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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
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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
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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.
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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

are Indeated by L'
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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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Figure 8, [DstribuBion of radio-masked rame thet weea frappad of Buttonrock: B indicated in relaSan 19 the initial release

w=he, and tha lecalon wheee they were rapped. A ikely megration route betvsan the low elevation minge and the high
Slevalion range is indicated by this lange armaw.



