range ap-
peared to exhibit only alightly mons fidelity 1o their
relexse srie than those rebensed o sitker the Highwood
Range or Mihahi Ridge. O 6 radiocollared goats re-
leascd on the Livingstone Range, 3 (30%) have re-
enamnedd o thee vicinaty of the release site and in the
taspet wrea while st Mihahi Ridge and the Highwood
Range 0% (N = Thand [8% (N = | 1) respoctively
established weriled ranges that wese on the tarpet anes
and includod the releass point Those which moved
awnry froen the wanget srea, moved an sverage of 19,7
km (Figure &), Thess goats all merved from the Living-
stone Range 1o Crowanest Mounkain (Figare Th
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Barnaby Ridpe

Bamaby Rudge goats also exhibised the same
temedemcy b move sway from the relesse srea 16 estnb-
lish scitled ranges in other aneas (Figures Ty Of ibe &
poats released in §995, ono had o mallectioning
mndiscollar and had sever boen found. OF the remaming
3 with working mdiocollars, caly om: has rensained on
Bamsby Ridpe. Anciher individual appeared 1o have
seitled down on Barnaby Rlidge anly 10 move sppeoxi-
mately 7.5 ks off the ridge a year bater and croes the
vallay to the west where it was foand dead. The other 3
poals maved an average of 18,5 kms (range 10.5-26.2
kemies) rwaay fromn Blamaby Ridpe before establishing a
seitled mnge. Two of these goats had moved mio Bril-
izh Columbia where one was found dead (veolf preda-
than), The other past maved south into Waterion Lakes
National Park

DISCUSSION

Capturing goati by helscopler neigurning proved
10 be a very efficient and safe method.  An experienced
crew wask able 1o quickly captere animals with minimal
chasing and withowt the nesd Tor drags.  Alss importast
waa their abilily bo be scloctive m terms of apo and wex.
It weaes relatively casy to captuse 10 poats in half & day
and moee could have been captured had larper soore

herds been avaaloble. Capiure relaled mortalibes wens
manisal (<2%). The caly caphare related mortality
isvolved m very lerpe aduli billy thai died of espiare
myopaity within o week of rebease. Some scrapes and
cuits did oceor on some individuals. The refigerated
truck wos extremely valwable in eliminating hypenther-
mis comcems a4 wirs The use of the sircmll ko tassport
animals the long dastance back to the rebeass aras.
This syved significani traved fme, giress an the ani-
mals, and allowed s to caphere goate from defferent
source herds thay were a great distance frons the trans-
plani sites.

Three years follewing the first nedeases im 1993,
2% of the mdiocollared poats had died. Many of
these goats, hawever, were only released in 1995 and
berve: thue only heem moniiond for one year. Forall
yesrs combined (1993 1o [ %96), the pencent anmsal
survival for adult mdiocollared goats was 83% (N=52
ndult goat-venrs), Assaming no differeniial mortality
of nonradiccollared goats, of the oniginal 78 poats
released, 5% are extimated 1o remamn alive. Posi-release
imeialities of some goss have oocurred which was o
b expecied. These moralities have exben place within
| 103 years of release from varkous causes ranging
from predabion fo accsdentnl falls. Both instances of
prodatean (grizely bear and walf) appear o have aken
place im valley boitams while paals were aempting 1o
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Figure B. Destance from Rekease Sive o Cerdre of Ssited Rarges fod Andocolaned Gonls o the Lvingsiane and

Eadnake Fidge Trarmplant Ased

croas (o another mowniain range. Unfoctunaicly, sev-
eral mortalites ocouned from cases unknown. Lithe
informatson exisey on sl servival races of moaninin
goaits 10 olher arcas of Alberta bud af Caw Hidge
marthern Afbens whers & stady of marked individualy
has boen oapoing since |67, combined muale and
female smrvivad retes over @ seves year penicd mvemged
®6% (Smith and Cota, 1995), Thix was very similsr o
the wranplanied aninsals.

Coats released in 2 wiies (Highwood and Nikak
Ridge) dispersed quickly and covensd long distances
beefpes sctiling down, Less disporsal was observed by
goats released on the Livingsiome Range but even there,
bl ol the radiocollared ndividwils moved off the
imiendied range ard mograied b0 another area. The
Li Range ki moee isolated from ather moun-
tains than esther the Highwood or Mihahi aress which
may pantly explain the differemce in post reloase move-
mmerd patiernd, Barmahy Ridge aleo suffered the mme
fxic as the other arcas as only | of the inatiad 5
mdiooollared posts remained on the ridge (a siah
tramsmattered goad was rebesod, however, the collar
Fuiled hesde the fobs of this gost was unknown),

In texms of respocking the target arcas initially
identified in the proposal, these transplants were not 25
succeaslll oy desiived. Moat of the grass ot the
Haghwood and Nikaki Ridge ssies bodl thewr micnded
LArgel Sréds in o matter of webka to sitablished home
ranges in sther nearby conbipuoes arcas,  Some of these
areas alreadly were oozupied by other goat populations.
While the newly establihed seribed ampes for the mos
part dded nit Include ihe release siie, many goats had
bome renges that everlapped fo varnag degroes ihe
target areas. With time, it ks possible that more poats
will expand their heeme ranges such (kat ot beast pan of
the tarpe areas will be inclided in sessnmal menemesd
patlem.

Spcoess was somewhal betier on the Livingsioes
Range i that a dlightly higher pereenlage of goats
remained on the release aren. [n nddstion fo this trans-
pllant instiafive, goits had been relested oa (ke Liviag-
slone Rangs in 987 (9, 1958 (1) and 1992 (2). Both
of the 1992 goats remzined on (he Livingsione Range
(1 subscquently was ilkegally shot in 1933) and suc-
ceasfully peodeccd severnl kids. Serveys ol the Liviag-
stone Range m | 992 following the carlier relcascs
oheerved a minismum of | | poats (4 marked) in the amea



release (Ross 1992, Gudmundson 1997). Post-reloass
mrvements did not appaar o dallier with the age of
individuals although so yearfings were mdioond lared
and thes monkoeed.

For tramsplents dooe this wary, it may be nocor-
gary bo saturaic & fargel arca with many more poats than
were released doning thés atiempt. Owne mencly must
takie inlg oonsydemtion (hat 8 high proportion of the
goats will move to other aneas especislby if there i
saitahle cont gy habits pearby and plan accond-
mngly. Thas, howeves, imcroasss aosts of establishing o
minemum populstion. The goal of releasing a mini-
mm popalation of 20 poats on cach sile has not boen
achicved yoi on Bamaby Ridge.
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SOCIAL COMBAT: HOMOLOGY IN MOUNTAIN SHEEP DOMINANCE FIGHTING AND
CONTROVERSY IN WILDLIFE MANAGEMENT

WAYNE E HEIMER, Alasks Diepariment of Fish and Ganse, 1300 College Road, Fairbanks, Alsska %070]
(Mew mddress a8 of thin peisding: 1098 Chena Pump Road, Fairbasiks, Alnsks 99706)

Absstract: Socisl combal smong mommisin sheep rams during pre-na sctivitics sppears (o focay on the quest for Emmedisie
reproductive sucoen.  However, dooper thisking ssgyests its significance is control of the fisture through the scloctive
rochuemers which define inchive fincsa. Homolopous olishes o0oar i contemponiry wildlifs manapesnendt af all levels
ranging from regulstory propoeal deliberston hackwand thivugly oper stional and sirategic managenent pleming o research
progect development.  Fast as in social combat smong rems, the sppesent prize sjppears io he sori-torm; bt the mine
significani teme i control of the future. Dhacmmon of mchiive Gines meckanisens in moanlan sheep and Afncan lions
] chacrvations from condomporeny wikile menagermenl derosstrale thal vicwing managesmsent conflicts o e Famewark

of inclusve fimess may sirlify mansgerent by decressng social combat.

Social combat smong mountain sheep has a
Jimctional as well a5 an adaptive application. The
firacitiomal aspect i determanalion of Sominds mnk
{Geist 1968, 1971). Access o reproductive privilege
pocompanics dominance rask. Hence, dominamoe
fighis appeas s be over immediate mating swocess.

Contemporery anderstanding sugpois the adig-
ifve aspect of social consbat among mns i scrved
through the claisic evoluthonary axiom, "survival of the
fitiess * Because repreductive privilege atlends high
dominance statud, the "fitiés™ ram ks the dominant
giring the mosi lambs. Theough contenpomry conven-
tion, “survival af the firiost® has been replaced by the
more modam comcept, “inchuive fitnesa®. By cacn-
sion, social coembat may b soen as a contest for fature
gometic contral of the populstion or species. That i,
the bt compesent dominancs fighter will anain the
highest status and leave the most offsprong, thus alfect.
ing the fistore of the spocses 1o greater degroe than his

1 suggest social combat in wildlife management
alen hag both functional and adaptive roles. In this
paper, | shall discuss the similantiss in struchare and
femciion of sacial combal in moustain shesp rams aed
wildlele manspemnent. [ shall also borrow from the
behvior of African lions Finally, adaptive stmicgses
wgiied o the changing social covironment b wildlife
management today will be discussed in torms of Geist's
(1%76) Digpersal Theary Fod wild sheéep,

METHODS

Social deminance fighting amang moustain
shecp was firsl interpreted by Geist (1968, 19710 |
have observed and experienced soclal combag (s the
wildlife managemens profession since 1971,

Infanibcide among Alrican lions with respect
10 inclusive fitmess b been ieniifiod snd discussed by
Schaller (1972 and Beriram (1975, 1976). These
suthors offered evidénce that when a new lioa takes
over @ pride, (he existng cubs are killed to itisle a
new estroos cycle. Theough this mechanism, the domi-
nant male gaing control of the "genctic futwne™ of the
pnde. Pamilel functsonal cffects have been observed in
populakions of haman wildlife managens since 1971,

Eocial combut gmong scientivis has boon de-
seribed by Geied (pors commun ) in functional tomes
related 10 sitaining socil stwtie, | am urvware that the
adaptive significance of this behavior has been sdenti-
ficd | have obscrved and boca invalved in social com-
bat smong wildlife scientists s bevels analogous o mm
classes | through 1V (Geist 1968) since 1971,

Geist's (1976) dispersal theary offers 1 eavi-
ronmentally driven rathonale for variations in frequency

and infensity of social combat among mountain

]



sheep i, This theory ol habstai-deiven phenotypic
selection postulaces that as environments matre, sebec-
bive pressures confer fitness sdvaniapes on differing
conthal mnlengities. Homsalogoud chaspe in the wild-
Fifiz manapement environment have boen obaerved from
1971 1o 1he present.

RESULTS

Social dominance fghting

Among mountzin gheep rams, social oombai
consists of delivering maodimun clash force throagh
head-io-head contsce fialkowad by hom display. The
privilege and increadad “penctic” control of the Mifure.

Social convbat in wildlife management is homol-
ogoms 80 thal in sheep. It comists of delivereny clash
force im head-io-hesd confrontation with thoss of differ-
cladh force i the opemtive definer of swecess. For
rams, the physics of clashing are straightioowand.
Momeniism, which determines elfective clah e, i
the product of body mess 1mes velocity al impact.
Velocity is, a funciion of sooclerstion resubting ffom
iactical position and individual mm efforl. En the wald-
1ifo management homologue, the physics requine mon
inberpectation. Mass may be séin a8 @ Renction off the
"weight” ol scientific and public opinions, and its mul-
tiplier, velocity, & a function of the scoelenting foeoes
directing thess opinions.

Past conservaiion success may be consldered the
adaptive manafestation of Gimetioan] social combal
berween managers and the publics they serve. The
prevailing individuad, gide, or interest group extab-
lished enntred of the inmmediale fiture of mansgenen)
through more skillful pencration (and spplication) of
momecninm than did their competisors. As a resali, the
Sunetiveus] winners ars in costrol of the present, which
ehould (if daminance can be mainsained) Eacilitse
aedagivve comtrol of ks fubere:

In gheep habitats, beneficial sdaplations an:
defined by grography, (which ks relatively sishle) and
weather fwhich ix highly variable). In the political
envimonment of wildbil: mensgement, benelicial adapt-
tioee are defincd by bow {the stsble analogue of googra-
phy) mnd public opindon (the fickle analogue of

Infanticide among African Hoens

[n African lions, control of the penetic Rt s
nppropriabed by dominen male lois through extirpal-
ing descendants of the deposed dominant make. Loss of
cubs imlislis o mew catnous cycle and stvens epo-

ductive sucesss (genctic control af the fute) Bor the
new dominang. 18 should e noted that the new domi-
nant direcely controls the genetss iture enly as hong as
e remaing in costeod of the pride,

Homalogous behavior among wildlife managers
iy most clearly iemifiable ot the higher levels of wild
life management bancaucracics. At thas leved, changes
of sdministration trpically mesall in "morality® among
the descendanty of the previcas sdministratics. In
management buresucmiies, the politically maladapind
descendants aze nol Bilerally killed, bul nesiralteed by
moving them out of positions of infloence ax the now
mddmimistration moves o salidify its conerol of the m-
medinte future.

Social Combal amang wildlife managers

Uieist {pers commean, ) has sompared riualized
dominance fighting amang wildiife scientize o moun-
tain sheep rams. The vemae for this combat ks mast
often the senvmar or symposiam, although it may oocer
in published lerature. Typically a subdaminant bialo-
Eist imivimies the sonflict by challenging an establizhod
diambnant an a e polm of dats snalyei of inberpeeta-
tioe, IF successful in hisher challenge, the ssbdoemi-
pand gains social status. Because this social siaius
usually alfcts iansgpemenl silaadions only mdeectly,
s significance is fimettanal rather than cdaprive in the
bonger run wnless e stabas anained resudts n beneli-
cial management champes.

in applied management, dominance fighting
usaialby occurs when lower mnking biologists advasce
new concepis of aitsck established scieniific or agenoy
paradigma. It is my obiervalion that, smong wildlde
mranagers, (kis combat i alsn Gcused mose frequenly
on fimctianal than adaptive outcome.  This hepresents
& change im selective pressures of the managems:n:
cviroamenl

Geint's Dispersal Theory

Creist's theary of phenotypic selection postulates
Ihsat i placiers recedad, emenging shocp habitats were
calonized by disporsal phenotyps rame.  These rams
explalied the alwendant pubse-sinblised resources io
expreas an aggresaive, bt Aik-aking behavioral
strategy suiied to (he enexcploited habitsls sssocied
with glacal reireal. As habilals mabored and supponed
higher shoep populstion densaties, the Dispersal Theory
posnlsied & shifl in fitneis advaniage away (iom the
combative dispersal phenoiype o mon: conscrmiive
raen (the maisicnancs phesotype). Masienance phe-
notypes are betber adapéod io group seloction theoagh
higrarchizal mechasics than the individus] seloction
which frvored daspersal phenctypes in more primitrve
eavironmesis.
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The social coviromment (the homologos af habl-
et} im which wildlife mansgement operates ix similer in
both structure and function. Unexplosied "mansgemen
habitais® have bistorically sclecied for *dipersal phe-
nolyps managers.” As in moantain shesp, these man-
apers have boon aggrrssive risk-takers who ragpidly
adapiod w0 the new environment by taking individead
risks through isnovation asd perscns] 'chairpah” As
ihe masspemen environment mamred, gt cone
stmnenis developod, and scloction for maintemance phe-
notype managers prevailed, Maimenancs phenobyps
managers function betier at the groap kevel than ther
dispersal phenotype anocsions, In “maknicnance kabi-
imis,” display to maininin hiermchsal position appears
1o have wupplantcd cosbal in dominance determens:
it

Heze | shoudd mote that the Disperssl Theory
eenphasizes phenotypic selectaon. This & Emporanl
Ihecaiee ihe iszue centers on what the managomen
caviromment favon, mot on the inheres (genctic) qual-
iry of mny mdividual

DISCUSSION

Social dominunce fighting

Conflicts, whether between individunl mms or
differing managemenl peripectives, oo oflen fodus on
Jusigriona! individual’ benzfit (simple mainienance of
doenimases slafus), This focus ks obvious whea conflict
8 between individual managers, bui kess 2o when com-
hat imvolves special imenest gromps or agencees. Skill,
the principle and putcome are the same. Functional
considerations appear io ovemids adkpdive doczssons
When thes kappens, an mdividaal or group infenst
ihoild be enderstond as sesking it Individual’ benefit
The adaptive sgnidicance of the fimeuone) aspirstioms
in thess combat siluntions may o may not be well
delined.

In the less smoctoned management covirommonis
Brvoring d } oot Y il
'indiividual’ bemefit appeared less frequend than ai: pres-
ent. | think managers used t be more focused on the
adaptive significance of managoment decizions, Pat
another way, the disporsal phenolype managers ap-
peeaaredd more intercsted in whiat they considered benefi-
cial management ihan im personal smaus.

In developing management envirinnmnks
(which | equale wilh burssucratic ‘newness”), solection
favored dispersal phenaiype behaviors. Lnder hegs
eonditsons, challempes by individuals were welcomed,
oven cultured. Progress was expected 1o result from
confrontation. Combal mechanics were primal, deliv-
ery of superior clash force decided each nnalized ea-
cousicer. Hence, if the challenger were to prevail, he (in

those: bong lost days befome fomale managers) had (o
gencrase superior clash force (momentum) using the
‘muss’ ol buological dats of management prinsiples
dccelerated by personal effort, As in mountain shesp,
tho rinmlized navare of combat prechoded perionsl
imvotvement which tended 1o focus mome on the adiaps
inor aspoct of the conflict

In mamagenes crvimonments fvonng mainic-
mance pheaotypes (which | equsits 1o burciadmb matu-
iy} thet socin] Babitmn no loaper fivors dispersal tvpe
Icharviors, and individual challempes bevome rigky
baginess. In mainscrance-selocting cnvironments, the
dominance biemechy is mach more rigid and persomal-
el Consegquently, challenges by subondinalés s
linterpecied as amempis 1o gain individual st by
deposing existing social donsinants miber than sugges-
tieng for bong-term stmiegis improvement, Under these
circumsiamces, it is naiuml for donvinants to make
imaistaining the cxiablishad hicranchy (and thear place
imi it} the prioity. That is, cmphasis centers on the
JSunctfomal aspect of combal (s imemediate meid 10
preserve dominance mnk) insead of the potential
avlpiive gignificance of the challenpe

I smbecaniramis see their challempe as altruisti-

cally adapiive rather than personally fioscrianal, it i
logcal to expect them 1o ideniify snd champicns allerns-
tived, When the comverss is the case, persomal risk of
lesing status heccemes (oo great to juitify challenge. 1a
this environment, the obvious alsemate “reproductive
seragegy” is 60 nssume 8 subdominant position in the
hizrarchy, and hope i mfluences the: foture afier nsing
o domsinance status. Stobas is achicved by avoiding
wonilict asd curmang fnver with dominants through
sabmdssion. Aliemasely, the subdominant may aban-
dom the fght alogether, and leave the agency, or pur-
vz oiher ‘reproductive sirmiegies” by carmying ihe fight
v ther public anena as bighom sheep missgement xoo-
pclast Jemes K. Morgas, did two decades apo.  Other
plicrnalives, such as working covently wilh the public
while remaining within the sgency are possible, but
demand & high level of personal slinsism

Wich encreasing frequency, the dominance hicr-
nrciny ol contemponry maintenance-selective masage-
et enviroaments cedes adapéive behasior (conmol of
the futur) 1o a subset of domisasts called plannen.
Planming is a specinhized discipling whach, as & cosse-
guence of its specialty, Tocusss increasingly on process
and broad social sccepeability, Individual combial
imvolving plasners sppears w0 be limited o inta-
pgency vemues, and in generally decided through mech-
nnisms thai can fanction only in 8 manicnancs man-
agement eavironeneal. Allaining dominasoe among
planners is accomplishad almast exclusively by dis-
play, with clash Force being virually cbsclese. Limit-



in classic socisl combal in pursudl of groap conscnsus
chamcicrizes consamporary plannmy meibadobogy,
Aectual combat is delferred 10 legal vwemes (and 10 other
combatantd) sl plan implementation

To succeed in this system, 'disporcal-ype’ man-
agers attempting 1o inflecnce the futare will have w
wirk ieoiagh the dontinance hieraschy of planners snd
ndministraiors, Hemee, the ‘physics” of conshar must be
finsdificd. [n ihe ‘mainkemince emdrmament,” suoceas
Tequires gemerating momentam: using the ‘mass’ {of
beological or management prisciple) sccclerated by
group consensus mthes than indsvidusl efforl. Grealer
momisitisn may resull, but acoelenting the mass &
ahéw and comphen work. The key lo succcss im Lhis
wysteen comes throgph presenestion of material in a

In this context, confliol which develops within
the planning tmn or ol plan implementation shoald be
carcfully analyzed by the mvolved apeacy, Before
entering imto comflict in 0 muingesamoe envirommes!
where specific challengs may be malsdaptive, i s
eritical for the management group io identify whether
sucocss im social oombat will serve a fimetionn o
adapiive purpose, 15 agensy inleresl in preservaison of
dominsnce winnas (whick should not b relinguished
withosit adapiive yields) or in effeciing long-raage
conscrvation? After afl, the fundamental difference
between the behavior of humans and sheep or African
linns has its basis in the cogrirance thel present
chowees allect futurs events.

It b presumed chat bumans undersnand the fugun:
better than shesp and lieew. Today's ‘animal right
mavement notwithsianding, the days when animals
managed humans by dircct prodation and superstitious
humnan belief in the power of animal spiriis, sppear 1o
be behind wi. Now “we™ are expeciod o manage
“them.” Without evidence thatl mountain sheep and
African lions comscicashy chect 1o maximize their in-
clusive liimess through socisl combad oo inclusive
fitrucis conatruct defincy the fird level of adaptive sig=
nificance in berms of individusl benefit

Wildlife managers should guard ngainsi the
nstuzal confision of individual (or agency) benefit with
the raizon o' etre of wildlife management. 1Twe
frasp the exigience of Tobare,” we are responsibls io
and for it. The historic essence of wilidlifs mans prmest
i o prervhde wildlife for futhee heman vee establinbed
by legal mandates which deling the adspitve benefit of
wildlife management sctions. This & an inherently
abtruisiic emterpriss becauss wy ps individusls forego
immedinie wildhife-relaied benefits 1o enhance futare
bencfit opportunitics for curselves and our progesy.

Expecised another way, when we protect and manage
bahitats or observe closed seasons and bag limits (s0
there will be an abundance of wildlifi for our ese dur-
ing harvest ssasom, o in the loag term fiurs), our
ovgnnching goal is waldlide conservison.  Hence oor
sutcess s wildlife managers will be judped by those
for wham owr “fulre” becomes ther "present,®

I magpest that if each decision regarding combat
in wildlifie ranapeenesi (wheiher the issue iz research
of management direction, or pahlc scceptancs of min-
agement jplami and regulstions) were driven prinsarily
by its sedapelive significance rather tham its fimchiong!
utility, managemen! success wiuld increase. Farther-
mare, | sugpesd the logal envaronmenl (defined by con-
stitutsonal and legal mandates) shoald deding long-toms
“sdapiarions™ which are bemt appropriated by mamsg-
as. This, of course, asswmes that faws reflect the will
of the 'common propeny” (Le. wildlify owners. 1 this
i nod (e cane, manapers wre siill combrainad o fmne-
tion within the adspiive parsmeters defined by law,
Should this be objectiombie 10 the public, i i the
puhlic's responsibality o chanpe ihe kgal environment.
Tksink it maladapeive for managers o conform (o per=
ceived public opirion instead of law, [gnorng estab-
lished (eodified) seloctave mochasisms, whils it may
comler & shaori-lerm reproductive sdvantsge (fuch ava
larger budget) as & respose 1o “weather” rather than
“peogmphy,” 18 unbikely o provide a bong-term aclap
itve benefit.
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INTRODUCTIONS OF MOUNTAIN GOATS IN THE GREATER YELLOWSTONE
ECOSYSTEM: THEY'RE HERE TO STAY! OR ARE THEY?

HATHAM C, VARLEY, Department af Biology, Mantana Stie University, Baceman, MT 39717
JOHN 0. VARLEY, Masonal Fark Service, Yellowstone National Park, WY 82190

Abitracts  Mountis poats have apparesdy boen absent from the Gremer Yelkromons wea minee the lasi ke ape
Revroductions by swe wildlife aponcies in moustsin ranges penpheral 10 Yellowsions Nutional Park have been maccessiul,
Goats ane ponw colonzing imside park boundaries where they ane vievod as exolics, and where thers i greal concem v
potential ecologheal consequences. L s widaly socepted Sal exobie spocion cam hive sericus offects on native baots and
eiats: mndtam goat pojrdations heve booosme manapermseml s in o least nine western stales. For example, mouniain
goats introdicad o Olymp Mations] Pek hne alioad rative plest commussitics anil redecad ke sbamdance of o
endemic plamis. Diechabes over native va. exni desigmations, the effects of poais on meinve plants eed somals, and e
approprisle manapement scheme has beooms: e imteresting and lively blend of coology, palitics, practicality, s pechaps

ot irapartastly, reality.

Mountain poams ((Ireammon Qmercans wee
bissorically distributed in the cosstal ranpe from Alasks
to northern Washingion and i the Rocky Moustains
from norikbern Canada 1o norihern Monkasa aad central
Idaho. Through introductions by state wildlife agen-
imrics vacand habitats in their historic range, 25 well a5
habvitar mussade ihedr hisions range & the wesiom
United Stases (Johnson 1977, Wigal and Coggins
1962).

Mounlain goats ereduded io Bdn-nalive
ranges huve begome maragemers isnss in Colomds,
Cregon, Washingion, ldaho, Wyoming, South Dakocs,
Mevada, Utah, and Montans (Johason 1977). Cne
tach arca is Yellowsione hational Park where goats
were widely infroduoced io moustain mnges on the
periphery of the Park dunng the 1940-560s by the stake
wildhifs agencies of Montana and ldaho for recreational
husiting purpeses. Goats have gince eolonized mous-
tinous porions in Yellowsione where they pose a
peoblematic management ssse Yellowstone Park
offscials are concemad with the acological coe-
sequences of mowstain goai colomzation. Evidence
il rscuniadn poaals wiss d eember ol s Yellowitane
L518), or ot my time daing the Holocene, is lacking
(Mead 1983),

There is linbe doubi exotic species may have
serices impacts on nnbree commminties (Berper 1991,
Soule’ 199%G), The Malsonal Park Service podition an
management of exotic and aative specien i peided by
seatutory low (17 Swar 32, 39 S 535), regulatary low
(36 CFR 2, 1{a)(2}), and by policy (NPS Manapemeni

Policies 1958, NPS-T7, 1991). This gaidance is the
strongest of any federal or staie Taws or policies agains
imvnszons of exots specics. This bas been af loast
somewhal effeclive, s natiosal parks arc oflen consad-
grod “the best of what's lefl” in terms of peisting eoogys-
termd and the preservation of astive bisdiversaty, Yel-
lovestane MNational Park ix belizved to be the oaly place
in the 48 comtignous sester that kas all of the astive
floen and fiuem that was here 500 year ago when Co-
tumbus armved in the new woeld. As o resubt, the clas-
sification of mountakn goats i Yellowsions: as exolic
or makive i ol 8 trvisl matier. These designations and
the dirctioe of management of goats in Yellpwsione,
however, is clouded in soveral fsyees reganding the law,
palitics. coology, practicality and reality.

Pent-Pleistocene Bisiribution

Miach ol the debate over native versus eodtic
pewiers mround (he: posi-PMeistacens drtribation of
acress the Bering Strait, their distribution in Norh
America seemed (0 have oscillsnd with the distribution
of contineninl ice during the mid- and kete-Pleistooene
0 Ukal i many bodad mninlain fnges, goals appearcd
and disappeared with (uid trangience, Thriving in the
cold, wet climaie of the time, goais cobonieed the
mountain renges that propruded froen the ioe-covered
valleys thal receded and advanced below their lalty
habatats. Af that time, a smaller species of mowstain
hareingiont, roamed the canyons of the present-day
desents of Arizona and Mesico, The lagt advance ol the
Cordilleras jce sheet (20,000 - 18,000 years B,P.) may
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have had the greatest effect on limiting goal distnbe-

v 1 islands of mountainoss reliagla and the seuthemn
ienmimus ol the hoe-sheet which inclodad Yellowsions

(Lamndee’ 1992). Mead (1983) hijothesiecd that the

Greater Yellowsione ares was an avenoe for gral dis-

peinal ot Ukt me.

I¥ goat presence has been extablashed in the
moeinin ranges of most wesiern stales witkin the |
1020, 003 yeary, then designations of sative ve, exotic
e o judgement in which managers have to arbitrarily
scleed ome paist m line fom which spacies dallections
are considered native. This point has wsually bocn
comsidered the time of Eusopean contact with the eco-
wysiemns in question, less than 200 yeary in ol cases im
the western states. Hooston and Schreiner (1993)
wrrile, *CHives (he dmmatic changes in species distriby-
fmn in North Amscnca firom the close of the Plasocens,
what wesnporal end spatial scabes of spocics dissnibation
are appropriais io cossider for defining “alien” and
“native” 7 then sugpests nataral areas showld be "t
aside b0 conserve the outoome of dramatic coalogical
events of the late-Cuaternary, ncludang focal extise-
thoms..." American national parks ere primarily man-
aged in yuch o manner

This viewpaing reflects the famoos “Leopold
Repon” (Leopold & al. 1963) and the allen-misander-
sioed "Vignetic of Posubve America® approach which
i invoked & suggesting that we preserve biological
“srapshals® of the parks & they were whea liral visiled
by medern humass, OF sourse, Starker Loopold and
his colleagues knew f wase't that stmple—that we
muss consider ecological processes and alll the change it
brings—that the vigneite was nol o snapabot bui 8
molion pictorg, a sort of eadless IMAX preseniation
Almost all students 00 he subject rooognine that thers
in ma maypic daie ot which o park setting schisved ap-

lematic watl Yellowstone goats when the two blcnd
together imperceptibly. On the north, cast snd south
bousdarics of the park, introduced goat popalations s
colonizing or poised to do 3o, O the westem bound-
ary of the park, hovever, two adjacent mountain ranpes
baold pwo disting populations of poats: coe popalatsan
wis imirodeced o the Madison Range whils the Cen-
fennial Flangs was cobonized by & natvve populalions
from the Bitsrgot Mountsing (Laundrs’ 1997), Az
cording o M P8, regulatory snd policy authorities, il
tha Cemennial populstion colonizes ellowsione, the
oty s considered natve and thos weloomad. 17 e
Madison population (or goats from the nortkh, cast or
foath) cadimics wnibo thé park, the goats wowld b coaid-
eroed exotic and the aponcy should try to prevent colon-

ation, OF course, colonizing posts are indistinguish-
abile from one another, and therefore the question af "l
it & matural colonizaizon?™ becomes seriously blurmd

Ecologically Esodic?

If moustain goat presence has beon established
through (pasil evidence in Y ellowstone and other sco-
sysiems of wesicm staics within the kst 10-20, 600
years (i not more roeently), then they mavy not be con-
sidered eoologically cxatic o the exeni thal scosysicma
will b seversly affecied by (helr reparn. Laiandre’
(150 ) writes, I:-:mmn&uulinmhpﬂl}
and sumilar areas with most i pod
all, the recognived nathve funal snd Naml spectes of
the Yellowstons area. Thus, given the Pleisiocene
occurmence of poats, mative plants and animals of the
Yellowsione arca bave had an evolulsonary past that
included goats.”

Gt eteevolved with thels hahitsis s their
distribution advanced and roceded with the glaciers
ncross Morth Amenica.  Habitats sharing an evelubon-
ary pasd thal includés goals, or cven a substantial heeki-
Ve pregense In gosl environd in thelr aksense, will
likely have bufTers sulficient 16 accommodiabs poal
{pe=tcolonization withoet sndue long-tenm coalagical
impacts, The challenge becomes one of assessmy cach
case o0 an individual batis by ssking, "What is (he
goat's hastory with the coosysécm in question?™ beanng
in imand that further archealogical and paleontological
excavations wisald comtisually update amy suppesitioes,

Misuntain gost studses immnd pear Yelbowsions
Park have suempted 1o predics ceological effecs of
poad colonization prior io goals becoming esinblishad
based on likerature review (Laundse” 1992) and field
dats [Varbey 1990), Both studies prodizied that im-
pacts o the pative community womld be minor, Thess
piudies supgesisd inroduced goats flled & vacant eoo-
logical miche in which mountsin gosts share an cvolu-
tiomany past wiih current members af the coosysiem.

An example may be the relationshap of goats
with therr fellow alpine unguluie the bighom shesp,
s conaderiris, Competition betwesn thess two
epecics has been 8 manapement coseern particularky
whens have boen iminoduced o sheep mmpes.
Interfrence competition between the fwo spocies was
recoedad in the ML Evans arca of Colorado where
poats wene intrduced (D, F. Rosd, uspublished dacs),
Furthernsore, Hobbs et al, (1990) used a long-tem
(100 yegrs) medel which predicied local extinction of
mountsin shoep that occurred afier 27 years of
sympairy. However, native mosninin goats clearly
poexizl with wild shoop in many arcas, [s maosl cases,
it appears feeding behavior and temporal asd spatial



contrasting resoarce: 52 patterns found in gympatng
populntsans e endicative of 8 niche diverpence that
would be expecied (m mosi cases grven the two species”
history im Morth America (Adams o al. 1982, Varley
P94, 1990),

Whether or not the same sdaptations apply to the
relaivpnghip of goats with the vegelnion community &
less certain. Following a ot inirodection, chanpes
ican b expected i cocur as the coosysion sdjusts io the
presence of poals. Sigmifices] modileabiong lo he
vegelation comnsunities would poosr assuming the
Rimey-Crughley model of pepulation growth following
introduction (Risey 1953, Caughley 191). The basis
for populaiton inneption and sebsecquent decline in the
mode] i the modification of vegetation resulting from
the establishment of ungulates in formerty uncocphotiod
habitas. The exicni of the changes would depend upon
the ecosvsiem and the sbility of its affocted componcnts
ey sl i reapond 1o el ation by peas,

Wery few siudies have reported the natare and
extent of these champes, particularty for alpine snpu-
lates. The cstablshmend of exobic Himaloven thar
Mew Zealand incurred changes in mountain vegelabion
decmmenied by Caughley (1970), Anaiher case in-
volved changes resultimg froam mountsin posd imtroduc-
toes in Olympic Natbonal Park, Washingon, Mous-
faan goats slicred vepctatson commumitses throagh
pruzing, wallowing and trampling (Clmsicd 1979,
Platsch ef al. [983, Schrenes 1994)

The Qlympic case ix the only known cass of
poats having an adverse affect upon an ecosyeiem, and
the best documented case of introduced ungulaies cane-
ing bmpact i serbive native biots. Gosts introduced
2 ke range i the 19208 kave aliored vegeiabion com-
maitics and reduced the abundance of some endemac
plants (Pike 1951, Plitsch et al, 1983, Phtsch and Bliss
| 285, Schreiner 1594

A companison berween the Clympic ecosystem
and the Yellowsome scoryuem coulbd be valushle in
helping to predict the efficts goats cosld bave in Yel-
lowstone, The Olymphe system diffiers from Yellow-
shong im 4 namber of magor aspocts whach makes ex-
trapalation from one case 1o ithe other lenuoes. The
iCHyenpic mosnining receive high reinfll (100400 cm,
annually, depending on elevation, wpogrphy, eic )
compured 10 the principle mousnin range in Yellow-
stone, the Absarokas (20-1 30 cm annually). The biola
present in the Olympic sccavsbem inchades 35 endemic
plant amd nnimal {oems, including |4 vascular plant
taxn (Houston and Schresner 1999, Housion of al,
[%34). Although ot siudicd to the same exient a5 the
CHyenpéc plant comamunaty, the Absaroka plant comsnu-
nity |5 not pasmicularly nnique nor does it have amy

documensed hremensd o endensic plant toen (Limdre”
1992). The Olympic Range vegetation coevolved with
bighom shoep, pika (Dchorana princeps), and
golden-mantied grownd squirrels (Spermophifs later-
alis) are absend in the Olympics. Yellowstone i a
grazing ecosyeiem occupicd by 7 umpulate spesics. The
ulpine vepetution in the Absarokes has coevalved with
herbivory by al beast 3 ungulaie specics: bighom
shwoep, ek (Cervar elaphes), and male deer (Cdoomling
Mriorur). Bussd on thas comparistn, (he st of &
ndditional umpulate in the ellowsions alping may not
be ax severe a5 documented in the Clvmpic scorveiem,

The poteniial for competition betwesn sympatric
shocp amd goats woald be greater during wintsr when
pesources are more limitod (Adams cral 1562). Moan-
twin goats currendly do nod ocoupy sheep wimier mmpes
in Yellewsions Park. However, winlering arcas [or the
geat population in the Bzaraath Mountsins overlap
with thogs fbr soine sheep henls the) migeie fom
bepeen et specees oo (s winker mnge weald be
exsential i further sddneesing the question of competi-
[on between ABtive bighom sheep and introduced
memnigin grats

Natural Estinction

Current goat distnbution in North Amenica bas
been described hased on the occurrence of poats at the
bame of Bisropéas setilement of the west, and his ol
inchuded areas such as Colomdo and monheastern Ore-
pon. Historical decusnents snd paleontalogical evi-
dence andicate popalations of goats kkely cocurred in
these prems (Matibews and Coggies 15994, Irby and
Chappei] 1994), In the case of mosminm goats m Col-
oeado, the wmall populations thal eccurrad were [Tkely
driven 1o extinction through habitat loss and over-
hussting by Eumamericen prospecions price io adegeats
documentation of their presence (Irtey and Chappel
154). Arhenlogical cvidence places goats in the
Wallowa Mountsina (Oregon) and Hells Camyon
(Tdsho-Oregon) where they desappeared ot about the
tsme of contact with Europeans m the carly 18040s for
unknown reasons (Manhews and Cogplng 1994),

These reports sugpest the ocoamence off nemms
populatices probably on the beink of 2 retursl extine.
oo associaied with 8 larger, sbrinking digribation
driven by a climaic (hat was bocoming incroasingly
more dery, After the recession of glacial ke in the
late-Fleisiocens, fvembls ¢limaie conditions dimin-
ished and left lsolated post popalations, particalarly
those in dry regions. on a declining trend. Many of the
reas in which mountain goats have been Introduced
are nreas im which they seemed 1o have recemily become
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extinet. Afier a cycle of imuptive population grovth
and ihe consumgition of esidual vegeiation, these arces
iy furm oul §o be margimal habiiats m b long-orm
Climate in the west is forecasted to become drier, al-
lowing fior the invasion of trees end lose of alpine habi-
tass, particulsrly in Yelbowstone (Romme and Turner
19911, Perhaps, ibs ouchsions for goal halsétar suls-
ability cught fo be "As the glacier goca, so goes the
mouniain goat.”

An Integrated Effart

Cuestions of nativeness, park b end policies
mtiche, (he remeval of goats (bom Yellowsione would
unguestionably be a contermtious public msee. T be
successful it would requine an integrated efot invalv-
ing challanging logistice el co0g-
eratbon, long-torm comenicment, and barge changes in
public perception. Teckmiques for goat removal are
cosily, dangervus and porpetunl =0 the difficalines of n
removal policy emust be weighed against the perecived
hemefite. Husting to controd nembers weald be (he
most practical spprosch, howeves it is dllsgal in the
ratiomal park, and it i likely 1o be politically unsens-
ble. Intemsive imnting on the periphery of the park may
klow codonimtion initially, though in the loog-torm il
mary only suceced im comeentrating numbers inside the
park boundary. Cullisg by rangess is legal, and would
likedy be effective, but (ke American public has proven
time-after-time they find ihis scenario unaccepeshle.
Ulrimmasely, a msnspeencni schense thal aficmpds to
satisfy all agencacs’ obgactives wiould be desimble bui
recognize that the agencies involved have differing
jjoals and mandnbes which huve froquently collided in
the pasi. Interagency cooperation would be pecegsary
1o prevent conflicting policies that may lead 1o imeffoc-
tive and perpensa] mansgerment. For example, it would
be no sireich of the imaginabon o find o removal arca
aned & sastained-harvest ares jutaposed long the
bourdary af the park so az io cresie 8 classie sowrce/
wink sriuation.

Conversely, nx has been discovered in many
nhicn iervasions, the problem is best dealt with earky in
high, sl in the case of chansmatbic species hike moun-
tain goats. befiore the goats themselves have husan
constituenEies.

A goat removal policy, particularly by lethal
meeans, woald likely be met with &n usfvorable public
response. The charisma of the mountain goad in the
public's eves can cenainly be expictod to out-weigh the
philoscphical and ecological issues evoled &5 the pur-
pose behind o gost contral policy, The noa-palatability
of controd would pit paliticians and high-level buress-
crats agairst hialogists - and even bislogist v, bicks-

Eiiis - o the extent that the oaly perocivable chance of
ruocess would rest on 8 large-scal edacationad effort i
change pubilic: peroepison. This is cortainky possehle,
and wesild b aimilar 16 the sescesalil proceas of adu-
cating poople about retumning gray wolves (Camis fu-
ity 1 Yellowstane which ook twelve yean and tix
million dallars to sccomplish. This would require
exicnsive and (hanough documentation of the negative
impacts cxobic poats would cause in the park which is
questinaabils and, af prezent, docs nol exin,

LITERATURE CITED

Adsmy_ L, K. L Risenboover., and J. A. Bailcy.
1982, Ecological refatiomshsps of mountain goats
Morth, Wild Sheep and CGoat Coune. 3:9-22.

Benger, J. 1991, Greater Yellowsione's native unge-
lates: mryths end realitics. Conser. Bial.
5353363,

Caoghley, G, 1970, Eruptics of ungulate populations,
with emphasiz on Himalman ihar in Mew Zasland
Beology 51:53-72.

Hobbs, M. T, M, W. Miller, |. A Bailey, D. F. Reod,
and B B Gill. 1990 Biological criteria for in-
troductzons of large mammals: ussng simmulation
modils 1o prodict impaces of competition. Tirans,
N, Am. WildL and Maa. Res. Conl 55:620-632,

Housics D, B, In Prepamtion, Alicn specics in na-
tiomal parks; drawing Fines in time and space.

. ond E G Schreiner. 1993, Alien species in
matiomal parks: drawing lines in space and ime
Conser. Blol 9:204-209.

B G Schreiner. and N. M. Buckingham, |94,
wyﬂuﬁmh Peminsula, Pp.
1R=46 i Howston, 0. B, B G. Schreiner, and B.
B. Moorhcad, eds. Mountain Goats im Cymphe
Matonal Park: Biclogy and Managemenl of an
Introdosed Specics. Scientific Mosograph NP5/
WROLYMMRSM-04/28, USDI, National Park
Service, 294 pp.

Irbey, M, L., and A, F, Chappell, 1594, Review of the
hisioncal lisembure regarding the distribution of
the Rivcky Moumosin gost (e daminag armerd-
carmui), Bagmn, Symp Morth. 'Wild Sheep and
Goat Coang, 9:75-80,

Johnson, R. L. 1977, Digtribatson, sbundasce, and
managesnent sintes of mountaln poats (n Mok
Amaica. Pp. =7 m'W. Samuc] and W, G, ac-
gregor, ods. Proceed. 1™ Internat. M Goat Symp.
Ealispell, MT. Brtish Cobambaa Minsstry of Rec
and Conser. 243pp.

Hé



Laundre’, ], W. 1992, The status, distribution, snd
management of mounkasi goaks i the Greales
Yellowstone Ecosvaem. NP5 Order 8 PX
1200-E-0828. LSO, Matioms] Park Service,
Skpp.

Leopold, A. 5. 5 A Cain, C. Coitam, 1 N.
Gabesckson, and T, L. Kimball, 1963, Wikdlile
managenent in the nations] parks, The repon of
ke MPS advisory board on wildlife manapemesi
i the Sec. of the [nersor, Washingion, D.C.

Mgithews, P E. and V. L. Cogglea. 1994, Samtin and
hisiory ol meaniain goats i Oregon. Bienn,
Symp. Nowth, Wild Sheep and Goat Couse,
6014,

Mead, J. L 1953, Harringion's extinct mountain goat
(Creamnay harringioa) oud ity covironmen in
the Grand Canyon, Arizoma. Fh.D. Disscristion,
Unidv, Aneonn, Tascon. 2015pp.

Hatiomal Park Scrvice. 1991, Natural resousrces
masapemneni puideling, MPE-TT. USD, Mational
Park Service. 67Rpp,

Olmsied, | C. 1979, Alpine and subalpine vegetation
umder the infloenée of pon-native mouniain goad,
Oympic Naisonal Paric. Pp. 1143-1 148 in B
Linn, ed. Ist conl on nesearch in natonal parks.
WNatipead Park Service Transsctions and
Proceedings Series 3, Wathingion, D.C.

Plitsch, W, A, R 5. Reid, I Haner, D K. Piloe, and L
C. Bliss. 1983, Effiects of mountain goats o
wariby, plan comenundties and scloct plant specics
m Cvmpac Matsonal Park. Final report b
Diympic Mabonal Park. College of Forest
Resoarces, Univ, of Washingion, Seaitle, 105 pp.

,ond L C. Bligs. 1985, Seasonal fomge
mvailahilisy and potential vegetation limitations 1o
i maintsin poat population. Olvmpic Natioeal
Park. Am. Midl, Ksi, 113:108-111

Pike, D. K. 1981, Eifects of mountain goats ca (hree
plant specics unkque o ke Olympic Mountaing,
Washingon. M5, thesss, Univ. of W ashingpon,
Scatile. 188 pp

1

Ringy T, 1955, Evalusting conditson of free-ranging
Cervar ¢laphicr, with special reference 1o New
Zealand. Wew Zealand ). of Sci. and Tech.
36219175,

Romme, W H., and MG Tames, 15991, Implications
ol global climaiz change for aogeogmphic
péiticrna in the grester Yellonwitone scoayaem.
Comservation Bislogy 5.373-385,

Schreiner, E (G, 1994, Internctions emong herbivares,
planas, s soils. Pp. 1049128 i Houston, D, B,
E. G Schaeimer, and B. B. Mocdhead, eds.

Ml cemiain Coats i Olymigee Malional Pask:
Biology and Mansgement of & Intraduced
Species. Scientific Monograph
NPSNROLYMMNRSM-54/23, USDI, National
Park Service. 195 pp.

Schullery, P, and L. Whittlescy, 1995, A smmmsary of
the: documentary record of wolves and ogher
willdlale spocics i ithe Y ellowiloes Mativasl Pk
arca prvor t0 1882, Ir Carbyn, LN, ot ol ods.
Ecology end conservation ofl wolves in a changing
world. Canadian Circumpolar Instituie,
occanomal publization No. 35:63-T6

Soule’ M. 1996, Natves Veroes Exobics. Yell. Sci
4:48-12

Wignl, B A, and V. L. Copgins. 1982 Moungain
Goat, Pp 1008-1030 in J. A Chapimas and (. A
Feddhamer, ods, Wild Mammals of North Amenca
Biclogy, Management, and Economics. The Jobn
Hopkiny Usdveraity Press, Balifmoee. 1147 pp.

Varey, N.C. 194, Summer-fall habital wse and Gl
diets of mountain goats and bighom shesp in the
Absaroka Pange, Moncma. Biena, Symp. Nonh,
Wild Sherp psad Goat Cone. 9:131-138

Vasley, N, C. 1996, Ecology of Moustain Coats in the
Absaroks Range, South-central Mostana, M5
Thesis.  Montara Staie Liniy,, Boseman. 91pp.



Hienn. Symp. Morth Wikl Sheep and Goat Couse. 1001 18123

APPLICATION OF A GIS-BASED BIGHORN SHEEP HABITAT MODEL IN ROCKY
MOUNTAIN REGION NATIONAL PARKS

PATRICIA Y, SWEANOR, National Baological Service, 4512 MeMurray, Fort Colling, 0D 80526
MICHELLE GUDORF, Natonal Park Service, 13793 W, Alsmods Parlowsy, Lakewood, COD BO2IR
FRANCIS 1, SINGER, National Bislogical Service, NREL, Colo. State Univ., Fort Collins, CO 80523

Abstract: W cvalused bighorn sheep habstat in snd aroond mine Rocky Mountaim Nataoeal Parks, in scven study arcas,
lo dstermioe if scugh mstable habitat was availabile o sipport rsnslocations of bighor shecp. We used a bighom sheep
maocdel developed by Smath of al. {1991 ) mnd modified by Johnson and Swifl (1595) sd cosetves. Wee used stendardeeed
diganal ata bassen me verdl nx digitived map el fiekd dats in a Gengraphic Information System (015) spplication of the moded
(Johnson and Swift 1995) Mapped kabitat projectioss wene produced wsing the Geographic and Resource Anadyss md

Support System (GRASS). The faclors most significasdly alfecting the distnbution of sustabls baghom sheep babstsl wers
prescncs of cacaps bamen, openes o vegetation cower, and presence of domeste sheep. Al seven study ress had sceme

INTRODUCTION

Bighom sheep have been extirpated from masy
wreas of their hissorical mnge in the wesiom Unised
Stniey (Huechner 19600, The Mational Park Service has
scapht o porpetuate sustainable posulations of mative
i Mathonal Park aress. Reinaroductions of bighom
sheep from remmant herds imlo vacand habstat have
helped increase the dpecies sbundisee and dintribation
(Fiowland msd Schmidi 1981 ), However, mamy hends
reenuin small, Bodsted, and exhibit low dispersal ten-
dencics (Smith et al, 1988}, Long=term susinisability of
bighorn sheep rogquines both wide spread distribistions,
that can withstand localined siochastic evends, and
carmdors of habitst that allow for gemctic
betvwoen gl herds (Riseshoover ot al, 1988), In
1591, ke WFS initinted & in el pesiore wade-
mninmmdﬁm‘humﬁ'hmm
berds extending scroes jurisdictional boundaries of
imdivicunl rescmree agencies (Gadorl e al 1997)
Undier this imitiative, the Mational Pask Service, the
LL5. Forest Service (USFS), Burean of Land Manage-
ment (BLM), Buresu of Indian Affsirs (BIA), and stuiy
wibdlile agencies worked iopether 10 evaluste inter-
agency lends for sumabic bighorn shoep habaat and
possible bighom sheep translocations.

T help evaluaie trnslocation posashilitics &n
the peven shady arens, we eadeavored io systematically
quantify bighoen sheep kabitst sbandance and distribu-
thon. We msed 8 geogmphic mfemanion gysiem (CG1S)
epplication (Johngon and Swifl 1995) of a bigham
sheep babitat mode] (Smith of al. 1991},

STUDY AREAS

The seven study areas were oentered arand mine
Hational Parks (Fig. 1) end included surrounding
BLM, USFS, BIA and stae lands. One study area in
Ush (CANY) included both Camyonlands and Arches
Maticoa] Park. Three study arcas in Colomdo mehuded
Colomds Waticna] Maomsmest (COMO), Cosrecansi
Haticmal Recreation Arca and Black Canyon on the
Gunnises Mutional Mesument (BLCA), end Dinoesur
Mations] Monwment (DINC). One study ares in North
Diakota encompassed the north and south wnits of Theo=
dore Roosevelt Kathonal Park (THRO) The study arca
in Sowth Dalooin included Badlands National Park. The
shady srca along the Mostana, Wyoming bandesr con-
sisted of Bighom Canyon Mational Recreation Arcy
and peroending areas (RICA), Stody anen size maged
from 2345 k' (BLCA) ip 7250 km® (CANY).

Habitat parameters considered importast for
bighom eheep were identificd in a habitat model devel-
opad by Smith et al (1591) The mode] was used and
refingd by Johmson and Swifl (1995). The madel incoe-
porated & linesr process of eliminston, where [and ama
waz remnoved from commidernison il il did not meed
either suitnble or unsuitshle, and was not moked by
qualsty factors, Habits variables cvmluated by the
mode] wett Sicaps lermin, shcaps temmin bulfer, vepe-
imiicn opeemess (1.6, hommonial visikility], waler
sources, natural barriers, human-use srea, mas-made
barmiers, and domestic livesiock (Table 1). Summer,
winter and lambing raspss as well as migratios ooi-
dors were also delineated (Table 2).
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Fagara. 1. Nina MaBonal Paek aress in sb staded waing inciudked in the GlS-based. beghom sbeep habilal snatyaes. Fiaal
anayass from 52 acdtional shudy press, Caginl Reel and Mead Verde National Parks wars not aveiabis for this repart

Vnlues for bigheem shesp habilat parsmeiers
were obiasned from feid observations, hisioncal re-
comds, 115, Geological Survey (USGS) digital eleva-
thon models (DEME). USGS park maps, USGS digical
lmnc-graph data (DLAT). USGS iopographical maps,
UISFS serial photos, BIA digital dats, and BLM sur-
fisce managemens maps (Table ¥}, Habitat dasa wene
endered into & computer-bassd mapping program,
GRASS, that anahyzes and displiys digitizod data in
spatial formate of grid or pixel cells. Groops of thess
plooe] ells dilimeaned the aress et mel specific habiatal
criteris. These thematic maps wene then overlaid 1o
determaine whal arcis met compoaite habits raquine-
memls, Areas of winter lsnbing and sunmer renpes
wens sl delineabed.

Some comnidarations periaiming io habitst suit-
ability were not evaluated i the GiS-procedur:, e,
farage type and beomass, predation, mlcragency plans
for sdjacent aras, wild ungalats concestrations, and
nearhy bigham sheep populations, Thess concerns
were addressed by a panel of resoarce mansgers and

rescarchen, comvened io evalusin the G1S mode] results
Erom ench study ares (Gudoef et al, 1995, 1996;
Sweanor et al. 1994a, |994h, 1995a, 1993k, 199),

RESULTS

All stody arcas contained some saltabile bighom
sheep babitat (Table 4), In addstion, all shady sress
haad puitshle summer, winter, and bembing aress (Figs,
2 and 3). Mowever, lambing habitsd was limised and
comititsed oaly 10% of the otal bighcen shecp habatat
ini the 7 shady anns.

Eacspe lemain was the dominsni vanshle affoc-
ing the extent of bighom sheep habitat. Although buf-
fered escape termain incloded aress up 1o 500 m from
cxcape ierrmin (Table 1), most land area in the sudy
areas (56%) did not meoct that erfieria. However, some:
study arcas had sgnificanthy more buffered escape
perrain than other arcas. Bulleeed cacape lermain cont-
prised 68% ol DINO but oaily 1 1% of THRO (Table
4



Tabie 1. Gritaria in the GIS-model application for evalusting bighorn sheep habital. AddBional criteria were
wsed to determine suitability of seasonal ranges (Table 2).

Habilal Requiromeni Definiition

Escaps lamin Adsan with slape = T < B5"

Escape s buffer Agpay winin 300m of escapa temain and aneas < 1000m wide thai
ohe Boundad on = 2 Sdea by sscaps brmin

Vepeiaton density Adeas musi have vabigy 555, & defined by tha mean pecent ef

sounten visibin on a1 mF lnged, diaded inba 38 squal squanes, 14
i e an abesrvs viewing ME W, 3 fram & haghl of 80 am skang

& 10 pt, 380 m trarmact

Wnler soutons Asoas must be within 3.2 km of water sources

fumtural bamers Amas Tt bighom shesp can not Access ane eciycked, a.g., ivem
= 2000 che, aress with veibiy « J0%. that sre 100 m wids, cily
wih = 85" wlope

Human uss sres Aspan covaied by hismeh developrs! e sechucked

Man-mads bamen Aions Tl (oA ot be scoeded dup 10 Man-Mmade Damen ane
exciuded, &g, major Mghways, widlle-prood lencng, squedicts,
mgat canak one eecudsd

[Danessc reslock Arans within 18 km of domeséic shesp ans exdkaded

Table 2, Habdal crilera used for evaluation of summer, winler and lembing ranges, as well as migrafion
codridars for bighom sheep (Smith f al, 1981).

‘Snasonal Range Reguiremenin

Summed range Aneas mestng ol reganements bsted i Table 2

WWimiar range Aresa masting requinsmants in Tabis 2, that ans sea south
facing slopes { 135" - 235" aspadl), with snowpack = 25 om

Lambing range A that et P docuiererd Bsied in Tatie 2 B be

nok maith fssng sope (315° - 45% ampect), e < 1 kon
from watar, =nd are = 2 ha in sz

Mignben carmidon Ao that mest e requitements in Table 2 plus aicas
with hormonial vsbity of 30 fo 55% § e sma s < 4.5 km
wida, and sreas with houirontsl visibity < J0% # & ama s
= 100m wide.

Dense vegeistion significantly restnicied poden- tal. However, in the fesied, casyon regions of
tial bighom shoop habit in some arcas bt bad no effct ~ BLCA, COMO, and DINO, thick vegetation restricted
in peher srees, En the shick-ock canyos megions of 7617 lom' of ceherwise muitsble bighom sheep habita
CANY and in the river badlands af BADL, vegetation  (Table 4).
structise did not Hreit sery areas of bighomn sheep habl-



The presence of domestic shocp affocted bighom
sheep habatnt in all study ameas except THRO and
BADL. Domestic sheep restricied 5400 km' of bal-
fered escape berrain in the ocher five stady arcas, Arcas
of bighomn sheep habitat in COMO, BLCA, and DING
wene significantly affecsed by the presence of domestic
sheep (Table 4).

W modalfeed mode paramelen cithe: based oa
habitas dats availability or local climatis conditions,
Some habits! vanshles in the model, puch a3 waler
nvailnhility im areas with unmapped soeps and ephem-
eral streamy (CANY, THRO), were diflcoli (o mes-
sure. [n those arcas walber was nol considered lmating.
Additioaally, the effect of some model vansbhes vared
amanyg thes study arca. For cxample, the effeet of slope
nspoct for lambing range was omitied in the relatvely
enow-free desen and river badlands sseas (CANY,
BADL, THRO) but was retained for the smow-rich
arcas of BICA, BLCA, COMD, and DIND,

DISCUSSION

Bighom sheep habsini was primarily defised by
the amount of bufTered eacape iermain in an arca. Big-
hewm sheep requine escape ermnin io evade predajors
and disturbasce (Geist 1971), Escape \emis is & pri-
mary component of bighorm sheep babind, booamse it i
o goo-pinsical land feature that cam not be aliered by
managermens. Al sreas within ight distance of escape
terrain {up o 500 m) were considered niritable habitat
if they met ofher habaint cndenia. Buffered escape fore
rxin, therefore, represcntid a haseline of the maxsmiss
possible bighomn sheep habitat in an srea.

In caar stody, sigmifices porions of potential
bighoen sheegs hahitat were: limited by dense vegettion
Drue to fire soppreszion, (e demsity of fomested vepets-
ithzen i sy rcas ol histonical bighomn sheep habéist
has incrcased dramatically (Wakehm 1987). Highom
hecp pencrally avoud thick vegetatson becauss o re-
wemicts their ability to detect predasor approach, Ve,
vepetniion is o manageable component of bighom
sheep babirst, and documenting ares limigsd by dense

o idemtilh o b itabd
Wﬂwm#wwhtﬂ,
via prescribod borns.

Large mneas ol poteadial bighom sheep habstal
were also Hmited by the presesce of domestic shesp,
iConmct with demnessnc sheep b debeierions o bighom
of domestic sheep can camse significant mortality when
tranamitiod to bighom sheep (Tessup 1981). Bighom
s are sitracted o domestic ewes, and the two spe-
e must be scparmied by o significant distance, oe

barriers, jo deter contact. Thero ane some opportunifes
o improve bighom sheep mnges by documenting the
then, fior example, retiring those allotments or perhaps
tonverting them 1o carle

Mode! parameters such as man-made barmiens and
‘Tusman develogment had linle efoct on highorn sheep
habslai propectons in this study, This was probably
because the study arces wers centered arousd Mational
Parks. Howeves, THRO was alestod by oil snd gas
exploration, and planmed fator develogment coald
s gnificantly diminish the already lried lambing
habsital (Sweanor ef al. 1%M4b). In addition, movements
of bighoen sheep in THRO wese restriceed by fences
construciod 1o comirod buson movemeonis.

Some model varables werg poorly documenied o
umderssood in some siudy sreas. For cxample, waler
wraitabiliy in dry regions such as CANY, BADL and
THROD may be affecsed by eplemernl sreams and -
documeniod seeps and springs {Swoanoe e al 194 b,
|9, 1905k), Snow deplh meaUSemEnts wens un-
nvailshle for lumbimg habitat in sl sress,  Addstionally,
the effecs of dlope aspect on suitsbility of lambing
habsitat was questionsble for study areas without signif-
it sprEgime seow accmmukaticns (Swesnor o al
[735ab). The jextapaaition of cscape lermin, &4,
whether if is above or below leoding ancas, may affect
how far imo fooding arces bighomn sheep will ventun:
(Swennor et ol [995), and ghade may be an important
conuiderntion in some sparscly vegetated rones of, ez,
BADL. Such lapses of information in the moded ap-
plication help emnphating what habitsl requnements
nesd fiarther clanfication and ficld stadics.

A GlS-model application does nod produce &
managemeni plas, rether i presents scenarics of pres-
ient condiions, and resaltand effects of munsgement
ictioes. For example, mapa af buflferod cscape icrmin
overimd by maps of manageable faciors allows @ visual
evaluateon of curréal managtanesl comdamns dnd of-
tions. The GIS-model rosults from cach of the study
areay in this study were presesied 1o pamels of bighom
sheep manspers and rescarchen to cyaleate the owput
mnd 1o descuss the meod Sor randlocations and for other
management actions. (Crudorl et al, 1995, 1596,
Sweanor ot al. 1954a, 1994b, 1993a, 1595h, 19950,

Tiv accwnbely evaluale any Gl5-mede] palpal,
sozrees of ermor must be identificd and mortored.
Compaer-hasad model analyies cin nol cOmpesisle
fior deficiencies in knowlodge about habitat requin-
ments or lack of habiwt date. Model applications anc
onky as good as the habatat studies they are based on.
Faehd shadics that quantsfy hahilsl requanisinls mitdis
the comersiose of effective management. Additional
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Table 3, Sources of Ihe bighom sheop habfal parameter wlues used In the GIS habiaf model analyses.

Paamabsd Vil Sowica Loale

Escape lerinin {sicpa) and bulfer  LIGGS Digital Elmmition Models (DEMa) 1. 24,000

WEgMETOn danety P, BLM, LRSS wegetalion madd 1. 24,000
LIS0S land e Asnd eover maps 1:250,000
Fasdel wrveys

VWaler sowces LISES cighal ne praphs dita, park maps 1100, 000
Fid dmtn deineated an lapogenphical mapa 1: 50000
BILM clitnl clabs Bk 1: 24,000

Snovw pmch o mendabie

Natural bameny ISGS Digital Line Grapha [DLG) 1: 24,000
LiSES pogreghical maps
Fas] Lirvyg

Anpeci LESGSE DEMs 1 24,000

Huminn-utsd i nas BLM land use and developmanl mags 1,100,000
LUSGS iopagraphical mags 1 24,000
USEES lmnd usadand covor magm 1:250,000

Manmads bamers USG5 inpographical msps 1 24 000
USGS park mihe
Fleid mrveys

Livesinck grasng BLM, UEFS alotment data 1, 24,000
Field survms

Tabie 4, Bighom shoep habital estimates in he soven study anoes.

Habfal Companent Shudy Arsas (km")

CANY BADL BICA  COMD BLCA DO THRO  Toml
Stisdy ares nizs 1250 L v S 111 2249 2891 293 3404 2017
Buffesnd sscape for- 4087 Bay 2000 0 - 138 0 B.EA0
i it visby >
N
Buffered sicape tai. 3158 Ba7 152 145 488 A8 8 T
rain = 18 km fram -
masic sheep
SuRabie hatdat 2112 ) 1508 18 14 100 207 CArS ]
(all parnmaten in Ta-
bl 1 evisluted)
Slmenif rahga L ey = 176" S S fililo " 7458
Winter range 8 L1 I T oz 5 anr r 7 b -
Lambing Fangs ST 2 ey 45" B B g i

" Aroas within 18 ko o domesstic sheep wine included in these samsonsl renge salimsla.
" Oy dacumanted walns souiens wane coeaideied in e sysustan,
* ‘Waber ovallabslity waa nof cansidered kmiing.

2



shady area included Curecent Matonal Recreaton Adea and Black Canyon of the Gurnison Netonal Mesumend in

Figute 2. Bighorm sheep habitat péojection penemted by the GI5-based habitet model appication s BLCA. The BLCA
Coarmdy,

123



Ehli-u.—ur o
Figure 3. Bghamm sheep habitat projecicrs pensratnd by The (i5-based habrat model apgecabon n THRO. The
THRO study een inciudid e noii and south unis of Theodors Rooseven Nabanal Park in Mo Daksta

ervors in o GIS applications of models may be cansed us with a synopsis of our present state of knowledge,
by inccuracies in standardiood spatial data seis, wse of  allows = 1o farm predicticns based o this knowledge,
data ot inappropriate scabes, and mistakes in digiticing  helps us raline what aspects of bighom sheep biology
{Collimg and Smigh 1994) are poorly understood, and directs needed field work.
G5 model applications enable us 1o study, orga-  Together GIS applications and habitst modeling, besed
mire, cvaluate, and map habitsl in o sysiematic, quanti-  on sound feld dara, can s in producing elfeetive
fiable, and repentable way. Habitat modeling provides  regronal management programs for bighom sheep,
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laig 1B and eardy | 9002, Mearly » centary aller experiencing catassrophic losscs, mamy bighom populaiions have yet i
recover jo historical levels, Restorstion and maintensnos of vishle popalations is the primary goal of highom sheep
mesagemend. This paper inveshigales the incdence of lungworm discese, effects of fire on forage qualsty, dictery cosfent,
i aneitat seloetion by bighom shoep thal ocugy & by hills-peasnie enviromment in Badlands Matioaal Park, South Dukota
Dighom sheep herds & the north sl south weits of Badlinds Natioeal Park diffir in their foundineg bisory, sotal poplation
and populstion denssty. The incadence of haspworm larvee im highom sheep focal semples were higher in e north unis
Infiestation bevels were unrelsed to varistion @ yearty runfall iotals. For five forsge plant spocics, ooly misor changes
iy wrighi, peroent nitrogee, percest prodein, s dry msfler dipessihilsy were deipeted in e v pears following sessonal
buam mcatincnts. Micrdmsciopcal anahyss of focel samgiles indicaied that Agropyren s were the dominan foeage m the
eorth il sl Shiper spp. wwore desmmuant = tho south wul. Scasonald habibal e data showed Bal ewe proups were maosd oflen
bmerved on clevited sod buties dorig the wisler snd spang on shader midslopes and ridpes duning the semmer; on of Bear

he sirepenl escape terrain daring limbing; and (enthest from escaps iemain during tse nit,

INTRODUCTION

Histonically, bighom sheep (v canadendis)
cecupsed larger peographas rmnges than they do now
(Buechmer 1960, Geist 1971). Popalation kevels of
bighom sheep declined dramatically weale
em North Amenica duning the laie 1800 and cary
19008 (Seioa 1527, Cowan 1940). Bighom shecp are
influcnced by masy {acines inchading habamt qualaty,
populstion dengity, weather, and desesse. Whils wanig-
islsted marker hunting, habitat loes to desmestic grazinp.
nnd buman development contribaied o the denise,
various viruent discases are suspected io have played
the key role in hisions declines (Seton 1927, Covwan
1940, Riscahoover ¢t al. 1988, Smith ef al. 1991),
Some combination of Betors continue to limit the

abundance of wild sheop. Moarly & centary after experi-

encing catasirophic hoascs, mamy bighom populstions
herve ved b0 recover bo histonical levels (Hoefs, 1985).

Among arcas where sheep have boen extirpated are the
western Greal Plains, The Aodubon's subspecies that

occupicd the Badlands area (0, & cudubonr) were

endicated earlier the 1920s. Recent elfarts have rein-
irodeced bighom sheep from the Rocky Mountains
insa some of the Audubon's highom sheep's histons
ranpe within Dadlands Naticnal Park (Benaon 1990),

T 194, 22 Rckey Mowninim bighoms from
Pikes Pesk, Cobaradn were placed within an enclonme
irstiche Badlands Natiomal Park, Following a discase
die-ofT attribuicd o Pastereeila, the 14 swrviving big-
horn sheep were released from the enclosure ingo the
norik unit of the park = 1967, The herd grew very
abowly and still numsbered only 27 in 1990 (MeCutch-
pon |SR0). The berd subsequently increnssd and, by
15790, 93 bighorn sheep were reporied by observers.
During s 1980%, sporadic obacrvatioes ol
bighom sheep oocurred im the south unit. In 19910, an
eerial survey confimmed the presence of 30 Rocky
Mountain bighorn sheep im the south unat, in a locale
centered over fany kilometers o the southwest of the
north unit.

Data from five cenaus fights flown Between
Sepiomber 792 and October 1994 wern comicied for
aightability biss with Acrial Survey softwars {Lins-
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worth cf al. 1994). Estimaies indicaie o popudstion of
120 sheep in the rorth snit and 43 sheep In the south
unit in |9, Based on ihe amosni of habitai aca
available lo bighomn sheep (Sweasar of al. 1995), catl-
rmates of bighoem sheep denaitics are substantially high-
i in the north undl than in the seath @it (.56 sheep!
k' and 0.17 shecp/km”, respectively). A lamb: ewe
ratio of 42: 100 [ior the enfire park population cstimated
o (he Dedober 1994 consua Dight suggests o stable
or slightly increasing populasion trend (Singer ot al
1595),

To moniior and manage the bighorn shecp popu-
lntioa in Badlands Mational park, o research plan was
developed (o address the Falkowing objectives: 1) quan-
tify curresit bevels of lungworm Lervac oocamense in
Trighorn sheep fecal samples a8 8 baseling condition Gor
flature monitoring, 1) defermine highom gheep dictary
companents, 1) analyss (he possible use of diffement
scxsomal fires 10 Emprove grazing babitat for bighorns,
end 4) determine bighom cwe scasonal habitat prefir-
oxes. Bighom sheep hardd in the norlh and soulh
wists of Badlands Maticeal Park dif¥er in thear founding
‘hiziory, iotal popalitson and density, We
yposhesized that: 1) the incidence ol lungwonm benvae
imcidence in the sooth wnit woold be Jower due (o the
lorwer popalition dessity, 2) bighom dictary conlénl in
A2 tweo umies wold differ doe to inherent varintions in
iplami availabdlsies and would reflect o greater oppon-
nify for sldep in the lower-denssty south uni to demon-
wtrate preference, 3) fires in the mixed gy pruinie
haibetai would have a positive eifect on grassiand bios
mass and quality, end 4) habitnr use by ewe groups in
the: morth unit would vary by scason.

obsincles 1o sucoessiully ressoring and mansging popu-
latioas of bigham sheep. Protection from disesse will
be an integral part of the seccesfil management snd
expansion of existing populations (Singer ot al. 1993),
The level of discase induced moralsty in (ke
Badlands Matioeal Park herd has never boen thoe-
oughly cvnlmated, | Febrosry of 1992, 20 Rocky
Mountain bighoms wene captuned in the north unit and
7 in the south unit {Singer et al. 1953). Both herds
were cxamuned and found o be infoctod with lung-
woems (Prafostrongvis stilesi and P. rushi). Annual
fuctsations in snail numbers may affect mfoction raics
in bighorms, Sasils mey be mose shusdss in maois
comditions.  Arcas in Montama with (he most scvers
lamgwormn imfections im bighoms slso had the highest
densatbes of snaily (Formesier and Senger 194),

Diied Sclection

wcosystom structis (Ellis o al 1976) Selective Rl
ing behavicr may be influensad by & nmmber of factors
including fompe menilshility (Hobbe and Swifl 1988)
and pospubation density (McXvasoghton 19797, Fecal
asalyab has proven msefll in cadmating scxsonal dicts
{Haosen and Dearden 1975, Hansen and Read 1975)
and evaluating dicts based on spatial Bacation (FHansen
e Clark 1977, Hamsen el al. 1977),

Effects of Fire on Forage Quality

Large and frequent fires wone part of the histoo:
selting ol the maxed grass praie, schuding what s
now Badiasds Naticnal Park. Fires s (b mived-gras
prairié incressed biomass of fornges (Kehing 1957,
Adems ot nl. 1982, Peet of al. 1975, Rice and Parenh
1978), increased fowermg of grasses. (Peet ot ol
1975), and increased the relative af forks
(Davbenmene 1968). Responses of bighom shoep to
Iaming has becn extensively stadicd in Rocky Moun-
inim carvironmenis, bt 0o n mvoch lezs degree in o prai-
rie emrviroement. Bighomn sheep populations benelk
from buming in most forested situations, Bighorn
fesraging efficiency i presier (Hurley and rwin 1985),
their diet qualiny is higher (Hobbs and Spowan 1584),
(hszir borns grow fasier and their mgworn isdestation
rise: i Jower (Beip and Bunnell 1583) on burned
ranges, Forages on bumed baghom ranpes groomed up
earlier and greenap bisied bonger, in some Nstances
theomgh the entire first wimier following spring burning
(Hobhs asd Spowart 19843, Similar mformatson,
however, does not exist for bighoens cccupying mined
grass praing badlands habitat

Ewidence of benefits from both yprng and fall
berming can be foend in the liderature. Spring buming
is felt o enhance grasilands more than fall burning
since the time o growih intistion s kess (Anderson
1965, Owenaby and Anderson 1967), However, ol
studies sugpest preater crhancemes from (al] baming,
or no difference (lames 1983). Burning just priof 1o a
drought period can result in poor results from beming,
irregardicss of the seasem of burning, Prescribed fire i
one of the fow active management messurcs that park
st could ke to benefit bighom sheep. Flire suppres-
son may have resultied m unnabarmd condsiions on big-
him ranges. Buming may reduce bungworm rates and
imcrease the area wsed by bighomns

Habitai Selection
Most habitst stodies of bighom sheep bave
ioccsarred i nsuniatnous ervironments (Busckner



1960y, Geist 1971, Risenhoover and Balley 1985,
Tilios mnd Willerd 192, Cook 1990y and have made
soene feferonas o seasaial habits sssociatbons Habe-
lal chasasicnsbics such as slope, aspeci, distance ko
£53p¢ Nermin, and vegelation ypes have bocn recog:
iz ag importand fatures of mosmininous sheep envi-
romments (Geist 1971; Risenhoover and Paibey 1985,
Cook 19909, Few studics have nvodved low-clevation
non-nacunbsingus prasne regrons (Fasrbanks ef
1987), Badlands Mational Park presents & unigqus
oppariusity o sfudy scasonal habidni chameieristicy
of b self-sustnindng Jow-elevation o -isiesninsog
prairic bighorm aheop berd.

S5TUDY AREA

Bindlands Maticns] Park is locansd in southwesy
South Dakota. Surmounded by gentdy rolling grassiesd,
the rugged landseape varies in ehevation from B30 m o
MRS m., ko Form sigep canyons, exposed ndges, pena-
cles, mnd buties, Ersaive influsnces from the White
river mear the park's sonthern boundary resulind in the
diverss park topography (Thombory 1963). Mixed-
s prairie occurs oo the upland plaveau and lower
prasslands, as well a5 oo ihe tops of baties and lower
sod-covered slemps, Asnual precipitalion averages
40 cm.  Summer iomperaiuges may excoed I8 C and
whnler lemperabarss may deop befow <187 C.

The park's iof is chamcienined by mized-grasy
pranie foand on (he lowlands, tbles, and tops of
baites Mlamy grass species such os bioe grama {Bowie-
e gracilis), groen necdbegrass (Shpa viridula),
western wheatgrass (Agropyron smithil), and poccu-
pane grass (Stipa camara) oceur, Shrubs end kerba-
oo plants such ss eilver sape (Areminin lb-
wiciana), rubber mbbithruh (Chrrothamme mou-
sean), pickypea (Cpunia pocoic).

scaricl globemallow (Sphoeralcen cocrined) are fomd.
Tress, soch &5 cottonwood (Popinlicr deltoides) cocur
mlpey riparizn arens.  Fopcky mountadin juniper (M-
perur reopalorum) in oflen found in groves on the
somthern expomures of buties and seattersd within
TavineL

METHODS

Incidemce of Lungworm Larvag

Fresh bighom sheep fecail piles were collaciod by
ficld personne] from the fune 1592 theoagh the Augna
1593, The Bacrmann technaque was used io determine
the namber of frst-stags larvas per gram (LPG) of dry
feces. A multi-response permatanion procedure
(MEPP, Biondini 1932 and Miclke 1991} was wsed to
eoenpare the following: levels of lungworm larvag

(k]

imcidence in the North and Soush Unit semples; pres-
enge o albiende af Tumgwonm lervas m Morth and Soath
Uit semples; amd levels of langwoemn larvae incidence
im different scasons [ Merth Und samphes, Asnual
dat on lngworms isfoction levels was used 10 10t for
redationshap in ansusl precipitation.

Dict Selection

Baghorm sheep focal miles were collocled by feld
esafT during 1992-94 in (he porth and south wnits off
Busdiands Mabignal Perk.  Samples were kepl in frozen
anorspe il anslyzed A waenple repretanting & pope-
lation's dict on & specific arca during & centain time
period can be obtained by sub-sampling (Anthosy and
Smith 1974). Based on collection dage, fifty-two sam-
plca wase scheclad a8 repicsentative sub-tamphe. Thess
samples were microhissologically analyred to estimate
highom sheep dietasy selection. A dewmiled park vegeta-
thon. sy was not svadlable that would have albowed
estimaies of achsal forsge prefarence. The analysis
mcheded all plant peniss found a1 a relative frequency
1 0% or maore in the sampling. A multi-response per-
mutstion peocedure (Biondini 1988 and Mislke [991)
was used 10 fest for differences in dictary composition
between the nonth and sossth anits.

Effect of Fire on Forage Quality

Four chevabed 5od bugics and four grougs (thee
inhles per group) of lower sod ables were chosen ag
wites fior uming treatments. Bach sile was divided imio
three freatment areas. One-thied of eack sile was bumn-
el during the fall of 1992, one-thrd was burnad dusng
the spring of 1993, and oss-thind was left &5 8 contnal.
A prevreatment sxmpling was performed im Augmast of
1957 on (e four major bultes.  Blomass and species
composition wepe taken on (ke varkous featment arcas
prior to the experiments through a aample of 810
randomby-kocaiod m”® plois por treatment.  Post-bem
plists were located on cach tneatment for biomass sae-
pling. There were |8 plogs on esch ol the four major
buttes (6 plots per treacment) and 12 plots on cach ol
the low sod table sites (4 plots per meatmend), Using o
clipping frame, a 2% square meter area war clipped
bt inside and outside the exclosure. Chipped plants
were separsied by spocies, dned snd weighed. For 5
pedecied forape plast spocies (Agropyron s,
Bawtelowg gracilis, Carer eleockar's, Cares filifolin,
el Stipa comata), 4 vanishles were meazured: dry
wright, paront mitrogen. pereent protein, and dry mas
ter digestibility. Multivarate smabysis of variance
(MANOVA) tests wan used 1o detorming, for cach
species and cach messured variable, whether the differ-
ence between the fwo years was constang acmss all the
preaimscnes, ANOWYA tests wers ised 1o desermine for



determine for cach specics whether the measand van-
nbles showad & significant trestment effect witkin a
yoar, Biomass samples were taken twice duning both
the 1593 and 1994 growing scasce, a8 well as once &
the e=d of the wisler of 1993-94. The firt clipping
wis done doring the peak of cool season (C-3) planss,
the seoond for warm scason (C-4) plants. and the thind
wns & wimier-alfiake clipping.

Habliat Schection

This analysis presents dats collected from big-
hom ewes in the north wnit of Badlands Matioeal Pask.
Six bighorn ewes were cagriered and colkared m Masch
1992, Geound crews gathensd data oa bighom shesp
from June 1992 to November 1594 (n=554). Hakitag
data was recorded on collansd and randcemly encoun-
topographic position, cover type, fomge type, slope
(it degrons [rom horronlal), snd distencs ko seape
iermain, Seasonal selection was determined using
AMOVA snd chi-sguare analysiz for 4 bahitst chame-
tevistics: iopographic posiison, cover hvpe, disnce 1o
excape tomuin, and slope.  Five seasonal divitiomn
were chosen i comespond with observed seasonal

differences in behmaar: spring (Mar-Aps), lambing
(dmy-Jun), susmmer (Tul-Sep), nut (Oct-Kov) and win-
e (Diec-Febi).

ANOVA was used 1o deserming if there were
significani diffesences hetween (he seasonal mesny of
glope and distance from excape termin.  Chil-sqguane
icsin wore wsed 1o determine whether bighoen sheep
locations m cover iype amd iopegraphic posatsons dif-
fered seasonally, Chi-squans tests werns then used 1o
it for dilfenesces hefween habital characienstics ol
sunsner-aul, ful-winier, ind winier-apring.

RESULTS

Lungworm Larvee Incidence

larvae levels were higher in the somth
unit than sosth unit (Figere |, P < 0,08, north anit
mean = 12.1 LPG, south unit meas = 3.9 LPG). Lang-
worm [arvae were defecled in the novth usil ssmgles
more afien (P4% peJ4) then (b south enit samples
(60% m=15). The yeaky manfll il for 1992 v
mare than 50% gresser than the vearly minfall for 1993
(65 cm. and 41 cm. respectively), but scasomal levels
of lungworm i the novth ol dad ot vary (P = 0.94),
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Figure 1, Incdanca ol kangwaim lardma in lacsl samples colsched in ha naith and south unis of Badands MaSonal
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Dt Selection

Relative density ol plant fragments in the fecal
samples differed sagnificansly between the north and
south enits of the park (Figure 2, P< 001} Agrogyron
wa sdentified st higher densaties in the nosth undi than
the: south unit (P < 0.01, 30,.2% and 10.3% respec-
tivedy). Coaversely, Stipa was found to be mmuch less
prevalent in the nonk unit than the ssuth unit (P <
0.01, 14.4% and 34.2% respectively). The § other
jgeous that occwrred in different relative frequencies in
the ncath and soath snits are: Oares (P < 0,05, 17.9%
aad 7.7% ), Arfemiaia (P <0.01, 3, 2% and B.3%),
Astragaiicr (P < 0,01, 2,%% and 6,0%), Himphori-
varpas (P-< 0,01, 2.93% and 3.5%), and Yiea (P <
0.00, 1.5% and 4. T4},

0 %

Relative Dansity of Fragmants

W oIE xR N X WD

[5] Morth wnit [ South Unia

Figure 2. Rultyva donsky of plant iragmanis iiom micis-
Thimlobogecal anakam of bighomn o lecal samphs col-
lacind in Badiands Naffonal Park, 50 Asberiies (%) dencte
{ganum with, Egrificanty dfferan! ralnsve dansties in tha

noreh end south units

measured varishles for two siter the bams. The
mezan diy matier dipestibility vabees for Stipa comafa
wvaried between years by treatment (Figuee 3, P<0.05)
Druring the first year after the bures, the mean dey mat-
ter digestibility valwes for Stipa comata were higher in
the fall treasment, folkowed by the contrml eatment,
#nd then the speing ereatment (P < 0.0, Fall=46.8%,
Control=44.1%, Sprng=~42.0%). Also m the first yoar
fallowing {he burns, mean values for percend nitrogen

of Agropyran sttt weee higher in the spring troag-
miend, followad by the Gl treatment, and then the ¢oe-
ol ereateent (P < 0.05; Spring=082%, Fall=0,TI%,
Control=0 66%). Plasned fuie work includes the

nalysis of forge biomets duta talen during peeteost-

Habitat Selection

During lambing, ewe groaps were mosi afion
found in rugged topograjhs: locations (midslope,
J8.8%; peak/ridge, 24.6%). While during spring, ewe
groaps utilized the clevaied gd buttes most ofien
(48.5%) and were rarely found on peakiridge sites
(7.0%) (Tabile 1). The topogmphic positions s which
ewe groups were observed during the wiser differed
from both rut (P < 0.001) e spring (P < 0,001}
locations, [m winles, cwe groups wede oflen seén on
elevated sod bubies (42.4%) end badland slemps
(26.3%94), Whevess during spring, swe groons wers
wﬂhﬂwl}ﬂmﬁﬂp{lllﬁﬂ}.
Oibservmtions of ewe groap topographis position during
the rul indscaled the moal halanced use ol opography
by the ewes with only cee position above 20%
{midslope, 20, 7%),

Bighom cwe groups were bocased im four mapor
cover fypes that dilfered by scasom (Table 7). There
was & differcnce (P < 0.08) in cover type Jocations
betwoen speing and lambing. In spring, ewe grosps
were fomnd bess often an arcas withowt vegetation
(39.3%) and moro affon on grass cover (33, 1%) tham

significamthy diffierest (P = 04601} than durmng the rui-
{Corver type localions with no vepetadion constituled a
highees ammoarit in sumsmer (5 1%) than dering rat
(24.4%), Dwring rut, groups were fouss) mane ofles in
jundper {17.1%) and grass {$4.9%) cover types than
those for sumener (1.9 and 37 5%, Win-
ior Jocations were different than spring (P < 0.01).
Winter cover type locations in juniper were higher
(18.4% compared o 5.8%5) than spring or any other
scasan. Spring locations in no-vegetstion wers highes
{F9.5% compared 1o 12.4%) than winter,

Dristsmce o encape lammin of ewe groups varied
by season (Table 3, P < 0.001). The sverage distance
that bighomns were obsarved from escape lomim was
shoetest daring the lamhbing pericd (5.1 m 50 +2.7)
&nd longest during the rus period (29.6 m 5D £ 3.5),
The slope of the torin af which bighoms were ob-
served vaned seasonally (P < 00001), Ewe groups woe
abscrved on the siocpest slopes dering Lembing season
(377 50 + 1.9), and on the mildest shopes during
winger (14.5* 50 + 1.9)
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Table 1. Percent of owe group locations in icpographic posiiions by season in the north unit of Badiands

Mabonal Park, S0

Tepagraghis Poaizn Gpringt Lemsing" Summe Ruf Wirdae®
Paaigncdge Ta 248 183 13.4 T8
MNedsiopn 221 8 4 207 10.8
Gdancs Base AT 1| 24 aa 1.0
Badands shenp 11.8 ey 128 7.2 F. 4.1
Elrmaied Sod Bulls 488 1ra 1.3 171 i d
Lowtand Sod Tabis 4.7 1.4 C | ar 0
Vigbiaind Lovwiands oo 22 14 124 8B
* Epring vemnim lamiing sssson P < 00001

* Rt vermus wirder P < 00001,

" Wyiirvier versus speing P < 0,000

Tatie 2 Parcent of mae (i KcEBons © covsl type Pl eadson i the nofth wed of Bacianos National Park, S0

Cerenr Typa Bprng"* Lambing® Syrmenar® A Weintar®
Ko Visgetation s 560 510 Ml el
Juniper 2.8 22 A iri 18.4
Rubber Rabbitbrush 10 i ar 27 14
Fass EER 1 | 7.5 a9 558
* Spring verwus lambing season P = .05

* Summar vermus il P < 00007

" Winker versus spong P < 0.01.
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Table 3. Average parcant distance (m) to escape larain and average slope (degress from harizontal) in

the narth unl of Badlands NaSonal Park, 50

Seazan Speey Lambng Surmme Rad Viriber
Dlstunce to Escape Teran® ©G0+34 5127 o3 200+05 19E=20
Siope® 1424 T8 23:27 1B8125 14510
* Both varables varied signficenty betwesn ssasar (P < 0.001)
DISCUSSION Habitat Selection

Bighom shacp typically seloct open grassland
Lungworm Larvae Incidence hahitas neas sieep, rocky escape termin (Geinl 1971

Histoically, bighorms m Badlands Mational Park
peobably migrted lonper distances and dispersed mare,
theus pecducing diseass and parasite loads resulting freen
sodentariness (Bailey 1980, Rissnhoover e al: 1988
We fband o kigher relative infsiation of lingwonm i=
ihe: Noath Unil Bsard whach may be explaimed by ihe
higher bighom density in the north unit. Variation in
ansmal precipitation rates did nod produce o significant
gcascnal varisdion in longworm infesiation

Dt Sebextiom
mmﬁnmmmmmmmﬁ
undts of Badlands Mational Park were ssmilar in their
pleni diverity, but wers dominated by différant genan.
[t is ressomable (o sseme tat plast wvailsbilitics arg
poing w0 be differend im the fwo umits dise 1o nabaral
variations in soils, topography, s hydrology. Differ-
&l plant availablatie would alier dict sebeotion.  Also,
the populsicn density of the sowth wnif is much Jower
than the north unit, which may allow the bighoms in
the sowth unit to seek out more highly prefemed forsge
species. Ouly afler completion of a vepetaiion magp and
sampling of plast ovnilubilities can the dictary prefir-
enced of e marth and soeth unif be determined

Efects of Fire on Forspe Quality

We documented fow positive effects dut 1o the
bumang weatments. These resalla wers mnexpeeted.
Onber authoey have noted that protein concentratioes
andd digestibality of grasses are quantitatively more
endhasnced by biaming, Fibmous comsiziwents, which
reduce digestibility, are often decreased (Allen of al,
1976). Im our study, the caly advantages accrued from
burning were short-term incressed nitmpen concentra.-
tions m the simgle most common bigham fomge species
(A, amichil) and imcreased dipestibility from the fill
bam oady I the sscond-most utilized forge penus
(Stipa spp )

Wakehn 1987, Riscoboover and Bailey 1983 Fair-
buashs i ol 1987}, Ewe groups selected Tor different
topogrphic poditics, cover bypia, dislases bo cicapo
terrpin, and shope seooeding o the season. In epring,
ewes wern mosl allen found on elevaied sod buisss,
Spring green-up would Likely entice ewes onlo these
grasyy butica 1o fomge on nuenitious carly plant growth
Goodson (1921 found that ewes seloctod arcas of high
preen-up concentmtion which bocame visible afier
snow-mell. |m & study of bighoms at Trout Peak,
T‘hn'lqg'll;lﬂﬁjmdlillh-pm grosstand (ype
vegetation during he spring. Foragang cfficiency of
Psover and Bailey 1985). Predictbly, fomging &fli-
Eﬁmnmmmmmm

Ewea have beon obscrved 1o select rugged stoep
terraan for thewr lambing sreas (Geist 1971) which offer
ample protection from prodators. Ewes travel to these
s prioe (o parturition (Festa-Bianchet 198%). Ewe-
Juvensle groups are afien Found on rugged prosipitous
temuin (Gionfriddo and Krausman 1986). Dusing
lambing season i the Badlands, ewe groups wae
located im extremely remoie arcas. Ewe groeps dis-
played an affimity for midslopes and peak/ridge arca
duting the semmer. Perhaps some of the locations (»
Ehese stacp bare arsis ware a consegeence of sceking
oot shade. The sicep shopes offer shade and were de-
void of vegetation. Tempemiures in the Badlands
during the summer ean exceed 38%C and sheep have
been obscrved bedded in shaded arcas. In Arizona,
Cionfriddo and Krausman (1986) reported that big-
homs soupht out shade possibly &2 3 means of moderal-
ingg the effocts of high temperstures. Summer tope-
graphic positions and cover types were quite similar
(Tables | and 2) to lambing season snd the sverage
e wams il quide steep,  This effect was probably

m



due to cwes with lambs masninening maiemal ranges
while ewes withous lambs moved into sumaser habitats
{iGetst 1971

The penod of rut in Badlands incladed the
mesiths of October and November, During this pened,
swe proups exhibited the geaie svemge divtance
firan escape termain. By moving fanher away from
cacape iomain, Ewe groups were abde io spend mors
fume im grass cover types (Table 2). Group locations
during rut were B most evenly distnbuled acnods the
iopogrply positions. This may buve been in part due
1o @ behaviorl response of beng chased by mms.
fomging on elevaizd sod buties. The sod buics were
expostd b wind manimizng shiw socisrmldbion.
Tiltes and Wiklard (| 982) found dul, i winler, big-
hon sheep prefer open areas in which foraps ie most
available. Locations of groups oo ekevaned sod whis
may have also been influenced by their behavioral
sdapintion of feeding denng delight (genemily madday
during the winker) (Geist 1971). Thia behavuor helped
in meducing encrgy codts, Alga, ewe groups wens fre-
quently seen on badland slunps in winiey,  Jumper
prowiks were aflen found on slismps on southem expo-
mires of chevated sod bigre. At {1990) reporied
that shoop tended {0 avoid north aspects in winier, The
badland glumsps and juniper cover may have provided
winter, Additionally, the shamps bkely provided ade-
guale forage bocamse (ke juniper paiches wens niually
interspersed with gmssy anas.

MANAGEMENT IMPLICATIONS

The bighorn sheep of Badlands National Park
ccpupy @ praivic-grassland eovirpnment, much dafler-
ent iham ibe montene emviconmesi mhabétabed by most
well-studied bighom berds.  Analvais of hungworm
imfectson was problemanc. There is no clearcst evi-
intcngity in bighorns (Festa-Bisnchet 1991). No ew-
denie suRRests thal lungworm miclion i assodisted
with pneumonis (Festa-Bianchet |51} Alsn, laroe
Coinls e an inaccwrae indscator of herd healih be-
cause counts may be influcnced by nemerous factor
ductive effort, nutritional saress, imemune sysiem slabss,
and body condition (Fesin-Bianched 1991), The lung-
il [arvae counts comained in this repon myy imgly
2 hagher infection raie = the sorth unit, bot showld be
imierpresed with discreton.

Dilfesences in bi ghom abeep diclary coslent
between the north and sowth wnits ndicate a critical
ned For 8 coniplen: communsily vegetation map fof

Badlands National Park, so that the influence of forage
availability can be properly evahasted. Fore effects

were manimal for our burn shsdy in @ mixed-grass prai-
nie. The only delected benelils wire associalad wiih the
green up immidiasedy following the bum. These reuli
ase im disagreement with other work that examined the
effects of fire on béighom sheep habitat in Rocky Moun-
imins hsbitmis. En cur study of habitag use, highom ewe

siibited seloctivity ic theic hal i

mnénls on & scasonal base, Our reiulls amphading the
noed w0 manage for yesr-roond abitan requimements.
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USING ECOREGION PLANNING AND MANAGEMENT BOUNDARIES TO MANAGE
MOUNTAIN SHEEP IN THE UNITED STATES: IS IT POSSIBLE?

RAYMOND J, BOYD, Burcau of Land Managemeont, National Applicd Resource Sciences Cenler, Denver
Federal Center, Building 50, Denver, GO 80225

DONALD J. ARMENTROUT, Bureau of Land Management, Eagle Lake field Office, 2050 Riverside Dr.,
Susanville, CA S6130

Absiract; The USDA Forest Servics, USDH Bunceu of Land Mansgement and 118, Esh and Wildlife Service bave
comenified © coosystenn management. Thess ngencies: e (he Matural resouroes Comservation service are currenlly working
iegether o develop a maticanl hicrarchial framework of ccological undls o be uesd for ecosnsien massgement. A major
oonceTT in munagng for mooninin sheey & irouring that the manngemeni umite sne ferge enough io sccuraiely mest mountain
shocy habnlal requisements, Eooregion planoing boundarses shoeld not dissect mountain sheep populations or their habital
Infrmstion gathering on the disnbiatson of mountain shep for the ineragency Wonntain Sheep Fensprbem Manigereni
Serategy in the 11 Wertern Stvtex and Alarka (USD1 1995) wes overlain on the three ecoregion mapping strategies being
reviewed by the inleragency task foroe and compased. The comparizon wis to determine which, i oy, of these mapping
Ermegics best fil mouniem sheep detribubon, Current ecoregion boundaries do pof adequalely consider Califormin bighorn
dm{ﬂmmndHWM}meh hloumimin mum[{hﬁmunm:mmum
ncciraiely refboct mountain sheep distabution and habitat requircmeants

INTRODIUCTION

It iz rare to find mountain sheep populations
confined o a single mountain range or becation.

Mountais sheep predominately oecur a8 melapopula-

ecological uniis, o determine which most sceurnicly
eoincides with mountain sheep distribution,

METHODS

tions, These metapopulations can be megapopulations,
corg=satellite metapopulations, or pacchy metapopula-
tions (Bailey 1992), Managing mountain shocp and
their habitat must, therefore, consider the full extent of
the metspopulation distribation and habitng needed.
Three federal land manngement agencics, the
Bureau of Land Management (BLM), USDA Forest
Service and, LS. Fish and Wildlife Service (USFWS)
have commyiied o ecosysiem principles and
management (USDA 1993, USDI 1993, USDI 1994),
Dz step in schunlizing this commitmen s an aitempt
to esimhlish o mationn] hieranchial framework of coolog-
izal units which will be wsed for land use planning and

management.

During 1993 through 1999 the BLM coordinated
development of the intemgency publication Adouniain
Sheep Ecogystem Monagement siralegy in the 11
Wesiern Staies and Alaska (USDI 1995). Updated
maps of mountain sheep disinbobion anc past of this
publization, The authors wers asked to compare moun-
tnin sheep distribution with the 3 coonegion maps being
reviewed for the national hiermrchial framework of

Mouninin sheep disimbutions in Arzona, Calis
fornia, Colorsdo, Idaho, Montana, Nevada, New Mex-
beo, North Dakoia, Oregon, Uah, Washington, snd
Wyoming were uscd in this companson. Califormin
bbshmmudlndwhhmmhld:ﬂm distribi-
(T within the appropriate states were com-
pared separately (Table 1).

Ecaregions af the Conferminons Linited States
(Omemik 1993), Ecoregions and ors of the
Einited Stades (Bailey et al. 1994), and the Mayor
Land Resouiree Areaz (MLEA) of the Ulnited Siales,

by e Motsral Resourcs Conservation Service
(MRS} are the systems beng compared for hacranchal
celopical units syslem. Atlempls 1o merge (hise 3
gysiems (nto | have been ansuccessfll o dale. One
additional step is o derermine i the resulting ecologi-
cal wnits would be of suffichent gize to account for
management for wide maging wildlife species. The
first comparison has focused on mountain sheep,

Califtunia bighorn distnibulion data wené aver-
Inin on each of the 3 ecological unil maps. A compari-
son was made bo delermine i there was a “fit” between

134



Tabls 1. California bighom sheap and Rocky
Mouniain bighom distributon,

STATE WILD SHEEP BLB-SFPECIES

Califamin Rocky Mounisn

X

E T

California bighom distribution and either of the eoo-
region maps. I there was no fit the dads were com-
parcd o determine which ol the ecological unkl maps
witd the closest 1o a “fit” (Maps 1, 2, & 3). The same
process was (ollosved for Rocky Mountmin bighom

(Maga 4, 5, & 6)
RESULTS

California and Rocky Mountain sheep distribo-
tion did not completely match pny of the ecological umil
maps. Ignoring the subregions, conregions developed
by Bailey et al {1994} have the closest “fil” (Maps 2
& ) for both sub specics, These were followed by the
ecorcgions of Omernik (1993), (Maps | & 3) and fi-
nally the MLEAS (KRCS 1993}, (Maps 3 & 6).

MSCUSSION

Boundarics of econcgions and subrogions ang
and potential natumal communitics (Bailey o al. 1994,
Omgrnik 1993), The NRCS develops MLEA bound-
arics lo inclade ly msociaed bamd resourcs
units, and identify nearly homogenoos arcas of Land
use, ehevalion, lopograghy, climate, hydrology, poten-
tial natural vegetation, and soils (NRCS 1993,

Although mountain sheep may move through
arcas nol usually identilied as habital, they occupy
ureas which provide for their habitan requirements.
Topography is the principle habitar companent which
i3 fixed in the physographic landscape. Wild shocp

&y

cani be found on both sades af the mountain whereas
many of the ecoregion, subregion end MLEA bound-
aries follow watershed and hydrologic baging, Insunng
that coosysicm management is carmied out properly
when addressing mountnin sheep is mors imporiant

A fredqoisl major isfee in mansging scosyiems
containing large, wide ranging wildlife spocies is that
the management boundarics are nod lasge enough o
provide adequate habieat (Bailey 1992, Grumbine
1944, Noss and Cooperrider 1994). Bailey (1992) and
CGerumbing (1594) also recommend that geopaolitical
boundsries not be 8 consideration and that all apencies
imvolved work for the misual benefit of scosysiom and

mountamn shoop mana g
RECOMMENDATIONS

Ecosystem management which includes Califior-
nin and Rocky Mountain bighom sheep will require
boundarics other than those provided on cament ooo-
region and MLEA maps. The suthors recommend that
land muanagement agencies uee dynamic ecosystem
management boundarics which scourntely reflect the
habital roquiresnents of mountain shecp melapopu-
lations. The encrmity of the ecorsgions will preciuds
developing o simgle workable scosysicm plan of
managemeni effor for an eatino ecoregeon or MLEA,
Each ecoregion contains a variety of ecosystems which
will allow for adjustment of planning or management
boundancs wilhoul violating sound ecosysiom cnberia.
Using this fluid approach will require & case-by-case
analysis miher than attempting to pre-define boundarics
for every managemeént of planning silaation. To
perpetunte this effor we further recommend thoss
agencies concerned with the manapgement of Califomis
and Rocky Mountain bighom sheep complete
consolidation of the bioregeon mags provided for (he
interngency AMonioin Sheep Econsiem
Strategy it the [ [ Western States and Aok,
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WORKSHOP FOREWORD

KEVIN HURLEY, Workshop Orgamzer/Edsior
Executive Director, Nosthern Wild Sheep and Goat Council, cfo WY Game & Fish Dept,
336 Nostrum Road, Thermopaolis, WY 22443

In advance of cur 1996 Symposium in Silverthomne, OO, | asked representatives of 1R states and
provinees to gather and present information on transplani histories for mountain goats and mountain
shoep, excluding desert bighom sheep, Though this effort started slowly, and a number of states/
provinces thought they had already compiled this information ad mauvenm, 11 was inleresting 10 wilch
ihe interaction between donor and recipient stales/provinees, a8 they disceoverad that past recond-
keeping and summarization was nol quite what they had believed!

[t was my [eelmg, and stll 15, thad an updaied and (as musch as possible) comprehensive summary of
past transplant actions, pulled 1ogether in one place, would be of sigmficant value and interest. | view
our procesdings as thal archive, and the value of this information, as | see il, i 10 fature monapgers and
researchers, especially peneticists, who someday might want to look at the big picture. For most of the
past 70 vears, literally thousands of wild sheep and mountain goats have been moved around Morth
America, blending and cross-pollinating their individual genetic traits.

When | asked the 18 sate’provincial representatives o pull this information ogether, many had o
resort to dusty old file drawers for unpublished ageney reporis, pluck the memories of now-retired
workers, and really dig to come up with these data. Where possible, individual transplam sctions are
identified with a specific literature citation, to help jumpatart and focus these future inquiries. |
intentonally asked authors not 10 inclode specific aps'sex breakdowns here. Rather, those truky
interested m thal lovel of detail are gpven some guidance on where to track down that informateon.

We certainly won't make the claim that this summary is perfeet, and that zome past transplant actions
have been missed. However, | want i personally thank the suthors and their colleagues for attempting
io present the best data st they could, Addstionally, | speak for currenl managpers and rescarchers
when | say thanks 1o those who have come before, who kept good such records!
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DALL SHEEF AND MOUNTAIN GOAT TRAPPING AND TRANSPLANTING IN ALASKA

WAYNE E. HEIMER, Alaskn Department of Fish and Game, 1300 College Road, Fairbanks, AK 99701
WILLIAM A. TAYLOR JR. Alaska Department of Fish and Game, 333 Raspberry Road. Anchorge,
Alnckn ¥9518-1559

[Editer's Note: Even though the Alaskan experience with sheep and goaty transplans (x marginally relevans i the
m#mwﬂm.nmh#hhHMJmmww&ﬂﬂ;Wﬂ
govats, cnd fin wrigue experiences with ronoplani of theep omd goaiy in prisine eoonetems thould provide o
prrspeciive which by broademing. Additionally, thia seemingly extraneons paper will serve @ o vehicle for petting the
Alozkeaw experiewce info broadlly available Gieroboe, K]

DALL SHEEP

Abstracts Even though trasplent of Dall shecp mmong pristing ranges in Alaska's inisol oxosysicma i a low prionity,
development of capture melbods has been pursued gs an prevequizite i rescarch programs. Cosi-ciffeciiveness of Dl
shecy captiss mothodology was & domanant festisre of carly progmms. Consequenily, mass capione methods wene
favored, and centered on mineral licks where shoop naturally concentrated. Successiul methods of mass captare
mcluded drop and rocked nets. Chemdeal immebilization using several dnigs and delivery systoms has, to date, proven
umsatisfactory. Met-gan captisre wesing a belicopter skid-mountod delivery system has boen (he most succesaful means of
individunl captire. MNeonatal lembs estimated to be less than eight hours old have been captured by running them down
o fool after landing "on” them with a helisopler. Alaska's single transplant cffort was il advised, and resudied m a fuiled
tranuplunt of sheep to unsuitshle maritime habitats on Kodink [sland. While this transplant failed, it provided impetus
i & biotogoally- b rmmpbant pokcr.

1 can think of two reasons bo capture wild mountain sheep, One is to transbocate the sheep for soma
management purpose, The other is to mark individual sheep for study. In Alaskn, Dall sheep cxist on pristine
ranges in intct ecosysiems. Consequently, enpture of sheep for management translocation purposes has been a
low priority. However, capture of sheep for masking (o allow individual identification has been important. Dall
sheep are sbundant in Alaska, and leaming to identify significant numbers of individuals in large populations is
mmpruciscal, Az result, capiure and marking for identification has been sssential to the stady of Dall shesp
bisdogy,

TRAFFING METHODOLOGY

Although aboriginal people tmpped Dall sheep using snares, anasing is a tme-intensive process which
daes not assure healthy sheep can be releasod afler capture. Lnkil quibe recenily, Dall sheep capiure for rescarch
purposcs required unusual cost-effectivensss. To this end, Jim Erickson, the first Alnsknn sheep biologist o
eoncem himsell with cheap shecp capture, developed the concept of tapping sheep as they natumily concentrme at
mincral licks during spring. When concentrated al mineral licks, Dall sheep are unusually approachable, and
subject to caprure.  Using this chareterteiic 1o hig advantage, Erickson adapted drop net technology from
successfil urkey (and later docr) tappers as carly as 1965 (Erickson 1970). Stmicgic positioning of salt blocks st
the natural mineral licks greatly fcilitated capture by attracting sheep to specific trap sites. Ower the years, this
method was perfectad, and has been responsible for captune of upwards of 500 Dall sheep in Alaska. Trapping
mortality has been negligible (Heimer et al. 1980).

Dall sheep were also succeasfully irappod on & winler mnge using high quality hay as bait. This effort
suppested that even baiting with focd requined a lengthy pertod of econditionlng o the visually imposing drop net
befiore sheep would walk under it To expedite the capture of Dall sheep at minemal licks without & lengthy period
of conditioning (appareatly two years), my friends and | experimonted with projectile-thrown nets. 'We found
mﬂmm:hm“mﬂmmmﬂmwmﬂdﬁmh
technbgue adapacd 1o Diall gheep, Without the visual barrier szsociated with the drop net, we found immediata
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trapping sucoess was dramatically increased over other forma of "on ground” capluné al minesal licks (Heimer & al.
1aEO),

Eventually, it was seen as neceseary 1o capture shoep t places other than mineral licks withowt the
bgistic restrainds of masa capiure meibods. The difficulty in approsching shecp when they were not ol & mineral
Lick dictated helioopter-assisiod capmure technology be adapied from ofher specics. ‘W tricd chemical immobilica-
tion with the best drugs available through the late 19808, and found it unsatisficiory. Morality was unacceptably
high, 86 we emploved o slid-mounted net gun deployed from a high-performance turbime helicopier. This
technique is the most com effective individual sheep capture method we've found (Heimer ond Maoer 1 990),

In an effort to capiure neonatal lambs for predation studics, the Alaska Department of Fish and Game has
found that Dall lambs bom in accessible country can be readily caught on fool. Lambs estimaied st more than
gight hours old cannot be eaptured by this method (B. Sooften ADFEG Wildlife Technician, Foirbunks pers.
commun.), Procedurcs invalve obscrvation of lambing arcas (from fixed-wing aircrafl) to locate new-bom lambs,
which can be sdentificd by therr gray birth-coat. When a likely-looking new-bom is located, the caplure helscopier
is called, and deposits & crew member “on top” of the lamb. Twenty fve lembs were marked this way i 1995, and
another 25 in 1996, Scparniing lambs from iheir ewes oocurs when this is done, appears io be a potentinl cawso of
inmb mortality, Eagles s known 1o kill lambs separated from ewes by helicopler disturbance (Metio ef al. 1984},
and three lambs were killed by eagles shonly after being marked (T. Russ, President FNAWS, Anchorage pers.
COmmaLn. )

TRANSPLANTING

Alaska hag boen involved i one Thall shocp transplant (which was presumed ol the Eme) 1o cxpand
populations o anpopulated areas. The anea selectod was Kodiak Island. The first recorded mention of traneplant-
ireg sheep to Kodiak was relaied to the Alaska Territory sincking program sdminisiered by the federal government
i 1925 (Buwrs and MeKaight 1973). Even though wildlife tansplants were considered &l the vanguand of
manapement inthe 1920e and 1990, the ides vas not given serons consideration bocavas little was known shoai
shoep, and the project was obviously expensive,

Afler atatchood, intersst in the sheep transplant was revived by Kodiak residents who had expenienosd
great benefits from the transplant of Sitka blackmiled decr 1o Keosdiak Island during the Territorial transplant
project. The project became politically popalar, and the Alaska Depanment of Fish and Game conducied a
Fensibility siudy. Resulis suggesicd ihe transplant would not sucoeed bocause of chimaiological unswisbahiy of the
igland. However, publiz interest on Kodiak could not be densed so the Departmend was oridered 10 procesd with
introduction of sheep 10 Kodiak Tland.

Sheep were capiored on the Kenai Peninsuln mnges wsing chenmical immobihization with suooiny] cholime
delivered by dans from a piston-powered Hiller 12 E helicopier. Considerable diflficultics atiendod sheep capture,
handling, and ranepont, and eventually the project was discontineed because of unaccepiability high levels of
mortality in capiuied sheep. One ewe waa tranaplanted i 1964, 13 additional sheep in 1965, and two sheep in
1967, Spomdie repodta of & few shésp being seen on Kodiak persisied through the late 19708, No reporis of Dall
sheep on Kodiak |sland have boen documenied in the Last |5 vears.

The Dall sheep uaneplant was hardly 8 shining chapier in the ransplant history of the Alaskn Department
of Fish and Game. However, it does illustrate the value of biologically based policics. Memory of this ransplant
filure focilitated development of o bislogically based policy on wildlife transplants in Alnska vathin five vears of
its failure. Had such a policy exisied at the thme of the transpland, i would have provided o framework in which
the Depariment of Fish and Game could have successlully resistod pressure from Kodaak residents for this
transplant. 1 is unlikely thad such a fasco wall pocur in the future iF the lessons learned in the Kodiak imnsplant
are rermembered.

EXPORT

During the late 19603, Dall sheop were caplured for the Milwaukes County Zoo in Minnesela. Seven
Dl sheep were provided, and used 1o estublish 8 herd at the 200, Breeding behavior records from this zoo
provided corollary suppon for Heimer and Watson's hypothesis regarding the beneficial effect of mature rmms in

increasing lamb production and limiting juvenile mm monality (Hermer and Watson 15966, 19940),
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HOLDING IN CAPTIVITY

Additionally, shecp have been saptured and held for rescarch and educational purposes in Alaska. One

:;hm_l.m“n spparently camried out during the 19503 at the Palmer Rescarch Station by the U, §. Depantment
Agricul fure.

In the carly 1970s, shoep captured by in November by drop-net at the Usibelli Coal Mine reclamation
prajed! Were held in Fairbanks for nearly o decade.  Several generations were produced, but all subsequently dicd.
Muny showed slow wasting and disrrhea before death, and one newborn lsmb was overcome by contagious
ecthymn,

Dhall sheep from the Chugach Mouantains were captured by helivopier-mounied net gunning and moved a
feow moviles tov i iEnpoundment halbitng ot the Anchomge Zoo on the periphery of their mnge. Alaska Departenent of
Fish and Game biologists provided capture expertise once funding hod been rised by the zoo i order (o preclude
the presence ol "exotic® Dall cheep which the Anchomge Zoo proposed (o purchass from oiber zoological pardens.
The poasibility of importing diseases in Dall cheep kept on the margin of wild Dall sheep range in Alaska was
mmuu&m#u: to allow impon of 200-raised sheep. These animals continue (o sunave and producs mone
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MOUNTAIN GOATS

(Coauthored with WILLIAM A TAYLOR JR. Alaskn Depariment of Fish and Game,
333 Raspberry Road, Anchorage, Alaska 995 [8-1599)

Abstract: Moanlin goals wero transplanied o thoee Alaska [sionds between 1928 and 1935, These goats were
enpiured by private irappers encoernged by the high prices offered for live goats by the federal povernment during
terroonial days. The rappers used a vanety of innovative methods. Transplants were successfol on Eodiak and
Baronof Islands. A similar tranaplant to Chechagol [sland failed. The most successfl modern capiure tochnigus
for cranspiant and research has been chemical immobilizstion of individual goats by perial darting. 1t requires
modern drugs, high performance helicopters with shor rotors, and biologists willing 10 mke occasional risks
invelving technical rock climbing equipment. Between 1983 and 1991, four mountan goal transplants were
undertaken uaing this capture method Thres were in southeast Alaska, of which two were bo a large island not
foemerky inhabited by goats, and the other to the maintand near Junean. The foarth transplant was done on the
Kenal Peninsula to restock a depleted population. All but the Juncaw arca tmnaplani were successfiol.

Transplent of mouninin goats in Alaska was schioved with no small cffon during the heydoy of wildlif
iransplamting {1925-1935), During territorial davs, ransplants were nuads to Kodiak Island in Alaska's
Southcentml Region as well os Baranof and Chichagofl Islands in Southeast Alacka. These tansplanted goats
were caghured by a vancty of innovative physical capture techmiques detailed by Burris and McRnight (1973)
These capture efforts were o response 10 highly strsctive fees paid to private tappers by the Temitonal Govern-
ment of the day. Capbure for research purpoacs became a high priovity with decline of many Alacksn maamain
goal populations durmg the | 980y, and additional transplamis were done sing miodern capiure echnigoes
(Michols 1982, Smith and Nichols 1984),

TRAPPING METHODOLOGY

Chemical Immobilization

‘Modern’ moantain goal capture in Alagka has been exclusively by helicopier-assisted chemical
immobilization, Admmistration of the drug requires a high performance helicopier with sulficiently short main
rolors (o allow Yow-in' landings in extremely steep termin, The Hughes 300D is preferred. Obviously, a highly
skilled pilot with mountain experience is roquired, and a successful capture operation also requires the pilot have
good instincts for keeping goats in safe places after doming. 17 the helicopter is oo closs or too far away, the goat
will Mz to potentinlly dangerous locations before bocoming immobile. 1deally, a pilat can approach goals, move
them (o an sccessible arca for daning, *fix® them in this position, and then "hold™ them there ance the chemical
ummobliemg agent has been delivered ivranmescularly by capiure dar,

Carfentanil is the present drag of choiee for immobiliring peats in Alaska, Dosage for Adult females is
14-1.7mg Adult males require 2,7.3.0 mg, and yearlings 1. 8-2.1 mg. Induction time is approximately thres
minwtes. and reversal is sccomplished by using 100 mg of Naltrexone per myg of carfentanil adwimivtered
inramurscularly,

Etorphine (M%) doscs are higher at 3, 5-4.5mg for adult females, 4.5-3.5 mg for adult males, and 3.0-3.5
myg for yearlings, Reversal is sccomplished by 50 mg of Naltrexone per mg of siorphine administered intramus-
o

Mountain goats are usually found in very sieep emain.  Beacause of the possible advenio effecis of mesidual
tranguilization on the animal's ability io navigate in this termin, use of additional ranquilizer or sedative with the
narcotic 5 nol recommended.  Capture crews should carry and be trained in the use of climbing ropes and pear
which muy be required o reach gonts which reach dangerows locations before "going down.'

Chemicul Sedation

If captive goats are 1o be handled or maved, sedatives may be recommended. The adult female dose far
dinmepam is 15-20 mg ond for sylazine 25.30 mg. A blindfald usually helps calm and control poats sedaied or
iiilﬂljril_Tnpd_:l':ﬁmd I animals are only sedated, short pieces of garden hose should be placed over their homs to
prevend myisres.
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TRANSPLANTING

Early Transplants

Barpnof Island. In 1923, 18 goats were transplanted from Tmcy Arm o Baranol Island in Southeas
Alaglka, and by 1937, 41 goats were counted on the island. - Restricted bunting was established in 1949 In 1970,
the populstion was estimated at 250-275 goats (Burris and MeKnight 1973) Subsequent recards contain
specalation that the goats damaped their habitat because of inadequate herd control. However, al present the
population scems (o be stable m approximarcly 1,000 goats. Annual harvests have averaged approcimately 40
goals over the last five yoars (Farmo 1994),

Kodiak [sland The history of the Kodink transplant began in 1948 with preliminary studies by the
Federal Aid in Wildlife Restortion program (Melsan 1953), Az this time, capture of wild mountain goats was an
experimental enterprise. Aftractive bownties” of up to 5410 per live goat induced innovative capiure technigoes
including a corral trap, padded steel-jow wolf traps and snares (Burris and MeKnight 1973). Resulis of these
private capture effons slowed the program bocanse females were apparently less readily canght than makes. In
Febranry of 1952, two male gosis were rransplanted, followed by four more male goats |ater that same year.
Finally, in Decgmber of 1932 a female was transplanied, and carly in 1953, nine more females and one male were
released on Kodiak Island. Al these goats were captured on the nearby Kenai Peninsula. After a slow start, the
popalation established itself It is cumently estimated at 800 goats (Hicks 1995:8). Restricted hunting was
opened in 1968. Since 1986, hunting has been limited by limited entry drawing permit. and the harvess has
nversged nbout 30 goats per year, Current plans call for holding the popalation at s present level (Smath 1994).

Chichagollsland Based on the success of the Baranof (and Kodiak Istand) ransplants, 22 goats were
transplanted 1o Chichagod Island in 1953, The last sighting of a goat on Chichagof Tstand was in 1964 (Burris and
MeKnight 1973).

Muodern Transplanis

Kenai Peninsula. Between 1965 and 1982, only occasional sightings af one 1o four goats swere made on
Cecil Rhode Mowntain on the Kenal Peninzula, In July 1983, 14 mountain goats were captused on the Kemnal
Peninsula snd iransplanted 1o sugment this depleted population, Twelve female and two male goals wene
captured. Of those, two female goats died during transport and rwo additional female goats died shortly after
being released. In September 1983, a female goat dispersed from Cecil Rhode Mountain o ber onginal fonss
range. The remaining goats becams eatablishod on Cecil Rbode Mowntain (Smuth and Nichols 1984). Since then,
the goat population has incressed steadily, and in 1993 the arca was opened 1o limited enbry permil hunting, [n
19594, 36 goats were counted on Cecil Rhode Mountain (T. H. Sprker, pers. commur.},

Bevillagigedo Island. Transplanting goats to vacant habitat o create & new population was considered ns
a potential means for mitigaing anticipated losses associnied with development of o large mine in Southeast
Alaska. Potential sites in the Keichikan vicinity indicated the northeast portion of Revillagigodo lsland had the
approprinie habitat charncterigtics (Smith 1984). In June and July 1983, 1% moontnin goats were capiured from
throe sites on the mainland nonh and cast of Revillagigeds Intand. One female goat died during coptne; 17 goats
{12 females and five mabes) wers safely captured and released near Swan Lake on Revillagigeds leland. Four
lactating females soon dispersed scveral miles from the release site (Smith and Nichols 1984), In 1992, 84 goats
weere observed in the Swan Lake srea (Larsen 1984). In 1993, 127 goats were counted, and the population
estimaled 1o be more than 200 goats, The ansa was opened o linited entry permit hunting in 1993 (D). N. Larsen,
peTs. CONTHTIL. ),

In August 1991, 15 additional mownain goats (af 17 goats damed-two fell 1o their deaths during capiure)
were tmasplanied (rom the mainiand cast of Ketchikan to Upper Maine Lake on Revillagigedo Island, The inlent
was 1o establish a goat population which the public could reach casily from Katchikan for viewing and hunting,
The transplant included fen females and five males. Berween December 1991 and November 1993, st beast three
dﬂmmwmmmm.n.mmm Recenly goat numbers have increased,
and current estimates put the Upper Maime Lake population at 20-25 goats (D. N. Larsen pers commun. ).
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Juncgy, In Asgust 1989, |1 mountain goats were caphured in the Whiting River/Tracey Asm area and
morved (o ML Juncan. The project waa funded by the Andobon Socicty (o cstablish goats for vicwing in an amca
closc 1o Juncsu, Dnd history indicaied ihe area mny have had a viable goat populntion m the past. Eight female
and three male goats were sucsesafully captured and moved o ML Juneisu, An sdditiorn] 4 poats died during the
captune or transport process. (T, McCarthy, unpubl data). By 1991, the cight radiocollared goats had apparcntly
dispersed from the M, Juncan area; however, unmarked goats are occasionally sighted on ML Juncau. The M.
Juneau re-imtroduction has mot contributed 1o population expansion (Robus | 994),

EXPORT

In 1986, 15 goats from Misty Fjond were exportad to Onegon in exchange for elk. Three males and 5
femnles were relossed al Humicane Divide, and 2 males and 3 females were released al Ping Creck (Matthews and

Coggina 1994),
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HISTORY OF TRANSPLANTING BIGHORN SHEEP AND MOUNTAIN GOATS - ALBERTA

KIRBY . SMITH, Albena Matural Reépources Serviee, Ste 108, 111-54 St Prov. Bldg  Edaon, AR T7E 1T2
J. BRAD STELFQX, Box 16, Site 3, RR 5, Toficld, AB TOB 410
JOHN G. STELFOX, RR 7. C116, Desent Cove Estates, Vemon, BC  VIT 723

BIGHORN SHEEP

A totn] of 43% bighom sheep (CWs camadensis) have boon ransplanted from Alberin io ihe wesicrn staics and
British Columbia during 24 separate eaptures (Table |, Fig. 1), The earliest recorded wansplant was in 1922
when 12 amimnls captured in Banff National Park were trassponied 1o the National Bison Range in Montann
(Rognrud 1983), Followeng that transplant, offorts were concentraled prior bo the "Depression®, dunng the 1960,
the early 1970%% and over the lnst 7 years (Table 1); the mogt recent activity coinciding with the incressad
involvement of sporismen's groups such ac the Foundation for Morth American Wikd Sheep. The majority of
seree herds have been located in Alberta's 3 moantsin Nations] Parks (Bandl, Jasper and Walesion Malional
Parks scoount for 16/2] tansplants), However, since 1989, bighoms kave been provided from | provincisl berd
located on Cardinal River Coals Lid. reclaimed coal mining anea, resulting in 125 animals being transplanied
during 4 captures (Table 1). According 1o these procesdings, Albenta is the only state or province ot Lo have
received bigham sheep from other jurisdictions.  All historic ranges within the province are considersd 10 ba
occupied at the present time.

MOUNTAIN GOATS

In contrast to the history of bighom sheep trensplant activity in the province, Alberta has been a net importer of
moumninin goats (Chreammns amerfoany), The exrficst meorded tansplants oocurmed in 1924 when 4 and 6
animals were tansplanted from BaniT Mational Park o British Columbia snd South Dakotas, respectively (Table 2,
Fig. 2} It wasn'l uatil almost 50 years bater (1972) dal ransplanting actvty resumed Tor thas specees, when 7
nnimaks were moved within west central Alberin (Table 2). Singe 1986, an sdditionnl 93 mountain poais have
been released in southem Alberin in am effort 10 restock historical mage. British Columbia has provided the
majoridy of the animals iransplanted in recent times (S873), with west central Allberta being the source of the
rmemuning animals (Toable 2},
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Fig. 2. Trenslocations of mountain goats to and from Alberta. 1824 - 1895
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Tabla 1. Rocky Mountain bigham sheep transplanted from Albaera, 1822-1895.

Ymar Mo, Cirigin Diestination Redmmnce
1922 12 Banlf WP i Bmon Range Montsna Rognmud 1883
T 1] Banlf MP Spences Brdge (Themaaan R.), B.C. Ghedlox & Gtolfox 1993
182y 0 danff NP Squilme, naar Chaess, B.C. Steliny £ Stoliox 1993
1828 14 Banll HP Wichiia Mina., Okdahoma Shediox & Stoflcx 1893
1042 & Bmnif NP Pacoa Wildomnoss, Nl Emnd 1087
1040 3 Banlf MNP Handia Mina. Mew Madoo Sand 1967
16841 3 Banfl NP Sancha Mins New Mesooo Sand 1067
1042 3 Banl NP Sandia Mina. New Madso Sand 1067
18481 12 Gheep . South Dakota Wishan 1861
1064 10 Banff NP Turksy Creek, My Mo Sand 1087
1865 15 Blanif NP Pecos Wilkdemess, NM Sand 1687
1068 20 Widrhm Bigx Elder Canyon, Litah itah Wildl Resources fles
1088 10 Bianff WP Whesled Paak, New Mexico Larsasii 1670
170 12 Jaspar NP Frasar Canyan, B.C, Stuifox & Stelfox 1063
1870 24 Banlf MNP Chatls he. Forest, ID Sanifox & Steifox 1083
187D ] Banlf NP BoxEldar Camyon, Litah Litah Wild, Resaunces fes
1871 a0 Jumpar MNP Uipper Hells Camryon, Oregan Siwtfox & Steifox 1663
1871 20 Jaspar NP LosSne Rkar, Ouegon Woody 1071
12 18 Wﬂl‘l‘lp‘.‘ﬂ# Hall ML, Washingtan  Johnbcn 1983
1873 T Winierion Fort Wingmte, Kid Sandovel 1878

Lakes MP
gl 20 Cadomin Ruby Mounisne, Nevada Albarta Mat. Rea. Serv. fles
1600 25 Cadoman Rty Maunisines, Mevads —
1803 3 Cadomin Ruby Mountsine, Nevaca 3
1505 40 Cinchiairan Snake Rbver, Ooegon F
TOTAL 458

Tabio 2. Mountain goat transplants n Albarta, TR24-1855.

Hesd M, Hghwood Rangs, AR

Ymar Mo, Cngin Destinobon Reletencn
1824 d Banf! kP Sharw Gk Gama Ressre, Sbodfox & Stolfox 1852
Vancouver s, B.G.
1924 g Bandt kP Biack Hils, 5. Dakola Richandson 1871
1972 T Gox Cits Shunda Mountain (Mordegg), AR Clumsddaig of . 1973
{Grandn Cacha), AR
1880 2 Cow Ridgo Pickbajar Lakes, (Highwood Range), AB ~ Smith 1588
{Grande Cache), AB
1087 g - Bauth Livingstona Range, AB Smith 1087
1968 2 F 7 Ross 1992
1882 . Mourit Hamed = Rioss 1862
(Grande Cache), AR
1993 21 l:-ql'ulld'll-'lll'lﬂl. wm Joargensan 1
Lilloat, B.C. (Highwood Rangs), A8 e
1883 1 e South Livingstona Ranpge, AR
4 Whilts Rivied, B.C. b :
1884 8 i) " I
1645 id Hingnut, B.C.

Mooss Mt, B.C.




Table 2. Continued.

ear ko, Cirigin Cestinobon Reletance
10 Maound Hamad Mihahi Ridgs, (Highwood Ranga), AR N
[Granda Cacha), AB
10 Chne Rivar = -
[mear Nerdegg), AB
& White Rivar, B.C Bamaly Ridga, AB i
Tolal 11E
LITERATURE CITED

Johnson, B L. 1983, Mountain poats and mountain sheep of Washington, Washmgton Depr. Game,
Oblympia, Biol. Bull. 18. 196pp.

Jorgenson, J. T. 1996, Preliminary results of using transplants to restock histoncally occupied mountain
goal range. Bienn. Symp. North. Wild Sheep & Goat Counc. 10: (these 1.

Larsen, P. A. 1970, Bighom sheop population estimates and harvest information. Prog. Rep, New Mexico
Dep. Game and Fish, Aid in Wildl. Restor. Proj, W.93.R11. Job | Santa Fe, NM. 10pp.

Cuacdvleig, M. T, G. Gunderson, and A, Cook. 1973, Goat transplant, 1972 Completion Repl, Proj. W
4-72, Alberta Fish & Wildl, Div., Edmonton, 32pp.

Richardion, A. H. 1971, The Rocky Mountain goat in the Black Hille, South Dakota Dep, Game, Fish and
Parks. Bull No. 2. 25pp.

Rognred, M, 1983, Final regort - general restocking in Montana. 1941-1982. Federal Aid Project W-5-D.

Ross, I 1992, Mountain goat reintroduction project; final reporl. Alberia Fish and Wildlife Services,
Calgary. 43pp.

Sand, ]. L. 1967. Bighom Sheep. Pages 63 - 82 in New Mexico Wildlife Management. New Mexico

of Game and Fish, Santa Fo

Sendoval, A. V. 1987, Funds assist desert bighoms, mountain bighoms. New Mexico Wildl. 32:9-12.

Smith, K. G, 1986, Progress repont of mountain goat capture and transplant activities in Alberta duning
1986, Alberta Fish & Wild Div., Unpubl, Rept,, Edson. 2Bpp.

— . 1987, Mountsin gool transplant program. Alberta Fish & Wild. Div,, Unpubl. Rept., Edson, 12pp.

Stelfox, J. B, and J. G. Stelfox. 1993, Distribution ir: Hoofed mammals of Alberta. J. B. Stelfox (ed).,
Lone Pine Publishing, Edmonton, AB. 24 lpp.

Wishart, W. E. 1961 Bighom roundup, Alberta Land, Forest & Wildlife. Val. 3 (6)4-17.

Woody, N. 1971, General bighorn sheep files. Warden Service, Canada Parks Service, Jasper, Unpubl
Rept

155



HISTORY OF TRANSPLANTING MOUNTAIN SHEEP - ARIZONA
RAYMOND LEE, Arizrona Game and Fish Department, 2221 W. Greenway Road, Phoenix, AZ 85023

Bighorn sheep in Arizona were once relatively abundant, and much more widely distribuled than at
present. Once numbering in the tens of thousands and occurring in almost every major mountain mass in the
state, by the late 19308 Anzona®s bighom shecp population had been reduced to only 1,000 desert bighom
sheep along the Colorado River and its tributaries (Brown 1989,

In 1955, the Anrona Game and Fish Depariment {AGFD) began efforts to reintroduce bighom sheep
into historic ranges. Since that time, in some 70 transplant operations, over 1,200 animals have been
captured in arcas of relatively abundant populations and relessed inlo historic habital. Additional captures
hove been made 1o provide transplant stock to other states (o augment their bighom populations. To date,
208 desert bighom sheep have been provided to other states, including 99 desert sheep sent to Colorado in
trache for Rocky Mountain bighom sheep (RMBS).

On May 10, 1979, 8 RMBS captured in Rocky Mountain National Park were released near Bush
Creek in the Upper Blue River area of Game Management Unit 27 (Table 1) On March 20, 1980, 12
additional RMBS captured near Tarrvall, Colorado were released at Bush Creck (Table 1)

Table 1. Rocky Mountain bighom sheap relaasss mades fnlo Arzona,

Captura Mumbeai MHusmibar
Crat Capiume Site Roloma Sim Gaptured  Rebeasad
BRITE Rocky Mountain Natonal Park, CO Bush Creak, Bius River (GMLU 27) 8 &
AHGED Roeky Mountain NaSanal Park, S0 Bush Croak, Bius River (GRMLU 77} 12 2
2mhd Colomdo Springs, CO Blus Admin. Sie [GMLI 27) b | 21
TR2afa Gunnisan, GO JOK Ranch, Biue River (GMLU 2T} 2B T

The Mew Mexoco Game and Fish Department transplanted RMBS into the Gila National Forest
plong the Arzona-MNew Mexaco state ne, In 1964, 10 RMBS were captured in Banfl National Park and
released near Turkey Creele In 1965, 16 RMBS were captured in the Sandisg (which had previously received
sheep from BanfT) and relessed along the San Francisco River near the state ling. Some of these animals
oocasionally moved oo Anzonp. The present population of RMBS in Anzona is, therefore, derived from the
oeiginal transplants dirceily from Colorado, and indirectly via New Mexico,

Since these ongenal transplants, litthe work had been done with Anzona's RMBS, with
efforis and public nterest directod townrds desert bighom sheep, 'With the opening of 8 lnmiing season and
the allowance of a once in a lifetime RMBS 1o o along with a once in a lifetime desert bighom sheep, indorest
in the RMBS incrensed deamatically,

Duiring surmmer 1992, AGFD developed n project (o scquire additional information regarding RMBS,
1o help ensre the snccess of future transplants and to snswer several other management questions regarding
the shoep: distribution and movements; moriality patierns and causes; whether there was still movement
acrods the AnsonaMew Mexico stode ling, survey observalion rales in the habstod types inhabitated by
RMBS; and domestic livestock discase titers and vitamin deficiencies in the RMBS population. Results of
thiz work were presented at the Desent Bighom Council Mestings (HefTelfinger et al, 1995),

The AGFD retained their interest in transplanting additional RMBS 10 further establish the
subspecies in Arizona by forming a contiguous population. In 1994 and 1995, 48 RMBS were captured in
Colorado and relcased along the Blue River in Game Management Unit 27 (Table 1) These animals are



eurrently being radio-tracked to determing their distribution snd level and cause of mortality. The RMBS
populations in Arizons have boen very productive, The present population is estimated st 300 animals.
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HISTORY OF TRANSPLANTING MOUNTAIN GOATS AND MOUNTAIN SHEEP -
BRITISH COLUMBIA

IAN W. HATTER, Wildlife Branch, Ministry of Enviroament, Lands and Parks, 780 Blanshard Strest, Victona,
B.C. VAV I1X5

DAN BLOWER, Wildlife Branch, Ministry of Environment, Lands and Parks, TH0 Blanshard Strect, Victoria,
B.C. VBV X5

British Columbin recognizes the vaboe of ranapinnt programs io reintroduce mouninin goate snd sheep
ity arcas of thelr former mnge, both within end oulside the provinee. s continued use, &5 & conscrvalion meaiure
and for mcroasing recreational opportunitices, is determined under the following criteria: {a) the proposed
trunsplant gite mosl provide sufficient and sustabls habitat (o support 8 visble populnticn of mowninin sheep or
gonix, as determined by comprehensive stusdy; () prior study must establish that the introduction will mot
adverscly effect the members, health or wlilization of currently present wildiife species af eitber the iransplani
souroe of the iransplant site; () prior study misst sstablich that the introduction will nol creale intengive lond use
iconflicts with other resource agencics or resounce users; and () the mce of mountain sheep o be tansplanted must
be from a berd of "pure” strain and it must be transplanted in range of its own subspecica thal is similar 1o the
maost pecesaible subrpesies.

ROCKY MOUNTAIN GOATS

Britiah Columbis hat an cstimated 50,000 mountain poats (Creamnor mmericamis), more than hall
of the estimated number of mountain goats in Horth Amenica. Transplants have boen used 1o reiniroduce
mountain goats e many aréas of their former range, both within and out of the province (Table 1) A total
of 136 mountain goats have been transplanted within the provinee while 93 mountain goats have boen
transplanted oul af the provines, Thess includs 4 o Washington (1925), 10 to Calorads (1970-71) and 79 fo
Allperta (1992-96), In 1924, 4 mouniain goats were introduced from BaniT, Alberin to Shaw Creek on
Vancouver [sland where mountain gosis arc abient. This introduction was unswoccssiul,

Table 1. Mountain goat transplant history for British Columbia. Region refers io the administrative region of
the province (0 indicales out-of-province).

Yaar Soures Locasan Regian Transplant Lecation Regn  # Transplanted
164 Banft Alta. [} Shaw Ch. [Cowichan L) 1 4
1825 Stk Mira. F Wsshirsgton i 4
16G70-71 White Rifvar? & Colomdo 0 14
1683 Trapper i T Bulmooss ML T 10
1084 Tafayckn Lk 5 Potwin ML L. 5
1684 Trapper L T Bulmooas ML T 1d
1084 Panticion Ck L Chors Ck, B 5
1985 Blue River 3 Bunn Peak (M. Thempgaan) 3 2
1985 Heliroar i 3 Drumn Paoak (M. Thompsan) 3 3
1885 Wiledge Gh 3 Cunn Paak (M. Thompaan) | 1
1988 Panticion Ck. a8 Tularmesn ML 8 3
1884 Panticton Ck 8 Snmas ML 8 ]
1988 Biue River 3 Dunn Paak (W, Thompsan) 3 a8
1900 Cayocah Ch 3 Duinn Peak (M. Thampasan) 3 14

I=8



Table 1. Continued,

¥ Saurce Location Hegian Transpdani Localon Fiegion # Transpéanied
1888 S\ Chilieo Lk 5 MemeiaTeuniah -] ;|
fEaE Trapper ML 7 Mt Spialoar T g
1880 Cayoosh Gk 3 Dunifi Peak (M Thompsaon) 3 4
1890 Toby Gk, 4 Siocan Valey 4 20
1891 Eik Vlay 4 ML Beoathwood 4 10
1992 Bl Fereamr 4 Mi Brosdveood 4 2
109255 Whhile Rhvar i Rocky hins. Aa 1] Fy
1993 Eindarsley 4 ML Broadwood d |
1883 Cayoosh Gl 3 Rocly Mins. Adta a 2
1004 Cayoosh Ch | Founinin Ridge 3 -]
1084 Cranbrook 4 Livingstone Range Alla 1] ]
10495 Bulimaoas Min. T Hocky Mine. ATR 0 10
1085 FRngaut Min. 7 Racky hine, Ata. 0 19
16465 VWhita Ribear [ Hocky Mine. AZa 0 5
1888 Whils Rivar 4 Racky Mins, A%a L] -]

BIGHORN SHEEP

British Columbia has an estimnted 7,500 bighom sheep (Chis camadensis) inehuding 3,000
Rocky Mountain () & canadensis) and 4,500 Californis bighom sheep (€1 ¢. califormiana). A total of 604
sheep have been within the province, including 357 Recky Mountain Bighorn Sheep and 246
California bighom sheep (Table 2). A total of 584 shoop (145 Rocky Mt., 439 California) have boen
transplanted into or out of the province (Table 31 These include out-of-province transplants to Colorado (34
Rocky M), Idaho (64 California), Nevada (224 California), North Dakota (48 California), Oregon (20
California), Washington (50 Califamia), California (10 Californin), and Utah (23 California). A total of 99
Rocky Mountain Bighom sheep were transplanted from Alberta into California bighomn range within British
Columbia (Spences Bridge and Chase) in 1927. An additional 12 sheep were transplanted in 1970, Some
imerbreeding between these two subspecies is belicved to have oocurmed where their ranges have overlapped.

Table 2 Bigharm mountain shaep transplant history within Britieh Columbia. Region refers to the
administrathve region of the province (0 indicates out-of-provinoe).

Yt Source Locolion  Region Transplant Locasan Region  #Tranepianied  Subap'
1833 Souil: a Acimma L <] 20 RM.
1555 Juncton 5 Biuff Lake 5 ] Conlf
1055 Juncton 5 Viabein L 4 i
1635 Junction ] Whillevates| 7} & 2 Calil,
1958 Juncton 5 UBLC i 4 Caif
1G58 Junction 5 Dy e 5 ;| Calf
1658 Junction 5 Gang Ranch 5 B Calf,
1557 Junchon 5 uBcC 2 4 Calll
1857 Juncton 5 Vasey ] 1a =
16088 Junction E Kamioops Laka 3 11 Callf
1578 Hamioopa 3 Harpar Ranch 3 1 i
1042 Wigwam Flats 4 Bull Rives | 18 RM.

PR, refers o Rocky Mountzin Bighorn Sheep, Calil refers to California Bighormn Sheep.
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Table 2. Contnued.

hi Source Localion  Region Tranapiand Location Region  # Transpéanied Submp
1684 Columben Lake L | Lizard Range d 2B B8
1584 Columbia Lake q Mcguire Craedk L] [ R.M
1584 WVaseun 8 Poss Croek B 20 Calil,
1885 Columbin Lake 4 Tulip Crsak i 20 F.AL
1085 Celumbds Lok 4 Meguite Crisk 4 10 RM.
1845 SJanction - Hapad Ranch 3 4] Cald,
1985 Junstion - Dog Cresk 5 12 Cpiff,
1885 Vs é Grand Farks a 12 Cailif,
088 Junction - Agams Lk 3 13 Caiff,
1984 Columbia Lako L] Lirard Ransga 4 11 RM.
1988 Skaddnr Crass ] Wigemm Flats L} a5y RM,
iga6 Columbia Laks i Wilkdhome River i 5 RM,
1886 Jincdion 5 Dog Craak ] 13 Caiif.
1088 EBaux B Grand Farks B 13 Call,
1687 Sinddart Croak 4 Arrow Lo 4 ‘18 RM,
1087 Columbila Lake 4 Wikdhoma 4 12 R,
18ET Cohsmibis Laks L] Lkt Lok i 11 R
1087 Columbia Lake 4 Maisee Crawk 4 W LM,
1887 Juncion ] Waord Cresk 5 T Call
1REE Spences Bridge 3 Squlax CK. [(Chasa) 3 4 LML
1688 Columbia Lake 4 Vildhome & a R
1888 Spadan Crak 4 Wigwam Flats 4 17 R,
1684 Ciear Park 5 Kamioops 3 12 Callf.
1888 Diaar Park 5 Ward Crask 5 12 Cailf_
1688 Koot et Park 0 Wligpwam Cresk L] 20 R
10449 Eanddant Crosk 4 Meguinn Cringk i 10 (=47
1680 slunction 5 Chilen Lake - 13 Calif.
18482 Radivm i R ok i I RN
1883 Elk Vialey (Easl) 4 Eil Valey (Wesd) L] T RM
1883 Radinm | Fam Crssk q .o MM
1834 Big Bar 3 Soton Loke a 3 Cealil.
18984 [Hadium L] Elx Valley Eant d 10 H.M.
1584 JuncionChumn Gk & Taseko bén B a2 Calil.

B RLML refiers 1o Rocky Mouminim Bighom Sheep, Calil refers io Calilfirmia Bighom Sheep.,
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Table 3. Bighom mountain sheep transplant history into and oul of Britieh Colurmbia. Region refers o the

mdministrative region of the prosince (0 indicates oul-of-province]).

¥oar Soures LocaSan Region Treempland Locafion Regon ¥ Tranaplanted Bubap,'
127 Albarty 1] S pencas Hridge 3 db RM
18T Albarta 1] Souita (Chasa) 3 50 R
1954 SJungtion 5 Ciragon o 20 Call.
18506 Junction -] M. Cidosts o 18 Call.
1057 Jumstion - Washingtan a 18 Calf
1= %] Jumction 5 Idaha ] 18 Calt.
1065 Junchon 8 idaho o B Calif
1868 Jumction 5 idatia | 10 Calt.
TEET Juncion 5 idaho o 12 Gl
190 Albarta 1] Epances Bridge 2 12 BM,
1571 Junction 5 Calfornis a 10 Calf
1878 Wans 8 Mevadn 0 12 Call.
16983 inction 5 MNevada i 18 Calf_
10684 Janstion 5 Mwwada o 12 Calf
19685 Jumctien 5 Mevads a 20 Calif.
10988 Disier Prark 5 ldEha o 14 Calf
1068 Junctien 5 Menvinclia i 18 Call
1860 Junction 8 M. Dokatm a 10 Calf
110 Junchon 5 Mevads i} 3 Cnbl
1080 Karemaos 8 Mewndo o a0 il
1860 Columbsa lnke 4 Coloracia a 34 M,
1060 Churn Croak ] Mevada i 13 Calf
1680 dusnction 5 Mevada a 18 Calf.
1008 Big Bar 3 Mevads o 42 Calt.
16864 Hamiops Laked - | Waakinglan a a2 Call.
Harpat Ranch
1808 Big Bar 3 H.Dakota Q0 20 Calt.
1 G Big Bar 3 Blaenvady o 20 Tl
1865 Kamloaps Laka/ 3 Utah g 23 Call.
Huwrpar Ranch
=

' M. refiors 1o Rocky Mountain Bighorn Sheep, Calif, refiers 1o Californis Bighorn Sheep.
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THINHORMN SHEEP

British Columbia has an eshmated 14300 thinhom sheep ((his dalli), 500 of which sre Dall’s {0 & okalli) and
the remninder are Sione’s aheep (O & smoned). From 1990 16 1995, 60 Stons's sheep wene moved within the

provinee to formerly occupicd habitats (Table 4),

Tabile 4. Thinhom sheep transplant history for British Columbla. Region refers o the administratve reglon

of the province.

Yiomt Source Ragian Tranaplant Locatan Region & Traneplontsd Subap,
1880 M. of Peace =] ML Frank Rioy B 8 Slona's
e M, of Peaca 8 ML Mantadth e 14 Elona's
15853 M. of Feacs B ML Monisih T8 G Siones
1604-85 E. of At L] W, ol Adfin Lake L 24 Elone's
150G Tomd River 8 Towd River, 25 om east of source 7B B Shone's

e ———
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{8) Bighom Sheep
€ Mountain Goat

Figure 1. Mountain shoep and goal transplants from British Columbia to other junsdictions. Numbers within
B.C, refer to administrative refions (source location), Amows point to the transplant location (state or province).
The number of animals transplanted o cach location is indicated at the ransplant location (e.g. 10 Bighom sheep
transplanicad from Region 3 to Califorma). An additional 5 mountain goats were trmnsplanied from Region 4 io
Albena in 19696,



HISTORY OF TRANSPLANTING MOUNTAIN SHEEP — CALIFORNIA

VERMON C. BLEICH, Californda Department of Fish and Game, 407 W, Line 5, Bishop, CA 93514

ETEVEN G. TORRES, Califormia Depanment of Fish and Game, 1416 Minth 5L, Sacramenio, CA 95814

JOHN D. WEHAUSEN, University of California, White Mounin Research Station, 3000 E. Line 81, Bishop,
CA 93514

TOBY A SWANK, Depariment of Biclogy, Moatana Suate University, Beeeman, MT 39717

Since Cowan's (1940) systematic revision of North Amenican wild sheep (Chvix conadensis ssp.), extant
and extinet populations in norbcastern California and the Sierma Nevada have been roferred 10 the subspecics
caljforniana. Recenly, Ramey (1993) and Ramey and Wehaisen (1996) demonstrated that specimens of
mouniam shosp from these parts of Califomia are genctically and morphometrically more similar 1o conspecifics
from the southwestem United Stadca, miber than to those from Washington and British Columbia, We acknowl-
edge this conflict with Cowan®s (1940) taxonomy, although the sysiemaiic sinmus of coljfrmians fom sxstem
Califomnin has net yot been revised accondingly, Hence, we report herein the translocation history of mountnin
sheep in Califormin currently classified as californians,

Bocanse this o is listed as threatened under the Califenin Endangered Species Act (Califomin Fish
and Game Commission 1995), Cowan's {19407 tneonomy refams legnl stnius.  Information presemied hereln i
hased largely on the summary of Bleich ot al, (1990 for translocations of mountain sheep in California.

Mountain sheep of the Califormia subspecies (€. & californiong) formerly oocured in =7 locations in
northeastern Califiorman, mnd 14 other populnthons cxisted in the Sicrra Mevada (Wehausen et al, 1987, Torres et al,
504, Blesch et nl, 1996, All soch populations in the northeasiem part of the siate have been extinpated. &8 have
boen the majority of those that accurred in the Sherm Mevadn. As recently as 1979, only 2 native populations
persiated ini the Sicrra Mevada, at ML Willamson and Mi. Baxier {Wichansen 19800

Northeastern Callfornin

The first translocation of mountain shesp in Califomia occusmed in 1971, when § females and 2 males
were translocated from British Columbia 1o an enclosure at Lava Beds National Monument, Siskiyou County
(Blaksdedl 1972, Weaver 1972). In 1972, two males in this population were thought to kave been killed illegally
(Blaisdell (1974, 1975); as a result, an additional mabe was caplured al the Charles Sheldon National Wildlife
Refuge, Nevada, and translocated 1o Lava Beds National Mooument (Blaisdell 1974),

In Febraary 1980, 1 mals and 3 females were translocated from the Lava Beds enclosure io the Wamer
Mountains, Modoc County (Sleznick 1980), and in March 1980 these were joined by 6 females (3 adults, |
yearling, 2 lambs) and 4 males (2 adults, 2 lambs) from Sawmill Canyon and Sand Mountain (Inyo County) in the
southern Sierra Nevads. During the summer of 1980, all remaining sheep at Lava Beds Mational Mooument
sucoumbed to prcumonia thought 1o have been contracted from domeatic sheep (Foreyt and Jessup 1982, Weaves
1283), Similarly, the entire Wamer Mouniains population died in 1938 of pneumonia siiribuied 1o pathogens
contracied from domestic sheep (Weaver and Clark 1988),

Sierra Nevada

In March 1979, 4 adult femabes, | yearling male and 2 male lambs from Sawmill Canyon, and 2 adult
mles from the adjacent Sand Mountain population, were translocated to Wheeler Crest in Mono County. In
March 1980, an additional 8 females (7 adults, 1 lamb) and 2 males (1 yearling, | lamb) were translocated 1o
Whetler Crest from Sand Mountain, This population was sugmented with 4 adult males from Sand Mountain in
Apeil 1982, and with 2 sdult females, | yearling female, and | yearling male from Sand Mountain in March 1986,
Thus, a tofal of 27 mountain sheep have boen translocated 1o Wheeler Crest.

In March 1980, 7 femabes (6 adults, | lamb) and 4 aduli males were translocated from Sawmill Canyon
and Sand Mountain to Mouni Langley in central Inyo County. The Mownt Langley popalation was augmented
with 6 females (5 adults, 1 lamb) and 3 sdult males from Sawmill Canyon in March 1982, and with 6 adult males
from Sand Mountain in Apnl 1982, Thus, & total of 26 moamain sheep were translocated to Mount Langley,
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In March 1986, 15 females (13 adubts, 2 lambs) and 12 nales (3 adults, 4 yearlings, 5 lambs) were mranslocaed
from Sand Mountain to Lee Vining Canyon, Mono County, in an effort to reestablish a population of mounizin
gheep that would wes historical mmmer range in Yosemite Mational Park. Because of losess to a0 vanety of caspss
during the first 2 years (Chow 19913, 8§ additional females (7 adults, 1 yearling) and 3 adult males were
translocaied fo Lew Vimng Canyon from Sand Mouniaim durning March 1988, Thas, a total of 38 mouniain sheep
were trmnsbocaied to Lee Vining Canyon.

Summury

During 1979-198%, 7 females and 44 males were capiured st Sand Mountin or Sawmill Camyon and
translocited o 3 historic ranges in the conirml Sierm Nevada and 1 hstons moge in noriheastern Californsa;
wdditionally, | female and | male died during these tmnslocation eors, The aticmpix (o reestablish mountnin
sheop on histonc anges in northeastern Californda, using animals from British Columbia, Mevada, and the Siera
Nievida were winsiccesalfunl. Cumently, mousntain sheep persist o the Sierm Mevada ol Lee Vindng Caman (mn <
500, Whaeler Crest (# < 207, and Meunt Lasgley (o < 300, 58 well as st Mr. Baxter (i = 30) and Mt Willianigon
in = 10) (Tomes et al. 19046).

iOf grean concern has been the precipitons populatan dscline st Sand Moontain and Sawmill Canyoa
(Wichausen 1596), which iogether comprise the Mt Baxier population, the source for previous iranslocations
within the Sicrm Nevada, Despite the well-organized efforts 1o conserve this cootype of mountain shoep (SBSIAG
1984, Bleich ef al. 1991], thers are <] 50 mouniain akeep in the Siesra Nevada, far fewer than in 1979 (Torres ét
al. 15996). Noncihcless, these shecp occur al 6, rather than st 3, locations, consisient with California’s metapopu-
lation conscrvation stategy (Tomes ot al. 1994), thenchy reducing the probability of simultancously losing all aof
the populations to a canstrophic event (Bizich ot al. 1996),

This is & coninbution from the California Depaniment of Fish and Game Mountain Sheep Conservation Program,
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HISTORY OF TRAPPING AND TRANSPLANTING MOUNTAIN GOATS AND MOUNTAIN
SHEEFP — COLORADM

JOHN H. ELLENBERGER, Colorade Division of Wildlife (CDOW), 711 Independent Ave., Grand Junction, CO
K505

ROCKY MOUNTAIN GOATS

Rocky Mowitnin poats are thewght not to be naiive v Colorado (Hibbs 19663 A review of popuolar and
scientific literature by Irby and Chappell (1993 has previded speculation that o Rrw small populations of goats or
indfividhial migrant goats may have boon present in Colorado prior 10 the armival of white man. However, when
pine mountin goats were introduced to Colomdo from Moninna in 194%, no free roeming populations of mountain
goats wers known o exist in the stae. Including this first intreduction of mountain goats in 1948, 39 animals
have been released, resulting in the establishment of 12 populations ol goats numbering approximately 1495
pnimals. All goat populations in the state ane currently considered to be static or expanding. It is a tibuie o the
MMWWMWMWEHMMMMM
have been established from such relatively small founder

Currently there is concern among wibdlife managers that mosninin goat populations compete for lmited
hnbital with bighom sheep where dhesp and goals are sympatrie of where éxpanding goal populabions thieaten o
encioach on existing bighom chosp populations (Hobbs et ol 19980, Ac a result, Colorado is considenng limifing
Rocky Mountamn goal density and distnbutson throughout the sisie

ROCKY MOUNTAIN BIGHORN SHEEFP

The first tramsplant of Rocky Moumiain bighom sheep in Colorado occurred in 1945 with 16 sheep
trapped from the Tarmyall Range and rcleased at Grant on the south side of Mount Evans. This began an intense
pericd of rapping and ransplanting from the Tarrvall Range that lasted for seven vears resulting in the
catablighment or nugmentation of many sheep herds exieting in Colomdo today, In that seven year pericd, 223
shoep were relenscd at 13 different sites. The carly usc of the Tarryall hord a8 3 transplant source endod in the
winter of 1953 when & massive all age die-off oocumed n which the herd decreased from an estimated 1,004 1o 20
sheep (Bear and Jones 1973)

The die-oiT of the Tarryall sheep herd resulted in 4 charp decrease of sheep trapping and iransplant activisy
i the stale, Mo shecp were irmnsplantad until 1964 when 22 sheep were trappéd on Pikes Peak for transplant 1o
South Dakota. Early sheep trapping effarte need a corral trap that waen't eazily moved or portable, and few herds
in the state were easily sccessible or had large enough population sizes 1o justify tapping for transplant.

Bear and Jones (1973) recommenided that an intensive mapping and ranspland program nesded o be
reestablished in Colorado 1o establish new herds and augment static or declining herds, Concurrent with their
recommendations, new lechniques for trapping sheep (ponable drop-net) and new antihelminthic drogs for
ireatmeni of lungworm fesmibons were developed that faciliinicd trapping and increased [amb sarvival and
recruitment. Since the mid 19705, Colorado has enjoved an aggressive rapping and transplant program that has
scen the sugmentation of existing herds and the reestablishkment of berds on many bistonic mnges. The sheep
popalation for the xtnte has grown Grom a low in 1970 of spproximaiely 2, 200 sheep in 39 herds o approximasizly
6,530 sheep in 31 herds.

However, the status of Rocky Mountnin bighorn sheep in Colomdo is nol my promising 2 it appears at
firs1 glance Huoman population growth and an increase in outdoor recreational octivities present signaficant thress
o bighom sheep populations in the form of encroachment on and fragmentation of bighom shoep habitaiz, Bailey
{1990 conducted an evaluation of Colomdo’s bighom sheep hends and trapping and transplast program.
Alihough sheep herds and populations have apparently increased os a resuli of the irepping end iransplant effort,
ihere s still reason for concem.  Approximabely 55% of the shecp herds and 3755 of the state™s shoep are A resuli of
some bype of tmnsplant activity, However, only two of 25 transplams have resulied in sheep hends of more than
{00 animals and 3 substantial member of ransplants have resulied in herds of less than 30 animals.  Information
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from genetscists and conservatson biologiats ndscate that herd sines should be 150 or mone animals in order to
persist for long periods of Gme (=50 yrs).

The above information indicases that additional work nd rescarch needs o be done 1o inswre the long
termm survival of cur bighom berds. Howeves, trapping and transplant is & viable management tool that has boen
very succeesfiul in the past, with over 2,100 Eocky Mountsin bighom sheep being trapped and tansplanied o gites
within Colomdo and thres ather saica.
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COLORADD MOUNTAIN GOAT TRAP & TRANSPLANT RECORDS

Data Trag S8e Trap Ghild Releass St Rslsaas WL Total
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COLORADO BIGHORN SHEEP TRAP & TRANSPLANT RECORDS
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HISTORY OF TRANSPLANTING MOUNTAIN GOATS AND SHEEP - IDAHO

LLOYD E. OLDENBURG, ldaho Department of Fish and Game (IDFG) PO, Box 15, Boise, ldahe 83707

TDFG initinted mountain goat (Oreamans americanus) transplants in 1960, 1962 and 1964 o reestablish
populations and 10 supplement remaant populations in vacant suitable habitst. The resubis of these 3 tansplants
mre the existing populations sl Echo Bay in Uit 44, the Sevea Devils arca of Unit 18 end tbe Pallsades anca of
Unit 67 in southeast Idaho, Also, 5 goats were given io Colomdo nd 6 goats wene given 1o Oregon.  Tweniy-
eight goats were tmnsplanted into ldoho from Olympic Mational Park in Washington (Table 1). Between 1960
mid 1994, 210 mowninin goats wore moved during 18 scparsie capture eperations witlan ihe siate.

Table 1. Rocky Mountain goat transplants in idaho, 1960-1895

Capiure Area Dale Rolaaie Arma MA FA MK FH T
Snow Feak GIZE & 70N SG0 Echo Boy Lni & (Mow Lind 4.4) 3 5 a Li] B
Bel Colorwdo 2 3 a 1] 5
il iwd Seven Devie, Unk 18 2 i 2 L] |
THaR2 Echo Bay 2 1 0 0 2
Tm-1004 Smven Deds 2 T o 1] g
e Echo Bay 4 3 90 o 7
e ielil ] John's Cr. 5. FicCinetr.Linit 15 4 4 a i} B
ST JohnE . Link 15 1 ) o 0 3
TRNGE iaroon Monarch Mis. Link & (now 44) Z s o 0 d
Taa-gma Pnisacdes Cr, Ling 67 3 ] 1] a ]
&7a Black's Camyon, Unit 67 ] a o i 3
Tm Lion Cr, Linit 1 1 1 o o 2
Snow Pank, BE9-THMI Eldham. s O 2 ] 1] o &
Unit 8 Brigle Cr. Linit 1 2 o 1] ¥] F
B21-J3E5 Lion Cr, Linit 1
6/26-29/M88 Parkes Cr. Unit 1 Q ] 1] ] -
Jack Cr,, Unit 27 u} 2 o o 2
BRAE2 Parker Cr., Lini 1 a 1 1] o i
A23-gmmT Cregon Bule, Unt 19 a ] ] o B
B28-7m4 Ball Cr., Lind 1 3 1] a L] 3
Ciympec Nas 15802 Patterson Cr, Uinid 37A 8 12 a o 20
Park, Wa 7rag Sevon Devile, Unit 18 a L a a a8
Elplay ML, amg Yiliama Cr., Unit 28 1 1 a o i
Ling 67 Tmn Fanther Cr., Linik 28 2 3 o F | T
7 Panthar Cr., Uni 28 1 4 o 1 L]
TR Panthar Cr, Unit 28 F # 0 1]
Blaire ME A Squans Top, Linit 21 d i o g 10
Lirit &7
TOTAL 23
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ROCKY MOUNTAIN BIGHORN SHEEFP

There have been 368 Rocky Mountain bighom theep transplanted 1o arcas within Idaho to either
recsiablish popalations in arcas where they wers extirpaiod in the carly 1900 or to bolster remnant populations.
Fourteen transplams have been made within the state involving 172 animals (Table 2), and 10 tansplants have
been made: o the: sinte from Wyoming, Oregon and Alberta with 196 bighoms being moved (Table 33, There
have been 3 mmasplanis made from ldaho to Oregon (4) and Wyoming (1) with 4% and 22 bighorms being moved
1o thess two states respestively (Table 4),

Table 2. Rocky Mi. Bighom sheep transplanted within Idaho, 1989-1596.

Caplune Ared Yuos Fiplamsn Ao Tortal Mo,
Margan Ci. 16869 Mahagany Cr,, Pahsmeanal Mis T
Panthar Cr. 1975 Granste Cr. Halls Can, 10
Panthar Cr, 1876 Grarda Cr. Hels Can. 11
Panthar Cr. 1478 Blue Dome, Birch Cr. ]
Panthat Cr 1978 Bhia Dams, Birsh Cr, 12
Pasithar Cr 169749 Barmard Cr. Hels Can T
Panthar Cr. 1081 Eua Diosiresy, Bireh Cr. 14
Panther Gr. 1682 Biua Domen, Birch Gr. 8
Fanther . 1862 Barch Cr. {Challs) B
Morgan Cr. 1688 Willama Cr. (Sadmon) ]
Morgan Cr. 1688 Rocky Can. [Besverhasd b, ) ir
E Fi Salmon R, 1GEH Morea Cr, (Pahaimerc) 13
Morgan Cf 1889 Sabway R 249
TOTAL ir2

Table 3. Rocky Mountain sheap transplanted into Idaho from ofhar areas, 1570-1966.

Coptung Arss fear Recass Anga Tokal Mo,
Banff haf. Park, Albars 1670 Mahogary Cr., Pehaimeiod M 24
‘Whishey Basin, Wyo. 167d Elbgw Can,, Borah M. 17
Whiskey Basin, Wyo. 16880 Jaggles Can., 1
‘Whiskey Badin, Wyo. 1683 Badger Cr., Lite Lost R, 18
Whiskey Basin, Wyo. 1684 Crimig L 17
Whiskey Basin, Wyo. 1584 Uncle ke Can., Litte Lost B 22
Lostne R., Ov. Rt Shoup, Salmon R 16
Lostne R., O, 1685 Rooky Can., Bedveihoad WMis. 2
Losane R, Oy 1585 Falts Gr., Fahsimedol M. 1B
‘Whiskey Basin, Wy, 1992 S-Crebios, Hells Can, 20
TOTAL 1688




Tabla 4. Rocky Mountain bigharn sheap transplanied from ldaho to other areas, 1870-1656,

Captun Area Waar Resnans Aran Total Mo,
Fanthar Cr. 1878 imnaha K., Or. 15
Panthear Cr, 1864 Imraha &, O 11
Fanthar Cr, 1684 Gimmnde Romnda /., Os. 11
Ebanezer Cr, Saimen R 1088 Minam F., O 12
Margan Cr. 1862 Shel Can, Wyo. 22

TOTAL Fil
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Oldenburg, L. 1986, Bighom Sheep, IDFG, 1985-1986.Ann. Job Prog. Rept., Statewnde Surv./Invent., Prog. W-
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RIR, July 1594, Boisc, 1D,
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CALIFORNIA BIGHORN SHEEP

California bighom sheep were extirpated from Crhwyhee county and Tdaho about 1919 (Hanna 1978). The
IDFG ransplanted 19 Califormia bighoms from Williams Lakes, Beitish Calumibis wo the East Fork of the Owyhes
River drainage in 1963, This waa the first ol six tansplants and & 1otal of 74 sheep from British Columbia (Tabls
3).

Since 1980 when fve Coliffendn bighorms were trapped in the Linle Jacks Creek dminnge and releaced in
ithe Graniie Mouninins in Mevada, eleven groups of bighormns fotaling 205 animals have been captured and moved
to Novada, North Dakota and Oregon (Table 6). These transplants are all from the populations which resulted
from the initial & tansplants into the state.

Beginning in 1981, IDFG began mapping Califormia bighoms in the East Fork Owyhes River drainage
and Lisile Jocks Creek and refeasing them in vacant suiiable habitat elsewhere in the staie and have complated 11
transplants mvolving 130 ammals (Table 7). The resull of all transplants imte and within the stals resulied in there
now being an setimated 1200-1 500 Califomia bighoms in the area of the staie designoted for this subspecies of
bighom. In nddition the three states where transplonts have been mode also have populations which are a result of
the original traneplants inba ldaba,

Table 5. California Bighom Sheep Transplanted into idaho From Canada, 1863-1858.

Capture Area Year Reeamn Ajes Talsl He.
Wikams Lake, Briteh Columbsa 1863 Emd Fork Cregfiea R 16
1885 Ensd Fork Owayhioe L )
1088 Enst Farg Ceshes B 10
1667 Lt Jocks Car. 12
1084 Murphry Hot Sp. Jarbidge R 10
1888 Big Jacks Cr. 14
TOTAL 4

“Fiasiad by Nevads Deparimesnt of Fih and fams




Table 6. California Bighom Sheep Transplants Within the State, 1963-1896.

Caplure Arma Yoor Refnsea Arnm Total Ma.
Daap Cr. E Fit. Owyhina AL 1082 W, Fk. Brunoou R 12
E Fk Craryhes R 1684 W. Fk. Brunoou R 11
Lithe Jacks Cr, 1665 W, Fi. Bruneay R 1
Lita Jaseks Cr. 1R85 So, Fic Owwyhes B B
E. Fk Craryhes R 1888 Cabllomvasd Cr. Casasa Co, 15
Litta Jacks Cr, 1287 Colsmevond Cr. Coessts Co. 10
Litle Jacks Cir. 16848 Cobomyond Cr. Cessla Co. 14
E. Fk Dwyhes R, 18848 iBig Jacks Cr, 2
E Fl Owyhee R 1688 Big Jacks Cr. 24
E. Fk Cwyhes B 1880 W, Fk. Brunsau R 18
E Flk Owyhse R 1881 Dy Cr., Cossia Co, 11

Table 7. California Bigharn Sheep Transplanted Fram ldaha Ta Other States, 1853-1806.

Capture Aroa Yoar Reloasoe Arca Total Mo,
Litthe Jacks Cr 1880 Granie bs., Wy 5
E Fk Chyhes R 1801 Uippes Jarkedgs B, My, 12
E. Fi. Owhiess A =85 Snowioam ., My, B
E Fk Cwyhes R 1888 Snowstanm Mis., Ny, &
E Fk Owyhes A 1288 Jackeon M., Ny 2
Litle Jmcles i, 1588 L. Husmibaldt R, Ny 12
E Fik Owyhos R 1660 Hidoor Min . N.0O. 23
E Fi Cwwhaoa R, 160 Encwstonm M., My, 38
E Fk Owyhes R 15881 Badands, MO, s
E. FK Cwyhien R 1863 Batthe ML, Ny, 25
E Fk Owyhea R 19493 Denchites B, Or 35

TOTAL 205
LITERATURE CITED

Hanna, P. 1978 Bighom Sheep, IDFG 1977-1978. Surveys and Inventories, Smdy 'V, Job 2: Reintroduction of
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HISTORY OF TRANSPLANTING MOUNTAIN GOATS AND MOUNTAIN SHEEF - MONTANA

JOHN J. McCARTHY, Montana Department of Fish, Wildlife & Parks (FWF), 1420 E. 6th Ave. Helena, Mi.
59620

Trapping and transplanting data for both Rocky Mountain Goats (Oreamnpos americans missouloe) and
bighom sheep (Dhvir canadensis) waa taken from reporis by Couey (1950, 1971), Janson's 1974 report oa the
status of bighomn sheep transplanting in Montana, Regnrod (1983) and an assortment of memaos and requests from
various biologisis and Regronal game managers in Montana. In addition, communications with other states while
preparing this decument resulied in e inclugion of several rapping and tansplants, both ivo and from Monans,
that were not found in other historical records.

In working with the rocords it was obvious that in some cases the numbers reparted trapped did not agroe
with numbers released. For this report, because it deals with herd establishment, numbers meleased were wsed
withere that infiprmation differed with the tapping data,

ROCKY MOUNTAIN GOATS

Beotween 1941 and 1995 the sinie engaged 1n 44 captures iotaling 423 anemals, 3% of which wore
iransplanied i Montara, 12 were moved (o Colomsdo and 12 given 1o Wyoming. Transplants in Montann wers
taken from 5 native populations and one irensplant giie (Gates of the Mountaing) in the siwe and moved o0 28
oiher arcas, 17 of which curmendly suppart huninble populations. (Table 1)

ROCKY MOUNTAIN BIGHORN SHEEP

Two bighom herds in Montana were begun with siock from other areas.  Montena recedved 12 bighorn
sheep from the BaniT area in Albertn in 1922 These animals were introduced onio the Moiese Bison Range and
wire the seod sbock of the carrent herd, Sixieen head wene imparted from Colorado in 1947 and moved to Billy
Creek in the Missouri breaks  This population incrensed to 130 head and was hunied for fwo vears prior o o
grocdual decling that resulied in only & remmant population occupying the area in the mid-70'.

This same scenann, cilablishnsen of a population and & later less ol thal population, has been repealed
severnd times with bighoms that have been transplanted within Montana, This should make managers a lintle leery
of declaring a transplant “successfal™, even after the population has expanded and is capable of seetxining hunting.

A fotal of 1754 highoms kave been transplanted within Montana from herds within the state (Table ).
An additional 93 have been sent out of state, with 46 going 1o Washington and 47 10 Onegon. The Sun River herd
has sccounted for £19 animals or 47% of the transplanied siock, with the Wildhorse Island and Lost Creck herds,
which are both introduced populahions, accounting for an additional 28% of the transplanted animals.
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Anon. 1973, Moatana's Rocky Mountaln bighom shecp, Montana Deparoment Fish, Wildlif; and Parks, Helena
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Couey, F. M. 1930, Rocky Mountain Bighom Sheep of Momans Montsres Fish and Coame Bulletin Mo, 2, 90pp.

Couey, F. M., and A. Shallenberger in T. W. Musschl. and F.W, Howell. 1971, Game Management in
Montana. 238pp, Montann Department of Fish, wildlifc and Parks, Helena,

Janson, Revel 5. 1974, Bighom Sheep Transplanting in Moatena, Proc. Bienn. Symp. Norh Wild Sheep
Counz., pp, 96-98, Great Falls, MT, Ape. 1974, 146pp.

Rognmd, M. 1983, Final Report General Wildlifie Restocking in Moninna. Federal Aid Proj. W-5-00. Montana
Department of Fiah, Wildlife and Parks, Helenn, 55pp



Table 1. Mountain Goat Trapping &nd Transplanting, 1941-1996,
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1643

1847

1848
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1950
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1951
1851
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1

1854
16855

1858
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1656

1857

1854
1534
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Deep Croek, Teton Gounty
Desp Cresk, Teton County

Deep Craek, Teton County

Deep Croek, Telon County
Dwep Croek, Telon County

Dwep Creek, Teton County
Deep Cresk, Teton County
Deep Creek, Teton County

Sputh Fork Fiathamsd County
Omep Croek, Teton Courty

Desp Croek, Teton County
South Fark, Flathead Courty

Vian Lookout, Lake County

Bouth Faork, Flathead County
Gamyon Cresk, Boaverhoad Co.

Canyon Cresk, Baaverhead Co,
Soum Fork, Flathead Coungy

Camyon Cresk, Beaverhead Ca,
Canyon Creeh, Beinerhesd Co.

Camyon Cresk, Hesverhead Co,
Carrpan Creak, Beaverhasd Ca,
Gates of the Moundsins, L& C
Gamins of the Mountsns, L & C

Gates of thae Mourtains L & C
Gales of tha Mourisns, L& C

Caies of the Mourdnirs, L& C
Warhmgron
Cibymrgic Mafonal Park

Hatenal Bson Renga
Maticnal Bsch Renge

COympic Masenal Park

Crazy Meuntains, Sweel Grass Couny
Benchmark, Laves and Clark Courtty

Erarinath Mourtons, Skswater County

Crazy Mountaing, Swesl Grass County
Sguure Buties, Cholsau County

Stitwter Caryon, Stwater County
Bparipoth Mountaing, Shbsvuier County
West Fork Gallatin, Gallatin County

Cosorada
Stitwater Canyon, Silwater County

Mudsman Dam, Madsen Counby
Croiorada

Gabes of the Mounisns, L & C County
Gabtes of the Mountains, L & C County
Madman Dam, Madisen County

East Rosebud, Carbon County
East Rosehid, Carban Courty

Snowy Mourisrs, Fegus County
East Rpssbud, Caman Courtdy

Snowy Mountaine, Fergus Cownty
Saum Boulder, Jafferson Gounty

Elkhorn Wountains, Jeferesn County
Ml Creekt, Madison County

Ping Craek, Park County
Wiysming (Sybll reseanrch unit)

Elkkhom iWountains, Jeffarson County
Fires Craek, Park County

Elkhom Mountaine, Jeferson county
Pine Croek, Park County

Woif Crams, Madson Courty
Highlard Mesnbaing, Siver Bew Ca
Bridger Mounters, Gakatin County
ML Edith, Broacwater Courtty

Squme Buthes, Chotee County
ML Edith, Broadwaler Courty

Bnow Crest, Madson County
Diift Creek, Lincoin Courty
Couges Peak, Sandors Coundy

W, Fi Thompaon R Sanders County
Ratteunaks, Masouln Courty

Red Mourtain, Lewie & Clark County

Wyaming
W, Fk. Thompson R, | Sanders County
Copper Cresk, Livwss & Clark County
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HISTORY OF TRANSPLANTING MOUNTAIN GOATS AND MOUNTAIN SHEEF - NEVADA

PATRICK I, CUMMINGS and CRAIG STEVENSON, Mevada Division of Wildlife, 4747 W, Vegas Drive, Laa
Vegas, MV 89108

Mo tent was available to accompany the fallowing tables,

YEAR | BITE® RELEASE SITE MAME # RELEASED FLACE OF ORIGIN
——
e i Haell Green, HU a Qrogos
1678 s  |M_ Sanin Aoss Ry, MU 12 Brish Columbia
1080 3 Grerdn Famgo, WA | Iagha
1081 4 Iwrnicge Mountains, EL F] i
1283 3 |Geanlls Ranges, WA 1 Hell Groak, HU (1)
3 Granils Ranga, WA 1]
=1 Ea 8. Jackson Mins., HU 13 Crogen
d durbikige Mountaing, EL 12 Beithal Columbla
TS Ba | M. Fins Forest R, HU 20 British Columbia
Ta | 9. Snowsiomm Wi, EL ] idaho
1066 Ta | 5. Gnowslomn Mim., EL ] idang
1087 By | M. Jeckson Mina.. HU 15 Oregon
8 Medes Mountaln, HU 15 Cregon
2b |8 Santa Roaa Rg., HU 5 Gregon
1888 Bt |&. Pine Foest Rg., MU 148 Brissh Golumbia
Th | M. Srevwsiorm Ag., MU L i ldsho
108G e |Mid Saren Rees Rg., HU fon Hrish Columbia
] Calies Meunining, HLU 18 Brsah Calimba
1 "0 Haya Garmyan Rarga, WA 18 Brissh Columbs
e 11 Virgina Mountains, WA 13 Britigh Solumbia
1881 12 |Cmtnip Rim, Wi " Cirexgan
13 |Mtontens Mountaing, HLU i ICinegan
14 Shaap Cresk Rangs. EL i idaia
11 Virginn Mouniaing, WA T4 Hafa
1552 18 |Black Rock Rongs, HU 1" Banls Rosa Fg,, HU (2)
1683 14 | Ghoop Crees Range, EL 2 \dahe
Lhen 1 | Troud Croak Mina., HU 20 Crogon
] Calies Mountar, HU 5 Pira Forast Rg.. WU i8]
= 5 McGea Min., MU (B)
5 ESnntn Rosa Rg., HU (3}
(5T 10 |Hays Canyen Fangs, WA § Santa Rosn Fg., HU 2]
Hoyes Canyon Flangs, WA 1] S \nsianm MEna, ML (5]
17 Long Wiy, Rim, WA b1 ] Beflish Columbia
Long Wiy, Rim, WA ) McGen flin., HU (8]
Ta 5. Sncowsiorm MEne., EL 13 Beitiah Colurmibia
5. Snowsloom Mna., EL F Pupbio Mina., HU
14d Bhwep Cresk Fange, EL T Beifish Colurmiis
1996 18 Emsgnr Meuntsi, HLU iF
1] High Reck Sanyon, HU 20 Britlsh Columibia
1o [T'] High Rock Ganyon, HU (] Sanls Fosa Pg., HU [2)
1680 2d |8 Sanin Rosa Rangs, HU 12 Jackaon Mina., HU (5}
— . -
TOTAL 508
=




TE&R SITE @ HELESSE ETE MAME » MELEAGET n.u:lnrmau-
1878 im H. Srakn Fangs, Wi 168 Wynming
19T 1 |5 Bnake Aasgs, WP 1 Calamsds
1580 ih | B Snoke Faoge, WP 12 Canlewrai
1681 18 M. Bnaks Pange, WHE 15 Whypaming
1689 2 | Schell Cresk Range, WE 18 oo
YT | Pial Pask, EL 20 Calormndo

= Sechell Creek Rangn, WP i Colorado
10849 L] Tha Badisnds, EL oo Colormde

§ | Ruby Mountaing, EL s Alesita
1800 td | N. Snske Range. WP 1T Wyaming

A Ruby Mourining, GL 5 Albena
16 ] Emsi Humbeddl Rg., EL F | Albaria
TG & 'l'-l‘l-lﬂlilﬂl.EL 22 ]

TOTAL: 233
= = e
ROCKY MOUNTAIN GOAT RELEASES [N NEVADA
——

VEAR ETE # FRELEARE QITE HAME ¥ RELEASED PLACE OF OO
i 1m Fuby Mouniaies, B 1] M. Cuscades, WA
a7 18 | Ruby Mountsing, EL L] . Gascados, WA
THE E E-uu'rmuﬂ!,ﬂ. 1 Oyl WP, WA
TOTAL: 23
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HISTORY OF TRANSPLANTING ROCKY MOUNTAIN BIGHORN SHEEFP - NEW MEXICO
AMY 5. FISHER, Mew Mexico Depanment of Game and Fish, P. O, Box 25112, Santa Fe, NM 87501

Historically, Rocky Mountain bighom sheep (Chis camadensis canodensis) ogoupied & mnges in narthem
Mow Mexico (Bailey 1931, Boechner 1960), Distribution was limited becouse New Mexico represents the
HTMHmmm Mntive bighom were extirpated by 1903, and present populations are

res

A total of 194 Rocky Mounisan bighoms was transplanied bebween 1932 and 1993, O these, 77 bighom
originated from oot of state snd inchided bighom Gom BandT Mationsl Park (N=30), Waterion Lakes Mational
Park (M=T), and Whiskey Basin, Wyoming (N=200. Afler the Sandia and Pecos bighom populations wens
cutablished with bighom fron BanlT, they became sources of ransplants for establishing additional i
Im 1596, an estimaied 570 bighom occur in 3 mnges in the staie. New Mexico's long range plan calls for
increasing the namber of populntions 1o 7 with 1000-1350 bighom (Taan 1996),
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Rocky Maunlain bighorn sheep (Ovis canadensis conadensis) lransplanied in New Mexica, 1932-1993,

18%

Ma
Range Dt Eoista Rolegmed  Rofaronces
Fecos Wildamess 1832 Eanfl Nag Fark, Cansda ] Swnde 1087
1885 Banfl Nad Park, Canada 15 Sands 1987
16685 Sandks Mountaing, N6 ) Liwrmaen 1987
Sanda Mountains 1840 Banff Mal Park, Canada 3 Sands 1047
1041 Benfl Mail Park, Canada 3 Sands 1987
1842 Banl Mad Park, Canada 3 Eonch 1987
1670 Whiskery Basin, WY i Larsan 19700
Turkey Caook 10404 Banff Nad Pk Canads 10 Sands 1837
San Francmco Ried 1584 Sanda Mountsns, ki 16 Sands 1867
1885 Sanda Mountsns, HM 2 Eands 160467
Whesler Peak 1608 Banff Mol Park, Canada 10 Larsen 10708
1870 Whiskey Basin WY 10 Larsen 16700
1583 Pecos Widemess 3 Fisher 1863
Fiet Winpabe 1673 Waterion Lakes hat T Sandoval 1887
Fark, Canncia
Marzann Mountane mrr Pacog Widernoss, MM 18 Denaldsan 1675
1678 Pecon Wildarnens, b 18 Donaldson 1678
Lt WWiikdiomess 1878 Fecos Wilderness, W 20 Donaldson 1573
Cimamon i 1978 Pecos Wildarness, N - Donaidson 1978 |



HISTORY OF TRANSPLANTING MOUNTAIN SHEEP - NORTH DAKOTA

JAMES V. McKENZIE, Norih Dakota Game and Fish Department (MDGFDY, 100 N, Bamarck Expressway,

Bismarck, ND 58305-3003

CALIFORNIA BIGHORN SHEEP

The last native bighom, an Audubon ram, (v canadeénsis audubiond, was reponed killed in the fall of
1905 some 20 miles west of Grassy Butte on Magpie Creek near the Little Missouri River in the Badlands of

western Morth Dakota.

There wese no bighom sheep in Noah Dakota until November 1956 when 18 Califomin bighome, Ohiz
canodensis californiana, wens procured from British Columbia and translocated 1o a holding pasture in the same

Magpis Crock ane,

Since 1956, 53 ndditional trapping‘transplant operations have boen conducted by the North Dakota Game
and Fish Department involving 247 sheep capiured and released within Worth Dakota, In addition, 71 other
bigharns capiured during 3 additional operations in British Columbia and [daho were trensporied to and relezsed

ino the Badiands area,

Trapping and transplantng bighom ahecp will likely comtimss m North Dakow 1o supploment the

nggregate populabion of between 300 and 350 Califormia bighoms.

Table 1. Chronclogy of bighom sheep trapping and transplanting in the North Dakota badlsnds (1858-1885),

Adeiional
FIEE-d Fram Ta Bighorms Releassd : d
L .
Mole Fempls  Tobs

| 11658 Brifsh Colmbia  Magpie Enclowurn 8 ] 18 NOGEF - 1956

BS58  Magphs Enclosmure SLITANP [Free Ranging) 3 B 5 NOGAF - 1050
O27B0 Magpes Enciasurn BUTANP-Enclsrs §1 £ 3 5 HOGAF - 1860 |

O225M0  Magpie Enclosurs EBUTRNP.Enclotirs 51 2 3 5 HOGEAF - 1860

MNSs2  SUTRNP Enclesure 81 SUTRNP-Enclogurs #1 ] 4 10 MDGEF - 1962

L 011ene SUTRNF Cholesurs 1 Dviohnan's Dem Cnd 2 9 2 NOGEF - 1963

QAAES  Magpie Enclosure Puichman's Bam Encl 0 3 3 NDGEF - 1062

0AeEe  Magpie Enchosure Mugpie Enciesuny 3 o 2 M - 1962

0T M Enclosurs HUTRMNP (Fres 2 1] Fd HOGEF - 1562
| J204R2 __ Maegpie Enclosurs Magpis Enclosure g 3 2
t E Plateau 8 5 11 NDGAF. 1662 |

F 81 an [ 2 2 NOGAF - 1062

IH0AET  SUTRNP E #1 Y] F o 2 MDGEF - 1962

Ems M Enclceurs L] Ercicaiirs 2 3 T NOGAF - 1945
| 0129m8 _ SUTRNP Enclomws 81 Moooy Plstesy 8 3 3 NDGLF. 1968

ai/-TE Greek Gresk B 1 i | HOGEF - 1678

1=TH___ Moody Plateay Moody Plateau o 2 2 MDGEF - 1978

01/-iTh SUTRNP SUTRMP L1 1 i HOGEF - 1978

gii-ira Enmchn A Enclosune a 2 F NDGAF - 1978




From Te Relassed Additional
sl e gk s
g3y Chateau De Mares Lo Buits 1 ] i MDGEF - 1983
ALESEE  Dulchman's Bam Encl Dugchman's Bam Encl ] i 1] NOGAF - 1988
| 032586  Dutchman's Bam Engl  SUTRNP Enclosure #2 2 a 2 NDGAF - 1988
032588 Duichman's Bam Encl Mooty Plateny 4 0 4 WDGAEF - 1988
OROWET _ Magpie [Free Range) SUTRNP Enclosurs #2 g 4 4 HOGEF - 1987 |
| OM1OBT _ Moody Platesy  Shesp Cresk Z a 10 NOGAEF. 18967
O31OBT _ Moody Platesu Chufchman's Bam End a 3 3 WDGAF-1987
11 Mores Baem Enci 0 2 2 NDGEF-1947
031187 Cresk Saily Cresk 1 Z 3 NDGAF-184T
| ON11/87 __ Chatesy D Mores Chateau Do Mores. o 4 4 NDGAF-1587
| 031287  Ouichman's BamEncl  SUTRNP Enclosurs #2 g ) 1 BOGHY
| OVIS/EE __ Lons Butts Lons Butte g L I ___NOGEF-1988
| 031588 lonwButte  Hettinger Sheep fam 1 a 1___HWDGEF-1588
Q1 EmA Lona Baitn Chichman's Bam Endl d 1 1 il ]
Bam Cresk z A 10 NDGAF-1988
0311589 Briteh Columiin Morth Bullion Buite 2 A 10 MOWEEF -1 BRE
031WE0__ BUTRNP Enclosure & SUTRNF Enclosune 83 3 & 7 NOIGAF-1590
| DAe0  SUTRNP Enclosure #2  Lone Butte 2 a2 2 HNOGAF-1690
1 MNP 2 Chgchman e Bam Encl 1 o 1 MOGEF-1800
03Z0VB0__ Chaiesu De Mores SUTRNF Enclosum 8 1 1 21 NDGAF-1890
 03/20/00  Chatesu DeMores ___ Dhdchman's Bam End a a8 & HDGEP-1660
 D321/50 MeodyPistesy  SUTRNP Enclosure 92 g 2 2 HNDGRF-1890
O a0 Miapdy Plaisau Liorme Bulls 1 a 10 MOGEF- 1990
Crenk South Builion Bults 3 ] i1 MOHGEF-10490
11128050 m"mﬂmﬂ-- Filidesr WMAD ] 17 21 NDGAF-1990
| 1208 Crweyhirs Finear, kdakn Dutshmans Barn Ensl a ¥ 14 HDGEF-1851
O208E2  SUTRNP Enciosure B2 Moody Plateau 2 [ 2 NDGAF-1992
| 03- %2  MoodyPlateau  Moody Plainau 2 18 12 ___HODGAF-1883
| 03792 Magpie Enclouse Magpie £ncloaure a 10 10 MDGAF-10432
011895 Duchenan's Barn Encl Bumt Cresk & 5 11 WOGAF.1995
m BUTRNP Enclosure Wannagan Creek % 1 5  MDGAF-1995
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HISTORY OF TRANSPLANTING MOUNTAIN GOATS AND MOLUNTAIN SHEEF —
NORTHWEST TERRITORIES

ALASDAIR M, VEITCH, Department of Resources, Wildlife, and Economie Development (DEWEL), Box 130,
Morman Wells, NT, Cansda  X0E 0V0

MOUNTAIN GOATS

No mountain poats have been transplanied (o, from, or within their range in the cenitral Mackenne
Mountains of the Northwest Temitores. There is no estimate of the number of mountain poais i the
Northwest Termiones.

DALL'S SHEEF

Mo Dall’s sheep have boen transplanted to, from, or within their ranges in the Mackenzie and
Richardson Mountains of the Morthwest Territories.

Comprehensive surveys to estimate numbers of Dall’s sheep i the Mockenzie Mountaing have never
been done;, however, Poole and Gral (1985) estimated a minimum of 65040 sheep in the Mackenric
Mouniaing, The Richardson Mountains were last surveyed in Avgust, 1991 when 1510 sheep were estimated
te inhabit the area, which includes portions of both the Northwest Territories and Yukon Territory (Nagy and

Carey, 1991}
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HISTORY OF TRANSPFLANTING MOUNTAIN GOATS AND MOUNTAIN SHEEF - OREGON

VICTOR L. COGGINS, Orcgon Department of Fish & Wildlifs (ODFW), 65495 Alder Slope Road, Enterprise,
OR 97828
PATRICK E. MATTHEWS, Oregon Department of Fish & Wildlife (ODFW), 65495 Alder Slope Road,

Enterprise, OR 97824
WALT VAN DYKE , Oregon Deparimeni of Fish & Wildlife (ODFW), 3814 Clark Blvd., Ontario, OR
G9T4

ROCKY MOUNTAIN GOATS

Kocky Mountain goals (Oreamnas americanes) were spparenily extirpaied from Oregon prior 1D
European setilement, Some reponts of goats in northeast Oregon were found in carly reports but the species of big
game deseribed was in question (highome, anielope or mountsin gosts). Archeslogical evidence (Motthows and
Coggins 1994) indicates goats were found in Hells Canyon and were indigenons 1o nonheast Oregon.  Mountain
goats wene reintroduced to the Wallowa Mountains in 1930 when § animals from the Chopaka Mountains in
Wazhington were released an the base of Ioteph Moentain. This transplant increased umtl 1965 when hanting
sexsons staned. They were hunted doagh 1968 when low populations resulted in hunting being termimaied,
Supplemental transplants from Misty Fiord, Alaska and Olympic National Park, Washington from 1935 - 89
resulted i mproved leid sereival and sn populatisn

Ten transplants from 4 sowces have been made o 3 mountain moges in Oregon. Two transplants
(Wallowa and Elkhom Mountains) succeaslully cstablished mountaln goat herds while the Columbia Gorge
sficmpd failed. Populations are estimaied ot BO in the Wallows Mowniain herd and 33 in the Elkhorm Mowntain
berd or 133 ol statewide. A otal of 74 mounisin poats have been tmnsplamied in the state with eansplani siee
varving from 1 io 17 nnmals (Table 13,

ROCKY MOUNTAIN BIGHORN SHEEP

Rocky Mountaln bighom sheep (Ovis camadensts canadensis) were relntroduced 10 northeast Oregon in
1971 afier being extirpaded from the stafe by 1945 Twenty-two tmnsplants totaling 328 sheep were made to 15
Oregon locations from 1971 to 1995 (Table 2), Transplants varied from 2 10 30 animals and 10 separaie herds
iotaling 300 bighoms have been successfully established. In addition, &6 bighams were sent 1o 4 locations in
ldaho and Weshingion (Table 3),

Oregon Rocky Mountmin bighoms originmed from 6 sources incloding: Jasper National Park, Alberta,
Cardinal River, Alberia; Salmon River, ldaho;, Waterion Park, Alberta; Tarryall, Colorade and Sun River,
Moniana,

CALIFORNIA BIGHORN SHEEP

Historically, two subspecies of bighom sheep were native w Oregon (Bailey 1936). The Focky Moantsin
subspecies nhabited the nonhesstem comer ol the stale fram the John Day-Bami River divide, north and cast 10
the Snake River and the Orcgon-Washington stme ling, The Califomnia subspecies (O, ¢, califormiana) ranged
over southesst and sowth-central Oregon and through much of the John Day and Deschutes River drainapes in the
northeentrl pard of ihe sinte.  Indiscriminaiz bunting, unregalated prazing by domestic livestock, snd parsites and
diseaces carried by domestic livestock oll contributed to the cventual demise of Oregon's native bighorns. The last
California bighom disappeared from Sipens Mountain in southenst Oregon about 1915,

The first adiemgd lo reslare bighom sheep mio souiheast Oregon was made af Hart Mountam m 19379,
when 23 Rocky Mountain bighom were oblained from Montana and released on the west slope of Hart Mountain
National Wildlife Refuge. The kast surviver off the tmansplant was seen in 1947, No one knows the conse or
causcs of transplant fuihere, alihough the subspecics used may have been a facior, In recent years, Oregon has
ndopied the policy 1o restore native subspecees (o their native ranges (ODFW 19923,
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In Movember, 1954, 20 California bighom sheep were trapped near Willianis Lake, British Columbia,
and released in o 1,000 acre holding pastare on the west face of Hart Mountain. This population thrived and has
beea the source of most Califiomia bighom ransplants i Oregon, starting in 1960,

Through January, 1996, a total of 976 Californda bighom sheep in 69 individual redeases have been
moved within, info , or out of Oregon (Table 4). A total of 70 hesd have been brought into the stase, 138 head
have been shippad out-of-stsie and 768 hesd have been moved within the siate,

The average sing of cach release has boen 14 head (range 1 10 35) and these releases have been mads islo
It different hermd mnpges. As a result, there me corrently 25 extablished Califsmin bighom berds in Cregon
{Sirawherry M Milod—cxact cause mknown), Oeegon stock has been provided for five berds in Mevada (10
releases) and ome group of sheep was provided to Washingeon for release into more than one berd range, The total
California bighom sheep population in Oregon is curmently estimaded at approximately 2500 head.

Chegon has atiempied fo increase bighom sheep numbers as well as broaden the genetic diversity of the
California bighom shocp in the state and throughout its rmenge through cooperative effons with other staies and
provinces (Tabbe 4). While the mumbers look encournging, 23 of the current existing hevds are direct descendants
of the initinl population established ai Hart Mowntnin in 1954, Although we have not looked st it directy, we are
comecrmcd that there is far less genctic diversily i our populaisons than we would hike 1o have, The major problem
associnied with this concem is the rdative tack ol sounces of native siock that could be mixed into established
herds to merease the size of the gene pool.

Trapping wnd transplanting is used o control populaticn sise of those berds which have been esiablished
the longest or are thought 10 be large enough in aumber io allow remaval without jeopardizing popuiation health,
Controlied hunting is wsed o maintain the mm (o owe mtio ot or below one (o one in those herds.
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Table 1. Mountain Goat Transplants in Oregon, 18501989
Teansplants to Wallows Mountains of Oregon

Orgin Beo. of
Yiaad af Btack Muls Fomms Aesmma SEn Animpin
1 1950 Chopakn ML, WA 3 2 Josaph ML 5
2 18685 Cilyrmpic: WP, WA 2 a Huricans: A
3 1968 Misty Frord, AR 3 5 Hurricang B
e S e DRI WL VWA ] 2 Hurcans -
Total 18 2 28
T io Clu af
Cvigin Mo, of
Yens of Stock Male  Female  Relssse Ste  Animals
i 1663-F0 Ciiympic NP, WA z a Tanmer Butls B
2 1578 Ciymiplc NP WA F d Tanner Gutie ;]
1978 OmoieNPWA 1 0 TennerBufi 1
Tatal 8§ id )]
Transplants to Efkhorn Mountains of Oregon
Dirigin Mo, of
Yeus of Stock Ml Femsls  RelssoSte  Animals
1 1883 HF Cleansmtor, |0 3 3 Pime Cresl 8
) 1085 Cilymipie NP, WA, 4 4 Pirid Tl B
3 1886 Misty Fiord, A 2 5 Ping Croek 7
Tota L 12 21
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Table 2. Northeast Oregon Rocky Mountain Bighom Sheep Transplant History, 1971-1895.

o, of
Date Souce of Hinck e She Animas
1 1938  Mentana Mot Kngwr Harl Mousntasin 3
2 471 Ajbarta, Canpds Jampar Park Lipr, Huls Camypon 20
a 1171  Albeta, Canada Jasper Park Lostine River 20
' 18 Loatne Rhvar o Bt Pk Bloar Groek Fi
5 177 Loatne Rkar Jimpani Pail Bl ik B
L] 178  Losane River Jaapar Park Lipr. Hals Canyon (BatSe Cr.) &
7 1Ta LosSne Rivar Jasmpar Park Upr, Hesls Canyon (BalSa Cr.] 20
[ 1T Salmen R, 1D Panther Cr., Samon R Lower imnaha 15
g 181 Lostne Rheor Jspar Park s Ridpa i1}
10 183 Lostne River o mmpar Park Wonsha Canyon 16
11 184  Bullvan L. WA Walerdon P! Bear Cresk 11
Thompaon Falls
12 164 Saimon 1., 1D Fanthar Croek Hass 11
13 1284 SamenR., D Cever Crasl/Saimen B Wenaha \Widife Araa 8
14 1285 Salmon R, D Ebenazecr’Saimon R, Miram Rner 12
15 150 T o Toeryall, €0 Sheep Mountsn 21
16 200 Cotorwood Cr. CO  Cotiowasood Cr. Ehaep Mouran B
17 1283 Widhorse ba, MT Sun Rvar, MT Lowme Hadls Carpon (Chemry Ci ) g
18 4293  ‘Widhorse ls., MT Bun River, MT Fox Creek 12
18 24 Wikdhorse fa., MT Hun River, MT Dervemiey Groek 14
20 2ma ‘Widhorsa is, MT Sun Rivar, MT Fox Craak 12
21 28F  Albedta, Cansda Cafemin Josaph Cr. Drainage [Cofloveood Cr ) 18
72 295  Albeta Canoda Cadomin Lower Hels Cnym (Jim Creek) 22
23 anS Albarts, Cannda Cadamin Sheap Mourbain 11
WateronSaimon K Sheap Mountsn 2
Tt 352
Ciiation; DOFW Walowa Distnct Office Files, Enterprss, Oregan
Table 3, Norhoas! Oregon Rocky Mountain Bighorn Sheep Transplanied Ouftside of Oregon.
Cingin Ho. of
Ciato Sounce af Stock Rolaase Site Animals
1 180 Loitines Rbear {a) Jasgad Park Chiet Josaph VWA, WA 10
2 184 Losting River (B) Jmmgpar Paic Ealmon River, 10 16
k| 12M4  Lowiirn R (b) Jpmped PaeAN alaiton Besvarhasd Mins, 1D 2
d E igﬂnﬂ’hi g?sﬂu‘m MEID 18
Toiml i)

Citmbons: &) Mowntain Soats snd mounsin sheap of Washinglon, January 1883, Rolf Johnson Biol Bullefin No. 18,
Wa Siste Game Dept, Oympia
b CDPEW Walowa District Ofice fles, Entarprise, Dregan,




Table 4. California Bighom Sheep Transplant Hestory for Oregon, 18541896,

Ma, beoaght intd Mo, captured in Qregon
Capture Ciregon from Radermad Redemad
_Date She™  Relssss Sie Dut-obState  In-State Dut-of-State
1154 B Har Mounisin 20
1160 HM Stearna Moumninin i
03m1 HM Steans Mountalih T
1185 HM Owrylven Fivar (Lasie Gulsh) 17
o078 Sheddon MNWR, MY 4
DESA =K Ehaldon MWHR, MV 4
0a71 HM Sirmateity Mournitaing F 3
1175 HM Abarl Rim 3
1276 HM Puablo Mauniains 18
1278 =rA At Blm 2
onT HM Abar Rim L
oTa HM Mdrich Moundain 5
oA HM Addrich Mounsain ]
11@0 L] Pusbic Mouniaing T
1180 HM Fiah Creck Rim 2
f2e HM Algrieh Mowntain 4
1oel HM Oyt Rivar (lron Painil) 21
1VER HM Crwyhoa Rivar [Deary Pastur) 14
i k] HM Pusibla Mounising 17
Odfed Hi Jdnckmon Mountains, M 13
014 HiM Hadhery Tl a
o2er Lo Jackeon Monining, MY 17
2T LER0W Eheldon MWR, MV 15
2y HK Sanis Resa Mot MY 5
o2aT LEOW Baurnt River 15
g2y HM Cranhee Hiver (Painted Canyan) 15
el i) HM Risarsds Widlfs Area B
1087 Hb Trout Cresk Mins. (Dregon Canmyon) i
inar Hild Cheeyhies River (Red Bute) 18
gli-1-] oA McClallan Meuntain 15
ma SA Fish Creak Rim 18
(28E LESAOAN Frsamide Wikdife Anad a
il 7] HMY Lower John Day River 14
o2ma HM Coglan Butiss 17
el ] HM Harth Catlew Rim 17
oD A Vanous Herds in Wash, 13
01D HbA Trout Cosell Mins [Cotiomssod Cr.) 14
el [ai 1) i Sheammhead Mna. (Heath Creek) 15
eh L] A Shoopshead Ming, (Heath Graek) 1
oD HM Trout Cresk Mens, [WhRehorss Cr.) 18
120 BC Leswmr Jakn Dy Fbves 15
o1/ i Montans Mountsins, MY 15
01 84 Sheldan NYWR, MY 14
01 HM Dhabda Mountsin 18
o HM Sheaprock 1
i HM Sheapshead Mirm. [Mickey Ban) 1T
1M1 58, Coleman Rim 15
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Wintar Rim
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MoClelan Mounisin

Ratiesnake Croek

Steens Mountain (Squmw Creek)
Thramiba Croek

Winter Rim

Tenmile Rim
Cranhas River (Sharon Crosk)
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HISTORY OF TRANSPLANTING MOUNTAIN GOATS AND MOUNTAIN SHEEP —
S0UTH DAKOTA

TED A BENZOMN, South Dakota Department of Game, Fish and Parks, 3305 West South Street, Rapid City, 5D
7702

ROCKY MOUNTAIN (DATS

Recky Mountain goals (Creamnes americanis) wers nol native o South Dakota. In 1924, § animals
were phinined (rom Albena, Canada whick wers plazed in an enclosure within Custer State Park in the Black Hills
(Richardson 1971}, Two escaped that day, and the remaing foor escaped in 1929, This established the presem
berd in the Hamey Peak range of approxinsately 150-200 animals. In 1954, 6 goats were transplanted fiom this
berd to Spearfish Canyen in the northern Black Hille, This transplant failed, leaving the Homey Peak bherd a2 the
only viable herd of mountain goats in South Dakots.

In 1960, 9 nasuntnan goads were trapped firoen the Hamey Peak herd and shipgpad to Wyoming (Richardson
1971). During 1961, |1 goats were trapped and sent to Colorsdo. Colomdo received an sdditional 10 goats in
1964 and 5 goats in 1968 (Richardson 1971). No huriber irmpping and tmnsplanting has occumed wiih this herd.

ROCKY MOUNTAIN BIGHORN SHEEP

Aundubon's bighom sheep (O canadensis auduboni) were native to the Black Hills and Badlands of
South Dakots. Uncontroelled hunting caused the cxtinction of this subspecies by 1916 (Buechner 1960).
Therefore, the throe vinble herds of Rocky Mountain bighom shoep (Ohviy canadensiy cavmdennin) in Soulh
Dakota are a result of tensplants from other siaics,

Slim Bufica

In 1941, 12 sheep from Alberts, Canada (Sheep Sanctuary) were transplanted into the Slim Buttes of
morifwesicn Soath Diakois. This mansplant filed and o farther sttempts have been made: for this ares.

Custer State Park

In 1922, B bighom sheep from Montana and Wyoming (omverified origin} were transplanted into Custer
State Park within the Black Hills. This herd built to apprescimately 150 animals until & suspectad waterboms
discase caused the extinction of the herd in 1959, A second transplant of 22 bighorms from Whiskey Moaninin,
Wyoming was placed in the park in 1965 (W, Jackson unpubl. rept, 1981, CSP 8D} This transplant established
the present herd of approximasely 150 animals. During 1974, 26 sheep wene trapped from this herd and shipped
hmﬁ h:m Robinson, Nebraska roceived & bighorms i 1980, 6 in 1981, and 4 in 1982 that were irepped

]

Badlands National Park

In 1964, 32 bighoms from Pikes Peak, Colorado were placed in a 370 acre enclosure wn the Badlands
Motional Park. By 1967, only 16 sheep remained snd wers released indo the park (MeCutchen 1980) esablishing
the present herd of approximately 160 animals. During 1992, § bighoms were trapped within the park and
transplanted into Spring Creek Canyon in the Black Hills,

Spring Creek Canyon

Twenty six bighomns from Georgetown, Colomdo were transplanted into Spring Creek Canyon in the
Black Hills in 1991. An additional 5 sheep were trapped in Badlands Mational Park and transplanted into the
caryon in 1992, This established the present hesd of approsimately B0 animials.
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HISTORY OF TRANSPLANTING MOUNTAIN GOATS AND MOUNTAIN SHEEP - UTAH

MIKE WELCH, Utah Division of Wildlife Resources, 1596 W, Morth Temple, Salt Lake City, UT B4116

Since 1966, 1035 Rocky Meuntain bighom sheep have boen broaght into Utah and released n nine
different siies (Toble 1) Best estimates indicate shosp currenily exist in six of thess gites with o toinl egtimated
population of 5040 animals in Utah, Pasi misiakes required a re-evaluation of Uish's Rocky Mountain kighom
sheep program. [n 1990, a decision was made 1o concenleats re-introdustion efforts along the Green River from
the North Slope of the Ulinta Mountning through the Book Cliffs in guitable habitats, Five of the existing
popualations are found in this cormidor. Utah is secking Rocky Moentain bighoms from other states and provinoes
io complete our obijoctives along the Green River comidor.

An opportunity also exiss in Lish for California bighom shoep, Based on historical infirmation, the
distribution of Califormin bighom stopped at the Utsh staie line with our neighbors to the west and north. 'We
currently fee] that Lhah has habitat available for this subspecies and we have worked ol an agreement wath
Antelope lsland State Park in the Great Sali Lake to release Califormia bighaom sheep thene, with the understanding
that excess animals in the futwre would be weed 10 sen new populatdons in nerthwestern Uiah,

Table 1. Wtah Rocky Mauntain bigham sheep relocations.

AREAWHERE §EHEEP CLRRENT
RELEASED RELEASED YEAR BOURCE STATUS
B Eddar Caryon aa 1866-1470 Whiskoy Basin-y%aterion-Banf! Mo Shoep
il Cromk! g 1970 Whitkey Blatin, WY sppron. 200
fatfeanake

Maunt Haoba 4A 168182 Whiskoy Basin, WY MHa Shiep
Bare Top Mmn. 38 160384 Whisthoery Flnssin, WY appron, B0
Dwmep Craalk Mins. a2 1684889 WWhislomy Blasin, WY Mo Sheep?
Piot Man, 24 1587TLE3 Basak, CO - Bare Tog, UT 3540
Ehp Crowk 4| 1684 Wby Buaming, W' npprox. 40
Holgine the-Rlock 23 1688 Wé'higkay Basin, WY approx 40
Big Hom Min 54 1093805 Estes ParkiGeargatown, CO B0.70

A Statewide Rocky Mountain goat management plan was approved by the Ltsh Wildiife Board after
public review and input. Scventy-seven Rocky Mountain goats have been brought into Utash since 1967, Thirty-
nine additional goats have boen relocated within Utah, Eight distined pogulations of Rocky Mountakn goals éxial
in Lrtmh a1 this time (Table 2}, Six of the eight populstions now have limited harvest striegics in place. The
current gtatewide population is cstimated at 500 animals.

The recently adopled statewide Riocky Mountain goal management plan identifies one sdditinsal sile to
receive a transplant, the Nieho Mountain in central Uk, In the futuns, Uiah may be contacting states with Rocky
Mounisin goats o obiain animals (o provide genetic diversity, as most of the animals in Uiah onginated from
Olymipks National Park.



Table 2. Litah Rocky Mountain goat miocations,

AREAWHERE 8 BHEEF CURRENT

RELEASED RELEASED YEAR BOURCE ETATLS

Lone Pealk ] 1657 Cascado Range, Wk 200 [Stabia)

Timpanagos 10 1681 Citpmpta Mat Paric, WA 100 (Stabéa)

Maunt Okmpus 20 1681-82 Oiympic Mt Park, WA 20 [Stabla)

Tushar 16 16a5488 Lane Poak-Ofympes NP, WA B {Iincrensing]

Bl Min. 4 16a7-88 LLome Peak-Obmpa NP, WA (Increasing)

Wihitn Foocks 22 1GEQLGR Lonae WP, WA

Provo Paok 12 TRES-B0 Dibyrmypic: Mall Park, Wi 25 (Incroauing)
Tenpanages, LT

Yillas Preak f 1584 Lone Poak-Ompic NP, WA T (Increasing)
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HISTORY OF TRANSPLANTING MOUNTAIN GOATS AND SHEEF - WASHINGTON

ROLF JOHNSON, Washingten Department af Figh and Wiallifc (VDEW), 600 Caphial Way Monh, Olympda,
WA DB30]-109]

MOUNTAIN GOATS

Mouninin goats are native to the Caseade Mountains, from the Canadian border south o Mount Adams
Mouninin goats were mtroduced in the Olymphe Moontsing in 1925 and 1927 or 192%. From the introdwetion off
about |2 mountain goats, the populstion grew 1o about 1,200 by 1983, Since that time, the goat population has
plummsstad (o 300 ar less,

In the 19605, a few mountnin goats were transplanted o the Sellork Mountains from Nason Ridge in the
Cascades. One transplant was gucecssiul and anotber unsucesssful. The Flume Creck iransplant incressed to over
30 mpanizin goate and has siabilized ol that level

In the 1970s and 1981s, (Hympic National Park (ONP) and the WDFW worked fogether to transplant
aver 130 mountain goals in-gtake and 119 mountain goats 1o other statés, The tabal ol over 250 mountsin goals
taken from CMNP has boen used 1o start several new populations and sugment other herds. Mearly all transplanis
have been swecessful.  Some tanaplams have been o o zoological park (Monbwest Trek) for public education and
dizplay, Ouher goats were sent to Washington State University for research,

Ome of our biggest intrastaie tansplant efforis was o Lake Chelan. [n 1983 and 1984, a total of 19
maaniain goais were relocated o five dilferent sites along Lake Chelan, The Chelan County Public ULhility District
wna ingtrumental in the transplent and has mondlored the releases cach vear, A couple of goats have been seen
swimming across Lake Chelan. Other poats were seen up 1o 58 km. from their relense gite. The mountain goat
population along Lake Chelan has increased over the vears, but has not yet reached hamtable numbers.

Other poats redeased in the Caseades have survived, but have not thrived, Manmy of these goat tmnsplants
tend 1o scatier and not show substantial increstes in the releate are, One exception is the Smith Cresk releage in
1985 where goat numbers now number over 100 animals from o start of 12 individuals

The intersiate iransplants have heen very succeseful, 1o the best of my knowledpe. Trmnrsplanis have boon
made io Utah, Mevada, [daho, and Montann



WASHINGTON MOUNTAIN GOAT TRANSPLANTS
Relamss Sibes In Stata

¥ i Roleass S Source M. Refarance
1235 Lake Crescent, Ofympic Praninsuls Salkrk Mourdans, BC 4 Homsion, Schremner
Moprisaad 1884
1E27TA20  Lakes Crescent, Dhampic Peninsula Jﬂﬂmﬂ?m 8 Joknmsa, 1983
1664 Lo Clero Groek, Selldr Mountasins loson Ridge, Cen. Cascades 8 WDEFPW, 1564
1065 Fluma Cresk, Selicri Mountains Maaon Ridge, Con, Cescades 7 \WDFW, 1065
1872-73 WL Mangarell, Southert Cascades Cympic Hatohal Park B Johnson, 1983
187678 ML Pichuck Stats Park, Morthen Cescades Oiyrmpic MaSonhal Far T OWDEW, 1878
1684 Heoknose Mountain, Sellask Ming. Olympks Natssnal Park 11 Johmeon, 1983
1584 Lima Mountain, Mt Baker’Snoqualmia Nin, For,  Ohympic NoSanal Park 10 Johnson, 1883
1681 Higgirs Min, Ml BakerSnnqusimis Mol Far Dl Nosansi Park 10 Johesan, 1980
1681 Pullman, WELU Ressarch, O, Charde Rebbing Oymipks Halonal Park 5 WODRW, 1881
16481 Mertrasaet Trek, Ealomdls, WA Citympic Naicnsl Fark 8  WDFW, 188
1882 Pullmsn, WESL Ressarch, Or, Charts Robbing Citympic Naional Park 8 WODFW. 1982
1082 Mortireeest Trek, Eatormalie, WA Obyrmipic Matonal Park 8 WODFW. 1082
1683 Pullmun, WEL Research, D, Charie Robbins Olympic Nuticnal Park 4 WODFW, 19E3
168384 Lake Chelan; 5 siles, Wenaiches Mail For. Ciympls Mational Park 28 Flolder & Mckay '84
1883 Roosier Comib Min, Mi BakerfSnoquaimie Nofl.  Clympic Nadonal Fark 17 FOR WDOFW, 1883
1083 Kedy Battte, Wi BakerSnogualmie Hatl For. Cbpmpic Mational Park 10 WDFW, 1883
1885 Smith Cresk, Gifford Pinchot hatl. For. Cyrmpic National Park iz WOFW, 1885
WASHINGTON MOUNTAIN GOAT TRANSPLANTS
Release SHes Out of Stata
Yaar Roloase Site Source o, Refersnce
1850 Josaph Mountain, NE Onegon Chopaka Mountsin 5 COFW, 1850
1964 Ruby Mauninine, Mevada FAG, 10684 Meson Ridgs, Cen. Coacpdes -] MNevads FIG 1587
Riubry Mowntains, Movoda MHason Rdge, Gen, Cascades L] Newada Fira, 16867
1967 Lets CoRonwond, Carvan, Lital Mason Ridge, Cen, Cascodes L] LMah FIG, 1067
1960 Tanner Butte, Golumbia Gargs, OR Oympss Matonal Park a8 DOFYW, 1568
1975 Tannoar Butte, Columbla Gorgs, OR Ciympes NatSanal Park L] QDWW 1975
1876 Tanner Butte, Caolumika Garga, OR Olympic Natonal Fark 1 OOFW. 1078
1984 Mt Timpoanogos, Litah Ciympsie Matanal Park 10 Litsh FAZ, 1981
18841 Wasaich Mounisins, Limh Ctymipss MaSanal Park 10 Uitah FAS, 1881
1881 East Humbol, Nevada Oiympic Masanal Park 1 MNevada F/G, 1581
1962  Wamatch Mountsna, Utsh Olympic Nafanal Park 10 Lhah Fik3, 1082
1982 Troy, Montana Eiympec Naanal Park T Montana FAVT, 1082
{ae2 Pahsimarcd, ldaho Obymipic MaSanal Park 20 ldaho FAS, 1662
Selkirks, [dabo Ctympic Nasanal Park ! Idaho FIG, 1882
1965  Humecans Diide, ME Dragan Oiympie Masanal Pork ] QDFEW, 1985
1885 Pine Greak, NE Oregon Ohympic NaSanal Park /] QOFYY, 18485
1088 Bald Mountain, Litak Diymipic HaSanal Park 15 UHah FiGE, 1088
1860 Valowa Mountains, Diegon Ciymipic Matannl Park 7 OOFY, 1086
10ED Whils Rocks, Ashlry Mall. For,, Liteh Otympic Masonal Park a@ Lgh FIGE, 1569
1888  Prove Peak, Links Mall For, Uilsh Dlympic Hatanal Park T Linh FiG, 1589
18ER Helena Matonal Forest, Montans Otympic Matonal Fark 13 Momntama FANE, 1888
1883 Hells Canyon NRA, ldabo Ohymipic Nalonal Park a Idaha FiG, 1809
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MOUNTAIN SHEEP

Both California and Rocky Mounitain bighoms are native Lo the stale, bul bolh subspecies died oul
pbhout 1925 1o [D30.

The California Bighorm retntroduction was initinted in 1957, 'We obtnined 18 bighoms from
Willizms Lake, British Columbina and released them on the Sinlabekin Wildlife Arca in north central
Washington After three vears, six bighorns from the Sinlahekin were transplanted o Woolen Wildlife Arca
in southeast Washinglon lo start the Wooten herd. Two years Inter in 1962, eight more bighomns from
Sinlabekin were transplantod to the Colockum to start the Colockum herd. In thess first three releases,
bighoms were put in 500 acre enclosures. In subsequent years, releases were made directly 1o the wild,

All of our bighom transplants have been suceessful except for the Klickital transplant in 1970, The

consisted of only eight bighorns. The two rams both died shorthy afler release. Cne ram was killed
bv 0 poacher and the other was killed by n vehicle. We plan to follow up with a transplant to Klickitat County
this fall.

One of the concerns with our California Bighom remiroduction has been the limited gene pool. In
1987, we got three sheep from the Northwest Trek and in 1990, we gol nine bighorns from John Day,
Oregon. The Oregon sheep also came from Williams Lake initially, but the origin of the Morthwest Trek
sheep s unknown. This past March, we obtained 31 bighomns from Kamloops, British Columbia and put a
few animals in the Lingoln Cliffs, Mount Hull, Clemons, and Quilomene herds. These sheep offer some
Hﬂmum“; diversity and hopefully will rejuvenate stagnant berds. We now have California Bighoms in 11 arcas

simbe.

The Rocky Mountain Righom reintroduction was initisted in 1972 with o transplant of 18 animals
from Whaicrion Lakes, Alberta to Hall Mountain in northeast Washington. This herd has been used as a
nursery to stock Joseph Creck, Wenaha-Tucannon Wildemness and Asotin Creek areas: In addition, we have
been fortunate to get Rocky Mountain Bighons from Thompson Falls, Montana; Sun River, Montana; and
Loatine River, Oregon (o supplement these releases. The transplants have been very successful,

The bighom population status is quite good on a stalewide basis. We have about 700 California
Bighorns and 230 Rocky Mountain Bighoms.



CALIFORNLA BIGHORN SHEEF TRANSPLANTS

Hard Y Source No. alarence
Sinlahakin 1857 Chlesting BS 18 Johnsaon, 1883
1062 Sirdahakin 12 Johnsan, 1883
1963 Sirdanahin 16 Johnean, 1083
1084 Sirdahain ] Johnson, 18483
1@ Kamdoops, BC L WOEW, 1868
Woaben TRED Sirsdahikin a Johneon, 1883
1664 Wooten 3 | Johnson, 1663
Cobociem 1662 Slrdatislin i Johnson, 18483
16 Colosskum 23 Jokmeen, 1683
1887 Nortwest Trek F WDFW, 1087
Clamons 1087 Sinlahekan ] Juhinson, 1983
1000 Joihn Dy, Ovepon 3 WOFW, 1880
1856 LimEarsm 10 WIDFW, 1504
1098 Kamlcops, BC ] WIDFW, 1008
Swakann 1080 Sinlahsson ] Johnson, 1983
19487 Moriiverest Trek i WOFW, 1887
Umianum 1870 GColockusm & Johnson, 1943
Flick:nl 1aro Codocium ] Johnaan, 1953
ML Hull aro Colockum T Johnaon, 1883
1968 Kamipaps, BC 3 WIDFW, 1006
Vulcan Min. 16871 Colockum A Jonnaon, 1083
106 Juhen Dary, Cregon L] WDPRWY, 1660
Cottarwocd Cr. 1073 Wioglen 4 Johnson, 1683
Lingaln Cifts 16K Mostinwes! Trak 11 WO, 1880
1601 Vulcan Min, 3 WDFW, 1890
gl Kamlbops, BC 5 WDFW, 1608
Qulamana 1003 Wilaan Min, 12 WDiFW, 1803
1994 imidanum 20 WIDFWY, 1664
16556 Kamioops, BC 10 WIDFWW, 1684
Roas Dam 15348 Limtamuem 14 WDFW, 1008
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ROCKY MOUNTAIN BIGHORN SHEEP TRANSPLANTS

Herd oar Eoision P, Helfarence
Fiall Moaurlan 1672 ‘Wabtedon Lakes, Alleita 18 Johfngon, 1983
16882 Thompson Fals, Montana 2 Jahnson, 18583
Josaph Creak 1877 Hiall Mountain 10 Jahnson, 1083
1881 Losting River, Dragon 10 Johnssn, 1983
1683 Thompson Falls, Montana id <ahineon, 1983
@89 Sun Fser, Montana g WO, 1584
1695 72 baghotns transplanted 1o lab in Colowsd, idsho
becauss of predmonia Se-off, T5% of herd died, WOFW, 1895
Waenaha Tiscanmneh 1083 Hal Mountain 15 WDIFWY, T@83
VWikdiemess 1fEE Lestna Rirar, Crogon 14 WDFW, 1880
Asotin Crook 1651 Hall Mownknin g WIDEW, 1684
1T Hal Mownsain g WiiFw, 1804
G, Bill Foawyt 16870 Wildharse i, Mentana g WOFW, 1683
Wamshingion State Liniv
Baar Crisak 1584 Hall Moisntain 11 WYY, T4
ME Oragen
Dir. Bill Foreyt 1983 ‘Wikdhorss ksl , Montana & WOFW, 1883
Wisshingion State Lini
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HISTORY OF TRANSPLANTING MOUNTAIN GOATS AND MOUNTAIN SHEEP - WYOMING

KEYIN P. HURLEY, Wyommg Game and Frsh Department (WGFDY, 356 Nostnem Road, Thermopolis, WY
B2443

ROCKY MOUNTAIN GOATS

Two populntions of Rocky Mountain gowis have boen established in Wyoming, doe io immigrant goats
entering Wyoming from out=of-state transplants.  The Clarks Fork herd in norhern Wyoming's Beartoath
Mountains was established via immigmtion from a 1942 Montana Fish, Wikdlife, and Parks (MTFWP) transplant
af 14 goats into the Beanooth Mounlaing west of Red Lodge (Cooncy 1946, Hanna 1989, Current estimates
sagpesi 1 50=1 75 mouniain goats occupy the Wyoming pomion of the Beartooth Mountains,

A small but expanding herd of 1 5-30 mountain goats exists in the Snake River Range betwoen Alpine and
Wilson, southwest of Jackson, Wyoming. This herd started from goats moving indo Wyoming From 1969, 1970,
and 1971 transplanis of at least |2 goats by the Idaho Department of Fish and Game (TDFG) in the Palisades ares
af Idaha's Unit 67 (Hayden 1584).

In addition 1o these froc-ranging populations, in 1956 and 1957 10 goats from Montana were placed in
eaptivity at WGFD's Sybille Rescarch Unit southwest of Wheatland (WGFD 1936). An unverified repart
indicates Sybille reccived 9 mountnin gosis Trom the Hamey Peak area of South Dakota in 15960,

ROCKY MOUNTAIN BIGHORN SHEEP

The earliest known tnsplant of mountain sheep within Wyeming by WGFD was in 1934 (Halnss 19743,
when 20 bighomns were captured in Flat Creek Canyon, enst of the National Elk Refuge. In 2 project largely
initinded by the Sheridan Sportsmen’s Clab, these 20 sheop were transplanted into Paimtrock Canyon on the weat
slope of the Bighom Mounixine.

Interestingly, in August 1944, 7 desent bighom sheep from Nevada (presumably from the Desert Game
Range) wene releassd in the Sweetwater Rocks of contral Wyooung (Kinter ef al. 1992} This tmnsplant is the
only known relese of desert sheep into Wyoming,

Mo further capture or movement of bighom shoep oocurred in Wyoming uatil 1949, when s trapping
program began ol Whiskey Basin, just southeast of Dubois. Trapping efforts were sporadic between 19491936,
Largely resulting in movement of bighoms to the Sybiike Unit for coptive uses. After 1956, rapping was donc
primarily for relocation

Botween 1949-1995, 1,904 bighom sheep (Toble 1) were capiured and removed from variows portians of
the Whiskey Basin winier mnge. Ohet ol |5 sheep coptured, 1,888 bighoms wero sucocssfully released into the
wild. In 61 separate transplant sctions, 1,489 bighoms were released within Wyoming's borders (Fig. 1), while
399 baghom shoop have been provided to § westemn states (South Dakota, Uish, New Mexicn, ldaho, and Nevada)
in 31 separute trensplant sctions (Fig. 2),

The only other known imponation of mountain sheep info Wyoming cecwrred in 1992, when 22 Rocky
Mountain bighams from Morgan Creek (near Challis, Idaho) were released in Shefl Camvon on the west slope of
the Bighom Mountains (Easterly 1996)

Ower the past 6 decades, Wycming has actively transplanied Rocky Mountain bighom sheep inio
occupied and unoccupiod mnge, within and outside its boundaries. For the foreseeahle funume, Wyoming's 6,200
bighorms should nemain an impomant component of the mounlain shosp resourca in wesicrn Morih America,



Table |. Rocky Mountain bighom sheep removed and ransplanted from the Whiskey Basin winter range, Dubois,
Wyoming. |949-1993. Ouf-gfsiate releases are ilalicized,

Tear Eesowed Belsised Dmalizaiion/Melsses Eise Addicsenal Inforess)on/Seisrenss
badd ¥ ¥ fevatvazer Eockas WFE 989, Rimces et al. iFFd
i9%0 11 11 Seswisater Eocks WOFD §R%0; Eimter e 2, 1963
APEE 1 1 Gypible REsfaToh WAL HAFD arEe
1857 11 ] Eybille kagmacch Unig L L T
1580 L] 1 Eyhiille Bsamarch Dnik
T HOEgAN Cresl/Den]Sie HLAN. HiECL L37N; Elstar &0 al. 1991
185 1 Ll Breille Bmaease® DPrik
1 Margan Cresk/Sesiocs Hine Hialt 1%7H; Elnisr &t al, 1983
L] FAlATTOEL Cresk/ Stalter 1800
Bigharm Meuntaing
1R L3 i Eybrilie Azpmarch Pnis
1l i i Sybillie Ammmarch Onic
PR L h ] Ty 18 Sybiile Repssrch Wnit
L1t H Fi Craxy Womam Cywek/ ED GFd
Bigherrn Howmtaine
URLLT T iz Sisha Canpon/Wind Eiver Hone Fpder ani lashs 1990
b H FL Liikle Liramds River/ WOFD i0E4; Meogal st al. 18T
Latamis mounialnge
L] Pole Dree/laramis Puak/ WOFD pRdd Meagel su &l 1eey
Larsmis MsunzEing
i M e Cragy Soman Cpesn) EOFR L9}
Bighins Heunktains
1] Fyedlls Esesarch el
1% 116 i% Evhille Beassarsm thie
o Elnks Camymn/Hisd Blver MERs. el Lafiks 1994
i Labonte Canyand SEFE LIRS HEDpEDL & El. 193D
Laramin Hiwilalne
Li i Fi Lizels lavasis miver/ Egngel et =1. 1993
Laremis Meuntaina
] Palstraak Cisipen ) BEslisr LEEY
@ighom mouncaine
& Cusper STacE PArk - Sourh DaROEE
1HE M i Paintroch Camyon/ Fceloer 1000
Higherrn Hountsine
11 Labants Camypom WO LWEE WaRgel &t al. 2992
Larimls Houmbnimm
i1} Einks Caayon/Wind River Hiss Eyder and Lanks 1994
L Boxgldar fanyen/Mancss - Uiah
137 1A i Margan Creskffsminne sime Wiare 1978 Himver & al. 1993
(113 BT 13 IEPaA RS FesnLalis/Black HilLe
EL k] E5 ] il BelBar-h hamch, Ssrscogs WEFD RO, Easa | ETE)
Coak at @l. 1998
an Eavags Bun, Larssoge WIFT 970 Haas LETH,
Cook et al. I¥id
EL Ehesl el FeAkSPARYIE dF CEIATE
MEAtEIEE - Na Macdss
i Eandis Mousesifns - WNew Maxlcs
¥ Hill Creak Evrsnsion dincal L -1 L]
Sardy Bessrvailoo < FPrah
5] Camsle Creah/ADBEIGAE NAREE WalS I¥TEp Cudin 19%E
TE 1l 8] Cherry Cresi/dind Diver wras. Epdar amd Links L9RE
L H I ] in Cherry EreckiMind River Hinm HOPD 1%75; Epder and Lanks 994
(%) EenniEen Plage/Adarohs Range OIT 1¥TE
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HISTORY OF TRANSPLANTING MOUNTAIN SHEEF AND MOUNTAIN GOATS - YUKON

JEAMN CAREY, Government of Yukon, Department of Renewable Resources, Boo 2703 Whitehorse, YT YI1A
i

The history of tapping and transplanting sheep and goads in the Yukon dales back 1o 1968, § years beforo
ihie first biologist was hired. Akthough it spans almest 30 yenns, the history is extremely short, The Yukon is in
ihe enviable position of having most historic sheep and goat ranges still occupied. Management efforis have
therefore focused on maintaining populations mther than restoring them.

DALL SHEEP

Between October F26H and April 1972, 22 sheep (15 lumbs, 4 ewes and 3 rama) were removed fram what
is now Kluane Mational Park Reserve and taken to poos and the Yukon Game Farm. At least 7 additional sheep
died during the wapphig operations o by becoming entangled i the comal nets (Hoelk and Cowan 1979),

In 1990, 2 voung rams were captunad in the Kluane Wildlife Sancruary and taken 1o the Yukon Game
Farm as fresh broeding stock. [n exchange, the Game Farm agreod to provide 2 mountain goats 1o the Yukon
Government for reiniraduction 1o the wild,

Preliminary work 1o resiors an extinpated sheep population near Carcross began in 1990, While funding
and approvalks were being obtained, shecp recalonizad the mountain aatumally and the program wies abandoned.
There are mow af least 35 animals in the population

MOUNTAIN GDATS

Eight poats were captured In the southem ponion of the Kluane Wildlife Sanctuary in October 1975 for
breeding and display purposes ai the Yokon Game Farm. In considerntion of this acquisition, the Game Farm
agreed o return 8 poats 1o the wild at & Later dac.

The cnly government sponsored relocation program ook place in 1983 and 1984 o recstablish a
mountain goat population on Mt White, near the B.C.MYukon border (Carcy and Barichello 1986), This
population had been extinpated following the constrection of a road aloag i3 base. A woial of 13 goats were
capiured in the Kluane Wildlife Sanciuary snd relessed on My White

A survey in Jung 1989 found cnly & geats, none of them kids or billizs. The fear was that not encugh
animals had been bom 1o replace the oniginal hillics, so in 1920 2 young billics from (he Yokon Came Farm wee
released 10 augment the populaton.

A 1992 survey revealed that the [ack of goats in 1989 was probably due to our inability to count them
rather tham their fihere o reprodece. Twenty-four nannics and kids, but no billics, were scen. A month later, a
beticr from the Yokon Came Farm was recetved, stating thal they were now prepaced 1o Rl thesr 1975 obligation
to refurn goats to the wild 'With no money available for monitoring, it was docided that these ¥ animals would be
released on M White a5 well. Today the population is sstimaied 1o be nf least 50 animnle,

CURRENT PLANS

There are currenily no plans o csmblish any mew shocp or goal popualations through trapping and
transplanting. Ro-gstablishment of other extirpated populations may be considered a5 part of community-based
manapeRent progrms.
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POSITION STATEMENT OF THE TUCNSSC CAPRINAE SPFECIALIST GROUP ON THE SALE
OF "SPECIAL" AUCTION OR RAFFLE HUNTING PERMITS FOR TROPHY MALES

MARCO FESTA-BIANCHET, Groupe de Recherche en éoologie, nutrition of énergétique, Département de
biologie, Université de Sherbrooke, Sherbrooke, O 11K 2R, Canada

Speeial parmiis for bighor shoep have been widely discussed disring sympoaia of the Northem Wikl
Ehvep and Goat Coancil, and were the object of a resolution published with the 1988 proceedings.  Following the
extcnsion of this practice 1o the provinee of Albcrta in 1995, 1 suggesicd 1o the Caprinac specialist group of the
Species Survival Commission ($5C) of the Internntional Unioa for the Conservation of Matare (TUCHN), of which |
am & member, a position salement.  As spocial permits appear likely to be used increasingly as a fand-raiging
technigue, the TUCN Caprinae group should formulate o position on this marer, We want to bring special permits
i the atienbion of the mtermational conscrvation commumity and to cncoursge a debaie on the use of funds
peneroted by iheso permits. We are paricularly concerned with how special permits may affest conservabion of
caprin species in Asin. The statement commends: the involvement of non-governmental organizations and stresses
that funds generated by special permits shoald go towands conservation programs. A concem shared by the [UCH
group and the NWEGT is that the funds generaled by special permitd may be isied [or propedts of dubioss valus,
with no clear management or conservation goals.

1 drafted o statement and cerculated it 1o TUCH S50 caprinse group members within Marth Amenca
After commenis by some member | redmfled the statement and sent copies to all group members (about 30) as well
a3 1o # long-standing members of the WWSGE, chosen pastly upon their geographical distribution. Many ol thess
people had direct expericnce with different aspects of special permits, and 5 of them commented on the positicn
gimiement. Those commenis were extremedy weful. Ofihe 12 or so MICN group members that sent me comment,
only onc was sgaing the stasement. Al the 1596 mocting n Silvenbome, the WWSGC chairman suggestod that
the pesition statement be included in the Procecdings, and this suggerstion was sccepied during the buginess
meeting. Therefore you will find here the exact text of the siastement and its introduction, as it will be pablished in
the newsletter of the [UCH caprinae specialisi groap.

History and definition of special permits

Beginning in the carly 1980z, several US states with huntable populations of bighom shoep (Chvis
canndersis) hove each suctioned one or mare gpecial hunting permits each yvear. A4 least one siale, Colorado, has
auctioned n special mounisin goat (Preamnos amerfcanis) permit. These permits ane sold to the highest bidder
S‘pmdpmmu{uﬂmmﬁmndmnhﬂnmwﬁpnmu'hﬂ:lﬁmmmnﬂhderm Wyoming,
Utah, ldaho, Arizona, Nevada, Morth Dakots, Oregon, Califomin. The practice extended io the Canadian province
of Albenin in 1995 and io Mongolia in 1996, Most ssctions ore organized by ihe Foundation for Morth Amencan
Wild Sheep, a non-government group that then either directly administers the funds obiained through the suction,
or keeps o percentage: while handing over the rest 1o state or provingial wildlife management agencies, An
aliernative type of specinl permit is a maifle, where interested individuals buy one or mose of o limited number of
tickels sold ot & fixed price. A single ticket is then drawn ina lottery, The owner of the winnmng ticket obtains the
specinl permil.

In this statement, "special permil® refers 1o hunting permits sold through an asétion (ihe number of
permiiz is Mxed but their price & ot known wnti] the ascliion) or through & mifie (the total number and wnit price
of tickets nre gat). The expliclt goal of epecinl permits is 1o mise large amounts of funds. Therefone, special
permils are distined from the 'normal’ game licenses thal are sold at a (ixed proce as part of regular management
programs. Special permits are usually made avatlable in addition 1o hunting oppartunities provided through
regular seacons, draws etc., and can inclsde special privileges, such as extended seasons or a wide cholos of
snting arcas. Some recent specand permits for bighom sheep have letched over US $200,000, and the revenus
gensmnied by thess permils may incrssse in the futare, Special permuits bear some resemvhlanc: (o hunting pamals
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for capnns that are sold &t very gh prices by several countrics 10 foreign hnters. In both cases, oblaining the
highest posslble revenue appears to be the goal of the permii.

A very informative discussion of Lhe advantages and disadvantages of spocial permits was presented by
G.L Erickson in 1988 in the Proceedings of the Northern Wild Sheep and Goat Coancil. The Council published
its recommendations in the same Procoedings, Those recommendations provided guidelines for how the system
sleould be nan and Tor ldw the nsney gendratad by Lhe asctions should b allocated.

Particularly i view af the ereasing inemanonal scope of this acthvity, it B opporune for the IUCHASC
Caprin Specialist Group fo express its opinion on spocial permits. The objective of this position statement i 1o
briefly consider the posittve end negntive nspects of special permiis, and to wesue guidelines 1o ensure thai this
practice has o positive effect upon the conservation of wild capring. Sales of special permits could be of interest as
A fund-raising method to IUCH specialist groups concemed with other taxa subject 1o spont hunting.

POSITION STATEMENT

WHEREAS specinl permits can provide substantial funds for the conservation, management and susdy of wild
aprins,

WHEREAS specin] permits ilhustrate the economic value of live wild caprins, and thesefore encourage the
prodectaon all s populstions and habilst

WHEREAS the practice of issuing special permits is presently mostly Hmited to North America but may be of
interesl bo olher caprinas range vliles.

WHEREAS special permils may contribuic to the perception of caprins as *trophy® animals, valssd almost
exclusively for the size of the males’ homs.

WHEREAS property-publicized mailles could rmaise substantial amoanis of funds
WHEREAS it b extremely impontant that the lorge sums raised by special permits be used anly for wildlifs
MARAGEMENE OF CONSCrvalion

THE IUCN CAPRIN SPECIALIST GROUP:

APPLAUDS the invelvement of non-govemmensal organizations in the administranon of spocial permits,
CONDEMMNS the use of funds ponerated by such special pormits for uscs ather than consermtion (including
ecducation on conservation isswes), manapement, and study of wild caprins and their habitat or, within reasonabie
limiis, siminisimmiion of ihe special permii progmm.

RECOMMENDS AGAINST the suctioning of special permits to hunt caprins whenever rilles are a viable
alicrmative.

SUPPORTS the use of raffles to draw single spocial pormits (o hant coprins to mise funds for consermison,
provided such raffles are conducted according 1o the following guidelines:

THE NUMBER of special permiis must be lmated to one per specics por junsdiction {a geogrmphical srca under

the control of o wildlife manxgement agency, Fuch as a country, state, provingg or lermilory) per year, and must ned
have adverse impacts on the specict or on the availability of huntable ansmals io other hunters.
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CRITERIA used for setting the number of special permits must be based exclusively on scientific principles and

conscrvation objectives. The sathorty responsible for sciting regulations periaining 1o spocial permits miust seck
the inpul of wildlife managess and scrontists, o5 well as of mierested partses such as local hunter and conservation
groups, landowners, indigenous groups and any mditional wsers of the species concermsd.

REGULATIONS detailing fhe iren and season of the hunt must be clearly specified and musl be enfioreed.
Holders of special pamiiz should not be given henting privileges nol allowsd 1o other humters, such as permizsion
t0 hunt in profeciod arcas, special umting scasons during the mit, or permission 1o use weapons, vehicles, bail
stationg or other hunting lechaigues thal e normally nol permatiad

ALL FUNDS from the mifle, other than reasonabls amounis nesded for sdminisration and poblicity, must be
usad for conservation sclivitics such s rescarch, habitat protection, land purchase for conservalion, censuses,
enforcement ol wildlife law and edueational programs,

CRITERIA for awarding of funds, or for wse of fands by government agencics, musl be made public before special
permite are gold and muset be respected. Thees eriteria must inclods says to aseses whether conservation
objectives will have been met by the programes that will be funded. I funds are awarded through competition o
noN-govemment groups or reseanchers, competitions males must be clear, based on scientific and conservation
priovities, and must be respecied

FINARCIAL STATEMENTS sccounting for the use of all funds generated by ibe mifle musi be avatlable to the
public.

PUBLICITY on the usé of finds must be nmade available to prospective maifMle ticket buyers and 1o the general
public.
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APPENDIX A

ATTENDEES AT THE 1956 NORTHERN WILD SHEEP AND GOAT COUNCIL SYMPOSIUM
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APPENDIX B

NORTHERN WILD SHEEP AND GOAT COUNCIL SYMPOSIA

Spmpotaz Fresaamng NWSGC
Dats Symposium Location CoordinatonChair Editang) Exscutive Diredior
Moy 20-28, 18970 MWSGE 1 WWikiams Lake, BC Hmrold Migchel
Apr 14-15, 1671 HAWEE Ft Calna, CO Eugane Deckar! Eugene Decker
Wryne Sandlor
Apr 11=13, 1872 MWSEE 2 Hirion, AR E G Schaffier
Apr I3-45, 1074 MWHE. 3 Graat Falls, MT Farmy Constan
James Miched
Feb 10-12, 1870 MWL 4 IR, W E. Tom Thame
Apr 341078 MWEGSE 1 Peniicion, BG Diaryll Hebestf Dyl Habert
M. Matian M. Matian
Apr 3325, 1980 MWSGEE 32 Sairnon, I Bl Hickey
Mar 17-19, 1802 MWSEE 3 FL. Colins, CO Gens Schoomveld James A Badeyw
G Sehoanveld
Apr 30-Mary 3, 1084 MWGGEE 4 Whitehorse, ik Manfred Hoets Manfed Hoets
Apr 1417, 1088 MNWEEE Missouta, MT Jevry Broan Gianybe Josin
Apr 11-15, 1068 HWSGE & Blandt, AR Bl ¥mban Bl Sarmuel Wimyme Heimer
My 14-18, 1880 NWSGE T ICharicton, WA Loyd Oldenburg  James A Bolsy  Wayne Hiimar
Apr 2T-May 1, 1882 NWSGEC 8 Cody, WY Fienvin Hurfey Johin Emmench!  Wisyme Heimor
Bl Hepworth
Moy 3-8, 1094 NWEBGC 0 Crankreok, BC Anna Fantans Margs Pyt K Hurley
Bl Wishan
Agr 30-Moy 3, 1688 NWESE 10 Hivverthomne, S0 Cinle Rosd Havin Hurleyl Kevin Hurbery
Dl Raed!
Marsy Wid




GUIDELINES OF THE NORTHERN WILD SHEEP AND GOAT COUNCIL

The purposs of the Northern 'Wild Sheep and Ooat Coungil is io foster wise managerment and conscrvation of

This purpose will be achicved by

v

W

1} Providing for timely cxchange of research and management Infirmation;
) Promoting high standards i rescarch and management; and
3} Provading professional advice on issucs involving wild shecp and goat conservation and mans gement.

Tha membership shall inchsde professional research and managemiend biologists and others active i the
cangervation ol wild sheep and goats. Membership in the Council will be schieved either by regisiening a1, or
purchasing proceedings of, the biennial conference. Only members may vote st the biennial mesting.

Thez affadrs of the Council will be conducted by an Execative Commiitiee consisting ofr three elecied members
from Canada; three clected members from the United Stases; one ad hoc member from the state, province, or
ierritory hesting the bicnnial mecting, and the pasi chairperson of the Executive Commitice. The Executive
Commitios elects it's chairperson.

Memibers of the Councal will be nominnied and clecied to the executive commitice af the bieamial meeting.
Executive Committer members, excluding the nd hoc member, will serve for four years, with nltermating
election of two persons and ane person of each coantry, respectively. The nd hoo member will only serve for
o yearm.

The hienninl meeting of members of the Council shall include a symposium and business meeting. The
location of the biennial meeting shall rotate among the members' provinces, territorics and states. Members in
ihe host sfale, province or tesritory will plan, publicize pnd conduct the symposium and meeting, will handle
its Mimanscial matters; and will prepare and distribute the procesdings of the symposiam.
The symposium may inclode presentations, panel discussions, poster sessions, and field trips rolated o
rescarch and management of wild sheep, mosntain goats, and rolated specics. Should any member's propasal
for presenting a paper at the symposium be rejected by members of the host province, termitory or siate, the
rejecicd member may appeal 1o the Council’s exccutive commitice. Subsequently, the comminies will make its
recomumendations o the members of the host state, tesritory o province for a final decision.
The symposium procesdings chall be mmbened with 1978 being Ma, 1, 1980 being Mo, I, eic. The members
in e province, temitory o stals hosting the biennial meoting shall select the editon(s) of the prococdings.
Responsibility for quality of the procesdings shall rest with the editor(s), The editors shall strive for
The proceedings shall include edited papers from presentstions, pancl discussions or posiers given nl the
W Full papers will be emphasized in the proceedings. The editor will set a deadline for submission
manuscripts

Members of the host province, termitory or state shall distribute copics of the proceedings to members and
other purchasers, In addition, funds will be salicilod for distnbuting a copy o cach major wildlife librasy
within the Council's states, provinces and territories.

Resolutions on issues ievolving conservation and management of wild shesp and goats will be received by the
chairperson of the Executive Committee before the bienninl mocting. The Exceumtive Committee will review
all resolutions, and present them with recommendations at e business mesting. Reselutions will be adopied
by a phurality vole. The Exccutive Committee may also adopt resolutions on behalf of the Council between
biennisl mesings.

Changes m these gudelines may be accomplished by plemhiy voie ot the bienmal meztmg.
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