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Seasonaf Variation in California Bighorn Ram (Ovis canadensis
californiana) Habitat Use and Group Size

Abstract
Seasonal chrLnge\ in bighom sheep (Or lr.rndl."rir) habirat u\e and \ocial s,vstems cxn create profound nranascmen! chalicngcs.
\\'e studied \pfing-summer di\tribution. habitat u\e. rnd group siTe ofCalifornia bighorn rams on Poker Jiin Ridgc. Orcgon. Ram
groups lr'ere obser\ed during.\pril Augus! 1990. He.d rangc was s aller in sprirg (2,+.,{ kmr) |han summer (7.1.5 kmr). Raln
groups \rere closer !o escapc tcnajn (P < 0.001). ia(hcr from watcr (P < 0.001). on gcntler slopes (P = {1.01) rnd at highef
clclalion\ (! < 0.001) in sp ng. Dislancc lo clcapc rcnain and dislancc ro $rter were sigriilcaDt malll eftects difttrentialing
spring and \uNncr habital usc (P < 0.001). Ram group sirc !aricdby month (P<0.001). wi(h groups inJulr--August smallef than
those in April June (P < 0.01). Scasonal changcs in ram di\triblrlion appcarcd ro bc associacd wilh changing habitat conditron\.
pariicularlt warer a\.'ailabilit,v. Smallgroup \izesin latesu nerprobabl\ rcflcclcd rcsourcc li itarions. andoccuned ir spite ofuse
of le\s \ecure habituis dudng thi\ pedod. Nlanagers ofbighorn sheep popularions shoukl consjdcr thc uniquc rcquircmcnls ol theil
populations rnder a varietv ofenvironmental condilions. and provrdc adcqualc prolcclion ro sustain scasonrl slilis in distdbrrri(nl

lntroduction

Habitat quality in arid ecosystems can varl greatly
between seasons. and is largely determined by
precipitation regimens that control fomge and water
availabil ity (Beatley 1974, Douglas and Leslie
1986. Wehausen et a1. 1987). Numerous studies
have shown that scasonal shil ' ts in bighorn shccp
distribution are related to changing habitat con-
ditions (e.g., Welles and Welles 1961, Shannon
et al. 1975, Leslie and Douglas 1979, Krausman
and Leopold 191i6, Krausman et lJ. 19139). These
shifts presumably increase fitness by satisfying
requirements tbr fbrage, water, thermal protec-
tion. escape cover. and areas tbr bedding. lamb-
ing and rutting (Shannon et al. 1975, Wilson et
al. 1980. Tilton and Willard 1982). Bighom shccp
generally select open areas providing good vis-
ibility, adequate fbrage and access to escape ter-
rain (Bucchner 1960. Gcist 1971, Riscnhoover
and Bailey 1985. Wakelyn l987). During dry
seasons or droughts, however, rvater availability
may be a more important determinant of habitat
selection (Welles and Welles 1961. Leslie and
Douglas 1979). Scx-spccific ditfcrcnccs in habi-
tat requirements (Blood 1963. Woolf et al. 1970,
Geist 197f, Geist and PetocT. 1977. Leslie and
Douglas 1979. Morgantini and Hudson 1981,
Gionliiddo and Krausman 1986. Krausman et al.
1989, Bleich et al. 1997) can result in dil lerert
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responses to seasonal changes in habitat condi-
ti0n between rams and ewes.

Bighorn sheep group sizes also reflect chang
ing habitat conditions. Sheep may firrm smaller
groups when resources are limited, thus avoid-
ing rcsource depletion (Leslie and Douglas 1979.
Berger 1979). Group size may aJso be a tunction
of vegetative and physiographic structure: the
formation oflafge groups enhanccs predator sur-
veillance. allowing sheep to use habitats farthcr
tiom escape tenain or- $,ith decreased visibility
(Risenhoover and Bailey 1985. Warrick and
Krausman 1987, Krausman et al. 1989).

Our objective was to descdbe seasonal shifts
in bighorn ram distribution in relation to use of
physiographic and vegetative habitat conponents.
Wu r l . r  '  c r rminer l  t ren , . l s  in  g roup . i ze  o r  e l  t i rne .
and hypothesized that group size would decrease
during late sumn]er in response to declining re-
sourccs.

Study Area

The study was conducted on Poker Jim Ridgc (PJR)
(42'N, I l9'W). a fuult block mountain that com-
priscd 89 kmr of the northern portion of Hart
Mountain National Antelope Refugc in Lake
County. southeaster-n Oregon. The main axis of
the dge was oriented north-south. The west side
rose precipitously from the Warner Valley (1,366
m) to a maximum clevation of 1.961 m. The top
ol PJR was a roll ing plateau (2 km wide. The
east side sloped gradually down to the Catlow
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Valle,v (1.555 m). Ycarll precipitation averaged
27.0 crn. rvith the maiority occurring as \\"inter
and spring sno$s. Water was available only in
srnall cphemeral pools ancl two more reliable
sources: Rock Creck. in the Catlorv Valley )5
kn east of thc rim of PJR. and Petroglyph Lake.
olr thc south end ofPJR I km from the rim. Nine-
tccn ninety wlrs a relativcly dry year (19.0 cm
precipitation) and Rock Cr-eek was dry b.v mid-
August. Vegetation wils lypical ofthe shrub-stcppe
comnunities desclibed by Franklin and Dyrness
( l973) .  wh ich  inc lude sagebrush (Ar ten is i t l
t r i d e fi t a t o lbt)nchgtass associations and stands of
western juniper (Jrir [pe rus oc c i d e tulis). F otty -

six adult and subadult rams )2 yl old occupied
PJR during 1990: a population of ewcs, lambs
and yearlings occupied thc range for part of the
year. but nligrated elsewhere Junc-September
(Payer 1992).

Methods and Materials

Bighorn ram groups wcre defined as groups con-
sisting of adult and subadult malcs only. Ram
group size rnd habitat use were assessed during
7 April to 3l August 1990 using direct observa-
tions of animals lrom 4 predetermined, non-over-
lapping routes. Each route was traveled I day
per u,cek. Ran group locations were plotted on
t  .S .  Ceo log ic : r l  Sur rc l  7 .5  minu te  .e r ie '  t , ' 1 , .
graphic maps ( I :24.000). We used the naps to
nleasure elevation, slopc (%), aspect (north. east.
south, or wcsl! co[esponding to 315'-,1,1'.45"-
13.+', 135'-22,1' and 225" 3l.1'. respectivcly).
distance to water (= [x] + vrl"i. u'herc x = hori
zontal distlnce and,y = venical distance, respec-
tively) and distance to cscape tenain (similarl) '
calculated) for cach group location. Escape ter
rain was defined as "steep rocky terain on u'hich
Inountain shcep would sately outdistance or out
maleuver predators" (Gionfriddo and Krausman
1986). Escape tcrrain *as characterized by ntg
gecl telrain or cli l ls with sJope >60%. and was
prcsenl in a Dearl-y contiguous l6 km x >0.5-knr
band on the west side ofPJR. We surveycd and
mappcd escape terain and watcr sources dunng
August 1990.

We recorded habitat type and, when possible,
nunber of individuals for each ram group obser-
vation. H bitat typc definit iors were based on
\,egetative and physiographic f'eaturcs thought to
bc important to bighorn shccp. including domi-
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nant gmss and shrub species, presence and den-
sity oftrces. aDd steepness (Buechner 1960. Geist
197I , Shannon et al. 1975. Risenhoorer and Bailey
1985. wakelyn 1987).

Mcrn  herb lccous  unJ .hruh .pcc i r .  c rnop l
co \er . .h rub  he igh t -  rnJ .h rub  dens i t )  uere  e . t i -
mated fbr each habitat type by methods similar
to those of Poulton and Tisdale (1961). We es
tab l i .heJ  I  5 t . ) -m l inc  l ran .cc t .  in  repre 'en t r t i rc
stands of \,egetation with in cach habitat type during
June 1991. at peak forb abundance. Percent hcr-
blceous cover was visually cstinated within 20-
cm x 50-cm plots placed every 5 m along each
ftansect (Daubcnmire 1959). The number ofshrubs
rootcd in a I m belt adiacent to each transect was
counted to estimate shrub density. Mean shrub
height was calculated by measuring thc individual
shrub nearest each 5-m point on each transect.
Percenl canopy cover of shrubs was dctermined
by the line intercept method (Canfield l94l).

ln habitats \\"ith trees, $'e cstimated tree den
sity by the nearest ncighbor method (Cottarn and
Curris 1956). We randomly selected 50 lrees/
habitat and measured distance to the nearest tree.
We calculated density as 2d :, where d was the
mean distance between nearest neighbors.

We used the rninimum convex polygon method
(Southwood 1966) with group locations as indi-
vidual fixes to characterize herd ranges during
spring (7 April-10 June) and sunmer (11 June-
3l August.). Chi-square contingency table analyses
were used to conpare frequency distributions of
habitat type use, distance to escape terrain, dis-
tance to u,ater, slopc and elevation between sea-
sons. We excluded aspect because it varied littlc
ovcr the area occupied by rams. If! < 0.05, we
col'rstructed 957. simultaneous confidence inter-
vals using the Bonferroni approach (Ncu ct al.
197,+) to determine which habitats orphysiographic
attribules were used dillerently betwccn seasons.
Bccause thc .e  Jna lyses  uerc  l i r r i ted  to  eompar i .
sons betwgen seasons (i.e., this was not a use/
availability study), the arcal extent of each habi-
tat feature was not c()nsidercd.

We used logistic regression (Meyers 1990:317-
332) to model seasonal change in use of physi
ograpbic characteristics. Potential explanator)
variablcs were distance to escapg terrain, distance
to water, slope and elevation. Scason (spring or
summer) was the response variable. We con-
structed a full model \\,ith main effects, quadratic



terms. and 2-u,av interactions. then elir nated
variables in a step-wise lashion if! > 0.05 (Baker
and Nelder 19115). Pefirrmance ofreduced models
was assessed by examination of the 2 log likeli
hood statistic lbr the contribution of explanatory
variables (SAS lnsti lutc. lnc. I 990: I 088- 1089).
We also determined the sensitivity (percent of
obsen€d event responses with pledicted probability
ol event > 0.50), specificity (similar statistic lbr
no event responses) lnd overall correct classifl-
cation rate of the models (SAS lnstitute, lnc.
I 990: J 09 I - 1 092). If the final model included only
2 main effects. rve generated a response surface
by plotting the maineffects against predicted prob-
ability of response to aid in nodel interpretation
(Murraugh 1988).

Mean raln group sizes by month were com-
pared using a one-way analysis of variance. Post
hoc pairwise comparisons were made with
Schetle's procedure (Mill iken and Johnson
1992;35-36) .

Besults

Hab tat Use

We identit'ied 6 habittt types: Low sagebrush
(Artemisiu urbtrscula'1 plateau (LSP). low sage-
brush-bunchgrass (LSB), cli i fshrub (CS), juni
per-lorv sagebrush (JLS), juniper-mountain big
sagebrush (Ar"airid tritlentttta vaseyana) (JMBS),
and Wyonring big sagebntsh (Artemisie tridentata
inonlnqcnsls)-bunchgrass (WBSB) (Tablc 1 ). The
LSP habitat type occupied the PJR plateau above
1,830 n. The LSB habitat type occurred on the

PJR plateau below l.830 m, and on the gentle
cast-facing slopes above Catlow Valley. The CS
habjtat type was found on the precipitous west
lace ofPJR. and includcd thc escape cover avail-
able to rams on this range. Much ofthe CS habi-
tat type was bare rock. but vggetation occurred
on nanow hodzontal benchcs and in some gul-
Iies. The JLS and JMBS habitat types were found
at mid- to low elevations on the east side ofPJR,
and were characterized by an oventory of west-
em juniper with a sagebrush-bunchgrass under-
story. They diflered primarily in tree density (9.7
vs. 90.8 trees,4ra in the JLS and tbe JMBS, re-
spectively) and the naturc ol the understory. The
JMBS habitat type occurred in association with
small canyons and rocky breaks. The WBSB
habitat type occupied the floor of Catlow Valley
near Rock Creek.

We observed 60 and 9,1 ram groups during
spr ing  and summer .  1 . . .pec t i te l1 .  )n  rp l ing .  r rmr
generally occupied the upper PJR plateau <2 km
from the rim. In mid-summer they expanded their
range to include the east slopes and Catlow Val-
ley ncar Rock Creek. which was a u,ater source.
When the creek went dry in mid August, ram dis-
tribution shifted to the south end of PJR in the
vicinity of Petroglyph Lake, which was a latc
summer water source. Observed spring and sum-
mer hertl runge. uere 24.4 unJ 74.5 km . re.pec
hvely.

Ram habitat use differed between spring and
summer (Xi= 34.,1. 5 df, P < 0.001) (Figure l).
The LSP habitat was used more fuequently in
spring. and the JLS and WBSB habitats were used

TABLE l. Characleristic\ of \hrubb,v and herbaceous vegetation in bighom raln (Oti\ unadensis caLitorni.Jrd) habitars on
Pokef J in l  Ridge.  Oregon, June l99l .

Td.rl
Canopy

Covef (''.1

Total Toral
Density Mean Canopy Canop."-
(no.^n2) Height  (cm) Cover (%) Covcr ( t l )

Low sagebrush (Af/e,?ilid d/rer.!1zi) plateau

Lo$ \ gebrush-bunchgf.Lss

Clil:shrub'
JLl ,  |e l  / , , , r ,  - , .  \  ' iJ1a'JI i , t  l , 's  . .  p,Lru.h

Juniper-nountain big srgebrush

I A rt? n is i a t I i de t tdI a r d s e )\1 t t a)
$,!oning big sagebrush (Ar././rrr,.r

trkl c|tu ta \1 ) oniu gc nsi s) bunchgrass

l l . lJ
20.'7
32 .1
t ] . 6

25.9

1,1.9

t 8

0.1

0 .8

16 .8
23.3
21.1
21..1

82.0

50 .1

6 . 1

r5 .0
6 . )
25.5

1 .3

l l . 9

I6. l l
18 .3

I5 .6

1 2 . I

"Resul ts fef lect  chrracter is t ics wi th in is lands of  \egetadon.
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Figufe L Perceni use of habitat t,vpes b) bigh(rrn ram (Orit
ftnadensis calilrnliu'td) groups on Poker Ji
Ridge.  Ofegon. spr ing and summef 1990. LSP =
low \.rgebru\h (A/r.rrlsld drr,r.r1d) plateau. LSts
= low sagebrush-bunchgmss. CS = c l j f f  shrub.  J l -S
= jL\niper l.lunAew o( ii1c,/.r/iJ) loll sagcbrurh.
JN{BS = juniper inountajn big sagcbrush (A,"turri
\iu trid(ntutu f.r(r.rr.r). WBSB = \oning big
sagebruslr (/ rkrri! i.r, kfu nt dd rr -," d i n ge I s i s)
bunchgrass. = = Sig.ifican! diffctcncc in usc bc
t[een \prlng and summer based o. 95t/. !imu]ta
neous conf idence inter \a ls.

G1000 tm1-2000 2001-3m >30m

a. Distance to Escape Tenain (m)

more frequently in summel. The CS and JMBS
habitats received litt lc use in either season.

Signiticant differences rvere found in use of
physiographic characteristics between spring and
summer (Figure 2.). Ram groups were lbund closer
to escape tenain in spring ({: = 17.6. 3 df, P <
0.001). Sixty-five percent of spdng locations bul
only 40cl. of summcr locations were within I km
ol escape terain. We commonly observed rams
>3 krn from escape terrain in summer (25.5cla of
sunmcr locations). In spring. rams tended to bc
larther from water (Xr = 26.5. 3 dt P < 0.001).
on gentler slopes (X: = 9.16, 2 df. P = 0.01.), and
ath ighere leva t ions  (Xr  =  19 .32 .  2d f .P< 0 .001) .

The most parsimonious logistic regression
model for differentiating use of physiographic
char re te r i ' t i u .  be tueen .p r inp  rnd  .Untm(r  in -
cluded main effects and quadratic tcnns fbr dis-
tance to escape terrain and water. and a signifi-
cant distance-lo-cscape terrain x distance to water
interaction (Table 2). The contribution of the
variables to the titt ing of the model was signifi-
cant (X: = 50.66. 5 df. P < 0.001). The addition
ofclevation to this model significantly decreascd
model deviaDce (Xr approximation = 6.,18. I df,

Gt500 1501t000 3001-45m >45m

b. Distance lo Water (m)

tl

]
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T
T
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415 >15

c. Slope (%)
Figure 2. Comparlson of bjghorn ram (Ori.r c.uddeIsis cdltfomiana) gtoup distribution on Poker Jim Ridgc. Oregon bet$een

sprirg and summcr 1990 in relrtiLrn to (a) distance t(r escape terain. (b) distance to walcr. (c) slope. iuld (d) elevation.
+ = Significanl dillcrcnce in use betweeD spfing rtnd $mmef based on 95+ sinrultancous coniidence interval\.
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TABLE 2. Estin ated coeificienls fro m logi\tic fegfe\sionof
probabili!! of a bighom tun (Oti\ ctl dde sis
I ulifonlidnu) group obseNati(nr on Poker Jim
Ridge, Ofegon in sprnrg rLnd sunmer 1990 oc
curring in spfing rgdnst distances to cscapc tcr
rain (m) nd \!.rrer 0n).

Intefcept 1,1.33

Disrance f fom escape terra in 9.151 x l0 '

(Distance fioln escape terfain)r 1.'175 x l0r'

(Pearson s ! = -0.820 and 0.829, respectively).
The standard errors of the coeflicients ofthe other
variables decreased substantially when elevation
was dropped. further emphasizing the coll inear-
ity. Sensitivity. specificity and overall correct
classilication rate of the rnodel were 72.17c.71.47,:
and 71.7 6/c. lespectively. A response surlace gen
erated by plotting distances to escape terraln and
water against the predicted probability of a ram
group obsen'ation occuring in spring denonstrated
that ram groups were predicted to most likely occur
<2 km liom escape tenain and >6 km fron water
sources during spring (Figure 3). Areas larther
from escape tenain and closer to water werc pfe
dicted to be used more during summer.

Group S ze

We obselved 1,l39 rams in 146 groups. Ram
group size varied by month (E = 13.87,4. 1,11 dl

v iable
Esdmalcd Sra.dard
Cocfficicnl l_lrror

Distance fron $aref

(Dinancc fron \later)l

. 1 .318  x  10 '

l . l . l l  x 10'

5 .129

3 . 1 0 0  x  l 0 '

5 .1 ,15  x  l 0 '

1 .77 ,1x  l 0 '

1 . 6 2 3  x  1 0 1

.1.997 { 10'
(Di\tance tiom esc.rpe |enain) x

(Dislincc liom !va!cr) l.5ll ,i l0 |

P = 0.01l), but elevation vas highly correlated
with distances to escapc terain and water

9
v
E

1.0

0.8

0.6

0.4

0.2

Figure 3. Responie surface genefated from logistic regressi(nl nrcdel lof difierences in distance to escape terrain and \'rter fbr

bighoflr ram (Otit tutl.idensis califunr,ard) grcups on Poker Jim Ridge, Oregon bet\!een spring and sumner 1990.
P(spring) =pfedicted prob.rbilil) of.r group observillion rt a si(c dcscdbcdb,"- rhc rcsponsc suriacc occurring in sping.
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' IABt-E 
3.  Nlcan s i rc o i  b iShorn nn \Or i :  .unuden\ is

eL4onnna) group\ b) nonlh. April through
August  1990. Poker J im l i idge,  Oregon.

\ fam groups

Mc.rn ! roup \ i re r t  \ . '1 .  r

'A slcrisks indic ale results of Scheffe \ test for parr$ isc com
pari\on!. I{cans wi(h diilerent nulnbers ofastedsks are !ig
nificantl) dilir.nt (P < 0.05).

P < 0.001) (Table 3). There were no significant
pr i rw i .e  d i f i c rences  bc luccn me. rn  ! roup . i , ,e .
inApril. May and June (! > 0.70 for all compari-
sons), or July and August (P > 0.90). Ram groups
rvere smaller during July August than April-June
(P < 0.01 lbr all pairrvise compadsons).

Discussion

Bighorn ram herd range size increased three-lold
betu'een spdDg and sumllrer. Wc observed no
distinct mi-qration, but rather a gradual expansion
into contiguous areas. Herd range size is a tunc
tion of individual home ranges within a herd and
thc degree of over-lap bet$'een those mnges. Big-
horn sheep are gregarious (Blood 1963, Simmons
19130). and home ranges within a herd can over-
lap considerably (Leslic and Douglas 1979). Thus,
incrcased herd range size probably reflected in-
creases 1n home range size, rather than dispersal
of individuals or small groups.

Habitat quality, detcrmined by the availabil-
ity and juxtaposition of lbrage. water and cscape
telTain. is an important dcterminant of seasonal
h t ,mc r rnge ' i ze  in  h ighorn  sheep r  K I lu 'man c t
al. 1989). On PJR, escape tcrrain was obviously
constant. but tbmge and water alailabil i ty gener-
ally decrcased fiom spring to sun]lner. Herd rangc
size increased during the period. consistent with
the hypothesis that resource limitations cause big-
horn sheep to range over lorger areas to satisfy
physiological needs (Leslie and Douglas 1979).

The logistic r.egression model we developed
tbr difierentiating use of physiographic charac
teristics identit led variables that cxplained the
majorily of variation between seasons. No cau-
sality *as infened lionr the model itselt, but knowl
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edge of physiological and bchavioral requirernents
of bighorn rams and the availability of resources
on PJR aJlowed speculation regarding reasons for
observed differcnces. The model was limited by
the explanatory variables chosen fbr inclusion,
and obviously other biotic and abiotic lacbrs (e.g.,
visibility, foragc composition and quality) could
have alfected ram distribution. However', slope,
e le r  a l ion .  l .peer -  rnJ  p ro \ im i l )  to  e \c lpc  l c r r r in
and water are known to be important determjnants
of habitat use (Shannon et al. 1975, Tilton and
Willard 1982, Risenhoover and Bailey 1985,
Gionti iddo and Krausman 1986, Krausman and
Leopold 1986, Fairbanks et al. 1987, Wakell,n
1987). and bighom sheep are opportunistic for
agers, adrpting their diet to availablc plant com-
munities (Keating et al. 1985, Miller and Gaud
l9Rqr .  Thu. .  ue  ch  se  no t  to  inc lude \cgc la l i !e
association as a potential explanatory variable in
ths model. We delined habitat types based on
physiographic and vegetative leatures. howcver.
so difl-erences in use of habitat types between
seasons provided additional insight into diller
ential use of habitat.

Observed movements of PJR rams between
spring and summer probably resulted from chang-
ing water requirements associated with changes
in fbrage succulence and availability of ephern
er r l  ! \d le r :uur (e \ .  In  mid  .umrner .  r : rm r . t i r i t y
shilted from the upper plateau to the east slopes
and Catlow Valley near Rock Creek. In late sum-
mer, Rock Creek dried up and use shifted toward
Pefoglyph Lake. The lake was much less renrote,
being within sight of the refuge access road and
receiving some human use. but was closer to es
capc tcnain. The lbrmer may have contributed
to its being a "second choice" water source. while
the latter may have helped to o1l'set effects ofhuman
disturbance.

Distances to water and escape tenain wefe sig-
nificant explanatory vadables in thc tinal rnodel
differentiating spring and summer habitat use
(Table 2). The responsc surlace generated by this
model over the range of observed values fbr ex
planatory variablcs demonstrated that the model
predictecl movement of rams away tiom the up
per plateau (close to cscape tgrrain. far from wa-
ler') Io\\ Jrd Rocl, Creek l lar lrom c:crpe terririn.
close to water) and Petroglyph Lake (close to es-
cape terain and water) in summer (Figure 3) (note
that prlspring] on the z axis is cquivalent to I
prIsummer l).

April
\{a,v
June
Juh
Augun

26
21
l9
.13
21

11 .19  (17 .12 ) :
10 .67  (16 .26 ) :
10.03 (11.66)*
.1.2 |  (+ r.9l l : i
3  92  (13 .20 ) : :



Dil'ferences in use of habitat types between
spring and sunrmer (Figure l) also reflected the
trend of dispersal from the uppel plateau (pre-
dorninantly LSP) in early summer and uti l ization
of Rock Creek. which vas within the WBSB habitat
type. Use ofJLS also increased during summer.
This habitat type provided thernral cover. had the
greatcst glass canopy cover of any PJR habitat
(Table 1). and may have held succulenl lbrage
longer due to tilvorable microclimates created by
shade of juniper trees. Mean trec density was
relativel.v low (9.7 trees,fta). so visibility was prob-
ably not substanlially compromised. Use of the
JMBS habitat type did not diff 'er bctween sea
sons. even though it was intcrspersed $ith JLS
habitat type. Mean tree density here was nluch
greatsr (90.8 trees/ha) nd grass canopy less (Table
l), making it a lcss suitable bighorn shccp habi
tat (Shannon et al. 1975. Tiltm andWillard 1982.
Wakelyn 1987).

Ram group size during April June was morc
than tr,jce that during July August (Table 3). Festa
Bianchet (1986) hypothesized that large spnng
concentrations ofRocky Mountain bighom rans
(.O v i s c dna de ns i.s c ararleasls) in Albefi a provided
opportunitics Lo develop social skills impofiant
tbr futffe rcprcductive succcss. Other studies have
suggested that group size is an indicator ofhabi-
tat quality. u,ith high quality fbrage conditions
taroring larger groups (Bergcr 1979, Leslie and
Douglas 1979, Simmons 1980). We obscrved
snrallcl groups during summcr when resources
were probably more linited, consistent with the
lattcr theory.

It has also been suggested that larger groups
cnhance pledator surveil lance, allowing sheep to
spend more time foraging and to use habitats far'
ther from escape tefiain or $'ith decreased vis-
ibility (Risenhoover and Bailel' 1985, Wanick and
Krausnan 1987, Krausman ct al. l989). although
there may be littlc added beneiit beyond 5 indi
viduals (Berger 1978). On PJR group size de-
clined coincident with usc of less secure habi-
tats, i.e. those furthcr from escape terrain with
greater shrub height (WBSB) and presence oftrees
(JLS). In no month was the upper bound of the
95% confidence interval tirr mean group size <5,

however (Table 3). During this study there were
no kno*,n prcdators of adult bighorn sheep on
PJR other than humans during 2 I week hunting
seasons in September (W Pyle, U. S. Fish Wildl.
Serv., pers. comm.), and most of the ram range
was remete and received little human use. These
tactors probably released rams trom theconsfarnts
often associated with use of less secure habitats.
allowing thcm to adapt group size to availablc
ICSOLIICCS.

Our data suggcsted that water availability ex-
erted a major influence on the seasonal distribu-
tion of bighorn rams in this population. Rams
traveled >5 km tiom escapc tenain andused habi-
tats with reduced visibility to obtain water. We
attributed this to a lack of predators and minimal
humar disturbance. Although bighom rams may
tolerate moderate predation Iisk to obtain access
to high quality habitat. disturbance and habitat
degradation duc to rccrcation or cattle gT.|Zing could
have deleterious eff'ects on a seasonally shifiing
population (Bleich et al. 1997). Fufther, seasonal
shifts in distribution arc unlikely to be rigidly re-
peated, but rather respond dynamically to chang-
ing environmental conditions (Leslie and Dou
glas 1979, Festa Bianchet l9116). l l  this study
had been conducted in a year then Rock Creek
remained areliable water source through late sum-
me1 tbr instance. the impofiance of Petroglyph
Lake may not have becn realized. Thus it is im-
portant to identity habitat requircments under a
variety of environmental conditions, and provide
adequate protection to sustain seasonal shifts in
distribution.
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