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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

Park, S0
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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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Figwe 3. Poment dry masier digostibndity of St comiaio bomass samphes collecied denng the two yoars
fallowing biam (reatnuenss in the nesth unlt of Badlends Mationsl Park, 5D

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.

131



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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