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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.
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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,
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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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