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Abstract. The effects of age of first lambing upon changes in homn length were investigated in a marked
popudation of bighom sheep (Ovis canadensis) in Alberta. Two-yedr-old ewes thal reised a lamb had longer
horns al the beginning of the summer (June 5), but grew less hom during summer (June 5 o Seplember
15) than other two-year-old swes Hormn length of 3-year-olds was independent of age of primiparity.

Several recent studies suggest that animals
adjust raproductive affort to reproductive patential
(Bovee and Pomring 1887, Pelfifor of al. 1988,
Stearns 1992, Pettifor 1883; ). Age of primiparity
{first hirth) should largely be determined by
variations in individual quality. Individuals that will,
on avarage, profit from early reproduction, should
reproduce at a younger age than individuals for
wham the finess cosls of early maturalion are ely
f excedd s banefits,

If this prediction s corract, within a population,
individuals that mature early should be of beter
gualty than late-maturing individuals. The posi-
reproductive growih of early-maturing indwiduals
could be slowed by their investmant in reproduction,
but not enough to offsst the fithess gains of earty
reproduction. There i, however, little information on
thi consequences of varation in age of primiparity
Tor subsequent growth of female ungulales. Green
and Rothsisin (1991) found that bison {Bison bisan)
cowes that first calved at 2 yaars of age were smaller
at age 3 than cows giving birth for the firsl me 8t 3
or & years of age

In @ previous papar (Jorgenson el al. 1993a), we
examined the causes of varation in age of first
reproduction in bighom sheep ewes at 2 diffarent
shidy sfes. On mrerage, ewes that produced a lamb
M 2 ynars had longer horms as yearlings than swes
who posiponed their first lambing unktil later, but
there was considerable overlap in hom langth
bastween the two groups, For example, hom length
at 15 months of age at Ram Mountain, Alberta
varied from 8 to 18 om (plus a very small éwea with
horns of only 4 cm) for ewes that failed to produce
lambs at 2 vears of age, and from 10 fo 18 em for
ewes thal produced lambs at 2 years, Al Sheep
Rivar, Alberta, the horms of 15-month-old ewes that

produced lambs e following year were about 20%
langer than the homs of 15-months ald that failed 1o
lamb as 2-year-olds (17 3 vs 14.4 cm) [Jorgenson at
al. 1883a).

Hera, we explore the consequences of vanabon
in age of first reproduction upon subsequent hormn
growth of bighorn ewes in the Ram Mountain
population, We expecied less homn growth for ewes
that produced and nursed lambs at 2 years of age
compared bo nonparous ewes of the same age.
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STUDY AREA AND METHODS

Ram Mountain (52°N, 115°W, elevation 1082 1o
2173 m) s separated from the main Recky Mountain
range by 30 km of coniféerous forests. A corral rap
baited with salt allowesd mulliple captures of almost
all ewes each year, and ovar 95% of the papuiaton
was marked individually in most yoars. Trapping
ook place between lale May and [ate Seplember or
early October. Horn length was measurad with a
measuring tape to the closest mm along the front of
the hern, from the haidine to the tp. We used the
avarage length of the 2 homs, unless one was
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obvioushy broken, in which case we maasured only
the mos! intact harn, If both horns were broken, the
owe was excluded from the sample. The lactabon
status of ewes was checked al caplure by visually
inspecting the udder and attempling to squeeze out
milk and during observations by noting lamb
suekinn

Botween 1872 and 1881, the population was
kept a1l 85 = 110 sheep by yearly removal of 12-24%
of adult ewes (Jorgenson of al. 19930). Removals
ceased in 1981 and the popuiation increased fo 210
sheep by 1892, Only one of 50 2-year-olds
produced a lamb during 19881881, Therefore, only
ewes bom before 1887 were comsdered in our
Analyaes,

Summar horn growth of Z2-year-old swes was
approxnmately linear (Figs. 1 and 2). We adjusted
hom Iengths to commaon dates by linear regression
with May 25 as day 1. We chose June 5 (day 12) for
earty-summer hom length, and 3eptember 15 (day
114) for late-summer bom length comparsons, We
used individual horn growth rates bo adjust hom
Inngth for pwes with ot inast 40 days batwesn first
and last capture. For owes caught only once n a
summer (6% of ewes), we used an owverall

regression of horm length on dale calculated for ali
caplures of ewes of the same age and reproductive
status (barren, lost lamb, or weaned a lamb). Hom
fength was adjusted only if @ measurement was
availlable within S0 days of the desred dale,
othersise the ewe was excludad from the sample.
The average ime betwesn adjusted and moasuned
horn longth was 8.8 days £ 0.7 SE for June 5, and
274 £ 1.3 days for September 15,

Cverwanler hom growth was calculaled for
indiadual ewes by subtracting length on Seplambei
15 from length on June 5 the following year. More
detailed descriptions of our study ama and methods

are presented elsewhere (Jorgenson e al. 186834,
1893h).

Definition of Variables

Early producer. A ewe thal produced her firsd
lamb at 2 years of age.

Late producer, A ewe nol known to produce her
first lamb at 2 years.

Successful parly progucer. An early producer
whose lamb surnvived to early Octobar, the

approomale ime of weaning,
Statistical Analyses

Wa used ANOVA to compare three groups of
owes, late producers, early producers whose lamib
died, and successful sarly producers. Sex of lamb
reared by Z-year-old ewes had no effect upon
maternal mass ch (Bérubé el al, in prap.),
therefore data for mothers of lambs of either sex
were pooled. ANOVAs were followed by Scheffi
tests o delect parwise differences between the
threa groups (Sokal and Rohlf 1981). The sample
of 2-yoar-olds that produced bt lost their lambs was
small; therefore, some comparisons were limifed to
Huesis between successiul early producers and late
producers,

RESULTS

Overwinter horn growth of yearling awes was
independent of thelr reproductive status the following
year: it averaged 2.5 = 0.3 om for late producers (n
=403, 3.02 1,1 cm for unsuccessiul sarly producers
fn = 5), and 2.8 7 0.4 em for successhul sarly
producers (n = 12) (F,., = 028, P = 0.76). Early
producers already had longer horns as yearlings
{Jorgenson et al. 1983a). On June 5 al 2 years of
age, successiul early producers stll had longer
horns than late producers (F, . = 4.81, £ = 0,009,
parwise diflerence P<0.05, Scheflé tesl). For 2-
year-old ewes, horn length and horn growth during
summear differed with reproductive status (Fig. 3).

During surmmer (June 5 o September 15) as 2-
year-oids, late producers had greater horm growth
(41 = 02 cm, 7 = 55) than successiul early
producers (31 03 em, n=s 14, [, = 452 P=
0.001). The homs of unsuccessiul earty producerns
grew considerably (4.4 * 0.7 cm) bul only 3 were
caplured sufficlently near the beginning and the end
of the summer lo calculate hom growth, so they
weara nol included in the analysia. Despite greater
summer homn growlh, by Soeptembar 15 iate
producers slill appeared o have shorter harms than
successiul eany producers (Fig. 3). althaough the
differences between groups were not significant
{F;]- m 2 81, P=0.07).

The homs of some Z-year-olds grew bebwesn
Seplember 15 and June 5 while those of olhers
bacame shorter. Overall, ham growth over winter
was nol affected by reproduciive status a8l 2 years
(Fps = 0.62,F =0.5), averaging 0.3 * 0.2 cm. The
horns of J-year-olds on June 5 did nol differ
acconding o reproductive status at 2 years (F,,,
0.95, P = 0.4), and averaged 20.6 * 0.3 cm (Fig 3).



26 1

HORN LENGTH (cm)

W +——————
g 20 40 60 860 100 120 140

DAYS SINCE MAY 24

Er?ﬁt :_glﬁ llrangm of all 2-year-old bighom sheep ewes caplured at Ram Mountain, Alberta, 1975 to

24

22 7

164
21g
10h
5i

14i
1

HORN LENGTH (cm)

1 E I L] T ¥ L T Lj
0 20 40 &80 80 100

1éﬂ | 140
DAYS SINCE MAY 24

Figure 2._ Hern length of individual 2-year-old bighorn shesap ewes caplured at Ram Mountain 4 or more
times during a summer.
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Figure 3. Hom length of 2 and 3-year-ald bighom swes (x © SE) of differant raproductive stelus al Ram

Mountain, Alberta, 1875 to 19848,

DISCUSSION

Wi predicied thal sarly reproduction should
have negative effects upon horn growth. Haorm
grosvih of yearings botween Seplembar 15 and
June 5 wis not affected by pregnancy. This result,
however, does not imply that pregnancy had no
effects on growth. Horn growth dunng summer was
linear and presumably continued after lata
September. By the ime of the rut in lale Movembar
or early December, howaver, ewes had probably
oither stoppad growing their homs or their hom
growth rate had conskderably diminished. In Dall
sheap (Dviz dal¥), yearlings cease hom growth by
mid-Movember (Hoafs and Nebtle 1982), and
bighorns likely exhibit 8 similar pattern because by
thien they subsst on low-quality forage. Theralore,
i s likely ihat much of the hom growih that we
measurad between mid-Seplember and early June
actually took place betweasn mid-Séeplamber and
Dwcember, before any ewes conceived. If aur
suggestion i comect, then pragnancy cowld mal
alfect changes m hom length from 1 to 2 years of
aga.

As pupecied, hom growth of 2-year-alds nursing
lambs through summer was less than for non-

lactating 2-year-olds.  This resull suggested a shoil-
term trade-off between reproduction and growth:
ewres that produced milk were imable to grow their
horns &t the same rate as non-lactating ewes
Parous 2-year-okds whoso lambs died did not baar
the costs of lacation. They gained horn fength over
the surnmer at a rate similar to that of nonparous 2
yeai-olds, confirming the negative affect of lactabon
upan hon growth

Our results suggest &n ensrgetic cost of
lactabon, which was raflacted m lower horm growlh
The funclions of horms in bighom sheap females,
and in other female bovids (Packer 1983), however,
are unclear. M is nol known whether a few
centimaters diference in horm length may affect a
female's lfe histary. Socinl relationships among
fomales in bighom shoeep appear (o have [#ile offect
upon reproductve success (Eccles and Shacklelon
1986, Festa-Bianchel 1991} and # may be
premature to intérprét our résults &s indicatars of &
long-lerm life- history cost of early reproduction

By age 3, age of primiparity had no significant
overall affects wpon horn length, This hnding
contrasts with results cbiained for body mass in
raindacr, Rangifer tarandis, (Leader-Williams ana
Ricketls 1862) and bison (Green and Rothsiein
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1881} , where early preducers suffered a decrease
in body growth. Early reproducton may alfect
growth in bighorn sheap less than n ather
ungulates, suggesting that bighorns may recovar
from the energeic costs of reproduction by
oxploiting summer foraga.

MANAGEMENT IMPLICATIONS

Accurate horn length and ham annull measurs-
man of bighom ewes could be useful as an index of
the frequency of reproduction among 2-vear-olds. In
Japanese serow (Caprcomis crizpus), reproduction
has & negative effect on female hom growth, and
harn annuli reflect & famala's reproductive histary
(Miura et al. 1887). Maura et al. {1887) were able to
measune all horn annuli in Japanese serow, In that
specws, smilarly to other rupicapnds, annuli are
fairty evident. In bigham sheep, annuli are difficult to
identify for ewes older than 5-6 years. However, an
accurate measurament of the first 4 annull wsually is
possible. By compsiing measurements of the firsi 3
annuli of different ewes from the same populalion
one should be able to estimale the Inequeancy ol
sarly reproduction. This indirect way of assessing
reproducive periomance would be useful in saveral
ways. For example, i would help in estimating
poputation growth rales and in assessing population
status: our shady at Ram Mountain revealed thal one
af the firsd consaquences af increasing populaton
density was an abrupt drop in the frequency of
reproduction among 2-year-old ewes (Jorgenson et
al. 1883a). It would also be a uselul criterion for
assessing habital productvity, as repreduction in 2-
year-old ewes 5 lkely indicalive of high-guality
habitat (Geist 1871),
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