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COMPARISON BETWEEM A HUNTED AND AN UMHMUNTED DALL SHEEP POPULATION
-A PRELIMINARY ASSESSMENT OF THE IMPACT OF HUNTING-

Manfred Hoefs and Morman Barichellsa, Yukon Wildlife Branch, P.0. Box
2703, Whitehorse, Yukon Canada

ABSTRACT

Compared are demographic characteristics and horn growth parameters of
the Dall sheep population on Sheep Mountain (Kluane Mational Park} with
those of the hunted population inhabiting the Ruby Range. The harvest
rate has been limited to mature rams and has averaged 2 to 3% of the
sunmer population over the past decade., Hunting at this rate has not
Ted to a population deciine, to a change 1in adult sex ratio, or to a
lowering of 1ife expectancy. The age specific mortality patterns of
mature rams due to hunting and natural causes were similar.
Hunter-caused mortality 1s, therefore, considered compensatory and

sustainable and not additive. The hunted population had a
significantly higher natality rate and a significantly lower rate of
horn brooming. However, hunters selectively removed from the

population rams with the best horn development, and there 15 reason for
goncern that this may lead inm the long run to deterioration of horn
growth qualities, Lastly, attempts to relegate these two populations
to different "quality" classes as proposed by Geist (1974) were not
successful.

INTRODUCTION

Game Mananement agencies are coming under increasing pressure to

Justify hunting, particularly hunting for sport. Sheep aré an axampleé
in case, because they are almost exclusively managed Ffor trophy
harvest. There 15 the added factor that 701 to BOT of the sheep
harvest 1n Yukon 435 by non-resident hunters, gquided by local
putfitters, which has led to a neqgative attitudé toward outfitters as
well as governamént by many loacal hunters. Even amang professfonals,
opinions vary widely, as to the value of large protected areas where
hunting should not be allowed as well as when hunting 15 allowed,
whether full-curl, 3/4 curl ram harvest or a "both sex"™ harvest {s the
most appropriate sheep management strategy. Little information exists
about sheep hunting onm such issues as the additive or compensatory
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nature of hunter harvest or on the long-term impact on a population
through the constant removal of rams with the best developed horns.

By comparing demographic characteristics and horn growth parameters of
an unhunted (Kluane MNational Park] and a hunted (Ruby Range)
population, we tried to address some of these guestions. The ranges of
these two populations in southwest Yukon are adjacent to each other.
Therefore, environmental parameters such as weather pattern, predator
préssure, and vegétation cover are similar. The study was not designed
to address the question whether hunting has had an impact on the hunted
population. However, both populations have been monitored fn
conneéction with other investigatifons and some of the data obtained lend
themselves to such a comparison.

Specifically this analysis was meant to address the following topics:

1. 1Is hunting mortality at the rate carried out on the hunted
population additive or compensatory?

While this question can not be directly dealt with with the data
on hand, oneé can reason that hunting can be considered additive,
ff it Teads to a reduction in population size, to a change in the
adult sex ratfo, to a change in the age-specific mortality pattern
or to a reduction in maximum 1ife expectancy of rams. On the
other hand, if these demographic parameters remain the same as in
the unhunted population, then hunting can be considered
compensatory and sustainable.

2. Is brooming of horn tips, which 15 known to bé brought about by
fighting and 1= a common characteristic of horns of old rams on
Sheep Mountain, less common in the hunted population, where
hunting continually removes rams and thershy lowers fighting
opportunities?

3. Do hunters selectively remove those rams with the best horn growth
characteristics? If so, does this lead in the long-term to a
réeduction in the horn growth gqualities of the population? And,
lastly

d. o the characteristics documented for these two populations
support the "gquality”™ hypothesis advanced by Geist (1971) and
co-workers (Shackleton 1973, Horejsi 1976)7

In summary, Geist (1966, 1571) found that physical attributes of
Stone Sheep and Bigharn Sheep were related to demographic
processes and behaviour patterns. Expanding (better quality)
populations were characterized by individuals with larger bodies,
rapid horn growth early in Vife, high fecundity, and low 1ife
expectancy. By contrast, stable or declining (poorer quality)
populations were characterized by individuals with smaller bodies,
slower horn growth rates early in 1ife but above average growth
rates fn the older age classes, lower fecundity, and longer 1ife
expectancy. To this can be added that poorer quality populations
are generally more prone to diseases, and are oftéen characterized
by a higher density (Heimer and Smith 1975).
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METHODS AND MATERIALS

Annual, detailed, aerial and ground surveys have been conducted Tor the
Sheep Mountain population since 1969, and its demographic
characteristics, range sfze, mortality npatterns and horn  growth
characteristics are known (Hoofs 1975, Bunnell 1978, Bunnall and 0)sen
1976, Hoefs and Bayer 1983). From 1969 to 1983, 118 skulls of rams
that died from natural causes were inspected. The age at death was
determined by the horn annulus technique (Hemming 1969) and various
horn growth parameters were measured as outlined in Heimer and Smith
(1975) and Shackleton (1973). These included the determination of
annual growth increments and horn circumferences at the annuli.

In the Ruby Range, 4 complete aerial surveys have been conducted
between 1974 and 1983, and during 7 years an assessment was made of
lamb production by counting nursery bands. During these aerial surveys
it is not possible to separate yearlings and younq rams From ewes, and
"productivity”, as used in the paper, is defined as the number of 1ambs
?ﬂ‘ 100 adult sheep in nursery bands. The Ruby Range sheep population
s subject to hunting and over the past decade 168 trophies taken by
hunters were measured by the wildlife branch as outlined by Merchant et
al. (1%982). In a1l these horn measurements, the longest or less
damaged of the two horns of a skull was used, and measurements were to
ﬂ;ﬁnnr&st I mm since 1975 and to the nearest 1/8 of one inch prior to

An index af horn volume was calculated by assuming that & horn 15 a
regular cone and applying the formula V=h/3 (d/2)wr , where ¥V is the
index of volume, h is the length of the horn, d 15 the horn diameéter,
which can be estimated by dividing the horn circimference by 3.140w),
and® 1s 3.14. A similar method was applied by Heimer and Smith (1975)
in their assessment of horn growth qualities of Alaskan Dall Sheep
populations.

It is emphasized that the value derived is an index only and mot the
actual horn volume, because of a number of assumptions made, which have
bheen elaborated on by Konig and Hoefs (1932). However, volume
determinations using water displacement of 24 horns {ndicated that this
index predicts reasonable well (r = D.B99), and that the mean arror was
an over-estimation of the true horn volume by only 2.9%. It can
therefore be used to make comparisons between populations.

Statistical tests used in the assessments consisted of t-test, Chi
square test, and regression analyses.

STUDY AREA

The two study areas are shown in Fig. 1. The Sheeap Mountain population
inmhabits part of the Kluane Range, in the newly established Kluane
National Park in southwestern Yukon. The geographic coordinates of
this population's range, which is approximately 165 km* in size, are
61%-00'to 61°-10" N, and 138°-30" to 138" 50" W. The physiography is
rugged. The altitudinal Jimits are 755 m (the level of Kluane Lake)
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and 2400 m (the peak of Mount Wallace). The bedrock in the area
consist mainly of metamorphic and sedimentary deposits of Triassic,

Permian, and Cretaceocus ages. Three glacial periods modified the
topography and left & thick layer of glacial till around the base of
mountains. The sofls are juvenile and azonal. They are characterized,
particularly at lower elevations, by recent loess deposits. The loess
deposition continues to this date, whenever strong, down-glacier winds
stir up the silt of the Slims River floodplain at times of low water.
Most soils are characterized by high alkalinity (Muller 1967).

Three altitudinal vegetation rones are recognized. The forested rone,
consisting mainly of white spruce (Picea glauca) stands, extends to an
elevation of about 1200 m, whera it gives way to the "sub-alpine shrub
rone", in which dwarf birch (Betula aqlandulosa) and several willow
species (Salix spp.) dominate. This vegetation belt may reach an
elevation of 1550 m in favourable sites. Ory, south-facing, exposed
slopes in the forested as well as the sub-alpine zones, are usually
occupied by grassland vegetatfon. Dominant plants here are Artemisia
frigida, Carex filifolia, Agropyron yukonense, and Calamagrosiis
urpurescens. It is these grasslands that make up the winter range of

Tocal sheep populations. The alpine zone is the most extensive
vegetation type in the area. Dryas inteqrifolia, Festuca altaica, and
Cassiope tetragona are dominant plan Bre. g altitudinal Timit of
vascular vene on 15 reached at an elevation of 2150 to 2300 m.
Permanent snow 1s encountered at 2500 m (Hoefs et al. 1975).

The Kluane area 1ies in the rainshadow of the 5t. Elfas Mountains, and
the climate 1s semi-arid and continental. Annual precipitation 1is
usually less than 250 mm. Summer temperatures hardly ever reach 25°C,
and winter temperatures of -40°C to -50°C are not uncommon. The annual
mean temperature fis -2.5°C. Local modifications of the regional
climate are brought about by the proximity of Kluane Lake and the
funnelling effects of the Slims River valley on “down-glacier® winds.
The former results in a moderation of the local temperatures, when the
water is not frozen and the latter adds to the dryness of the region
and is responsible for creating snow-free aveas in winter, which are
heavily grazed by sheep (Hoefs 1975). Detailed descriptions of the
local climate and weather patterns are found in Taylor-Barge (1969),

The Ruby Range is located northeast of Sheep Mountain at the opposite
sfde of Kluane Lake. The closest distance between these two study
areas is less than 8 km., The qeographic coordinates of that ?Il‘t of
the Ruby Range under consideration here, are 61°-10' to 61°-40' N and
138%-07' to 138°-40' W. The size of the range 1s estimated at 1330 km®
and takes in game management subzones 5-31, 5-34 and 5-36. This area
has a similar physiography and bedrock geology as Sheep Mountain, ft
also has been subjected to 3 glacial periods.

Because of the proximity to Sheep Moutain it i1s reasonable to assume
that the vegetatfon and the general weather patterns are comparable;
however, no studies have been conducted to wverify these claims.
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RESULTS

A. Demographic parameters

fased on annual counts owver the past 15 years, the size of the Sheep
Mountain population has averaged 2722, with the following compos{tion:
19 rams, 93 ewes, 23 yearlings and 27 lambs (Tahle 1). However,
considerable variations have bean documented between years, primarily
hecause of changing lamb crops (Hoefs and Bayer 1982) (Table 2). Im
the most recent past, the population has declined because of heavy
mortality in the severe winter of 1981/82 followed by ? years of Tamb
failures. The adult sex ratio in this population averaged BS males:1Nd
females, BAased on a ye-ur-rgund range of 165 km™ , the density of this
population is 1.34 sheep/km=, which 1t one of the highest in the Yukon.
Based on & comiete surveys of the Ruby Range® population betweéen 1974
and 1983, the average population size amounted to B62, consisting of
309 rams, 349 awes, 91 yearlings and 113 lambs (Table 1). The adult
sex ratio is similar to that of the Sheep Mountain population with 8f1
males:100 females; however, {ts range extends over 1300 km™, giving a
density of only 0.66 sheep/km™. Productivity estimates were conducted
during 7 years (Table 2). During these years the Ruby Range population
had a sfgnificantly better lamb production Ihan the Sheep Mountain
population, amounting to 29% respectively (X* = 36; d.f, = 6, P «
D.005). The size of the Ruby Range population has also fluctuated
among years. But it has not declined by 25% fn recent years as the
Sheep Mountain population did, because lamb production was not quite as
Tow, nor was adult winter mortality quite as high.

B. Hunting

Over the past decade the mean annual harvest in the Ruby Range has heen
around 20 rams (Table 3), of which 14 were taken by non-resident
hunters guided by outfitters and § were taken by resident hunters,
There are indications that resident hunting pressure is increasing in
recent years. This harvest constitutes 2 te 3% of the local sheep
population which is presently estimated at 862, Considering the
observed séx ratio among adult sheep and the fact that rams under
existing hunting legislation become leqal [on the average) hetween the
Ath and the 9th year, it can be estimated that about 25 to 30 rams are
recrufted into the legal cohort per year, and the present harvest of
about 20 transiates into a removal rate of ASY to ROE of the legal
rams. Over the past decade the trophy quality of the rams taken has
improved, both in respect to average age of harvested rams as well as
in maan horn length. Treénds in these two trophy quality parameters are
shown 1n Fig. 2.

C. Comparison of natural and hunter caused mortality patterns

The frequency distributions of age-specific mortalities of rams are

shown 1in Fig. 3. Over the past 15 years 139 known age natural
mortalities of adult rams were documented for the Sheep Mountain
population, while 192 hunter-caused mortalities were registered for the
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FIG.2 TREND IN TROPHY QUALITY OF RAMS
TAKEN IN RUBY RANGE
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Ruby Range. For the Sheep Mountain population the mean age of adult
mortality was 9.53 years, most rams died in the 10- and ll-year age
cohorts and the maximum 1{fe expectancy was 12 to 13 years. The meéan
age of ram mortality in the Ruby Range was 9.38 years, most rams were
shot in their 10th year, and the maximum 1ife expectancy was 14 to 15
years. There 15 no statistically significant difference in the
age-specific adult ram mortality distributfons between these two
populations (X* = 7.14, d.f. 7, p > .50). Hunter-caused mortality had
@ similar age distribution as natural mortality and has not led to a
lowering of the 1ife expectancy of affected rams.

0. Horn growth parameters

When comparing horn growth characteristics among populations 1t s
essential to point out how data were derived. Horns not only grow with
age, they also wear down with age (Hoefs and Nette 1982). Considerable
differences exist between population imn horn wear rate and bhrooming,
and lack of recognition of this fact can lead to errors in comparisons.
Unfortunately wvery few publications on horn growth in sheep make
reference to how this problem was addressed.

Figure & presents two types of horn growth curves, one referred to as
“potential” horn growth and the other one as “realized" horn growth for
each sheep population.  "Realized" horn growth data are the ones
usually Found in the relevant Titerature,. They treat annual fncrements
that are affected by tip wear and brooming, which arée usually the First
and the second years' increments, as part of the sample size and use
these reduced values in computing mean fincrement lengths. In the
calculations of “"potential™ hormn growth, increments affected by wear
and brooming are ignored. This means that for the determination of
mean lengths of the Tirst and second annual increménts, the horns of
younger rams primarily are befng used. By means of the regression
technique a good estimation of the full length of the first increment
{lamb tip) is possible, because the relation of horn tip wear with
years appears to be linear (Bunnell 1978, Hoefs and Nette 1982).

The term “potential” is actually misleading, since this growth was at
one time also realized. However because skulls are usually not
available for measurements until an advanced age is reached, hormn tip
wear in all and horn brooming in many have reduced the Tengths of the
lamb tip and often the second year increment also.

In Figure 4 potential and realized horn growth curves are shown for the
Sheep Mountain rams as well as for those from the Ruby Range. The
difference between potential and realized horn growth is remarkable
particularly for the Sheep Mountain population, where horn tip wear and
brooming rates are higher than for the Ruby Range rams (Fig. 4)}. In
old rams on Sheep Mountain observed horn lengths are 15 to 17% shorter
than potential growth, while in the Ruby Range a reduction of only
about 5% could be documented.
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Since 1t is at this time not known why brooming and horn tip wear rates
differ among populations, comparisons in horn growth should be made by
using “potential™ growth. Wear rates may be affected by population
density or the préseénce of many superfor rams (because of lack of
hunting) both of which will increase the Frequency of contacts between
rams. Shackleton and Hutton (1971) have shown that horn lenqth
reduction by brooming 1s caused hy fighting of rams.

In Fig. 5 and Fig. 6 Sheep Mountain ram horn growth {s compared to that
of the Ruby Range rams, firstly in respect to potential horm growth and
secondly in relation to realized horn growth, to demonstrate the
concerns rafsed in relation to methods of assessment. Fig. 5 shows
that the Sheep Mountain rameé have superfor horn growth during the
first, second and third years:; starting with the 4th year, however,
Ruby Range rams put on more growth. In Fig. 5a these annual increments
are added up to show cumulative potentfal horn growth with age. Retter
horn growth early in 1ife allows Sheep Mountain rams to have longer
horns until their 7th year. They are then passed by Ruby Range rams.
Sheep Mountain rams can potentially reach a horn length of 1020 cm
(40.2 in.) on the average in their 12th year, if there wers no
brooming, and about 10% do so. The Ruby Range rams can obtain a2 horn
length of 1060 cm (41.6 in.) in their 14th year and about 33% reaching
that age, do s0 because brooming is less important in this population.

Fig. 5b shows the type of relationship in horn growth rates that a
number of investigators have wsed to distinguish between better and
poorer quality populations (Geist 1971, Shackleton 1973, Taylor 1962).
In the definfition by Geist (1971) these horn growth characteristics
would relegate the Sheep Mountain population to one of better quality
than the Ruby Range population. The relavant parameters are good
initial horn growth, poorer horn growth after the 4th year and a
shorter 1ife axpectancy.

However, a different type of picture emerges, when “realized” horn
growth is used for the comparison (Fig. 6). As already pointed out,
here the annual growth fincrements are cosputed from a sasple size
consisting primarily of old rams’ horns (mean age 10 years), which show
a considerable amount of horn tip wear and brooming.  Because of
substantially higher rates of bhrooming in the Sheep Mountain population
truly accomplished higher growth rates in the first and second years
arg masked. Tm all but the third annual increment, the computed annual
horn growth rates of the Sheep Mountain rams are now lower than those
of Ruby Range rams, and the Shesp Mountain population has a lower
total, comulative horn growth from the very beginning. At an age of 12
years, Sheep Mountain rams reach a mean horn lenqgth of B60 mm (33.9
in.). At the same age Ruby Range rams have obtained a mean horn length
of 970 mm (38.2 in.) and they can reach a mean of 990 mm (39.0 in.) in
their l4th year.

The assessment of qgrowth fin horn mass by determinations of
circumferénce measurements at the annuli is not affected hy problems
caused by brooming. Circumferance measurements are discrete variables
not continuous as 1s growth in length. A given annulus is efther
present or absent. If a horn tip is broomed and the first and second
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FIG. 6 COMPARISON OF REALIZED HORN GROWTH RATES
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annuli are missing, their abseénce will not affect the mean value
abtafned, as 1s the case in horn length assessments, since the sample
size will be accordingly reduced. Fig. 7 shows the growth in horn
circumference of these two populations.  Sheep Mountain rams have
bigger horns at the 2nd, 3rd and 4th annuli; however, these differences
are not significant.

Since the differences in horn Tength observed bhetween these two
populations, are primarily the result of differential rates of brooming
we have analyzed in more detail horn tip wear rates and brooming rates.
Table &4 1is5ts for both populations the lengths of the first and second
annual increments per age cohort as well as the percentage per age
cohort in which these two fncrements are antirely missing. While 1n
the rams of both populations the reduction in lengths of the first and
second horns fncrements are significantly correlated with age (Sheep
Mountain, r = -0.821; Ruby Range, r = -0.991 for first increment:
Sheep Mountain r = -0.768; Ruby Range r = -0.941 for second increment),
the rate of horn reduction is higher for the Sheep Mountain rams and it
fs also more “erratic®. This indicates that brooming as opposed to
gradual wear is more prominent here. This is primarily obvicus from
analyses of the second increment, since gradual horn tip wear affects
essentially the First increment only (Hoefs and Mette 1982). 1In Sheep
Mountain rams, 36% of the rams older than 5 years have nn 2nd horn
increments left, but this was obhserved in only 3% of the rams from the
Ruby Range. These differential rates of horn length reduction are
shown graphically in Fig. 8. Here the assessment s based on reduction
in length of the sum of the first plus second horn growth increments.
From the 5th year to the 12th or 14th year, respectively, horn
reduction appears to be linearly related to age. We have no data for
the younger age classes, but we know from extrapolation with First year
increment data only (Hoefs and Nette 1982), that the sum of the first
plus second increment can not be greater than about 326 mm for Sheéep
Mountain rams and about 308 mm for Ruby Range ramg. This would
fndicate that during the first 4 ar S5 years of 1ife, horn length
reduction is primarily brought ahout by gradual tip wear, and that this
wear rate 15 relatively slow. Starting with the S5th and 6th year horn
length reduction is brought ahout by the additive impacts of horn tip
wear and brooming; and this combined rate fs much greater, as 1is
obvious from Fig. 8. This interpretation appears to be reasonable in
light of the fact that brooming s brought about by fighting
{Shackleton and Hutton 1971) and rams do not usually eéngage in severs
fighting wuntil they have reached maturity, which according to Geist
{1971} is about the 6th year.

This affect of brooming on total horn lengths realized in mature rams
has management implication, if trophy harvest is the management
ogbjective. 1In Fig. 9 we have shown the mean horn lengths obtained by
rams dying at different ages for both populations. For Sheep Mountain
rams, the longest horns were documented for the 9- to 10-year age
group. In older rams brooming exceeded new growth put on at the horn
base: and there was, therefore, a reduction in horn length in older
rams. For Ruby Range rams, on the other hand, horn léngths obtained
were greater in all age classes and remained relatively stable from the
9th to the 13th year age classes,
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FIG.7 COMPARISON OF HORN GROWTH IN
CIRCUMFERENCE
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FIG. 8 RELATIONSHIP OF HORNWEAR AND BROOMING
TO AGE OF RAMS
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FIG.9 MEAN HORN LENGTH OBTAINED BY RAMS ON
SHEEP MOUNTAIN AND ON RUBY RANGE
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Duri ng these years néw growth put on at the horn base and hl"ﬂ-ﬂﬂil‘lg of
the horn tip were more or less in balance. Only in very old rams, 13
and 14 years of age, did brooming exceed néw growth and there was &
slight reduction in total horn length. Since horn length is the single
most {mportant parameter in trophy evaluations, rams in a population
with horn characteristics comparable to those of the Sheep Mountain
herd should be harvested at an average age of 9 to 10 years, while Ruby
Range rams should be allowed to 1ive longer. However, to strive for an
average harvest age of 12 to 13 years is unrealistic. Many rams will
have died from natural mortality causes by then, and asymmétrical
brooming lowers the trophy quality, even if a few points may have been
gained for the longer of the two horns. Our assessments, throughout
this analysis have only considered the longer of the two horns on &
?ren skull, differential rates of brooming are therefore not apparent
n our tables and diagrams.

There are many advantages in assessing horn growth in volumeé. [t more
appropriately reflects accumylation of mass or tissue than either
length or circmference measurenents. However, volume determinations
are difficult and few attempts have been made (Heimer and Smith 1975,
Konfq and Hoefs 1982, Stewart and Butts 1982). We have used here an
index of volume, applying Heimer and Smith's (1975) methodology. In
Fig. 10 the incremental and annual horn volumes as well as the total
cumilative volumes are shown for both ram groups and Table 5 shows the
horn length and circumference data from which they were derived. Here,
data for "realized™ growth were used. However, this makes 1ittle
difference, since the presence or abseénce of the first plus second harn
growth increments would only introduce an error of less than 5% in the
total horn volume of a mature ram (> 8 years old]., Horn volumeé growth
Is not significantly different Tn the Ffirst 4 years, but after that
growth in horn volumé of the Ruhy Range rams exceaded that of the Sheep
Mountain rams, and at the age of 12 years it was on the average 1A%
greater, In contrast to growth im horn length, which for both
populations was highest during the second year, most volume growth was
accomplished by Sheep Mountain rams during their 4th growing season and
by Ruby Range rams during their 4th and 5th growing season. Even
during the 9th growing season was volume accumulation still higher than
during the Znd year. The pattern of horn volume growth 15 therefore
very different from that of growth in horn length, and 1t may gquestion
many of the hypothesis that have been advanced in relation to
population q;lﬂity, bated on the latter (Geist 1971, Shackleton 1073,
Bunnell 1978).

The possibility exists that the differences observed in horn parameters
of these two populations may be a reflection of a biased sample. 1In
the Sheep Mountain population the rams died from natural causes and all
were included in the sample. Particularly in recent years, the skulls
of most rams that died were recovered and measured. There is also no
reason to assume that skulls that were not recovered should have
different horn growth characteristics. In the Ruby Range, the sample



= 453 -

Table: § COMPARISONS OF HORN GROWTH PARAMETERS
Cumulative Horn circumference Cumulative incremental
Age horn_length (mm) at annuli {mm) voluma index cm'  volume index cm’

A,  Sheep Mountain Rams

1 25.4 68.7 3.0 3.0
2 168.7 155.1 107.7 104.7
3 348.2 226.8 475.2 368.0
4 &83.5 269.3 931.2 456.0
5 E89.8 288.4 1299.6 368.4
i 669.0 302.5 1625.9 326.3
7 728.0 311.3 1824.2 248.3
8 712.6 313.5 2022.6 148.2
9 B06.0 320.5 2195.7 173.1
10 B30.2 317.8 2225.0 30.0
11 gag.2 325.0 23793 154.3
12 Bb1.1 325.0 2415.8 6.5
£. Ruby Range Rams

1 2.7 71.4 4.5 4.5
2 207.6 148.5 T1el.5 1&.7
3 377.2 215.1 463.9 342.0
4 517.3 263.2 950.8 486 .9
5 635.1 292.8 1444.5 493.7
b 728.4 309.3 1847.3 402.8
) 801.8 319.8 2l7a.3 328.0
i 857.8 2.7 2370.3 195.0
9 B99.7 326.7 2547.3 177.0
10 932.3 329.0 2639.3 93.3
11 a957.4 38,1 2750.7 1171:1
12 973.4 330.1 2817.1 67.0
13 987.3 330.4 2858.5 4.1

14 9953 331.7 2903.5 45.0
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FIG. 10 ESTIMATED HORN GROWTH IN VOLUME OF DALL RAMS
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was obtained entiraly from hunter-killed rams. Hunting pressuré varied
betweéen years, amounting to 66% to B0 of the legal rams. The other 20
to 34% of the rams died from natural causés. Nome of thefr skulls wore
recoverad and assessed.

Although supporting statistics are not available in the literature, it
is known that hunters select the biggest trophies. We have used two
analyses to address the hypotheses that hunters take the best trophies,
and that rams with more inferior horn development 1live longer.
Firstly, horn growth parameters for rams that were shot at an agé of
less than 9 years were compared with those rams living longer than 9
years. The relevant statistics are given In Tables 6a, b, and in Fig.
11. It is obvious, that rams shot at an age of less than § years show
generally better horn development than those harvested at a greater
age. For linear horn growth the difference i3 significant for the
first, second and third annual increments. For the first increment, it
may reflect different rates of tip wear, but for the 2nd and 3rd
increments the differences are real. In general, the vounger rams also
had larger horn circumferences, however, only the one at the 5- to
6-year annulus was significantly different. As a practical example, it
can be said, that a ram shot by hunters in hisz %th growing season had
an average horn length of 904 mm with an average circumference at the
horn base of 323 mm, while those rams of the same age that remained
a'li'm;nd an average horn lTength of B26 mm with a circumference at base
af 315 mm.

Secondly, we applied these procedures to all hunted age classes, and
the rasults are shown in Fig. 12. It is obvious that for each cohart
shot at a given age the horn growth {s superior to those of rams living
longer. Detailed statistics are given in Table 7a and b. These tahles
show that these differences are derived primarily from horn growth
rates during the first 6 years, which show in general a negative
correlation between age at death of a ram, and increment Tength during
the first & years. For circumference measurements this negative
correlation is found in 811 age classes except for 4th (Table 7al.
From these analyses it becomes obvious that hunters take indeed the
biggest trophies for a given age class.

A similar analysis far the Sheep Mountain rams, does not show this
trend. Tables Ba and Bb give the relevant statistics. Hers the
pattern of mortality is more random, with rams with both well developed
and less well developed horns dying In a given age cohort.
Correlations between horn increment length or circumference and age at
death are generally positive, and where they are negative, they are
less significantly so than for Ruby Range rams.

Having established that hunters select the rams with the best horn
development, the guestion whether this selective removal of superior
animals will not over time lead to & deterioration of trophy quality in
the population neads to be addressed. By selectively remaving inferior
animals, European wildlife managers have over many years besn able to
considerably improve the trophy quality in herds of red deer, roe deer,
chamois and mufflon sheep. It is therefore not unrealfstic to suggest
that the reverse could come into being here. Unfortunately, the Yukon



Table ba Comparison of horn growth in length (mm) of rams
shot before and after 9 years of age
En n ] 2 3 4 5 6 7 & 9 10 11
;9 42k 32 168 157 137 15 92 72 53 41 29 30
x 32 200 357 494 608 701 773 826 867 BY9G 926
£9 38x 5 192 174 42 N5 94 74 54
2 x 69 251 425 567 68z 776 830 904
Table 6b Comparison of horn growth in circumference (mm) of
rams shot before and after 9 years of age
Age d-5 5=6 B=7 7=8 8-9 9-10 10-11 11-12
79x 264 291 306 315 320 325 330 n
n 17 17 17 17 17 17 32 )
£ 9 x 262 s 310 323 330
n 14 15 16 18 16
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FIG.Il DIFFERENTIAL HORN GROWTH RATES OF RAMS SHOT OF
AN AGE LESS THAN 9 YEARS OLD AND THOSE LIVING

LONGER
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FIG. 12 DIFFERENCES IN HORNGROWTH RATES OF RAMS SHOT
AT A GIVEN AGE COMPARED TO THOSE THAT LIVED LONGER
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Wild1ife Branch has only taken trophy measurements for about 10 years;
the data base 1s therefore fnsufficient to address this {ssue.

Nevertheless, we have made an assessment of horn growth parameters of
rams in the Ruby Range that were thot during the years 1973 and 1974
and compared them with data of rams shot between 1981 and 1983. The
data are given in Table 9 and fn Fig. 13. While the differences
obsérved are not significant, they do show & trend, which forces us to
be cautious with our present sheep management scheme and to closely
monitor the situation. The horn qrowth pattern of rams shot during
1973-74 is characteristic of a better quality population (as defined by
Geist, 1971), in that better horn growth increments were obtained
during the First, second and third years., Circumference measurements
were also higher. A perfod of 8 ta 10 years 15 insufficient to
document a genetic change, however, these data warrant further futurs
assessment of the indicated trend.

E. Assessment of population quality

Characteristics we used as fndicator of population guality are
summarized in Table 10. By comparing the two populations in relation
to each of these indicators they were then rated as baing of bettar (+)
or of a poorer (-) guality than the other. It is apparent from Tahle
10 that there §s no distinct trend. The Sheep Mountain population can
be considered of superior quality im relation to heavier body sizes of
rams, horn growth pattern, and a shorter life expectancy. However, 1t
is of poorer quality in relatfon to Tts low fecundity, high incidence
rate of wvarious mandibular diseases and 1ts high density. The
characteristics described, therefore do not allow a relegation of these
two populations into different quality classes, as hypothesized by
Geist (1971).

SUMMARY AND CONCLUSION

Hunting carrfed out on the Ruby Range sheep population, which
translates into a harvest rate of 2 to 3% of the summer population,
must be considered compensatory and sustainable and not additive. It
did not cause population decline, it did not change the adult sex
ratio, it did not Tower the maximum TiFe expectancy, and the age
specific mortality pattern was not different From the natural mortality
pattern observed 1in the unhuntad populatian of Sheep Hountain,
Hunting, therefors, has had no negative impact oaver the past decade 1in
a guantitative sense.

The rate of horn brooming was significantly lower in the hunted
population, which resulted in longer average horn sizes in the older
age classes of rams. While we have no evidence of this, it is not
unreasonahle to assume, that the Tower density and the removal of
superior rams 1in the hunted population lowered the freguency of
contacts between rams and therefore the potential for Fighting.
Brooming of horns 8¢ thouqght to be primarily caused by fighting
(Shackleton and Hutton 1971).
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FIG.13 HORN GROWTH RATES OF RAMS SHOT IN I1973-T4
AND IN 19Bi=-B3 IN RUBY RANGE

LENGTH OF ANNUAL HORN INCREMENTS IN mm

220

200 1

180

160

120

B0 -

40 4

20

il & RAMS SHOT 1973-74
(n=22)

s RAMS SHOT 198]/-83
(n=5l)




S T e

&

Bupiey

(EL=u)}
“sQl blE

sdeaf §l-pL
s3ma pO1/s9l 6e
;i fdaays 95°0
(£d=u)

28E

an|ep

uopje ndod abuey Aqny

Buyiey

(O1=u)
"sqL 0EZ

saeak E1-Z1
sama 00L/sql 02
o /daays pE |
(££=u)

43

anjen

ualie|ndod uleluUnDy d83YS

K34 enb woriendod 30 $3}135L4AIIRARYD

uaajjed
yimoJh waoy

{ *xwwr) 1ybram 8oy
Aliaabucy
£3LA112NP0Ad

A3 Lsuag

(@3%d 2ouapLaul)
SISEIELPp JRINGQLPURY

JOTESLpU} AajLeng

L |qel



- 465 -

Hunters selectively remové those rams with the best horn development.
There are indications that this may lead in the long term to a

deterioration Tn horn growth quality of the population and it s,
therefore, imperative that the trend is carefully monitored. Should
this concern be substantiated, it will be necessary to modify our
harvesting strategy, allowing a ram component with a more natural
composition in the population to perpetuate 1ts genes.
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