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THE INTRODUCTION, INCREASE, AND CRASH OF REINDEER 
ON ST. MATTHEW ISLAND1 

DAVID R. KLEIN, Alaska Cooperative Wildlife Research Unit, University of Alaska, College 

Abstract: Reindeer (Rangifer tarandus), introduced to St. Matthew Island in 1944, increased from 29 
animals at that time to 6,000 in the summer of 1963, and underwent a crash die-off the following winter 
to less than 50 animals. In 1957, the body weight of the reinder was found to exceed that of reindeer in 
domestic herds by 24-53 percent among females and 46-61 percent among males. The population also 
responded to the high quality and quantity of the forage on the island by increasing rapidly due to a high 
birth rate and low mortality. By 1963, the density of the reindeer on the island had reached 46.9 per 
square mile and ratios of fawns and yearlings to adult cows had dropped from 75 and 45 percent respec- 
tively, in 1957 to 60 and 26 percent in 1963. Average body weights had decreased from 1957 by 38 per- 
cent for adult females and 43 percent for adult males and were comparable to weights of reindeer in 
domestic herds. Lichens had been completely eliminated as a significant component of the winter diet. 
Sedges and grasses were expanding into sites previously occupied by lichens. In the late winter of 1963- 
64, in association with extreme snow accumulation, virtually the entire population of 6,000 reindeer died 
of starvation. With one known exception, all of the surviving reindeer (42 in 1966) were females. The 
pattern of reindeer population growth and die-off on St. Matthew Island has been observed on other 
island situations with introduced animals and is believed to be a product of the limited development of 
ecosystems and the associated deficiency of potential population-regulating factors on islands. Food sup- 
ply, through its interaction with climatic factors, was the dominant population regulating mechanism for 
reindeer on St. Matthew Island. 

St. Matthew Island, 128 square miles in 
area and located in the Bering Sea Wild- 
life Refuge in the north central Bering Sea 
(Fig. 1), supports a poorly developed land 
fauna. Native land mammals are restricted 
to a vole (Microtus abbreviatus) and the 
arctic fox (Alopex lagopus), although a 
resident population of polar bears (Thal- 
arctos maritimus) existed there in Recent 
times (Elliot 1882). The reindeer on St. 
Matthew Island were the result of the re- 
lease of 24 females and 5 males on Au- 
gust 20, 1944, by the U. S. Coast Guard 
(Klein 1959). Shortly afterwards, the Coast 
Guard loran station on the island was 
abandoned and the island has been un- 
inhabited since then. Specimens taken for 

1 This study of the Alaska Cooperative Wildlife 
Research Unit was financed by the U. S. Bureau 
of Sport Fisheries and Wildlife, and in 1963 and 
1966 additional support was available from a Na- 
tional Science Foundation Institutional Grant and 
the U. S. Bureau of Land Management. Trans- 
portation to the island was provided by the U. S. 
Coast Guard. 
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study purposes and those shot by Coast 
Guard personnel as a recreational pursuit 
have been the only harvest from the herd. 
With the exception of 10 in 1966, these were 
all taken during 1957-63, and totaled 105 
animals. This paper reports on the popula- 
tion dynamics and range interrelationships 
of this island reindeer herd from the time 
of introduction through its rapid increase 
and crash die-off until July, 1966. 

I appreciate the field cooperation of 
colleagues Dr. Francis H. Fay, Dr. Vernon 
L. Harms, Jack Manley, and Gerry Cowan, 
and the assistance of James Whisenhant 
and Dr. Detlef Eisfeld. Dr. Eisfeld also did 
the analyses of the reindeer ovarian ma- 
terial and, through discussion, provided 
useful suggestions for the interpretation of 
the data. Sam Harbo provided advice in 
the statistical treatment of data. 

METHODS 

In a preliminary study made during the 
summer of 1957, a total reindeer count was 
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Fig. 1. Map of St. Matthew Island with inset showing its 
relative location. 

made, sex and age composition of a sample 
of the population was determined, speci- 
mens were collected, and range studies 
were conducted. Results of this work have 
been published (Klein 1959). During the 
summer of 1963 additional work on St. 
Matthew Island supplemented the initial 
study and completed the picture of the 
course of population growth during the 
interim 6 years, when population density 
was high and pressure on the range vege- 
tation was extreme. An attempt was made 
to visit the island during the summer of 
1965, but transportation could not be ar- 
ranged. In 1966 I again visited the island 
for 3 weeks in late June and July, during 
which the surviving reindeer were counted 
and specimens shot and examined. Skeletal 
remains from the die-off were identified 
by sex and age, where possible, and mea- 

surements were taken of the antlers and 
long bones of the hind leg. 

Except in 1963, the total counts of rein- 
deer involved a systematic search on foot 
of the entire island in as short a time as 
possible to reduce the chance of reindeer 
movements confusing the counts. Obser- 
vations usually were made with binoculars 
and a spotting scope from the ridge tops 
which divide the island transversely into 
several broad valleys. Sex and age com- 
position counts were made in conjunction 
with the total counts and at other times 
when conditions were favorable for rela- 
tively close observation, which was essen- 
tial for this work. Sex of adults was deter- 
mined on the basis of the external genitalia 
and the relative size of the antlers, and 
fawns, yearlings, and adults were deter- 
mined on the basis of size and body con- 
formity, although yearlings and adult cows 
could be differentiated only under the best 
of circumstances. In 1963, the total count 
was obtained by completely covering the 
island with two U. S. Coast Guard heli- 
copters. 

Animals taken as specimens were shot 
from randomly encountered bands, although 
some selection was involved in attempting 
to secure representatives of all sex and age 
groups. Weights were taken with a 200-lb 
spring scale, which necessitated weighing 
heavier animals in segments. Standard body 
measurements were taken and samples of 
the rumen contents were preserved in for- 
malin for later chemical analysis. The hide, 
pharyngeal pouches, and nasal cavities were 
examined for evidence of warble fly larvae 

(Oedemagena sp.) and nasal bots (Cephe- 
nemyia sp.), and internal organs were ex- 
amined for parasites. The entire digestive 
tract was examined only when the animals 
were killed close to a supply of water, 
which was necessary for a thorough exam- 
ination. 



352 Journal of Wildlife Management, Vol. 32, No. 2, April 1968 

6,000 

5,000 

w 4,000 
N 

z 

- 3,000- 

:D 

? 2OO00 

1,000 - 
I 
1I 

29 
l 1 

1944 1950 1955 
YEARS 

Fig. 2. Assumed population growth of 
Island reindeer herd. Actual counts are 
population curve. 

Skeletal remains of reindeei 
during our work on the islan 
on the basis of the relative 
antlers and the character of th 
pelves of adult males had 
tuberosities on the posterior 
ischium and the pubic syn 
thicker than in the females. 
termined on the basis of tc 
ment and wear. 

The vegetation of the islanc 
through the use of point inter 
and meter-square quadrats in 
been reported on earlier ( 
Quantitative evaluation of t] 
the reindeer on the vegetation 
was possible through the use ( 
of meter-square quadrats local 
flats, which originally suppor 
extensive lichen stands. Ea 
quadrats included two which 
to protect them from grazing 
and two unprotected plots. 
within the plots was recorded 
of the percentage of the total 
occupied by each species. 

RESULTS AND DISCUSSION 
6,000 

Population Dynamics 
The original reindeer were obtained from 

Nunivak Island and were all yearlings; that 
is, just over 1 year of age. Under the as- 
sumed ideal range conditions on St. Mat- 
thew Island at the time of the release, the 
introduced nucleus herd probably increased 
at a rate approaching the theoretical maxi- 
mum during the years immediately follow- 

350 ing. This rate could have been as high as 
83 percent the first year if all females bred 

, ~2, and produced one fawn each. Under opti- 
1960 1966 mum range conditions, reindeer have been 

known to conceive during their first year 
the St. Matthew and have their first fawns when they are 

1 year of age (Palmer 1934, Davey 1963, 
Skuncke 1967). The actual rates of in- 
crease cannot be obtained since data on a 

r encountered yearly basis are not available. Fig. 2 shows 
d were sexed the population growth from known counts, 

size of the from the time of introduction to the sum- 
e pelves. The mer of 1966. 
characteristic Age composition counts made in 1963 
border of the indicate that the reindeer were experiencing 
iphyses were a deceleration in their rate of population 
Age was de- growth at that time. In the 1957 counts, 
)oth develop- the ratio of fawns to adult females was ob- 

tained from a sample of 910 animals and 
I was studied the ratio of yearlings to adult females from 
cept transects a sample of 218 reindeer. In these samples 
1957 and has there were 75 fawns and 45 yearlings per 
Klein 1959). 100 adult females. In the 1963 counts the 
he effects of ratios were 60 fawns and 26 yearlings per 
L of the island 100 females in samples of 1,652 and 705, 
of two groups respectively. It would be expected that 
ted in the dry deterioration of the range, with associated 
rted the most reduced physical welfare of the reindeer, 
ch group of would lead to poor fawn survival through 
were fenced their first winter, resulting in low yearling 

r by reindeer to adult ratios. Calculation of the actual 
Vegetation annual rate of increase from these ratios is 

l on the basis dependent upon knowledge of the adult 
ground cover sex ratio which was not available in either 

1957 or 1963. It was often not possible to 
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distinguish sex and age in the total counts; 
therefore our composition counts were 
based on samples of the total population. 
Because bulls were segregated from females 
and young when we were on the island, 
the composition counts did not reflect the 
true proportion of bulls in the population. 
However, if one assumes a ratio of 57 bulls: 
100 cows in the adult segment of the pop- 
ulation (the sex ratio of animals over 1'/2 

years of age among the skeletal material 
from the die-off), the net annual increment 
to the population, after the winter but be- 
fore the spring fawning period, would have 
been in the neighborhood of 29 percent in 
1957 and 17 percent in 1963. 

In 1963 the excessive population on the 
range was not only reflected in reduced 
fawn survival, but physical characteristics 
of the reindeer had changed as well, and 
the range vegetation had been significantly 
altered. There was ample evidence of over- 
population and the stage was apparently 
set for the wholesale die-off that followed. 
Although no one was present on the island, 
there is strong presumptive evidence that 
the die-off occurred during the winter of 
1963-64 and apparently largely in the 
February-April period. 

On May 18, 1964, a flight was made over 
the island in a P2-V Navy ice reconnais- 
sance plane in the hope of obtaining a pop- 
ulation count of the reindeer through the 
use of aerial photography. The island was 
snow-covered with small patches of bare 
ground visible on wind-swept ridges and 
south exposures. No reindeer were seen 
and, even though large groups of reindeer 
should have been visible under these con- 
ditions, we believed that we failed to see 
them because of the relatively high speed 
of the plane and reluctance of the pilot to 
fly at a low altitude over the mountainous 
terrain. We were not aware, of course, that 
a die-off had already taken place. 

The first realization of the die-off came 
when Coast Guard personnel went ashore 
on St. Matthew Island on August 14-16, 
1965, to hunt reindeer for recreation. The 
men hunted in several parties and made a 
fairly systematic search of the island during 
three days of unusually favorable weather. 
On the third day, one group of reindeer, 
estimated at about 40, was observed near 
the southeastern end of the island. No other 
reindeer were seen and the men felt that 
these were probably the only reindeer re- 
maining on the island. These men also 
reported that many reindeer skeletons were 
scattered about, bleached white with no 
flesh or hide remaining (personal commu- 
nication). It seems unlikely that, if the 
die-off had occurred during the winter of 
1964-65 rather than 1963-64, the skeletons 
would have been bleached and free of meat 
and hide to the extent that this report in- 
dicated. When we were on the island dur- 
ing 1966, moss had already begun to grow 
on many of the bones where they were in 
contact with moist soil, and the skeleton 
sites, when soil moisture conditions were 
favorable, were also characterized by lush 
growth of certain grasses and forbs which 
have high nitrogen requirements (Fig. 3). 
These plants are normally restricted to areas 
adjacent to the bird cliffs which are fer- 
tilized by bird droppings, and to disturbed 
soil near fox burrows and vole colonies. The 

growth forms of these plants indicated that 
they had been present for more than one 
season of growth. 

Forty-two live reindeer were on the is- 
land when we arrived in 1966. These were 
counted from the ground in a thorough 
search of the island and this count (minus 
10 animals which were shot) was confirmed 
from the air on the day we left the island. 
No fawns or yearlings were present among 
them and the sample of 10 reindeer also 
indicates that there had been either no 
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Fig. 3. Skeletal remains of reindeer that succumbed during 
the die-off, photographed July 18, 1966. Note the growth of 
grasses in the nitrogen-rich areas around the skeletons. 

reproduction or no fawn survival since the 
die-off. Fawns born in the spring of 1964 
would have been just over 2 years of age 
in 1966, and the youngest animal in the 
sample was just over 4 years of age. The 
absence of reindeer in the 3-year-old cate- 
gory was also consistent with an assumed 
1963-64 die-off since animals in their first 
winter at the time of the die-off would 
have been more subject to mortality than 
prime-age animals. 

The winter of 1963-64 on the islands of 
the Bering Sea was one of the most severe 
on record from the standpoint of amount 
and duration of snow on the ground and 
extreme cold. Weather data were available 
from the two locations, Mekoryuk on Nu- 
nivak Island and St. Paul in the Pribilof 
Islands, about 250 miles to the east and 
southeast respectively (U. S. Weather Bu- 
reau 1964, 1965). Winter weather condi- 
tions on St. Matthew Island are generally 
milder than on Nunivak which is under a 
stronger continental influence, and St. Mat- 
thew Island has more snow and cold than 
the Pribilofs which lie almost four degrees 
of latitude farther south. On Nunivak Is- 

land the greatest snow accumulation on the 
ground during the following months was: 
January, 31 inches; February, 42 inches; 
March, 47 inches; and April, 48 inches. This 
amount of snow for each of these months 
in 1964 was the greatest during the 20-year 
record. The average temperature for Feb- 
ruary was also the coldest on record for 
that month. At St. Paul Island snow ac- 
cumulation during the following months 
was: February, 33 inches; March, 32 inches; 
and April, 27 inches, also records for this 
station. Temperatures during February at 
St. Paul were 7.8 degrees below the monthly 
mean and were the second coldest in the 
20-year record for that month. 

With this weather pattern, it is likely that 
the availability of forage was greatly re- 
stricted in late January and February, and 
the most acute situation was reached some- 
time after the turn of the year and prob- 
ably in February or March. That starvation 
was the cause of death of the reindeer dur- 
ing this period was verified by examination 
of the medullae of the long bones among 
the skeletal material. Without exception 
the cavities were hollow, indicating that no 
fat was present in the marrow at the time 
of death. The fat, when present, is resistant 
to decomposition and will be present in the 
bones 5 or more years after the death of 
the animal. This criterion for evaluating 
physical condition at the time of death has 
been used successfully among other cervids 
(Cheatum 1949). 

Bones of fetuses were found among the 
remains of several female reindeer that 
succumbed during the die-off and they pro- 
vided a basis for measuring the size of the 
fetuses at the time of death. Estimated 
body length of four fetal remains varied 
from 380 to 480 mm. Davey (1963) ob- 
tained body length measurements from 11 
fetuses recovered from reindeer shot on St. 
Paul Island during January and February, 
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Table 1. Sex and age composition of skeletal remains of St. Matthew Island reindeer following the die-off (from skeletal 

remains examined in 1966). 

AGE 
SAMPLE 

FAWNS 1/2 21/2 31/2 41/2 51/2 61/2 7/2+ SIZE 

Both sexes (%) 19.9 23.2 19.1 15.4 6.2 4.1 4.6 7.5 241 

Exclusive of fawns (% ) 
Males 35.4 25.3 17.7 7.6 5.1 2.5 6.3 79 
Females 24.6 22.8 20.2 7.9 5.3 7.9 11.4 114 
Both sexes 29.0 23.8 19.2 7.8 5.2 5.7 9.3 193 

1963, and these varied in size from 8 to 9 
inches (203-229 mm) on January 19 to 
12 to 15 inches (305-381 mm) on February 
15. Since the St. Matthew Island fetuses 
were only slightly larger than the St. Paul 
specimens of February 15, it appears that 
the four adult females carrying the fetuses 
died in late February and March. 

The fact that the reindeer skeletons 
tended to be grouped (Fig. 3) suggests that 
the animals died over a very short period 
of time; perhaps they were members of a 
larger band and died during the course of 
a bedding period. Frequently 10 or more 
skeletons were found in such close prox- 
imity. 

The skeletons or other remains of 31 rein- 
deer were found in 1957 and 25 in 1963 
and, when possible, they were sexed and 
aged. No significant differences in the sex 
and age characteristics were found between 
the two samples. In both years, animals 
over 5 years old predominated and males 
outnumbered females two to one, although 
some sampling bias undoubtedly existed 
because the large bleached antlers of bulls 
are more visible from a distance than are 
those of cows. 

In 1966, skeletal remains of 241 reindeer 
that had succumbed during the die-off were 
examined for sex, age, and other character- 
istics. Only those skeletons from which sex 
and age could be recorded were included. 
In the case of animals less than 1 year of 

age, sex could not be accurately deter- 

mined. In the overall sample there was a 
tendency for the small bones of fawns to 
become scattered and broken and thus less 
apparent among the tundra vegetation than 
the skeletons of older reindeer and this 
probably contributed to a sample bias. 

The possibility of a bias among adult 
animals because of the different methods 
of sex determination was considered. How- 
ever, the sex ratio of the subsample iden- 
tified on the basis of the pelvis was the 
same as that identified by antlers. Among 
the sample of 193 animals over 1 year of 
age which were identified by sex, 41 per- 
cent were males and 59 percent females, 
which is a significant alteration from the 
assumed equal sex ratio at birth (X2 test; 
P < 0.02). However, when examined by 
individual age-classes (Table 1) it is ap- 
parent that the sex ratio, essentially equal 
in the 1?-year class, shifts in favor of fe- 
males among the 6'/2 and older animals. 
This disproportionate adult sex ratio is con- 
sistent with the heavier mortality of males 
indicated by the 1957 and 1963 natural mor- 
tality data, and is also consistent with find- 
ings among other cervid populations (Gun- 
valson et al. 1952 and Klein 1965). 

Physical Condition 
The physical condition of the reindeer 

during 1957, 1963, and 1966 showed a 
pronounced difference. The 1963 animals, 
in comparable sex and age-classes, were 
considerably smaller in both body mass and 
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Table 2. Physical characteristics of St. Matthew Island rein- 
deer (mean values). 

SEX, AGE, 
AND YEAR 

MALES 

Fawns 
1957 
1963 
1966 

1 Year 
1957 
1963 
1966 

3+ Years 
1957 
1963 
1966 

FEMALES 

Fawns 
1957 
1963 
1966 

1 Year 
1957 
1963 
1966 

3+ Years 
1957 
1963 
1966 

0 

0 

2 
3 
0 

2 
2 
1 

2 
1 
0 

1 
0 

4 
5 
9 

skeletal proporti 
The differences 
and 3. In Table 
regressions of b 
are compared I 
the St. Matthev 
nificant differer 
sion lines betwe 
that body size d 
years are consist 
differences in s 
reflect actual di 
the reindeer in 

67 381 1,186 117 
Fig. 4. Large bull reindeer on St. Matthew Island in July, 
1957. Note the rounded body contours and large antler size. 

In 1957 the St. Matthew Island reindeer 
227 467 1,578 727 were in excellent condition, exceeding 
150 450 1,439 455 weight ranges of reindeer in domestic 

herds, including average weights from the 
Nunivak Island herd which was the source 

404 515 2,023 1,149 of the original animals introduced to St. 282 476 1,700 886 
286 510 1,920 450 Matthew Island (Table 4). The large size 

of the reindeer in 1957 was undoubtedly 
the result of their recent establishment on 
a very favorable range (Fig. 4) and the de- 

102 403 1,321 289 crease in body weight and skeletal size in 
62 372 1,146 133 1963 was undoubtedly the product of 

poorer nutrition, as a result of increased 
population pressure. However, it is note- 

199 448 1,530 562 worthy that adult weights in 1963, although 
150 426 1,494 455 

- 

426 
19_ - greatly reduced from 1957, were nonethe- 

less comparable with those from domestic 

246 464 1,743 565 herds, suggesting that in most cases do- 
175 459 1,623 388 mestic reindeer exist under conditions con- 
208 456 1,644 444 siderably less than optimal. 

Christian (1963) and other workers in 
the area of physiological mammalogy relate 

ions than the 1957 reindeer. decreasing body size in situations of pop- 
are illustrated in Tables 2 ulation increase with density-dependent 
3, slopes and elevations of physiological stress. While there is evidence 

>ody characters against age to support growth depression resulting from 
)etween 1957 and 1963 for stressful situations in laboratory populations 
v Island reindeer. The sig- of rats and mice (Crew and Mirskaia 1931, 
ices in elevation of regres- Calhoun 1950, Strecker and Emlen 1953), 
en the two periods indicate growth of wild ungulates appears to be 
lifferences between the two more directly related to the qualitative and 
tent for all age-classes. The quantitative aspects of the food supply 
slopes, on the other hand, which may not necessarily be related to 
fferences in growth rates of the density of the population (Riney 1955, 
1957 and 1963. Cowan and Wood 1955, Klein 1964). 

LENGTH 
LONGEST 

SAM- TOTAL HIND TOTAL ANTLER 
PLE WEIGHT FOOT LENGTH BEAM 
SIZE (LB) (MMI) (MM) (MM) 
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Table 3. Comparison between 1957 and 1963 of slopes and elevations of regressions of body weights and measurements 

against the logarithm of age of St. Matthew Island reindeer (t test for differences in slopes and elevations after Steel and 
Torrie 1960). 

CORRELATION PROBABILITY LEVEL 
COEFFICIENT ELEVATION SLOPE 

Body CHARACTER r a b ta tb ta tb 

MALES 

Weight 
1957 
1963 

Hind foot 
1957 
1963 

Total length 
1957 
1963 

Antler length 
1957 
1963 

FEMALES 

Weight 
1957 
1963 

Hind foot 
1957 
1963 

Total length 
1957 
1963 

Antler length 
1957 
1963 

0.9983 
0.9946 

0.9329 
0.9248 

100.3 
62.3 

408.8 
386.5 

0.9880 1304.0 
0.9921 1180.3 

0.9773 
0.9773 

0.9596 
0.9589 

0.8144 
0.9799 

430.8 
305.6 

157.5 
155.2 

1009.5 
812.8 

314.5 1221.4 
112.4 1182.0 

113.4 
70.9 

410.8 
380.6 

0.9632 1335.2 
0.9753 1191.1 

0.8130 
0.6537 

335.6 
169.6 

216.9 
162.3 

81.9 
122.8 

603.8 
666.8 

430.2 
364.5 

5.23 5.50 0.001 0.001 

2.16 0.18 0.100 ns* 

3.60 2.34 0.005 0.050 

3.00 0.24 0.025 ns 

2.91 5.26 0.025 0.001 

2.61 1.77 0.025 0.100 

10.62 2.33 0.001 0.050 

1.57 0.28 ns ns 

* Not significant at the 0.100 level. 

The reindeer shot in 1966, all 4 years old 
or older, represent animals that were alive 
in 1963 before the die-off. All but one 
were at least 3 years old in 1963 and there- 
fore had attained essentially all of their 

growth before the die-off. One would there- 
fore not expect to see any growth response 
in these animals to the reduced competition 
for high quality range vegetation, and the 

body measurements confirm this. The 

weight of the females in 1966, however, 
substantially exceeds the average weight 
for the 1963 adult females. Probably this 

resulted from reduced competition for high 
quality forage after the winter of 1963-64 
and because the 1966 females had not pro- 
duced young since the die-off. The absence 
of the burden of gestation and lactation 

undoubtedly resulted in a substantial con- 
servation of energy. 

The reproductive status of females has 
been used as an index to physiological wel- 
fare (Cheatum and Severinghaus 1950, 
Myers and Poole 1962). The reproductive 
history of female reindeer collected in 1963 
and 1966, as determined from ovarian ex- 
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Table 4. Average weights in pounds and weight ranges of the St. Matthew Island reindeer with some comparative data 
from other herds. 

FAWNS YEARLINGS ADULTS 

HERD Males Females Males Females Males Females 

St. Matthew Is. (12)* - 102 227 199 404 246 
(July-Aug. 1957) (97-107) (219-235) (186-211) (404) (245-247) 

St. Matthew Is. (15)* 67 62 150 150 282 171 
(July 1963) (63-70) (62) (139-161) (150) (282) (150-193) 

St. Matthew Is. (10)* - - - - 286 208 
(July 1966) (286) (190-222) 

Nunivak Is. (113)* - - 251 198 
(August 1965) 

MacKenzie Delta (134)* 88 78 163 152 283 189 
(Krebs and Cowan 1962-July) (56-115) (34-104) (142-179) (130-162) (252-312) (151-210) 

Russian herds - - 134 132 225 161 
(Krebs and Cowan 1962-June) (94-193) (72-170) (181-292) (115-225) 

Swedish Lapland 88 84 123 121 275 198 
(Skuncke 1968-Sept.) 

* Sample sizes. 

amination, is given in Table 5. Unfortu- 
nately, ovaries from the 1957 collections 
were lost in storage. In drawing conclu- 
sions from the ovaries, it should be borne in 
mind that identifying the various ovarian 
bodies was difficult, owing to variation in 
their stage of development or retrogression 
and the lack of suitable reference material; 
consequently, misinterpretation may have 
resulted. Also, reconstructing the reproduc- 
tive history of an animal depends upon 
accurate aging, and while aging the ani- 
mals by tooth eruption and wear yielded 
results consistent with other findings, the 
method was not based on known-age ani- 
mals. 

Among the females collected in 1963 
over 1 year of age, two had corpora albi- 
cantia corresponding in number to their 
age. This may indicate that they conceived 
as fawns and gave birth to their first young 
at 1 year of age, although an error may 
have been made in estimating their age, or 
one or more of the "corpora albicantia" may 
have been accessory corpora albicantia of 

pregnancy similar to those observed among 
elk (Halazon and Buechner 1956). Two 
other females over 1 year of age and the 
1-year-old female had apparently not con- 
ceived in their first year. The one non- 
lactating 1963 adult female showed no in- 
dication of previous pregnancies although 
follicular development appeared normal 
and brown spots, interpreted as scars of 
erupted follicles, were present throughout 
the ovaries. There was no apparent ex- 
planation for the reproductive failure of 
this animal as it was in good condition with 
abundant fat reserves. The fact that two 
of the 1963 females appeared to have con- 
ceived as fawns is surprising. Although 
breeding of fawns quite likely contributed 
to the high rate of increase during the 
early years after the introduction on St. 
Matthew Island, it seems doubtful that it 
could have been common during the period 
of high density when rates of increase were 
much lower. 

The 1966 females apparently produced 
young before the die-off, with two excep- 
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Table 5. Ovarian characteristics of female reindeer col- 
lected on St. Matthew Island in 1963 and 1966. 

CORPORA 
ALBICANTIA 

SPECI- No. 
MEN AGE LAC- FOLLICLES Current BROWN 
No. (YRS.) TATING OVER 2 MM Year Total SPOTS* 

1963 

1 4 + 7 + 4 1 
4 3 + 7 + 2 0 
6 2 + 5 + 2 0 

12 3 - 7 - 0 5 
14 4 + 5 + 3 2 
15 1 - 5 - 0 0 

1966 
3 6 - 17 - 4 9 
4 6 - 15 - Ot 7 
6 8 - 3 - 3 8 
7 6 - 2 - 1 14 
8 8 - 7 - 4 11 
9 6 - 6 - 4 18 

10 6 - 5 - 5 19 
11 4 - 2 - 0 12 
12 6 - 5 - 2 9 

* Brown spots were assumed to be scars of erupted fol- 
licles which did not result in pregnancies. 

t White opaque structures on the ovaries of this animal 
may be corpora albicantia. 

tions: the 4-year-old animal which was a 
yearling in 1963, and one whose reproduc- 
tive history is questionable. However, there 
was no indication that conception took 
place in any of these animals after the die- 
off. The appearance and number of ovarian 
brown spots, which were interpreted as 
scars from erupted follicles, suggest that 
several ovulations took place without con- 
ception occurring during the years follow- 
ing the die-off. It does not appear likely 
that their failure to breed resulted from 
nutritional factors. Also physiological stress 
caused by excess population density, which 
has been implicated in reproductive failure 
in rodents and inferred in other mammals 
(Christian and Davis 1964), should not 
carry over after the die-off. 

Perhaps the most plausible explanation 
of the lack of reproduction lies among the 
males rather than the females. In the 1966 

sample only one male was collected. No 
other males were observed among the re- 
maining 32 reindeer although admittedly 
one or more may have been overlooked 
owing to small antler size. Normally at this 
time males would have substantially larger 
antlers than females, but the antlers of the 
one male collected were smaller than the 
average size of the female antlers. It can 
be speculated, however, that because re- 
productively active males are more sus- 
ceptible to winter mortality than females, 
none of them survived the extreme condi- 
tions that brought about the nearly com- 
plete annihilation of the herd. If this is 
true, the absence of pregnancies after the 
die-off may have been due to the lack of 
reproductively capable males. The one 
male known to survive may not have been 
reproductively active after the die-off. Its 
relatively low weight and smaller antler 
growth under conditions which brought 
about opposite effects in the surviving fe- 
males tend to support this assumption. 

Twelve reindeer specimens in 1957, 15 
in 1963, and 10 in 1966 were examined for 
parasitism. While sample sizes are too small 
to enable statistical comparisons, lung 
worms (Dictyocaulus sp.) were found in 
three of the 1963 animals and in none of 
the 1957 or 1966 reindeer. None of these 
infestations were acute. Skin warbles, which 
commonly infest reindeer and caribou on 
the mainland, apparently did not establish 
in the St. Matthew Island herd, for none of 
these parasites nor the characteristic scars 
they leave on the skin of the host were 
found in any of the animals examined. 

Lung worm, which has been implicated 
in mass mortality among other cervids 

(Cowan 1951), may have contributed to 
reduction of the St. Matthew herd, but it 
certainly was not present in epizootic pro- 
portions during the summer preceding the 
die-off. Although parasitism may be the 
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Fig. 6. Lichen growth on reindeer-free Hall Island which is 
adjacent to St. Matthew Island (July, 1963). 

Fig. 5. General and close-up views of a lichen stand on St. 
Matthew Island in August, 1957. Note the raised hummocks 
of prostrate willow (Salix crassijulis X ovalifolia) inter- 
spersed throughout the lichen mat. The fractured and badly 
depleted lichen mat is quite apparent in the lower picture. 

actual agent of death in many instances 
among wild ungulate populations, it is 
usually associated with debilitation of the 
animals from other causes such as mal- 
nutrition. 

The Vegetation 

The vegetation on St. Matthew Island is 
of the arctic tundra type and is of a more 
xeric nature than that of the Pribilof Islands 
to the southeast. All plants are low grow- 
ing and the annual growth of only a few 
forbs and grasses exceed 30 cm in height. 
Willows (Salix spp.), the only shrubs com- 
monly present, are decumbent in form. 

Winter reindeer range on St. Matthew 
Island is necessarily restricted to windswept 
areas which are blown free, or nearly free, 

of snow. Drifted snow collects in stream 
valleys, depressions, and on the lee side of 
hills, and greatly restricts availability of 
vegetation. By nature of their exposure 
and lack of significant snow cover, the 
windswept areas support xeric plant com- 
munities adapted to the harsh microclimate. 
A lichen-willow-sedge complex predomi- 
nated on the winter range through 1957. 

Until 1957, the greatest concentration of 
winter use by reindeer was on the two large 
dry flats and adjacent low ridges on the 
southeastern end of the island. Late winter 
aerial observations made by Rhode in 1955 
revealed large numbers of reindeer in these 
areas (personal communication). 

Vegetation on the heavily utilized win- 
tering areas adjacent to Big Lake and Cape 
Upright showed the pronounced effect of 
heavy reindeer use as early as 1957. Lichen 
growth had been seriously depleted through 
the combination of winter grazing, tram- 
pling, and shattering, and actual removal 
of the dry, shattered pieces of lichen by 
the persistently strong winds. With wind 
velocities often averaging more than 20 
miles an hour during winter months, the 
potential for plant desiccation and erosion 
is great. By 1963, lichen growth, which 
formerly occupied slight depressions be- 
tween raised hummocks of prostrate wil- 
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Table 6. Percent changes in vegetation densites between 1957 and 1963 in four fenced and four unfenced meter-square 
study plots.* 

GRAssES SEDGES WILLOWS 

PLOT Enclosed Unprotected Enclosed Unprotected Enclosed Unprotected 

A 19.0 9.0 34.0 65.0 -2.5 4.0 
B 4.5 8.5 60.0 47.0 -7.0 -6.0 
C 6.0 2.0 3.5 5.0 27.5 -9.0 
D 0.0 0.0 10.0 2.5 48.0 -6.5 

Totals 29.5 19.5 107.5 119.5 66.0 -17.5 

Mean change per plot 7.4 4.9 26.9 29.9 16.5 -4.4 

* Positive values indicate an increase and negative values a decrease in density over tbe 1957 condition. 

lows, had been almost completely elimi- 
nated (Fig. 5). In the past, lichen growth 
apparently was quite similar to ungrazed 
areas on reindeer-free Hall Island where 
the lichen mat was 8-12 cm deep (Fig. 6). 
In 1963 the lichen mat on the old winter 
range areas seldom exceeded 1 cm in depth 
and was composed of badly shatterd lichens 
usually unattached to the ground. These 
same areas showed little change when ex- 
amined in 1966. The fractured parts of 
lichens remaining on the ground surface 
consisted in large part of the nonliving 
basal parts from which regrowth is not 
possible. However, there may have been 
enough living material present to allow for 
renewal of the lichen mat, but any regrowth 
will be exceedingly slow. The preferred 
lichen species, such as Cladonia rangi- 
ferina, are the most vulnerable to shatter- 
ing through trampling, while the more re- 
silient forms which resist shattering, such 
as Thamnolia vermicularis, are less pala- 
table to reindeer and apparently made up 
a smaller percentage of the original stands. 

Willows fared better than lichens under 
the heavy reindeer use but by 1963 the 
willows had begun to show signs of deteri- 
oration as a result of heavy winter brows- 
ing. It is apparent from observations made 
in 1957 and on adjacent Hall Island that in 
the original lichen-willow-sedge stands the 
willows and sedges were suppressed by the 

engulfing growth of lichens. The removal 
of lichens by the reindeer stimulated the 
growth of willows, sedges, grasses, and 
some forbs but by 1963 the reindeer were 
forced to rely heavily on the willows. Com- 
parison of vegetation in fenced and un- 
fenced plots showed an apparent increase 
in density of willows in the plots that were 
protected while in the unprotected plots 
they decreased, but these differences are 
not statistically significant. 

Sedges and grasses continued to increase 
in density under the continued and increas- 
ing grazing pressure. Statistically signifi- 
cant increases in both sedges and grasses 
were apparent in the fenced and unfenced 
vegetation plots in 1963 (Tables 6 and 7). 
Evidence from other reindeer ranges in- 
dicates that when lichens are depleted, 
grasses and sedges are grazed extensively 
during the winter (Palmer 1929). At the 
time of the die-off, crowberry (Empetrum 
nigrum) was apparently the only vegetation 
available in any volume as evidenced by 
ruminal material still present among the 
skeletons. 

Summer forage use by reindeer did not 
result in significant alteration of the vege- 
tation complex. During the 1957 summer 
field studies, reindeer were observed to 
make almost exclusive use of the well- 
drained sedge meadows and bog meadows 
where sedges were very common and were 
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Table 7. Changes in density of grasses and sedges during 
the 6-year interval 1957-63. 

MEAN DENSITY 
No. (% GROUND 

VEGETATION YEAR PLOTS COVER) t 

1957 8 0.26 
Grasses 1963 8 0.26 2.56* 

Sedges 1957 8 12.80 3 07* 1963 8 16.50 3.07* 

* Significant at the 0.05 confidence level utilizing Snede- 
cor's (1956) t test for paired replications. 

the predominant plants eaten by the rein- 
deer. On the drier, better-drained meadows, 
Carex nesophila was the most abundant 
sedge and received the brunt of summer 
use. The wetter, boggy sites support a 
wider variety of sedges, but C. aquatilis is 
usually the dominant form and in these 
sites it received the heaviest use during 
1957. Other sedges, grasses, leaves stripped 
from willows, and forbs were also important 
components of the summer diet of the rein- 
deer. All vegetation types received some 
summer use by reindeer; however, the types 
with a high proportion of sedges and 
grasses appeared to support the brunt of 
summer grazing. 

During the 1963 studies, heavy reindeer 
pressure on the summer forage was evident 
but no significant lasting damage was 
noted. Closely cropped sedges and grasses 
were present in all vegetation types sup- 
porting these plants but were most exten- 
sive in moist but well-drained meadows, on 
lake shores and lake floodplains, and on 
the drier slopes of hills. There appeared 
to be sufficient summer forage on the is- 
land, but competition for the most nutri- 
tious and palatable plants was undoubtedly 
keen. Evidence from other reindeer ranges 
in Alaska indicates that summer range sel- 
dom suffers from overutilization, while win- 
ter range condition varies with population 
pressure and appears to be the most im- 
portant factor in population control. How- 

ever, the importance of summer range in 
the ecology of the reindeer may be greater 
on an island where opportunity for move- 
ment is restricted. 

Summer grazing is apparently seldom 
permanently destructive to moist subarctic 
tundra. In fact, indications are that limited 
grazing of the annual growth of sedges, 
grasses, and some forbs is actually bene- 
ficial in stimulating forage production. 
Harmful effects on summer range are lim- 
ited to trampling vegetation and compact- 
ing loose, moist soil where movements of 
large numbers of animals are constricted 
by narrow valleys and other terrain features. 
Throughout the spring and summer, when 
actively growing, plants are able to with- 
stand considerable trampling and still re- 
cover rapidly. In addition, the high hu- 
midity which accompanies the persistent 
spring and summer fogs on St. Matthew Is- 
land keeps the lichens moist and resilient 
and less subject to shattering than in a drier 
atmosphere. 

The nutritive quality of the low-growing 
plants which make up the summer forage 
for reindeer on St. Matthew Island can ap- 
parently be very high. This is indicated 
by the excellent physical status of the rein- 
deer in 1957. On St. Matthew Island the 
variations in exposure resulting from irreg- 
ularities in terrain account for a wide range 
in plant development and maturity. Also, 
the cool moist summers delay maturity and 
curing of vegetation. Consequently, during 
its most nutritious period, the early stages of 
growth, vegetation is being produced over 
an extended period. Under the heavy stock- 
ing of the range in 1963, competition was 
apparently great enough to restrict the con- 
sumption of highest quality forage by in- 
dividual reindeer to a minimal portion of 
their diet. 

Selected forage samples collected in 1963 
were analyzed chemically for nutritive value 
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Table 8. Nutritive quality of forage and washed rumen samples (dry-weight basis). 

% % % % % 
SAMPLE NITROGEN PROTEIN CRUDE FAT CRUDE FIBER ASH 

ST. MATTHEW ISLAND 

Forage samples (1963) 
Carex nesophila 4.02 25.14 2.76 22.28 5.11 
Arctagrostis latifolia 3.52 22.03 2.64 24.93 6.69 
Artemisia arctica 3.74 23.37 2.52 10.74 11.46 

Rumen samples (1963) 
Mean (N = 4) 2.86 17.94 3.49 33.95 5.30 
Range 2.61-3.29 16.36-20.61 2.73-4.51 32.07-35.34 4.74-5.73 

Rumen samples (1966) 
Mean (N = 4) 3.2 19.8 3.1 31.6 3.3 
Range 2.7-3.5 17.1-21.7 2.6-4.1 30.8-32.1 3.1-3.7 

ADAK ISLAND 

Rumen samples (1966) 
Mean (N = 2) 4.7 29.1 6.0 28.1 4.4 
Range 4.5-4.8 28.2-30.0 4.9-7.0 27.4-28.7 4.4 

and were found to be of relatively high 
quality. Rumen samples from reindeer shot 
during 1963 and 1966 were washed to re- 
move the microorganisms and ruminal fluid 
components and then analyzed chemically 
as a basis for judging the quality of the 
forage consumed (Klein 1962). Table 8 
shows that for 1963, nutritive values of the 
washed forage from rumen contents were 
much lower than the selected forage sam- 
ples, and apparently reflect the limitation 
upon the reindeer to select forage qualita- 
tively which was imposed by the high pop- 
ulation density. In the 1966 rumen samples, 
percent protein had increased and percent 
fiber decreased in comparison with the 
1963 samples, apparently as a result of the 
absence of significant competition among 
reindeer for the highest quality forage. It 
is interesting to note in Table 8 that com- 
parative rumen samples from caribou on 
Adak Island, where these introduced ani- 
mals are exhibiting remarkable growth 
rates, show protein and fiber levels even 
more favorable than those in the 1966 St. 
Matthew Island samples. In Table 9, com- 
parisons are made between protein and 

fiber levels of gross rumen samples from 
St. Matthew Island reindeer and reindeer 
in a domestic herd on the Seward Penin- 
sula, near Nome. Significantly higher pro- 
tein levels and lower fiber levels among the 
St. Matthew Island material, both before 
and after the die-off, than among rumen 
samples from the managed reindeer herd 
emphasize that present domestic reindeer 
herding practices are seldom based on a 
knowledge of range ecology. 

Range Carrying Capacity 
With regard to ungulate range, it can 

perhaps be stated that forage quantity acts 
primarily to govern population size while 
quality determines the size of the indi- 
vidual. Further, in northern regions, food 
limitation is most critical during the winter 
period while qualitative variations in the 
food supply make themselves felt during 
summer when the physiological demands 
of animals are highest and growth is most 
rapid (Klein 1964). Thus range carrying 
capacity involves two quite different cri- 
teria: the winter component which governs 
the upper limit of the population, and the 
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Table 9. Comparison of analyses of protein and fiber content of gross rumen samples from reindeer on St. Matthew Island 
and the Seward Peninsula (dry-weight basis). 

PROTEIN FIBER 
SAMPLE 

SAMPLE DATE COLLECTED SIZE Mean SE Mean SE 

A. St. Matthew Island July 20-23, 1963 4 29.4 0.965 21.7 0.310 
B. St. Matthew Island July 2-13, 1966 6 32.9 1.341 27.0 1.538 
C. Seward Peninsula June 13-Aug. 7, 1966 6 24.7 1.574 39.4 1.440 

Comparison of differences at 0.05 level of significance utilizing Kramer's (1956) modification 
of Duncan's New Multiple Range Test 

COMPARISONS 

A & B 
A & C 
B & C 

PROTEIN 

not significant 
significant 
significant 

FIBER 

significant 
significant 
significant 

summer component which determines the 
physical stature of the individual. Of course, 
seasonal components of the annual physio- 
logical cycle of growth and maintenance in 
ungulates are not completely independent 
of one another. Physiological welfare in 
summer affects reproductive success and 
winter survival and, hence, rate of popula- 
tion increase; physiological status at the 
end of winter can influence growth and sur- 
vival of young and rate and time of initia- 
tion of summer fat accumulation in adults. 

Various authors have made estimates of 
grazing capacity for reindeer. Palmer (1929) 
listed 16-18 reindeer per square mile as 
the maximum for safe range use and he 
later (1934) suggested that this might be 
too high a density for most ranges. Hustich 
(1951) gave a figure of 13 reindeer to the 
square mile for the lichen woodland of 
Labrador. These estimates presumably are 
for winter range. The density of reindeer 
on St. Matthew Island in 1957 was 10.5 per 
square mile and by 1963 it had increased 
to 46.9 per square mile. It is noteworthy 
that on St. Paul Island, reindeer reached a 
density of 49 per square mile just before 
the "crash die-off" there in the 1940's 
(Scheffer 1951). 

Estimates of desirable stocking on the 
summer range are generally lacking in the 

Russian, Scandinavian, and North American 
literature. Palmer (1934:23-24) listed 6 
acres (107 reindeer per square mile) as the 
combined spring and summer range require- 
ment of reindeer on the basis of studies of 
fenced reindeer but suggested lower stock- 
ing levels on open range. This is not directly 
comparable to the St. Matthew Island den- 
sities because utilizable range is much less 
than the total land area on the island. Prob- 
ably as much as half of the island is covered 
by rock scree which is completely unvege- 
tated except for widely scattered crustose 
lichens. In addition much of the area uti- 
lized as winter range was not used by rein- 
deer in summer. 

Mechanisms of Population Control 

The reindeer population on St. Matthew 
Island increased rapidly to a peak which 
was followed by a crash. This pattern has 
been observed among other animal popula- 
tions under varying conditions, but most 
often among introduced species on islands. 
Population "explosions" and ensuing die- 
offs on islands have been reported for rein- 
deer on the Pribilof Islands (Scheffer 1951), 
cottontail rabbits (Sylvilagus floridanus) on 
Fishers Island, New York (Smith and Chea- 
tum 1944), and moose (Alces alces) on Isle 
Royale in Lake Superior following their 
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arrival there (Mech 1966). Explanations 
for this type of response of introduced ani- 
mals may lie in the characteristics of the 
new environment or in the lack of plasticity 
of the introduced species. It is conceivable 
that an environment containing several di- 
verse potential population-regulating mech- 
anisms (for example, food supply, preda- 
tors, interspecific competition) would bring 
about a more gradual control of an intro- 
duced species than an environment with 
only one limiting mechanism such as food 
supply. Therefore, one would expect that 
the more complex the environment in terms 
of the flora and fauna present, the more 
graded would be the response of the in- 
troduced species. This explanation has been 
used, of course, to account for the preva- 
lence of cyclic species in northern regions 
where ecosystems are characteristically less 
complex than in temperate or tropical re- 
gions. Island ecosystems also tend to be 
less complex than continental ones. Envi- 
ronmental limitations on islands, especially 
small ones, are finite. There is no con- 
tinuum from favorable to less favorable 
habitat for a species occupying an entire 
island. Island ecosystems, although sparse 
from a species standpoint owing to re- 
stricted access, tend to be younger than 
continental ecosystems, with the result that 
there has been less time for the develop- 
ment of complex interrelationships. 

Certain species appear less inclined to 
wide population fluctuations than others 
when introduced to new environments. The 
wolves of Isle Royale are a classic example 
of a new and successful species stabilizing 
at a level commensurate with the food sup- 
ply (Mech 1966). There are innumerable 
instances of the Norway rat, the house 
mouse, and other species associated with 
man, gaining access to islands in temperate 
and tropical regions and, once established, 

maintaining relatively stable populations. 
Reindeer have also been introduced to is- 
lands without experiencing the wide fluc- 
tuations that occurred on St. Matthew Is- 
land and the Pribilofs. On Atka and Umnak 
Islands in the Aleutians, introduced rein- 
deer appear not to have undergone large 
scale die-offs although accurate records of 
their population levels are not available. 
In the Southern Hemisphere the introduced 
reindeer of South Georgia have apparently 
stabilized at about 4,000 (Bonner 1958). 
However, winter climatic conditions are 
not as severe in the Aleutians or on South 
Georgia as on St. Matthew Island or the 
Pribilofs. 

There appears to be a relationship be- 
tween the self-regulatory ability of animal 
populations and the relative stability of 
the environments within which they have 
evolved. For example, the North American 
deer that are adapted to early successional 
stages of vegetation, which are of a transi- 
tory nature, appear not to have well de- 
veloped self-regulatory mechanisms and are 
characterized by wide population fluctua- 
tions. On the other hand the roe deer 

(Capreolus capreolus) in Europe (Ander- 
sen 1963) and some bovids, such as the 
Uganda kob (Adenota kob thomasi) (Beuch- 
ner 1963), that are found on relatively 
stable vegetation types, appear to have 
evolved behavioral mechanisms that tend 
to contribute to the stability of their popu- 
lations. The caribou appear to be inter- 
mediate in this respect. The tundra and 
open subarctic lichen forests, which are 
their native habitat, are climax vegetation 
types of a very stable nature. Mobility and 
the development of the migratory habit ap- 
pear to be compensating mechanisms which 
prevent destruction of the food resource. 
In addition, the wolf is an effective preda- 
tor on caribou and the two species have 
evolved a relationship that appears mu- 
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tually beneficial at the level of the popula- 
tion. 

On St. Matthew Island and the Pribilof 
Islands (Scheffer 1951), reindeer were in- 
troduced to restricted ranges free of preda- 
tors and subjected to insignificant annual 
harvests. The normal migratory habit of 
the species could offer no relief to the pres- 
sure of the animals on the range because 
of the restricted sizes of the islands. The 
populations expanded rapidly under the 
good range conditions and winter mortality 
at first was light because of the abundant 
lichen forage. Increasing at geometric rates, 
the populations passed from moderate 
levels, with respect to the food supply, to 
excessive populations in only a few years. 
On St. Matthew Island, and possibly on the 
Pribilofs as well, the rapid increase to the 
peak population was coincident with favor- 
able winter climatic conditions. 

The large scale die-off of reindeer on St. 
Matthew Island during the winter of 1963- 
64 was apparently the result of a combina- 
tion of the following factors: (1) over- 
grazing of lichens on the island, which are 
normally the most important winter forage, 
by the large numbers of reindeer; (2) ex- 
cessive numbers of reindeer during the win- 
ter of the die-off competing for the very 
limited available forage; (3) the relatively 
poor condition of the reindeer going into 
the winter as a result of competition for 
high quality summer forage during the 
summer of 1963; and (4) extreme weather 
conditions, particularly deep snow accumu- 
lation, during the winter of 1963-64, fur- 
ther restricting the availability of the al- 
ready depleted winter forage. These same 
factors, jointly operative, were apparently 
responsible for the reindeer die-off on the 
Pribilof Islands in the 1940's (Scheffer 
1951). That weather conditions were not 
the sole factor in the die-off of reindeer on 
St. Matthew Island is demonstrated by the 

good survival of the reintroduced reindeer 
on St. Paul Island during the same period 
(F. Wilke in correspondence 1966). Also, on 
Nunivak Island, although considerable mor- 
tality occurred among the reindeer there 
during the winter of 1963-64, no large die- 
off resulted. 

Food supply then, through interaction 
with climatic factors, was the dominant 
population-regulating mechanism for rein- 
deer on St. Matthew Island. Other factors 
of population control, such as disease or 
parasites and predation, can be ruled out 
and there is insufficient evidence to sug- 
gest that self-regulatory mechanisms of a 
behavioral (Wynne-Edwards 1965), a ge- 
netic (Chitty 1960), or a behavioral-physio- 
logical nature (Christian and Davis 1964) 
were involved in the die-off. 
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