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ABSTRACT

Horn growth of 477 rams from 17 of Montana's bighorn (Ovis canadensis
canadensis) populations was examined. Cumulative horn volume at 3 years of
age could not be related to winter ra densities for elther native (r =
0.03) or transplanted (r = -0.12) populations. Horn volume was not
correlated with population size for transplanted populations (r = 0.04),
though it was significantly correlated to population size for netlve herds
(r = 0.75; p<0.01). Cumulative horn volume was closely correlated to
historic minimum population levels for native herds (r = 0.91; p<0.0005)
and historic population size was correlated to present population size for
native herds (r = 0.81; p<0.005). Thus, horn volume appears to be related
to present population size for native herds because both factors are
closely correlated to historic population levels. We sugoest that historic
Eeupl.llatim lows resulted in high rates of inbreeding that are currently
ing reflected in low ram harn volumes.

INTRODUCTION

Horn growth in mountaln sheep Is Influenced by nutritional and genetic
factors. Several recent studies have demonstrated the relationship between
horn growth and nutrition. GCelst (1971) postulated that expanding sheep
popu.ations are characterized by more rapid horn growth than sheep in
stable or declining herds. Shackleton (1973) compared horn growth
characterlstcs of two bighorn populations and found that the higher quallity
population was characterized by rams with more rapid horn growth early in
life. Heimer and Smith (1975) demonstrated that horn growth was inversely
related to population density for the Dall's sheep (Ovis dalli dalli) in
Alaska. Bunnell (1978) found that horn growth of Dall's sheep was relsted
to the quality and quantity of forage which was in turn directly related to
the amount of spring precipitation. This paper examines the relative
importance of genetics and nutritiom to horn growth in 17 bighorn sheep
populations In Montana.
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Montana Department of Flsh, Wildlife and Parks has enforced a mandatory
examination of all bighorn sheep harvested since 1974. Examination of ram
horns by department personnel includes measurements of the length of each
annual increment and the circumference at each annual ring. These data
were used to calculate mathematical volume of harn grown each year of a
ram's life (Heimer and Smith 1975).

Bunnell (1978) demonstrated that horn growth varied between years in
Dall's sheep. To avold possible blases of this type, a mean horn volume
was calcualted for each bighorn herd based on the total number of rams
measured from that population since 1974. This should prevent the data
from belng skewed by any one particular set of weather conditions or by
unusual horn growth of any cohort.

Hean cumulative horn volume for the first four growth perlods was used
as @ basls for comparing horn growth among the 17 populations studied.
shacketon (1973) suggested that horn growth for superior quality rams was
greater than that of inferior rams for only the first 4 years of growth.
He further showed that the age of social maturation is advanced among
animals from high quality populations. Thus, superior quality rams become
socially asctive early In 1ife and must budget less energy for horn growth.
Inferior quality rams, being relatively less active socially, can have
larger energy budgets for horn growth and can grow larger horn segments
than superlor guality rams during the latter part of their lives. However,
Simmons and Stewart flﬁ'?'.l' showed that this relationship held only when
comparing populations of relatively similar quality. When comparing
populations of vastly different quality, horn growth was found to be
greater throughout the lives of superior quallity rams. In any case, when a
large number of populations are compared, only the flrst 4 years of growth
should be used.

RESULTS

Mean cumulative 3-year-old horn volumes for native populations ranged
from a low of 115 to & high of 177 In? (Table 1)}, Horn volumes for all
transplanted populations were larger than for any native population ranging
from 184 to 285 in® (Table 2). Since there was such a distinet
difference in horn growth between the two types of populations, we treated
them separately in further anmalysis.

Initially, we attempted to explain differences In horn growth,
particularly among na_tiwa populatlons, by relating them to various physical
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habitat parameters such as soil fertllity, chinook freguency on winter
ranges and winter range elevation. These factors could not consistently
explain differences in horn growth for Montana bighorns, though Wishart
(1969) found them to be Important parameters Influencing horn growth in
Alberta bighorns.

Bighotns from the Hellroaring, West Rosebud, Stillwater, Absaroka,
Spanlsh Peaks and Hilgard populations occur on soils that are derived From
the same geologic parent materlals. Yet, horn volumes range from 177 InJ
for Absaroka rams to 115 ind for West Rossbud rams. Three b
populations are found In areas of freguent chinooks: Stillwater, Sun River
and Absaroka. Again, horn volumes ranpe from relatvely small for
Stillwater rame (135 in3) to relatively large for Absaroka rams (177
in®)., Rams that winter in alpine areas (Hellroaring and West Rosebud)
consistently have small horn volumes, but they do not differ significantly
from rams from low elevation winter ranges of the Stillwater, Spanlsh Peaks
and Hilgard herds.

Since Heimer and Smith (1975) found that horn growth was correlated to
population density for Alaskan Dall's sheep, we tested for a similar
relationship. No significant correlation could be established when bighorn
horn wvolumes and winter range densities for Montana's native populations
were compared (r = 0.03). It appeared that areas capable of supporting a
large bighorn population also supported rams with large horn volumes (Table
1). Population size and horn growth were significently correlated for
native populations (r = 0.75; p < 0.01) (Figure 1). It is also apparent
{Table 1) that horn volume is closely related to historic minimum
population levels. The correlation between these two factors is highly
significant (r = 0.91; p<0.0005) (Figure 2). Since historic minimum
population levels are closely correlated with present population levels (r
= 0.8]1; p<0.005) (Flgure 3), we assume that horn volumes are correlated
with present populatlion size only because both factors are highly
correlated with minimum population levels.

Transplanted populatlons are all characterized by large horn volumes,
As with the native herds, no significant relationship was found when horn
volumes were correlated with winter density (r = -0.12). Unlike the native
populations, no significant relationship was found between horn volumes and
total population size (r = 0.04).

DISCUSSION

We suggest that minimum historie tion size is the primary factor
in determining horn growth rates for native bighorns. Those populatlons
which at one or more times In thelr history dipped to 50 or 60 animals or
less do not appear to be capable of supporting rams with rapid horn
growth. Rams from populations that never declined to less than 125-150
animals are generally characterlzed by rapld horn growth and large horn
volumes.
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We hypothesize that differences in horn growth among native Montana
bighorn populations can primarily be explained by genetics rather than
nutritional differences. Most (slx of nine) of these populatlons declined
to 60 animals or less at least once during the first half of this century.
Durlng such low populatlon periods, these herds were probably subjected to
relatively high rates of Inbreeding. This in turn may have affected ram
horn growth In one of two ways. Flrst, inbreeding may have reduced animal
vigor which could result in decreased rates of horn growth for rams.
Secondly, large horned rams may be more heterozygous than smaller horned
rams. Because lnbreeding Increases the percentage of homozygosity, it
would follow that there would be few large horned rams in an inbred
population., Ryman et al. (1981) demonstrated that heterozygosity can be
severely reduced in a short time in a population of 50 animals. Intensive
harvest of males, such 8s occurred in most of these bighorn populations,
would reduce the effective population size and further reduce genetic
variability (Ryman et al. 1381). Population size bottlenecks have been
suggested as the cause of low amounts of genetlc variation In poulations of
alaphant seals (Ml stirostris) (Bonnell and Selander 1974) and
moose (Alees alces n n"'il al, 1977).

Mative populations which have always malntained in excess of
approximately 125 bighorns were probably not subject to Inbreeding. Thus,
a heterozygous population of relatively vigorous bighorns was maintalned.
These are the populations which are now characterlzed by rams with large
horn volumes,

The hypothesis that horn growth differences among native populations is
related more to genetic than to nutritional differences is further
supported by the history of bighorns from two areas in Montana, Rock Creek
and Thompson Falls. Both of these areas supported native bighomn
populations that were characterized by small tightly curled hormns (Berwick
1968, Brown 1974). Wwhen the native populations died out, they were
replaced by bighorns from Sum River. Range conditions remained relatively
unchanged. The resulting atlons have rams with extremely large horn
volumes (Rock Creek - 285 Ind, Thompson Falls - 212 in3).

Gelst (University of Calgary, pers. comm.) suggested that during
population crashes, such as he observed in mule deer In Waterton Park,
Alberta, only phenotyplcally inferlor (i.e., small antlered) males
survive. He further suggested that & simllar relationshlp could be
responsible for small horned rams occurring in Montana bighorn populations
that declined to &0 or fewer animals at one or more times in their
history. Wwe do not feel that this suggestion adequataly explains the
phenomenon we observed for several reasons: 1) The Sun River sheep herd
has probahly *crashed® (declined to 1%0 animals ) more often than any other
Montana population with die-offs in 192a, 1927 and 1935 (Couey 1950). Yet
horn growth for these bighorns remains excellent. 2) The surviving
phenotypically inferior males would have the genetic potential that would
allow thelr offspring to grow large horns when environmental conditions
improve. Therefore, unless genetic change occurred during the crash, laroe

76



horned rams would eventually reappear in the population. 3) During & mule
desr population crash in Montana, nearly all bucks between the ages of 2

and 5 survived regardless of phenotypic expression (Mackie et al. 1980, R.
J. Mackie, Montana State University, pers. comm.), Thus, population
rrashes do not always result In the loss of phenotyplcally superior males.

The Sun River sheep herd has ultimately been the source for all
successful blghorn transplants in Montana. Thus, all transplanted
populations are from what we conslider to be genetically healthy stock.
Since all transplanted populetions are genetically similer, varistion in
horn growth among these populations must be related to habitat conditions.

It is not, however, surprising that winter e densities were not
correlated with horn volumes for transplanted ations. Such a
relationship could only be expected if all of these populations had resched
equilibrium with thelir environments. This is generally not the case as
most transplanted populations are spparently still imereasing.

Among transplanted populations horn volumes are largest for the Rock
Creek and the East Bitterroot herds. These are also the two most recently
transplanted populations. The two oldest transplanted herds, the Wild
Horse Island and Kootenal Falls populations, both have relatively small
horn volumes for transplanted sheep. In fact, the mesn cumulative horn
volume for Wild Horse Island rams is not significantly (p>0.05) different
from that of Sun River rams, and the difference In horn volume between
Kootenal Falls and Sun River rams is berely significant (0.025{ p<0.03).

It appesrs then that whan sheep are put Into a rew and relatively
unexploited habitat, the rate of horn growth Is exceptional - far
syrpassing that of the parent stock. As the population expands, the rate
af horn growth declinmes. Eventually, carrying capacity is reached and horn
growth is reduced to a level similar to that of the parent stock with minor
differences, due to differences in productivity between the ranges.

Horn volumes are not significantly (p> 0.05) different between Berray
Mountaln and Sun River bighorns. The Berray Mountaln population is only 13
years old, yet horn volume is already similar to that of the parent stock.
We speculate that because of the small size of the Berray Mountaln area, as
well as Its relatively harsh winter conditions, cerrying capacity has
already been reached and the rate of horn growth has stabliized.

Apparently, transplants of 20-30 sheep can develop Into genetically
healthy populations because they come from heterozygous parent stock (i.e.,
Sun River). These sheep would have a relatively diverss genetic makeup.
If conditions are such that the population can expand quickly, this
diversity is maintained and a healthy population develops. If, however,
the herd stagnates at only 50-60 animals, the population will eventually
become more homozygous just as a native population would If It was at such
a low population level for any extended period of time.
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MANAGEMENT IMPLICATIONS

The genetic health of a bighorn herd is normally & factor that iIs not
considered by a wildlife manager because data are seldom avallable. vYet,
such information may be important to the survival of the herd as the
following example illustrates.

Rock Creek, in western Montana, originally supported & native bighorn
population, thE history of which is mﬂ? documented (Berwick 1968,
Cooperrider 1969, Aderhold 1972). By the early 1900's, only almt bighorns
were known to occur in the Rock Creek area. The pnpulﬂtim Increased very
slowly until 1985 when the herd was estimated at 175 animals. As we
previously noted, rams from this herd were charscterized by small tightly
curled horns probably similar in volume to horns from other native
populations that we have suggested were Inhred. Indeed, Berwick (19s58)
demonstrated that the rate aof inbreeding for the Rock Cresk herd was
relatively high. Between 1966 and 1969 this herd declined to only 10
animals and was for practical purposes extinct by 1974. HNumerous reasons
for the decline were cited including overgraring by domestic stock,
competition from large numbers of mule deer and encroachment on the winter
range by human development. However, as we have previously mentioned, when
the Rock Creek area was restocked with Sun River bighorns in 1975, the
population thrived though range conditions had not Improved substantially
(Butts 1980). We suggest that a fundamental difference In ability to
survive between the native and transplanted herds wes genetically related.
The Inbred natlve population was unable to tolerate the stress of
deteriorating habitat conditions, while the genetically healthy Sun River
stock thrived under similar conditions.

Thus, inbred populations must be managed much more carefully than other
bighorn herds. ALl efforts must be directed at minimizng stress for these
populations whether that stress be from competition with native or domestic
ungulates, or from human related activites such as mining, subdivisions, or
even intensive studies by well-meaning bilologists. We also suggest that
horn growth can be used as one of the best indicators of when a tranplanted
bighorn population reaches equilibrium with its forage base (i.e., reaches
carrying capacity) by comparing horn growth of the r_rmsplantzd herd to
that of the parent stock. Of course, this comparison is onl { valid if
range conditions for the two populations are reasonsbly similar

We are presently planning to further test the hypothesis presented in
this paper by Introducing rams from a hlgh quallty populetion Into a low
guallty herd - probably the Stillwater herd. Homn growth will continue to
be monitored to detemmine the =ffects of this action. A better approach to
determining the horn growth potentlal of varlous populations would be to
keep captive rams on & high quality diet. If our hypothesis is corrsct,
tams from the populations that are thought to be inbred would continue to
grow smaller horns than rams from populations thought to be more
heterozygous. Unfortunately, budget limitatfons will undoubtedly prohibit
this approach.
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CONFERENCE DISCUSSION

Q. I have a comment. Have you ever seen what happens when a population
crashes?

Ans. Mot really.

x I've had the "good luck."” Mot with mountaln sheep but with deer. I

hink It Is revelant to thils discusslon; because you are suggesting that It
may be Inbreeding effects. I = t that there iIs an alternate
explanation and I will d&mihuu?ﬁa: you and then you can judge for
yourself. [ studied deer In Waterton Park, Canada, My concern was, at
that time, to find some sort of explanation for the great diversity 1n the
phenotypes of bucks we have, some enormous monsters walking around, which
of course, at the time I studied them during & population high, were the

breeding bucks. Very, very busy, very actively engaged. I have the datas
on how long they lived SI.l:l:!.EqLH"IE to becoming breeding bucks. But during



this study, which lasted 8 years, we had a number of serious winters and,
1o and behold, we had a crash. At that time something became wvery apparent
that previously I had not really noticed. I had noticed a large number of
old bucks which were very small in body size and antler size. After the
crash, there were no blg bucks around except for one and he was a special
case. After the crash what we had, and breeding, In that population when
the population was at the absolute minimum, were the small-antlered, poorly
grown Individuals. In other words, we're talking here about natural
selectlon, If the populatlon crashes uftnn ﬂ'mu;h, what you are golng to
have Is, very frequently, the breed {pas that are relatvely slow
gmﬂ.ng that produce slow growing Lnd -.r.'l.duals with relatlively small horns.
That's a possible explanation for what you have seen as well.

Ans. That would seem to be a possibility. Another thing I neglected to
mention, as you talked about earlier, these small populations have besn
hunted since the middie 50's so not only are they small populations but we
are constantly selecting against the larger males in these populatons.
However, only small populations now have small horned rams despite some
exceedingly heavy huntng pressure in larger populations.

%:‘ It sounds to me like you probably have two factors working here.
gse transplant aress are chosen because of the qguality of their range.
So the transplanted sheep could be showing large horn growth due to
mtiitlmul factors, whereas you might have some genetic factors in the
native herds.

Ans. ['m sorry if 1 have confused you. My polnt was that the source of

transplanted populations, was from what we consider to be a genetically
healthy population, {.e. Sun River. any variation that we see in horn
ﬁnuth among them is farage-related or nutritionally related. It is only

the native populations that 1 feel that we really have any genetic
I_':han?a So we are talking about two different factors in the two types of

tions. Horn growth In transplanted populations sppears to be

primarily nutritionally controlled while in netive populations horn growth
is probably more genetically controlled.

» Is horn growth for all transplanted herds greater than that of the
rd they were transplanted from?

Ans. Except for the old transplants: Horn growth for the longest-term
Transplants is not statistically different from that of the source herd.
The two oldest transplants are Wildhorse Island and Kootenal Falls.

Q. Sun Aiver has some of your biggest rams. Aren't they natives?

Ans. Sun River and the northern end of Yellowstone Mational Park have the
Targest horn growth of our native herds.

q. Sa they have a tremendous potential to get even blgger when they are
moved out.
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Ans. That's exactly right.

q. Why, then, does harn growth vary among transplanted populations.

Ans, Capacitles may be different In different areas. Wwhat I'm suggesting
Ts that you ecan use horn slze on these transplanted populations as an
Indicator of when you are reaching thelr carrying capacities. Wwhen the
transplant first cccurs horn growth Is tremendous. But as the population
grows toward the capacity of gﬂ range horn growth declines until
eventually it is similar to that of the source herd.



