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PREFACE 

Although the North American Moose has been a prized trophy and 

meat animal for years. many elements of ita basic biology have not been 

learned. Recently, studies designed to provide the knowledge necesaary 

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 1958. 

The author began thia study in January, 1956, as a research project 

sponsored by the Alaska .Railroad and by Federal Aid in ~vUdlife 

Restoration. The project had the following basic goals: 1) to devise a 

means of alleviating the moose versus raUroad conflicts, and Z) to gather 

data pertinent to proper moose management techniques in the study area. 

Only the latter phase of the project is reported on here. 

The author greatly appreciates the financial assistance of the Alaska 

.Ra.Uroad and the United States Fish and Nildlife Service, and thanks the 

United States 1-...ish and '.Vildlife Service for permission to use both data 

gathered by him while an employee and also some gathered by other 

personnel. 

During the study the author also received much valuable and 

necessary help from many persons. He would like to extend his 

appreciation to: Robert F. Scott, Leader of the Alaska Cooperative 

'i ildlife .Research Unit (formerly ~upervisor of iiildlif'e Restoration, 

Alaska), for conceiving the project, ior guidance in ?lanning, for many 
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helpful suggestion& during the data collecting and data compiling phases of 

the project, for financial aid, and for use of equipment. 

Dr. John L. Buc.k.ley, Assistant Chief, Branch of Wlldlife Research, 

Bureau of Sport li'isherlee and -'iildlife, United Statee Flab and Wildlife 

Service, V'lasbington. D. C. (formerly Leader oi the Cooperative Wildlife 

Research Unit, Colleae, Alaska), for araeiously allowing the author to 

change hie thesis problem from a mink study which had been inaugurated, 

for kind and sympathetic consideration following a tragic boating accident 

which took the life of an assiatant, John Iaaac, and for helpful suggestions 

on the present theai8. 

Dr. Frederick c. Dean, Head of Wildlife .ivianagement Department, 

for critical comments on the thesis. 

Dr• .Brina Kessel, Acting Head o£ Department of Biological 

Sciencea, for her moat careful reading of this thesis and many helpful 

suggeatione. 

Sam Harbo, former University of Alaska graduate student, now '>Vith 

the Alaska Department of 3'iah and Game, Juneau, for continuing and 

completing the mink project which the author had started. 

Ronald 0. Skoog, ,'{ ildlife .Management Biologist, United States 14 ..ish 

and Wildlife Service, for many hours of discussion--often referred to as 

"arguments" by innocent bystanders--about moose and other interesting 

·topics .vhich frequently helped resolve thesis problema. 

Dustin L. Sloan, field assistant during 1957, for collecting and 

?roceesing many "highly aromatic•t moose specimens. 
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I"he personnel of the Anchorage Came .M:anagement Office, United 

:..:tatcs :Fish and '>/ Udlife Service. f.or collecting much valuable moose data. 

The Alaska. P...ail.road section crews of \i illow, Caa•Nell, Sunshine, 

and Talkeetna ior extending the hospitality oi their homes and sharing 

:.:nany a frigid ride on Ylcdl ventilated gas care. 

Lastly and certainly the one who should perhaps receive the greatest 

expression of ap~reciation, my Wlte, :&.. ranees G. R.ausch, for the long 

hours spent typing. re•typing, drawing, and especially for her ?&.tient (?) 

insistence that this thesis be completed in 1959. 

'l'o all o£ these people, the author gratefully ack.no·.vledges his 

thanks. 
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ABSTRACT 

SOME ASPECTS OF POPULATION DYNAlvUCS 
OF TiiE 

RAILBELT MOOSE POPULATIONS 

~Aoose in the Lower Susitna Valley constitute one of Alaeka•a most 

valuable big game resources. These moose were studied from January, 

1956. to June, 1958. 

Male moose reach sexual maturity at 16 to 18 months; females 

usually at Z3 to 30 m.ontha, although a few breed at 16 to 18 months. Rut 

extends from early September through early November.. Conception 

e>robably peaks in early October. All moose (over two years old) examined 

.o~ere fertile. Ninety-four per cent of Age Class n and older females were 

£>regnant. 

Sex and age data on 476 moose (Cetusea to old-age) were obtained 

irom railroad, highway, and illegal kills. Sex ratios of fetuses and 

calves indicate a 100:100 sex ratio. Sex ratios of animals older than 

calves are distorted by hunting, but natural mortality of lightly hunted 

adults is apparently greater in males. Age structure of three local 

PO?ulations differs somewhat-·possibly due to environment. Calf mortality 

vf 30 to 'll per cent by October or November may be normal for the 

?Ol_>ulations studied. Hunting. accidents, and severe winters are believed 

the principal mortality factors beyond six months. 

·1 eights and measurements of 83 moose are presented. About 

·;:) -::>~r cent of the total skeletal gro.atb is completed by 11 to 18 months. 
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d eight increase continuea &everal years. 



INTRODUCTION 

The mooae populations which inhabit the Lower Susitna Valley 

(Figures 1 and 2.), along with those on the Kenai Peninsula constitute 

Alaska 1 s moat valuable, abundant and accessible moose populations. 

Chatelain (1951) discussed the Hinter range problems, population growth, 

and relatively brief history of the Lower Suaitna Valley herds. He stated 

that prior to 1930 moose were scarce throughout these areaa. By the 

mid-forties moose ·were abundant, however, particularly in the choice 

-winter bro·..vae areas along the Alaska Railroad between Houeton (l'..Ule Post 

172) and Talkeetna (Mile Post ZZ8); by 1948 they were very abundant in the 

~,1atanuska Valley. 

The moose, 'Nbich tend to concentrate in the choice browse areae 

along or adjacent to the railroad right-of-way have created two major 

problems: one involves moose obstructing the raUroad right-of-way; the 

other involves the management oi these valuable moose populations. 

In addition to concentrating in choice browse areas along the 

railroad, moose also use the plowed roadbed as a route o£ travel, 

~}articularly during periods of deep snow cover. Tbia practice frequently 

results in moose-train accidents. ·During winters having unusually deep 

accumulations of snow, as many as tNo hundred moose have been killed 

on the 56-mile segment oi the railroad bdween Houston and Talkeetna. 

This area, roughly 15 per cent of the total railroad mileage, accounts ior 

75 ?er cent of the annual railroad-moose fatalities. Theae accidents 
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represent an undesirable destruction of a valuable reaouree and an 

cx?ensive additional operating haaard to the railroad. Moose have caused 

train derailments which have resulted in the destruction of equipment 

,..rorth many thousanda of dollars. 

In December, 1955, the Alaska Railroad and the United States Fish 

and w·Udlife Service jointly sponsored a study in an effort to find some 

means of alleviating, and if posaible eading, the moose versus train 

coni:licts. This study was conducted by the author and waa continued 

.:luring the winters of 1956 and 1957. A completion report appeara in 

Vol. 12. Federal Aid in Wlldlife Restoration, Project W-3-R-12, ~vork 

'flan A, Job No. 4. 

Concurrent with the above study and ia the same area a study of 

tnoose population dynamics wae inaugurated and it is contlnuiug. The 

purpose of this project waa to obtain data pertinent to proper management 

oi the problem mooae populations inhabiting the railbelt areas. and to 

gain a better underetanding of moose population dynamics. Data 

l)ertinent to the foUowins aspects of mooae population dynamic:• are 

presented: reproduction, sez and age distribution. survival, weights and 

measurement•• and growth. 
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REPRODUCTION 

Quantitative data illustrattng the age o£ sexual maturity, period o£ 

rut, and fertility for the mooee (.Alces alces Linnaeus) of North America, 

and particularly for the Alaskan subspecieo (A. !!· gigas Miller), are 

-.;xtremely limited or totally lacking. The data presented here represent 

:.c1ome of the results .:>btained from examining moose killed accidentally, 

illegally, or by hunters, and from aerial and ground observations made 

vf the moose populations inhabiting the t..tatan\lska Valley and .Railbelt 

areas. These data -Nere collected between January; 1956, and June, 

1958 • 

..~ ge of SeX'..lal .\·.1aturity. 

t.1ost .vorkers have not considered yearling uz... z4 months) males 

important contributors to the reproductive segment o2 mooee populati.:>ns. 

r;kuncke ( 1949) indicates that in ~:wedan male 1noose may be capable of 

fertilizing cows when two and one~iourth years old, but that the larger 

btllls seldom all.:l·.'il' them the opportunity. .Peterson (1955) mentions that 

the age of sexual maturity in male rnoose is not definitely known. but 

that some authorities believe bulls are capable of breeding at 16 months. 

c)bservations of moose rutting behavior by the writer have been 

limited to tha periods immediately before and after the main rut. pariods 

;vhan the 'harem-like" grouns consist oi both adult and yearling males 

:seemingly ;"'>eacefully intermingled with the accompanying cows and 

calv~a. 
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Yearling male moose are capable o£ and in all probability do 

.fertilize cow moose, and may become an important factor in the 

reproduction of a heavily hunted moose population, such as that of the 

iAatanuska Valley. Here, hunting has greatly reduced the male segment 

iJf the population, and aerial sex and age composition counts reveal that 

the remaining males are approximately 90 per cent yearlings: groups of 

10 to 30 animals cc:>nsisting oi. co.va, calves, and one to four young bulls 

.vere observed in late October 1957. One instance of what appeared to 

be successful copulation by a yearling bull ·Nith an adult cow was 

observed. 

F'urther confirmation that yearling male moose are capable oi 

icrtilizing co.vs is provided by Dr. J. L. Buckley, then, Leader, 

Cooperative Research Unit, College, Alaska, who reports that 

examination of the epididymal contents of three yearling male moose 

collected near Fairbanks, Alaska, on September 7, 12. and 17, 1953, 

respectively, revealed the presence of spermatozoa. .Microscopic 

examination o£ the epididymis contents of 17 yearling moose killed in 

August, ~~eptcmber, and November, 1')57, in the lViatanuska Valley 

yielded similar findings (Table 1}. 

Information, in the literature, regarding the age at .vhich fen::.ale 

rnoose first breed is sacmingly as speculative as that on the male 

rnoose. ''etereon ( 1155), citing Lonnberg (l J23) and !.1cuncke ( 049), 

:wstulates that a fe~i/ females probably breed at 16 to 18 months, but 

tnat most breed at 28 to 30 months. f·kuncke states that yearling females 
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TABLE 1. BREEDING CONDITION OF DULL MOOSE IN SOUTH 
CZNTltAL ALASKA AS INDICATED :BY THE PRESENCE OF 
SPERMATOZOA IN THE EPIDIDY.MIS 

Collection Spermatozoa Accession No. 
:)ate Present Age Class R.A. R. 

December ZO, 1956 ? * Calf None 
August 22, 1957 Yes l 392 
August Z2, 1957 Yes 1 636 
August 22, 1957 Yes I 897 
August 22, 1957 Yes I 895 
August 24, 1957 Yes I 615 
August Z5, 1957 Yes I 558 
August ZS, 1957 Yes I 832 
September 1, 1957 Yes I 53Z 
September Z, 1957 Yes 1 519 
:::eptember Z, 1957 Yes l 917 
September 8, 1957 Yes I 923 
:::eptember 8, 1957 Yes I 82Z 
September 15, 1957 Yes I 668 
::::eptember 18, 1957 Yes I sas 
November Z, 1957 Yes ? 793 
November 3, 1957 Yes I aoo 
November 23, 1957 Yes I 778 
December 8, 1957 Yes IV None 
~viarch 31, 1957 Yes** I 444 
January 8, 1958 Yes** vm 965 

* A very few developing spermatozoa in testis and what appeared to be 
decomposing spermatozoa in the epididymis.

** Very few spermatozoa--no spermatozoa Nith tails observed. 
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occasionally conceive and that most J::emales breed first as tno-year-olds, 

but that frequently they do not breed until they are three. Ritcey and 

r::d·llards (1958) found no pregnant yearlings in a sample of 15 uteri 

collected from yearlings at Wella Gray Park, British Columbia, during 

the period when moose normally are pregnant. They further express 

the belief that no females of this population breed i>rior to their third 

~all. 

The uteri and ovaries of 31 moose, Age Class Cali to Class m. 

have been examined by the author. In seven calves there .vas no 

instance of ovulation or pregnancy. Qf nine yearlings examined, six 

.'lere collected during the ·.vinter months and three during the late fall. 

'.Jne, a very large yearling, collected in Spenard, Alaska, on March 19, 

19 57, .....-as pregnant. The ovaries oi a yearling collected on November 10, 

l )57, sho,.ved a corpus luteum, partially lutenized, but no fetus was 

<·:mnJ.. The corpus luteum may have represented an ovulation which did 

:1ot 1·esult 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. examination of the uteri and/or ovaries Erom 17 

Ago Class II and ill individuals collected bet·Neen November and .t.,1ay 

Hho.-v-ed that only t.vo Here not pregnant. r,)varian analysis in this age 

group revealed an average of 1. 4 corpora albicantia of corpora lutca o:~ 

t-,regnancy per pair of ovaries (Table Z). This suggests that both t.vo­

and three•y<·ar-•>ld m.oose are represt!nted m this sample. 
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These data indicate that no calves of the year breed or ovulate; 

that a few y.:.:arling females do breed, although the data are too limited to 

tell hoYL~ many; and that approximately ~0 per cent of two- and three-ye-ar­

old females are pregnant, indicating that moat female moose on this 

range breed first at Z8 to 30 months. 

Period of Rut. 

The period o£ rut or breeding of moose, similar to many other 

:acets or its reproductive cycle, is known only in a general sense. 

~.1ost authorities agree that rut activities commence in early 

· eptember and continue through most of vctober. However, exact dates 

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

:;o;d,;,.rards ( 1158) state that most co.vs in V'l ells Cray ?ark, British 

·.:olumbia, breed during a ten-tlay period in late September, and that f:>ur 

::>eriods or oestrous occur from early Geptcmber through October. 

:·kuncke ( H49) reports that moose in S.:<~eden breed during the first t.ovo 

;.reeks oi October. Epec1mens or observations representing three phases 

'lithe rei_)roductive cycle oi the moose populations inhabiting the 

:,1atanuska Valley and ::.ailbelt areas 'Nere collected in an attempt to more 

accurately delineate the period of sexual activity. The data obtail1ed 

include the following: 

A. d eights of tt::stes. 

B. ::-~arturition. 

c. :::wbryl> and retue gro·,tlth. 
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A. •Veights o.t Testes. Testes oi certain cervids refLect the period 

<.>f sexual activity through increased size and weight. Cheatum (1946) 

:r;;::ported that volumetric determinations of white-tailed deer testes 

~ndicated a fall peak in size. He presented data which shoa that the peak 

o[ testes size, which occurs in November in that area, coincides with the 

peak of conception. 

One hundred and sixty-seven moose testes were collected during 

the ·11inter of 1956·57 and the fall and Ninter of 1957-58. The testes .r~ere 

C~reserved in 10 per cent formalin. Standardization of the portions oi the 

t·;::stes used for \'Ieight and volumetric determinations was obtained by 

:Jissecting the testes free from the tunica vaginalis, and by severing the 

vas efferentia from the testes. This process removed all extra tissue 

from the testes, particularly fat deposits, .vhich Here considerable on 

testes collected in August and September. 'l'he testes were then weighed 

to the nearest gram and volumetric measurements, using the ·Rater 

displacement technique. \vere taken t::> the nearest cubic centimeter. In 

this report only the .veight measurements are used. 

;'.tale moose vary greatly in body aize, both with respect to age and 

individual variation (see .'i eights and Measurements). Body size and 

t(!Stis size are probably proportional. The greatest variation in body 

size and testis size occurs Hithin Age Class 1; because of this variation, 

Class I bulls are consiuered separately. E a larger sample Q£ testes 

rom kno·;;~n-age animals Here available, division according to age 

classes mtght redllC2 the great range in testis W.!ighte and give some 
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indication as to #hi.ch age group flrst reaches a peak oi breeding 

cm1dition, if such a diiferenec exists. 

The weights oi 80 testes irom yearlings clearly indicate a weight 

increase from Aug-..1st 2.0 to September 2.0, a. definite decrease in '«eight 

is not apparent until Dece1nber and succeeding months. The sample of 

t.;;stes from November, however, is small and in view of the great size 

variations w1.thin this age class it is possible that this sample is not 

1.·<:::-oresentative. 

The curve, established from the .veights o£ 87 testes collected ::rom 

'noose older than Class I and averaged by periods, is illustrated in 

~'igu.re 3. Again, the range in .veigbt is great (Table 3). The points for 

the generalized curve were obtained by averaging the testis weights by 

:ive- and ten-day periods £rom August ZO to September 20 and from 

':'~ovember 1 to 30. T<:}stes collected later 'Here averaged by t.vo Neek 

')~rwda. rbese data indicate a definite Neight increase irom August zo 

through September 20 and a corresponding decrease through November 

and D;:~cember ;.rith a p•:>ssibly constant aeight from January through 

:-~1arch. 

H the curve in Figure 3 accurately portrays moose testis develop­

rn\!nt, the peak oi. male breeding condition occurs about •')ctober 1. This 

?eri:>d coincides w·ith a closed hunting season, so unfortunately no test1s 

,Jeights are available >'t>r this period. 

:3. ~arturitlon. 1\arial counts of 1noose inhabiting .favored calving 
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TABL.S 3. THE AVERAOE AND RANGE L'\t WEICHT OF 87 TESTES 
FROM ADULT MOOSE COLLECTED IN SOUTH CENTRAL ALASKA 

Date 

August 20• 25 
August 30-September 7 
.:::eptem.ber 8-14 
·::eptember 15·20 
November 1-6 
November 7·13 
l~ovember 14-20 
December 8 
December 18 
January 1-4 
January 8·31 
·.:-ebruary 1·14 

Total 

No. Testes 

27 
8 
9 

11 
1 
3 
4 
z 
z 
4 
6 

10 

87 

Ave. •Veight 
(Gramsl Ranae 

76.0 
79.4 
86.3 
90.0 
69.0 
58.3 
57.2 
44.5 
40.0 
3Z. 7 
42.3 
35.4 

t! 

) 
I;

5Z·92 i
59-109 ~ 

63-110 I' 
68·120 i 

I 

t 

69·69 
s6-oz 
46-66 
42-47 
35-45 
32-34 
34-56 
28·43 

I 
I 

l 
j 
i 

·• 
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areas in the <vb.tanuska Valley and along the ~tailbelt .vcre made bet.;veen 

"viay 20 and June 4, 1957. These counts are summarized in Table 4. 

In the follo-.ving discussion and in Table 4 the term parturition:cowo 

ratio is used to ex?re8s the progress of calving, and each birth or 

Jart:.lrition. rw'hether resulting in one, t.vo or three calves, is considered 

'Jne instance oi pregnancy. Calving '"as in progress by :.\'iay 20 and the 

counts indicated a ratio of 14 parturitions per 100 co.vs. The ratios on 

~mcceeding counts were 26, 54, and 52 per 100, respectively. 

The observed parturition:con ratios are believed to underestimate 

considerably the true values, because oi certain behavorial traits 

,lisplayed by cow moose, and because oi certain variables seemingly 

inherent to aerial counting. Cows about to give birth and those with 

nev"b•:>rn calves generally frequent lowland areas. The loNlands are 

generally s.vampy and frequently are covered Nith 8 to 2.0 inches of water 

i.n the spring of the year. The overall vegetation varies greatly. but in 

general gives the impression of a patchwork ot spruce-covered islands 

.1ith heath. sedge, and sedge-bog Oi.>enings, and dense borders of alder 

ana .;rilloN. The calves a1·e frequently hidden in the alders or on the 

sr-,ruce .Lslands and are also very diiiicult to see in the heath or sedge 

J;:.;enings if they are lying Jo.vn. Cow moose normally exhibit no 

J.::iinite response pattern to airplanes. Most co:1s vlith calves, hoNever, 

:_,ith~r r;.tn to the calf or face m the direction oi. the caL.. ,! hen the coN 

::-<:.US(~S t:.~ run to the cal~ or if the cal£ remains quiet, the observer 

irequently is unable tQ dcciJc del'initdy i -~ a calf is ~Jrescnt. !'he 
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'fABLE 4. ?ROGRESSION OF !viOOSE CALVING AS REVEALED BY 
A:SlUAL CALF:COW COUNTS IN THE LOJ'IER SUSITNA VALLEY 

Female Female i"'emale Observed Estimated 
#ithout W'ith r:)ne Nith Two Parturition: i:larturition: 

.Jate Calf Calf Calves Cow Ratio Cow Ratio 

._.iay 20, 1957 57 7 1 12:100 1~;100 

.,:ay 24, 1957 69 21 3 26:100 53:100 

<!ay 29, 1957 28 27 6 54:100 69:100 

June 4, 1957 29 25 6 52:100 78:100 
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t~;ndency elf some co-ve to hide their calves may seriously hamper a(!rial 

,-;arturition:cow counts. .i\t present it is not kno.vn .vhat age group o£ 

t;alves is most frequently hidden, or if a specidc age group is involved. 

1~hc time oi day that the counts are made may also int1uence the 

distribution and activity of cows, co..ve with calves, and calves. 

The estimated partur1tion:co..v ratios in Table 4 Vlere computed by 

including, with the actual calf:cow observations, the instances when no 

(:ali or calves were observed even though the cow responded to aerial 

bazzing ' in a manner that indicated a calf was present. 

The S?ring aerial parturition:con counts, Nhich possess certain 

n·eviously discussed vanables, shovV that 50 '?er cent of the cow-s in the 

--,opulations counted have calves by late !vlay ('fable 4 and Figure 4). 

Thus, ~!moose have a gestation period of 240 to 246 days (see Gestation 

- eriod), SO per ct.:nt of the coNe nere bred prior to October 1. 

C. ,::mbryo and 'Ff:tus Growth. Another indication of conception 

.lates and period oi euccessrul breeding has been obtained from tba 

~stimated gro.11th curve established ~rom the measuretnents oi 63 

:~nlcno.vn-age moose tetuscs (Figure S and Table 5). In general this 

treatment is patterned after Armstrong's (1950) .vork ..vith .vhite-tailed 

i·.::er. The total length measurement (follo·.wing the body contours) .'las 

u;;ed to establish the points for the grr.J'IIth curve, instead o~ thd 

cro..-.rn- rump or iorehead- rUinp measurements used by Armstrong. This 

t:.;tal length !':ieasurement .;as rnurc .1.·diablc <Jn moose because the po1nts 
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Observed parturitions/100 cows 

5 


40 


30 


20 


/1 

/ 

/ 

20 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 10 


May June 


Figure 4. Observed progression of moose calving in south central 
Alaska, as revealed by aerial surveys. 
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01. reference. the tip of the nose and the tip oi 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 affect 

tho total length measurement but does affect the :t'orehead-r,.lmp 

measurement. 

Since no known-age fetuses are available for comparison, and 

because there is no pos11ibility of obtaining any at present, it is necessary 

to make several assumptions in constructing the groNth curve from the 

present data. The assumptions are baaed on the most complete available 

information and are: 1) the embryo-ietua transition in moose occurs 

bet.veen 40 and 43 daye iollo.ving conception, Z) the gestation period 1.or 

rr..oose is Z40 to 246 days, and 3) that all ietuses grow at approximately 

the same rate. 

:•:mbryo•Ii'etus Transition. The embryo;.i.etus transition is an 

arbitrary but useful designation and has been described by •Vinters. et al. 

( 1 }42.) as that tin'le at .vhich organogenesis is complete and the remaining 

::ctal gro.vth is largely the development oi existing organs. 

The embryo•tetus transition for white-tailed deer, cattle. and 

sheep has been estimated by Armstrong (1950). w-inters and Feuffel 

( 1') 36), and •'linters, et!!: (l 'J4Z) to occur at 37, 45, and 34 days. 

rest')ectively. The pt!riod of the embryo occu;;,ics about 18 per cent of the 

total gestation periQd in these mammals. Application of this .igure to 



24 

the moose's gestation period of about 240 to l46 days indicates that the 

embryo-fetus tranaition should occur at about 4Z to 43 days following 

conception. 

Gestation Period. The assumption that moose have a 

gestation period of Z40 to Z46 days is baaed on estimates by a number of 

writers none of whom cite specific examples (Peterson, .22:. £!!:_). 

Rate of Growth. The assumption that fetuses tend to grow 

at the same rate ia baaed on the observation• of Winters and Feuffel 

(on.--cit.) and Armstrong (1950). These workers concluded that fetus 

size is primarily a fUDction of growth-time, and that while individual 

variations and variations between aingle and multiple 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 •tbe at fit" or straight line 

portion of the data, were tested statistically. total length on time, 

iollowing Snedecor•a (1946, technique for determininalinear regresaion. 

The regression line obtained from the fetus data was not sufficiently 

accurate *ithin the • 05 confidence limits to be used as a basis !or 

estimating variation in conception dates. and fot- this t-eaaon a generalized• 

visually fitted, fetua•growth curve is used. 

'rhe curve which was fitted by inspection to the embryo-ietus data. 
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illustrated in t<'igure 5, uses October 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 peak ol. conception, 

and the sizes and development of the embryos and fetuses collected in 

October and November indicate conceJ>tions in late September and early 

;)ctober. If the curve in Figure 5 accurately reflects the groNth of 

moose fetuses, then important information pertaining tol the duration and 

peak of conception can be obtained from it. If tha gro·.vth curve is used 

as a constant to ·.vhlch the other fetuses are compared, then all ictuses 

lying to the leit oi the curve '\ifere conceived prior to the average date, 

and all fetuses to the right of the curve were conceived after the average 

J.ate. The variation in time of conception, measured in days, can be 

ubtain.ed by dropping two straight lines to the abscissa of the curve. 

)ne line is dropped £rom the point representing the total length of the 

~ctus. The other is dropped from the point on the average curve equal 

in total length to that of the fetus in question. The distance between the 

t;vo lines represents the diiierence in thne oi conception. 

The peak and duration oi the period vf conception curve (Figure 6) 

.vas constructed by grouping the fetus-variation as determined from 

::'i.gure 5 into three-day periods and converting each three-day period to 

a per cent of the total variation. Thus, for example, ii lv tetuses ...lfere 

conceived in the thre~·day period just prior to the arbitrary October 1 

:3tarting date anJ a t:ltal ot 63 fetuses are ~>resent in the sample, then the 

three-day ?Criod just uriQr to Cctob~r l accounts for roughly 16 ..)Or cent 

http:ubtain.ed


26 

50 Per cent of total conceptions) 

40 

30 

20 

10 

12 9 6 3 0 3 6 9 12 15 18 21 24 27 30 

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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o.: the total conceptions. These data reveal that 60 per cent of the fetuees 

in this sample aere conceived in a 10-day period; that 80 per cent Nere 

conceived within a 15·day period; and that all individuals in this sample 

.vere conceived within a 40- to 45-day period. 

Ir 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 tNo 

additional oestrous cycles in moose not conceiving during their first 

oestrous. or an extended period of ovulation possibly due to age­

differential ovulation. 

i'lhile deer are known to ex~erience several oestrous cycles 

annually if they do not conceive during the first cycle (Cheata."'l 1946), 

data illustrating additional oestrous periods in moose are meager. 

·.~.xamination of the ovaries Zrom a Class IX female killed on November 14. 

l )56, at rll.ile ~.:·ost 134.4 on the Alaska Railroad. revealed what appeared 

to be a degenerating corpus luteum of oestrous and a developing follicle 

N'hich burst when handled. Also. the uniforrn1ty of the conception dates 

o ... three i~tuses {Accession Numbers 979. lA. and 2.A) which fall far to 

the right oi the average growth curve suggest a possible second oestrous 

in Alaskan moose. The data. based on ietus size distribution• .from 

moose in the ,;'ells Gray £>ark in British Cvlumbia clearly indicate at 

bast ;:our oestrous cycle9 ( J.itccy and f..d.vards. l )58). 

Data suggesting an age-differential ovulation are similarly meager. 

• ..-:tue ~79 (collected January '), 1) 58). fable 5, irom a Class I bmale 4 
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;vas probably conceived late in October. k""'emale 806, Table 6. collected 

November 10, 057, also a Class I individual. had o.>vulated. but the 

corpus luteum had not completely lutenized, suggesting a recent 

ovulation. The sizes of the fetuses from Class ll and Ill females appear 

to be randomly distributed (Table 5). Yearling iemales poesibly ovulate 

later than older animals, but th~ few 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 firvt cycle. and by normal variation in oestrous dates. 

()ther Observations on Rut 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. 

':Jn &eptember 17, 1957, the writer killed a yearling bull which bad 

a large co"v accompanying it. The pair IN&S observed for 30 to 45 

minutes before the bull was shot. During this period the male evidenced 

much interest in the cow but did not attempt to mount her. G:xamination 

o:J:· his stomach contents revealed he had ingested some urine--typical 

-:>t rutting bulls. On [;eptember zo. 1957, R. 0. Skoog. >IUdlife 

\•lanagement Biologist, United States Fish and llvildlife Service, killed 

a three to four year old bull near the Susitna lUver bridge along the 

!Jenali ilighway; he reports that this bull also bad ingested a considerable 

anwunt of urine. 
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Aerial sex and age composition counts of the moose populations 

inhabiting the Clear Creek and ..\.faclaren River drainages on October 9 

and 9 and on the Suaitna River area on October 10, 1957, tallied 456 

animals. t-.iost (76 per cent) of these animals were found in "harem-like11 

groups of 3 to ll animals. The moose were generally distributed along 

the creek bottoms in dense willows 6 to ll 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. Evidence of recent 

rutting activity was abundant on willow-and-alder-covered benches some 

ZOO to 400 feet above where the majority of the moose were tallied. 

Nearly 100 rut pits ("brunstgropen11 
) were counted. These excavations 

are reportedly rnade by bulls alternately pawing, urinating and rolling in 

them during extreme excitement of the rut (Peterson, 1955). Mating 

reportedly takes place in the immediate vicinity of these pits (Lonnberg, 

l 1~Z3). Thia area was covered by 3 to 4 inches of snow some three to 

iour days previo\1& to the counts. Fresh trails led from the breeding 
1,, I 

area to where the mooae had regrouped in the valley areas, a distance of 

ar_:.proximately one to t.vo miles. The presence of rut pita and the 

subsequent movement of the moose to another area also suggest that the 

?eak oi 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 bulls 

iirst start polishing or rubbing their antlers, and continue through 

September. October, and early November. 

Spermatogeneeis, as evidenced by presence of spermatozoa in the 

epididymis has begun at least by August ZQ and contlnuea at least until 

December (Table 1). Sxamination of ten sets of ovaries in August and 

early September revealed developing follicles, but none of the females 

had ovulated (see l!""ertility). One set of ovaries collected on October 2 

contained several large follicles. The largest follicle ruptured when 

handled, .:lossibly indicating that this cow was about to ovulate. 

The combined da.ta of testes .veights, parturition observations, 

embryo and fetus measurements, ovarian analysis, and field observations, 

indicate that the peak of conception occurs sometime in late September or 

early October, probably about October 1 to 3. About 80 per cent of the 

fetuses in a sample of 63 were conceived within a 15 day period and all 

of them ..vere conceived within a 40 to 45 day period. This suggests that 

most females are bred during their iirst oestrous. but that subsequent 

oestrous periods may occur if the iemale does not conceive during the 

first. It is also possible that the length of the period oi conception is 

caused by age·differential ovulation, the yearlings breeding somewhat 

later. 

"ltertility 

:::'ertility, as used here, refers to the potential reproductive ability 
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of female rnoose. Fertility data were collected hom 106 female moose 

during the period from January, 1956, through June. 1958. These moose 

were examined aa a result of highway, railroad, and illegal kills. In many 

instances complete information was available, and jaws, ovaries, and 

ietuses, if present, were collected. 

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

ovaries were collectecl from 36 mooae Age Class I or older (Table 6). 

Connective acar tilsue, the corpora albicantia, £ormed by the 

degenerating corpora lutea of pregnancy, has been used by Cheatum (1949) 

to estimate the previous year's reproductive performance oi certain 

.vhite•tailed deer popwations. In identifying the number oi corpora 

albicantia present, Cheatum assumed that all pigmented scare represented 

the past gestation period's corpora lutea of pregnancy, and that the 

pigmented scars resulting from other ovarian functions could be eliminated 

on the basis of their smaller siae. Ciolley (1957). working with black­

tailed deer, presented data which indicate that some pigmented scars irom 

ovarian functions other than pregnancy are ps-eaent and that the fate of the 

corpos-a albi.cantia of the corpora lutea ot prepancy is not consistent. 1n 

black...taUed deer, this reaulted in 18 per cent more corpora albicantia 

being tallied in ovaries collected during the aneetrous period than there 

are corpora lutea oi. pregnancy present in ovaries collected during the 

gestation period. Thus, in some ungulates, corpora albicantia counts 

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

the technique. 

Seventy-niDe moose ovaries from 36 females (Table 6) were eectioned, 

sagitally, with a razor blade and examined for the presence of corpora 

lutea of pregnancy and for corpora albicamia of corpora lutea of 

pregnancy. The sections were of varying thtckneas, but were thin enough 

to allow the paaaaae of llaht and thereby permitted detection of pigmented 

bodiea and large follicles. In moose the corpus luteum of preanancy is 

large, frequently 10 to 18 millimeters at ita greatest diameter, and ia 

easy to find. The corpora albicantia of corpora lutea oi pregnancy are 

smaller, dark, pigmented scare, varying in color from light-brown to 

almoet black. The usual size is from 4 to 8 millimeters at the greatest 

diameter. Occasionally smaller pigmented bodies are obaerved. but these 

are not counted (Cheatum, 2.2:. £!.!:_, and Oolley, .22· .£!!:.). 

Examination of the moose ovaries collected during this study 

revealed a number of interesting data; o£ particular interest are the 

following: 1) follicle development and ovulation. Z) types o£ ovulation. 

3) corpora albicantla as indicator• o£ tl&st pregnancies, and 4) ovaries as 

indicators of fertility. 

Follicle 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 bad one or more developing 

:ollicles, 'vhich ranged from 3 to 14 millimeters in diameter. :Jne Cla•s I 
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animal, collected on Augu.at 31, had a developing follicle 7 millimeters in 

diameter. In specimens Accession Numbers 531 and 586, collected in early 

and mid•September, tho follicle wall& were very thin. An ovary of female 

Acceaaion Number 595 collected on October a. 1957, contained a iollicle 

10 millimetera in diameter which ruptured when handled. Although all 

the ovaries collected during late August, September, and early (>ctober 

had lara• developiq follicle a pl'eaent, the data are too limited to indicate 

trends on ovulation datea. The data do indicate that all the animals in 

this sample older than Class 1 wel'e potentially fe:rtUe. 

Types of OVul,ation. The number of corpol'a lutea oi pregnancy 

present in moose ovariee ueually corl'esponda to the number of fetuses 

present. Thus if twin fetuses were present two corpora lu.tea were 

usually present; however, several interesting variations were observed. 

One pair of ovariea had a siAgle corpus luteum and twine were pl'eaent • 

another had two corpora lutea and a single fetus, and no evidence of 

resorption of a second fetus was observed in this animal. In animals 

carrying twin fetuses the col"pora lutea were located one in each ovary, 

two in one ovary, and aa previously mentioaed, one instance of a single 

corpus lu.teum. 

Corpora Albicantia as Indicators of Past Preencies. The 

number of corpora albicantia or pigm.ented scars in moose ovaries has a 

direct relationship to the age of the individual (Table 2). 'rhie suggests 

that. in mooae, the corpora albicantia of corpora lu.tea o£ pregnancy 

• 
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persist iol' a considerable time and possibly thl'ough.out the animal's life. 

Thus, estimating the past bl'eeding season's success from corpora 

albicantia counts is not considered feasible. Likewise estimates of the 

reproductive history of individual animals il'om pigmented scar counts is 

not considered feaaible other than in a general way. because of the possible 

~xtra scare 'Nhich are produced through multiple ovulation and extra 

oestroas cycles. In the present sample, however, errors due to extra 

corpora albicantia developing from supernu.meray cozopora lutea of 

pregnancy would be minimal, because the number of corpora lutea o1 

pregnancy and !etusea are nearly equal. 

Ovaries as Indicators o£ !1""ertUitX· The data obtained from 

examination o£ 79 ovaries from 36 moose Age Class 11 or older reveals 

that a corpus luteum o£ pregnancy or a developing follicle was present in 

each animal.. li one assumes that the developing follicles ruptared, 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 females pregnant at the time of examination. 

!he sample includea animals collected irom late October throagh tv1ay, 

the period when sexually mature female moose are normally pregnant. 

The definition does not allo·N for reoorped embryos, abortion or other 

prenatal losses; however, only one instance of. possible prenatal loss ·Nas 

observed, and this case could not be verified. 

l"he "barren cow m.ooae'' is a concept apparently accepted by many; 
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theoretically under certain advcrae conditione, 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 ln the .Matanuaka Valley and R.ailbelt areas, where 

available winter bro•ae appears insufficient, and the bull:cow ratios are 

as low aa seven bulla per 100 cows, as 87 of 93 (94 per cent) cows older 

than yearling& were prepant (Table 7). 

tn an effort to measure the relative ealf production of young and old 

moose and to minimize the aging teehnique problema, the eight recognizable 

age classea of breeding..age females (see Sex and Age Compoaitiont were 

lumped into four age categories. (Yearlings- ... Claaa J .... are discussed in 

Age at Sexual Maturity section). 

1) ·rhe age category of Claaa U and Dl individuah, unfortunately the 

moat diffleult age elaaees to separate. includes the period at which female 

moose reach sexual maturity (see Age at Sexual Maturity). 

Z) The category of Age Claeaes 1V and V, which probably includes 

moose o£ 3 1/2. to 6 l/ Z years. coincides with early physical pritne. and in 

this sample is represented by 30 individuals. No barren cows were found 

in this group. 

3) The age category composed of Classea VI and Vll probably 

represents moose of 6 1/2. to 10 1/Z years; only 1 oi 14 animals examined 

was barren. 

4) The oldest grou-p. Age Classes vm and IX, probably represents 

moose 10 1/Z to Z.O years old; only 2. oi 17 cows examined were barren. 
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Although the present data are limited in number, there is no 

indication that iernale moose in southern Alaska live past their 

reproductive age even though hunting of cows is prohibited. 

Only 1 of 15 unknown-age females above Age Class 1 was barren. 

Thus, as mentioned earlier. 94 per cent of all female moose examined, 

above Age Clasa I. were pregnaat. 

Another important factor in evaluating the relative reproductive 

importance o£ each age category is the number of calves produced by the 

animals comprising a particular age category.. The production of calves 

is expressed aa 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 U and W, produce fewer calves, and 

that the oldest age group, VW and IX, continues to produce calves. 

l'he rate of twinning is still another factor contributing to the 

importance oi a particular breedins age group. Figure 7 indicates that the 

youngest breeding age group, Age Classes U and UI, baa the lowest rate oi 

t\Yinn.ing as well as the loweat fetus:cow ratio (excepting Class I individuals 

which are not coDeidered a breeding group). The oldest age group has the 

highest rate of twinning; 47 sets per 100 pregnancies. 

The age category composed of Age Classes VI and Vll, presumed to 

represent moose in late prime of liie. is difficult to interpret as both the 

cali :cow and twinning rate are lower than expected. This is probably the 

r;;sult oi a small non-representative sample. 

These data indicate that potential reproduction in the aailbelt and 
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15 Fetuses/100 cows and 
twins/100 pregnancies 

lOQ. 

7.?_ 

5.2_ 

Ill 
Age Classes I II and m IV and V VI and VII VIII and IX 

c=J Fetuses per 100 pregnancies 

~ Twins per 100 pregnancies 

Figure 7. Comparative potential reproduction of five age categories 
of cow moose. 



l•,fatanuska Valley moose populations is very good; that great hunting 

pressure. even reducing the bull:cow ratio to 10 per 100 or lese has not 

loNered the incidence of pregnancy of the moose population•; and that 

hunting only bulla is not an effective means of controlling moose nu.mbers. 
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SEX AND AGE COMPOSITION 

Sex and age data were obtained from 476 moose, from Age Claas 

Fetus to Age Class IX (Table 8). The sex and age information for Age 

Classes Fetus and Calf represent all specimens collected, and inclL1de 

animala collected as a reeult of railroad and highway accidents and illegal 

kWa. The specimens represented in Age Claseea I to IX were killed by 

trains between tdlle Poets 150 and Z50 on the Alaska RaUroad during the 

winters of 1955-56 and 1956-57. 

Sex ComP9sition 

Sex ratios of many mammals, incluc:ling cervids, approximate a 

100:100 ratio at birth with, perhaps, a aUght numerical superiority of 

males indicated for some species (P..obinette, .!!,.!!,: , 1957). Under 

certain favorable conditions sex ratios at conception of many North 

American unsuJ.atea 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, =.!_~ (~. ~), 

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. 'rhe literature and data 

presented ehow that there are exceptions to the general belief that 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 
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reproductive hiato:ry 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 wW be favored' generally, 

however, the male suffers the greaten mortality. 

Robinette, .!!.!!:. (~. !:!!.:,) indicates that postnatal sex-selective 

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; thie differential mortality is reversed during the second 

winter when the mortality rate for males la roughly twice that of females. 

The present data on the sex ratio of moose fetu.sea are limited, but 

information from 63 fetuses indicates a sex ratio of 103 males per 100 

females. The sez ratio of 14 aete of twin fetuses ·•as 16 males to lZ 

females or 133 males per 100 females. The eex composition of the 14 

seta of twine was as follows: two males, S aet&i one male and one female, 

6 seta; and uro fem.alee. 3 eete. 

The sex ratio of 129 moose calves, varying in age from 1 to 10 

months, wae 64 m.alee to 65 females or 98 males per 100 females. This 

ia 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 -Nhich are 

subjected to varying degrees of hunting pressure (Figure Z). 'fhe areas 

are as follows: Area I, the Matanuska Valley, Mile Posta 150 to 175 along 
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the Alaska ll.ailroad; Area n, the Wlllow area., MUe Poets 176 to 2.00 

along the Alaaka Railroad; and Area W, the Kaahwitna·Talkeetna area, 

Mile .?oats 2.01 to 2.50 along the Alaska Railroad. These areas represent 

moose populations subjected to intense, leas intense but heavy, and 

practically no huntina pressure, respectively. 

The moose represented in Table 9, older than Age Claaa Ca.l£, were 

killed by trains during the .,inter• of 1955-56 and 1956-57. The eight age 

classes above Age Class I have been combined into four age categoriea 

in an attempt to eompenaate for the aging technique difficulties (see Age 

Composition). Althou&h the samples from each local area are small, the 

effect of hunting on the male se&ment of the moose population in Areas 1 

and n ia apparent. The bull:cow- ratios in Areaa 1 and n are 21 and 38 

bulle per 100 cows, respectively. The aex ratio iA Area UI, which is 

subjected to little hunting pressure, is 84 bulla per 100 cows, and in this 

sample is not statistically different from a 100:100 ratio. Aerial counts 

made on Area UI in 1957 and 1958, however, do indicate a significant 

difference at the • OS level. This suggeeta that the sm.all sample of 

railroad-killed moose. while not statistically significant. probably does 

represent a biological fact. The sex ratio of the three oldest age classes 

(VIt, VUI, and IX). 46 bulb per 100 cows, is significantly different from 

a 100:100 ratio, and suggests that sex differential mortality factors 

possibly affect males at a greater rate than females. 

The assumptic:m that sex ratios ubtain..:d from examination of 

train-killed moose are representative of the existing moose population.B 
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TABLE 9. SEX AND AGE COMPOSITION O;J' RAILBELT AND 
;c.{ATAN'USKA VALLEY MOOSE POPULATIONS BY AGE CLASS (AS 
OBTAli"'ED FROM RAILROAD KILLED MOOSE DUlUNCi l'Hif; VflNTERS 
OF 1955·56 AND 1956-57) 

Area and 1•155-56 1956-57 Combined l"lales:lOO 
Ase Clasa .Male ~"'emale Male Female Male Female Females 

Area l•·Mile i>osta 150-175 
I 1 l 
u 0 0 
III 1 2. 
IV 0 2 
v 1 1 
VI !) 4 
vu 0 2. 
vm 0 1 
IX 0 s 

1 
0 
1 
0 
0 
0 
0 
0 
I) 

0 
1 
0 
z 
1 
1 
1 
0 
0 

2. 
0 
z 
0 
1 
0 
0 
0 
() 

1 
1 
2 
4 
z 
5 
3 
1 
5 

Totals 3 18 2. 1 5 2.4 Z.l 

Area n- .. MUe ;.:;.oats 176-200 
I 1 z 
11 0 z 
Ill 3 3 
IV 3 8 
v 3 6 
VI z 6 
VII 0 8 
VIU 1 4 
IX 0 6 

1 
0 
2 
3 
1 
1 
1 
0 
Q 

0 
0 
2 
3 
3 
0 
4 
1 
0 

2 
t) 

5 
6 
4 
3 
1 
1 
() 

2 
2. 
5 

11 
9 
6 

lZ 
5 
6 

Totals 13 45 9 13 22 58 38 

Area W••l.1ile Posts ZOl·ZSO 
I 8 4 
u l 3 
Ill 4 4 
IV s 4 
v ;< '1 
VI 6 lJ 
vn 1 3 
VIII 3 :; 

IX 2. z. 

l 
3 
3 
7 
2. 
::; 
J 
) 

2. 
3 
a 
4 
3 
I 
.1. 

'} 

) 

l 

9 
4 
'1 

J.Z 
ll 
11 

1 
3 
2. 

; 
0 

6 
iZ 

[J 
12. 
11 
3 
:: 

3 

Totals 39 49 Zl 22 60 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 bulll per 100 cows. 

The same ratio obtained from aerial compositloD counta is 44 bulls per 

100 cows. The two samples are not directly comparable, however. 

because moet of the railroad sample came from Area UI 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 biliabitinl the areas adjacent to the right-of-way. 

Sex: ratios ot 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 W, where hunting is 

limited by accessibility. natural mortality posaibly affects males at a 

greater rate than females. 

Age Composition 

Data on the age of Z40 moose, Age Class 1 to IX, were obtained 

from animals killed by trains between Mile Posts 150 and. Z50 on the 

Alaska H.aUroad. These data are presented in Tablea 8 and 9. 

Age determination• of moose, based on comparative wear of the 

mandibular teeth, have been deaeribed by Skuncke (1949), Lensink (1955), 

and Peterson ( 1955). All three of the aging techniques are based on 

diagnostic characteristics of tooth wear, and ja·•s evidencing similar 
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..;lear ·Nere placed in the same age claes. Apparently. only Skuncke had 

some known.•age jaws for comparative purposea. All three of these 

writers describe nine general age cla.ssiiicatlons, excluding calves. In 

all probabUity only the first thzee age classes correapond to the 

chronological age of the animal. In analyzing the material preaented here 

the writer used a key constl'UCted by Lenaink (op. S!:,.). Subaequent 

cross-checking by Lenaink revealed that complete agreement with the 

writer' a aae determinations was not obtained even on Age Claaaea nand 

IU when using the Ju"Jy alone. Since comparative wear ia difficult to 

evaluate quantitatively, claaaification of jaws baaed on experience and 

comparison with a set of known•a1e or approximate•age jaw• seema a 

more desirable teclmique. Quimby. et al. (1957), working with elk and 

having known.•age jaws for compariaon, concluded that no single 

characteristic or combination of characteristics of wear satisfactorily 

sep;~rated animala with '*full mouth•"• and while not absolute, the beet 

technique was visual compartaon with known-age jaws. In hia concluaion 

he further statea, "· •• familiarity gained by handling large numbera of 

jaws seems to provide the beat criteria for eatabliahing age claasea. 11 

Experience, plua a aet of approximate-age jaws. is the technique 

finally employed to claaalfy the jaws diaeuaaed in this section of the 

report. Age Claea U and beyond undoubtedly include more than one year 

class. Thua, the aeven age claaaes beyond Clasa n repreaent moose 

from 3 to ZO 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 bulla survive to Age Classes vm and IX in the three 

local areas studied. The reason for the poor survival of bulls in Area I 

and n ia directly attributable to removal by huntbll• The mortality 

factors affecting bull survival in Area m are not known. 

The status of the population as reflected by age composition is best 

assessed 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 ia deterrninin& the exact number 

of year classes represented. by a particular age class. However, until 

known•age specimens are avaUable the desired breakdown will not be 

possible and analysis of population age structure based on the nine 

recognizable age categories or combinations thereof must be considered 

as only a general indication of population age structure. 

Several intereating population trend& are revealed through analysis 

of the age structure of the 1955·56 railroad•killed moose. The data 

obtained from the 1955·56 kille are used. instead of a cumulative total 

kUl for a number of years, because of the deeirability of analyzing 

the fate of several important year classes. The llZ. cow moose, Age 

Class 1 to IX. killed by trains during the winter of 1955-56, are listed in 

Table 10 by age class and per cent oi total. 
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TABLE 10. AGE OF llZ COW MOOSE KILLED BY TRAINS THE 
WINTER OF 1955·56 BETWEEN MILE POSTS 150 AND Z50 ON THE 
ALASKA RAILROAD 

Age Class No. o! Moose Per cent of Total 

I 7 6 

n 5 5 

m 9 8 

IV 14 13 

v 16 14 

VI zo 18 

vn 18 15 

vm 10 9 

IX 13 12 

Total 112 100 



55 

Analysh of these data reveal that kills from Age Claasea I and U 

comprise only six and five per cent. respectively, of the total females 

killed. Croas-checkina with the 1954 and 1953 fall aerial sex and age 

composition counts, when the 1955-56 Clasa I and moat of the Class U 

animals were calves, revealed calf:cow ratioa o£ 40 and 44 calvea per 

100 cows, l'espectively. 1f no mortality or vei'J little mortality had 

occurred to the 1954 and 1953 calves from the tirne of the aerial counts to 

the time of the 1955-56 railroad-killed sample, and assuming a 100:100 

sex ratio, then the 1955-56 winter sample of the female population 

should contain approximately 15 per cent Class 1 and U individuals, 

reepectively. Thus, lf the sample of railroad-killed animals is represen­

tative of the existing female population, gl'eat mortality has oc:curroed to 

these a1e classes. 

Quantitative evidence pertaining to the mortality factors possibly 

affecting the 1953 and 1954 calves are not available. Limited fleld 

observations made by Flab and ~Vildlife Service personnel, however, 

suggest that the unusually sever-e winters of 1953-54 and 1954-55 may 

have been the principal mortality factor. 

The age structure of the Railbelt moose population•. as indicated by 

train-killed moose for the year• of 1955-56 and 1956-57 has a preponder· 

ance of middle-aged and old females. However, the age structure of the 

cow segment of the three local populations aa revealed by the sample of 

railroad-killed females appears quite different. The differences. 

however. are not significant at the • 05 level. In Areas I and II. 58 and 
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SO per cent. respectively, of the cowe are of Age Class VI. or older, 

whereas in Area W only 38 per <:eDt of the CO<NB are represented in the 

older age classes. The percentages of females in the oldeet age 

category. Ase Classes VUI and IX. from the three areae are as follows: 

A:rea I, i5 per centJ Area U, 19 per cent; and Area XU. 11 per cent. These 

data suggeat that the age structure of the population in Area W is 

possibly younger than that of Area I. The moat ob'rioue ctifference a 

between the two areas which might affect population age structure are 

climatological. Area I ia subjected to frequent 1tro11g winds throughout 

the winter. The wind• tend to reduce the anow cover thereby allowing· 

moose e~uier travel to browse areaa and also rnaldn& more bro'-rae 

available to the moose. The winter average temperatures in Area I are 

considerably warmer than those of Area In (Climatological Data, Alaska. 

1955). Area m liea within a deep snow belt, frequently 40 or more 

inches of snow cover the ground and consequently the low shrubst thereby 

reducing the amount of available winter browse. 

Theoretically the more favorable climate of Area I should allow £or 

a greater survival of calves and for better survival of the oldest age class 

individuals. The harah winters of Area W could cauae increased 

mortality of calve• and old animals. The data obtained from the railroad­

killed mooee indicate that the two populations are poseibly responding to 

the effects of climate aa illustrated in the preceding discuesion. Area l 

has a very dense population of moose, with a considerable number of old 

females. Area IU baa conaiderably fewer moose per square mile but bas 
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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 W .may be increasing, although there ie 

no data to indicate a aubatantial increase in moose numbers in this area. 

Area I populations possibly are decreasiag, hence an unbalanced old 

population; however, the annual calf:cow ratios indicate that production 

is excellent and the 1957 hunting season revealed that sul'Vival of bull 

calves to 16 months was very good. 
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SURVIVAL 

In most ma.m.mals the greatest mortality occurs in the youngeat age 

group-·the young•of·the•year (Robinette. !! .!!: , 1957). Frequently the 

extent of this mortality and the factors cauaing lt are not aasessable. The 

factors affecting survival of moose calvea alao &J'e not kno'RD.. However, 

aerial sex and age composition count• are made of the mooae population• 

in October or November, when the calves are four to five months old. 

Thua. if the fetu.a:cow ratio (the ratio of fetuses per 100 co\Va) is kno*n• 

these count• should pt>ovlde a measure of calf mortality to the date of the 

count. 

Aerial observers cannot distinguish yearling females from female 

moose of other agee. 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, female moose of all 

ages. including calvea, are combined with the adults. The inclusion oi 

female calves ia necessary because they are counted as adults in the 

following fall aerial sex and age composition counts. In computing the 

!etus:cow ratio only those CO\VB 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 feiDale 

moose, a weighted fetua :co-R ratio ie 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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fetua:cow ratio to be minimal, because the calvea were collected from 

January to March, and undoubtedly considerable caU mortality occurred 

subsequently in the sprin& of 1956, a particularly severe winter and 

spring. Thua, since the female calves are not contributing to the 

reproducing portion of the female population, their over-representation 

in computing the weighted fetua:cow ratio acts aa a depreasant on the 

fetua:cow ratio (Table 11). 

ID 1956 the RaUbelt-.Matanuaka area calf:cow ratio computed from 

the October cO\Uita was 38 calves pel' 100 cows. When thia ratio is 

compal'ed with the !etua:cow ratio of 87 fetueea per 100 total females. a 

calf mortality of 56 per cent to October ia indicated. Poaaibly, these 

ratioa cannot be compared dil'ectly, and several poaaible sources of 

error in making aerial sex and age counts are recognised. However, 

aerial counts of these moose population• have been conducted for the 

past seven years, and ln no inatance baa the calf:cow ratio of a local 

area approached the observed fetua:cow ratio. Calf mortality of 30 to 

70 -per cent by October may be normal !or the species, depending, of 

course, 1.1pon 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 waa observed (see 

Reproduction). Poetnatal 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 o-Nere observed on moose calving areas during 

10 hours of low observational fiying in the spring of 1957. Moose calves 

seem to be accident prone, and succumb to drowning, falls, cars, dogs, 

and possibly to abandonment. 

Survival of moose beyond four to five months and the factore 

affectiDI their survival are not well known. Accidents, hunting, predation, 

and severe winters are recognized mortality factors. The ef!ecta oi 

these factors are difficult to determine, and the magnitude of each varies 

from year to year. During the winter of 1955·56, ZZ9 moose were 

killed by trains on the 56 miles of raUroad which transect the etudy area. 

In 1957-58 only seven moose were reported killed on this same segment. 

The great difference ia 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 in approximately 100 moose iatalitiea annually in 

the Lower Susitna Valley areas. The rnagtlitude of the highway kill is 

somewhat dependent upon the severity of the ~Ninter; however, moose are 

killed throughout the year. 

Adult moose seemingly are as accident prone as are their calves, 

and considerable numbers die each year as a result of falling from 

cliffs, breaking through thin ice, falling into construction ditches, 

tripping aver fallen trees, and running into or becoming entangled in 

fences. 
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Hunting affeete only the male population segment in Age Class 1 

and older. The per cent removal of males varies with accessibility of 

the moose. In Area I, roughly 90 per cent of the malee are removed, 

whereas in Area IU few mooee are taken. Poaching (illegal bunting) 

removes an unknown number of bulls and cows. Although the total 

illegal take is not known, it is considerable in some areas. At least lZ 

cow moose were known to have been killed during the August ZO to 

September 20 season of 1957. and undoubtedly many of the Valley area 

11homesteaders 11 have !reah meat throughout the winter. 

N olves and grizsly bears, the only natural predators of moose 

older than calves in this portion o! 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 w·ere 

seen during the study, although bear tracks are fairly common along the. 

areas• salmon streams. 

?erhaps. hunting. accidents. and particularly severe winters, as 

discussed in the section on age composition. are the most important 

decimating factors to the moose populations studied. 
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WEIGHTS AND 1\!EASUllEMENTS 

Peterson (1955) summarized the available weighta a.nd measure­

ments of the four subspecies of North American moose. The Alaskan 

subspecies, Alee• !:!.£!! gigaa, ia represented in hia data by five 

specimens (bulla taken from the Kenai Peninsula for muaeuma). No 

weights are recorded for the Alaskan specimens. 

Eighty•three !DOOse, of Age Claaa Calf or above, were weighed or 

measured in conjunction with current moose ID&nagernent studies of the 

Railbelt and Matanuaka Valley moose populations in south central Alaska 

(Table 12). 

The weights givcm in Table lZ are in pounds and are self-explanatory. 

The measurements are in millimeters, and are defined aa follows: 

Glrth·-circum!erence oi the body back of the forelegs, 

around the deepest part (){the chest. 

Hind Foot- ·heel ::>1 the calcaneum to the tip o£ the hoof. 

Total Length--tip of the nose to the tip of the taU, excluding 

hair, .allowing the body contours over the bac:k . 

.:£!!--notch to the tip Ot the ear, ..-:xcluding hair. 

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

bottom oi the hoof. 

Pelvis--crest of the ilium to the tuberosity of the ischium. 

Body--metacrorniurn process of the scapula to the tuberosity 

ot: the ischium. 
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~--rnetacromium process oi the scapula to the atlas. 

Tail••tlp of the taU, excluding hair, to the first aaeral-
vertebra. On moose this mea&urernent ie very difficult to take 

accurately. 

Although the present data are too few to be conclusive, it seems 

that few mature bulls exceed 1, ZOO to 1, 400 pounds in total weight even 

in their pre-rut prime. Total weights of four blllls, and hog-dressed 

weights of six bulls, Age Class 1 and above, are presently available 

(Table 12). The weights of the mature bulls, Age Class UI and above, 

are all from the winter months, a period when bulls are thin and possibly 

11.reigh 10 to 15 per cent lela than during their pre-rut prime in the early 

fall (Skuncke, 1949). The heavieat of these individuals weighed a total of 

1 t 140 pounds. ~eletal measurement& indicated that this was a very 

large moose. 

The maximum total weight of 17 females Age Class I and above .vas 

995 !lOunds. The average total weight of 10 females Age Class II and 

above, collected during the fall and winter months, was 877 pounds. Cow 

moose do not lose weight during the breeding season in late September 

and early October and consequently they enter the Hinter in prime 

condition. They do, however, utilize their fat deposits gradually during 

tho .vinter and by spring have lost considerable weight. The average 

total Neight of four females above Age Class n, which were collected in 

late spring and early swnmer, ;;1as 708 pounds, roughly 20 per cent less 

than the average of the 10 individ11als 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 factor&, including the severity of the winter and the quantity 

and quality of available winter browse. The few weights recorded here 

are not necessarily typical of all areas. Certai:aly, a greater number of 

individuals representing all seasonal period& and contrasting climato• 

logical and range conditions ia needed before conclusions are drawn 

concerning average winter weight lossea. 

Growth 

Moose calve& grow rapidly during their first five or six monthe of 

life and may weigh 10 or more times their birth weight by the end of this 

period. Calvea, which in this area are born from mid•May to early 

June, weigh approximately ZS to 35 pounds at birth (Rausch, 1958) and by 

mid-November they may weigh as much aa 400 to 450 pounds. 

The average oi 10 calvea weighed during late tvlay 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 .Figure 8. ·rhie graph waa constructed from the total 

length measurement• of 95 moose embryoa, fetuses, and calves. In this 

and in the subsequent figures (9, 10, and 11) in this section the individual 

rneasurements 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 inspection. 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 ln those 

measurements taken during the winter monthl when the moose were 

6 to 10 months old. The differences in total length may well retlec:t 

individual differences in rate oi growth. The rate of individual growth 

may be affected by a number o£ factors of which the more obvious are the 

followina: differences in the rate of development between the sexes and 

between twins and singletons; individual differences. i. e. , genetic 

differences; and variations in local environmental conditions. At 

?resent, data illustrating these factors are meager. Skuncke ~· .£!!:_) 

reports that males exceed females in total growth at the end of six 

months. Although weights and measurements repreeentiniJ the various 

areas are too few to be significant, there is some indication that moost:'l 

vary in size from one area of Alaska to another. 

Growth from the early fetal stages through the first five or six 

months of life is continuous. although at a progressively decreasing rate. 

·.v ith the onset of winter conditions in late November. growth apparently 

halts. 

The growth of moose from birth through approximately ZZ months 

is illustrated in Figures 9 and 10. Figure q is based upon total 'Heights 

:>i 40 moose. The curve ·Has iitted to these averages by visual 
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inspe<;tion. Figure 10 represents hind foot measurements of 49 moose. 

This curve ..vas fitted to the biweekly averages by visual inspection. 

The data represented by Figures 9 and 10 indicate tha.t moose 

calves grow only during the summer and early !all. The physiological 

reasons for this cessation of growth are not completely 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 offer an explanation of the causative agent or 

stimulus which initiates the endocrine change. In the case of moose, the 

cessation of growth would appear to have survival value as the \nnter 

diet is frequently marginal even !rom a maintenance standpoint. In fact. 

the limited data presented in ;:-igure 9 suggests a slight decrease in 

.veight o£ cal£ moose as the winter ?l'Oit:esses. Another period of 

relatively rapid growth commences in the spring of the moose• a second 

year and by September or (.'Jctober, at 16 to 17 months oi age, 

approximately '10 pel' cent of the total skeletal gro>Nth is completed. The 

physiological processes governing the initiation of the second ;>~riod of 

gro.vth are not kn.;>..,n. However, both cessation oi growth in the fall and 

its subsequent initiation in the &!)ring could be related to photoperiodicity. 

Also. both periods of growth coincide .vith availability oi food. In the 

fall the available diet is o{ a relatively low nutritional ;>lane and 

probably .vould not sustain continued growth and maintenance 
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req_uirements. The spring revival of growth coincides with the 

availability of a more nutritive diet. 

Total ..veigbt continues to increase for a number of years, but 

apparently at a much reduced rate. Skunc:ke (.2,2. ~)indicates that 

Swedish moose grow in total weight untU at lea•t seven years of age and 

that bulls probably grow in total weight until ten years of age. He 

further statea 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 skeletal measurements beyond Age 

Class Ill. 
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SUlviMARY 

The moose population• inhabiting the Lower Suaitna Valley along 

with those on the Kenai Peninsula constitute Alaska's densest and most 

accessible moose populations. 

Moose were not abundant in the .Lower Susitn.a Valley prior to the 

m.id•nineteen-iorties, but by the late forties they were very abundant. 

particularly along the Alaska Railroad right•of-way between Mile Posts 

17 Z and 2.2.8. 

The moose tend to concentl"ate 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 traina; the other 

involve& the proper management of this valuable natural resource. 

The present proJect commenced in January, 1956, thro11gh the 

coo'{)eration of the Alaska ;.'tailroad and of the United States Fish and 

Y'/ ildllfe Service. 'I'he project was designed to obtain information that 

·nould alleviate the moose versus Railroad conflict, and to provide the 

basic biological facts necessary for l)ropel' management of the moose 

populations. Only the data pertinent to the latter problem have been 

preeented here. 

0.1ale moose reach sexual maturity at the age of 16 to 18·months; 

female moose generally attain this development one year later, although a 

fe<~~~' breed at 16 to 18 months. The age at sexual matur1ty of males ..vas 

determined by presence oi sr>ermatozoa in the eoididymis, and by 
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inference from an area where yearling bulla constitute 90 per cent of the 

males. and the pregnancy rate of femalea is over 90 per cent. Sexual 

maturity of female moose waa determined by ovarian and uterine 

examinations. 

The period of rut extend• from late Augu.at 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 firet few days of October. 

Moose calvea are born in late May and early June. with the probable 

peak of parturition occurring between May Z6 and Z9. 

Cow mooae fertility, which baa long been debated, waa found to be 

high. Analyaia of ten eeta of ovariea collected from cows of Age Class ll 

or older prior to ovulation revealed that all of the ovaries contained 

developing follicles. Examination of 98 uteri collected du:ring the month• 

when moose normally are pregnant revealed that 94 per cent of the 

females Age Class U or older were pregnant. 

Data on the eex of 63 mooae fetuaea and 1Z9 moose calvea, age one 

to ten months. :revealed a sex ratio of essentially 100:100. The aex ratio 

o£ mooae older than calves is distorted by hWlting, which by law affects 

only the male mooae. In one relatively unhunted area, however, sex­

selective mortality factors appea:r to affect adult males at a rate greater 

than adult female a. 

The information on oopulation age•etructure 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 of local climatological 

influences. 

Mortality of moose calves during the first four to abc months 

following birth is between 30 and 70 per cent and may be normal for the 

speciea. The specific mortality factors affecting calf moose are not 

known. The molt 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. 

'~Veights and meaaurementa of 83 moose are listed. Apparently few 

male moose exceed 1. 400 pounds live weight. The average of 10 females 

Age Class U or older was 877 pounds. 

Moose grow rapidly during their first two summers and may attain 

10 per cent of their total skeletal growth during these two periods. 

N eight increment continues for a number of years. 
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