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ABSTRACT

Population numbers, distribution, composition, and 
age structure of Dali sheep (Ovis daHi dalli) were studied 
in Mount McKinley National Park in the summer of 1972. Age 
of males was estimated by counting horn annul! and by multipl 
regression analysis based on the correlation of age with 
horn size. Composition ratios and tho sample of males whose 
ages were estimated were used to establish the age structure 
of the living population. The results demonstrate that the 
age structure has not been stationary over the past several 
years. Differences in numbers in each age class are due 
to marked variability in initial size and in mortality 
rates of the cohorts comprising the population.

Analysis of the carcass data of Murie (1944), which has 
been widely used in the construction of life tables, showed 
that the age structure was not stationary during the period 
those carcasses accumulated. Changes in distribution 
indicate that timing of movements is variable and fidelity 
of individuals to specific seasonal ranges is low. Numbers 
and the age structure have fluctuated dramatically since 
the mid-1920* s, The consequence of this variability on 
individual reproductive strategies is discussed.
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INTRODUCTION

The age structure of Dali sheep, Ovis dalll dalli, 
has played an important role in discussions of mortality 
patterns in mammals (e.g. Deevey, 1947; Kurten, 1953;
Taber and Dasrcann, 1957; and Caughley, i960). These 
discussions were based on Marie's (1944) data on the 
ages of carcasses found in Mt. McKinley National Park, 
Alaska. Assumptions in the construction of tj.ine-speci.fic 
or vertical life tables (South-wood, 1966) from such data 
are basically two; (1) there is an equal (or known)
probability of finding a carcass of an individual of any 
age-sex class, and (2) the age structure is stationary • 
(Caughley, 1966). It is, however, known from several 
sources (e.g. Murie, 1944) that there is differential 
perishability of skulls depending on both sex and age 
(e.g. skulls of individuals who died when less than a - 
year old are extremely perishable). Some authors (Kurten, 
1953*, Taber and Dasmann, 1957; Caughley, i960) have 
attempted to compensate for this in constructing life tables 
by making various assumptions in estimating female fecundity 
in their determinations of first year mortality.

Unless two or more sources of data are available, the 
second assumption, that the age structure is stationary, 
cannot be evaluated (Caughley, 1966). Murie (1944)



divided the skulls he collected into two groups according 
to the time of death (pre-1937 and 1937-41); therefore, 
his data can be used to determine if the second assumption 
was met during the two intervals in which the carcasses 
accumulated. There remain two problems with the mortality

X. «-> «  "1 T -  -  -X- — .1 P  - - -  - — «— -  - * - d  . I - * ^ . X- l *  «  /*, +■
^  cx v̂ . w - i . - i .  u  v l  -i. x  v*» cu jl t a o o  i . i i x  u l  m e *  (  O i  j. C  «w» V* -J

-■ ' V- - _ ■ '

v/hich any carcass belongs cannot be determined because the 
time of death is unknown, and therefore the data show 
little indication of trends of numerical change in the 
population. The life table then is composed of synthetic 
rather than real cohorts (Spinage, 1972). If one is to 
study either the - mortality patterns of an actual cohort 
or the age structure of a population at any one time, it 
is necessary that a different technique of gathering mor
tality data (dx) or surviorship data (lx) be developed.
The objective of this study has been to develop such- a 
technique to estimate age of males from horn cbaracteristi 
and to use this data to evaluate the present (1972) age 
structure of the Dali sheep in Mount McKinley National Par 

The study area was chosen because much information on 
sheep population dynamics has been gathered by field worke 
(Murie, 1944? 1947, 1962; Sumner, 1952; Gross, 1957; Haber 
in prep.) and by aerial surveys (Sumner. 1947; Murie, 1951 
Nancarrow, 1952; Sumner, 1952; Peters, 1953; Branges, 1955 
Reid, 1957; Pras.il, 1966; Nichols, .1966; Erickson, 1966;
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Nichols and Erickson, 1969; Smith, 1972; Haber, in prep.;
F. Dean and p. Valkenberg of the Alaska Cooperative Park 
Studies Unit, University of Alaska, pers. comm.). The 
present distribution and movement patterns and the trends 
shown by the data from the above sources provide perspective 
on the life tables constructed irom Marie * s (1944) data, 
on the present age structure, and on the correlation of 
fluctuations in natality and mortality with variations in 
disease, predation, and weather. Finally the information 
on survivorship of individual cohorts derived from 
composition counts and the age structure of the population 
can be used as a basis for evaluation of the optimization 
of individual reproductive rates.



THE STUDY AREA

The study area, the eastern half of Mount McKinley 
National Park, has been described in detail by Kurie (1944). 
In this area a long i.ateral ridge system with maximum 
elevations of about 2 km, the outer range (see Fig. 1: 
the area north of the dotted line), runs north of and 
parallel to the main Alaska Range. Rivers originating 
from glaciers in the main range have cut deep narrov/ valleys 
through the outer range. Sheep generally inhabit areas 
of elevations from 1 to 2 km on the north side of the 
main range and in the outer range. Although these areas 
are extensively covered by tundra vegetation, principally 
the mat-forming Dryas spp., the terrain is varied and 
there are many deep valleys characterised by steep cliffs 
and talus slopes where vegetation is sparse. The ridge 
and mountain tops are generally rounded and those of 
approximately 2 km. elevation are almost devoid of 
vegetation. At and below about 1 km elevation shrubs, 
principally Betula spp. and Sailx spp., are common.

The weather station at park headquarters is located 
in the shelter of a white spruce (Picea glauca) forest at 
an elevation slightly under a km. The temperatures and 
precipitation levels recorded at the-station are probably 
indicative of those experienced by sheep in the park.



Distribution of Dali sheep in Mount McKinley 
National Park. The areas are numbered for 
discussion of distribution. The dotted line 
divides the winter range (to the north) from 
range which is utilized only in summer (to th 
south).
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In the winter, storms from the south drop heavy snows on 
the main range. Thus, both the weather station and the 
outer range are in a precipitation shadow, but the strong 
winds from the south are most prevalent in the main river 
valleys and at high elevations of the outer range, blowing

3.r*ccic 01*1 cl. iTc2*0^c o.cccGSiLloic *cc
sheep.

learly temperatures average about —3°C» The coldest 
month is January with a mean temperature of -i7'~'C, ranging 
from a mean of -26° C in January, 1969 to a mean of -13.9c 
in 1955* The warmest month is July, "with an average 
temperature of 12°C. The mean yearly precipitation is 
37 cm, slightly over half occurring June, July, and 
August. Seasonal (August through July) snowfall during 
the past few decades is depicted in Fig. 2.



Fig. 2. Seasonal snowfall at. McKinley Park headquarters, 
1926-1972.
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Other Studies
Previous research on Bail sheep in McKiniey Park has 

primarily focused on numbers and distribution, although 
the data from Murie’s extensive studies from 1939-41 also 
include considerable information on movement patterns, 
natality, mortality, and population composition (-1944). 
During the period between 1942 and 1963 only two studies 
were conducted to determine population composition— one 
by Sumner, Nancarrow, Leopold, and Darling (Sumner, 1952) 
in the early summer of 1952 and the other a horseback 
survey .by Gross (1957), but discussion of methods is not 
included in either of the reports. From 1966 through 1971 
Haber (in prep.) conducted ground composition surveys of 
sheep. Most of his data come from bands which he saw when 
driving the park road during the summer, and there may 
have been some duplication of sitings by this method.

The aerial surveys which have been conducted in the 
park are listed in Table 1. These provide information on 
past numbers and distribution and, in some instances, on 
composition. In general the surveys have been conducted 
by a pilot with one observer in a small single engine 
plane using a flight pattern such that virtually all sheep 
range could be observed in the pares of the park the surveys

METHODS AND MATERIALS

8



Table 1. Aerial sheep surveys in McKinley Park (1947 - May, 1973)*
Da oe Pilot Observer(s) Hours Conditions Areas

covered
Number Source

2 Jur. 1947 Sumner Booth 4 ? 1-2,11- 
14, 17-20

516 Sumner(1947)

3 Sep 1951 Scott Pearson,
Peters

9 ”somewhat 
rough11 1-6,9- 

20, 24
.1060 Murie(1951)

8 .9 Feb 1952 Smith Cate]ain, 
Nancarrow

nr partly cloudy- 
extensive 
snow cover

1-2,9- 
11, 14-
18

186 Nancarrow
(1952)

22 May - 12
Jur. 1952

77ao d Sumner,
Leopold

? extensive snow,
rain-pOor
visibility

? 749 Sumner(1952)

3 Sep 195.3 . Scott Steenbergh,
Thayer

7 excellent- 
snow cover 
above 5000

1-7, 9-
2.4

1368 Peters(1953)

17 Aug 1955 Scott Steenbergh,
Riegelhutz
granges

7 high clouds 
only 1-7,

9-23
1745 granges (1955),

14,15 Aug 1 
1957

Scott Reid 8 beautiful 
flying day 1-7, 9- 

24
1184 Reid(1957)

19 Sep 1953 o r \
& low clouds 

rough flying 1-2,5,
9-11,14-
15

727 NPS files

18 Jul 1959 Sheldon
i

Bohiin, 
Sterunark

clear
weather

1-24 1809 Frasil(1966)

The numbers correspond to those in figure 1 and represent areas inhabited, at
least seasonally, by Dali sheep in McKinley Park.
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Table 1. Contd.

Dat< Pilot Observer(s) Hours Conditions

29 Jun 1961 Sheldon

1 Sap 1966

Jun 1968

Sheldon

Nichols

Larson,

Hayes

Blum

12 Aug 1966 SchoerJ.eher Erickson

14-15 Jan 1969 ?

16-19 Jun 197?

30 Jun, 1 Harris
Jul 1972

20 Apr 1973 Harris

9 May 1973 Karris

Smith

Kaber

Dean

Valkenberg

10

1

Areas^ 
covered

Number Source

clear
weather
poor

3 partly cloudy
slight
turbulance
hazy

1-24

1-2,5-6 
12-13,16
1-2,9,11

1-3,5-6, 
6-16,20.
22

excellent

good(except 
area 6) little 
'snow
excellent, 
patchy snow
excellent
•20-50$snow cover

19,24,west of 
24
1-7,8-24

3-6

2641 Prasil(1966)

500 Prasil(1966)

523 Nichols(1968)

586 Erickson(1968)
202 Nichols and

Erickson(1969)
48 1 Smith(1972)

1-2,9

954 Haber(in
prep.)

69 Dean(pers.
comm.)

1.86 Valkenberg
(pers. comm.)
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covered. Both the pilot and observer usually made counts 
on each band of sheep. If there was any discrepancy in 
the two counts of a band, it would either be recounted 
ox' the two counts averaged if the discrepancy was small.
The number counted was recorded on a map, and at the end
^  -P  4- V> - T l  A  ^ 4  4- U  ^  4- ^,,4- ~  1 .  T_  ^  4  ~  1v  .*. *  w o w u j - vvc4 o  p -d .4 u . iU  a  •

In general approximately 75-90 of the sheep are probably 
seen in aerial surveys under good conditions. In four of 
the surveys (Nichols, 1966; Erickson, 1966; Nichols and 
Erickson, 1969; Haber, in prep.) sheep were classified 
into age-sex classes. From the air yearlings and young 
rams are difficult to distinguish from adult ewes, the latter 
often being classified only if in associations with lambs. 
Therefore ewe numbers would be underestimated if large 
bands of ewes with few or no lambs are counted but not 
classified. Ewe numbers could be overestimated if young 
rams or yearlings are classified as ewes. Both types of 
errors may lead to imprecise estimates of relative numbers 
in each age-sex class,

Present study? distribution and ponulat1on cproposition
Sheep habitat and distribution in McKinley Park have 

been described by Murie (1944). Briefly sheep are for the 
most part confined to the eastern portion of the park and 
the habitat that is actually utilized by the sheep is sub
divided into small areas by high ridges and the major rivers.
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These areas are outlined in Fig. 1. The areas are numbered 
for reference in the discussion of movements and distri
bution. Those areas which sheep were known or thought to 
occupy in large numbers (from Murie, 1944, and the aerial 
survey of Haber and Harris on 30 June and 1 July, 1972) 
were surveyed extensively on the ground from 7 June to 6 
August 1972 (with additional observations of several days 
in early September, 1972; early December, 1972; and late 
March, .1973) to collect information on distribution, 
movements, density, o.ge and sex composition of the bands, 
and ages of living males. All observations of sheep made 
during the study period are listed in Appendix, Table Al. 
Skulls'from carcasses were collected whenever they were 
found.

Sheep were observed with a spotting scope to determine 
sex; numbers of lambs (individuals less than one year old), 
yearlings (individuals between one and two years old), 
young rams, and adult ewes in the ewe bands, and ages of
rams by counting horn annul! .when possible.

Lambs, yearlings, young rams, young ewes and adult 
ewes comprise the ewe bands. Lambs were distinguished on 
the. basis of body size (Fig. 3), while yearlings were 
distinguished on the basis of body size and horn charac
teristics. Although there are slight differences between 
male and female yearlings, these could not be discerned



lig* 3« Age-sex classes of Dali sheep in McKinley Park.
L: lambj Y: yearlingsj numbers represent ages
br: denotes "broomed", horns which have been
worn away at the tip, which are sometimes seen 
on oldsx* iuciJLos c



Age-sex Classes of Dali Sheep
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very well, so the yearlings were not classified according 
to sex. A large yearling male may approach the size of a 
young adult ewe and misclassification of either of these 
may be a source of error in the composition counts. Three 
year-old males could be distinguished on the basis of horn 
size, body size, sn s two year-
old males could only be distinguished from large horned 
adult ewes on the basis of testes development. Due to this 
difficulty, individuals in the ewe bands were classified 
into one of the following groups: lamb, yearling, adult
ewe, two year-old ram, three year-old ram, adult ewe or 
two year-old ram, adult ewe or two or three year-old ram, 
adult ewe or two or three year-old ram or yearling (the 
last three categories were' necessary for ewe bands classi
fied from several hundred meters).

The data from the composition counts were converted 
to ratios of each age-sex. class: 100 ewes (females two 
years or older). The resultant lamb and yearling figures 
were halved to estimate the number of males of these two 
age classes:100 ewes. From the results of the aging 
technique .(next section), the number of rams (males two 
years or older)in each age class was determined. These 
results were then converted to the number in each age 
class:100 ewes, as the overall ram:100 ewe ratio was 
known from the composition counts. These calculations
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gave the relative numbers of males in all age classes, i.e. 
the age structure of the male sheep in McKinley Park in 
summer, 1972.

Present study: the aging technique
Both males and females grow horns throughout their 

lives but those of males grow much larger (Fig. 3)* The 
horn annuli result from cessation of horn growth between 
approximately October and February and form deep continuous 
grooves (Taylor, 1962; Hemming, 1969)* In females the 
annuli are difficult to count even when the horn is in 
hand and give only a minimum estimate of age (Geist, 1966a). 
In males the annuli are much more easily distinguished and 
are accurate indices of age (Geist, 1966a). The annuli 
of.males older than one year can be distinguished at a 
distance of approximately forty meters with a spotting 
scope. However, the first and second annuli are often 
difficult to distinguish as they do not form continuous, 
well defined grooves (Taylor, 1962). When possible the 
males were aged by counting horn annuli (Fig. 4)•

Males were also photographed using a 35 mm camera with 
a 500 mm lens. The photographs were taken both when the 
male’s head was•facing directly towards the observer (Fig. 5) 
and when turned at a right angle to the observer (Fig. 4)•
The photographic transparencies v/ere then analyzed for age 
determination; annuli being counted when possible. One



Fig. 4. An eleven year old male at 90° to the observer.
The drawn lines indicate where there are annuli 
on the horn.

Fig« 5» Two males ^ooth are nine years old) which exhibit 
different types of horn flare.
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of the objectives of the study was to determine which horn 
parameters carry the most information about age. A series 
of measurements was made by projecting the transparencies. 
The flare (maximum width of the horns— see Fig. 5 ) and eye- 
eye distance of those sheep facing the observer were
^  ^  ^  ^  . J  .1 J? *. 4~ "I 1 n 1  ̂ r k i .  • **? V  f •
l  ;i v  La LL X O  LL U . X* X O  O  L/ X  I X i. X C  A X U  Cl L i iD ^  JL 0 1 I t  ?v  p   ̂ X w  C t s/ X X  q  ^

angles in the photographs were traced. The tracings were 
then used to determine several parameters of horn devolopr 
ment: (a) horn length, which is defined as the distance
along the outer edge of the horn from the horn base (A) 
to the horn tip (C) and was measured in mm with a map 
measure (see Fig. 6); (b) curl, the angle of a circle the 
outer edge of the horn approximates, was measured in degree 
with a protractor (Fig. 6a); (c) height, which is the 
maximum vertical distance of the outer edge of the horn 
from the line AF and was measured in ram (Fig. 6b); and basa 
diameter (d) was measured in mm (Fig. 6b). The maximum 
distance (AG-— Fig. 6) from the most anterior point of the 
base of the horn to the outline of the mandible was used 
to standardise the horn measurements of individuals 
photographed at different distances. This distance was 
found to show little variability with age for males two 
years or cider, as determined from comparisons of individua 
of various ages photographed from the same distance 
(Table 2). The differences among individuals from ages



Fig. 6. Measurement- techniques of horn parameters.
a. Curl was determined by drawing the line AF 

along tne base of the horn from A, the most 
anterior point of the base of the horn to F 
which was the point on the outer edge of the 
horn that this line intersected if the curl 
was equalto or greater than 130°. The mid
point B along the line AF was then considered 
the center of the circle and a line drawn 
from B through the horn tip, C. The curl, 
angle ABC, was then measured. If the curl
was less than 180°, B was placed along the line 
AF so that a. line drawn perpendicularly through 
AF at B would intersect the outer edge of 
the horn at a maximum distance from the line 
AF. The line BC was then drawn and the curl measured.

b. Height was determined by measuring the 
distance BE if the horn'was less than If0° 
curl. . For- horns greater than 180° but less 
than 2?0 ■ a line CD which intersected the 
born tip, C, and is parallel to the line AF 
was drawn. A line perpendicular to CD was 
then drawn which maximised the distance BE 
(height). For horns equal to or greater than 
270° curl, a line was drawn parallel to AF 
wrhicn touched the cuter edge of the horn at 
D. The line DE was then measured to give horn height.



Measurement of horn curl (angle ABC)

D

Measurement of horn height (DE)



Table 2. Variability of horn to mandible length with age as determined fromphotograc.'hJ L x O  *

Sc.0 w 3. 2 *sy *4* 5 6 i
i 3 9 1 0

sample size

mean
distance

2 7 10 10 7 5 £
y 4 2 2

AG as
proportion 
of the 
maxi mum

0.67 Or 90 .94 .95 .93 .93 .95 .95 ' 1 . 0 .96

\o
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three-ten are probably due to measurement error and there 
is an approximately 5-10$ difference between age two and 
older ages. There is an added source of variability due 
to the tilting or angle of sheeps' heads which is discussed 
in the results section, and which may be a source of the 
variability found here, bimixariyy the eye-eye distance 
of individuals whose heads faced the camera photographed 
from the same distance showed that this distance does 
not increase substantially with age once a male is two 
years old. The distance AG and the eye-eye distance were 
therefore used as standards to make the measurements of 
length, curl, height, basal diameter, and flare of the horns 
of individuals photographed at varying distances directly 
comparable.

Using all those individuals for which both age was 
known by counting annuli and photographs were available 
of the head at right angles to the observer and/or facing 
the observer, correlations between horn growth (as determined 
from the measurements) and age could be determined. A 
step-wise multivariate analysis was made using age as the 
dependent variable and length, curl, height, basal diameter, 
and flare of the horn as independent variables. Those 
horn parameters which either showed poor correlation with 
age, or extremely high correlation with other parameters, 
were discarded. The remaining parameters were used to
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generate an equation to estimate age of those individuals 
for which the parameters were known but annul! could not 
be distinguished.

The horns that we collected from the carcasses were 
also photographed. Measurements of the horn parameters were
TV> O ^  A V\ T r 4- w* ^ 4- U ^ J  *-» 4. U »  A. . • -  . -1 -C* « J 1 „  .. ,1  , , .

^  ^  w > 4. w  m o C i i O U  »->- O . i U U  U O O t .  X U i  O u t  J -  _L V J L 1 1 C i i o t i p  •

The results were then used for comparisons with the 
photographic data from living sheep.



Population numbers
Estimates of population numbers from the 1920's through 

1941 are given by Murie (1944)* Murie and rangers in the 
park believed that after the cessation of market hunting 
around 1921 the population steadily increased until 1923, 
at which time there were between 5000 and 10,000 sheep 
in the park. Heavy spring snows in 1929 coincided with 
and probably contributed to a sharp decline in the sheep 
population. One ranger estimated that a third of the 
sheep died in the winter of 1923-29, based on his obser
vations of sheep range near park headquarters. A second, 
and greater, decline occurred during the winter of 1931-32 
when heavy spring snows again coincided with the decline.
A ranger who had estimated that there were 10,000-15,000 
sheep in 1929 believed that there were about 1500 sheep 
in the park in 1932. Ranger reports indicate that the 
population numbers again began to increase gradually about 
1935, and Murie estimated that the population numbered 
1000 to 1.500 during his 1939—41 study period. Murie 
(1947) states that he had noted decreases in the sheep 
population in 1940 and 1941? but that there were still 
at least 1000 sheep in 1941« He also noted a change from 
an abundance of older sheep in the 1941 population to a

RESULTS
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19A5 population characterised by a much higher proportion 
of young sheep. In 1945, then, the population was probably 
already showing signs of a population increase.

On 2 June 1947 Sumner (1947) ana Booth conducted the 
first aerial sheep census in McKinley Park and counted 41$ 
sheep. Fi'-Oui a uvuiparison of I>Iurie:s extensive ground 
surveys with his own survey, Sumner reported that there 
were 59$ sheep in the park. Murie (1963) made a ground 
survey in 1949 and counted 795 sheep (no details of the 
count are available). Aerial surveys over part or all of 
the sheep range have since been conducted in 1951, 1953, 
1955, 1957, 1959, 1961, 1966, 196$, and 1972. The numbers 
countea on 03.0b. suivvey s.r*6 -Listed, in Tcibio i* Tlie counts 
in i960 and 196$ were incomplete. Therefore, estimates of 
total numbers 01 sneep for those years were derived from 
comparisons oi densities in those areas surveyed with 
densities in the same areas found in other surveys at 
approximately the same time of year.

Based on the apparent correlation between years of 
heavy snowfail and population declines when the population 
is at high density (e.g. 1929 and 1932), it is believed 
that the population decreased substantially during the 
winter of 1961-62. Between 1962 and 1965 the winters 
were mild and the population probably increased slightly 
until 1965» The winter of 1965-66 was characterized by
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heavy spring snowfall and consequently the population 
numbers probably declined. On the basis of the present 
age structure and composition counts made by Haber from 
1966-71 the population apparently decreased until approxi
mately 196$ and then started to increase, but this increase
VT0 s  'p»T*ol'V‘3 "H 1 i r  V\**r +*V>ri . c m r o r t o  v i  p t  c f c  Ojf *1Q— *7

A. */ i  ■ V * 'T-' 1 • ' * ' * * * '  ' S I I

and 1971-72. This is substantiated by the relatively 
few numbers of young males (14 of 54 total males) counted 
on 14-15 January 1969 (Nichols and Erickson, 1969), the 
high proportion of older individuals being characteristic 
of a population declining in numbers. The fluctuations 
in numbers from the mid-1920,s to June 1972 are shown in 
Fig. 7.

Distribution and movements
The distribution of Dali sheep in McKinley Park was 

described by Murie (1944). The areas of the park the 
sheep presently inhabit (at least seasonally) or have 
inhabited sometime in the past few decades are shown in 
Fig. 1. Sheep occur sporadically west of areas 23 and 24, 
For example, Smith (.1972) counted 14 sheep comprising four 
bands west of area 24 during an aerial survey on 19 June 
1972, Areas 23 and 24 are characterized by low and 
variable density, suggesting occasional and temporary 
movement into these areas from areas to the east. East 
of the park the sheen are abundant. and occasional winter



Fig. 7* Population numbers, mid 1920*s to 1972.
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movements of small numbers have been noted between" Mount■ 
Kealy (area 1) and Sugarloaf Mountain to the east across 
the frozen Nenana River. Within the park sheep sometimes 
may be found at elevations lower than those outlined in 
Fig. 1, either when moving between areas or, at times,

v*-? t  ~ J— - . ^ 4- 1- , , * a. _ «  4  1 •U.UJ. 0.**0  »>J.ayox UiiU iiOi'UliCi a i U U O U  JL/CLJC O Ul

range. The latter movements are probably a response to 
snow conditions: the sheep move, from the central parts
of the range where the snow is deep or crusted to these 
areas in the precipitation shadow of the higher mountains 
where the snow is soft or non-existent, having been removed 
by high winds. Such range is rarely utilised in summer, 
but in general the sheen winter range is a very restricted 
portion of the available summer range due to snow cover 
over much of the habitat.

Distribution of the population at various times is 
known from the aerial surveys. Densities for the areas 
delineated in Fig. 1 were calculated from the maps which 
accompanied the reports (Appendix, Table A3) and are 
shown in Fig. 8. This figure shows the density found in 
each survey for each area, region, and range-. The regions 
are composed of those areas between which winter—summer 
movements are known to regularly occur and are divided by 
the major rivers. Although movements between areas of 
different regions are probably rare compared to movements



Fig. 3. Density of Dali .sheep in McKinley Park. The 
numbered areas correspond to those delineated 
in Fig. 1. Calculations were'made to determine 
density in each area, in regions I-V, for the 
entire park (T), and for all those areas north 
(N) and south (S) of the dotted line in Fig. I. 
For those areas in which sheep were observed, 
but at densities- less than .0.2.5-km-2, an 
unbroken line was drawn at 0 density. A broken 
line, at 0 density indicates that the area was 
not surveyed.
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between areas in any one region, a few areas are often 
utilized by sheep from areas in other regions. For example, 
area 5 is utilised in the summer by sheep who cross from 
areas 2, 9, and 11. Density has also been calculated for 
the entire range (T), for the winter range (N), and for 
the summer range (S).

Within the park dramatic movements are made to and 
from summer range by a substantial portion of the population 
(Murie, 1944). Other seasonal shifts in distribution 
due to movements to and from pre-rut range, rutting area, 
midwinter range, and spring range (Geist, 1971) have not 
been studied in the park. Figure 3 shows both a shift of 
the population to more southern areas in mid-summer and 
considerable variability in distribution at any one time 
of year from year to year, Murie (1944) also noted that 
the timing of movements varies both among individuals in 
any one year and from year to year. Whereas.sheep are 
generally first seen on summer range in early June, 
p, Dean (perns, comm.) counted 55 sheep in the areas 3,
4, 5, and 6 on 20 April 1973 (he found no sheep in the same 
areas on 21 April 1959). Snowfall on the north slopes of 
the main range was very light in the 1972-73 winter, and 
many areas which arte usually covered by snow at that time 
were snow-free. This probably accounts for the spring 
utilization of the areas.
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Population composition
Results of ail studies of population composition are 

given in Table 3. The 1972 larnbjlOO ewe ratio determined 
aerially by Haber (1972) differs from the lamb:100 ewe
ratio found in the present study. However, the difference,
, _ , . , , , . . . / 2 4uaseu ou. oouax sampre sizes, is not signuicant (X = U.yts,
0.10 <  p  < 0.90).

Estimates of population composition may be biased if 
sampling intensity and composition ratios vary from area 
to area. For example, Haber classified 5 2 5  s h e e p  of the 
954 (55 )̂ he counted in the entire park, but in area 11 
he could classify only 99 of the 349 sheep he counted 
(29$)♦ The ratio calculated from our counts in area 11 
was 17.1 lambs:100 ewes which is significantly lower than 
the ratio calculated for the entire park - 6.43, p < 0.01) 
based on the actual sample sizes. Therefore, because the 
lamb:100 ewe ratios differ from area to area, differences 
between areas in the proportion of sheep classified can 
result in a biased estimate of the composition ratios.

In the determination of overall composition ratios no 
observations were used which were believed to' partially 
duplicate other more extensive observations in the same 
area sc that bias due to differences in sampling intensity 
from area to area would be minimized. Additionally since 
ewe bands in early June are often segregated into groups
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Table 3- Composition ratios of the Dali sheep population 
in McKinley Park

lamb:yearling: number in principal
Year ev,res sample investigator

1939 spring 53:30:1001 1141 Murie (1944)
fall 49:32.:10u1 561 Murie (1944)
combined 51:26:100 4965 Murie (1944)

1940 spring 11:19:100'1 291 Murie (1944)
fall .16:15:100-1 421 Murie (1944)
combined 19:16:100 1157 Murie (1944)

1941 spring 54: 4:100" 644 Murie (1944)
summer 57:0.5:10c1 452 Murie (1944)
combined 54: 3:100 27.32 Murie (1944)

1947 50: 7:100
O

596 Murie (Sumner, 
1947)

1952 22:100 465 Sumner (1947)
1957 43:19:100 942 Gross (1957)
1966 34:33:100 253 Haber (in prep.)
1967 11:25:100 362 Haber "
1966 a 39:10:100 450 Haber

b 39:11:1003 523 Nichols (1966)
c 2 3:1002' 3 671 Erickson (1968)
d 34?1002’3 202 Nichols and 

Erickson (1969)
1969 49:33:100 307 - Haber (in.prep.)
1970 65:46:100 363 Haber "
1971 29:51:100 310 Haber . "
1.972 a 3 2; 21:100 526 Haber "
1972 b 27:21:100 565 present study

“Murie selected only some of his counts to avoid possible 
duplication of sheep cited.

^yearlings net distinguished in the count, therefore the 
ratio is of lambs:100 awes and yearlings,

-̂ aerial survey
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of barren ewes and groups of ewes followed by lambs, 
observations made at that time were not used. Observations 
in December, 1972 and in March, 1973 were also excluded 
both because they may have duplicated other counts of the 
same individuals and because yearlings could no longer be 
accurately distinguished from adult ewes. Based on a sample 
size of 565 sheep, the composition ratios were found to 
be: 27.5 lambs:21.3 yearlings:66.7 rams:100 ewes.
Thirteen per cent of the rams and99$ of the yearlings 
were in ewe bands. The conversion of the composition 
data to the composition ratios is given in the Appendix, 
Table A4.



Other studies: age structures
The skulls that Murie collected, aged, and examined 

for signs of disease are the basis of several life tables 
of Dali sheep. Due to the high perishability of skulls 
of individuals which died in their first year of life,

P s t* ,  i  o  t*  P  ■? **■» o  +■ i m o  v-. _• 4. ^  ^  ^  ^
-  * ’ «  j  . . .  ~  y s A * . i . w  ^  ^  sS U  v -  i U t j L K A \ *  •

Estimates made by Kurten (1953), Taber and Dasmann (1957), 
and Caughley (1966) have been based in part on assumptions 
of much higher adult female fecundity than is probably 
found in McKinley Park, if fecundity is estimated by the 
proportion of ewes with lambs when composition counts 
can first accurately be made in late June. KUrten (1953) 
assumed that adult females produce one lamb/year from 
their second birthday. Taber and Dasmann (1957) assumed 
that adult females produce one lamb/year on and each year 
aioer tneir third birthday (and also that loss of yearlings 
is not more than 10$)• Caughley (1966) assumed that "
50$ of two year old ewes produce lambs, and 90$ of ewes - 
older than two years produce lambs. Caughley's assumptions 
are based on Woodgerd's (1964) study of an introduced 
population of bighorn sheep (0. canadensis•) on Wildhorse 
Isxana in Montana, hcodgerd found lambfewe ratios ranging 
3 2 01:1 6/ lambs:jOl ewes co 100 j.ambsjiGO ev/ss with sn average 
of oO lambs;100 ewes for eight years. From the lamb;ewe

32
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ratios in Table 2 the average in McKinley Park for twelve 
years is 39*2 lambs:10O ewes. The difference between 
these two sample means is significant (t = -5.70, p< 0.005), 
indicating that the above assumptions probably overestimate 
fecundity of Dali sheep in McKinley Park. The simplest 
estimate for first year mortality would be the difference 
between lambs:100 ewes in year n to yearlings:100 ewes in 
year n + 1, which previously has not been used in life 
table calculations for Dali sheep.

For the 1937-11 sample the lamb:yearling;100 ewe ratios 
are known for three of the four years so that lamb to 
yearling survival d-S known for two cohorts— those of 
1939 and 1940. The average number dying in the first year 
of life-— 1000 born " is 721 (d ) which I will use as an

A .

estimate of first year mortality during the 1937-41 period.
Because no composition counts were made before 1937 

a similar estimate cannot be made for the pre-1937 sample. 
Instead I have estimated first year mortality using the 
composition data in Table 3- First year survivorship, 
the number of yearlings in year n + 1 divided by the number 
of lambs In year (x 1000), can be estimated for eight cohorts,
The average number dying in the first year of life— -1000 
born-1 for those eight cohorts is 314, the estimate of 
first year mortality which I will use in the construction
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of the life table from Murie*s pre-1937 data.
Using these estimates for first year mortality and 

the number of carcasses from each of the older age classes 
(Murie, 1944), I have constructed life tables (Table 4) 
and survivorship curves (Fig. 9) for the two samples, 
pre-1937 and 1937-41* The most striking difference is in 
first year mortality, but there are also differences in 
later mortality as demonstrated by the 1000 a, curves.
There is evidence that both of these differences do reflect 
actual differences in the age structures. Murie (1946) 
felt that there were proportionately many more younger 
individuals and far fewer older individuals in 1946 than 
there had been during the 1939-41 period. The apparent' 
low lamb-yearling survival was probably a major cause of 
the gradual decline in numbers from 1939 to 1945. The 
major population declines in the early 1930*s-probably 
affected all age classes and apparently resulted in higher 
mortality oi tne age classes 2—9 than occurred in the 
1937-41 period. -

Using Marie's data, a contingency table (Table 5) v;as 
constructea to test for difference in the age composition 
of the two samples. The observed is the number of car
casses in each age interval found by Murie. The expected 
vaxue represents the number that would be found if the age
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Table 4. Life table from data of Marie (1944)
a. from carcasses of 191 individuals who had. 

died between 1937 and 1941.
1-11111 ■ 1 - 1 1 ......H JlUiW * .. uer *- _r

1
X dx 1000q?.

e x

0-1 1000.0 72O .6 720.6 2.81
1-2 ■ 2/9.4 44.3 . 158.5 7.77
2-3 235.1 4.6 ■ 19.5 8.14
3-4 230.5 1.5 6,6 7.29
4-5 229.0 3.1 13.3 6.33
5-6 226,0 7.6 ■ 33.8 5.41
6-7 23.8.3 '9.2 42.0 4.58
7-8 209.2 12.2 58.4 3.76
8-9 -• 196.9 • 9.2 46.5 r s r i

9-10 187.8 48.9 260.2 2.09
10-11 138.9 38.2 274.7 a  e

11-12 100,8 48.9 484.8 1.08

12-13 51.9- 48.9 . 941.2 0.62
13-14 J  e - L 0.0 0.0 1.50
14-15 O  1

e .1, 3.1 1000,0 0.50
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Table 4. Life table from data cf Murie (1944)
b. from carcasses of 464 individuals who had 

died prior to approximately 1937-

1X dx 1000qx ex
0-1 1000.0 313.7 313.7 5.39

1-2 W O ^ 1 I “»• -i. #6 V9 6.63

2-3 546.2 11.1 20.4 7.20

3-4 535.0 12.7 23.3 6.34
4-5 522.3 11.1 21.3 5.43
5-6 511.1 23.7 56.1 4.59

ON ! 432.5 44*6 92.4 3**33
7~ ft 437.9 46.2 105.5 3.17
3-9 . 391.7 - 66.9 . 1.70.7 2.49
9-10 324.3 74.3 230.4 1.90
10-1.1 250.0 . 106.7 426.3 1.32
11-12 143.3- 39.2 . 622.2 0.92
12-13 54.1 51.0 941.2 0.62
13-14 3.2 1.6 500.0 1.49
14-15 1.6 0.0 0.0 1.49
15-16 1.6 1.6 1000.0 ".50



Fig. 9« Survivorship (iv,) and age-specific mortality 
(1000ci ) of Dali sheep based on carcass data 
of Murie (1944) and estimates of first year 
mortality as-described in the text.
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Table 5. Contigency table comparing the age distributions of the pre-1937 and 
the 1937-41 samples, data from Murie (1944).

0-1 2-5 6-3.
Age in 

oy
years

10 11 12-14 Totax

1937-41 observed 37 11 20 32 25 32 34 154
expected n o  o  n > 7 * J f 12.71 29.65 19.69 22.93 21.93 16.94

X 0.142 0.229 3.14 7.70 0.137 4.63 17.17

Pre-1937 observed 121 40 99 47 67 56 34 464

expected 113.63 33.92 39.35 59.31 69.07 66.07 51.06
v2
JX. 0047 0.029 -4*O•

i—i 2. .56 0.062 1 *} 4 '5.70

Total 153 51 119 ■ 79 • 92 33 63 613

-------- - ................................ - T - T - . r  r r i r  -  - ... .................  -  .1  -  -  —  ■ i......  ...................... , r  ...................  L.................................1 ... .

VOca
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distribution of the t »  samples is identical. The difference 
between the age distributions of the two samples is 
significant (X̂  = 44.1, p< 0.005). Significant differences, 
between the two samples in the number of carcasses found 
for each age interval occur in the 6-S year old age interval
/ r \  r \  r  \  . * > ' »  » ■* ^  • -  «! • • -
V jy  n v/ *. ^  J  }  t i i i u  _ L i i  O i i C J  ' j  c i i lU .  U l U  l l i 1/ 1* V c i-L S

(p< 0.01). In the 1937-41 sample fewer individuals died 
between the ages of six and eight and more died when nine 
or older than would be expected if the age structure had 
been stationery during the time the carcasses accumulated 
which comprise the two samples. Because the age structure 
was not stationary between the late 1920’s and 1941 (the 
period during which the carcasses accumulated),, this 
assumption, which is basic -to the construction of life tables, 
has been violated in all life tables for Dali sheep from 
Murie ’ s data. Such life tables provide information on the 
mortality patterns of Dali sheep in the park only during 
the time the carcasses accumulated. They do not represent 
.generalized mortality patterns of Dali sheep.

There are two possible sources of error in the use of 
the carcass information, the significance of-which, has not 
been discussed. The age of the carcass is estimated by 
counting horn annuli. If an individual dies between Kay 
and February, before the next season’s horn growth begins, 
the number of annuli will equal the’age in years of the
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individual. If an annulus has formed, and new horn growth 
has occurred, and the individual dies in the spring; then 
the age in years will be one less than the number of annuli, 
Therefore, unless the horns are very carefully examined 
the ages of the carcasses may be erroneously estimated.
T’V'i /r* v f  o n f  r> -P ^ ^ 4- x. V, ̂  ^ ̂

*. — . .  >. v  4  j .  v / x  . k i i  V i i o  ^  _ i. 4 A O ' J_ y  O  C i'JL  O  C-c v-> w> v  O

from the above tv/o samples is unknown, and should be 
non-systematic, but the possibility of such an error 
-should be recognized in future aging of carcasses of any 
organisms whose age is estimated using a criterion 
exhibiting a discontinuous growth pattern.

To some extent the skulls of juvenile sheep of both 
sexes"and the skulls of adult ewes are probably more 
perishable and less easily found than the larger, heavier 
skulls of older rams. No assessment of the subsequent 
differential probability of finding horns has been made, 
although this dees result in a higher probability of 
sampling older rams than other classes of sheep.

Present study: determination of age
• The multiple regression analysis produces an equation 

which can be used to estimate age on the basis of horn 
development. All five horn parameters which were measured; 
length, curl, height, basal diameter, and flare were 
originally used in the analysis. Because flare showed a
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poor correlation with age (Table 6, Fig. lOe) and flare 
and the other four parameters were known for only 63 of' 
the 92 known-age rams, it was not used in the final analysis, 
The other four parameters were known for 95 known-age 
rams. Basal horn diameter (Table 6, Fig. lOd) also 
tdiOws a.iowti' eGrrulalioii wion age l»hcui do the parameters 
of horn length, curl, and height. When placed last in the 
step-wise analysis it does not show a significant correlation 
with.age (F[l,91] = 5.19). Therefore-it was not used in 
the final analysis. The simple correlations of the re
maining three horn parameters with age are given in Table 6 
and shown in Fig. 10a (length), 10b (curl), and 10c-(height).

These three parameters were used .in the step-wise 
regression. All possible permutations were evaluated to 
determine which- of the throe parameters gave the best 
correlation with age, as determined by the' relative values 
of the Regression Sums of Squares. The equation which 
best estimates age as determined by the step-wise regression 
analysis is: •

log-.q age = 0.04 + 0.15 length + 0.08 curl + 0.09 height 
The correlation coefficient is given in Table 6 and the 
regression equation is plotted in Fig. lOf.

The log of age was used because this gives a linear 
relationship between age and the hern parameters which 
increase at a decreasing rate'as 'age increases,' Use of log



Table 6. Correlation- of horn parameters with age.

Sample size Variable r Regression equation Error S3

95 horn length(I) 0.97 Y = 0.03 + 0.25(1) 0.31
95 horn curl(c) 0.94 TT _ 0.07 4. 0.25(c) 0.62

95 horn height(h) 0.3? Y = 0.05 + 0.63(h) 1.34
95 basal diameter 

of horn(d)
0.72 Y = -0.04 + 2.07(d) 2.63

63 ■ horn flare(f) 0.53 Y = -0.46 + 0.47(f) 2.63
95 1+c+h 0.93 . Y = 0.04 v 0.15(1) 4 0.03(c) + 

'0.09(h)
0.25

95 1+c+h+a, 0.93 Y ='0.01 + 0.14(1) + 0.03(c) 4- 0.01(h) + 0.03(d) .
0.24

69
i

l+c+h+dff 0.94 Y = 0,03 + 0.11(1) +■ 0.11(c)
+ 0.03(h) + 0.10(d) ~ 0.05(f)

0.13

ro



Fig. 10. The relationship of measured horn- parameters with age.

Fig. 10a. _Relationship of Fig. 10b. Relationship of
horn length and age. horn curl and age.•

Fig. 10c. Relationship of Fig. lOd. Relationship of
horn height and age. ... ■ basal diameter of the

horn and age.

Fig. lOe. Relationship of 
horn flare and age. Fig. lOf. Relationship of 

horn length, curl', and 
height ̂ (Est imat e d 16g 
of ago) with age.
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of age rather than age results in greater precision of the
estimator for younger age classes and lowered precision
for older age classes as the log interval associated with 
a particular age decreases as age increases. The equation 
was used to estimate the age of 44 individuals whose age
C O T ll r lo 'j '.p  w i  n m n f  ^ n  n*' o n n u " !  ^ A •? o o r l

she sample size of males two years or older to 142 for which 
age was estimated either by counting of annuli or by the 
regression equation. The horn measurements and the estimate 
of age of the 142 rams are given in-the Appendix, Table A2.

The above equation was also used to estimate the 
ages of individuals found dead in the field. Horns of

this nmsli sample size
the equation could not be evaluated on the basis of the 
known-age carcass data. Three of the ten individuals were 
five, six, and seven years old. The estimated ($.49, 7.0.3, 
and 8.23 respectively) age of all three individuals was a 
slight overestimate of the true age in years. The pattern 
of horn growth suggests that all three died in the winter 
or early spring"(see Taylor, 1962; Hemming, 1969)6 
Therefore: these rams would-have experienced little additional 
horn .growth until after their next birthday. If these 
rains had been photographed in summer the estimated age 
probably would have coincided with the true age. Therefore, 
due to the seasonality of horn, growth and the difference'in.

44
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the time of year the carcasses accumulated and the photo
graphs were taken, carcass data cannot be used as a critical 
index of the precision of the regression equation as an 
estimator of age.

The estimated age of carcasses of individuals aged 
eight or older did not show a consistent relationship with 
age. The overlap of horn size among individuals of 
different ages is extensive in these older age classes, 
and horn size alone is no longer a precise index of age. 
Additionally, rams approximately eight years and older 
sometimes have noticeably "broomed" horns (Fig. 3). 'The 
tips of the horns may have been worn away by clashing with 
other rams or by rubbing on hard objects, and several cm 
of horn may bo worn away. Younger individuals rarely 
have noticeably broomed horns. Therefore any living sheep 
whose age was not known but who had extensively broomed 
horns were placed in an eight+ age class. Of the ten 
individuals whose age was estimated to be. seven, four 
showed considerable brooming and were placed in the eight+ 
age class, as the estimated age. is lower than true age in 
any case where the entire horn is not present-.

There is difficulty.in accurately aging old males.
The annual increase in'horn length decreases with age until 
there is only a cm or two added in the male’s tenth or 
later summer. Thus the estimate of age by counts of
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annuli of individuals eight years or older should be 
considered a minimum.

A source of variability in the estimation of age 
occurs if the individual either has his head turned at an 
angle different than 90° to the camera or has his head
f  4 H  a J  «t»u  ^   ---------- - -• j- , - j ' „  -  -o x  i_ • - -  * . i. * -i *  ̂ ,«»

i«w.0 * i i u u u t  w x  u i i l b  ycJ.XJLc.vU_LJ.JLuy \Vci cx Lo Lo b  b  Cl

by photographing the mounted skulls of a five year old ram 
and an eleven year old ram at different angles and at 
different tilt's of the heads. Both of these rams had bean 
harvested by hunters in other areas ox Alaska where horn 
growth rates differ from-those in the park, therefore 
the regression equation does not correctly estimate age. 
However the relative /alues at different angles and tilts 
of the two heads make it possible to determine the resultant 
variability both on the site of the horn parameters as 
measured from the photographs and on the estimated age 
determined from the regression equation (Fig. II).

All estimates are much less variable in the young ram 
than in the old ram. Most importantly the range in the 
values of estimated age is one year in the young ram and 
over five years in the old ram. The regression equation 
then most precisely estimates age of the youngest 
individuals, minimising the effects cf changing angles and 
tilts of the head on the estimated age. This is in part 
due to the use of log of age in the regression equation,



ig. 11. Effect of tilting and turning of the head on 
apparent size of horn parameters and on esti
mated age. Length arid height of the horn have 
been divided by the distance from the base of 
the horn to the most anterior point -on the 
mandible. All measurements have been made from 
photographs. ...  .
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the interval of which is largest for the youngest indivi
duals. The variability in estimated age of the old ram 
is consequently high even in relation to the variaoility 
of the individual horn parameters comprise the regression 
equation. Therefore the usefulness of log of age depends 
•on -She researcher’s requirements for precision in young ■ 
vs. old age classes. In the present study precision was 
desired most for the younger cohorts both because there 
were high numbers in the population and because more 
information from previous studies was known for these 
cohorts than for older cohorts.

The old ram shews a sudden change in horn length-—  
horn base to mandible length “ and consequently estimated

;nage between 60 and 70 . This , change is due. to a sudd? 
drop in the horn base to mandible length because the 
anterior of the mandible Is no longer .in profile at 60'' 
or less, which also occurs at 120° or more. Although exact 
angle of the head to.the ooserver of rams procogjaphed m  
the field could not- be measured, no rams whose anterior of 
the mandible was not in profile were used in the aging 
analysis. Additionally because tilt affects the estimate 
of age so dramatically no individuals whose heads were 
as markedly tilted as the two mounted skulls (about 25° 
tilt) were used in the aging analysis.
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Present studv: age structure
- - - , v  -  — - — — -■ ■  I II ■

The sample of 142 males two years and older in ram 
bands whose ages were estimated either by the counting cf 
horn annuli or by the regression equation was used as the 
basis of the age structure. The relative numbers of lambs, 
yearlings, and young males in ewe bands to rams in ram 
bands were calculated from the composition ratios determined 
in the present study. The resultant age structure of Dali 
sheep living in llcKinley Park in the summer of 1972 is 
shown in Fig. 12.

This figure also depicts the shift of young males from 
ewe to ram bands, a shift which is completed by the age 
of four. - All. summer associations of rams - older - than four- 
years with ewe bands appeared to be temporary. For 
example on 6 August 1972 we- observed a rani band of 12 in
dividuals and a ewe band of 25 individuals feeding on 
separate slopes. After we had approached closely they 
all moved to the same ridge. All 37 moved several hundred 
meters along the ridge, but then the ram band stopped 
while the ewe band moved further along the ridge.

The most significant, feature of Fig. 12 is the 
variation in the number of individuals in each cohort.
This variability is clue either to unequal size of cohorts 
at birth and/or to different mortality rates of each cohort» 
From the composition counts made in the park during the



Fig. 12. 1972 age structure of Dali sheep males in McKinley
Park. Vertical axis is both in terms of number 
of males in the sample and of the number of males 
in each age class:100 ewes.. Rams;age known 
refers to those males whose age was estimated 
by counting of horn annuli; Rams;age est. refers 
to those males whose age was estimated by the 
regression equation. Individuals whose horn 
annuli could not be counted bus whose age was 
estimated to be eight years or older were placed 
in an eight+ class. These individuals were then 
assigned to specific age classes on the basis 
of the proportion of Rans: age known already in each age class.
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past few decades (Table 3) it is evident that the lamb:
100 ewes figures, estimates of natality, vary considerably 
from year to year. Figure 13 shows the differences in 
initial cohort size (age 0) based on the composition counts. 
Mortality rates differ significantly among the cohorts
O "1 O {  X7•-! re 1 * \ T U  a ^ -* -«rs

m*. w W y  ̂ f-jj » w_ ‘-f j V j. a a v* ^  O* -X- w U J. ̂  V X  V iiO  _L \x V/1X UA \y i—•“ ***• A V X  * WJ, o l i j- y

on the basis of cohort:ewe ratios are only valid if changes 
in the ratios accurately reflect mortality of the cohort.
If the number of ewes changes then the ratio may change 
•without inferring a change in the number of individuals 
in the cohort. Because the proportion of ewes in the 
population is probably fairly constant, the number of ewes 
would only change if population numbers change appreciably. 
Population numbers were apparently constant during Murie*s 
(1944) studies from 1939-41 and have not changed sub
stantially since 1966. Therefore the composition counts 
on which the calculations of survivorship of the eight 
cohorts are based do reflect variability in cohort size.

The variation in the number of individuals in each 
cohort then is a product both of different initial cohort 
size and of different mortality rates. This variation is 
exhibited by the 1966-1972 cohorts which comprise the first 
six years of the 1972 age structure (Fig. 13). The high 
numbers of two and three year olds in the 1972 are products 
of high initial cohort size and moderate survival. Those
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Fig. 13. Partial survivorship curves of eight cohorts in 
McKinley Park (number of males— -100 ewes'"1).
0 and 1 values are determined from composition 
counts of lambs in year n and yearlings in year 
n + 1 (these have been divided by 2 to estimate 
the number of males). Values for ages 2-6 are 
based on the 1972 male age structure. Each cohort 
is identified by the year of birth.

Fig. 14. Partial survivorship (I,.) curves of eight cohorts 
in McKinley Park (number of males— 1000 born"-1-).
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aged six in 1972 (the 1966 cohort) were from a cohort 
initially of moderate size, which in spite of a higher 
mortality rate, remained .larger until 1972 than the 1967 
cohort,

The initial sizes and survivorship to yearling age 
of the 1 Q^9 pnd T94O cohorts wpr»p low, Tt has already been

. - - : ••• W ..shov«i the age distributions of the two samples of carcasses 
collected by Marie were significantly different, demon
strating that the age structure was not stationary during 
the several years those carcasses accumulated. The 
information from the present study shows that the age 
structure of the living population is the result of 
markedly variable initial cohort size and subsequent 
survivorship. The age structure therefore fluctuates 
through time.



DISCUSSION

Distribution and inovements
Geist (1971) found high fidelity (proportion of 

individuals returning to a seasonal range used the previous 
year minus an estimate of those who died) of bighorns,
2* canadensis canadensis, (75$ in rams and 90$ in ewes). 
Because no Dali sheep individuals have been marked in 
McKinley Park, little is known of individual fidelity to 
specific seasonal ranges. Certain age—sex. specific groups 
do occur year after year in specific locations. There 
have been, for example, high numbers of older rams in the 
upper Tributary Creek area.(Fig. 1: Area 11) every summer
in which composition .counts have been made. Information 
from tagged individuals at Dry Creek to the east of the 
park in the Alaska range suggests high fidelity of Dali 
sheep to seasonal ranges in that area (W. Heiraer, Alaska 
Dept, of Fish and Game, pers. comm.).

Maximum reproductive rates and survivorship would at 
most result in a doubling of numbers every two to- three 
years. Therefore some of the fluctuations in density in 
various parts of McKinley Park (see Fig. are due in 
part to variability in movement patterns (e.g. the high 
densities in regions II and III in 1961 must be at least 
partly due to movement into these regions from surrounding
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regions and such a movement apparently does not often occur), 
It has already been mentioned that in some years sheep 
are seen on the north slopes of the main range in the winter 
but in other years cannot be found there (see Results). 
Variability in distribution will result from differences 
from year t»o year i .ul' miOvemeueb cuiu/or lack
of fidelity to specific seasonal ranges.

Geist (1971) postulated that "under natural undisturbed 
conditions, all patches of-habitat are linked by a migratory 
net by sheep and all available habitat is exploited"
(p. 126). However, in McKinley Park-many areas are often 
not utilized when available, For example much of the .
available summer range is rarely, inhabited by sheep and ..
movement to summer range does not increase proportionately 
as total density increases. Although the overall density • 
in 1961 was much greater than that in 1972, the most sig
nificant increases occurred on the winter range (Fig. 8),
In the 29 June 1961 s u r v e y ,  2115 individuals of the 2637 
counted were on winter range; in the .30 June 19-72 survey 
575 individuals of the 95A counted were oh 'winter range.
The number of individuals remaining 011 winter range was 
significantly higher (X̂  » 77*3, P < 0.001) in the 1961 
survey than- would be expected if movement to summer range 
increases proportionately as density increases. This 
suggests-that increases in density do not result in greater



exploitation of all available habitat but principally of that 
habitat which is already heavily exploited.

Perhaps the movements to summer range are not necessary 
for the maintenance of good quality habitat on the winter 
range. Area 11 is inhabited by sheep during the winter.
As the population increased in numbers from 1959 to 1961 
(Fig. 7) the density in area 11 increased markedly. In 
the 1972 aerial survey this area was again characterized 
by the highest density of sheep in the park (see Fig. 8).
The composition counts made in the summer of 1972 indicated 
that lamb:ewe ratios were significantly lower (X~ = 6.43, 
p <0.01) in area II (17.1 lambs:100 ewes) than for the 
entire park (27.5 lambs:100 ewes). In the park it then 
appears that sheep do not readily disperse from areas 
traditionally characterized by high densities to other avail
able habitats where densities are lower and natality rates 
are higher. These data suggest chat there are density- 
dependent factors which limit numbers, in this example 
through lowered natality,, and th.it the movement patterns 
may not function to maintain the most efficient exploitation 
of all available habitat. However, suseeptability to pre
dation by wolves may be increased by movements between 
seasonal ranges (Marie, 1941). Therefore, those individuals 
who remain on heavily utilized range may have lower re
productive output but higher survivorship than those 
individuals•.who'-.migrate to better quality range.. .

The apparent lack o f  fidelity to specific seasonal

56



57
ranges and/or variable timing of movements would contribute 
to the more complete utilization of habitat which varies 
s e a s o n a l l y  and annually in its availability. The aerial 
surveys indicate that there have been movements out of area
11 to other areas in the same region (1953 and 1957) and to 
areas in other regions (1958). Such movements would at least 
temporarily result in fuller exploitation of the available 
habitat.

Although more information on movements in McKinley 
Park is needed, especially of individually identified 
sheep, the above information suggests a definite contrast 
between the movement patterns .of Dali sheep in McKinley 
Park and those of the bighorn (0. canadensis) and Stone's 
sheep (0. d. stonol) studied by Geist (1971). The small 
widely separated patches cf suitable habitat of the populations 
studied by Geist were linked by an elaborate annual migratory 
system: individuals showed high fidelity to specific
seasonal ranges, and movements appeared to him to he timed 
by environmental cues, perhaps by photoperiod. Dali sheep

/



and reliance on relatively inflexible environmental cues 
such as photoperiod, and the greater will be the probability 
.that adjacent suitable habitats will-be occupied. Movements 
'in McKinley park are probably timed by proximate cues which 
permit flexibility; for example, direct visual cues 
could indicate the suitability of adjacent habitats in 
’the parK. The elaborate annual migratory-system and 
inability of individuals to colonize new habitats which 
characterize the populations studied by Geist (1971) can 
be viewed as an evolutionary response to the small, widely 
separated patches of suitable habitat in which those 
populations are found.

This discussion has focused on possible reasons' - for 
apparent .differences•in movement patterns between Dali sheep 
in McKinley Park and the bighorn and Stone's sheep studied 
by Geist. Even within-the subspecies 0. d. dalli there 
appear to be differences in movement patterns. As has 
been mentioned, Dali sheep tagged at a mineral lick and 
then re sighted in the vicinity of the" lick- at Dry Creek 
in the Alaska Range east of McKinley Park apparently 'show 
high fidelity to che lick (W. Heiraer, pers._comm.).
Heimer'et al (1972) stated that "mineral lick utilisation 
by sheep is thought to have primary and profound effects on 
sheep distribution, and movements (p. .1)". But in-areas' 
such as McKinley Park where mineral licks are apparently 
numerous, but small and scattered, they probably have a 
relatively minor effect on sheep distribution. Therefore,
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variability in movement patterns from area to area in the 
genus Ovis possibly results from localised responses to 
the distribution and abundance of resources such as 
mineral licks, escape terrain, and suitable forage.

Age structures
The life table (Table 4) and survivorship curve 

(Fig. 9). for the 1937-41 period probably represent a 
population generally declining in numbers .clue to low 
natality and poor adolescent survivorship. Those for the 
pre-1937 period probably also represent a population 
declining in numbers. Most of the carcasses from the pre- 
1937 data would have accumulated in the two rapid declines 
in the late 1920's and early 1930's. These declines which 
involved a drop in population numbers from at least 5000 to 
approximately 1500 in five years could not have been caused 
by low natality and poor adolescent survivorship alone, 
but probably also were caused by high mortality rates of 
middle-aged and older individuals.

Since Murie. collected most of his skulls in .1939, • most, 
of the individuals dying at the ages nine and above in the 
1937-41 data were born, before the 1931-32 decline and some 
of these before the 1923-29 decline. Those individuals 
between the ages of six and eight were born.either just 
before or after the 1931-32 decline, while those who died 
between the ages of zero and five wore born after the 1932



•decline* Given equal lamb;ewe ratios the size of a cohort 
born in the late 1920's would have been about three to five 
times the size of one born in the ruid-1930's due to the 
differences in population numbers. Also cohorts which 
lived their first year of life in an expanding population
( K p  * P 1 Q O  £s ̂  T->v>o K o  V% *rr f '1 S'T.TSS A V* A V-> -h 1 -J +• Tf .-3 n /-*■» * — -*-»1 \T - - «  - y ~  —  j w _ - i .  . ̂  W-. i i w  V W V 4...U j  o . i ; u  -J-V^VIWA

mortality rates than those of a declining population (as 
high natality and first year survivorship may be an 
important factor in the increase). The high number of 
individuals aged nine or over in the 1937-41 data may be 
a result of large initial cohorts produced prior to the 
population decline, rather than of variation in age- 
specific survivorship, as has been implied in the life 
tables constructed using Murie's data. The low number 
of six to eight year old carcasses found in the 1937-41 
period implies low mortality of those age classes. However, 
if the initial cohorts to which those carcasses belonged 
were small, the age-specific mortality rates (lOOCq,.)A
for those cohorts at the ages of six to eight would be 
much higher than those implied by the life table and 
survivorship curve*. Differences among cohorts in initial 
size and survivorship then may result in apparent dif-~ 
Terences in age-specific mortality.in life tables - 
constructed from Marie's (.1944) carcass data. i.e. due to 
differences in initial cohort-sizes, the actual age-
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specific mortality rates of cohorts may not be reflected 
in the carcass data. Therefore variability in age-specific 
mortality in Dali sheep cannot be inferred from these data 
alone.

The 1972 age structure demonstrates that the age
structure of sneep not been soamonury over a he
past several years. In 1972 there was a preponderance of 
young rams and, therefore, probably also of young ewes.
A high number of two and three year old ewes would then be 
entering the reproductive phase of their lives, and high 
•reproductive rates by these individuals would cause the 
population to increase. The first effect of population 
increase is a greater proportion of younger individuals ... 
with a corresponding relative decrease of older individuals 
in the population (Cole, .1954).' The high numbers of - ju
veniles and young adults in the 1972 population therefore
indicated that there was high potential for future population 
increase.

Cohort natality and survivorship .
No individual cohorts have been observed over an 

extended period of time concurrently with population 
changes or with changes in environmental conditions. The 
present objective is to examine the influence of environ
mental. factors on initial cohort sice and cohort survivorship.
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Tithrington, a fire look out in Banff National Park, 
kept records for eleven summers of bighorn (0. £. canadensis) 
sheep sitings, and his data show an inverse relationship 
( y  = 7$.5 -  2 . 7 x, r = - 0 . 7 5 )  between ewes seen per day 
(an index of density) in one year and lambs:100 ewes in 
f  ̂ f r-+- l°7] ) m Tn I°72 n McKinley
Park lamb:ewe ratios of Ball sheep were significantly 
lower in area 11, the area of highest density, than for 
the entire park (X" = 6.43, p < 0.01). These data suggest 
that natality in the genus Qvis is inversely related to 
density.

Records of snowfall are available for McKinley Park 
for the eleven years in which lamb:owe ratios are also 
known. There is a significant negative correlation 
(v = 65.9 - 0.3ix, r = -0.81, Fn  in\ = 17.6, p< 0.01)' * V, -1 f /
between snowfall and the lamb:ewe ratio (Fig. —5/> The 
lamb:ewe ratios do not represent actual natality, but 
rather the proportion of lambs to ewes when the first 
composition counts are made. The inverse relationships 
between density and lamb:ewe ratios and snowfall and. 
lamb:ewe- ratios may result from lowered pregnancy rates, 
natality, and/or neonatal survivorship at high densities 
and in winters of heavy snowfall.

Spalding (1966) examined twelve automobile-killed 
bighorn ewes in southern British.Columbia; eleven were



J
Fig* 15- Relationship of lambs:100 ewes ratios to snowfall 

during the winter before birth in McKinley Park.

Fig. 16. Relationship of number of yearlings:100 ewes to
snowfall in winter before birth in McKinley park. 
The hatched line is for all data, the solid 
line excludes that of Marie (1944), the circled 
points.

Fig. 1?. Relationship of the proportion of lambs surviving 
to yearling age to the number of lambs;100 ewes 
in the previous year. The dotted line indicates 
the relationship found among several populations 
by Geist (1971; while the solid line represents 
the relationship found in McKinley park.
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pregnant and four were carrying twins. However field date 
and data from zoological parks indicate that twinning is 
extremely rare (see Geist, 1971). Nichols (1972) shot and 
autopsied twenty-six Dali sheep ewes over one year old 
from Crescent Mountain on the Kenai Peninsula in Alaska,
.Twpnty-thi Gi of* the iw*uiy-s ix were pregnant or lactating.
In late June (lambing occurs in mid-May) the 1971 lamb:ewe 
ratio on Crescent Mountain was only 15:100 (L« Nichols, pers. 
comm, to R. Prasil, Research Biologist, National Park Service, 
Anchorage). These data indicate higher pregnancy rates in 
the genus Cvis. than would be expected from lamb:ewe ratios and 
indicate either resorption of the fetus or early postpartum 
mortality of neonates, ... . ....

Neonatal survival in the genus Gvis seems to depend 
on the ewe's condition (see pitsman, 1970). Studies of 
domestic sheep indicate high mortality of neonates due to 
hypothermia (Alexander, 1961), In another study on domestic 
sheep Safford and Hoversland (I960) found 23# mortality 
in the first few weeks of life of 7191 lambs born; the 
average ago of death was 5.9 days and 56# died in the first 
three days of life. Because the ewes ware moved to lambing 
quarters, death of neonates due to hypothermia in the first 
few hours of life would not be expected to be as sig
nificant in this study as it would be in either domestic: 
or wild sheep on more open terrain.



These data suggest that neonatal mortality, particularly 
due to hypothermia, in Dali sheep in McKinley Park may also be 
high: neonates must maintain body temperatures which are sub
stantially higher than the ambient temperature, the average 
May temperature being about 5°G, However, Pitzman (1970) found 
no mortality in the sixteen neonates aged 0-24 hours he ob
served on Surprise Mountain in Alaska. Due to the inar- 
cessability. of many lambing areas and the high perishability 
of neonate carcasses, neonatal mortality of mountain sheep 
has not been adequately studied under natural, conditions. 
Because much of the mortality probablj1” occurs in the first 
few hours of life, only direct observation of a lambing S  

area would provide the needed information. Repeated aerial 
censuses during the lambing period, such as those by Nichols 
• (19.72) t would not be of sufficient accuracy to determine 
mortality during the first few hours of life, as individuals 
dying .then, would .probably never, be. counted.

Summer mortality of Dali sheep in McKinley Park appears 
to be 'negligible. Marie. (1944)■•divided, each year’s compo
sition counts into spring .and fall counts, from 1939-4 1. 
Comparison of these •indicates no Iamb .or yearling mortality 
between the spring and fail.counts (Table 3). The available 
data suggest high susonotability of Dali sheep, especially 
of lambs and yearlings, to mortality in winter, . Nichols - 
(3.972) found substantial weight losses in .lambs and. 
yearlings (both about .33^ of initial body weights) and . • 
adult ewes (about !G$) in collections made during the

6.5
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winter of 1970-71 of Dali sheep on Surprise Mountain and 
Crescent Mountain in Alaska. He also noted a late winter 
decrease in the proportion of fat in the bone marrow 
which seemed to be less extensive in adult ewes than in 
lambs and yearlings. These data suggest that lambs and 
yearlings would be more susceptible to mortality than 
adult ewes. Some bighorn and Tall sheep ewes apparently 
continue to suckle their lamb through its first winter 
(Geist, 1971; W. Heimer, per.s. comm.). This-behavior 
would, reduce winter weight loss of lambs and increase 
their probability of survival.

Survival of lambs through the first winter to yearling 
age is variable (see Fig." 14). Correlations between 
number of yearlings: 100 ewes- as determined from composition 
counts (Table 3} and snowfall were calculated to assess 
the effect of snowfall on survival to yearling age.
Neither snowfall during the yearlings* first winter nor 
snowfall the winter before birth of the yearlings gave 
significant correlations with'the yearlingsewe ratio. 
However if Murie5 s 1944 data are deleted the latter 
correlation (Fig. 16) is significant (r = 0.62, F(l,7) = 
12.6A, p < 0.01). Therefore other factors which influence 
the yearling:ewe ratio had changed between the 1939-41
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period when Murie ’s date, were collected and the mid-19.60* s 
when the remaining data were collected.

Geist (1971), combining the data from several popu
lations of Qvis spp.j found a positive and significant 
correlation (t ~ 3*25, p < 0.01) between the number of lambs:
i  ~ ~ ... ri x. 1 . .  r» x  v . -* „ •* . , -1 .
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.age. .This suggests that the factors, e.g. density and 

.snowfall, which influence lamb:ewe ratios also influence 
survivorship of those lambs. But, if during the iamb’s 
rfirst winter, these factors differ from the previous winter 
:in their intensity, survival through the.first winter 
will be more highly correlated -with conditions that winter 
than with the Iamb:ewe ratio, which is an indicator of 
.conditions the previous winter. Snowfall records from 
.‘McKinley Park (Fig. 2) indicate that there is high annual 
variability in winter conditions. The above correlation 
calculated using only the data from Da.il sheep in McKinley 
Park was found to be low and statistically insignificant 
(Fig. 17), i.e. survivorship :of the cohort shows little 
correlation with initial size of that cohort in McKinley 
Park, Thus the factors influencing natality and survivorship 
of'.Dali .sheep in McKinley Park vary substantially from year 
•.to -year and consequently survivorship of a cohort shows 
-little correlation with natality,

.‘Survivorship varies among cohorts not- orily in the
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first year but also in later years of life (Fig. 14).
In the winter, any factor (e.g. snow cover, low temperature, 
low food quantity and quality, disease, predation, or intense 
social interaction) which increases the individual’s energy 
expenditure/ energy intake will influence mortality rates
r\ ■£* *-»Vv --v - — .  y*! - - * - >- - • -» ■» * , • !"% J 1

> v u w i y u .  u u ^ a  ts u. v Cto. o U  ^ U c i i l G l L x y  UiJU? r * 0 ~

lationship of cohort survivorship with specific mortality 
factors, but the effect of such factors on Dail sheep in . 
general and on specific age-sex classes can be qualitatively 
assessed.

Snow cover both restricts access to food and impedes 
movement. In McKinley Park much of the sheep range is 
covered by deep snows in the .winter, and the w in te r  range 
therefore is a very restricted portion, of the summer 
range. In McKinley Park several cases document the - 
vulnerability of sheep to deep snows (see Murie, 1944).
For example, in the spring of 1932 a ranger observed 
30 old rams along the East Fork River “and later found 
five of them dead untouched by any animal-*’ ( ibid p.88).

Although sheep will paw through several centimeters 
of soft show for food, they cannot' paw through deep or 
hard snow efficiently and "appear to"dig for food'bhly 
when they have no other choice" (Geist, 1971). “̂ Extensive, 
snow cover, then, would not only impede movement (increase 
energy expenditure) but would also-reduce-the quantity
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of forage available (reduce energy intake).
Deep snows .would increase susceptibility to mortality 

of all age-sox classes but would act first on young in™ 
dividuals and on those adults who have channelled energy 
into reproduction rather than storing it for maintenance.
I y~\ i f  v *  r~+ v >  o  I n  ■ ♦. *-7 v -  4 -  «s. t  t a  -J I n  ■*. *-V« -7 r \ V-\ In f>  f ,  1  s a  <—« 1-n •'> -r . n n
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to be extensive (Nichols, 1972) could reach critical 
levels. Due to their small size young individuals would 
expend proportionately more energy than older individuals 
in movement.

Studies of Dali sheep diets (W. Heimer, pcrs. comm.; 
Nichols, 1972) and of annual changes in nutritional quality 
of forage on bighorn ranges (Demarchi, 1963; Johnston et al, 
1963) suggest that the nutritional quality of sheep forage 
in McKinley Park would be low in winter.. Therefore energy 
intake would be lower in winter than in summer for an . 
equivalent amount of forage consumed.

• Murie (1944) examined the skulls of .the carcasses he 
found for cases -of .necrotic: stomatitis, actinomycosis, and 
actinobacildsis v/hich can cause severe lesions in the mouth. 
In very severe cases animals would be unable to obtain and 
masticate food properly, and the diseases could either 
cause death directly or increase vulnerability'-to' other 
factors. The diseases, are present in a significantly 
greater proportion of skulls of individuals who died between 
the.ages of. 2-3..(pra-1937r -0.46; 19-37‘" 4 1 ; 0.68) than in..
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those skulls of individuals who died when nine or older 
(pre-1937: 0.25? 1937-41: 0.20) for both the pre-1937
sample (X = 14,34, p<0.01) and the 1937-41 sample (X* = 
19.35, p<0.01). These diseases then are probably important 
causes of mortality of middle aged individuals, but rela
t ively less important than other iactors in the mortality 
of indi.viduals nine or older. A lungworra parasite complex 
is believed to be a significant factor in bighorn mortality 
(Stelfox, 1972) and has been reported in Dali sheep (Neiland, 
1972). The importance of such a disease as a mortality" 
factor in Dali sheep has not been established.

Wolves are the only significant predator of Dali sheep w 
in McKinley Park (Murie, 1944; Haber, in prep.) Haber's 
preliminary data, based on the wolf pack occupying that 
portion of the sheep range in the park which is east of 
the Tributary-Big Creek Divide (see Fig. 1), demonstrates 
that both wolf predation on sheep and wolf utilization of 
sheep dying from other factors is positively correlated 
with snowfall. In a winter of light snowfall (1969-70), 
the pack fed on 0.03 sheep/day, while in winters of moderate 
(1971-72) and heavy (1970-71) snowfall it fed on 0.10 and 
0.30 sheep/day, respectively. Additionally the proportion 
of sheep utilized which was actually killed (rather than 
scavenged) by wolves was slightly higher (0.32) in the 
winter of heavy sr.ovtfali than that in the winter of 
moderate snowfall (0.2 5). It appears that the wolves



are preying more heavily on sheep, as ’well as utilizing 
more winter-killed sheep, in the winters of heavier snow
fall. During such winters the sheep are forced to feed 
in relatively snowfree areas which may be some distance 
from good escape terrain, making them more vulnerable to 
wolf predation.

The mortality factors affecting Dali sheep would 
then increase in intensity with the severity of the winter
due to physical deterioration- of the sheep caused by

' vhigh energy expenditure relative to energy intake. The
mortality factors will act first on very young and very
old individuals, and in s e v e r e  winters would also cause the
death of middle-aged individuals. Those individuals who
minimize their energy expenditures and maximize their
energy intake will survive.

Optimization of reproductive rates
Variability in cohort natality and survivorship provides 

a basis for a variety of individual reproductive strategies 
in the Dali sheen population in McKinley Park. The purpose 
of the remainder of the discussion is to define the relation
ship between survivorship and optimization of reproductive 
rates. The conclusions derived from the discussion should 
be considered, as hypotheses- which can be tasted in future 
studies„

The evolutionary goal of an adult is to raise the 
maximum number ol offspring in his or her lifetime. I will

71



make two assumptions: first, that the mating system has
evolved in response to selection on individuals which acts 
to maximize individual reproductive success, i.e. fitness, 
and secondly that there is an optimum allocation of resources 
(such as energy) among maintenance, growth, and reproduction:
• t+* V» /■> e w f  ri /v/- ^ ^ 4- —. , * v*x -4- ^  ^ ^ ^  ^
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growth is only insofar as this enhances the reproduction at 
further stages in the life history" (Gadgil and Bcssert,
1970, p. 4).

The cost of reproduction differs between males and 
females. A male's cost may be low (production of gametes and 
mating) but due to ihtrasexual competition may be extremely 
high. In females, resources must be channelled not only 
into the production of gametes and into mating but also 
into the fetus during a time of year when resource avallabiiit 
is low (see previous section) and into subsequent care of 
the offspring. Additionally fecundity in any one year may 
differ significantly between adult males and females: a
male con mate with several estrous females and therefore 
potentially would have several offspring, but a female can 
successfully raise one (or in exceptional cases two) off
spring. Due to these differences, reproductive rates may 
be optimised differently in males and females, and each 
sex will be discussed separately.

Reproductive' success (fitness) at any specific age 
depends on the• relationship' of fertility, defined as the.
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number of offspring surviving to the age of first re
production, and survivorship to the reproductive effort,, 
defined as the per cent allocation of available resources 
to breeding, at that age (see Shaffer and Tamarin, 1973). 
Turner and Dolling (1965) found that of all age classes
of in A crr»rvnr> r \ - P  A o m o  A ^  r. V. ^ d 0 _ D ^  'v->** ~ - - jh '  v  ^  J~y y -uuv j  V, c i r  O-LU, 0 ‘AV^S

had the highest fertility rates (measured by number of 
lambs surviving to weaning age/ewe). A similar peak in 
age—specific fertility was iound by Nee verge It (see Geist, 
1971) for ibex, Capra ibex, and probably occurs in wild 
sheep also.

Because Dali sheep ewes can normally raise only one 
fetus, all ewes who have mated and successfully raised a 
fetus would be making equivalent reproductive efforts.
The data of Turner and Dolling (1965) indicate that the 
proportion of lambs weaned to the number of lambs bom also 
peaks at age six (six 3/ear olds have higher fertility 
at a comparable reproductive effort), increasing from age 
two to age six and then decreasing until age ten. In 
general age—specific mortality (100Qqv) appears to be

A

highest for young, pre-reproductive and very old ages and 
lowest for ages between-these extremes. On the basis of 
these considerations, the relationship between age-specific 
survivorship and reproductive effort can be hypothesized.
A*, zero, reproductive effort, age-specific survivorship 
would be high for young and middle-aged females but low



for old females. At maximum reproductive effort, fertility 
would be low for young and old females and would peak at 
middle ages, while survivorship would be low for young 
females (if, for example, they have not grown to a size at 
which they can successfully reproduce), high for middle- 
aged females and 3.ow for old females. These relationships 
are plotted in Fig. 13. Until sufficient resources are 
channelled into physiological and behavioral processes 
necessary to produce a viable offspring, i.e. until an 
extensive reproductive effort is made,- fertility will 
equal zero. Once that reproductive effort is made, 
probability of the offspring surviving will be enhanced 
and fertility increased by maternal care, i.e. by further 
reproductive effort. Table 7 shows the relationship between 
reproductive effort and reproductive output based on the 
relationships in Fig. 18. In a population stationary in 
numbers (R0 = 1), fitness -would be equivalent to reproductive 
output. Young individuals would normally maximize repro
ductive output by postponing reproduction. A young ewe 
whose probability of survival is high should postpone 
reproduction if probability of her death is significantly 
increased in the attempt to raise a fetus, as her death 
would deny her reproduction at older ages when probability 
of successfully raising a fetus would be higher. Middle- 
aged females should reproduce because age-specific fertility 
and survivorship are at a peak, and- consequently /reproductive 
output increases markedly with increased reproductive effort.
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Fig. 18. Hypothetical relationships of age class-sp.ecifi 
survivorship, p(S), and fertility, b(E), with 
reproductive effort in females (see text).,
1 reproductive effort; a female does net 
ovulate, 3: the minimum effort for the
successful production of an off soring,; '
5: that effort which maximizes the probability
of successfully raising an offspring.



Reproductive Effort

Table ?. Reproductive output [E =' b(l,E) +b(2,E)p(l,E) + 
b( 3,3} p-( 1,E}pi2,E) ] for selected sets of age 
class-specific reproductive efforts shown in 
Fig. IS, showing differences in the optimal set 
of- reproductive efforts as survivorship of the 
young-ewe age class [p(1,E)] changes. The 
numbers in parentheses correspond to the 
reproductive effort in age classes 1,2,.and 3, 
respectively.

,r ,,. 1,1 .. . n- , . r ,V r . „ „ 1 r «- ... _

(1,1,5) (1,3,5) { 1v , J, / (3,5,1) (3,5,5) (5,5,5

p(1,S)a •0.61 0.47 1.24 0.60 0.33 1.16

p (1, E) b 0.47. 0.37 0.96 0.60 0,33 1.50



Older females should reproduce, as life expectancy is low 
even at zero effort, if reproductive output is to be 
maximized. However, these strategies would be altered 
both by density and annual variability in resource avail
ability which will affect both age-specific fertility and 
survivorship.

As has been discussed, natality rates are lev/ at high 
densities and following harsh winters, and both quantity 
and nutritional quality of food is comparatively low on 
winter range in relation to that at other times of the 
year. Therefore the food resources could at times be 
influenced by sheep numbers. In those years that the 
population does Influence the food availability, selection 
would favor those ewes who reproduce.at only the most 
optimal ages for raising young. This has been demonstrated 
theoretically in numerical experiments by Gadgil and Bossert 
(1970). As the available resources, in proportion to the 
resources which would be available if the population had 
no effect on its resource base, decrease, the optimal 
reproductive effort shifts towards reproduction only at 
older ages (see also Shaffer and Taiftarin, 1973)* Because 
natality declines as density increases, fertility of adults 
is reduced, which would "favor additional reductions in 
parental reproductive commitment" (Shaffer and Tamarin, 
ibid p. 116). Young ibex and domestic sheep females 
respectively tend t o lose more offspring and more frequently 
desert Iambs than do older females (see Geist, 1971)*



suggesting that at high densities young females are the 
first age classes to reduce reproductive commitment. At 
high densities, then, fertility of young individuals would 
be decreased due to lowered reproductive effort. Conse
quently lifetime reproductive output would be optimised by 
zero reproductive effort at. young ages.

Selection for early reproduction will occur if age- 
specific survivorship at high reproductive effort does not 
increase with age (e.g. compare the survivorship curves 
for young ewes in Fig. and the effect of these differences 
on optimization of reproductive output— Table 7). Even if 
the probability of successful reproduction is low, a young 
female should attempt to reproduce if survivorship at maximum 
reproductive effort is high, unless resources used in 
reproduction could be channelled instead into growth which 
would enhance survival and future reproductive ability. 
Selection for early reproduction would be strongest in a 
population increasing in numbers in which survivorship of 
pre-reproductives is high. Earlier first reproduction will 
result in a higher contribution bv that individual to r, the 
intrinsic rate of increase, and will maximize that individual' 
reproductive contribution to later generations (fitness) 
even if the total number of offspring produced by that 
individual in its entire lifetime is only equal to what it 
•would be by first reproducing at a later age. An increased 
r will shift the age distribution to proportionately more 
young individuals and fewer ole Individuals'in-the•population

77



(Cole, 1954).
Population numbers of sheep are not determined solely 

by density-dependent interactions with the environment as 
some factors, for example snowfall, may at least sometimes 
influence individual survival independently of density.
Gadgil and Bossert (1970) have shown that in a population 
at least partially limited by resources any increase in 
density-independent mortality would be accompanied by a 
relative increase in the availability of resources to which 
the optimal reproductive strategy would adjust. As density- 
independent mortality increases, optimal reproductive effort 
involves an increase in both overall reproductive rate and 
in reproductive rate at younger ages. The same adjustment 
would be made if age—specific morwa 11 uy rdOsG c.o higii i e~ - 
productive effort become more nearly equal. In this case 
reproductive output would be maximized by earlier reproduction 
the probability of repeated reproduction would not be in
creased by delayed reproduction. -Wishart (1958) studied a 
bighorn population in Alberta which had high lamb:ewe- ratios 
(y -- 84:100, n = 3), high survivorship of lamb to yearling 
age (y = 0.95, n = 2), and large body size (Blood et al,
1970), but was stationary in numbers during Wishart's 
study. High density-independent mortality (or relatively 
equal age-specific mortality rates) would select for 
fast growth, rapid maturity,-high reproductive ratesr - 
and possibly high first year survivorship, although pop-

7 S
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then, density-independent or non-age—specific mortality should 
have been significant in determining the natality and mor
tality rotes of that sheep population during Wishart*s study.

Given variability in winter conditions in McKinley Park, 
probability of successfully raising an offspring nay be 
low in any specific year even for those adult females at
p n  P  f r o  Q+” wVl*? O-V* 1 f  A  ^  * ./-si. T 4
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normally be high. Probability of successfully raising an 
offspring may then be lower at that age in that year than 
at a later age in another year. In such a situation a 
pregnant ewe v,rho either rescrbs the fetus early in pregnancy 
or in some other way fails to channel sufficient resources 
into raising a viable fetus, thereby insuring her own 
survival, would be selected for (provided she reproduces 
successfully at a later age). Alternatively a ewe who has 
given birth to a viable offspring the previous year could 
allocate resources to that offspring during its first winter 
(by prolonged suckling—“Geist, 1971; W. Heimer, pers. comm.), 
thereby increasing the probability of survival of that 
one offspring but precluding the raising of a second 
offspring in tha^-winter. If this probability were greater- 
than the combined probability of either the first offspring 
surviving • without -prolonged- suckling- cr- the—next offspring 
surviving to the same agey this -behavior would be selected 
for. On the other hand if probability of survival of an 
offspring through its- first winter is not significant-.ly
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those ewes who allocate resources to another fetus.
For adult males the energetic cost of reproduction 

itself (production of gametes and mating) is low. Williams 
(1966) has argued that in any species which shows roughly 
equivalent adult mortality rates (see Taber and Basmann,
1957 ror sex—specific life tables of Ball sheen constructed 
from the data of Merle, 1944), individuals will allocate 
similar amounts of resources to their respective reproductive 
roles. My own data on ram:ewe ratios (66.7:100) indicate that 
males show lower survivorship than do females and imply 
that rams allocate comparatively more resources to 
reproduction at younger ages than do ewes. Fitness is 
measured entirely by number of offspring (Gadgil and 
Bossert, 1970)and therefore body growth, horn growth and 
intrasex.ua! competition can be considered as allocations 
of resources into reproduction as they function in promoting 
mating success and are subject to intrasexual selection 
(see for example 3elandsr, 1965: Orians,.1969)•

Given the potential differences in- annual fertility 
between rams and ewes-which have already been noted, 
perhaps- it is not surprising at first glance that males 
show lower survivorship than do females. However Geist 
(1966c, 1971), using horn sise as an indicator of age, found / 
that young rams mount estrous ewes less than do older 
rams, and that far fewer mountings, of young rams lead to
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successful mountings than do those of older rams. This can 
be considered a consequence of the promiscuous mating system 
of Dali sheep: in species where intermale competition for
females is high, a male surviving to a given age has a 
lower probability of mating than would a male of a
*v«r,v. ^  f  r>! _ 1 _ ^  n ,  r* s  r* \  n- - ^ . - /* /  • *) • ■* \j v DCiauuCi' X̂UjluJ
states that "it seems possible to account .for the retarded 
maturation and postponement in time of breeding as a conse
quence, rather than a cause, of polygamous and promiscuous 
mating systems" (p. 134). In this context retarded social 
maturation of male Dali sheep (see C-eist, 1966b, 1971) 
can be regarded as a consequence of the mating system. 
However, the mating system itself can be regarded as a 
consequence of individual selection, i.e. unless postponed 
reproduction maximises an individual's reproductive output, 
a social system which promotes postponed reproduction 
cannot evolve. Consequently the evolutionary advantage 
accrued by an individual by delayed maturation and post
ponement of breeding would be best maintained in a polygamous 
or promiscuous mating system. Reproduction at young ages 
would be selected against if probability of survivorship 
is high at aero reproductive effort but low at high 
reproductive effort in comparison to older age classes.
Unless this condition is met individuals would maximise 
reproductive output by r?producing at young-ages, i.e. there



would be no selection for delayed reproduction nor for a 
mating system which promotes delayed reproduction. That 
male sheep do delay reproduction therefore implies that 
reproductive output is maximised by this behavior. The 
promiscuous mating system has evolved in conjunction with 
the selective advantage to individuals of delayed 
reproduction.

In a polygamous or promiscuous species "the number of 
matings is potentially large and there is an increased 
selective premium or: morphological, behavioral, and physi
ological characteristics which function in epigamic and 
intrasexual interactions related to mating" (Selander, 1965 
p. 130). Within a population "the mating success of a male 
does not depend so much on his absolute investment but on 
his investment relative to other males" (Gadgil, 1972 
p. 576). The graded horn sizes of adult males in the genus 
Ovis are not only indicators of age but also of reprobuctiv 
effort or investment. In the population of bighorns in 
the Palliser Range in Banff National Park studied by Geist 
(1971) the average annual horn segment growth of rams 
dying before the average.age of death.was higher than that 
of rams dying afcer the average age of death. This 
suggests that, those males who expend more energy in re
production at younger ages die earlier. Geist (1966c)



increased reproductive effort, is associated with increased 
winter mortality. Optimal age-specific investment and con
sequently age-specific reproductive output will therefore 
be a compromise between opposing selection pressures for 
early reproduction and ior repeated (annually) reproduction 
(see Geist, 1971). As the rut occurs at the onset of 
winter, reproductive effort of rams cannot be geared to year 
to year variability in winter conditions as has been 
suggested ior ewes. Variations in ram age— specific re
productive enort will therefore reflect general trends 
in factors affecting age-specific reproductive success.

The inverse relationship between horn growth and 
survivorship within a bighorn population also seems to 
hold among populations 01 Dali sheep: the oldest hunter—
kilxed sheep occur in those populations in which horn growth 
rates are the slowest (T. Smith, pers. comm.), i.e. 
individuals in populations characterized by rapid horn 
growth rates reach lower maximum ages than those from 
populations characterized by slow horn growth rates.
Because both fciis investment xn reproductive effort and 
survivorship vary among populations, the populations 
differ not only in the energy available for investment but 
cl-lso in the age—specii ic relax ion ship oil* rep reductive 
cii.ort Vv.̂v,h surv xvorsnxp* early iubturat 1 on and thus reduced 
survivorship wcu.i.d be selected for in those populations 
/fxiex e age-specii, i c survivorship, given nigh reproductive
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effort, does not increase substantially with age. Alter
natively, if probability of survival for a given reproductive 
eifort does increase substantially with age, younger in
dividuals would markedly reduce their- life expectancy and 
reproductive output by high reproductive effort, and
r n  l «  T «  h v - .  j. • ”> - r*~ l, » -t
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populations those individuals with maximum investments 
will have the highest mating success (Geist, 1971; Gadgil, 
1972), but the optimum age-specific investment will be 
correlated with survivorship.

This discussion of optimisation of reproductive rates 
of males has focused on the relationships of survivorship 
and intrasexual selection. There is, however,,another 
component of sexual selection, epigamic selection, which 
should be briefly discussed. Geist (1966c) stated that 
mountings of estrous ewes by young rams were- disrupted not 
only due to interference by old, full curl rams, but also 
by withdrawal of the ewe, This demonstrates that a 
preference for older, or larger horned, rams is exhibited 
by ewes, and consequently that development of male characters 
is tc some extent influenced by the »• sexual preference 
exerted by females at the time of mating" (Orians, 1969.,
P* 569 ) « Epigamic selection would therefore favor those 
males who channel energy into body and horn growth early 
in l.\ f e and into mating attempts late in life over those 
maJ.es who, when young, channel energy into mating attempts
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rather than into growth. As optimum reproductive rates 
would be achieved by those females who are relatively 
long-lived, preference by a female for older mates would 
probably be to her selective advantage, i.e. her contri
bution to future generations would be enhanced by production
Ci~P 1  o r \  r f , _  1  ^  ^  v -- m  "**0 — — " w •

This discussion has considered the optimization of 
reproductive rates in terms of the interaction between 
age-specific fertility and survivorship. The effect of 
reproductive effort on age-specific survivorship will 
determine at which ages reproduction should occur if 
reproductive output is to be maximized. There will be 
selection for delayed reproduction if reproductive effort 
substantially reduces the probability of survival "of young 
but not of older individuals. The age-graded reproductive 
success of males and probably females in the genus Qvis 
can be regarded as a consequence of individual selection 
for delayed reproduction to insure maximum reproductive 
success, i.e. fitness.



Life tables based on mortality data have been discussed.
Problems in the use of such data are: there may be a
differential perishability of skulls based on age and
sex, and the population may not have a stationary age
structure. The synthetic cohorts may reflect both variable
age-specific mortality and variable initial cohort site.
Using the carcass data and the composition ratios of the
living population collected by Murie (1941) from 1939-41
the above problems have been discussed, The age.structure

• •

of sheep in McKinley Park probably has not been stationary
2over the past several decades. By analysis it was found 

that the two sets of carcasses which Murie collected formed 
significantly different age-specific mortality structures,
•an indication that the age distribution was not stationary 
during the period those carcasses accumulated. The initial 
cohort size and subsequent cohort survivorship have also 
been shown to be quite variable. Therefore, the synthetic 
cohorts which are derived from carcass data do not 
accurately reflect the age-specific mortality- of an 
actual cohort.

A technique on the aging of living sheep and the 
subsequent use of this technique in determining- the age 
structure of a- living population was the focus of the

SUMMARY
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present study. In the 1972 age structure of Dali sheep in 
McKinley Park, two year-olds were found to be more abundant 
and three year-olds as abundant as lambs. From composition 
ratios collected by Haber (in prep.) from 1966-71 and the 
present age structure, it has been demonstrated that both 
initial cohort size and survivorship vary from year to year. 
The technique provides a method for following several actual 
cohorts of individuals through time which would provide 
information on the survivorship of each individual cohort.

From aerial survey data from 1947 to the present the 
changes in population numbers have been determined. The 
surveys provide evidence of much greater variability of 
movements and lower fidelity, to specific seasonal ranges 
in Dali sheep than has been'found for bighorn (0. canadensis) 
populations studied by Geist (1971).

The mortality factors affecting sheep have been dis
cussed. The interaction of winter conditions and density 
affect both natality and mortality primarily due to low 
food availability and low food quality. The interaction 
of winter conditions and density should determine not 
only natality and survivorship rates but also selection for 
optimal reproductive strategies.. Due to the fluctuations 
in age-specific survivorship and the relationship of 
survivorship.to reproductive output, or fitness, optimal 
reproductive strategies will also vary.
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Table Al. Sheep sitings of the present study.

 ---------------------------- -—   ■—   - n -—     . r.

Area - 0 type'* • terrain g
group™ Pate -size Latitude ' Longitude Elevation behavior

01-01 12 Jun 72 R - 7 63 45 40 149 16 50 3000 CT-R
01-02 12 Jun rjh-> 

{ * •' I?lU - 1 63 45 149 18 TD-?
01-03 13 Jun 72 E _ 11 63 45 44 149 16 05 3800 T-F,R
01-04 13 Jun 72 E - 1 63 45 12 149 14 30 5000 P-W
01-05 20 Jun 72 R - 22 63 45 30 149 16 30 3400 T—?
01-06 2 Dec 72 R - 1 63 46 1.6 149 16 30 3200 D-W,F

s~
\ i O 4 Dec 72 M - IS 63 4-6 60 149 15 00 3800 TD-B,F,W,R

02-01 20 Jun 72 E - 9 63 45 149 15 TD-?
02 -02 20 Jun 72 R - .1 63 44 50 149 IS 30 4100 P - ?
02-03 3 Dec 72 M _ 12 63 45 34 149 20 20 3800 D-3,F,S,R

i'The area number corresponds to that in Fig. 1*
Denotes a band which is composed of individuals which also comprise part or 

all of another band.
3Es e v e  bands, R: ram bands, M: both older rams and ewes in the group.
^Latitude and longitude given only in minutes where exact location uncertain.
'■'Terrain types are as follows: D = Dry as-type tundra, T - talus or rocky

slope, G = mountain crags, P = mountain or rTcfge tops. If the terrain is a 
combination of one or more of these types, letters are placed together without 
commas. If individuals in the band are on different terrain types, the types are 
separated by commas.

^Behavior categories are 3 = Standing, W = Walking, Hu = Running, R = Resting,
vOFeeding, 3 =  pronounced social interaction, vi



Table Al. (Cont'd)

1Area 
group" Dat e type-size Latitude1 terrain5"

Longitude Elevation behavior

02-
02 -

02 -

02

02
02-

05
05
•0?
•05
■09

r . o
V  /*-«

-10 
1 '!

o~-.cn

04
05-01

05—02.
05-03
05-04
06-01 
06-02
06-03

3 Dec 
3 Dec 
3 Dec 
3 Dec 
30 Mar
30 Mar
31 Mar 
31 Mar
25 Mar
Not Sur
14 Jun 
29 Jun
19 Jun
26 Jul 72

72
72
72
72
73 
73 
73 
73

M
E
M
M
E -

M

<c
5 
2
6
3

4
73
veyed
72 ?
72 E
72 E

25 Jul 
2 5 Jul 
25 Jul

72
72
72

R
R
E

21

11

5
2.

63 45 34 
63 45 50 
63 45 44 
63 46 06 
63 46 10 
63 45 35 
63 44 40

63 40 10

20 63 35
63
63 36 00 
63 36 54
63 30 02 
63 29 04 
63 29 00

149 20 20 
149 20 10 
149 21 10 
149 16 35 
149 15 10 
149 30 00 
149 29 10

149 16 10

149 30 
149 26 30 
149 26 30 
149 27 15
149 19 05 
149 23 25 
149 23 10

4000
3600
4300
3000

2800
3000
4300
4000

4800
5000
4100

4400
4600
4300

T-W
TC-?
TC~?
D-F
D-F
D-F
P-S, R
T~?

td-v;
D-W,F
D-S
D-F,T-S 
D-R,T-F
D-F

i -

oON



Table A1 * ( Cent5 d)

Area1-, type3 ,
group~ Date -size Latitude

C;6--04 25 Jul 72 R - X/C 63 26 56
06--0$ 25 Jul 72 R ~ u 63 26 40
06--06 25 Jul 7-2 E - 5 63 30 14
06--07 25 Jul 72 R - 2 63 30 16
06--08 25 Jul 72 R - 8 63 30 24
n rtJ f--01 22 Jul 72 R - 3 63 32 50
07--02 23 (j U .1 72 E - 29 63 31 36
07--03 23 Jul 72 E -- 39 63 31 36
07--04 23 Jul 72 v ~ill 3 63 32 20
08 Not Surveyed
09--01 31 Mar 73 ? - 32 63 44 20
10 Not Surveyed
11--01 7 Jun 72 E * •- 5 63 36 46
V "

J.. J .."-02 7 Jun 72 R - IS 63 37 30
11“-03 7 Jun 72 E - 5 63 36 30
11--04 10 Jun 72 R - 2 63 37 14

  r —
terrain /

Longitude Elevation behavior

149 23 05 4100 D-R,F
149 23 05 4500 D-R
149 26 05 5200 D-?
149 24 45 5000 D-?
149 24 10 5000 D-F, T-V7 'V
149 02 00 4000 D-W - >;T
149 10 10 4700 DT-W,F ft

149 12 45 4500 DT-F • 1 * f.
149 13 10 5000 T-F,S ‘5%

149 35 00 4100 DT-F,W

149 36 10 3700 C-W
149 36 45 3500 TC-W
149 36 20 4000 P~?
149 36 55 3700 DT-W



Table Al. (Cont*d)

Area'
group Date

typ?
-size

 --------------

i terrain ,
Latitude^ Longitude Elevation behavior'

1 D 
.L L*“ 06
11-07
13.-

1
Jkm A

)
II 
II 
11 

II- 
1 ">.
11 -
lx-

11-

11-
:.U‘-
ii-
li-

,-09
r10
-11

-12

r-13

-14

•17
•13

i  r\•j.y

-20
>21

-2 '?

10 Jun ?2 
10 Jun 72 
14 Jun 72 
14 Jun 72 
17 Jun 72 
13 Jun 72 
13 Jun 72 
24 Jun ?2 
24 Jim 72 
27 Jun 72 
1 Jul. 72 
1 Jul 72 
1 Jul 72 
1 Jul 72 
4 Jul 72 
4 Jul 72 
4 Jul 72 
4 Jul 72. 
4 Jul 72

K
R

1!.
E
R
R
E
E
R
R
R
R
E

5
-  Q

63 33 10 
63 3? 30 
63 36 50 
63 37 
63 36 45 
63 34 16 
63 34 
63 36 45 
63 35 30 
63 33 52 
63 33 45 
63 33 45 
63 34 15 
63 33 30 
63 35 30 
63 35 45

- 1 63 41 30
- 1 63 41 45
- 21 63 3$ 00

12
7 
J

E - 9
? - 27
S - 31
M - 12 
? - Id 
E - 4# 

-  16

- 13
- 2

149 33 05 
149 36 35 
149 36 50 
149 41 
149 37 00 
149 39 50 
149 37 
149 36 30 
149 35 05 
149 35 40 
149 39 .30 
149 40 45 
149 43. 45 
149 39 35 
149 43 00 
149 47 30 
149 46 00 
149 43 00

4000
3300
4500
4000
4600
4000

4300
4400
4600
3300
4400
5400
4000
3600

30

4400
4200
4300

DT,P-W
c-w
D—?
D-W,F,R 
DT-F,W,R 
?
D~F, W 
DT-?
P-R, W 
CT-R
TDP-W,R3 
T-?
TD-W,F 
T-F 
C-R.W 
D-Ru 
T—?
rP _ .  O

MS

V O00.



Table Al. (Cont'd)

Area1-,., >. type** .
group" Bate -size Latitude

5.1-24 1 Jul 72 ? - 11 63 — ft 00
11-2 5 4 Jul 72 «■} _ 1 63 34 36
11-26 4 Ti 1»J u, X

7 0 ti"
£l - 6 63 35 35

11—27 4 Jul 72 S — 9 63 41 20
11-26 4 Jul r/O

t *- V — 4 63 39 05
*> n **» ( \ 4 Jul 72 n>ir_* - 4 63 40 20
11-30 4 Jul 72 R - 2 63 34 44
11-31 4 Jul 72 R — 16 63 35 56
11-32 6 Jul 72 E _ i_ 63 33 42
11-33. 6 Jul 72 B - 1 63 34 56
11-34 6 Jul 72 R — 1 63 34 56
11-35 g Jul 72 E - 6 63 it 50
11-36 6 Jul 72 ? 6 6.3 34 40
11-37 r»

o Jul 72 R 1 63 35 16
11-36 6 Jul 72 E ~ 3 63 34 52
11-39 6 Jul 72 R - 1 63 35 36
li — ArO o

✓ Jul 72 ? -j 7 63 36 04
11-41 9s Jul 72 R •- ] 63 35 42
1 ‘ w  ̂J. 9 Jul 72 R - 1 63 35 54

terrain^ 
Longitude Elevation behavior

149 37 45 43 CO TC-?
149 43 15 5500 ?
149 45 15 5000 T-R
149 42 20 5100 9
149 43 15 4C00 9
• 149 40 05 4000 ?
149 45 55 4600 T—?
149 46 15 4500 P~S;TD-R,3 jT-W
149 39 10 3900 C-R
149 40 15 4100 D-W
149 41 30 5000 T-W
149 42 CO 5000 T-R.W
149 42 15 5000 T-W, F, R
1149 43 55 1200 BP-F
;u,9 45 10 1200 D-W, F
149 41 10 1400 D-W
149 45 10 4600 TC-R,W
149 45 35 4700 T-W
149 45 40 4700 P-W



Table A1a (Cont* d)

AreaJ~0 type'' L
5terrain ^group*' Date -size Latitude Longitude Elevation behavior

11-43 9 Jul 70 R - 16 63 35 56 149 46 15 4500 DP-R
11-44 9 Jul 72I *«* R 3 63 35 54 149 4-6 25 4400 P -?

11-45 9 Jul R \ 63 35 54 149 47 50 4200 D -?

11-46 9 Jul 72 R — 7 63 35 56 149 46 55 4200 D -?
i —i, '7 oy Jul 7 2 V*ill - 20 63 36 44 ' 149 45 00 4600 TP-R,W

r\
y Jul 7 2 E - 2 63 37 ' 149 43 4000 D -?

11—4.0 2 j.— -*<•+'? G
y Jul n oi 4- jbi - *1 r\ 63 37 34 149 44 35 4500 T-W

1 1 - 5 0 9 Jul 7 2 E 2 63 37 34 149 43 10 4600 TP-W

1 1 - 5 1 9 Jul 7 2 E - nt 63 37 149 42 4500 TP-W

1 1 - 5 2 os Jul 7 2 R — i 63 37 36 149 42 30 4700 T - W

1 1 - 5 3 Q
y Jul 7 2 R - i 63 37 06 149 41 05 4300 D-W

1 1 - 5 4 9 Jul 7 2 E - 3 6 63 37 40 149 41 50 4600 TP-W, F
1 1 - 5 5 0/ Jul 7 2 E - 50 63 37 46 149 40 55 4300 D - F

1 1 - 5 6 9 Jul 7 2 E - 2 63 36 149 40 4300 ?
1 1 - 5 7 30 Jul 7 2 E 22 63 35 06 ■ 149 39 50 5100 TD-R,S
1 1 4 5 6 31 Jul 72 E — 14 63 34 34 149 42 05 5500 T-R,S,W
1 1 - 5 9 31 Jul 7 2 E 0j 63 34 14 149 42 15 5500 T-W
1 1 - 6 0 31 Jul 72 A» - 4 63 35 0 6 149 44 20 4300 D-R,F 100



Table Al. (Cont5d)

AreaT'
group“2 Dat e

type"
~si.ee

11-61" 31 Jul 72 E -
11-62 31 Jul 72 R -
11-63-2 31 Jul 72 M
11-64 31 Jul 72 R -
11-65 31 Jul 72 2
11-66 31 Jul 72 E
11—67 31 Jul 72 R
11-682 31 Jul 72 S -
11-69 X Aug 72 TOD -
11-70 1 Aug 72 R -
19 rn 1 Aug 72 R —
12-02 1 Aug 72 R -
12-03 ~l Aug 72 R
12-04 1 Aug r/'? !?
12-05 *1 A u?r 72 M -
12-06 1X Aug 72 R -
13 Not. Sui•veyed

a
6
15
10
2

?.
5

48
41
3
6

6

Latitude^ Longitude Elevation
terrain ✓ 
behavior

63 35 56 149 44 30 4400 TC-?
63 35 50 149 45 50 4600 D-F,R
63 36 04 149 45 25 4800 P-W,Ru
63 35 54 149 16 55 4400 T-Ru
63 35 58 149 46 50 4400 T-W
63 35 58 149 46 30 4000 T-W
63 35 56 149 47 25 3800 D-F
63 36 • /> 149 44 50 4500 P-W, Ru
63 37 00 149 44 25 4200 DT-F,R
63 36 40 149 43 35 3800 D-W,Ru, F
63 30 50 149 35 40 4000 PD-R.F
63 30 32 119 36 50 5200 TC-R
63 30 00 149 37 45 4300 D-R
63 30 50 149 36 50 4700 TC-R
63 29 24 149 36 35 5300 TC~R,W
63 30 26 149 35 30 3900 D-?

1
0

1



Table Al. (Cont'd)

Area*-g  ̂IPc > terrain^group - Date -size Latitude4- Longitude Elevation behavior

14-" 01 4 Aug 72 R - 2 63 36 36 149 59 45 4800 T-R
11-02 4 Aug ry

( R - 16 63 36 42 150 00 20 4600 T-R,DT-F
14-032 4 Aug 72 E - 14 63 ♦ rixr i 24 149 59 10 4200 TC-W
11 - r' i. ✓ Aug 72 E — 13 63 36 36 149 58 30 5600 TP-R1 * AA C Aug 72 E - 37 63 36 56 149 c.ny : 20 5800 D-F
14-06O

<*•*A ug 72 E 6 63 39 14 149 58 30 4600 D-F
14-07 5 Aug 72 R - 13 63 39 10 149 58 25 4800 C-R,W

tj F" } O 04 6 Aug 72 R — 12 63 36 44 3 49 58 25 5000 T-W
14-09 6 Aug 72 E - 19 63 36 36 149 58 50 4700 DT-F
j. 4-10 6 Aug 72 E — 3 63 39 08 149 58 30 4700 BC-R
15-01 S •Ji in 72 ? - 20 63 32 00 149 48 33 4000 DT-F
15-02 3 Jun 72 P r\ 63 32 18 149 51 05 3800 CT-W
15-03 16 Jun 72 t;v.j - .31 63 31 16 150 01 10 3700 D-F,R,S
1 *:..0 I*-JL ,/ ■«/ A.W 19 Jul 72 V - 17 63 31 18 150 01 10 3700 D-F,R,S
15-052 10 Sep 72 i?«.j - 13 63 31 16 150 01 10 3700 D-F,R,3
16 Not. Surveyed
17-01 .13 Ju 1 72 E — 4 63 34 .40 150 08 35 4500 DC-S
17-02 13 Jul r7<-N / &■ E •mm 3 63 35 54 150 07 25 4000 T-R



Table Al. (Cont'd)

‘Area^-o ■ group*' Date
type'5
--size Latitude^ Longitude Elevation

terrainb 
behavior

17-03 13 Jul 72 M - 22 63 35 22 150 05 55 4500 C-Ru
17-04 13 Jul 72 R - r-f

1 63 35 44 150 06 05 4000 DT-FfW
17-05 13 Jul 72 R - 13 63 35 36 150 06 00 4500 DT-F»W
17-06 13 Jul 72 S - 4 63 35 26 150 06 00 4600 DT-F
13 Not- Su:rveyed
19-01 12 Jul 72 rr»Li 7 63 26 26 150 05 15 4500 C-S,R
19-02 13 Jul 72 E - 6 63 2? 06 150 04 35 4400 C-?
19-03 13 Jul 72 ? — 3 63 24 42 150 06 05 4400 T~?
.20-01 25 Jun 72 R — 14 63 27 14 150 00 15 4100 DT-R
2C-022 .LJL Jul 72 E - 14 63 27 54 150 01 15 4500 p  rv v ““ :
20-03 13 Jul 72 R - 1 63 27 50 150 00 35 4400 TC-R,

63 26 15 150 00 45 3700 D~F
20-04 13 rv, i >J U  X 72 R - 1 63 27 52 150 00 55 5000 P-W
20-05 13 Jul 72 E - 22 63 27 12 ; 150 01 00 4700 C-R;CT-W;D-F
20-06 13 Jul 72 R - 2 63 25 34 150 00 00 5500 T-R
2.1 12 Jul 72 No sheep observed

13 Jul 72 No sheep observed
MO

V.O



Table Al. (Cont’d)

O

Arsa‘-2 type'* , terrain^
group Date -size Latitude Longitude Elevation behavior0

22 Not Surveyed
23 Net Surveyed
4 Not Surveyed

h-1o•p-



Table A2, Ages and horn measurements of rams two years or 
older used in the age analysis.

1Number length2 curl''’ height Est. Jt kgeJ Remarks^
05-02-01 3.24 3.11 1.35 0.897 3 angle
05-02-02 2.72 3.12 1.03 0.791 6 angle
05-02-03 2.18 2.47 1.06 0.659 4
05-02-04 1.32 1.59 0.65 0.500 3
05-02-05 0.91 0.68 0.52 0.278 2

06-01-01 3.83 3.40 1.36 1.019 10 Br
06-01-02 3.64 3.27 1.13 0.952 3 angle
06-01-03 1.57 1.53 0.64 0.456 3 angle
06-01-04 2,66 3.40 0.92 0.794 6
06-01-05 2.39 3.30 1.00 0.328 <8+) Br
06-01-06 o-to*

o
1.31 0.40 0.300 . £

06-01-07 2.92 3.38 0.b'2 O.863 (8+) Br
06-01-03 1.00 0.98 0.53 0.316 (2)
06-01-09 1.37 1.49 0.68 0.425 O angle
06-01-10 1.53 1.57 0.55 0.445 3 Angle
06-02-01 2.61 2.39 0.96 0.750 (6)

I■“refers to individual (last two digits) in group as designated in Appendix I.
^length and height of the horn divided bv the base of 

horn-anterior of mandible length (see text).•Pan degrees x 10“2.
^estimated-log1Q age - 0.03963 + 0.15333 length + 0.07337 curl £ 0.08693 height.
-̂ numbers in parentheses are estimates of age based on 

above,equation, others are based on counts of horn annul!.
0ang._e; head turned 5—15 degress from perpendicular 

either towards or away from (~j the camera. Angle: head"
turned 16-30 degrees, tilt: head tilted towards or away
J-rCfn (~~) ,camera, Br; horn tips broomed off. Tf horns arc
broomed (BR) and actual age not known, the individual is 
placed in the 8* category (even if age estimate olaces it in the age 7 class).



Table A2. (Cont'd)

Number^ length*” cur.V'

06--02-02 3-52 3.55
06-02-03 2.96 3.69
OA--03_n». 2„61 2.6?
06--02-05 1.66 1.70
06--03-01 2.25 2.06
06--03-02 3.64 3.07
06--04-01 2.35 2.61
06--04-02 4.21 3.56
06--04-03 3.02 3.46
06--04-04 O TOiv • mbm 24 2.07

0 On 1-04-05 2.64 2.17
06--04-06 3.00 O ryn A. * / i

0 ON 1-04-07 3«14 3.20
06--04-06 2.26 2.00

1O -04-09 1 7? 1.52
06--04-10 1.31 1.23
06--04-11 0.54 0.70
06--04-12 0.36 0.54
06-•05-01 3.09 3.49
06-■05-02 3.33 3.76
06-•05-03 3.14 3.3-9
06-•05-04 2.63 3.64
06-■05-05 2.09  ̂ t -s£ • /{-I
06-•06-01 1.43 1 £,9a- *
06-■06-02 0 i;p 0 4: c
06- 3 -06 2 L
06- n * 1.16 1 9 0O , V >

L 5 Aheight Est. Age' Remarks

1.32 0.973 (6+)
0.67 0.656 7 Angle
1.22 n 7*7-, £

O * ON H 0.464 (3) angle
0.92 0.626 (4)
1.00 0.925 (6+)
1.05 0.696 Cs
1.42 1.067 10
0.96 0.659 71
0.64 0.600 (4)
1.26 0.726 6
1.40 O.op4 i

1.17 0.673 9
1.00 O.633 4 Angle
0.66 0.460 3 angle
0.59 O.366 2 Angle
0.31 0.204 *1X
0.35 0.171 *
1.00 0.674 9 Br
0.66 0.921 0/ Br?angle
1.06 0.663 9 Br
0.95 0«641 7 angle
1.09 0»644 5
0.52 0.432 3 angle
1.-14 0.725 5 angle
1* 30 0.61? 7 angle
0.50 O.366 2 angle
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Table A2. (Coat’d)
Vs- ''1, 4>T

Number"*" length^ curl height T > 4
o * Age5 Remarks

06-0-3-05 2.70 3.24 0,95 0,790 (6)
06-03-06 1.67 1.94 0.56 0.496 (3) Angle,

-tilt
06-03-0? 2.60 2.90 1.20 0.770 (6) -tilt,B
06-03-03 0.80 1.11 0.42 0.286 (2) angle
11-16-01 1.31 1.46 0.72 0 0 494 3 angle
11-16-02 0.92 1.35 0.48 0.328 2
11-16-03 3.33 3.03 1.21 0.397 9 Brt Angl
11-16-04 1.6 1 1.48 0.61 0 ’■r,c 3 Angle
11-16-05 (horn t:ip obscu’.red) 3
11-19-01 3.53 3.96 1,03 0,988 9
11-19-02 2.66 2.30 0.93 0 * 708 5
11-20-01 2.31 2.27 0.78 0.640 (4)
11-20-02 1.33 1.69 0.69 0.520 (3)
11-20-03 0.90 1.33 0.38 0.319 (2)
11-26-01 1.61 1.28 0.75 0.452 '4

11-31-01 4.14 3.33 1.69 0.986 (8+)
11-31-02 2.26 1.80 1.09 0.622 (4)
11-31-03 3.63 3.42 1.31 0.985 9 Angie.
11-31-04 (always facing camera) 9
11-31-05 2.25 2.22 0.91 0.638 4 angle
11-31-06 1.64 2,22 0.97 0.549 (4) f  ■! " I i  

" w i i w

11-31-0? 2.04 It. 30 0,47 0.534 4 angle
11-31-03 3.11 2.91 0.96 0.827 1 *  / angle,  B:
11-31-09 1.35 1.62 0.41 0.409 2
11-31-10 (always facing camera) 11



Table A2. (Cont’d)
iv*%. #'

Numberx length^ curl*' height X£j3t . ............. ............. fRemarks1'

11-36-01 0.65 • 1.18 0.27 0.236 (2)
11-37-01 1.69 1.71 0.59 O .484 3
11-41-01 3.29 3.10 1.26 0.896 11 -angle
11-43-01 1.40 1.86 0.40 0.435 (3) -tilt
11-43-02 2.37 3.02 1.00 0.726 5 angle
11-43-03 1.75 2.20 0.88 0.557 (4)
11-43-04 1.63 1.85 0.89 0,542 4
11-43-05 3. GO 2.84 1.04 0.812 D
11-43-06 2.65 2.69 0.91 0.736 8 Br* angle
11-43-07 2.62 3,22 1.09 0,819 (8) Br
11-43-06 3.76 3-98 1.08 1.025 6 angle,

11-43-09 1.67 1.45 0.71 C.471 (3) angle
11-43-10 2.67 3.19 1.13 0.828 (7)
11-43-11 2.54 2.8? 1.13 0.752 6 Br
11-43-12 3 . 56 3.90 1.11 0.987 10
11-43-13 3.57 3.22 1.30 0.952 8
11-43-14 1.45 1.67 0.52 0.438 '1

J A?-tilt
11-56-01 0.70 0.90 0.62 0.2 j . O -angle
11-60-01 2.92 2.70 1.21 0.604 /

O

11-60-02 2 . 05 2.38 1.00 0.627 4
11-60-03 2.96 3.1? 1.21 O .84 7 (7) -angle
11-60-04 2«24 2.09 0.66 0.604 4 -tilt
11-65-01 1.64 1.59 0.6 0 n 1 £<*u  .  *4-0 O

11-65-02 3.40 3.17 1.30 0.922 0

11-71-01 1.21 1.62 0.45 0.391 2
11-71-02 2v63 } 2 1.06 0.826 i 7)

^ i-uu  LJ.I . T i  » -«m —1 Iir» 1 T .i___r T T T -1. 1. . , . .  r r -i -nirr- -  «  -■ , — lju ilij*  j j . m .. - ur ,i_i u. . j  j. . » Ln« mt u * .-j, ,
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Table A2. (Gent5 d)

Numb e
— sr-— ---_Lr length*" ,~Tcurb height Est. '* Age^ Remarks*

11-71-03 3»74 3.81 1.10 1.007 9
14-01-01 3.41 3.66 1.10 0.945 11
14-01'-02 3.18 3.25 1.12 0.879 Q Br
14-02'-01 2.50 2.20 1.14 0.694 5
14-02--02 0.77 0.8.3 0.65 0.279 O
14-02--03 1.65 1.53 0.48 . 0.454 3
14-02--04 O  A  /Vo 1.15 0.48 0.319 2
14-02--05 3.79 ] 2"1 .1. d 0.957 8 angle
14-02--06 1J.. 1.0? O  ̂̂ U « 5 ) 0.329 *6
14-02--07 3.11 2.93 1.25 0.855 (7)
14-02--08 3.00 2.75 1.29 r» -?o (7)
14-02--09 1.77 1.89 p /: 0 0.514 /  Q \

O  ) angle
14-02--10 3.85 3.03 1.43 0.992 8 angle
14-02 -11 2.81 2.38 1.24 0.765 6 311 g.18
14-02--12 1.88 2.39 0.87 0.591 (4) angle
14-02--13 1.00 1.31 0.48 0.337 (2)
14-02-*14 1.74 2 « 09 0.74 0.535 (3)
14-08--01 1.11 1.49 0.31 p oco 2 Angle
14-08--02 Os..' » \J fc j. 1.13 0.37 0.289 2 angle
14-08--02 ~ V 1 * 51 1.60 0,52 0.451 (3)
14-08--04 .1. A

1 O ̂ 
J- A J? 0.63 0.416 (3) angle

14-08--05 A  A  /" ,
V ,v - f 1t  - Vv I 1 2 0.68 0.85.1 (7)

14-08--06 0.8C J..  ly 0 » 40 0.289 2
14-08--0? 1.58 1.68 0 . 53 0.460 3
14-08--08 1 , 54 1 . 52 0.52 0 a 4^0 (3)
14-08--09 2,32 2.6? 0.76 0.671 (5)
14-08--10 0 . 96 1.37 0.50 0.337 2
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V b* ’
Table A2. (Cent * d)

Number4- length curl height Est.if Age'' Remarks

14-03-11 3.13 3.56 1, 00 0.335 9 -tilt
14-03-12 1.52 1.34 0.42 0»4- -i-4 3 Angle, 

-t i It
17-04-01 2.57 2.32 .L . 04 0.706 5
17-04-02 2.35 1.91 0.95 0.632 4
17-04-03 3.57 3.12 1.33 0.947 (8+)
17-04-04 2.93 2.56 1.13 0.733 (6)
17-04-05 3.57 3.32 1.29 0.959 10
17-04-06 2.96 2.97 1.19 0.330 (3+) angle,Br
17-05-01 2.09 2.03 0.32 0.590 4
17-05-02 1.00 0.73 0.56 0.303 2 angle
17-05-03 2.64 2.35 1.05 0.720 5
17-05-04 2.09 2.10 0.3? 0. t)00 4
17-05-05 2.13 2 . 1.09 0.660 4
17-05-06 2.09 2,62 1.09 0 * 660 4
17-05-0? 2.40 2.52 1.04 0.696 (5)
17-05-03 2.49 1.23 0.733 5
17-05-09 2 * 46 2.25 0.92 0.673 5
17-05-10 3 .7.1 3.66 1.19 0.999 3
17-05-11 1.00 1.00 0.56 0.320 2 Angle

{-j s 0 vn 1 r-
> 2.91 2.73 1.14 0.799 (6) —Angle

17-05-13 .— — 1 Angle
20-03-01 3.05 3.34 1.03 0.353 9 Br
20-04-01 3.33 3.60 1.09 0.92? 3

-II, r . -..........t . ..............., _ llir.~ --Tj-r ^  im*. r -f- m -_r r n «. n-r-.- .r ,u».j jC .. „,r- x,j



Table A3. Kuabers and density o f sheep from the a e r ia l surveys, a) densities  fo r  aroas outlined in Fi,j. 1.

1 2 3 u 5 6 7 S 9 10 1a 12 13 14 15 16 17 18 19 20 21 22 23 24

km2 74.89 20.76 112.33 73.26 47.o2 33.73 94.02 131.46 13.43 21.98 76.11 59.83 43.14 59.02 46.61 61.61 20.76 53.32 72.45 45.18 26.05 11.80 44.36 53.32

2 Jun 1947 # 67 37 — — — - — ~ 15 0 11 12 12 35 36 — — 30 10 14 0 —

density 0.39 1.78 — — — - - 1.12 0 2.06 0 0.26 0.59 0.77 — 0.56 0.14 0.31 — 0

3 Se? 1953 # 89 36 0 99 288 13 37 - 96 72. 222 19 6 70 34 10 - 19 82 26 104 0 0 2 0

density 1.19 1.83 0 1.35 6.05 0,38 0.39 - 7.15 3.28 2.92 0.32 0.19 1.19 0.72 0.12 0.92 1.54 0.36 2.30 0 0 0.05 0

17 Auj 1955 # 61 28 31 •107 191 31 14 - 3 2 496 75 15 32 110 104 50 137 52 48 0 0 0 -

density 0.81 1.35 0.28 1.46 4.01 0.92 0.15 - 0.22 0.09 6.51 1.25 0.35 0.54 2.35 1.27 2.41 2.57 0.72 1.06 0 0 * 0 —

15 AuS 1957 # 0 0 28 131 152 17 0 - 18 115 244 92 19 76 42 49 35 21 33 38 39 14 0 21

density 0 0 0.25 1.79 3.19 0.50 0 - 1.34 5.23 3.21 1.54 0.44 1.29 0.90 0.60 1.69 0.39 0.46 o.eA 1.50 1.26 0 0.39

19 Sep 1953 # 133 70 — — 10 - - - 37 77 53 — 279 57

density 1.78 3.37 — — 0.21 - - 2.76 3.50 0.70 — — 4-73 1.22 — — — — — — —

13 Jul 1959 4 88 ◦ 54 94 137 34 72 0 0 105 447 18 5 64 106 103 83 115 153 15 6 0 0 16

density 1.18 0 0.43 1.28 3.93 1.01 0.77 0 0 4.73 5.87 0.30 0.12 1.08 2.26 1.26 4.00 2.16 2.11 0.33 0.23 0 c 0 .30

29 Jun 1961 # 300 37 1 0 45 41 0 7 41 35 921 224 6 103 560 110 0 118 61 0 0 0 0 32

density 4.01 1.78 0.01 0 0.95 1.21 0 0.05 3.05 1.59 12.10 3.74 0.14 1.75 11.96 1.34 0 2.21 0.64 0 0 0 0 0.60

1 Sep 1966 # 91 34 — 136 v  ) 39 * 36 47 — 116 — “ — — — — — —

density 1.22 1.6A — 1.66 0.06 — - - “ C.51 0.60 1.09 — — l . ‘*2 — — — — —

32 Au§ 1968 i 21 5 50 — 67 52 - 0 — 3 262 60 54 34 43 7 — — — 9 4 —

density 0.26 0.24 0.45 — 1.41 1.54 - 0 0.14 3.44 1.00 1.25 0.58 0.92 0.19 — — 0,20 0.34 -

30 Jun 1972 § . 75 9 0 123 45 41 67 - 0 71 287 16 21 84 26 23 42 29 19 8 0 0 2 16

density 0.33 0.43 0 1.63 0.95 1.21 0.71 - 0 3.23 3.77 0.27 0.49 1.42 0.56 0.28 2.02 0.54 0.26 0.18 0 0 0.05 0.30

“Area incompletely surveyed
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Table A3 (Cont'd), b) density of regions, ranges, and overall density.

I
456.66

Region 
II III 

214.49 137.69
IV

229.56
V

97.63
N

431.44

Range 
S T 

1017.51 1443.95
Total
Reported

2 Jun 1947 # 104 134 71 54 0 377 36 413 413

density 0.23 0.36 0.33 0.24 0 0.8? 0.04 0.29

3 Sep 1953 # 564 417 114 231 2 724 604 1323 1368

density 1.24 1.94 0.61 1.01 0.02 1.63 0.59 0.92

17 Aug 1955 # 463 534 246 237 0 919 667 1536 1536

density 1.0 1 2.72 1.31 1.25 0 2.13 0.69 1.14

15 Aug 1957 # 323 433 167 180 21 551 633 1134 1184

density 0.72% 2.23 0.39 0.73 0.21 1.28 0.62 0.82

19 Sep 1953 # 213 167 336 — — 706 10 716 729

density
*

0.47 0.73* 1.79* — — 2.26* — 1.99*

13 Jul 1959 # 529 575 273 372 16 ' 1008 757 1765 1809

density 1.16 2.68 1.45 1.62 0.16 2.34 0.74 1.22

29 Jun 1961 # 431 1227 773 179 32 2115 522 2637 2641

density 0.94 5.72 4.12 0.73 0.33 4.90 0.52 1.32

1 Sep 1966 # . 264 33 116 — — 125 333 463 463

density 1 .22* 0.31*
#

1.42 — — 1.31* 1 .11* 1.15*

12 Aug 1963 # 195 379 34 13 — 368 303 671 671

density 0.67* 1.69* 0.45 — 1.23 0.43 0.67

30 Jun 1972 # 310 395 133 93 13 575 379 954 .954

density 0.63 1.34 0.71 0.43 0.18 1.33 0.37 0.66

*re'gion or range incompletely surveyed.



Table AL. Composition of the Dali sheep population in McKinley Par:-; (1972)

age-sex class (E) (E1) (F,Z) (E3) (it (L) (R in E) (R in R)
numbers

from raw data 20/+ 3 33 20 53 72 1S(12[2]6; 
6[3J)

152

after trans
formationŝ - 262 —  — 56 72 23 152

Legend: E ewe s, Y - yearlings, L = lambs, R - rams

Ewes and.two year old rams could not be distinguished and separately
classified. E - E •?- [2] R in E (transformation #3)*

-Ewes,two year old rams, and three year old rams could not be distinguished
and separately classified. E-> ~ E + R in E (transformation .

hEwes, two year old rams, and tyiree year old rams could not be distinguished
and separately classified. Within 3*+; Y Y (transformation #1).

■gfc—  i r r i r r p ' T i 'tftu
‘♦By solving the above three equations the data was transformed to give the 

numbers after transformation.
7Three of the 53 yearlings were in ram bands,
°T!ie number in brackets indicates age of the males.


