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AGSTRACT

Investigations were carried out on captive dall rams ano trophies
submitted by hunters to determine the annual growth period of horns and the
wear rates of horn tips.

Horns begin to grow in lambs ouring the second week In July at an
average age of ten weeks. OGrowth in the lamb year continues to late
Decembar, anc by the end of January the second horn increment begins to
develop. Likely, there is no complete stoppage of growth between the first
ano second periods, only 8 slowing down to an immeasuranle amount. &y the
first birthday of the rams, already 20 to 25 percent of the second
Increment is completed. In the seocnd year, hom growth continues to the
latter half of Movember. As rams age, horn growth perlods shorten and
dormant periods become correspondingly longer. In mature rams, 5 to &
years of age and older, growth and dormancy are @ach about six months In
duration. At the beglnning of the hunting season In the Yukon, August 1,
about 75 to 80 percent of the current years growth Is completed, after
October 1, no further growth occours.

There i5 a gracual wearing down of the hom tips, or the first year's
horn increment, with age. This gradual wear at the horn tip is correlated
with age and 1s Independent of so-Called "brooming", in which part of the
horn breaks off during fighting. In the southern Yukon, horn growth during
the lamb year is about 100 to 120 mm, and by the age of 10 years, only 40
mm of the lamb growth remains. At the age of eight rate of horn wear at
the tips exceeds growth put on at the horn base, and no further increase in
horn length can be expected in the average ram.

METHOOS AMD MATERIALS

Dall rams kept at the Yukon Game Farm at whitehorse were inspected at

about monthly intervals for a four-year period and subsequently twice a
year until the last ram of this Initial captive band died at the age of ten
in 197%. These periodic inspections included measurements of the rams'
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horns to determline growth periods and growth rates in length and
circumference gnd wear rates of the homn tips. This experiment started In
1969, when the rams were caught as day-old lambs in Kluane National Park.

Concurrently, the Yukon Wildlife Branch began to inspect the horns of
hunter killed rams in 1973, During the first few years submissions of
trophiss were voluntary, and the measurements taken were those necessary to
compute scores according to the Boone and Crocket formula. Submission of
Lrophies has been compulsory since 1976, and the types of measuremants
taken have become more elaborate, particularly during the past two years.
Measurements used in this analysis are of rams from the southwestern Yukon,
where inspections began in 1973 and a fairly large, representative sample
size is avallabla. '

In this paper, we will confine our discussion to twd aspects of horn
growth gynamics: Firstly, the perlods of horn gowth and secondly, the wear
rates of horn tips. Both have management implications, particularly in
respect to aging accuracy. Horn growth rates, which are influenced by
heredity, nutrition and other factors, will be addressed in another
publication.

To determine "percent of current horn growth completed" for rams shot
by hunters, the current horn growth lncrements of the respective rams were
comparad to the mean completed increment length for that population.

RESULTS AND DISCUSSION
HORN GRONTH PERLODS

Based on observations of up to six captive rams and four ewes, the
following summary can be made; Horn growth started in both male and female
lambs when they wera about 10 weeks old. The mean date of birth of thase
captive lambs was May ind; the first messurable growth was noticed on July
1Zth, on the average. Growth was slow in the first few weeks, but
proceeded rapidly through the months of August to November. In the latter
part af Movember ano early December, growth slowed down considerably. The
mean growth period during this first year was six months + 13 days.
decauss the lambs could only be captured and inspected every three to four
weeks during winter, it was not possible to determine exactly at what date
growth ceased and new growth for the second increment began. It appeared
that there was no measurable growth from late December to late January.

In some short-yearlings, growth was initiated during the last week in
January, and by February 20th, new growth amounted to > percent of the
second increment. GCrowth proceeded slowly until late March, but it
accelerated during April. By May 2nd, when these sheep reached their first
birthday, trne mean growth accomplished amounted to 22 percent of tha Znd
Increment. Growth proceeded at & more or less steady rate to November lst
when 94 parcent of the second increment was complated. After November
25th, very little further growth was observea. The second growth perioa
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was 10 months + 12 days, and 1s the longest, and the mean rate of homn
growth, 34.2 mm/month, was the greatest. After the second growth pericd,
there was a cessation of growth for about thres months. The third period
was Initiated In mid February, and the growth rate was relatively faster
than durlng the second year, with 28 percent of the third increment put on
by May lst when the rams reached their 2nd birthday. By September 22nd, 35
percent of the annual growth was completed, and after Movember &6th, no
further growth was observed. The dormant period Increased, Deing abDout &4
months after the 3rd growth season. Again, in the latter part of February,
horn growth was initiated for the fourth year, and Dy May lst, 30 percent
of the fourth increment had been accomplished. Oy September 5th, 4
percent of the annual growth was completed, and after October Sth, no
further growth was observed. The growth rates for these four periods are
shown in Figure 1; for comparative purposes they are expressed as “Percent
of annual growth completed", rather than in absolute amounts. The relevant
statistics which Include annual growth increments as measured at the end of
the respective years, horn growth perlods, and absolute growth rates
expressed as mn/month, are glven in Table 1.

Table 1. Statistics on Horn Growth of Captive Dall Rams

Increment
in mm Absolute horn growtn
Year n {x) Horn Growth Period rate in mm/montn ()
1. & 145 & months + 13 days 24,2 mm/month
2. 5 342 10 months + 12 days 34.2 mm/month
3. 4 205 9 months + 15 days 22.8 mm/month
4. 4 133 8 months + 15 days 16.7 mm/month

After the fourth year this experiment could not be continued with the
previous regularity; however, perlodic assessments were carrled out two to
three times per year until the last ram dieg at the age of 10.

From these assessments, from inspections of many hundreds of
hunter-killed rams shot in the period of August lst to October 3lst, and
from measurements of 117 winter-killed rams in Kluane National Park we have
concluded that horn growth periods continue to shorten with Increasing age
of rams and the winter dormancy periods become correspondingly prolonged.
However, beyond the age of 5 to & years, these changes are not significant
anymore. Mature rams initiate horn growth in early April and practically
all growth has ceased by October lst. The growth period and cormancy
period in thess older age classes are, therefore, both about six months in
duration.
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Trends observed in growth period lengths of captive and wild rams were
comparable, which supports conclusions of other investigators (Hansen and
Denning 1980, Sendova 1379, Turcke and Schmincke 1965, Schmincke 1958, and
Taylor 1962) that this period is determined by photoperiodicity and sex
hormones and not by quality of forage. LIttle work has been done on this
topic, but the following few citations from the literature essentially
support our observations. Hemming (156%), after inspecting 129 skulls of
dall sheep, most of which were shot by Eskimos In the Anaktuvak Pass area
af Alaska's Srooks Range, writes, "Little, If any, growth was taking place
in the horns of animals killed from October through January. In a sample
of 18 sheep killed in February, the horns of one had a new annual ring. 8y
May, new growth was evident in gll homns. Growth appeared to ba most rapid
during early summer, and by the end of September, had essentially ceased",

Hansen and Deming (1%80) wrote, "Each year during the rutting perico in
the fall, horn growth subsides for several months, but resumes again,
usually In January". "Bighorns ralsed in pens had good feed in front of
them all year long. These artificially fed bighorns also formed horn rings
and went through the same seguence of growth". "From this evidence and
becausé horns are secondary sexual characterlstics, LIt appears that periods
of horn growth are governed oy sex hormones".

Both Goss (1959) and Cowan (1940) also related the cessation of horn
growth in the fall to the rutting season and, thus, to hommone influence.
The influence of sex hormones on horn growth is obvious in two bighorn
rams, used as experimental animals for food selection studies by the
Colorado Division of Wildlife, which were castrated at six weeks of age.
while the flrst growth Increment developed normally, the second and thlrd
were greatly reduced, and after the third growing perlod, horn growth
stopped completely. The harns of these rams, now about flve years old,
have the appearance of homns from yearling rams, (7. Hobbs, personal
communication). Hoefs (1982) documented hormonal influence on homn growth
of mufflon rams.

The age at which the norns first appeared on lambs differed by as much
as 10 days in this captive population, and may oiffer with locality.
Hemming (1969) wrote, "I found that the horns of Dall sheep begin to
develop when lambs are about 4 months old®™.

Wells and Wells (196l) reported the appearance of horns on male lambs
of the desert bighorn at threea months of age. A male lamb born on
Wildhorse Island and placed in captivity is reported to have lost hair from
the horn site at one and a half months of age and hom buttons were evident
soon afterward (Ogren, 1954).

For mature rams, Taylor (1962) reported: "The appearance of new growth
was First evident in a ram from the Matlonal 8ison Range collected on April
17, 1969. This ram was approximately 37 months old, new growth amounted to
3 Inches®. "A ram collected on May 10, 1939, aged at 71 months, had 2 mm
of new blus=grey colored horn". Taylor (1962) also reported that growth
had stopped in a 4l month old ram collected October 17th.
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Investigations of the European mufflon essentially show a similar trend
{dendova 1979, Turcke and Schmincke 1965, Schmincke 1958). Tircke and
Schmlncke stated that horn growth in male lambs begins at 3 to 5 months of
age, and stops in late December for only one "moonphase". These dormant
periods increase with age. B8endova (197%) made similar observations on the
mufflon rams of C.5.5.R. She reparted that the period of h stoppage
in 1 and 2 year old rams is & to B weeks; in mature rams, it may be &4 to S
months.

Some of these observations made on horn growth periodiclity have
practical relevance: (1) The initiation of homn growth in the lamb year
is dictated py the animal's age, while temmination of growth is determineqg
by the photoperiod. Since there is considerable variation in lambing dates
in the Yukon, from April 18 to June 30th, lambs born late do not have as
much time to grow horns than those born early. The variations observed In
horn growth during the lamb year, which are greater than durlng any other
year, will therefore to a large extent be a reflection of different birth
dates, and not necessarily one of range productivity or pupulation
guality. The growth during the first year should therefore be omitted If
comparisons of horn growth quallity are made between aifferent populations.
(2) The horn growth period Is synchronlzed with the calendar year more so
than with the chronologlcal age of the anlmal. This factor may lead to
errors in age determination by the uninformed. As Indicated above, new
horn growth begins 3 to & months before the animal's birthday and, by its
birthday, has already completed 20 to 30 percent of the current year's
increment, The age of an anlmal may at that time be overestimated by one
year. (2) It is difficult to determine the boundary between the first and
gacond vear's horn growth increments pDecause the distinct growth ring or
annulus, which 1s formed at later ages, does not form between the first and
second year. This can lead to underestimation of a ram's age. wWhile
observations on horn growth periodicity will not help overcome this
problem, they do paint to an explanation. There is a strong possioility
that harn growth during the lamb's first winter does nmot stop completely.
Rather it slows to & rate not measurable by conventional Tield techniques.
Therafore, no typical annulus is formed. This assumption is shared by
SBendova (1979), who measured horn growth rates of mufflon rams.

Horn growth, even in old rams, continues to the latter part of
Septemoer and this nas relevance to the timing of the hunting season. In
the Yukon the sheep hunting season extends from August 1st to October 31st;
in the N.W.T, Lt begins on July 15th. By July 15th only 70 to 75 percent
and by August lst 75 to 80 percent of the current year's horn growth is
complatad. We have shown this relationship in Figure 2 for 100 rams shot
in the southwest Yukon during 1580 and 158l. Percentage current year's
horn growth completed 1is plotted against the date at which the ram was
shot. These data show the same trend as observed in captive rams. In
early August about 75 percent of the current horn growth is completed;
after October 1st no significant growth was documented. The practical
relevance is that a delay in the hunt from early August to the latter part
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of September in the southwestern Yukon would add about 20 mm in horn length
to a é year old ram and about 15 mm to an B year old. For ocutfitters in
remote areas, with no competition from resident hunters, this may be a
factor worthwhile to consider in planning their hunts.

WEAR OF HORN TIPS

Two factors contribute to reduction in horm length: (1) Breakage of
part of the horn, usually as a result of fighting or accidents (Shackleton
and Hutton, 15".1‘15. leaving behind so-callea "broomed™ ends; and (2) gradual
wearing off of horn tips as a result of 8 ram rubbing his hide, supporting
himself wheén bedded down, or scraping the homn tips against rocks or
vegetation. This gradual wear occurs In all rams, while brooming is much
rarer in Dall than in Bignorn rams. Of 319 horns inspected by the Yukon
wildlife Branch after the 1981 nunting season, only 2& percent showed
prooming; and in only B percent of the skulls submitted, was brooming
evident on both sides. Brooming usually affected more than only the first
year's horn increment.

Two methods were applied to document thls wear rate of the horn tlp and
its correlation with age. Two captive rams already referred to reached
ages af 9 and 10 years respectively. 8Soth had one broomed horn and one
which was not broomed. Lengths of the first growth Increment-the so-called
lamb tip-measured at the end of each growlng season, are shown ln Figure
3. In December of their filrst year these rams had horns of 152 mm and 140
mn respectively. One ram, "Pat™, died at the age of 9, at which time only
48 mm of the lamb growkth remained; the other ram "Mike™ lived to be 10
years, at which time nis lamb growth was hardly noticeable and amounted to
about 4 mm. Both lamb tips showed a continuous reduction with years, but
the annual wear rates varied consicerably between these twd rams.

The second method consisted of the inspection of nunter-killed rams.
For this analysis, 502 horns of rams taken in the southwestern Yukon since
1973 could be used. In Figure 4, the lengths of the first horn growth
increments are plotted against age of the rams. No rams were avilable
youngst than five years, since 3/4 curl horn growth In these populations 1s
reached in the &th growing season. The correlation appears to be linear,
ano extrapolation to the flrst year reveals that horn growth in the lamb
year will be about 100 mm. Most rams were shot In the 9 to 10 year age
class, at which time the remalning lamb tip averaged 40 mm in length, 5
rams 14 and 15 years of age had no lamb tips left.

Hemming (1969) made similar observations in Alaskan Dall Sheep. He
wiote, "The horm tips of Oall sheep are rarely broomed, but they may show
considerable wear on animals more than 5 years old. In some cases, the
first year's growth may be almost completely worn away, but the first
annual ting was not visible in only 13 of 47 specimens in the 5 to 17 year
age classes".
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This wearing down of the horn tip has management implications:

(1). It may result in an underestimation of the ram's age by one year.
Our experience in the Yukon has shown, that this problem is particularly
important in old rams, in which very little af the lamb horn growth
remains. Horm wear reduces not only the length of the lamb growth, out it
also polisnes the horn's surface, making it even more difficult to detect
the interphase between the first and second growth increments.
Inexparienced trophy evaluators are inclined to demonstrate the existence
of a first annulus, and 1f swch is not obvious, the second annulus is
mistaken for it, leading to an underestimation of the ram's age.

(2). This horn tip wear affects trophy quality because horn length is used
in computing scores according to Boone and Crocket standards. In Figure 5,
we have shown the mean homn growth rate per year for tams in the
southwestern Yukon and we have superimposed on this horn growth curve the
regression line of horn tip wear on age obtained from Figure 4. This wear
rate excesds new growth put on at the base of the horns after the Bth

year. The implications are, that in Intensely hunted populations, where
all legal rams are removed annualy, no improvement of horn length with age
should be expected on the average if rams live longer than 9 years. In
many remate Dall sheep populations in the Yukon and the N.W.T. hunting
pressure is less severe and only 50 to 70 percent of the legal rams are
removed annually. Under these clrcumstances hunters can still select the
best trophles, those rams wlth above average horn growth rates and below
average horn tip wear, in which an increase in horn length coula still
ooccur into the 1Oth and llth vears.

Interesting is the observation that this age of B was also observed in
Ehe European mufflon sheep, a species with otherwise different horn
marphology ana growth dynamics, to be the point at which horn tip wear
bagins to excesd new growth, (Hoefs 1982, Hromas 1579).
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CONFERENCE DISCUSSION

H. Manfred, when did you say you were going to commenca seasons, in order
to allow more growth? Was it the end of September?

ANS. 1 didn't make any recommendation. I just said, if the hunting would
be delayed from early August until the end of September, you could Improve
the length of the horn of a ram by about 20 mm if the was & years old, and
by about 10 to 15 mm LT he was 8 years old. The relevance is in regard to
restricted areas, where we have permit hunts, allowing only & certain
number of rams to be shot annually. It is also relevant to an outfitter
who hunts a remote area without competition from resident hunters. If he
can take 4 rams for Instance, the delaying of the hunt would make such
difference in their horn sizes.

§. What is the weather like toward the end of September? 1 get the
Impressson that it's not very nice up there by then.

It depends. In southern Yukon, It's still 0.K. In October you will
tun into trouble.
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