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With only rare exceptions, varlation between and within population
parameters has not been included in most bilological models. This is In
splte of the importance of such sources of varlation In the theorems of
population genetics (Dobzhansky 1937) and principles of taxonomy (Mayr 1969).
Chitey (1955) advanced one of the first hypothesis which included popul=
ation variation and the role of Matural Selection In the regulation of
small rodent populations. Investigations of the postulates of this hypothesis
have recently been reviewsd (Krebs et al. 1973) and alternative models for
small rodent populations proposed (Anderson 1970). Studies of large
mammals by Klein (1964, 1965, 1969) and Nievergelt ([1966) and some spacies
of birds in Scotland (Watson and Moss 1969, Watson and Miller 1971}, have
rovealed variation in demographical, morphological and behavioral para-
maters correlated With differeancas in environmantal conditions. Whareas
hypotheses concerning small rodents have stressed tha importance of geno-
typic variation, those regarding large mammals and hirds have favored
phenotypic varfates.

Studles of bighorn sheep (Ovis canadensis) and stone's sheep (0. dalli
stonei) by Gelst (1971) led him to hypothesize that observed differencaes
In behavioral and morphological characters were the result not of specific
differences but differences In the bioenergetic regimes in which the two
species lived. A further study by the present author (Shackleton 1973)
of expanding and stable populations of bighorn sheep supported some of
the postulates proposed by Geist (1971) in his hypothesis of population
quality. The purpose of this presentation is to examine some of the poten-
tial implications of such observed variability in relation to some of the
problems which may be faced in the management of mountain sheep.

HETHODS AND 3TUDY AREAS

Two populations of Rocky Mountain bighorn sheep were Intensively
studied during a Z%-year perfiod. The population from the Cascade Valley,
Banff Matiomal Park, Alberta, was chosen from census records because It
appeared to be relatively sctable in numbers and composition. The second
population was located at Radium Hot Springs, Kootenay Mational Park,
British Columbla, as records Indicated this group was increasing in numbers
following a decline in the mid 1960's.



Four additional populations were Studied in terms of their horn and
skull development and represented expanding, stable, and possibly declining
populations of the same species. Thelr locations were: Hational Bison Range,
Hontana; Wildhorse Island, Montana; Waterton Lakes Mational Park, Albarta;
and the East Panther River population, Banff Mational Park.

Records of behavioral interactions were kept during all seasons for
each of the two main study populations, and details of behavior patterns
performed, the age-sex class of the actors and receivers, together with
other pertinent information recorded. Data on harn and skull dimensions
were obtalned From material Found in the Field of from museom collections.

Further details of the study populations and methods employed are found
in Shackleton (1973).

RESULTS AND DISCUSSION

Harns and Skulls

Growth and development of sheep From the six populations were compared
through measurements of annual horn sheath growth and by adult skull dimen=
sions. Differances in annual horn sheath growth have beéen found between
populations in di Fferant demographic states in both mountain sheep (Gelst
1971) and ibex (Capra ibex) (Mievergelt 13966), with largest sheaths coming
from expanding populations. Diménsions of annual horn sheaths were signif=
icantly larger (p<0.05) initially In Kootenay Mational Park rams (Fig. 1)
and in females. Comparisons of similar data from the four other populations
showed largest dimensions in expanding populations during the first b years of
groweh .

The apparent reversal In this differance, which at first Indicated
that expanding populations grew shorter harn sheaths, was shown by the
present author (1973) to be due to the fact that each succeeding horn sheath
covered the previous years growth, so that measurements made were only of
relative annual growth, and that the reversal in difference was the result
of the sheep from expanding populations reaching mature, adult =lze at an
earlier age than stable or declining populations. Because they reached
mature alze earlier, relative differences in annual exposed horn sheath
decreased with age after maturation.

The dimensions of adult male and female sheep showed a similar
relationship to demographic condition of the population from which samples
were drawn. Largest skull dimensions were found in expanding populations.
These resules were observed between all six populations.

Differances in growth of the two main study populations were attributed
in part to considerable variation betwean them In the extent of vertical,
seasonal migration that each population could make. The argusments for
this relationship between extent of seasonal, altitudinal migration and
food supply, and hence growth, followed the arguements originally proposed
by Klein (1964) for Alaskan desr populations.
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Sencial Behavior

In the general sspects of thelr social behavior, such as relationships
of horn size and dominance status, and in choice of social partners, the
two main sStudy populations did not differ significantly. Variation did occur,
however, In the age at attainment of social maturity.

Mature and juvenile behavior of rams are defined operatiocnally by the
relative performance frequencies of avert and display patterns (Beist 1971)
and are illustrated inTable |. When interacting with other rams, males
from Kootenay of between 3 and 5 years of age (Class 11) demonstrated a
behavioral repertoire comparable to that of Fully mature Banff rams aged
10 years and older (Class IV) (Table 1). On the other hand Banff rams of
3 to 5 years age (also Class 1) were typically juvenile in their behavior.

During eourtship of ocestrus ewes during the rut, again Kootenay rams
of 3 to 5 years age behaved as mature maleas (Table 1), instead of attempte-
ing more typical rape approaches observed in similar aged rams from Banff.
In fact, only Class IV males from Banff were observed Lo cOUrt oEstrus

females, but In the case of Banff Class 11| rams this was probably the
reduced accessibility to oestrus females dug to the presence of larger
Class IV's. This was not the case for juvenile Banff Class |1 rams.

This early attainment of social maturity on the part of young Kootenay
rams was probably in part due to their advanced physical and physioloegical
maturity over simllar aged Banff males. And, secondly to differences In
population structure and composition which gave them greater access to
females even during the rut and permitted them greater opportunities to
develop a mature behavioral repertoire.

Life Expectancy

There were |imited data from this study to suggest that mean |ife
expactancy as measurad by mean age at death of adult rams, was consistent
with previous findings for mountain sheep by Gaist 71971) and for ibex
by Mievergelt (1966). These findings showed that in expanding populations
adult males died at earlier ages than rams from stable or decling herds.
Relationships between growth rates and 1ife expectancy have bsen reported
for a number of other vertebrate species Including Fish.

A mechanism involved for mountain shesp may ba the energy expenditure
In the rut which may deplate essential winter far reserves that cannot
be replaced after the rut. |In expanding populations in which animals
mature faster, they will also enter the rut at earliar ages and be ex-
posed to this bioanargetic stress which may result in increased winter
mortality. This aspect requires more detailed study.

CONCLUSIONS AND IMPLICATIONS
Taxan

The variabllity between the populations observed during this study
i
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with regard to skull dimensions used by Cowan (1940) to separate the
genus Ovis, was of the magnitude normally accepted for subspeciation.
There 1s no justification In splitting such populations as were studied
into trinomial groupings. These cbservations of Interpopulation variability
are in agreement with the observations of Baker and Bradley (Baker and
Bradley 1965, Bradley and Baker 1867) of variatlon between the desert
races of bighorn sheep. Similar variabllicy has led Cowan and McCrory
(1970) to reduce the number of subspecies of mountain goat [Dreamncs
americancs), and Hutton (1972) to simllar concluslons regarding waszitl
[Cervus ¢|Iphui canadensis). Where a race of bighorn sheep or other
mountain sheep is presently warranting special treatment and expenditure
of management budgets, it's taxonomic status should be established.

Maturation RHates and Their Implications

It was shown that maturation rates of both physical and behavioral
characters varied betweon populations, with maturation being advanced
in expanding populations. It is suggested that there are certain
Implications from such advancemént in hunted populations of this species.

Consider first a previously unhunted population, containing repre-
sentatives of all age and horn classes, and that the population is at
or near carrying capacity. IF they are now subjected to hunting in which
only mature Class IV rams are harvested, this could lead to a redistri=
bution of avallable energy for the hunted population. It is suggested
that all members of the remaining population will benefit from this
increase In available entrgy, and that one result may be an increase in
the growth rate of young males.

If there Is no response by unhunted members of the population, rams
will be harvested only as they enter the legal size limits, but if there
Is & response then they will be entering this size limit at an arliar
age than they would If the population had remalned unhunted. The
implications of such a response are twofold. First one begins to remove
evan younger animals, and secondly and perhaps more Importantly, one
increases blosnergetic stress on thesa young growing animals. Rutting
strass was previously falt only by mature males whose growth had essentially
ceased, but these young animals wilil have the energetic stresses of the
rut coupled with enargy requirements for growth. It Is, tharafora, conceiv=
able that over-wintar morcality could therehy be Increased.

A third factor to consider Is that although males are physiologleally
capable of breading ewes as early as |8 months or parhaps earliar, the
long=term effects of such a change In population composition are not known.

Another hypothetical sitvation also arises from considerations of the
behavior of mountain sheaep and is ralated to disparsal or thae lack of It.
It would appesar that in a8 number of populations in westarn Morth America
problems are encountered with areas of adjacent and apparently favorable
habltat remalning unused by certaln populations. Mo apparent barriers are
obsarved, nar any reason for their lack of usa of such apparently Tavorable
areas, Problems are also occasionally encounterad where a group of sheep
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are transplanted to new areas, and formation of ssasonal home range pattarns
may reguire long periods of time for establishment.

Under normal circumstances the ssasonal home range movements of mountain
sheap, couplad with their strong attachment between years to such areas, Is
the very antithesis of a disparsing species, and yet this Is a group which
dispersed during the lce Ages over considerable distances during ralativaly
short periods of time. Assuming that the ablility to disperse has not been
lost through Matural Selectlon processes, studies of mammals and Birds would
suggest that behavioral factors would be most |ikely implicated as dispersal
mechanlsms for & specles such as mountaln sheep. It would ba further ex-
pecied that the dispersal stage would occur Tn young shesp rather than mature
animals.

Observatlions of mountain sheep show that malas, for exampla, and
pccasionally females do leave their maternal home range groups. Young
males may then join mature male bands and take up thelir home ranges as dis-
cussed by Gelst (1971) with reference to the role of tradition in mountain
sheep society. It should be noted that young males are not '‘thrown' out
of female groups but leave when soclally dominant. But this doas not
answer the question as to why or what mechanisms promote them to leave,

Certainly one may suggest that the resulting separation of the zexes
may reduce competition between them within a population and hence allow
females access to more favorable areas during thelr high energetic stress
periods of late gestation and lactation. But again the guestion must be
raised as to the mechanisms involved In dispersal, 1.e., what factors
promote 1t7 |t would certainly sesm a reasonable hypothesis Lo suggest
that changes which are brought about In a2 population's composition and
age structure throwugh hunting of adult or "legal size" rams would also
affect the social processes of a population. Observations of the Kootenay
Park population implied that the occurrence of herding simllar to harem
formation and not reported in other populations was the product of the
population's composition and age structure. It Is, therefore, concluded
that & study of dispersal mechanisms of mountain sheep may be of value to
the management and conservation of this group of animals.
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