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Abstract: Lamh production as indicated by lamb:100 ewe ratios was studied
in twn differing Dall sheep (Ovis dalli dalli) populations. One population
was affected by changes in hunting and predator management; the other
population was subjected to little change in management. Lamb production
was more variable in the population with wvariable management history. Lamb
production correlated significantly (P < 0.01) with an aggregate weather
index which Included weather influencing breeding condition of ewes,
weather doring gestation, and weather during lambing. Howewver, weather did
not geem to be an important factor 4inm other determinants o©f lamb
production: ovarian activity, age at 1st reproductive success, and
frequency of reproductive success. Decreased ram abundance and the
goncomltant ai;winn:_[ aof ram age struocture toward YouUR] CamE Werd associated
with maxipum 3/ 4=-curl harvest and maladaptive changes in lamb production.
Reproductive frequency and age ak firvat breeding appear to have baen
roextablished ak lavals Found in unhunted populaticons fallowing
extablishment of the 7/8-curl regulation in the heavily hunted Dall shesp
population.

A long-ters comparative study of two Dall sheep [Ovis dalli dslli)
populations in the sastarn Alaska Range roveslsd notable variationa in lamh
production data betwesn the populatione. One population, Dry Crosk, was
ponaidersd the swparimental situation. Over the last 16 years, during
which lamb;l00 swe ration ware eollested, changes in hunting pressura,
predator abundance, weather conditions;, and changes in ram harvest
rogulations from 374 curl to 7/8 curl affaected this population. A control
pepulation; Rebertson River, was similarly monitored for 11 vyears.
Throughout this study period, weather conditions were the main Influence on
this study population. Hunting pressure In the Robertson River was held
below that required to harvest estimated annual recruitment to the
full=curl ram class by lottery permit to meet a trophy management goal.
The number and age distribotion of rams was, thus, influenced little by
hunter harvest.
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METHODS

Study Area

Both study areas are located on the north side of the Alaska Range
east of ME, McEinley (Fig. 1). Characteristics of ocach study population

are listed in Table 1,

tudy Components

Lamb production is influenced by many components. We investigated
ovulation rate; age at onset of reproductive activity, [requency of
pbserved reproductive succesx, and general weather conditions. The methods
for sach component are detailed below.

Lamb Production: Lamb production was determined by classifying sheep from
both populations as they used impoartant mineral licks during the last half
of June. Heimer (1974) Jetailed the reasons for this sampling period.
Sheep were classified as lambs, yearlings, &wes, and pams according to
degree¢ of horn developmant., Obnervations were made with the aild of 15-60X
spotting scopes and binoculars at distances up to 200 m., Results of these
classification counts were used to caleculate lamb productien ratios for the
sample period and expressed as lambe:100 ewes excluding yearlings.

gvplation Rate: Ovaries were collected frem ewes in mach populatien from
1972 through 1979%. Ewes were shot at randem, and ovaries were pregscerved In
108 formalin as scon as possible after death., oOvarles not pregerved within
48 hours were discarded. Fixed ovaries were trimmed of connective tlssue,
meagured, weighed, and the volume astimated by wvater digsplacement. They
ware then sliced in 1 mm sections Along the longitudinal axig and oxaminsd.
Pigmented areas were counted in cach ovary as degcribed by Kirkpatrick
(1980) . Paces of individoal slices were sketched and labeled B0 gross
structures could be correlated with structures observed microscopically.
Individual slices were then embedded in paraffin, sectionsd at 6-T7 microns,
and stalned by hematoxylin and eogin., When pigmented bodins could not be
classified using this procedurs, Masson's stain for connective tissue was
used, Sectioning and staining were necessgary because some of the pigmented
areas discernible upon gross examination are pot the result of ovarcian
cycling., Confirmation of the sxact nature of each pigmented body requires
sectioning, staining, and microscopic sxamination.

The number of significant ovarian events was considered egqual Bo Ehe
sum of corpua lutesm bodies ([produced by ovulation) plus the number of
corpora albicantia (produced by degenerating corpora lutea). The number of
active hreeding seasons possible in the life of esach awe was computed Lrom
her age, after establishing that 1st owvalation ooccurs at 18 manths.
ovulation rates ware then expressed as the quotient of possible active
years divided imto the events recordsd in ovarias from cach owe, Mean
cvulation rates were determined for each population, and Student‘s t-test
of ratio estimators was used to mstablish the probability that observed
differences wers due to szample variance (Cochram 1277).

Age at First Guccessful Lamb FProduction: Successful reproduction was
documanted by cbserving marked ewes suckling or mothering lambs betweon
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Table 1. Characteristics of Dall sheep populations from the Dry Creck
and Robertson River study areas in Interior Alaska.

Bry Croask

Roberteon River

Population ranges dafined by
movensnt stiudy aof sarked Dall
aeRE .

Summer range sizer GBD kng
(260 mi")

Population sizas
1,200=1,500 sheap

Habitat character:
gentle hills
ghort drainages
glevacion relisf B30 m
glacliers absent

Mean gsummer Iunqg densitys

2=1.5 sheupka

(5-6 sheep/mi "}

Maan winter pange dansitys
5 sheep/km 2
{14 sheep/mi™)

Population ranges defined by

novensnt study of marked Dall

i .

Sumsar rangse sire: 750 I'.:m?
(290 mi )

Fopulation sige:
1,000-1,200 sheep

Habita® character:
atasp hills
long drainages
alavation relief 950 m
glaciers presant

Hean susmer rangg densicy:
1=1.5 :hlupfk!
{3=4 gheep/mi "}

Hean Hlnt-r'ilnq- dansity:
2 shesp/km 2
{5 sheep/mi”)

Bl



1 June and 31 June. The earliest age at which ewes successfully reproduced
was determined by three methods. The reproductive status of each ewe
trapped and marked in June (Meimer et al. 1980) was determined by
examination of external genitalia and mammary development. Also, yearling
ewes were marked in both study populations., Careful observations of
reproduotive activity were made whan these ewes were annually resighted at
mineral licks. Limited nushers of ewes age 18 and 30 months wers collected

from both populationa in April. Reproductive activity in these awas was
determined by autopsy.

Froquency of Observed Reproductive EBuccess: Once marked awes became
reproductively active, they wers observed #ach Junse as they came to the
mineral lick. If they wers cbsarved mothering or sockling lambe, or if
they had distended, dJdepilated mammaries, they werse classified an=m
reprdaductively aoctive that year.

Weathar Conditlana

Weather Effects During Gestation: Conditions which are 1likely to be
unfavorabls for gestation, severas cold, and/or deap snow which precludes
feading, should cause low cbservable lamb:100 ewe ratios. GSnow depth along
transects satablished by tha USDA Soll Conservation Service to predict
gpring runcff were used as indices of winter sevarity to determine effectes
on gostation. Lamb:100 ewe ratio was regressed against mean snow depth
acroms the north side of the Alaska Range averaged for Tok, Ft. Greely, Big
Dalta, and Lake Minchumina snow transects.

Woather Effects at Parturitiont Weather conditions which promote heat loss
from newbornm lambs should lower observable lambrlO0 ewe ratios. These
conditions inglude low temperatures and precipitaticon. To derive an index
of weather conditions for the sxperimental (Dry Creek) population during
the lambing period, we used temperature and precipitation data gathered at
Fig Delta, Alaska. Big Delta is 65 km (40 mi) northeast of the Dry Creak
mtudy mrea. The weather at Big Delta is more indicative of Dry Creak
weather than any constantly maintained weather station along the Alaska
Range. We averaged the daily minimum tesperatures for the parturition
period (26 May=7 June) for each year. Deviations from the mean (either
plus or minus) were ecalcalated. These deviations were then muleiplied by
the total precipitation for the lambing period in sach year. Indices were
arbitrarily adjusted so the least favorable [(coolest and dampest) year was
aqual to gero for purposes of statistical computation.

Weather Effects on Bresding Conditicon: Hoefa (1984) reported statistical
correlations of presumably favorable growing conditions with good lamb
production the next year in Kluane, Yakon Territory. He found high
rainfall (which accompanies cool weather in Alaska) was correlated with
increased food preoduction. Presumably better plant production lead to
boetter broueding condition. We evaluated thils relationship in Dry Craek by
taking Big Delta temperature and precliplitation data f£rom summaries
published by the U.5. Weather Bureau for the months of June, July, and
August. Mean low temperature for cach month was averaged, and total
precipitation recorded for the 3I-month pericd. Then a weather index
combining temparature and rainfall was calculated as described above for
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the lambing peried. Similar weathaer data from the Robertson River study
arsa were not available.

Aggregate Weather Index: Onee weathar indices relating to brasding
condition, gestation, and parturition period wers derived, the averall mean
and standard deviation for all years for each parameter were calculated.
The deviation of each year's index from the mean was arbitrarily oxprossed
an either positive or negative depending on which side (favorable or
unfavarable) of the mean weather condition it fell., The distance from the
maan in "half mtandard deviation" unitm wan than caleulated for esach
paramatar sach year. The algebraic sum of these deviation units was then
totalled for sach year, thus producing an owerall or agoregate weathor
index. Lamb:100 ewe ratio was regressed on this aggroegate index of weathor
influence.

RESULTS
Lamb Production

Lamb production, expreassed as lambs:100 owes, was mores variable in the
Dry Creek population than im the Robertson River population. ITn Dry Cresk
{(Table 2), the values for lasb production ranged from 15 to 67 lamba:100
owes with a mean of 49 lambs:100 ewes (50 = 15). The standard deviaktion
for Dry Creek was 31% of the mean. Also in Dry Creek; good lamb production
and poor lamb production occurred in groups of consecotive ysara which
appaared to be separated by identifiable changes in environmental wvariables
(Table 2}, Lamb production was significantly Jlower during the 1972-76
period than for years before (P < 0.014) or since (P < 0.008) when tested
using the Hann-Whitney U-test [(Cochran 1977).

In the Robertson Riwver population, tha Lamb:100 awe ratioc aleo
averaged 49 lambs:100 ewsa, but the standard deviation (12 lambe;100 eowes)
wag cnly 24% of the mean (Table 3). The poorest preduction peried for this
population was 19H2-8%5 {:l: = 44 lambz:100 ewes; 50 = 1l). Production was
highest for the years 1977-81; lamb production averaged 59 lambs:l00 ewes
(5D = 7). There wan no mignificant difference harwaan moan lamb:100 awe
ratice for thess paricds (P > 0.03) ueing thes same statistical test.

Relative lamb preduction varied more at Dry Creek than £n the
Rebartesen River population. This may suggest greatar variations din
environmental components in Dry Creek.

Cvulacion Hate

Dall ewes from €the Robertson River study area (n = 13] had
significantly (P < 0,05) higher cvulation rates than ewes from Dry Cresk tn
= 18}, The chance of mistakenly concluding the obgerved differences in
oviplation rate are not due to sample variance is only 0.01 as indicated by
Student's t-test for ratio estimators (Cochran 1577). Histological
sxamination of corpora lutea and corpora albicantia indicated owarian
function occurred at a rate of 0.70 ovulations per ewe=year in the Dry
Creek ewes and 0.99 ovulations per ewe=year in the Robertson River
populations {Tables 4 and 5).
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Table 2. Relative lambh productison and ecological infloences for the Dry
Creak, Alaska study area, 1968-84.

Rams : Lashm:
VYariables Yaar 100 "awes™ 100 awan
3/4-curl regulation 1968 - 53 _
Light harvest 1969 e ) x = 58
Human use increasen 1970 32 55 ED = T
1971 - 50 Difference
significant
Unusually severs winter 1972 - 15 _ P < 0.014
vary heavy harvest 1973 — 38 x = 29
from 1972 on 1274 = 28 80 = 7
1875 17 28
wolf control begins 1978 - s
Difference
1977 - 58 significant
1978 - 41 B £ 0.008
7/8=curl requlaticn 1979 - 55 _
Wolf control ends 1980 32 &7 x = 54
1588] - 60 b o= 13
1982 — 3l
1983 - 57
Full=curl regulation 1984 9 51
x = 49
50 = 15

% pata not collected.



Table 3. Relative lamb producticn in the lightly hunted Robertson River,
Alaska Dall sheep population 1974-85. Full-gurl, restricted permit hunts
in effect since 1974,

Year Lambs:100 ewes
1974 S6 _
1974 43 x = 45
1976 5
1977 52
1978 57 3
1979 63 x = 53
1580 69
1881 52 pifference not
aignificant
1982 29 _ (g » 0.05)
19483 43 ® o= 44
1984 45
1985 57
x = 49
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Table % . Ovarian activity of Dall shesp ewes collected in Dry Craek,
Alaska Range, 1973=79.

Possibkle =zasecns of

Receasion ovacian aveivity Cvarian events recordod

namber (total ruts experienced minua 1) a= CL ar ca®
J55% 3 3
1580 5 4
3634 10 B
3656 10 3
JBE8 9 T
ABRS 10 L:]
JIasa 10 g
1891 ? &
1892 9 5
Ipa4 1 1
Ip95 4 &
Ip9e T 3
3897 " 1
4385 9 B
4741 o 0
4743 5 5
4745 10 9
S009 7 3
5012 10 T
5036 7T a3
Tacal 1319 a1

oL = corpora lutea; CA = corpora albicantia,
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Table 2, Ovarian agtivity of Dall sheep awvas collected in the Robortson
River, Alaska Range, 1376-79.

Possible seasons of

Accussion ovarian activicy Ovarian events recorded
number {teral rut experienced minus 1) as CL or CAY
4568 [+ o
4554 2 e
4596 5 4
4508 4 &
4599 4 8
4601 7 "
4762 o 0
4763 7 M
4765 1 1
4767 7 5
4T 5 4
4992 0] o
4994 4 2
45995 5 Frd
sD42 B T
5043 L | a
Total B2 59

o A corpora lutea; CA = corpora albicantia.
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Tha lower ovulation frequency among Dry Creek ewes cofncided with low
lasb:100 ewe ratiom, low pregnancy rate, and extended lactation. This low
ovarian activity also accompanied low population nombers, and, because most
collactions occurred right after the wolf reduction program, presumably low
prodator densities.

Rga at Firat Succeasful Lamb Production

The age at first successful lamb production appeared to be different
betwesn tha 1972-77 and 1981-B4 periods in Dry Creek, but the change was
not atatistically significant (P > 0,05). During the 1972-77 pericd, 7 of
0 2-year-old awes (23%) successfully produced lambe. In tha latter period
(1981-84) , only 2 of 22 2-year-olda (9%) produced lambs (x? = 1.94, ricE
0.05%5). In contrast, 2 of 40 (5%} 2-yvear-old ewes from the Robartecn River
population successfully produced lambs batween 1978 and 1985. This was
significantly less than in Dey Creek (x? = 4.448, F < 0.05) (Table 6).

In the Robertson River population, 25 marked cewes were monitored
betweon 1%78 and 1885%. Only 1 owe (48]} suocesgfully reproduced at age 2,
at least 1% [(77%} brought lambe to the lick at age 3 years, and 5 ([254)
ware first obeerved to lead lambks at 4 years of age,

Frequency of Observed Reproductive Success

Documented reproductive Erequency in the Dry Creek study population
varied markedly bebween the 1972-786 pericod and the 1981-B4 pariod, During
the former period, the frequency of observed copsecutive-year reproduction
was &Y. In the latter pariod, the £::-q1,u.m:,r of obszerved :nnsq-l;uti-v-—!r“r
reproduction in the Dry Creck population increased Eo 408 This =ams
statistic was noever lower than 44% in the less disturbed Robartson River
population (Table 7). The difference in the early and later Dry Creek
congecutive—yaar successa Fragquencies is statistically significant {E =
0.05). The chance of mistakenly concluding that the differences are real
with rempact to the variability ia leas than 0.005.

Weather Conditionnm

Weathar Effects on Oresding Condition: Warmer and drier weather during the
Juna-Auguet growing ssason was positively correlated with increased lamb
preduction the following spring. Thae equatien generated by lincar
regression of lambg:l00 ewes a8 a function of this compopits weather index
wag y = 0.824X + 28.7 (r = 0.639; P < 0.02) (Tabla 8).

Weather Effects During Gestation: The relationship between mean snow depth
on the north face of the Alasks Hange and lamb production tha follewing
spring was not gtrong, Linear regression of lambs:100 ewes on mean snow
depth on 1 April produced an equation, y = 0,35% + 27.5; r = 0.457 ; P <
0.01 (Table 9).

Weather Effects at Parturition: The relationship of weather during the
period of parturition to lamb:100 ewe ratic was not strong. There was a
tendancy to obsarswe higher ratios when weather during parturition had bean
wWarmer and d4drier. Linear regressicon of lambe:100 ewes on this :Dﬁ?}]itn
weather index was y = -1.073X + 65 (r = 0.3557; P < 0.13) (Table 10].
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Tabla 6. Number of reproductively successful Z=-year-old ewes detesmined
by 3 mecthods from Dry Creek (1972=-77 and 1981-85) and Robertson River
{1978-85) , Alaska Range, Alaska.

Raproductively Raproductively
Mathod Activé awes inactive ewves

Dry Creak 1972-1977

cenital inspection 5 18
Collection/Autopsy 1 o
Cbasrvations of marked yearlings I 4
Total T 22
Freguan=y 7 of 29 (24%)

Dry Crask 1981-1985

Genital inspection 2 9
Chgservations of marked vearlings 1] 11
Total 2 20
Freguency i of 23 (%]

Fobertson River 1376=-1385

Genital inspaction Q b §:
Collection/Avtopsy 1 o
Cbservations of marked yearlings 1 17
Total 2 a5
Freguesncy 2 af 39 (5%)

Table /. Reproductive frequency patterns cbserved in the heavily hunted
Dry Creek and lightly hunted Robertscon River Dall shesp populations Ln
the Alaska Range, 1972-B4.

Dry Creak Robartson River
Consecutive-year 1972-77 1981-84 1979-B1 1981-B4
reproductive {n = 88) (n= 73) (n = 74) (n = 137)
performance -{a) (%) (%] (%)
With/with lamb 6 40 &6 44
With without lamb 26 24 i3 28
Without/with lamb 24 21 17 17
Without/without lamb 44 15 4 15

B9



Table & Composite weather index from temperature and préecipitation for
June, July, and Auvgust 1970-85, and regression equation of compomite
waather index on next June lamb:éwe ratios at the Dry Créek mineral lick,
1970=85.

Deviation Hext
Mean from June ' s
1low ovarall Total lamb:
tamp, =ean low precipitation Etnnﬂnrﬂi:ld 100 ewa
Year (F} (F) fin) Index” indax ratino
1976 47 =1.3 j.e4 =4 .95 13 S0
1571 47 =1.3 5.48 =7.10 15 15
1872 44 +0,.7 5.88 +4.1d 21 ig
1573 44 e e T.38 -16.93 o] 28
1874 47 =1.3 £.95 =-9.18% 8 28
1875 48 =0.3 B.29 =2.49 14 k{3
1576 50 +1.7 7.40 +12.58 30 58
1877 51 3.7 T.59 +20.4%9 37 41
1978 1) +1.7 5.51 8,37 28 63
1979 51 +3.7 g.60 I e 40 &7
12840 49 +0.7 5.74 4,02 21 G0
1981 48 =0.13 5.949 =1.7% 15 31
1583 47 -1.3 7.15% -8, 30 8 37
1981 48 =0.3 B.06 =2.43 15 3l
1984 47 =1.1 132.47 =16.34 1

¥ o= 0.B24x + ZB.7T

Average index = 1B £ &6.65 (95% 1)
r = 0O_B39

P 0.o02

- Index egquals deviation from mean temperaturs [+ oF =) timées total
precipitation.

Index standardized by setting moxt negative values to zero [add 16.%3
to sach value).
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Table 9, Mean snow depth on the north face of the Alaska Range in April
and lambs:100 ewas in Juns and regression equation relating snow depth
to lapbgr100 awes, 136B=82.

Year Mean snow depth [(inl Lambs: 100 ewes
1968 18.0 LFE
1969 18.0 G4
1970 5.5 55
19T 26.3 - [a]
1972 4.3 15
1971 1.8 ia
1974 17.3 =8
1975 20.3 28
1976 17.5 i1}
1877 131.7 58
1578 15.8 4l
1979 20.7 G5
1880 17.0 &7
1881 Bg.8 &0
1582 11.5% 11

y = =1.07x + ES

Average depth = 17 inches 2 3.3 {95% CI)
r = 0.3556

P < 0.10
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Table 10, Composite weather index for weather during peak lambing peried
and regression squation for composite weather index on lapbrewe ratlos In
June, Dry Creek study area, Alaska, 1970-B3.

Baviation
Hean minimum Erom

Larb: temparaturs overall 10% total

100 ewa 26 May=7 Jun meaAn precipitation stlndnrdﬁttﬁ
ratio Year (=) (e} [in) Tndex”  index
55 1570 44 —0.2 3.90 =7.8 76
o1 1971 43 =12 0.01 =0.1 na
15 1972 43 -1 .2 5.10 =10.9 73
38 1373 40 —4.2 6.50 =273 ar
28 1974 42 —2ud B.40 =10.5 G
28 1975 47 —2.8 7.80 =21.8 62
16 1976 40 -4 .3 20.00 -B4.0 1]
58 1977 58 +1.8 5,00 4+19.0 103
41 1978 33 =1.32 .80 -3.1 75
&5 1979 47 +2.8 1.60 +4.5 B9
&7 1980 49 4.8 0.20 +9.6 04
EQ 1981 HEE +1.8 12.30 +21.1 1os
11 1982 == - - - ==
E7 1983 45 +0.8 10.00 +8.0 &2
51 logd 40 =4 .2 11.840 =48, 3 G
- logs 45 =1 .8 11.70 *11.7 HE

v o= ., 258 = 27.5

Average index = 74 = 15.5 (85w CI)
r = 0.4570

B %0.12

” Index eguals deviation from mean tepperature tipes 10X to:al
precipitation.

b Irdex srandardized by sez=ing most negative values to zere [(add BS.Q
to sach wvalue),

2 Data not avallable,
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Tablal]l. Aggregate weather index of potential influences on lamb
proaduction and regression egquatiocn of aggregate weather index to lambiewe
ratia, Dry Cresak, Alaska, 1370-=-81,

Lambz Effect on Gestation

100 swe breeding Lambing HElthEE B Standardized
Fatia Year condition waather effect Indax index"
50 1971 =1 +3 -3 -2 42
15 18712 =2 +1 =3 -4 o
a8 1873 +1 =1 +2 +2 +6
28 1974 -3 -] =1 -3 +1
iB 1575 -3 +1 =2 -3 +1
6 1876 -1 =i =1 -4 Q
58 18977 g -5 -3 0 +13
41 1978 -4 +3 *1 «8 =12
65 1978 +2 +4 -2 i +B
&7 1980 af +4 o +8 +132
&0 1981 +1 &5 +] +5 +13
i1 1982 =1 a -2 =3 +1

¥ou 2. 231x + 29.6
r= 0.7734

" Units (+ or =) = 0.05 standard deviarions from mean for available
data, 1970-82.

P Ingex equals algebraic sum of component deviation units from mean for
esach paramster,

© Index standardized by setting mast negasive valuss to zero fadd 4 to
sach value}.
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Agaregate Weather Index: The aggragate weather effects index wos
mignificantly correlated with lamb production (r = 0.773; P < 0.01) (Table
11).

DISCUSSION

variations in lamb production in the Dry Cresk population correlated
slignificantly with the aggregate weather index. This seems to provide
justification for the common, empirical cbservation that good weather leads
ke high lasb production. 8till, it ls worth noting that the correlation of
laph production with the aggregate index is much better than for any of the
individual indices. This may indicate there are more weather influences on
lamb production than winter smeverity as it influences foraging ability
during gestation, Weather is probably not closely related to ovarian

activity or age at first breeding.

However, woesther may influence the frequency of consecukively observed
raproductive suceess. Por us bBo docusent consscutive-year reproductive
suceesd, a ewe must ovalake, bresd, carry the fetus to term, deliver a
liwing lamb, and bring it to the 1ick. At the lick, we must verify the
pair-bond. Then, the next year, the saquence must be repeatad. If a
parked ewe daliversd a lamb, and the lamb died before we could wverify the
pair-bond or observe lactating vdders at the mineral lick, the sws would be
recorded am roproductively inactive. This probably happened and the
fragquency of its occurrence is unknown. When unfavorable weather occocurs at
lambing, this Ersguency probably increases becauss more lambe are likely to
diea than when econditicons are good. Thug, wa ara alwayr likaly ta
underastimate the actual f£regquency of consecutive-year reproductive
activity. The technique is more likely to underastimate it in years of
unfavorable lambing weather than in Eavorable years.

During the years (1972=77} when obgerved consecutive-year raproduction
wag only 6% in Dey Creek (Heimer 1978}, the lambing aogregate weathear index
had a value of =3, For the second pericd (1981=84), the aggregate Lndex
had a wvalua of +12 (Tabla 11}). The real meaning of this difference is
unknown, bot it probably indicates weather=influcneling components of lash
production wers more favorable,

Wa may gain soms insight into the magnitude of the influence weather
had on this reproductive parameter by considering mean lambiews ratios for
the two differing periods. During the pericd 1972=77, when consscutively
abserved reproductive success was 6%, the mean lamb:100 ewe ratio was 29.
Far the second pariesd, 1981-B4, when consecutively observed success was
44%, the mean lamb:100 owe ratio was 50. This is an increase of 1.7 times.
If our ability to dosument oonsscutive-year production were directly
proportional to changes in lamb:100 &we ratio, we should have aeen a
consecutive-year increans in frequency of 1.7 times. The documented
increases wag 7.3 times. This increased fregquency is 4.3 times greater than
should be expected on the basis of increased lamh:100 ewe ratioc. Somathing
besidas weather appeara to be influencing changes in frequancy of
congsecutively observed reproductive success.

We do pot think changes In rangs resources could aceount for this
change. We doubt there could have been sufficient deterioration in range
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regources from the early ([1968-71) pericd of high lamb production, to cause
the low lamb production of the middle period (1972-77); followed by
gufficient range recovery to proeduce and maintain the high lamh preductions

of the latter ([1981-B4) pericd.

These are two likely possaibilities (Table 2): wolf conerol, and
changes in ram harvest level and age. Reduction in wolf populations bagan
in 1975, and was followed by atabilization of the deelining Dry Craak sheap
population (Heimer and Btephenson 1982). Than, in 1972, hunting
regqulations were changed from 3/4 curl to 7/8 curl for legal rams (Heimer
1980) . We suspect these actions may have worked in concert to affect a
change in ram abundance and age stracture. Survival of lambs to Yearling
age in the years when wolves were most abundant, from 1970-75, averaged
66%. This is the highest average survival for any period of years in Ory
Creek. This indicatez wolves were not preferentially taking lambs after
the month of June. Heimer and Stephenson (1982] suggested wolves take
gheap in an ocpportunistic manner. Murie (1944) ocbserved that wolves took
ghesp that were esamiest to catch. We think young rams in Dry Croek may
hava been the sheep most roadily available to wolves during this period.
We proposa the following explanation:

Ram abundance was relatively high before 1972. An asrial survey of
the Dry Crock study arca in 1970 showed a total of 32 rams per 100 “ewes.®
(Aerial classificatlon of pwes is imperfect because yearlings and rams lesEs
than 2 years of age cannot be consistently identified from aircraft.)
There were 12, 3/4=-curl and larger rams for each 100 “ewses" classified.
Following winter 1972, the most severe recorded for shesp in the Dry Creek
area, few gld-age animals would have survived (Heimer and Watszon 1984).
Compounding this natural lowering of old ram numbers was an increase in
hunter pressure on the Dry Creek populations. The net result was that
legal, 3/4=-curl rams weore very scarce, and ram populations were generally
deplated. Ancther survey of the area in 1975 indicated the ratio of total
rams per 100 “ewes®™ had dropped from 32 te 17. The 374 curl and up ratio
was Ffound to be B8:100 "ewes.™ The total nomber of rams setn on the
equivalent surveys dropped from 173 sSeen in 1970 ko 78 sedn in 1975.

In berms of valnerability to wolvas, this could have meant that Tam
bands had less than half the number of individuals co watch For preadators,
A social adaptation cited by Gelist (1971). It also meant that older rams
which presgmably had mores experiancs Wwith predator avoidanss were absenk.
Furtharmors, the surviving young rams should also have beesn compromised by
their unecheduled participation in rut because of the absence of dominants.
Geist ([1971) postulated that in circumstances such as thess, young rams
would bs in unusually poor physical condition. All these factors may havae
predisposed these voung rams to early mortality.

Whataver the cause, the sarly sortality apparently took place. Haeimer
et al. (1984) reported graatly increased mortality among young rams in the
Dry Crevk populations during this period. Thay speculated that the
gnergetic and behavioral causes listed above were operative, but falled to
factor the likelihood of Increased woll predaction into thelr explanation.

We note that the occurrence of good lamb production correlates not
paly with good weather conditions but also with high ram sbundance. The
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pericd befora the difficult winter of 1972 was one of high lamb production
averaging 58 lambs:100 ewes. This coincides with the high ram:100 “owe™
ratio and the high 3/4-curl ram:100 "ewe" ratio given abowve. Thers in
little reason to suspect the population compasition from the 1970 survay
was not typical of that pericd. Following the severs winter of 1972, a
period of poor lamb production ocourred in which lamb:l00 ewe ratios
averaged 29. This went with the low total ram and 374 and larger rams
ratios (17 and 8, respectively) reported for the 1975 survey. Following
wolf control, if young ram survival increased, tha number of rams should
have increased. This pessible increase was amplified when, in 1979, the
legal harvest definition was ralsed from 374 curl to 7/8 curl. This
cartainly would have led to more rams in the population (even disregarding
posaible survival benefits) (Helmer <ot al. 1984) because there were two
mora cohorts of rams on the mountain, and age at 3/4 curl is roughly 2
vears less than age at 778 curl. This change f{or perhaps these changes)
coupled with good recrultment in lamb productions before 1972 could have
rasulted in higher ram:;lf0 ewe ratios. In 1984 anpther aerial sarvey was
flown, It showed the total ram:l00 “"ewe" ratic had risen to 3% and the
1/4=curl=-and=larger ram:100 "ewe™ ratio was 16 rams per 100 "ewes.," The
paan lamh production for this pericd was 54 lambe:100 awes., We think thess
data suggest that ram abundance and possibly age structure also influsnce
lamb production,

This is nelther & new nor a revolutlonary idea. Allison (1977),
working with domestic sheep, related decreasing ram:ewe ratios to a lower
probability of ewes becoming pregnant. More importantly, Nichols ([1978)
alsn reported a significant correlation (r =« 0.616, 4f = 16, P < 0.01)
batweaan the ratio of Dall rams:100 ewes and the ratia of lambs produced per
100 awes when all years and all data from his three Eenai Peninsula study
Areas ware combinsd. He wrote (Nichals 1978:578) "Correlation could not be
dissarnad within herds, howsvar, probably dues in part to the smaller sample
nizens invalved. The eoritical ratio of rams to &wes, balow which lambing
success suffered, was not determined. 1 suspsct it may depand upon age
diptributien of rams as woll as upon numbers prezent.”

The hypothesis that ram abundance or parhaps ram age structurs
influencens lamh production serves well in rationalizing the data pressnted
hers on ovarian activity and age at firet succemaful reproduction.

How might tha proporticn of old-age rams relate to a higher frequancy
of nsetrus in populations with high ram:ewe ratlos? If ruteing groups of
ewes are small and widely dispersed, it ig possible that estrous ewes could
be "missed”™ by breeding rams., In such & sltuation, induction of subsequent
astrous periods by ram presence or cogritghip woiuld be guite important. In
domestic sgheep, the presence of rams affzcts baginning and synchronization
of estrus (Fedford and Watson 1957, Watsmon and Redford 1960, Fragor 1968} .
If Dall rams somehow facilitate or induce the lst or subsegquent estrous
periods, and if eore socially and physically mature rams (such as would be
present st much higher frequency after years of limited full=curl hunting)
are more likely to induce astrus, it follows that lowering the total number
of rams present, and greatly reducing the nusber of mature cams, as in Dry
Croak, should result in decreased ovarian activity. Bennell (1980, 1982)
raportdad that Dall swes in the unhunted Kluane Park population of the
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Canadian Yukon were frequently bred during later estrous cyoles., Survival
of lambs concelived during 2nd sstrus has not baen determined,

Theras may be some concern oegarding the methods chosen to dstermine
ovarian activity. WHowwwver, the origin of corpora albicantia in ovaries is
well understood, and cvarinn examination as a peans of determining past
activity has been proven reliable (Hadek 1958).

Likewise, some criticism may reasonably ba a result of our aging
tachniques. Aging ewes by counting horn anmuli is difficult; and age
determination is wariable among observers (Hoefs 19B84a). Geist (1966)
states only a minimum estimate of age is attainable. TIn this study, errors
ahould be conaistent for both populations becapss 1 individual aged all
sheep. Also, when the sweés 9 years and older from the Dry Creek data set
are considered separately, the otvulation fregquency changes l1ittle (from
T1.8% to 7I.IN). We conclude poasible arrors in age datarmination did not
materially affect the results in this comparison.

The obasrvation that age at first breading was different in the
Robertson River and Dry Cresk populations is aleo consistent with the
hypothesin that ram abundance is a determinant of lamb production.
Dalivery of lambs on their sscond 'I:irth:ll:,r gsams to be amscciated with low
ram numbera or the abmence of old rams in Dall sheep populations. Hoefs
and Cowan (1979) reportsd lambs in unhunted Kluvane Park usually did not
deliver lamha until their third birthday. Similarly, Z-year-old ewaesz in
the unhunted shesp populations of Denali National Park have not baen
obearved leading lambs in three searches; on foot; of the the Bavage River
summer rangss. Palmer [1941) econcluded ewes in the wvicinity of the than
wirtually unhunted Dry Creck population were characterized by breeding at
310 months and lasbing on thelr thirxd birthdays. In contrast, WNichols
{1978) reported that 3 of 4 ewes collected before their second birthdays
were pregnant. These owes were taken from a Dall shesp population whers
Jfd=curl hunting removed every legal ram on the mountain sach year. We arm
avarea of no reports of I=year-pld ewes routinely delivercing lambs in
relatively undisturbed populations. We have chserved and handled a total
of 17 Z=year=-old owes since the changes which followed wolf control and the
T/8=curl regulation occcurred in Dry Creek. Only one of them has had a
lamb,

Gther eavidence that ewes are capable of delivering lasba at 24 months
of age comes from captive animals. Four Dall ewes held in captivity in
Fairbanks, Alaska delivered lamba at 24 sonths of age. These ewas wWabe
bred by 18-maonth-ald rama. Similarly, Hoefs and Cowan (15979) reported that
captive 18-month-old Dall ewes from populations which reqularly produce
lambhs an their third birthday in the wild; produced them on their =second
birthday in captivity: The ras age structures in captiwve herds whore Dall
ewes bred early is not known to um. We do know that Dall ewes kept in the
Milwaukes County Zoo deliver lambs at 2 years of age, when immatures ramn
ars present,

Rata from the Dall sheep breeding program at the Milwaukee County Zoo
[1971-79) indicate 13 of 1% ewes delivered lambs on their second birthday.
These lamba were pired by young rams, the oldest being a 4-year-old ram
which bred one ewe, Three lambs were aired by 2.5-year-old rams, and the
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romalning elght were sired by rams aged 1.5 years. In a brecding pen whepo
all rame had accege to all owes, the one mature ram, aged 9.5 yvears, did
not mate with ewes below the age of 3.5 years (Bullerman, pers. commum.).

In an earlier paper, we propoged a behavioral mechanism, operative in
the abgence of maturs rams, that leads to sarly breeding of 18=-month-old
owes (Helmer and Watson 1982), We suggested Jjuvenile rams harassed
18=month=o0ld ewes into copulation even though the ewes were not
behaviorally matore. This explanation must center on preferential
courtship of thess young ewess. Given the differonces in body size betwoon
young rams and mature eowes, this appears plavsible when one reads Geist's
(1971} accounts of the difficulty bighorn yearling rams experience in
attempting to dominate their damsx. Two=-year-ocld Dall rams are typically
gubordinate to matore ewes in Dry Creek, Relative body size iz isportant
in these interactions and may function in aspects related to courtship ax
well as to ram hierarchy during the rut.

Wae conclude early breading by oewes in the Dry Creek population was
most likely a consedquenca of ram scarcity ofF the young age structure amang
breading rams. Scarcity of rams above the age at 3/4-curl horn sise
{approximately 5.5 years]) probably resulted in rutting participation by
young Tams. The consequences of this circumstance includad not only a
lowered ovarian activity, but an earlicer breeding age. We do not view this
as an advantageous, compensatory population response. Hreeding domestic
sheesp at first estrus commonly results in offspring of low purvivability
and coopromined reproductive fitnees in the dam. Rattray (1977) showed
evarly brueding in domestic ewes resulted in a reproductive advantage only
1f heavy supplemental feeding followed during both gestation and lactation.
A similar requirement has been shown for domestic cattle (Minsh and Fox
1978} . Supplemental feeding of carly-breeding Dall ewas in the wild is
clearly lmpractical in Alaska at this time. In the wild, small gowes have
lesper status and must get by on forage not selected by more dominant sheep
(Gaist 1971). Therefore, we think early breeding among wild Dall ewes is
paladaptive,

We think these indings indicate that Dall sheep reproductive ecology
iz such more complicated than current management models seem to indicate.
Weather appears to have a definable =Fffect on lamb production, and there
appears to be gufficient reason to investigate in greater detall the
hypothesis that ram abundance or age structure iz alsg a determinant of
lamb production lavel.
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QUESTIONS AND ANSWERS

Jim Bailey, Colorado: There's a rule around that “iper- is
chg;p," "5p|rm AT® :hEapt" I guesa it is. Why would an old ram
with the epportunity to breed young ewes refuse that opportunity
if he's an animal that has evolved ro increase his relative
fitnesa. Can you rationalize that problam?

Wayne Heimer, Alaska: First, I would stress that I am reporting
an ohaervation. Our abkilirty te rationalize the ohservatiaon
within the concept of fitness as we inkerpret it today should not
challenge the ohservation. Second, it may not increase a ram's
relative fitness toe mate with a ewe before she 1s physically
mALUTre. An 18-month-old ewe is not physically mature; they're
amall. TIf they are aimilar to domestic ewes, the young firsec-
heat eve will produce a lesas than optimally fir offspring.
inleas yon can provide supplemental feeding for earl-breeding
domestic ewes during both gestatkion and lactation, the future
reproductive fitneas of bhoth the ewe and the lamb will bhe
compromised, Evolutionary selection has probahly favored ewes
that are behaviorally as well as physically mature.

Bailey: Yes, but sperm is cheap. Why save your sperm for the
older ewe when you can distribute it loosely; and 1if you smave the
ewe, you perhaps don't save her for yourself, There's no

selection for that kind of a ram.

Heimer: In a situation where there iz an abundance of mature
rams, Young eves apparently do not breed. An ideal situstian
would seem to call for ignoring young ewea until they are hoth
physically and behaviorally mature. This would increase fitness
for everyone.

Balley: Yes, I can't rationalize how evolution can produce rams,

or possibly Canadians as you suggested, who aveid young, estrous
females.
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