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PREFACE

Although the North American idoose bas been a prized trophy and
meat animal for years, many clementa of its basic biology have not been
learned. Recently, studies designed to provide the knowledge necessary
for the proper utilization of the moose have been inaugurated in various
portions of North America, In this paper the author presents the results
of one such study made in south central Alaska from 1956 to 1358.

The author began this study in January, 1956, as a research project
gponsored by the Alaska Railroad and by Faderal Aid in Wildlife
Restoration. The project had the following basic goals: 1) to devise a
means of alleviating the moose versus railroad conilicts, and 2) to gather
data pertinent to proper moose management techniques in the study area.
Only the latter phase of the project is reported on here,
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ABSTRACT

SOME ASPECTS OF POPULATION DYNAMICS
OF THE
RAILBELT MQOOSE POPULATIONS

Moose in the Lower Susitna Valley constitute one of Alaska's most
valuable big game resources, These moose were studied from January,
1256, to June, 1953,

tlale moose reach sexual maturity at 16 to 13 months; females
usually at 28 to 30 months, although a few breed at 16 to 18 months. Rut
extends irom early September through early November. Conception
probably peaks in early October. All moose (over twa years old) examined
vere fertile. Ninety-four per cent of Age Class II and older females were
»regnant.

Sex and age data on 476 moose {fectuses to old-age) were obtained
irom railroad, highway, and illegal kills. Sex ratios of fetusee and
calves indicate a 100:100 sex ratio, Sex ratios of #nimals older than
calves are distorted by hunting, but natural mortality of lightly hunted
adults is apparently greater in males. Age structure of three local
nopulations differs somewhat--pogsibly due to environment. Calf mortality
of 30 to 7J per cent by October or November may be normal for the
ponulations studied. Hunting, accidents, and severe winters ére belleved
the principal mortality factors beyond six months.

7 eights and measurements of 83 moose are presented. About

73 nar cent of the total skeletal growth is completed by 17 to 18 months.



7 eight increase continues several years.
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INTRODUCTION

The moose populations which inhabit the Lower Susitna Valley
(Figures 1 and 2), along with those on the Kenai Peninsula constitute
Alaska's most valuable, abundant and accessible maose populatioas.
Chatelain (1951) discussed the winter range problems, population growth,
and relatively brief history of the Lower Susitna Valley herds. He stated
that prior to 1930 moose were scarce throughout these areas. By the
mid=-‘orties moose were abundant, however, particularly in the choice
winter browse areas along the Alaska Railroad between Houston (Mile Post
172) and Talkeetna (Mile Post 228); by 1348 they were very abundant in the
~Aatanuska Valley.

The moose, which tend to concentrate in the choice browse areas
along or adjacent to the railroad right-oi-way have created two major
problems: one involves moose obstructing the railroad right-of-way; the
other involves the management 0: these valuable moose populations,

In addition to concentrating in choice browse areas along the
railroad, moose also use the plowed roadbed as a route of travel,
particularly during periods of deep snow cover., This practice frequently
results in moose~train accidents. ' During winters having unusually deep
accumulatione of snow, as many as two hundred moose have been killed
on the 56-mile segment of the railroad between Houston and Talkeetna.
This area, roughly 15 per cent of the total railroad mileage, accounts ior

72 per cent of the annual railroad-moose fatalities. These accidents
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represent an undesirable destruction of a valuable resource and an
expensive additional operating hazard to the railroad. Moose have caused
train derailments which have resulted in the destruction of equipment
worth many thousands of dollars.

In Decembeyr, 1955, the Alaska Railroad and the United States Fish
and Wildlife Service jointly sponsored a study in an effort to find some
means of alleviating, and if possible ending, the moose versus train
conilicts. This study was conducted by the author and was continued
during the winters of 1956 and 1957, A completion report appears in
Vol., 12, Federal Aid in wWildlife Restoration, Project W-3-R-12, Vork
“lan A, Job No. 4.

Concurrent with the above study and in the same arca a study of
moose population dynamics was Inaugurated and it is continuing. The
parpose of this project was to obtain data pertinent to proper mahagement
ot the problem moose populations inhabiting the railbelt areas, and to
gain a better understanding of moocse population dynamics. Data
;Sertinent to the following aspects of moose population dynamics are
nresented: reproduction, sex and age distribution, survival, weights and

measurements, and growth.



REPRODUCTION

Cluantitative data illustrating the age ol sexual maturity, period of
rut, and fertility {or the moose (ﬁlf_‘?.ﬁiiff_’, i.innaeus) of North Amaearica,
and particularly for the Alaskan subspecies (A, a. gigae Miller), are
axtremely limited or totally lacking. The data presented here represent
some of the results obtained from éxamining moose killed accidentally,
illegally, or by hunters, and from aerial and ground observations made
of the moose populations inhabiting the lMatanuska Valley and Railbelt

areas, These data were collected between January, 1956, and June,

1953,

Age of Saxual HMaturity.

Most workers have not considered yearling {(12~24 months) males
important contributors to the reproductive segment ol moose populations.
Ckuncke (1949) indicates that in “weden male moose may be capable of
{ertilizing cows when two and one-{ourth years old.‘ but that the larger
bulls seldom allow them the opportunity. Petereon (1355) mentions that
the age of sexual rnaturity in male mnoose is not definitely known, but
that some authorities believe bulls are capable of breeding at 16 months.

‘Jhservations of mooge rutting behavior by the writer have been
limited to the periode immediately before and aiter the main rl;lt, neriods
~vhen the "harem?like“ groups consisgt ot both adult and yearling males
seemingly neacefully intermingled with the accompanying cows and

calves.



Yearling male moose are capable of and in all probability do
fertilize cow moose, and may become an important factor in the
reproduction of a heavily hunted moose ponulation, such as that of the
atanuska Valley. Here, hunting has greatly reduced the male segment
of the population, and aerial sex and age composition counts reveal that
the remaining males are approximately 70 per cent yearlings: groups of
10 to 30 animals consisting oi cows, calves, and one to four young bulls
wera observed in late October 1957. One instance of what appeared to
be successiul copulation by a yearling bull with an adult cow was
sbserved.

Further confirmation that yearling male moose are capable oi
fertilizing cows is provided by Dr. J. L. Buckley, then, Leader,
Cooperative Research Unit, College, Alaska, who reports that
examination of the epididyral contents of three yearling male moose
coilected near Fairbanks, Alagka, on September 7, 12, and 17, 1953,
respectively, revealed the presence of spermatozoa. iMicroscopic
examination of the epididymis contents of 17 yearling moose killed in
August, Leptember, and November, 1757, in the mMatanuska Valley
yielded similar findings {Table 1).

Information, in the litorature, recgarding the age at vhich female
moose first breed is ssemingly as speculative as that on the male
moose. “eterson (1753), citing Lonnberg {(1923) and kuncke (1749},
postulates that a few females probably breed at 16 to 18 imonths, but

that :nost breed at 28 to 30 months. Skuncke states that yearling iemales



TABLE 1. BREEDING CONDITION OF BULL MOOSE IN SOUTH
CENTRAL ALASKA AS INDICATED BY THE PRESENCE OF
SPERMATOZOA IN THE EFIDIDY MIS

Collection Spermatozoa Accession No.
Date Present Age Class R. A. R,
December 20, 1956 ?* Calf None
August 22, 1957 Yes 1 332
August 22, 1957 Yes 1 636
August 22, 1957 Yes I 397
August 22, 1957 Yes I 895
August 24, 1957 Yes 1 615
August 25, 1957 Yes 1 558
August 25, 1957 Yes I 332
September 1, 1957 Yes I 532
September 2, 1957 Yes I 519
Zeptember 2, 1957 Yes 1 917
Ceptember 3, 1957 Yes ¢ 323
Zeptember 8, 1957 Yes I 822
September 15, 1957 Yes 1 668
Ceptember 18, 1957 Yes I 538
November 2, 17567 Yes ? 793
November 3, 1957 Yes 1 300
November 23, 1957 Yes I 718
December 8, 1957 Yes v None
warch 31, 1957 Yegh® 1 444
January 8, 1958 Yegh* Vi 365

* A very few developing spermatozoa in testis and what appeared to be
decomposing spermatozoa in the epididymis.
*#* Very few spermatozoa-~-no spermatozoa with tails observed.



cccasionally conceive and that most iemales breed first as two~-year-olds,
but that frequently they do not breed until they are three. Ritcey and
Gidvards (1958) found no pregnant yearlings in a sample of 15 uteri
collected irom yearlings at Vells Gray Park, British Columbia, during
the period when moose normally are pregnant. They ft;rther express

the belief that no females of this population breed prior to their third

iall.

The uteri and ovaries of 31 moose, Age Class Cali to Class 1II,
have been examined by the author. In seven calves there was no
instance of ovulation or pregnancy. Of nine yearlings examined, six
+#ere collected during the winter monthe and three during the late fall.
Une, a very large yearling, collected in Epenard, Alaska, on March 19,
1957, was pregnant. The ovaries ot a yearling collected on Movember 10,
1357, showed a corpus luteum, partially lutenized, but no fetus was
round. The corpus luteum may have represented an ovulation which did
aot result in pregnancy, or it is possible that the embryo had not
attached to the uterine wall and was lost during examination. No
indications of ovulation or pregnancy were observed in seven other
yearlings examined. ixamination oi the uteri and/or ovaries irom 17
Age Class II and III individuals collected between November and iday
showed that only two were not pregnant. ‘Jvarian analysis in this age
group revealed an average of 1.4 corpora albicantia of corpora lutea o:
sregnancy per pair of ovaries {Table 2). This suggests that both tvo-

and three-ycar-old moose are represented in this sample.
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10
These data indicate that no calves of the year breed or ovulate;

that a few ycarling females do breed, although the data are too limited to
tell how many; and that approximately 0 per cent of two~ and three~ycar-

old females are pregnant, indicating that most {emale moose on this

range breed first at 28 to 30 montha.

Tariod of Rat.

The period of rut or breeding of moose, similar to many other
{acets or its reproductive cycle, is known only in a general sense.

iiost authorities agree that rut activities commence in early
“eptember and continue through most of Uctober. However, exact dates

and true peak of ovulation and conception are not known. Ritcey and

Sdwards {1353) state that most cows in ‘Wells Gray Park, British

Columnbia, breed during a ten-day period in late September, and that four

seriods oi oestrous occar irom carly September through October,
"kuncke (1749) reports that moose in Sweden breed during the first two

~ecks of (October., Specimens or observations representing three phases

2¢ the reproductive cycle of the moose populations inhabiting the
“jatanucka Valley and Railbelt areas were collected in an attempt to more
accurately delineate the period of sexual activity. The data obtained
include the following:

A, /ecights ol testes,

B. Tarturition.

-

C. ‘abryo and {etus groswrth,
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A, Weights o Testes., Testes of certain cervids reil.ct the period

of samal activity through increased size and weight. Cheatumn (1746)
reparted that volumetric determinations of white-tailed deer testes
indicated a fall peak in size, He presented data which show~ that the peak
of testes size, which occurs in November in that area, coincidaa with the
peak oi conception.

One hundred and sixty-seven moose testes were collected during
the winter of 1956-57 and the fall and winter of 1957-58, The testes were
areserved in 10 per cent formalin, Standardization of the portions of the
testes used for weight and volumetric determinations was obtained by
dissecting the testes free {rom the tunica vaginalis, and by severing the
vas efierentia from the testes. This process removed all extra tissue
{rom the testes, particularly fat deposits, which were considerable on
testes collected in August and September. The testes were then weighed
to the nearest gram and volumetric measurements, using the water
displacement tachniqua, were taken to the nearest 'cubic centimeter. In
this report only the weight measurements are used.

iale moose vary greatly in body size, both with respect to age and
individual variation (see /eights and Measurements)., Body size and
tustis size are probably proportional. The greatest variation in body
size and testis size occurs within Age Class I; because of thia'variation,
Class [ bulls are considered separately. [ a larger samwnle »f testes

rom know#n-age animals wvere available, division according to age

classes might reduce the great range in testis weights and give some
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indication as to which age group {irst reaches a peak of breeding
condition, if such a difference exists,

The weights of 80 testes irom yearlings clearly indicate a weight
increase irom August 20 to September 20, a definite decrease in weight
iz not apparent until December and succeeding months., The sample of
testes irom November, however, is small and in view of the great size
variations within this age class it is possible that this sample is not
representative.

‘The curve, cstablished from the weights of 87 testes collected :rom
noose slder than Class [ and averaged by periods, is illustrated in
Sigure 3. Again, the range in weight is great (Table 3). The points for
the generalized curve were obtained by averaging the testis weights by
live- and ten-day periods {rom August 20 to September 20 and irom
Yovember 1 to 30. Tezstes collected later were averaged by two week
2eriods. These data indicate a definite weight increase irom August 20
through September 20 and a corresponding decrecase through November
and December with a possibly constant veight irom January through

~tarch.

I the carve in Tigure 3 accurately portrays moose testis develop-
ment, the peak vi male breeding condition cccurs about Uctober 1. This
aseriod coincides with a clused hunting scason, so unfortunately no testis

#eights are available ior this period.

3., rarturition. Aerial counts of moose inhabiting ‘avored calving
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TABLLZ 3. THEZ AVERAGE AND RANGE IN WZIGHT OF 87 TESTES
FROM ADULT MOOSE COLLECTED IN SOUTH CENTRAL ALASKA

Date No. Testes (Grams) Range
August 2025 27 76.0 52~92
August 30-September 7 8 79. 4 59-109
Teptember B«14 9 36.3 63-110
Ceptember 15-20 11 90. 90 63-120
MNovember -0 1 69.0 69-69
November 7-13 3 58. 3 56-62
November 14-20 4 57.2 46-66
December 8 2 44.5 42-47
Jecember 18 2 40.0 35-45
January 1-4 4 32,7 32-34
January 8-31 6 42.3 34-56
Tebruary 1-14 19 35. 4 28~43
- Total 87

- mb g b M RN den (il



arcas in the idatanuska Valley and along the .lailbelt were made between
May 20 and June 4, 1957, These counts are summarized in Table 4.

in the following discussion and in Table 4 the term parturition:cow
ratio is used to express the progress oi calving, and each birth or
sartarition, whether resulting in one, tvo or three calves, is considered
one instance oif pregnancy. Calving was in progress by iay 20 and the
counts indicated a ratio of 14 parturitions per 100 cows. The ratios on
succeeding counts were 26, 54, and 52 per 130, respectively.

The observed parturition:cow ratios are believed to underestimate
considerably the true values, because oi certain behavorial traits
Jdisplayed by cow moose, and because o1 certain variables seemingly
inherent to aerial counting. Cows about to give birth and those with
newborn calves generally frequent lowiand arcas., The lowlands are
generally swampy and frequently are covered with 8 to 20 inches of water
in the spring of the year. The overall vegetation varies greatly, but in
general gives the impression oi a patchwork of spruce-covered islands
«7ith heath, sedge, and sedge-bog openings, and dense borders of alder
and willow. The calves are frequently hidden in the alders or on the
gnruce islands and are also very diiiicult to sez in the heath or sedge
smenings it they are lying down., Cow moose normally exhibit no
jeiinite response pattern to airplanes., Most cows with calves; however,
cither run to the calf or tace in the direction oi the cali, :/hen the cow
re.uses to run to the call or if the cali remains quiet, the observer

irequently is unable to decide detinitely iv a cali is nresent. The

15
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TABLE 4. PROGRESSION OF MOOSE CALVING AS REVEALED BY
AZRIAL CALF:COW COUNTS IN THE LOWER SUSITNA VALLEY

#ithout With One #ith Two Parturition: Parturition:

Jate Calf Calf Calves Cow Ratio Cow Ratio
-day 20, 1957 57 7 1 12:100 - 12:100
lay 24, 1957 69 21 3 26:100 53:100
lay 29, 1957 28 27 6 54:100 69:100

June 4, 1957 29 25 6 52:100  78:100




tundency of some cows to hide their calves may seriously hamper aerial
sarturition:cow counts, At present it is not known what age group of
calves is most irequently hidden, or if a speciiic age group is involved.
rhe tirne o1 day that the counts are made may also intluence the
distribution and activity of cows, cowsa with calves, and calves.

The estimated parturition:cow ratios in Table 4 were computed by
including, with the actual calf:cow observations, the instances when no
zali or calves were obseerved even though the cow responded to aerial
‘hbuzzing’ in a manner that indicated a calf was present.

The spring aerial parturition:cow counts, which possess certain
sreviously discussed variables, show that 50 pver cent of the cows in the
»opulations counted have calves by late May (Table 4 and Figure 4).
Thus, it moose have a gestation period ot 240 to 246 days (see Gestation

“eriod), 50 per cent of the cows were bred prior to Ccetober 1.

C. ombryo and Fetus Growth., Another indication of conception

.lates and period o successiul breeding has been obtained from the
astimated growvth curve established irom the measurements oi 63
wnknown-age moose .ctuses (Figure 5 and Table 5). In general this
treatment is patterned aiter Armstrong's (1950) work with white-tailed
irer, The total length measurement (iollowing the body contours) was
used to establish the points for the growth curve, instead oi{ the
crown-rumyp or iorchead~rump measurements used by Armstrong. This

total length nmieasurement vas more reliable oan moose because the points

17
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Observed parturitions/100 cows
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Figure 4. Observed progression of moose calving in south central

201 2 3 45678 912345267289

May

Alaska, as revealed by aerial surveys,

June
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o: reference, the tip oi the nose and the tip of the tail, are more easily
and accurately located than are the forehead-rump points, Another
factor favoring the total length measurement is the tendency for the fetus
to assume a "C" shape when preserved. This tendency does not aifect
the total length measurement but does aifect the iorehead-rump
measurement,

Since no known-age fetuses are available for comparison, and
because there is no possibility of obtaining any at present, it is necessary
to make several assumptions in constructing the growth curve from the
present data, The assumptions are based on the most complete available
information and are: 1) the embryo-ietus transition in moose occurs
bhetween 40 and 43 days iollowing conception, 2) the gestation period ror

:noose is 240 to 246 days, and 3) that all fetuses grow at approximately

the same rate,

smbryo-Fctus Transition, The embryo-ietus transition ig an

arbitrary but useful designation and has been described by Winters, et al.
(1742) as that time at which organogenesis is complete and the remaining
“etal growth is largely the development of existing organs.

The embryo-:etus transition for white-tailed deer, cattle, and
shecp has been estimated by Armstrong (1950), ‘vinters and Feuifel
(1736), and i¥inters, et al. (1742) to occur at 37, 45, and 34 days,
respectively, The period of the embryo oecupics about 13 per cent of the

total gestation period in these mnammals. Aopplication of this .igure to
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the moose's gestation period of about 240 to 246 days indicates that the

embryo-fetus transition should occur at about 42 to 43 days following

conception.

Gestation Period. The assumption that moose have a

gestation period of 240 to 246 days is based on estimates by a number of

writers none of whom cite specific examples (Peterson, op. cit.}.

Rate of Growth, The assumption that fetuses tend to grow

at the same rate is based on the observations of Winters and Feuffel
{op. cit.) and Armstrong (1950). These workers concluded that fetus
size ies primarily a function of growth-time, and that while individual
variations and variations between gingle and muitiple pregnancies do
exist, these variations do not significantly affect the generalized growth

curve.

Forty-six fetuses collected between January 6 and March 19, and
which comprised what appeared to be the "best fit'* or straight line
portion of the data, were tested statistically, total length on time,
{ollowing Snedecor's (1946) technique for determining linear regression,
The regression line obtained from the fetus data was not sufficiently
accurate within the . 05 confidence limits to be used as a basis for
 e¢stimating variation in conception dates, and for this reason a generalized-
vigually fitted, fetus-growth curve is used.

The curve which was {itted by inspection to the embryo-istus data,
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illustrated in ¥igure 5, uses Cctober 1 as its origin. This is an arbitrary
date, but data presented in the previous sections on testis weights and
parturition dates tend to substantiate an early October neak oi conception,
and the sizes and development of the embryos and fetuses collected in
October and November indicate conceptions in late September and early
october. If the curve in Figure 5 accurately reilects the growth of
moose fetuses, then important information pertaining to the duration and
peak of conception can be obtained from it. If the growth curve is used
as a constant to which the other {etuses are compared, then all ietuses
lying to the lext oi the curve were conceived prior to the average date,
and all {etuses to the right of the curve were conceived aiter the average
Jate. The wvariation in time of conception, measured in days, can be
obtained by dronping two straight lines to the abscissa of the curve.

‘ne line is dropped irom the point representing the total length ot the
fetus, The other is dro;éped irom the point on the average curve equal

in total length to that oi the ietus in question. The distance between the
tvo lines represents the diiference in time of conception.

The peak and duration o1 the period of conception curve (Figure 6}
was constructed by grouping the fetus-variation as determined from
igure 5 into three-day periods and converting ecach three-day period to
a per cent of the total variation., Thus, for example, if 10 tetuses were
conceived in the three-day period just prior to the arbitrary October 1
starting date and a total of 63 {etuses are nresent in the sample, then the

threes-day period just urior to Uctober 1 accounts for roughly 16 ser cent


http:ubtain.ed

50 (Per cent of total conceptions)

40 _|

30 _

T T T 1T
12 9 6 3 0 3 6 9 12 1518 21 24 27 30

1 v 11T

September 19 October 1 November 1

Figure 6. The peak and duration of conception in moose as measured
by the variation in total length of 63 fetuses which were compared to
the “'average growth curve'" in Figure 5.
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o1 the total conceptions, These data reveal that 60 per cent of the fetusges
in this samplc vere conceived in a 10-day period; that 80 per cent were
conceived within a 15-day period; and that all individuals in this sample
~vere conceived within a 40- to 45-day period.

{ the curve and the October 1 starting point are essentially
correct, then the earliest conceptions occur in mid-September and the
latest in late October. This period indicates one or possibly two
additional oestrous cycles in moose not conceiving during their first
oestrous, or an extended period of ovulation possibly due to age-~
differential ovulation,

#/hile deer are known to experience several oestrous cycles
annually if they do not conceive during the first cycle {Cheatum 1946),
data illustrating additional ocestrous periods in moose are meager.
“xamination of the ovaries [rom a Class IX female killed on November 14,
1356, at idile Post 134. 4 on the Alaska i{ailroad,‘ revealed what appeared
to be a degenerating corpus luteum of oestrous and a developing {ollicle
w+hich burst when handled. Also, the uniformity of the conception dates
o1 three ictuses (Accession Numbers 979, 1A, and 2A) which fall far to
the right ot the average growth curve suggest a possible second oestrous
in Alaskan moose., The data, based on l{etus size distribution, rom
moose in the Jells Gray ~ark in British Columbia clearly indicate at
lzast ‘our vestrous cycles (litcey and idwards, 1)53),

Data suggesting an age-differential ovulation are similarly meager.

Tetue 979 (collected January 9, 1758), Iable 5, rom a Class [ female
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was probably conceived late in October. Female 806, Table 6, collected

November 10, 12757, also a Class [ individual, had ovulated, but the
corpus luteum had not completely lutenized, suggesting a recent
avulation. The sizes of the fetuses from Class Il and IIl females appear
to be randomly &istributed (Table 5). Yearling iemales possibly ovulate
later than older animals, but the iew yearlings that do ovulate do not
markedly influence the age-size distribution of the fetuses. The range
in fetus sizes and conception dates is probably caused by cow moose
experiencing additional oestrous cycles if they do not conceive during

the first cycle, and by normal variation in oestrous dates.

Other Observations on Qut Activities, Additional observations on

the progress of rut were obtained from field examination of hunter-
killed animals and from aerial sex and age composition counts.

On teptember 17, 1957, the writer killed a yearling bull which had
a large cow accompanying it. The pair was observed for 30 to 45
minuates before the bull was shot., During this period the male evidenced
rauch interest in the cow but did not attempt to mount her. Zxamination
oi his stomach contents revealed he had ingested some urine--typical
o1l rutting bulls. On Ceptember 20, 1957, R. O, Skoog, :/ildlife
danagement Biologist, United States Fish and Wildlife fervice, killed
a three to four year old bull near the Susitna River bridge along the
Denali Highway; he reports that this bull also had ingested a considerable

aranount of urine,
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Aerial sex and age composition counts of the moose populations
inhabiting the Clear Creek and Maclaren River drainages on October 8
and 9 and on the Susitna River area on October 10, 1957, tallied 456
animals. Most (76 per cent) of these animals were found in "harem-=-like”
groups of 3 to 21 animals, The moose were generally distributed along
the creek bottoms in dense willows 6 to 12 feet high. Moose were under
almost continuous observation for eight hours, but no bulls evidencing
interest in cows were seen. In fact some of the large bulls were
leaving the breeding groups and others were beginning to eat again,
suggesting that the period of active rut was past. iLvidence of recent
rutting activity was abundant on willow-and~alder-covered benches some
200 to 400 feet above where the majority of the moose were tallied.
Nearly 100 rut pits {'brunstgropen’) were counted. These excavations
are reportedly rnade by bulls alternately pawing, urinating and rolling in
them daring extreme excitement of the rut (Peterson, 1955). Mating
reportedly takes place in the immediate vicinity of these pits (Lonnberg,
1923). Thise areca was covered by 3 to 4 inches of snow some three to
iour days previous to the counts. Fresh trails led from the breeding
area to where the moose had regrouped in the valley areas, a distance of
anproximately one to two miles. The presence of rut pits and the
subsequent movement of the moose to another arca also suggest that the

neak of the breeding portion of the rut had passed.

Summary of Rut, The breeding activities of the moose inhabiting
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the Railbelt and Matanuska Valley commence in late August, when the bullsg

first start polishing or rubbing their antlers, and continue through
September, October, and early November.

Spermatogenesis, as evidenced by presence of spermatozoa in the
epididymis has begun at least by August 20 and continues at least until
December (Table 1). Zxamination of ten sete of ovaries in August and
early Septernber revealed developing folliclea, but none of the females
had ovulated (see Fertility). ne set of ovaries collected on October 2
contained several large follicles. The largest follicle runtured when
handled, pcéaibly indicating that this cow was about to ovulate.

The combined data of testes weights, parturition observations,
embryo and fetus measurements, ovarian analysis, and field observations,
indicate that the peak oi conception occurs sometirne in late September or
early Jctober, probably about Uctober 1 to 3. About 80 per cent of the
fetuses in a sample of 63 were conceived within a 15 day neriod and all
of them were conceived within a 40 to 45 day period., This suggests that
most ferhales are bred during their first oestrous, but that subsequent
oestrous periods may occur if the female does not conceive during the
first. It is also possible that the length of the period of conception is
caused by age~differential ovulation, the yearlings breeding somewhat

later.

-

e rtilitz

Tertility, as used here, refers to the potential reproductive ability
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of iemale moose. Tertility data were collected {rom 106 female moose
during the period from January, 1956, through June, 1958, These moose
were examined as a result of highway, railroad, and illegal kills, In many
instances complete information was available, and jaws, ovaries, and

ictuses, if present, were collected.

Analysis of Ovaries. During this study 31 pairs and five individual

ovaries were collected {rom 36 moose Age Class I or older {Table 6).
Connective scar tissue, the corpora albicantia, iormed by the
degenerating corpora lutea of pregnancy, has been used by Cheatum (19‘49)

to estimate the previous year’s reproductive performance of certain
white-tailed deer populations. In identiiying the number of corpora
albicantia present, Cheatum assumed that all pigmented scare represented
the past gestation period's corpora lutea of pregnancy, and that the
sigmented scars resulting from other ovarian functions could be eliminated
on the basis of their smaller size. Golley (1357), working with black-
tailed deer, presented data which indicate that some pigmented scars irom
ovarian functions other than pregnancy are present and that the fate of the
corpora albicantia of the corpora lutea ot pregnancy is not consistent. In
black~tailed deer, this resulted in 13 per cent more corpora albicantia
being tallied in ovaries collected during the anestrous period than there

- are corpora lutea o: pregnancy present in ovaries collected during the
gestation period. Thue, in some ungulates, corpora albicantia counts

yield a general indication of the success of the immediate past reproductive
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period, but current researchers are not in agreement on the accuracy of
the technique,

Seventy-nine moose ovaries irom 36 fermales (Table 6) were sectioned,
sagitally, with a razor blade and examined for the presence of corpora
lutea of pregnancy and for corpora albicantia of corpora lutea of
pregnancy. The sections were oi varying thickness, but were thin enough
to allow the paseage of light and thereby permitted detection of pigmented
bodies and large tollicles. In moose the corpus luteum of pregnancy ise
large, frequently 10 to 18 millimeters at its greatest diameter, and is
casy to f{ind. The corpora albicantia of corpora lutea oi pregnancy are
smaller, dark, pigmented scars, varying in color from light-brown to
alrnost black., The usual size is from 4 to 8 millimeters at the greatest
diameter., OCccasionally smaller pigmented bodies are obsarved, but these
are not counted (Cheatum, op. cit., and Golley, op. cit. ).

Examination of the moose ovaries collected during this study
revealed a number of interesting data; of particular interest are the
iollowing: 1) follicle development and ovulation, 2) types of ovulation,

3) corpora albicantia as indicators oi past pregnancies, and 4) ovaries as

indicatore of fertility.

Tollicls Development and Ovulation. Ten sets oi ovaries were

collected during the period from August to mid~October (Table 6). All
ovaries from animals older than Class I had one or more developing

‘ollicles, which ranged from 3 to 14 millimeters in diameter. One Class I
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animal, collected on August 31, had a developing follicle 7 millimeters in

diameter. In specimens Accession Numbers 531 and 586, collected in early
and mid«September, the follicls walls were very thin. An ovary of female
Accession Number 595 collected on October 2, 1957, contained a {ollicle

19 millimeters in diameter which ruptured when handled. Although all

the ovaries collected during late August, September, and early October

had large developing iollicles present, the data are too limited to indicate
trends on ovulation dates., The data do indicate that all the animals in

this sample older than Class 1 were potentially fertile.

JTyoese of Ovylation, The number oi corpora lutea of pregnancy

present in moase ovaries usually corresponds to the number of fetuses
present. Thus if twin fetuses were present two corpora lutea were
ngually preeent; however, several interesting variations were observed.
One pair of ovaries had a single corpus luteum and twins were present;
another had two corpora lutea and a single fetus, and no evidence of
resorption of a second fetus wae observed in this animal, In animals
carrying twin fetuses the corpora lutea were located one in each ovary,
two in one ovary, and as previously mentioned, one instance of a single

courpua luteums,

Corpora Albicantia as Indicators of Past Cregnancies, The

number of corpora albicantia or pigmented scars in moose ovaries has a
direct relationship to the age of the individual (Table 2). This suggests

that, in moose, the corpora albicantia of corpora lutea o: pregnancy
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persist ior a considerable time and possibly throughout the animal's life.

Thus, eatimating the past breeding season's success from corpora
albicantia counts is not conaidered {easible. Likewise estimates of the
reproductive Q“ow of individual animals irom pigmented scar counts is
not considered feasible other than in a general way, because of the possible
extra scars which are produced through multiple ovulation and extra
oestrous cycles. In the present sample, however, errors due to extra
corpora albicantia developing irom supernumeray corpora lutea of
pregnancy would be minimal, because the number of corpora lutea ot

nregnancy and fetuses are nearly equal.

Dvaries as Indicators of Fertility, The data obtained from

examination of 79 ovaries from 36 moose Age Class II or older reveals
that a corpus luteum of pregnancy or a dsveloping follicle was present in
each animal. Ii one assumes that the developing follicles ruptured, then

100 per cent of the animals in this sample were fertile.

incidence of Pregnancy. The term “incidence of pregnancy'' as used

here refers to the per cent of fernales pregnant at the time of examination,
The sample includes animals collected ‘rom late October through iMay,
the period when sexually mature female moose are normally pregnant.
The definition does not allow ior resorped emhryos, abortioﬁ or other
nrenatal losses; however, only one instance of possible prenatal loss was
abserved, and this case could not be verified,

The 'barren cow moose’ is a concept apparently accepted by many;
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theoreatically under certain adverse conditions, such as, disease,
malnutrition, or an unbalanced sex ratio, a large portion of the cows
could lose their fetuses or remain barren. This, however, does not
appear to be a problem in the Matanuska Valley and Railbelt areas, where
available winter browse appears insufficient, and the bullicow ratios are
as low as seven bulls per 100 cows, as 87 of 93 (94 per cent) cows older
than yearlings were pregnant (Table 7).

In an effort to measure the relative cali production of young and old
moose and to minimize the aging technique problems, the eight recognizable
age classes of breeding-age females (see £ex and Age Composition) were
lumped into four age categories. (Ye‘arlingn--CIau I-~are discussed in
Age at Sexual Maturity section).

1) The age category of Class II and Il individuale, unfiortunately tha
most difficult age classes to separate, includes the period at which female
moose reach sexual maturity (see Age at Sexual Matuarity). |

2} The category of Age Classes IV and V, which probably includes
moose of 3 1/2to 6 1/2 years, coincides with early physical prime, and in
this sample is represented by 30 individuals. No barren cows were found
in this group.

3} The age category composed of Classes VI and VII probably
represents moose of 6 1/2 to 10 1/2 years; only 1 oi 14 animals examined
«#as barren,

4) The oldest group, Age Classes VIII and I, probably representa

moose 10 1/2 to 20 years old; only 2 of 17 cows examined were barren.
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Although the present data are limited in number, there is no
indication that iemale moose in southern Alasgka live past their
reproductive age even though hunting of cows is prohibited.

Only 1 of 15 unknown-age females above Age Class I was barren.
Thus, as mentioned earlier, 94 per cent of all female moose examined,
above Age Class I, were pregnant.

Another important factor in evaluating the relative reproductive
importance of each age category is the number of calves produced by the
animals comprising a particular age category. The production of calves
is expressed as calves per 100 cows, and the barren cows are included in
the computations {Figure 7 and Table 7). These data reveal that the
younger age groups, Age Classes Il and IIl, produce fewer calves, and
that the oldest age group, VIII and IX, continues to produce calves.

The rate of twinning is still another factor contributing to the
importance oi a particular breeding age group. Figure 7 indicates that the
youngest breeding age group, Age Classes Il and IIl, has the lowest rate o:i
twinning as well as the lowest {etus:cow ratio {excepting Class I individuals
which are not considered a breeding group). The oldest age group hae the
highest rate of twinning: 47 sets per 100 pregnancies.

The age category composed of Age Classes VI and VII, presumed to
represent moose in late prime of liie, is difficult to interpret as both the

‘caliicow and twinning rate are lower than expected. This is probably the
rzeult of a small non-representative sample.

These data indicate that potential reproduction in the failbelt and



15Q _Fetuses/100 cows and
twins/100 pregnancies
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Age Classes I II and III IVand V VIand VII VII and IX

Fetuses per 100 pregnancies

Twins per 100 pregnancies

Figure 7. Comparative potential reproduction of five age categories
of cow moose,
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iatanuska Valley moose populations is very good; that great hunting
pressure, even reducing the bull:cow ratio to 10 per 100 or less has not
lowered the incidence of pregnancy oi the moose populations; and that

hunting only bulls is not an eifective means oi controlling moose numbers.



SEX AND AGE CQMPOSITION

Sex and age data were obtained from 476 moose, from Age Class
Fetus to Age Class IX (Table 8). The sex and age information for Age
Classes Fetus and Calf represent all specimens collected, and include
animale collected as a result of railroad and highway accidents and illegal
kills. The specimens repreaente& in Age Classes I to IX were killed by
trains between Mile Poets 150 and 250 on the Alaska Railroad during the

winters of 1955-56 and 1956-57,

Sex Compoasition

Sex ratios of many mammals, including cervids, approximate a
100:100 ratio at birth with, perhaps, & slight numerical superiority of
males indicated for some species (Raobinette, et al., 1957). Under
certain favorable conditions sex ratios at conception of many North
Arerican ungulates indicate a definite numerical superiority of males at
conception, but sex-selective mortality factors tend to reduce this
superiority even during the prenatal period. Robinette, et al. {op. cit.),
working with mule deer, presented a review of the literature on sex-
differential mortality as well as considerable quantitative data on mule
deer sex ratios, both pre and postnatal. The literature and data
presented show that there are exceptions to the general belief tha.t males
outnumber females at birth; this is especially apparent when dealing with
local populations. Some factors which may influence the sex ratio at

birth are as follows: age structure of the population, average age and past

45
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reproductive history of the females, the level of nutrition before and
after conception, and the severity of the winter during the gestation
period, Although these factors can affect the male:female ratio at birth,
there seems to be no way to predict which sex will be favored; generally,
however, the male suffers the greatest mortality.

Robinette, et al. {op. cit, ) indicates that postnatal sex-sgelective
mortality factors in mule deer apparently affect males at a greater rate
during the early months, but that females die at a greater rate during the
first winter; this differential mortality is reversed during the second
winter when the mortality rate for males is roughly twice that of femnales.

The present data on the sex ratio of moose fetuses are limited, but
information from 63 fetuses indicates a sex ratio of 103 males per 100
females. The sex ratio of 14 sets oi twin fetuses was 16 males to 12
females or 133 malee per 100 females. The sex composition of the 14
sets of twing was as follows: two males, 5 sets; one male and one female,
6 sets; and two fernales, 3 sete.

The sex ratio of 129 moose calves, varying in age from 1 to 10
months, was 64 males to 65 females or 98 males per 100 females., This
is essentially a 100:100 ratio, as was found in the prenatal specimens.

The sex ratio of animals older than calves is distorted by hunting.
The influence of hunting on the sex ratios of the moose population can be
illustrated by dividing the study area into three local areas which are
subjected to varying degrees of hunting pressure (Figure 2). The areas

are as follows: Area I, the Matanuska Valley, Mile Posts 150 to 175 along



the Alaska Railroad; Area II, the Willow area, Mile Posts 176 to 200
along the Alaska Railroad; and Arxea [II, the Kashwitna-Talkeetna area,
Mile Posts 201 to 250 along the Alaska Railrcad. These areas represent
moose populations subjected to intense, less intense but heavy, and
practically no hunting pressure, respectively.

The moose represented in Table 9, clder than Age Class Calf, were
killed by traines during the wintere of 1955-56 and 1956-57. The eight age
clasaes above Age Class I have been combined into four age categories
in an attempt to compensate for the aging technique difficulties {(see Age
Composition). Although the samples irom each local area are small, the
cifect of hunting on the male segment of the moose population in Areas I
and Il is apparent. The buil:cow ratios in Areas l and Il are 21 and 338
bulle per 100 cows, respectively. The sex ratio in Area III, which is
subjected to little hunting pressure, is 84 bulls per 100 cows, and in this
sample is not statistically different from a 100:100 ratio. Aerial counts
made on Area III in 1357 and 1958, however, do indicate a significant
difference at the .05 level. This suggests that the small sample of
railroad-killed moouse, while not statistically significant, probably does
represent a biological fact. The sex ratic of the three oldest age classes
(VIl, VI, and IX}, 46 bulls per 100 cows, is significantly diiferent from
a 100:100 ratio, and suggests that sex diiferential mortality factors
possibly affect males at a greater rate than females.

The assumption that sex ratios sbtaincd from examination of

train-killed mmoose are representative of the existing moose populationa



TABLE 9. SEX AND AGE COMPOSITION O¢F RAILBELT AND
MATANUSKA VALLEY MOQOSE POPULATIONS BY AGE CLASS (AS
OBTAINED FROM RAILROAD KILLED MOOSE DURING THE WINTERS
OF 1255-56 AND 1956-57)

ége Class JMale Female Male Female Male Female Females

Area le-Mile iPoets 150-17%

I 1 1 i 2 2 1
44 0 0 0 1 0 1
IIX 1 2 1 0 2 2
v 0 2 0 2 0 4
v 1 1 0 1 1 2
V1 0 4 0 1 ] 5
L2114 0 2 9 1 0 3
vi 0 1 4] 0 0 1
IX 0 5 D 9 J 5
Totals 3 18 2 7 5 24 21
Area II--iMile “osta 176~200
1 1 2 1 0 2 2
I 2 2 0 0 0 2
4 3 3 2 2 5 5
v 3 8 3 3 6 11
v 3 6 1 3 4 9
Vi 2 6 1 0 3 6
v 0 8 1 4 1 12
VI 1 4 0 i 1 )
IX 3 6 2 9 0 6
Totals 13 45 9 13 22 58 33
Area [ll-~}ile Posts 201-25)
i 3 4 i 2 3 6
i 1 3 3 3 4 )
il 4 4 3 3 i id
v 5 4 7 4 ig 3
v E E 2 3 11 12
Vi 5 13 o i 1t it
vit 1 3 3 } 1 3
VI 3 3 j ) 3 3
14 2 e g i 2
Totals 39 49 21 22 69 71 34
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is supported by the sex ratio data obtained from aerial sex and age counts

made on approximately the same local moose populations, The sex
ratios obtained by the two sampling techniques are similar. The overall
bull:cow ratio as indicated by the railroad kill is 57 bulls per 100 cows.
The same ratio obtained from aerial composition counts is 44 bulls per
100 cows. The two samples are not directly comparable, however,
because most of the railroad sample came from Area IIl which is not
hunted, whereas, over half of the aerial sample represents a heavily
hunted area. Nevertheless, trains appear to sample proportionately the
moose populations inhabiting the areas adjacent to the right-oi-way,

Sex ratios of moose calves, as indicated by the present small
samples, appear to be essentially 100:100. The sex ratios beyond Age
Class Calf are distorted by hunting, but in Area III, where hunting is
limited by accessibility, natural mortality possibly affects males at a

greater rate than females.

Age Composition

Data on the age of 240 moose, Age Class [ to I, were obtained
from animals killed by trains between #Mile Posts 150 and 250 on the
Alaska Railroad. These data are presented in Tables 8 and 9,

Age determinations of moose, based on comparative wear of the
mandibular teeth, have been described by Skuncke (1349), Lensink (1955),
and Peterson (1955). All three of the aging techniques aré based on

diagnostic characteristics of tooth wear, and jaws evidencing similar
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wear were placed in the same age class. Apparently, only Skuncke had

some known-age jaws for comparative purposes. All three of these
writers describe nine general age clasesifications, excluding calves. In
all probability only the firet three age classes correspond to the
chronological age of the animal., In analyzing the material presented here
the writer used a key constructed by Lensink {op., cit.). Subsequent
cross-checking by Liensink revealed that complets agreement with the
writer's age determinations was not obtained even on Age Classes II and
Il when using the key alone. Since comparative wear is difficult to
evaluate quantitatively, classification of jaws based on experience and
comparison with a set of known-age or approximate-age jaws seems a
more desirable technique. Quimby, et al, (1957), working with elk and
having known-age jaws for comparison, concluded that no single
characteristic or combination of characteristics of wear satisfactorily
separated animals with 'full mouths’, and while not abeolute, the best
technigque was visual comparison with known-age jawe. In his conclusion
he further states, ‘. . ,familiarity gained by handling large numbers of
jaws seems to provide the best criteria for establishing age claasses. '

I::xperiem;;, plus a set of approximate-age jaws, is the technique
iinally employed to classify the jaws discussed in this section of the
report. Age Class Il and beyond undoubtedly incilude more than one year
class. Thus, the seven age classes beyond Class II represent moose
from 3 to 20 years of age., In all probability the older age classes

represent three to five year groups.
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Hunting changes the age composition of the bull population segment

and for this reason bulls and cows are considered separately in Tables 8
and 9. Very few bulls survive to Age Classes VIII and IX in the three
local areas studied. The reason for the poor survival of bulle in Area !
and II is directly attributable to removal by hunting. The mortality
factors affecting bull survival in Area IIl are not known.

The status of the population as reflected by age composition is best
aasessed from age determinations of the female segment, because, as
has been previously discussed, males are removed by hunting. Again,
the lack of accurate age criteria, especially for year classes, compounds
the problema involved in analyzing the importance of the population age
structure. The basic problem involved is determining the exact number
of year classes represented by a particular age class. However, until
known-age specimens are available the desired breakdown will not be
possible and analysis of population age structure baped on the nine
recognizable age categories or combinations thereof must be considered
as only a general indication of population age structure.

Several interesting population trends are revealed through analysis
of the age structure of the 1955-56 railroad-killed moose. The data
obtained from the 1955-56 kills are used, instead of a cumulative total
kill for 2 number of years, because of the desirability of analyzing
the fate of several important year classes. The 112 cow moose, Age
Class I to IX, killed by trains during the winter of 1955-56, are listed in

Table 10 by age class and per cent of total.



TABLE 10. AGE OF 112 COW MOOSE KILLED BY TRAINS THE
WINTER OF 1955-56 BETWEEN MILE POSTS 150 AND 250 ON THE
ALASKA RAILROAD

Age Class No, of Moose Per cent of Total
I 7 6
n 5 5
o 2 8
v 14 13
v 16 14
Vi 29 18
Vil 18 15
vilx 10 9
IX 13 12

Total 112 100
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Anzalysis of these data reveal that kills from Age Classes I and II

;omprise only six and five per cent, respectively, of the total females
killed. Cross-checking with the 1954 and 1953 fall aerial sex and age
composition counts, when the 1955-56 Class { and most of the Class II
animale were calves, ravealed calf:cow ratios of 40 and 44 calves per
100 cows, respectively. li no mortality or very little mortality had
occurred to the 1954 and 1953 calves from the time of the aerial counts to
the time of ths 1955-56 railroad-killed sample, and assuming a 100 :100
gsex ratio, then the 1955-56 winter sample of the female population

should contain approximately 15 per cent Class I and Il individuals,
respectively., Thus, if the sample of railroad-killad animals is represen-~
tative of the existing female population, great mortality has occurred to
these age classes.

Cluantitative evidence pertaining to the mortality factors possibly
affecting the 1953 and 1354 calves are not available. Limited field
observations made by Fish and Wildlife Service éersonnel, however,
suggest that the unusually severe winters of 1953-54 and 1354~55 may
have been the principal mortality factor.

The age structure of the Railbelt moose populations, as indicated by
train-killed moose for the years of 1955-56 and 1956-57 has a preponder-
ance of middle-aged and old females, However, the age strﬁcture of the
cow segment of the three local populations as revealed by the sample of
railroad-killed females appears quite different, The differences,

however, are not significant at the . 05 level, In Areas l and II, 58 and
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50 per cent, respectively, of the cows are of Age Class VI, or older,
whereas in Area III only 38 per c¢ent of the cowa are represented in the
older age classes. The percentages of females in the oldest age
category, Age Classes VIII and IX{, from the three areas are as follows:
Area I, 25 per cent; Area II, 19 per cent; and Area III, 11 per cent. These
data suggest that the age structure of the population in Area I is
possibly younger than that of Area I, The most obvious differences
hetween the two areas which might affect population age structure are
climatological. Area Iis subjected to frequent strong winds throughout
the winter. The winds tend to reduce the snow cover thereby allowing
moose eagier travel to browse areas and also making more browse
available to the moose. The winter average temperatures in Area l are
considerably warmer than those of Area IIl (Climatological Data, Alaska,
1955). Area II lies within a deep snow belt, frequently 40 or more
inches of snow cover the ground and consequently the low shrubs, thereby
reducing the amount of available winter browse.

Theoretically the more favorable climate of Area I should allow for
a greater survival of calves and for better survival of the oldest age class
individuals. The harsh winters of Area III could cause increaeed
mortality of calves and old animals. The data obtained from the railroad-
killed moose indicate that the two populations are possibly responding to
the effects of climate as illustrated in the preceding discussion, Area l
has a very dense population of moose, with a considerabls number of old

fermales., Area III has considerably fewer moose per square mile but has
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an overall younger population,

Other factors may be affecting the age structure of these populations.
The numbers of moose in Area Il may be increasing, although there is
no data to indicate a substantial increase in moose numbers in this area.
Area I populations possibly are decreasing, hence an unbalanced old
population; however, the annual calf:cow ratios indicate that production
is excellent and the 1957 hunting season revealed that survival of bull

calves to 16 months was very good.
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SURVIVAL

In moet mammals the greatest mortality occurs in the youngeet age
group--the young-of-the~year (Robinette, et al., 1957). Frequently the
extent of this mortality and the factors causing it are not assessable, The
factors affecting survival of moose calves also are not known. However,
aerial sex and age composition counts are made of the moose populations
in October or November, when the calves are four to five months old.
Thus, if the fetus:cow ratio (the ratio of fetuses per 100 cows) is known,
these counts should provide a measure of calf mortality to the date of the
count,

Aerial observers cannot distinguish yearling females from female
moose of other ages. Therefore, in computing a fetus:cow ratio to be
used in conjunction with aerial counts from the data collected from the
moose killed by trains during the winter of 1955-56, iemale moose of all
ages, including calves, are combined with the adults. The inclusion oi
female calves is necessary because they are counted as adults in the
following fall aerial sex and age composition counts. In computing the
fetus:cow ratio only those cows of known age which were examined for
pregnancy data are included. Then by including the proportion of
yearlings and calves found in the sample of 146 railroad-killed female
moose, a weighted fetus:cow ratio is computed. This average ia 87
fetuses per 100 total females (Table 11).

The inclusion of all female calves undoubtedly causes the calculated
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fetus:cow ratio to be minimal, because the calves were collected from
January to iMarch, and undoubtedly considerable calf mortality occurred
subsequently in the spring of 1956, a particularly severe winter and
spring. Thus, since the female calves are not contributing to the
reproducing portion of the female population, their over-representation
in computing the weighted fetus:cow ratio acts as a depressant on the
fetus:cow ratio (Table 11).

In 1956 the Railbelt~Matanuska area calf:cow ratio computed from
the October counts was 38 calves per 100 cows. When this ratio is
compared with the fetus:cow ratio of 87 fetuses per 100 total females, a
calf mortality of 56 per cent to October is indicated. Poseibly, these
ratios cannot be compared directly, and several poesible sources of
error in making aerial sex and age counts are recognized. However,
aerial counts of these moose populations have been conducted for the
past seven years, and in no instance has the calf:cow ratio of a local
area approached the observed fetus:cow ratio. Calf mortality of 30 to
70 per cent by October may be normal for the species, depending, of
course, upon local environmental factors.

The specific factors causing this seemingly great mortality are
unknown, but probably represent both pre and postnatal mortality, Only
one instance of probable prenatal mortality in moose was observed (gee
Reproduction). Postnatal mortality factors are not well known, Black
bear are thought to take numbers of moose calves in some areas

{Chatelain, 1950); the bear populations, however, are not great in the
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Valley areas; only two were observed on moose calving areas during

10 hours of low observational flying in the spring of 1957, Moose calves
seem to be accident prone, and succumb to drowning, falls, cars, dogs,
and poseibly to abandonment.

Survival of moose beyond four to five months and the factors
affecting their survival are not well known. Accidents, hunting, predation,
and severe winters are recognized mortality factors. The effects of
these factore are difficult to determine, and the magnitude of each varies
from year to year. During the winter of 1955-56, 229 moose were
killed by trains on the 56 miles of railroad which transect the study area.
In 1957-58 only seven moose were reported killed on this same segment.
The great difference is attributable to extreme variations in snow
accumulations between the two winters and to a rearrangement of train
schedules (Rausch, 1957).

Highway accidents are another major source of accidental kills.
These accidents result ia approximately 100 moose fatalities annually in
the Lower Susitna Valley areas. The magnitude of the highway kill is
gomewhat dependent upon the severity of the winter; however, moose are
killed throughout the year.

Adult moose seemingly are as accident prone as are the_ir calves,
and considerable numbers die each year as a result of falling from
cliifs, breaking through thin ice, falling into construction ditches,
tripping over fallen trees, and running into or becoming entangled in

iencees,



Hunting affects only the male population segment in Age Class I
and older. The per cent removal of males varies with accessibility of
the moose. In Area I, roughly 90 per cent of the males are removed,
whereas in Area III few moose are taken. Poaching {(illegal hunting)
removes an unknown number of bulls and cows. Although the total
illegal take is not known, it is considerable in some areas, At least 12
cow moose were known to have been killed during the August 20 to
September 20 season of 1957, and undoubtedly many of the Valley area
"homesteaders" have fresh meat throughout the winter.

wolves and grizzly bears, the only natural predators of moose
older than calves in this portion of Alaska, are both rare in the study
areas. Neither are taking a significant number of moose in the study

areas; no authentic reports of wolves occurring in the study areas have

been received in the past two years, and only two grizzly bears were
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seen during the study, although bear tracks are fairly common along the

areas' salmon streams.
Perhaps, hunting, accidents, and particularly severe winters, as
discussed in the section on age composition, are the most importamﬁk

decimating factors to the moose populations studied.
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WEIGHTS AND MEASUREMENTS

Peterson {(1955) summarized the available weights and measure-
mentes of the four subspecies of North American moose. The Alaskan
subspecies, Alces alces gigas, is represented in his data by five
specimens (bulls taken from the Kenai Peninsula for museums). No
weights are recorded for the Alaskén specimens.

Eighty~three moose, oi Age Class Calf or above, were weighed or
measured in conjunction with current moose management studies of the
Railbelt and Matanuska Valley moose populations in south central Alaska
(Table 12).

The weights given in Table 12 are in pounds and are self-explanatory.
The measurements are in millimeters, and are defined as follows:

Girth--circumference of the body back of the forelegs,
around the deepest part of the chest.

Hind ¥oot~~heel oi the calcaneum to the tip of the hoof.

Total Length--tip of the nose to the tip of the tail, excluding
hair, .ollowing thc body contours over the back.

Zar--notch to the tip o. the ear, cxcluding hair.

Height at Shoulder--vertebral spine of the scapula to the

bottom ofi the hooi.
Pelvis~-crest of the ilium to the tuberosity of the ischium.

Body--metacromium process of the scapula to the tuberosity

ot the isachium,
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Neck--metacromium process of the scapula to the atlae.

Tail-~tip of the tail, excluding hair, to the first sacral
vertebra. ©On moose this measurement is very difficult to take
accurately.

Although the present data are too few to be conclusive, it seems
that few mature bulls exceed 1, 200 to 1,400 pounds in total weight even
in their pre-rut prime. Total weights of four bulls, and hog-dressed
weights of six bulls, Age Class I and above, are presently available
(Table 12). The weights of the mature bulls, Age Class III and above,
are all from the winter months, a period when bulls are thin and possibly
weigh 10 to 15 per cent less than during their pre-rut prime in the early
fall (Skuncke, 1949). The heaviest of these individuals weighed a total of
1, 140 pounds. {keletal ineasurements indicated that this was a very
largs moose.

The maximum total weight of 17 females Age Class I and above was
395 pounds. The average total weight of 10 females Age Class II and |
above, collected during the iall and winter months, was 877 pounds. Cow
moosge do not lose weight during the breeding season in late September
aﬁd early October and consequently they enter the winter in prime
condition. They do, however, utilize their fat deposits gradually during
the winter and by spring have lost considerable weight. The average
total weight of four females above Age Clase II, which were collected in
late spring and early summer, wvas 708 pounds, roughly 20 per cent less

than the average of the 10 individuals collected during the fall and winter.
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The amount of weight lost by individual female moose is dependent upon

a number of factors, including the severity of the winter and the quantity
kand quality of available winter browse. The few weights recorded here
are not necessarily typical of all areas, Certainly, a grzater number of
individuals representing all secasonal periods and contrasting climato-
logical and range conditions is ngeded before conclusions are drawn

concerning average winter weight losses.

Growth

Moose calves grow rapidly during their first five or six months of
life and may weigh 10 or more times their birth weight by the end of this
period. Calves, which in this area are born from mid-iMay to early
June, weigh approximately 25 to 35 pounds at birth (Rausch, 1958) and by
mid-November they may weigh as much as 400 to 450 pounds.

The average oi 10 calves weighed during late May and June (nine of
these were weighed in June) was 50 pounds; two calves weighed in mid-
July averaged slightly over 100 pounds apiece; three calves weighed in
mid~November averaged 385 pounds apiece.

The growth of moose from conception through the first year of life
is illustrated in ¥igure 8. This graph was constructed from the total
length measurements of 95 moose embryos, fetuses, and calves. In this
and in the subsequent figures (3, 10, and 11) in this section the individual
measurements are represented by a point and the averages for the

indicated periods by a circle. The curve was fitted to the averages by
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visual inaspection. The curve in Figure 8 is a generalized and tentative
curve, as are those given in subsequent figures, and it is not meant to
represent any biological law of growth, nor to picture detailed
variations in the growth pattern.

The range of total lengths is quite great, particularly in those
measurements taken during the winter months when the moose were
6 to 10 months old. The differences in total length may well reilect
individual differences in rate oi growth. The rate of individual growth
may be aifected by a aumber of factors of which the mnore obvious are the
following: differences in the rate of development between the sexes and
between twins and singletons; individual differences, i.e., genetic
differences; and variations in local eanvironmental conditions. At
present, data illustrating these factors are meager. Skuncke {op. cit.)
reports that males exceed fernales in total growth at the end of six
months, Although weights and meagurements representing the various
areas are too few to be significant, there is some indication that moose
vary in size from one area of Alaska to another.

Growth from the early fetal stages through the first five or six
monthé of life is continuous, although at a progresaivély decreasing rate,
With the onset of winter conditions in late November, growth apparently
halts.

The growth of moose from birth through approximately 22 months
is illustrated in Figures 9 and 10. Figure 9 is based upon total weights

of 40 moose. The curve was 1itted to these averages by visual
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Growth of Alaskan moose from 1 to 22 months as illustrated by total weights of

40 individuals.
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inspection. TFigure 10 represents hind foot measurements of 49 moose.
This curve was fitted to the biweekly averages by visual inspection.

The data represented by Figures 9 and 10 indicate that moose
calves grow only during the summer and early fall. The physiological
reasons for this cessation of growth are not completaly understood,
Cowan (1957) presents data which show a similar cessation of growth for
captive black-tailed deer. The deer did not grow during the winter
months regardless of the nutritional plane of the diet. Cowan postulates
that the cessation of growth occurs probably as a result of endocrine
changes, but he does not of(er an explanation of the causative agent or.
stimulus which initiates the endocrine change. In the case of mbose. the
cessation of growth would appear to have survival value as the winter
diet ig [requently marginal even {rom a maintenance standpoint. In fact,
the limited data presented in Figure 9 suggests a slight &ecre#se in
weight of calf moose as the winter progresses, Another period of
relatively rapid growth commences in the spring of the moose's second
year and by September or October, at 15 to 17 months of age,
approximately 20 per cent of the total skeletal growth is completed. The
physiological processes governing the initiation of the second period oi
growth are not known, However, both cessation of growth in the fall and
its subsequent initiation in the soring could be related to photoperiodicity.
Also, both periods of growth coincide with availability o: food. In the
fall the available diet is ol a relatively low nutritional plane and

probably ~ould not sustain continued growth and maintenance
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requirements. The spring revival of growth coincides with the
availability of a more nutritive diet.

Total weight continues to increase for a aumber of years, but
apparently at a much reduced rate. Skuncke (op. cit.) indicates that
Swedish moose grow in total weight until at least seven years of age and
that bulls probably grow in total weight until ten years of age. He
further states that females do not grow much after the first three or four
years, The weights and measurements of the Alaskan subspecies listed
in Table 12 and illustrated in Figure 11 indicate that females grow very
little in either total weight or skcletal measurements beyond Age

Class .
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SUMMARY

The moovse populations inhabiting the Lower Susitna Valley along
with those on the Kenai Peninsula constitute Alaska's densest and most
acceseible moose populations.

Moose were not abundant in the Lower Susitna Valley prior to the
mid-nineteen-iorties, but by the late forties they were very abundant,
particularly along the Alaska Railroad right-of-way between Mile Posts
172 and 228.

The moose tend to concentrate in the choice winter browse areas
along the Railroad and have created two major problems: one involves
the moose obstructing the Railroad and being killed by trains; the other
involves the proper management of this valuable natural resource.

The present project commenced in January, 1956, through the
cooperation of the Alaska Railroad and of the United States ¥'ish and
wildlife Eervice. The project was designed to obtain information that
vwould alleviate the moose versus Railroad conflict, and to provide the
basic biological facts necessary for nroper management of the moose
populations, Only the data pertinent to the latter problem have been
preeented here,

Male moose reach sexual maturity at the age of 16 to 18 months;
female moose generally attain this development one year later, although a
few breed at 16 to 13 months. The age at sexual maturity of males was

determined by presence of spermatozoa in the evididymis, and by
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inference from an area where yearling bulls constitute 90 per cent of the
males, and the pregnancy rate of fernales is over 90 per cent. Sexual
maturity of female moose was determined by ovarian and uterine
examinations.

The period of rut extends from late August through part of
November; the majority of female moose, however, conceive during late
September and early October, with the peak of conception probably
occurring in the first few days of October.

Moose calves are born in late May and early June, with the probable
peak of parturition occurring between May 26 and 29.

Cow moose fertility, which has long been debated, was found to be
high, Analysis of ten sets of ovaries collected from cows of Age Class Il
or older prior to ovulation revealed that all of the ovaries contained
developing follicles, Examination of 98 uteri collected during the months
when moose normally are pregnant revealed that 94 per cent of the
females Age Class II or older were pregnant.

Data on the sex of 63 mooso fetuses and 129 moose calves, age one
to ten months, revealed a sex ratio of essentially 100:100. The sex ratio
of moose older than calves is distorted by hunting, which by law affects
only the male moose, In one relatively unhunted area, however, sex-
selective mortality factors appear to aifect adult males at a rate greater
than adult females.

The information on population age-structure of three local moose

populations indicate that the populations are different. The differences
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in population age~structure may reflect the effects oi local climatological

intfluences.

Mortality of moose calves during the first four to aix months
following birth ie between 30 and 70 per cent and may be normal for the
species. The specific mortality factors affecting calf moose are not
known., The most important mortality factors affecting moose older than
six months are severe winters, accidents, and hunting. Natural predators
of adult moose are rare or absent from the study areas.

Weights and measurements of 83 moose are listed. Apparently few
male moose exceed 1,400 pounds live weight, The average of 10 females
Age Class Il or older was 877 pounds,

Moose grow rapidly during their first two summers and may attain
70 per cent of their total skeletal growth during these two periods.

# eight increment continues for a number of years,
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