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ABRSTRACT

The development of social behavior was studied in three natural pap-
ulations of bighorn sheep, All populaticons exhibited the same behavioral
reperteires, but the ucilizaction of specific behaviors mmong both infants
and adules dlffered between populations. It is suggested that difforences
in the adult utilization of behavior pacterns resulcs, I{n part, from be-
haviors used during infancy. In turn, the soclal and physical environ-
ments affect the development of subsequent behavior patterms in sheep
older than lembs, Desert sheep (in southern Californis) umsed wore mounting
behavior than sheetp from the other two populations (British Columbia and
castern Oregon), presumably because they matured sexually almost a yeo
earlier. Shesp in the Bricish Columbia population used different bel wior
paccerns more frequently, perhaps as a consequence of interactions ex-
perienced in larger bands. Additionally,; playful interactions were reduced
due to physical hazards in the desert envirorment, but they were at least
nina times as frequent in the British Columbia populatiom.

Play in large groups resulted in the utllizaclon of more diffarent
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kinds of behavior pacterns. These behavioral findings are interpreted

ecologically as consequences of Inhabiting enviromments that differ socially

and physically.

INTRODUCTION

Although social behavior is an important and central aspect of the
biology of a spacies, it is not always ranked among the highest priorities
for study by wildlife biologiscs. MNevertheless, it seems rhat, in order
to comprehend better “why animale do what they do" or "occur wheres they
do," an understanding of social behavior and even developmental aspects
of behavior must be attempted. Furthermore, the dynamic nature of social
systems should alsc be consldered, Understanding the behavior of a species
is equally as important as understanding its movements, foraging astratepies,
or patterns of reproduction when trylng to gain insight inte ics "bhasic
bislogy."

Few studies of ungulate ethology have contrasted behavioral develop-
mént in natural allopatric populatlions that span large portions of a
species geographical range., Such comparative studies under natural con-
ditions are important In assessing the role of the enviromment upon be-
havier and alsc in understanding the evolution of social systems.

Bighorn sheep, Ovis canadensis, are ideally suited for a comparative
study of behavioral developmént because they present a mmber of biclogi-
cally interesting problems. For instance, parturition is asynchronous im
desert populations and lambs may be bora at any time of the vear ﬂ[.unlnn:
1965; Simmons, 1969), vhereas in northern or mountain populations the

parturition seasom is more synchronous (Geist, 1971). Also, group sizes
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are conslderably smaller in the degert than they are in more northern and
tesource productive habitats (ses Simmons, 1969; Leslie, 1977; Hoeffs,
1975).

Given these differences in environmental conditions, I was Interested
in exploring the following questions: (1) How does social behavior develop?
(2) What enviremmental (social and/or physical) factors influence social
ontogeny?, and (3) What is the adaptive significance for the differences?

I graciously acknowledge the assistance of the following agencies
and people: Boyd Desp Canyon Biological Research Station: British Columbia
Branch of Fish and Wildlife; Sigma Xi; Society to Preserve Desert Bighorn
Sheap; Theodore Roosevelt Memorial Fund of the Américan Museum of Matural
History; University of Califormia at Riverside; University of Colorado;
Vernon Blelch; Ed Lacey; Eldon McLaury; Harold Mitehell; and Harry Ordin.
Marc Bekoff freely provided his time, halp, and friendship, and 1T am
especially grateful, Steve Walker and John and Ann Walsh acecepted me as
family members im British Columbia. Barbara Cromer provided assistance
and support im the field., Lastly, my parencs, brothers, and grandparents

all provided the worry and "gray hairs" necessary te complete cones' field

work,
METHODS
Study Populations California bighorn sheep, 0.c. californiana, were studied

in the Chilecotin-Cariboo region of the central interior of British Columblia
from May through November, 1976. A seccond population of California big-
horns was astudied on Hart Mowmtain, in the Great Basin Desert of eastern

Oregon from May to August, 1977, These sheep were transplanted from the
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Chileocin to Hart Mountain inm 19546, and, at the time of the transplant,
ntmbered 18. Currently the population size In the transplanted population
is about 200, Sheep in this Tegion became extinct around the turm of the
century, The last study population was located in the Santa Rosa Mountalns
in the Colorado Desert of Califormia, These sheep are commonly called
desert or peninsular bighorm, 0.¢, cremmobates, The sheep population in
these arid, inmular sountains is estimated at 250 (Meccit, 1974), They
were studied from Jonuary through April,; 1977, Further details of the
habitats, climate, and study populations are Ffound in Becger (1978),
Datm Collection, Data on sheep behaviors were collected by stalking and
obaerving sheep in the field on almost a daily basis, 1 chserved shesp

in the Chilecotin for B96 hours; those at Hart Mountain for 293 hours, and
those in the desert for 45% hours, Behaviors and social interactions (gee
ethogram) were recorded into a cassette tape deck and later transcribed,
or they were taken directly onto note cards.

Male and female sheep may be sexed visually on the basis of horn and
body mize differencea (Geist, 1968, 1971). However, at a young age when
no dimorphism oceurs; lambs may be sexed by one of three mecthods: (1)
Mala lambs urinate from a standing position while females squat. This
mathed of sexual determination was used most frequently as other methods
vere not always as accurate, (2) Testes may be vizible in males. However,
i1f cestes are mot wislble, it does not necessarily preclude the possibility
that a lab is not a male. (3) Once horns develop, male hornz usually
grow at a faster rate than females, and they are thicker and flare more
widely, Since observation of lambs was often at a comsiderable distance

and accurate determination of sexes was not always possible, the data
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presented in this paper represent those situations in which I was certain
of sexual identities,

Analyses. All statistical analyses of the differences between percentages
{probabilities) were performed using the Brandt and Snedecor method when
there were two or more samples (see Snadecor, 1956; section 9.9) and the
arcoin cransformation method for testing the equalicy of two percentages
(suggested by Sokal and Eohlf, 1969: 607). This latter method generates

a test statistie, ty, which may then be compared with a normal deviate (area
under the normal curve).

Ethogram., For bighorn shaep, 17 behavior patterns have beesn categorized and
described by Ceist (1971:134-143). This ethogram may ba enlarged to includa
at least slx more behaviors. Below, I list and describe the behaviors that

I quantified,

SEXIAL FATTERNS

L. Mount. see Geist (1971). Mounting i{s the only overtly sexual pattern
used by sheep.

CONTACT PATTERNS

2. Head butt. see Geist (1971).

i. Clash., see Geint (1971).

4. Touch. Two sheep that lower their heads and place them in contact with
another. Mo pushing oceurs and their heads remain in contact for at

least one second.

J« Push opponent. Two or more sheep that push with their heada, their
rumpe, or sides, of other sheep,

THHEAT PATTERMS
6. Threat jump. "This {s an intention movement to clash” (Cedst, 1971:143),

Threat jumps are often sufficient to discourage an opponent from fight-
ing and no further contact ensues,
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7.

Horn threat. "...this is an intention movement to butt and as such

is a true weapon threat" (Ceist, 1971: 142-143). Sheap lower thelr
heads in a position so that thoy may be in a position to butt an oppon-
Lot 5 -

Head threat. Young sheep that have not yet developed their horns will
lowar and oriemnt their heads in the ssme way as when horn threats are
performed.

The above three patterns are indeed threats as Geisr (1971) coerreccly
pointed out, because: (i) vhen dominant individuals threatem subordin-
ates, they retreat and lictle or no contact occurs; and (ii) when
threatz are insufficient to discourage the approach{es) of other shaep,
contact patterns follow,

DISFLAY PATTERNS

10,

11.

12,

Low stretch. see Geist (1971). A display of horns performed by low-
ering the head.

Twiot. see Gelst (1971). A display of horns performed by lowering
and twisting one's head,

Present. see Gelst(1971) A horn display performed by ralsing one's
head and lifting the horms,

Front leg kick, s=ee Geist (1971), ".,.is linked to the display
threats of sheep, such as the low stretch, present, and twist; it is
virtually s contact display threat" (Gelst, 1971:139), Since fromt

leg kicks arée’not s contact pattern such as butting, and probably serve
to convey information about body sizée (as do horn displays for horn
gire (Gaist, 1968), I have categorized front leg kicks as a display
pattern,

Walther (1974) recognirzed that threat snd deminance displays in horned
ungulates may often bé similar but argues that they merit dJdistinction
because basic differences also exist, For example, in bighorn shaep,
threats indicate readiness for fighting by directly utilizing ones
horns and placing them in a position for contaet. In contrast, displays
are not actively conveving a threat (although a subordinate individual
may feel threatensd by the presence of a dominant sheep) and displaving
individuals are not oriented in a fighting position.

ROTATIONAL PATTERNS

13.

14,

Heck twist. This pattern is more exaggerated than a head shake (Geist,
1971) and it is often used in playful interactions. MNeck twists are
common to lmmbe, vearlings, and rams.

Gambol. Gaombols encail jumping wich all 4 legs off of the ground in

g somewhat vertlcal direction. The body axis la rotated amd twisted
in midair. Both eowes and lambs have gamboled so high that they fall
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over backwards., The oldest ram obaerved gamboling was about 6 years
old.

15; Heel kick, Heel kicks entail jumping off of che ground and simultan-
cously kicking both rear legs or heels. Byvers (1977) described an
apparently identical motor act in ibex kids.

All of the above mentioned behavior patterns, except displays, occur
during play. Rotatiomal movements function as play signals (Berger,

1978).
RESULTS
Sex ond Age Differences in Behavioral Development, Males generally used

more threat, contact, sexual, and display patcerns chan did females (Figure
1). There were no significant differences (arcein proporcions vest) inm
the per cent wtilization of patterns used by male and female lmmbs. These
data indicated a trend in which male lambs were more likely co engage in
nll patterns other than rotationsl movements (see discussion) than female
lambs, Displays were infrequently observed in females of all ages and for
males they developed only after two wonths of age (Figure 1).

Behavioral Development in Different Enviromments., The week (age) of firstc

appearance of different motor patterns in lembs ia given in Table 1. Gen-
erally, behaviers appeared at similar ages in all populations, except that
two display patterms occurred about three months sarlier in desert sheep
than they did in Chilcotin shesp. Tha moat probable reasen displays were
not observed In some populations was because I departed from those study
sites before lanbs developed those patterns of behavior (i.e., they were
too young)s

The ralative frequenciex of bshavior patterns observed in this study
are shown for lmmbs in Flgure 2; for vearlings, ewes, and Claosg I rams In
Figure 1, Desert lambs éngaged in significantly more contact and sexyal

patterns than did Chilcotin lambs (see Table 2 for o summary of staclstical
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analyses for Flgures 2 and 3), Conversely, lambs from the Chilcotin utili-
zed gignificantly more rotational and threat patterns.

Generally, threat, contact, and sexual patterns occurred more frequently
in desert yearlings, ewes, and Class I rams than they did in Chilcotin Sheep.
More specifically, the major significant (p<0.05) differences for male
sheep may be summarized as follows:

(1) desert males (=yearlings + Class I rams) mounted more often than

Chileartin equivalents,

(2) desert males (as above) engaged in more threat and contact patterns

than did Chilcotin equivalents:

(3) Chilcotin males (as above) used more display patterns than did

their desart equivalents,
For females, the major significant differences (p<0.05) may ba summarized
as follows:

(1} Chilcotin females (=yearllngs + ewes) used more rotational pat-

terns than did desert females;

(2) desert females (as abowve) utilized more threat and contact pat=

cerns than did Chileotin femalésa. Also, in all populations, fe-
males utilized more rotational and less sexual and display patterns than
males (Figures 1, 2, and 3),
Bahavio Divaraity. WVarious sized groups engaged in play (see Barpger,
1978 for a categorization of play). This activity was characterized by the
utili=ation of motor patterns from different contexts (e.g., headbutting,
mounting, chasing, jumping, ete.)., In additiomn to those patterns listed
in cthe echogram, rubbing and nuezzling (see Geist, 1971) cccurrad during
play. Sequences of play began when three or more individuals engaged in

some form of exaggerated locomotor-rotational or contact sctivity, and it
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terminated when less than three individuals persisted in these actions,
During play, a direct relationship was found (r=0,52; p<0.01; n=37) batwean
group size and the mmmber of different behavior patterns that cccurred in
lambz (Figure 4). Also, a significant correlatiom (r=0,33; p«<0.05; n=37)
exinted between the memmber of plavers and the mmber of accs wicthin a seg-
uence, That ig, tha more plavers withinm a group, cthe greacer che number of

petn that occurraed,

DISCUSSION
Development of Motoxr Acts. Male and female lambs showed no significant
differences in the frequency of motor pattern development probably as a
resulc of small sample sizes (due to the difficulcy in correctly idencifving
lamb sexes). Males tended to use more contact, cthreat, and sexual patcems
than did females. Studies of primates (Baldwin and Baldwin, 1971; Kummer,
1971; LeResche, 1976), ungulates (Sachs, 1976; Byers, 1977), and rodents
{Poole and Fish, 1976) also indicated that sexval dimorphism exists at
early ages, In American sheep, Blood et al., (1970) and Bumnnell and Olsen
{1976) showed that males galn weight more rapidly than females, My data

f1lustrate that behavioral dimorphism coincides with differences in growth

TACEs.
BSocial Ontogeny in Different Enviromments. Geist (1971) stated that big-

horn lambs are capable of butting, clashing, threat jumping, and mounting
soon after birth. In each of my three study populations, one-week old
lambz displayed these patterns. Population differences did, however, exist
in the development of display patterns by males, Desert male lembs used

the low stretch and fromt leg kick at a younger age (about 3 months) than
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did Chileotin male lambs. Other than display patterns; behavioral ontogenies
followed a similar cime course for populations in all enviromments. How-
ever, the frequency of wutilization of behavier patterns was very different
berwean environments (Figures 2 and 1). Desert lambs and desert males (=
male yearlings + Class I rams) mounted more often than did their peers in
tha Chileetin, Also, desert lmsbs and older sheep (yearlings, ewes, and
Class I rame) used less rotational movements than Chileotin sheep. Since
desert sheep engaged in less soclal and locomotor play than did Chileotin
gheep (Berger, 197B), it iz not surprlsing that these movements occurred
less frequenctly in the desert populacion.

Two more Important population differences existed, Firsc, desart
lambs uged more contact patterns than Chilcotin lmmbs, yet tha formar threat-
ened less often. Contact patterns represented more than 50% of the patterns
used by desert lambs, ¢ Apparently desert lambs were behaviorally less di-
verse than Chilcotin lambx, In other words, 8esert lambs had the smme be-
havioral repertoires as Chilcotin lambs, but individuals In cthe desertc were
less likely to perform as many differemt patterns., Second, desert yearlings
{of both sexes), ewes, and Class I rams used more contact patterns than
Chilcotin sheep of equal sex and age classes. (In contrasc, Chilecotin
lambs threatened more than desert lumbs.) Alwo, desert sheep larger than
lambs displayed less often than their Chilcotin equivalents.

In sum, then, lambs as well as older sheep from all three envirorments
were characterized by the same behavioral repertoires, but desert sheep
were behaviorally less diverse. They used fewer different patterns but in
groater frequanciss than Chilcotin sheep which used all their patterns but

not as frequently. For instance, desert males used threat and contact

= 308 -



patterns wheréas Chilcotin males utilized threat and contact patterns

lass often but displaved more frequently (Figures 2 and 3). Hence, between
enviremments, there was an inverse relationship between the frequency of
occurrence of threats and displays,

Behavioral Development and Diveraity, Several questions may now be asked

regarding these population differéences in social dﬂtlﬂ]!ﬂﬂ:nt: (1) Why
was sevual behavier more prominent In desert lambs and older males? (2)
What Eactors caused behavioral diversity to be greater in the Chileotin?
(3) Why did desert sheep play lasa? (4) What benefits may be acerued by
more behaviorally diverse individuals?

Dasert sheep grow faster and mature sexually (at about 1% years of age)
approximately ome vear earlier than shesp from northern enviromments. Thesa
regional differences appear to be genetically madiated (Barger, 1978).

Since natural selection has most likely favored early puberty in desert
gheep, it is not surprising chac more mounting occurs at earlier ages in
desert sheep than it does in northern or mountain pepulations. Data ara
not yet svailable on hormone levels of different aged desert sheep, but ir
may be possible that desert males possess higher androgen levels which may,
in turn, lead to more mounting. Turner (in prep) found that desert males
are born more precocial than mowmtain lembs and, in the former, teste des-
cension occurs at about 2-3 weeks of age:. In mountain lambs, testes des-
cend at about 3 months,

Although Chilecotin sheep matured sexually at a later age than sheep in
the Santa Rosa Mountains, they played more. Geist (1971), Shackleton(1973),
and Horelsi (1976) found that more playful lmmbe occurred in high-quality
sheep populatlions which were characterized by well fed, East growing, and

T



carly maturing (defined by these suthers as independence) Individuale an
opposed to the cppesite characteristics in low-quality populations. Berger
{1978) provided data that suggested sheep from the Santa Hosa Mountains
were better nourished than those from the Chilcotin. “hy, then, did deserc
sheep play less than Chlilcotin sheep, thus contradicting Ceist's predictions
of populatlon qualicty?

Berger {1978) suggested that play oceurred less often in the Santa
Rosa study population due te lack of suitable "playgrounds," hazards of
the physical enviromment, and a less complex social enviromment (e.g., group
aize), Furthermore, it was suggested that greater food dispersion in the
desert resulted in smaller and more widely dispersed foraging bands. Cons-
equently, lambas spent morée time alone (Eime not with peers or adults) ond
were indeépendent at an earlier age than were transplent or Chilcotin lamba,

The social enviromment {group size), not surprisingly, may indeed be
an important variable in the development of social patterms of behavior.
Figure 4 showed that, when lambs played in larger groups, more different
behavior patterns occurred than when play resulted from interactions in
mmallar groups. Even if the mumber of distincely different behavior pat-
terns observed was a function of more individuals available for observatiom,
tha fact remains that yearlings, ewes, and Class I rams from the Chilcotin
still utilized greater behavieral repertoires than did their conspecifics
from enviromments with smaller average group sizes (Berger, 1978). Also,
more acts per sequence were inmcorporated inte play when groups were large
(Figure &),

dince group sizes In che desert are small (Berger, 1978; Simmona, 1969)
and lambs may be born at any time of the year (Hansen, 1965), those indivi-

duals born in a desert enviromment may nmot be exposed to nearly as complex
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a social enviromment as those born in mountain or nerthern habieats (where
group slzes are larger and parturitiom is more synchromized), Baldwin and
Baldwin (1971, 1977) found that squirrel monkeys (saimiri) in large groups
played more extensively than those in small groups, A similar situatlon
has been observed in gibbons (hylobates); little play occurred in infancs
presumebly dué to small group sizss and individual differences in body size
and stremgth (Ellefson, 1967). Other field and laboratory studies of
primatés have confirmed the Idea thar individuals rafised in snriched social
envirorments tond ro be behaviorally less retarded than chose reared in
soclally Impoverished enviromments (see Hinde and Spencer-Booth, 1967;
Hinde, 1974; Masom, 196la, b; 1961). The social enviromment, a= has been
amply demonatrated, playas a large role in infant behavioral development.

In desert enviromments, bighorn sheep lombe are not only faced with
few peers but also those of differing sizes ond ages. Contact play ocour=
red Infrequently between lombe of different ages and body sizes {(Berger,
1978), In Death Valley, California, probably the most arid enviromment
inhabited by sheep in Horth America, Welles and Welles (1961} roported
small growp sizes and no oursery bands, Social play may be wary infre-
quent in such an extreme environment,

Interpreatations of Demic Differences in Behavioral Ontogenies. T interpret
demic differences in behavioral ontogenies in terms of ecological factors
rather than genetic differemces. It appears that desert sheep were behavi-
orally less diverse than other shesp populations dus to a mumber of factors
that included small group size, less social facilitation, and less play.
These last factors most likely were a result of a precarious physical en-
viromment, while the [irst factor was due to the distribution of food re-

sources, The difference im sexual behavier between my northernm and south-
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ern study populations is probably a result of selection pressures for early
sexual maturation in the desert enviromment.

In contrast to desert sheep, those in the Chilcotin used tha full
range of their behavioral repertoires, There are several factors that may
be responsible for the increased behavioral diversity in these sheep.
Firat, they matured sexually about a year later than those from the Santa
Rosa Mountains (Berger, 1978). In many mammals, prolenged sexual maturlcy
allows for greater learning and social experience(s) (Hinde, 1974; Wilson,
1975). Second, large groups (above a pinlem size) provide more complex
social envireomments (Anderson and Masom, 1974; Goy and Goldfoot, 1973).
Third, Chilcotin sheep LInhabited physlcal and goclal enviromments that were
more conducive for play. Although, to my knowledge, it has mever been
demonstrated experimentally that additional play leads to the increased
utilization of different motor actions, play nevertheless most probably
allows individuals to refine motor skills (Rasa, 1973; Elsenberg and Le-
hausen, 1972; see also Bekoff, 1976; Fagen, 1976),

Cne might expact natural selection to Eavor those individuals Inhabi-
ting complex social environments {(e.g.,; larger groups) to develop more
saphisticated cosmunication systems (i.e., visual, weeal, ete.) in order to
signal more efficiently,. Marler (1975, 1976) found rhat primates inhabie-
ing larger and more constant groups posseéssed more graded signals. For
Chileotin sheep, too, it would also appear to be adapcive for individuals
to communicate by utilizing as many behaviors as possible. The four dis-
play patternsa, for which I provided data, are distinctly different from
one another, and, although gradations do oceur for each pattern, thea pat-
tarns do not grade Inco one anocther (except for che low approach and cwisc:

gae Cefsc, 1971). Cercainly, selection will favor chose individuals cthat
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are more adept at communicating regardless of group size. But; in large
groups; individuals who can communicate an intended message with the most
precision will experience less smbiguity in reception.

In sumary, tha differences in behavioral ontogenies in different
enviromments are illustrative of “open behavicral programs" (see Mayr, 1974).
Adaptation and function must be scrutinized most carefully before being
attributed to biological phenomena (Hinde, 1975; Tinbergen, 1965; Williama,
1966). It thus appears that, although bighorn sheep subspecies possess a
specles typlcal behavioral repertolre (Ceist, 1974}, envirommental condi-
tions influence greatly and modify the time course(s) that social develop-
ment follows, Furthersmore, this study (llustrates (3 has been pointed
out clearly by Wilson, 1975) that behavior is indeed labile and varles in
different ecological settings, Before generalizations about the nature of
species specific social development are wvalid, different populations under

contrasting ecological conditions must be studied,
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