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HORN GROWTH IN MONTANA BIGHORN RAMS
HAROLD D, PICTON, Departiment of Biology, Montana State University, Bazeman, MT. 58717,

Abstract Annual growth incramants of 58 bighom rams (Ovis canadensis canadensis) from 18 Montana
hunting districts were analyzed to test several current hypotheses concerning horn growth. Fluctuating
asymmetry measurements wers used to test the hypothesis that the small hom syndrome of certain herds
resulled from population bottlenecking and a resulting 1655 of ganatic vanabélity. Mineral analyses ware
usad io test the hypothesss that ham size differances can be explained by mineral composition differences
which sene as indicators of major soil fedilty differonces among ranges. Meither of these hypolhases was
suppoiied by the analytical resulis. The general pattern of growih was highest in the middle years of life.
The sheap fram ranges producing large homs showed greater annual growth from the 2nd or 3rd year
through life than did the sheep from ranges yielding smaller homn sizes. Pattems of hom growth in
transplanted sheep populations resembled the psrent population but had considerably larger annual
growth increments. Flucluating asymmelry values were smallest in the sheap from areas producing small
homs. This suggests that loss of genastic varability was not a major influence on these sheep, Asymmetry
values in ransplanied populations resembled the parent population and sibling populations more than
unrefated populaions. When climatic effects were evalualed, the annual variation in precipitation
accounied for about 30% of the annual vanation in hom growth after the effects of age were accounted for.

The homs of bighom sheep differ somewhalin_ METHODS
78 AMOng vanous ranges of this spacies (Stewan
and Butts 1882). 1t is presumad that this varation B Tape measurements of circumference and
duse to both genetic and emdronmental factors. The  annual increment length on the outside curve of
relative contribution of each of these factors tothe  each hom were made when sheep heads were
horn variation has never been determined. More  brought in for regsiration and marking. All sheep
detailed information concerming ham growih wolld  anabyzed in this study ware killed in 1983 and 1984,
ba of henofit in managing the species. Inan  The methods usad for mineral analysis have bean
aflampl io explore horn growth, data on the annual  described proviously (Picton and Eustace 1886),
growth increments from 58 rams representing 18 STATA 3.1 (Compuling Resource Cenber,
Montana hunting districts were analyzred, Santa Monica, CA) was used Tor all statisbcal

| wish to thank the many members of the analysis. The F test for equality of standard
Montana Fish, Wildiife and Parks Departmentwho  deviations and the T test for equality of means were
measuted the homs and collecied the dill shavings  used. Because of sample sizes and hislorical and
produced in the identification plugging of the homs.  regional affiniies, adjacent hunbing districts were

Tha current study focused upon the Muctualing  grouped logether for some analyses.
asymmetry of the annual growth ncrements, the Fluctuating asymmalry was measured by
cverall growth patterns, and the relationship of horn sublracting the measurement of each annunai
growth to climate. Fluctuating asymmetry refers o incremont of the left hom from that of the right horn,
the bhilateral differences in growth seen between the  The differences were tofalled to give an asymmetry
right and left homs of an aenimal.  Such index for the ankmal. Only dala from the base
lopsidedness has been used as an index to  through the ffth increments were used for
inbreeding M small populabons of cheelah compansons because of differences in ages and
{(Acinamyx fubafus) (Wayne et al 1986), grizzly  brooming in the terminal incremants The analyss
bears (Lirsus arctns) (Picton of al. 1980) and other  was repeated using the circumigrence al each
species (Leamy 1984) Inbreading incroeases the  annual increment. An index to the amount of hom
fluctuating asymmatry bul environmaental stress  lissue laid down each year was obtwined by
may increase it as well (Leamy 1884), multipdying the annular circumference by the length
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Table 1. A comparison of average homn lengths of bighorn rams over five years af age fram

diffarant ranges in Montana, 1983 and 1984.

Area n hean ago Mean length (cm)
Flint Rangs 4 BS+25 852+80

Rock Creak 3 BT +06 B+ 52
Gallatin-Hilgard i8 68+16 Tr4+93
Highland Mis. 4 S8+15 902+«84

Sun River 8 T3=13 BBE + 73
Baaroath- 11 TE+14 B1.5 + 107
Absaroka

of the annual incremant. This was falt 1o be mors
sensitive to the actual metabolic processes of horn
growih than the volume esimates used by othar
workers (3iewart and Butis 1982 because i is a
betier reprasentation of the aclual amount of hom
fissue that ancloses the volume.

Maonihly precipitadon totals and growing season
data were oblained from weather station records
(NOAR 1875-1884). Weather stations with weather
Huctuations similar of that of the bigham sheep
ranges represantad by the samples ware salacted.
Thus, the weather station serves as an index to the
weather of the sheop range as follows: the Gison
Dam weather station dala was used for the Sun
River hunting districts, the Phillipsburg Ranger
Station weather dala was uzsed for the Rock Croek
and Flint Range sheep ranges, the Wise River
wealher stabon was used for the Highland
Mountains shaap ranges, Hebgen Lake weallier
records for the sheep ranges located in the
southern portions of the Gallatin and Higard
mountain rAnges., and Cooke City weather for the
Beartooth and Absarcka Mountains sheep ranges.

RESULTS

Ham Length

The Flint Range, Rock Creek and Highland
Mountains areas are notable for their production of
large rams (Table 1) over the tasl 20 years, These
areas have all recolved transplant animaks from
Sun River. The Beariooth-Absaroka area includes
the highest mountaing In Montana. Two of the
sheep populations in this melapopulalion unit have
besn judged to ba in paor condiion by papulation
paramatars (Martin 1888),

Asymmilry

Asymimetry as a percantage of tolal incremaont
length averaged |owest (0.3 parcent) in the
poputations of the south Gallalin - Higard range
areas. The highest average length asymmetry (3.4
percent) was seen in the Sun Rner areas. The
horn surface anea index was used 1o compars the
fluctuating asymmetry of different herds (Table 2}
Tha F tesi was used to assess the vadation in
fluciuating asymmetry using the indices of
asymmaetry, Horna from the Sun River region did
not differ in asymmalry from thoss in the Rock
Creek-Flint Range or Highland Mouniain areas
Some ransplants of sheep from the Sun River
were made in these areas since 1960, Sun Rwver
sheep also did not differ in asymmetry from the
Gallatin-Higard sheap but did differ fram thase in
the Beartooth-Absaroka area, Bearooth-Absaroka
sheap had significanily less variation in asymmgiry
than ded any of the other areas exceplt for the
Highland Mauntains.

Annual Hern Growth

The amount of surface area added to the hom
wias amall during the first year of ke, maxmum
during 3 years of age, and then declined for the
remaining years of life (Table 3). On average, the
synihesis of horn Gssue declned by 14.5 per cent
per year after the peak year of growth, The rate ol
deciing of hom growth appeaned to be similar far all
populations, Rogression analyss indicated thal age
oxplained bebween 42 and 81 per cent of the
variation in annual hom growth within the vanous
arcas (Tabie 4).

Relationship of Hom Growih and Climate
Slepwise mulliple regression was used o
oyplore e relaionship babssan annual hodm
growwth and monthly tolsl precipitaten (Table 4). In
general, precipitation explained about 30% of the
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Table 2. A summary of the asymmetry of hom surface area indices for five Montana bighom sheep

areas, 1983 and 15384,

Araa n Mean index Mean % Area differ
asymmatry asymmelry indax (P<.05)

Flint-Rock 11 13.4 0649 Bearaoth

Haghland Mt ] 127 0.57

Sun Reear 8 10.2 0.54 Beartaoth

Gallatin- 19 8.5 057 Bearioaoth

Hilgard

Bearteoih- 11 8.5 0.54 Al excopt

Abszamka I'“Iia.nd

variation in horn growih remaining after the effects  DISCUSSION

of sge were accommodated. However, there were
cansidarable differences amang areas (B.9% 1o
T7.8%)

Relationship of Annual Hormm Growth and
Minaral Content

The Fa, Al, Mg, P, Ca, Pb and Zn levels
reporied presiously (Ficion and Eustace 1886) did
nol show significant cormolatons with the annual
grewih  increments. Mo consistemt  palterns
amaerged from e data

The Flint Range, Rock Creek, and Highland
Mountain areas have been prime areas for the
production of large horns for a number of years
These areas have received fransplant of sheep
from the Sun River population. The Flint Range
and Hock Creek ares had sosting populations
which were supplemented by the transplants. The
Highland Mountaing population ropressnts  an
entirely new population on histeric range. This
population s characterized by exceplionally rapid

Table 3. A comparison of annual horn growth using the surface area indices for five population

units in Montana, 1983 and 1984,

Age Flint- Highland Sumn River Gallatin- Beartoath

Rock Hilgard -Abrsaroka
1 189 125 17.7 0.2 6.9
2 831 121.6 B8.1 622 =44
3 1054 127.8 BG.2 T6.6 66 6
4 807 831 805 66,2 B35
5 725 a2.0 54.0 &7 g8.2
6 50.1 < T 368 3G 45,5
T 43.1 - aM.r 3586 323
8 27.5 i 17.6 18.7 214
] 15.8 . 9.2 18.3 15.1




Tablke 4. The proporiion of annual hom growth explained by age, precipiiation, or unexplained. The
months in which precipitation has a major positive or negative effect are given.

Area Age % Age %Ppt % Lin- Important months
explain Bxplain explain NDJFMAMJJASOD
Flint <2 42 L 32 F
‘Rock 3+ T4 T 18 MAM.I o
Highland <2 81 7 3 A M 5
Ix 68 2 10 MJdJ SO
Sun River <2 - - -
I [ 2 27 N JFM J
Gallatn <2 69 B 25 N MAMJJA
Hilgard 3+ 55 ] ar M MAMJAJA
Beartooth <2 a7 [} 45 D FMA
Absajoka 3+ 74 -] 21 J4F A J O

harn growth rates in the second and third years of
Iife which carried over into the fourth year in all
axcepl the Sun River. Historically, the Sun River
populalion persisted for many vears al ecological
cairymg capacily and then underwenl a major
expansion following reduction in the number of ek
(Carvus alaphus) on the range (Picton 1984). The
sheap for the transplants were obtained during this
period of increasa.

Stoward and Butls (1982) proposed that the
differance in hom size among different populations
can be related to popiutaton bollilensckng snd
consequent inbreoding in this century. Fluctuating
asymmatry can be used io fest this hypothesis
because i Is believed to increase as inbreeding
increases (Leamy 1884). Inbreeding reduces the
effectiveness of prowth confrol fesuling in an
increase in “lopsidedness” in the animal (Leamy
1884, Palmer and Sbobeck 1988). Thus,
fluctuating asymmitry should increasae in areas that
historically had a major period of population
constriction, The Gallatin-Hilgard and Beartooth-
Absarokn arsas might be axpected to show high
levels of asymmabry but instead were notable for
the low levels of asymmetry. The latter population
s norkheast of Yellowslons Park; the former area
i nortvwest of the Park. The Auctuabng asymmelry
analysis doas not support the population
bottlenacking hypothesis. The apparent lack of &
significant difference in ssymmetry betwsen the
Highland herd and the Beanooth-Absarcka sheep
may have bean due to the small number of
samples for the Highland herd (n=5).

Hypotheses that deficlency of insolubdity of
paricular mineraks interfered with hom growth
{Picton and Eustace 1886) were lested using this

detailed dalabase, The analyss of annual homm
groswth pattems and their mineral content produced
no support for the hypotheses that thesa mineraks
were limiting., Schwantje (1986) pointed out that
low levels of copper and selenium can produce
subdlinical problems in domestc sheep and
parhaps bigharn sheep. Although Cu levels were
closaly sxamined for a relation ta horn growth, none
was found, While homn tssue can be expectad (o
b a physiological recorder of conditions present
during its formation, it is probably not as senstive as
I live ssue used by Schwanlje (1988).

The pattern of horn growth secen horo, with
peak growth during years 2, 3 and 4 is similar to the
inverted U patiern described for Dall sheep (Ovis
dalli dadlf) (Bayer and Simmons 1884, Konlg and
Hoels 1884}, While #{ cannol be specifically
confirmed, it appears that aréas notabla far lange
harn sizes have parmbcularty high rates of growih in
the sarly years of life,

The relatonship of climate o the producthity
of sheep also has been reported (Piclon 1964),
The usa of weathes station precipitaton represents
a rough assessment of the importance of climale
and the probable effects of year to year variation in
nutriten on hom growth, Use of an eflectve
precipitation model for each range area combined
wilh dstibution nformation would improve the
assesement. Both positive and  negatve
relationships were seen when companng maonthly
precipitation and horm growth, However, | feel that
a more defalied analysis is necessary before il can
be concluded whether increased pracipiation
during a given month will have a positive or negathis
effect on hom growth
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MANAGEMENT IMPLICATIONS

in managemaent terms, | appaars that the
sheep of the high altivde ranges surrounding
Yellowsione Park may represent an adaplive suite
that includes smaller tightly curled homs. It is
suggested thal further evaluation be done before
supplameantal plants of sheeap of the larger curd
lineages are mades in the area, Comparable data
from the neighbouring herds in  Wyoming
(2hoshone River and Whiskey Mounlain areas)
wauld be parbcularly valuable, Bighom sheep from
the Sun River lineage seem particulardy able o
make use of new habitsts  and should be
considered when making reintroductions  info
currently unoccupied ranges.
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