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INTRODUCTION

The general decline of moose populations has aroused great in-

terest, and numerous popular artieles have appeared on the subject.

Since 1929, however, no attempt has been mede to bring together the
informstion that has been steadily accumulating conceraning this
important big game animal and its management. With this in mind
the author hes underteken the task.

As the moose is sn enimal difficult to observe, large, and un-
usual in form and action; it is an ideal subject about which to
write unnatural history. Pliny reached the zenith in this in his

natural history of the Scendinavian spscies. He described the animal

as having no joints in the hind legs, so it had to lean against



& tree to sleep; and as it was very swift, it could be taken only by
partly severing‘ trees which would act as traps when it leened against
‘them. The upper lip was thought to be so long that the animal was
forced to back up while grazing (Grant 1901).. l/ Fortunstely modern
writing is not so fantastic as this, but much misinformation on the
enimal has appeared.

DISTRIBUTION AND ECONOMICS
Classification

Three forms of the moose are found in North America. The more
.common cne, Alces americana americana (Clinton), ranges across cen-
tral and southern Cenada and parts of the northern United States from
Nova Scotias and Mzine to the Yukon River; the Shiras moose, Alces
americana shirasi Nelson occurs in the Yellowstone National Park
. region of Wyoming, in Montana, and Idaho (Hall 1946; Anthony 1928);
and Alces americena. gigas Miller is found in Alaska. Although known
in Europe as the elk, the moose of Scendinavia and other parts of
northern Xurope, Alces alces alces, is very close in characteristics
and habits to the North American moose (Kaskies 1936). Another form,
Alces alces pfezenmayeri, is found in northern Asia, '

' pistribution

Eerly records show that the moose origirally renged in a broad
belt across Canada and parts of the northern United States, from
Nova Scotia, Maine, and the Adirondack Mountains (with a few animals
ocecurring as far south as northern Pennsylvania) to the western coast
of Alaska (Burt 1946). An arm of its range extended down through
the Rocky Mountains to northeastern Idaho and northwestern Wyoming.
(fig.l)

The present range has been reduced much more in the United States

than in Canada. Although Maine still has some moose throughout the
State, the bulk of the population is now in the southern half. The
-New Hampshire Fish and Geme Depertment estimated in 1946 thet 40
animals were scattered throughout that 3tate. There are occasional

. records of individual moose in Vermont and in the Berkshires of Mass-
achusetts (Warfel 1937a and 1937b), probebly sirays (Crane 1931).

None hes been reported in the Adirondacks since 1886 (Grant 1894)
except for an unsuccessful stocking. In Michigen & few are left in .
the Upper Peninsule, probably the result of stocking between 1935 and
1937 (Ruhl 1940), and on Isle Royasle is one of the largest herds in
the country (Hamilton 1943; Burt 1946), Feair numbers occur in
Minnesota north of a line drawn northwest from Duluth (Swenson, et al.
1945). - A 1947 aerial survey indicated good populations in the Red
Lekes area and in the Mud ILeke National Wildlife Refuge, but very

few in the Northwest Angle and along the International Boundary (nghby

1947).

}/ Publications referred to parenthetically}by date are'listed in

the Bibliography, pp. 44-5l.
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The oceupied .range -seems to be. increasing in the Rocky Mountains.
For e decade lfontana has reported consistent population gains, and
Idaho has had an increase in moose over the same period. The Wyoming
herd has held rather constant since 1937. A few animals have been
reported. from northeastern Jashlngton (ocheffer and Dalquest 1944;
Dalquest. 1948). o .

In general, it seems that the moose in the New lngland States
and the Great Lakes States (with the exception of Isle Royale in
Michigan) are increasing at a slower rete than those in the Rockies,
The Maine herd is thought to be increasing sstisfactorily, however.

The exact limits of distribution in Canada and Alaska are not
known so definitely as in the United States, but the large moose -
ranges are in these northern areas and their extent is approximately
that of the original distribution. The rarnge is reported to be
extending northward in the MacKenzie River area in northeastern
Manitoba (Anderson 1924) end also in northérn British Columbia ( Brooks
1926; Swarth 1956) '

© Numbers

Setoﬁ estimated the original range of the North American mooge
to have been 3,500,000 square mlles and the primltlve populatlon
1,000,000.

Present population estimates are more thoroughly grounded. In
1941 the total moose in the United States were estimated at 11,840
(Tackson 1944), and by 1946 this was thought to have increased to a-
bout 18,700 _(Anon. 1948). Moose in Alasks were estimated to number
30,000 in 1946 (Dufresne 1946). The niimber in Canadae is conjectural;
however, if a population density equal to that of the tnited States
and Alaskas is assumed, Canada with ebout three-fourths of the total
range would heve: 1456, OOO mooseé. This would make the NWorth Americen .
total an estimated:195,000. :

Values

The economic and aesthetic values of the.moQSe are difficult to
determine; the more: impressive is, perhaps, the aesthetic, resulting
from the th:ill of seeing such an unusual and magnificent animal.

~ The economic value of the Alaskan moose has been calculated ‘in
several ways. The .annual surplus from & basic herd: of 1,000 enimals,
using a meat value of only 20 cents a pound end average welght of
800 to 1,000 poumnds, would be worth from $37, 000 to $45,500. . Trophy
values would easily bring this to $50,000 a year. Tenned moose hides
were worth $14 to $18 apiece when tenning cost $5 =z hide. Actually,
the total value of each moose teken out by nonresident hunters is
meny times the meat value. However, a good-sized moose was considered



a winter meat supply for three or four people. _/ In 1922 cChicanot

- (1923) estimated that nonresident moose hunters spent $2,000,000 a
year in Canada for licenses, railroad fares, and other expenses., This
sum was based on an estimated 10,000 hunters.

within the continental United States only three States--Idaho,
Vontana and Wyoming--have had recent open seasons on moose, and these
wers all on a special permit bagis.

LIFE HISTORY

Because of their wariness and the comparatively small number of
animals available for study, some of the details in the life history
of the moose are still not settled. However, quite a complete story
now can be wrltten.

The first indlcation of the start of the active reproductiwve
cycle is the rubbing of the velvet from the newly-grown antlers.
The removal takes from 8 to 10 days (Murie 1934). Records from the
Eastern and Leke States show that most antlers are cleaned by early
September (Merrill 1916; Murie 1934; Kellum 1941). In Yellowstone
Nationel Park; however, Bailey found that on October 1, not more than
half the bulls had removed all the velvet from their antlers,

With the completion ef the antler-polishing the bulls are ready
to fight for mates and the rut begins. It seems to start quite uni-
formly throughout the country in esrly September and continues into
October, A few matings undoubtedly occur in November., On the basis
of experimental reindeer studies, Palmer has suggested that a good food
supply mey advance the onset of the rut and a poor one retard it. §/
During this period the cows stay in a rather limited territory; the
bulls travel widely, even neglecting to feed, and losing up to 150
pounds in weight (Kellum 1941). Although all the animals are in ex-
cellent condition at the beginning, the bulls are gaunt by the end of
the breeding season. 2/ -During the mating season a bull usually
remeins with a single cow and her calf for a week or ten days and then
leaves to seek another cow. Observations in Alaska showed that dur-
ing the early part of the breeding season mixed groups of both sexes
were usual, Then, for about three weeks 1 or 2 bulls and several
cows stayed in-a group, and yearlings and lone bulls were usually
found elsewhere. Later, the mixed groups form again.

) 2/ Ppalmer, L. J. 1938, Kenal Peninsula Moose. Alaska Research
Project Report, Sept.-Oct., Flsh and Wildlife 3Jervice, pp. 1-27 (Not
available for distribution).
3/ Ppalmer, L. J. 1933, Range reconnaissance Kenai Peninsula
moose area, July, Fish and Wildlife Service pp. 1-11, (Not available
for dlstrlbution)
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Palnmer g/ reported that the rutting animsls are almost invaribly
in or near clumps of spruce or aslder, but rarely out in the more open
willow or aspen stands. The cows are said by Seton (1929) to do most
of the calling, while the bulls listen and travel. Palmer, however,
found both cows and bulls calling. 2/ Calling is more common in the
East, some believe, but the fact that from Maine to Alaska bulls can
be called up with birch bark horns seems to indicate the univsrsality
of this behavior, :

Some have contended that the animals are monogamous, but the
evidence points to a limited type of polygamy (Murie 1934; Cahalane
1947). Instances have been noted of two to four cows with a bull
at one time, but no real harems were built up (Burt 1946; 2/). A

, preponderanee of cows resulting from the killing of bulls does not

in itself seem to produce barrenness in the cows (Merrill 1916), as
it is believed that a mature bull cen .serve up to a dozen cows per
season, 4/ Even limited hunting, however, appeared to disturb. rut-

- ting animals in Alaeska, and cause them %0 move out of en area where

they had congregated. The mature bull apparently takes no notice

of the celves of the year. Young bulls are simply kept at a distance
from the cows by the old bulls until they are 3 years old, and even
then they are ordinarily not able to mate, because the older bulls
fight them off (Seton 1929).

The mortality from battles between bulls during the breeding
season is significant, In traveling 450 miles in Alaska, Dufresne
found the locations where 7 pairs of bulls had fought to the death.
There were three instances of locked antlers and in the other four
cases the skulls were & few yards apart. §/ The bulls often paw the
ground and rip it up with their antlers (Murie 1934). Palmer noted
thet there were often two holes 6 to 8 feet apart apparently made
by two bulls face to face,

The call of the moose is seldom heard except during the rut.
This call is subdued but clear at distances up to 200 yards. Palmer
descrived the call of the bull as ".....elther & low, moo-like plea
broke off short with an upward inflection at the end, or a throaty
gulp.” He said the call of the cow was ".....longer and more like that
of the domestic cow, but not nearly as loud,” and that of the calf
®,....similar to that of the domestic cattle with a moo-like begin-
ning, and ending in a petulant bawl.” 2/ The call of the cow to her
calf was described &s a single grunt frequently repested. 6/

é/ Cooney, Robert Y. 1943, Montana moose'survay, Hellroaring-
Buffalo-3lough Creek Unit. Wildlife Restoration Division Report,

- Montena Fish and Game Dept., pp. 1-70, (Typed).

5/ Dufresme, Frank 1933, The Kenal Peninsula moose herds. Re-
port of the Second Special Investigation, May 30 to July 18. Fish

“and Wildlife Service, pp. 1-16, (Not available for distribution).

6/ Palmer, L. J. 1939, Kenal Peninsula Moose, Alaska Research
Project Report. May, June, July Fish and Wildlife Service, pp. 1-33,
(Not available for distribution).



In earlier accounts the writers attempted to relate the making of
wallows to mating (Seton 1929; Merrill 1916). No real use of these
was recorded, however, until September 25, 1947, in the Absaroka ares
of Montana, when a bull wgs seen repeatedly pawing up & patch of
ground and urinating in it. As 2 cow approached, the bull rolled in
the mud, apparently trying to get as much as possible on him. The cow
drove him out and wallowed, but the bull returned, drove her out, and
wallowed agein. Subsequent actions indicated this wallowing to be a
premating activity, although mating was not observed. The wallow was
circular, about 36 inches in diameter, 8 inches deep and had a musky
odor./ Two other wallows were located 30 and 50 yards away respective-
lye. 7

Captive moose in Miechigan were observéd to wallow in & mill pond
during hot summer weather. The animals would lie for hours with only
pert of the head above the mud and water, (Kellum 1941).

Although there sgeem to be no exact records to confirm it, the
gestation period is considered to be about 8 months (Murie 1934; Kel-
lum 1941) or according to Seton {1929), 242 to 246 days.

Palm .-~ 6 8/ found in Alaskae that, beginning in early April the
cows and bulls separate. The cows return to their favorite calving
grounds, and the bulls form groups and tend to move to the higher
ranges., Toward the end of June, following the birth of the young,
the cows and calves also move up to the higher ranges.

It appears to be well established that very few calves are born
in April throughout the moose. range. Most of them arrive in ljay and
some in June (Hickie undated; Merrill 1916; Cahalsne 1947; Murie 1934
and 1944; Dufresne 1942; Manweiler 1941; Seton 1929). In the spring
of 1947 the first calf was found Mey 31 on Isle Royale, Michigan;
in 1946, on Mey 21. On the Gallatin moose range, Montana, cows were
calving near the open slopes in late June and early July. 9/' The
. calves were born from about May 25 to June 20 on the Kenai Peninsula
moose range in Alaska. 5,8,6/

One or two young are produced at birth. It is believed that
rarely there may be triplets. The percentage of cows bearing twins
seems' to vary widely in different areas, suggesting less twinning
with poorer range conditions. TIn the Mount McKinley National Park,

7/ Geab, T. E. 1948, Absaroka Unit moose survey. Wildlife Re-

storation Report, Montana Fish and Geme Dept., pp. 61-76, (Multilithed).

8/ Palmer, L. J. 1938,Management of moose herd on Kenai Penin-
sula, Research Project Report, Mar., Apr., and Mey, Fish and Wildlife.
Service, pp. 1-40, (Not available for distrlbutlon ).

9/ Gamb, J. E. 1948, Gallatin unit moose survey, Wildlife Re-
storation Division Report. Nontana! Fish and Geme Dept., pp. 77-94,
(dultilithed.). ' '
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Alaska, 9 cows were observed with single cslves and 7 with twins —
(Murie 1944)., On the Kenai National Moose Range, aslaska, a totel of
142 calves counted at 5 different times showed that the ratio of
cows with single calves to those with twins renged from 1:1 to 10:1.
The ratio increased from 2:1 in early June 1939 to 8:1 during the
last helf of the month. 2,5,6/ Forty-seven single calves and 3 sets
of twins were observed in Isle Royale National Perk, when the moose
population was high (Murie 1934). Bailey (1930) saw so meny cows
with twin calves in the Yellowstone National Park that twins seemed
to be the rule there, rather than the exception. It was reported
that of 252 pregnent cows killed in an open season in eastern Csnada,
only 21 (8 percent) had twin foetuses. (lMurie 1934).

Experience with ceptive moose has shown that the first preg-
nancy ordinarily results in the birth of a single celf. When twins
are born, the young mother lecks enough milk for both and usually
abandons one of them (Stott 1948).

The Alaskan moose mother attempts to protect her newborn calf.
Adolph Murie (1944) reported that a cow with a calf was attacked
by two husky dogs, but she drove them off. Dufresne (1946) stated
that the cow will guard her young from a human invader, her mane
bristling and ears laid back; (fig. 2), not even a bull in the rut

e #19'!’_.-‘# m hd

Figure 2.-- The cow moose guards her calf well
Photo by Montana Fish and Game Commission
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comnanding greater respect. In at least one case, a man was "treed"
by a cow moose ih.Minnésotag presumably she-had a celf nearby. In
Alasks a guide and his young son were attacked by a cow with a calf.
5/ Observations in Montana suggest that the cow moose has a stronger
parental instinet than the cow elk. Of 19 moose calves observed, 18
were either at the mother's side or she was close by. It has been
found that the cows, when protecting their calves, will attack & man
on foot or on horseback. If the calf is too small to travel, the

cow will stand her ground, allow an appreach to about 20 yards from the
calf; and then charge, striking with both front feet if a closer
approach is made. 9/ _

The celf is awkward, wobbly, and rather helpless during the first
day or two following birth; and when it first begins traveling, it
is likely to stumble over logs or get caught in the brush, expecially
if frightened. 6/ The youngster is able to swim with the mother
while still very young (Merrill 1916; 6/) When found by men, the
calf can be approached easily and w1ll often follow after being pet-
ted (Merrill 1916). When alarmed, however, a calf a few days old can
outrun & man (Kellum 1941). .

Cows with calves prefer shaded ecreek bottoms, tangled swamps, and
rsequestered brushy patches". Theéy are continually on the alert,
quickly scent denger, and flee from it. This is thought to be a fac-
tor in summer counts, §/ In Maine most cows with calves are found
near water (Dyer 1948).

The calves grow rapidly. At birth they weigh 25 to 35 pounds
and gain 1 to 2 pounds a day the first month, and 3 to 5 pounds daily
the second month (Kellum 194l). A 6-weeks-old calf is of about the
séme height as a mature, white-tailed deer buck (Merrill 1916). A
year-old bull weighs 400 to 600 pounds; a 2-year-old about 700 pounds;
and e 3-year-cld 900 pounds, After the first 3 years, growth is
slower. The cows weigh about 400 pounds at 1 year of age, 600 pounds
at 2 years and 600 to 800 pounds at maturity (Kellum 1941).

Although & rether wide range of weights for meture moose is re-
corded in the literature, few of the animels have actually been weigh-
ed., Weighing a big bull is no mean accomplishment under favorable
conditions, and enimals are killed too far in the bush for even an
‘attempt to weigh the whole carcass. Seton (1929) reported the weight
of dressed meat from an animal 6 feet high at the withers as 500
pounds, thus giving an estimated live weight of 900 pounds. Other
dressed weights recorded by Seton indicated a live weight of 1,100
pounds for a "fair-sized bull moose of about 5 years old* from the
"Kippewa country"; of about 1,300 pounds for one Maine animsl, and of
more than 1,400 pounds for another from that State; and of 1, 600
pounds for a Quebec specimen. He estimated Alaskan and Yukon bulls to
weigh up to 1,700 or 1,800 pounds. A bull thought to be 5 or 6 years
0ld killed in Minnesota weighed 1,056 pounds live weight and 800
pounds hog-dressed (Breckenridge 1946).




was 18 percent 9/

Most authorities asgree that weaning takes place ebout the time
the next calf is born (Merrill 1916; Murie 1934; Roosevelt 1924; Burt
1946; Cahalane 1947). Cooney, however, reported that in Momitena
weaning begins in December. 4/

_ Dufresne described the yearlings as the “orphans of the herdw.
They like to be with the older animals but are often met with brist-
ling manes and snapping teeth. Cows heavy with calf often show
extreme annoyance when their yearlings persist in following them,

‘but cows not pregnant allow the yearlings to continue with them. 5/

Rate of Reproduction A/i

Although no actual figures seem to be. available on the rate of
increase, there is a general assumption that barren, mature cows
are common. Studies in Minnesota indicated that 20 percent of the
cows were barren. Manweiler (1941) and Murie (1934}, working on
Isle Royale during a peak moose population, ‘estimated that not more
than half of the cows over one year old had calves.

As to the actual rate of herd increase we have Seton's estim~-

"ate of not more than one-fifth of the herd per year. This agrees

with the Montana report that the calf cro';in a herd of 165 animals

Although few exact data are available ‘on the maximum .age attain-
ed, Merrill (1916) believed. the animals may live to be 18 to 20
years old, ' §almer writes of an Alaskan bull thet appeared at a camp
as\a calf and came back each year for 15 years. 6/ . ,

: The bull calf develops horn’ "buttons" W1th caps on them, which
are rubbed off during the latter pert of the firgt winter. The ant-

‘ 1ens of the yearling are spikes up to 6 or 8 inches long. The

a

gsecond set is crotched; at three years of age. the young bull develops
small palms on the antlers, each having about three points. The 4-
year;old‘has the @dult antler form, but the set is still small. At
about ' years the bull is in his prime,. and his aptlers are best

-develgped from 6 to 10 years of age (Kellum 1941; Merrill 19148}.

Past this period,, the antlers weight may be less and the beam larger
then in younger animals. (Manweiler 1941) e

The largest hegds.come from Alaska where the‘greatest antler
spread on record is 77 5/8 inches. (fig. 3) The largest record from

‘Canada is 73 inches)  firom Minnesota 54 inches, and from Wyoming

53 1/4 inches (Ely, et .al. 1939).

The 2-year-0ld sheds his esntlers in April and they are dropped
earlier each year following until, in the prime of life, they are
lost by late December or early January. The new set begins to show
in April and growth is completed in about three months.



Tigure 3.--Alaskan bulls have some record antlers,
Photo by E. P. Walker
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CHARACTERISTICS AFFECTING MANAGEMENT
Senses

Although under some conditions, moose may not show alarm when
approached by humans, their warning faculties are good. 'here they
are hunted, few moose are observed, which have not already located
the observer. Their sense of sight appears to be rather poor, since
a motionless man downwind seems to cause little concern. However,
when a person is seen in motion, the moose is likely to circle down-
wind, where he can better analyze the situation by means of his very
sensitive nose. The sense of hearing is also acute (Kellum 1941;
Merrill 1916; Seton 1929; Murie 1934). fié/ Lamson (1941) found
that a captive Maine moose detected people approaching from the
leeward 1% to 3 minutes before the observer could hear their voices
or footfalls, Yearlings are frequently curious and ususlly are
easier to approach then older animals.

The moose is a strong swimmer (fig. 4) and evidently can swim
for miles at a fair rate of speed (Merrill 1916; Roosevelt 1924;
Sheldon 1936). ihen once started on a "cruise"™ the moose seems to
stick to its purpose much more strongly then deer. When its course
is cut off by a boat, a moose is likely to mill around and, when
the boat is out of the way, resume swimming in the original direction.

Figure 4.--The moose is a strong swimmer

When disturbed, the moose is likely to analyze the situation
before becoming alarmed. If an unusual sound is heard, it usually
looks intently in thet direction for some time. When convinced that
there is need for alarm, it starts away gradually picking up speed
to & swinging trot, which covers ground at a fair rate.

The moose is a particularly easy subject to accuse of an "et-
tack” on humens. TIts size alone mskes even close proximity seem
dengerous; and after a close encounter, the details in a person's
mind are apt to be colored by fear. The expression of a bull, or

11



even & cow, staring et the observer is also anything but reassuring.
Many "attacks® hate been caused by a moose chasing a dog retreating
towerd its master. The bull in rut or the cow with a calf mey show
fight. Also, cases have been recorded in which continued aggravation
caused the animal to charge (Manweiler 1941).

The actions of moose in summer often indicate thet they are
plagued by biting insects. Toward evening Palmer observed a cow
dash out of the woods. and into the water where for 20 minutes, she
raced in circles, bucked, "sunfished," and all but stood on her head
to splash water on herself and get rid of the mosquitoes. "WYith ears
laid back she was a picture of frantic rage." After calming down,
she stood in the water for a long while. 6/ '

Moose calves are easily tamed. When they grow up, however, they
often become unmanageable particularly during the breeding season
(Hawkins 1911: Ray 1948). Seton mentioned that he had seen several
moose that had been broken to harness. He considered them better
draft animals than reindeer for the country where they were native.

Social Habits

The moose is not a herding animal in the usual sense, even at
licks and in lekes the individuals move independently. In winter,
solitary animals ‘are found while others are "yarded”. 1In other words,
the moose seems to enjoy a moderate emount of companionship, regard-
less of sex, mqast of the year; yet the gregarious instinct is feeble.

Populations

The make-up of a given herd as to sex and age depends on & number
of factors, as food supply, predation, weather, and hunting. In the
Kenai area, Aleska, where there is & fairly heavy kill of both bulls
and cows, three observers obtained suprisingly consistent results
from fall counts over a period of 7 years.

. TABIE 1.-- Fall herd classifications, Kepai Peninsula, Alaska

: _ I - : H - ¢ Animels

Year : Rulls 3 Cows : Yeerlings : Calves : Undet. : Counted

: T . Percentages : o

1932 ¢+ 40. : 41 (2) : 12 7 ¢ 1/ 521

1933 : 50 : 34 7 : 9 : - ¢+ 1/ 520

1938 + 41 o+ 41 11 7 : - 3 2/ 266
1/ See footnote 5 p. 5. 2/ See footnote 2 p. 4.

Maximum populatlon numbers of moose are low when compared with
those for deer.

12
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On Isle Royale, Michigan, where probebly the most intensive work
has been done with moose populations, krefting 10/ found ‘in an air-
plane strip count that the greatest density was three per square mile.
However, at the time of the previous peak populastion, an estlmete of
13 moose per square mlle was made (Titus 1941). » g

A Minnesota aerisl survey 11/ made in lste January 1947, show-
ed 206 moose on 803 square miles in the Red Lakes area; 17 on 20
square miles at the Hud Ieke Refuge,.in the Northwest Angle 2 were
observed in 66 square miles; and 4 were seen in 270 square miles,
along the International Roundary. fy

In the Kenal }oose Range of Alaska estimates for relatively
smell areas were given as 1.5 to 2,0 per square mile in 1933 and from
2.2 to 3.7 in 1938. There was an estlmated average of 1. 2 per square
mile over an 850 square. mile area., 2 5/

On St. Ignace, a wooded island in Lake Superior, Ontario, Seton

‘stated that the food supply failed when a moosSe population of ten

animels per square mile was reached. He considered four to the
square mile the maximum number for safety (oeton 1929). '

Over 1arge areas, with no barriers to movement one moose per
square. mile can probebly be regsrded as a good population.

_ So 1little is known of moose numbers and movements that there is
a question as to whether the highs and lows of populations in a '
given area are caused by cycles or migrations. It is an accepted
fact that in given areas moose have periods of scarcity and abundance.
Whatever the cause, there seem to be several authentic records where
many moose were present, disappeared and reappeared.

One of the best indications of cycles is found in the 39-year
record of moose killed in Sweden. Starting with a low of 800 in 1901,
the kill reeched a level just below 3,000 in 1909 and maintained it
until 1916. It declined rather evenly to a low of 500 in 1923, end
then climbed steadily to 8,900 in 1939 (Wemmark 1938; Anon. 1940).
However, since these kill figures are simply given as yearly reports,
there is no indication of the possible effects of seasons, weather,
tregional varlatlons or unknown factors.

10/ Xrefting, Laurits W., Airplene count :of the Moose on Isle
Royale National Park., Specisl Report, Fish and Wildlife- Service, .
pp. -1-5,1947 (Not.available for distribution): :

11/ Highby, Paul R. 1947 , Quarterly progress report ﬂlldlife
Restoration and iansgement Plannlng Project ll-R MlnneSOua. Division
of Fish and Game, pp. 9=-11. C : P
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The same holds true for the available figures from Norway (Sal-
vesen 1959) (fig. 5) In any event, the kill figures declined from
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Figure 5.-=- Yearly kill of moose in Norway (Salvesen, 1929)

1,120 in 1889 to 839 in 1900. A peak kill of 1,338 was reached by
1911 after which there was a sharp decline to 57 in 1921 and & quick

- rise to 1,186 in 1925. This big decline corresponds roughly to the one
in'Swedenr The author mentioned that protection may be complete in
some sections; only bulls may be killed in some places; and that, in
1925, a kill ot,74 animals was allowed in State Forests. He also seid
that "From time to time the moose is over-~hunted in some districts,

‘but after a few years®' protection they come back agein.® To determine
how significant these figures are from a cyclic standpoint would re-
quire further investigation, however.
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In the Skilak Leke area (Kenei Peninsula), Alaska, in 1898 a
gold mining expedition was able to kill only one moose during the
winter, but by 1907-08 the species had become quite plentiful, and
a peak population-occurred in 1913. The rabbits reached a peak the
foilowing year, and their hordes devoured the willows. The follow-
ing spring carcasses of moose dotted the country. In 1920 another
pesk moose population was reached, Since then the numbers had
lessened, and it was suggested that the animsls may have moved to
better feeding grounds.. 5/ : ,

Sheldon {1936). renorted that around Lake Kedgemakooge, Nova
Scotia, mooss increased over a period of 35 to 40 years, but since
1922 hed apparently sharply decreased. This was thought to be a
die-off. ' B

Movements
While some moose may’be observed feeding at any time of the
day, the greatest activity occurs near dawn and dusk (Lockhart 1890;

McCabe and MeCabe 19283 East 19323 Mhrie 1834; Lamson 1941; Burt
1948).

_When undisturbed, the animals ordinarily do not move far through-
out the day. They' may go down from the uplands to the water to feed
on aquatic plants, or they may travel to a favorite willow thicket
for food er cover. The distances involved, however, sre usually
short. During early summer the animals tend to feed throughout the
day. later, as they become fat, they lie down during the heat of
the. day, coming out to feed in the late afternoon. 4 _/ Much of
their movement in summer is ‘at night. 6/

Seasonal movements of moose are generally limited to comparative-
ly short distances. They seem to be governed by availability snd pal-
atability of food more than by topography, as such (Hickie 1938).
Depth of snow and the resulting effect on food evailability often de-
termine the location of moose in winter. - On Isle Royals, for instance,
the better food supplies of balsam are on lower ground, but the ridges
have less snow, 80 in late winter, moose ere sometimes scattered over
the ridges (Murie 1954) At other times they concentrate on low
ground. 10/ . o :

In Maine, where snow depths of 8 to 10 feet are reached, there
is & great variation in the seasonel movementis of moose. NMany stay
in the game general locality the year around. Following the rut the ani-
mals tend to assemble in small, family groups and move into areas of
abundant browse. Some groups yard st low elevations. As snow accu-
mulates in November, others move up to yarding areas at altitudes
ranging from 2,500 feet to near the mountain summits (4,000 to 5,000
feet). Still others do not yard at all. In 6 of the 18 yards stud-
ied, moose and deer were found together. Teeding during winter was
heavy over small areas with some movement out as food became scarce.
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The enimals from the high altitude yards moved down in April as the
snow receded, usually traveling considersble distances to the summer
range. In yarding, the animals showed a decided preference for old
growth stands along blowdowns, for recent cuttings where sprout growth
was available, or areas near ridges where mountein maple, striped
maple and mountain ash were abundant. Swamps with plentiful food were
also used. (Dyer 1948).

- The moose in Yellowstone National Park are at lower elevations
in summer and go higher in late September. Many of the high meadows
here have springs and swamps which never freeze, and in which the
moose can feed in winter. They come down again in late April or
early May (Baumen 1941). Cooney é/ found no general seasonal migra-
tions from summer to winter range in the Absaroka National Forest,
Montane; rather, there were several local movements within the range.
In June the animals were in or near the lower meadows; in July and
August they scattered and moved to high country where there was more
succulent vegetation and greater protection from inseets., During
3eptember the lowlands were again heavily used. Then around the end
of the month when frosts had killed the willow (Salix) leaves, which .
are preferred to the browse, the moose returned to the timbered
slopes. Thers was another movement back to the lowlands in November
and December, and willow browse became the main food. Later, when
the .willows were all eaten or snow became too deep for feeding, the
moose returned to the ridges. Obviously, palatability and availabil-
ity of food governed these movements. Most observations showed that
the animals' summer and winter ranges were in the same drainage. 9/

Hatter (1946), described a "characteristic" winter migration at
Ootsa Lake in British Columbia. He thought the moose might travel
50 to 60 miles from summer range to wintering grounds. Palmer re-~
cords an Alaskan winter migration (1921-22) in which "as many as 150
moose in close formation "™ were observed heading up over a high div-
ide. Many animals died among-the rocks of the ridge, for there was
a food shortage in the area abandoned by the moose. In this range
the moose normally migrated down from the high ridges with the first
snow. During the fall the animals were widely dispersed over the low-
er country. Winter and spring found them from the coast up to eleva-~
tions .of about 1,000 feet above sea level; occasionelly they reached
3,000 feet. The summer range was at the higher elevations from 1,000
feet to the divides. 2,8/

Yarding seems to be much less necessary and more indefinite with
moose then with deer. EHickie {undated) found the Isle Royale animals
to "yard" in late winter. However, he found that they do not stay
closely yarded. Cahalane (1947) stated that they use swamps as winter
headquarters and range over the ridges._ Seton (1929) thought that all
sexes and ages might yard together, although the old bulls were more
likely to stay slone. He stated that if food in a yard gave out, the
animals migrated in single file looking for more forege. In Montana,
Cooney 4/ recorded little or no tendency to yerd, and the animels fed
at rendom in creek bottoms and on slopes and ridges. It was thought
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this was perhaps due to a scarcity of willows, 4/ In Eritish Colum-
bia, Minnesota, and Mt. McKinley Park, slasksa, True yardlnb was un-
known (McCabe and McCeabe 1928; ”wanson, ot al, 1945, Nanweller 1941,
Murie 1944), ,

There seems to be a fairly general belief that moose may dis-
appear from an area, then after a long period, resppear. The causes
of the disappearance are perhaps varied and certainly not. determined.

. Early writers blamed settlement and lumbering for the exodus. How-

ever, in some cases, moose have become scarcer in areas with thin
human populations and have incressed in cut-over lands, where there
are many more people. An instance of this is found in the State of
Maine. Following settlement inland from the coast, moose were elimin-
atéd from all but the northern counties by 1904. By 1941 they were
rare in the northern and western-parts of the State, but common in
the southern half (Aldous and Mendall 1941)., It is thought that the
animels move into new &areas in Montana, when populatlons become high
and ranges depleted. 9/

There were only vague stories among the Indians of moose occur-
ring in the Bowron Lake Reserve, British Columbie, a century ago.
McLeod, a Hudson's Bey Company trader found none there in 1861,
although there hed always been moose 50 to 100 miles to the north.
By 1904, moose sign was found 40 miles below Bowron on the Bowron
River. Despite heavy toll from hunters, a period of great moose a-
bundance wes reached in 1913-14, The peak came about 1922,

In this area settlement had helped the moose to build up thelr
populatlons. In the early days the native culture depended on hides,
and moose skins by the thousend were handled by the Hudson's Bay
Company at Stuart Lake, British Columbis, They were used for cloth-
ing, window coverings, saddle bags, and horse and dog harnesses.
Many of the skins used were from calves. As the white man took over
the region, the Indians were reduced in numbers, and later, an epi-
demic eliminated them from a large area. This allowed the moose to
increase and gradually move into the region. To quote the writer,
this "indicates some slow and unconsolous outward pressure such as
might result from the removal of some natural or artificial check on
the rate of breeding or the average of survival." (McGabe and McCabe
1928).

FPerther west the 54th parallel was the southern boundary of the

-moose range except for occasional stragglers until about 1850. Then,

following settlement, the range has extended practlcally to the Uni-
ted 3tates boundary around Squamish and Princeton, British Columbia.
(Hatter 1946). 1In the Absaroka primitive area, iMontana, a moose was
rarely seen from 1907-1915. By 1921 it was estlmated that there were
25 in the Absaroka National Forest, and by 1936 these had increased

to 308, 4/ oOn the Gaspe Peninsula in Quebec, the last interval between
the moose leaving and returning was about 50 years. In the area be-
tween the upper Greet Lakes snd James Bay the interval was longer.

17



Then there is the theory that moose succeeded caribou on much of
their original range, following logging and fire. Later, deer seem
to have taken over the same areas (3Swanson, et al. 1945; Surber 1940).
In one case, in British Columbia, moose have come in durlng the past
100 years and have greztly increased. At the same time, caribou
have held their own and mule deer have increased tenfold {Brooks 1926).

Writing of his first trip to Lake Superior in 1870, Shiras 4/
said he found moose practically unknown along its northern or sdﬁ}hern
shores; the same was true of a large area north of Iake Huron. The
greater part of western Ontario was occupied by caribou. This later
becams some of the best moose range. Hickie (undated) found thet
caribou were more plentiful than moose around the western end of Lake
Superior until about 1900. Then moose increased until 1928, after
which they decreased and were soon outnumbered by deer.

. Ordinary travel conditions seem to have little effect on moose,
even deep mud having no terrors for them, hile wallowing through it
they may become tired and stop to rest, but they do not get panicky
and soon struggle .on again. Weak animals occasionally die in desep
mud, however, (Murie 1934). ‘

Snow deep enough to bother cettle is no hindrance to & moose
(Merrill 1916; Newsom 1937a).

There was an early belief that a moose would not go on ice if it
possibly could be avoided (Merrill 1916). However, in British Colum-
bia tracks were repeatedly found on ice where moose were breasking into
muskrat houses. West of the Fraser River this habit was saeid to czuse
frequent complaints from fur farmers (licCabe and McCabe 1928). Newsom
(1937a) also reported having found pleces where moose had crogsed
lakes on ice.

Foods and Feeding
Methods of Feeding

The moose cannot feed easily on low-growing vegetation; ' howeve;,
it does eat plants growing close to ground level by getting down on
its knees (Anthony, et al. 1937; Cahalane 1947; Murie 1934; Roosevelt
1924). Xellum (1941) found that to reach the bcrk on a s1x-inch log
lying on the ground moose had to kneel.

In summer moose prefer to strip leaves from woody plants rather
than to take whole stems, although some stems are taken. In stripping
leaves, the animel grasps the stem with its tongue snd pulls the

- leaves off with an upward jerk of the heed (iicCabe and iicCsbe 1928:

4/).

The usual method of feeding in winter is browsing on coniferous
or hardwood twigs, and those up to the size of a men's thumb are
taken (Merrill 1916). A4 large animal can reach 8 to 9 feet above
ground and, by standing on its hind legs, to 12 feet (Cahalane 1947;
" Roosevelt 1924; é/) In winter feeding trees sre "ridden down" by
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the moose straddling them between the forelegs z=nd often bresking them
so the tops can be browsed (Cahalene 1947; ierrill 1916). In this man-
ner balsems (Abies balsemea) are sometimes snapped off at a point
where they are 25 inches in diameter. Mloose commonly paw through a
foot of/snow to feed esnd they are reported to dig down as much as three
feet. 8

The zmount of food necessary to winter & moose is considersble.
In order to determine the quantity supplied by a representative area
in Michigan, Hickie (1937) selected a birch-poplar-balsam stand, with
about 1,000 trees per acre, and averaging three inches in diameter,
breast-high. The trees were cut and the browse removed. It weighed
3 3/4 tons and captive moose utilized 2 tons of it at a rate of 25
pounds per moose per day. This represents 160 potential moose-days
of feeding per acre. Kellum (1941) working with moose in pens, found
that they daily ate 40 to 50 pounds of browse in winter end 50 to 60
pounds in summer.

Moose eat the bark from the stems of green poplar trees, which
have broken over and lie within reach (fig. 6). The bark is sometimes

Tigure 6.--Telled aspen partielly barked by moose.

taken from stems 8 to 10 inches in dismeter. Kellum (1941) thought
that this occurred by choice, especially in spring. Murie (1934) con-
sidered the heavy feeding on the bark of mountain ash (Sorbus ameri-
cene), poplar (Populus sp.), and fire cherry (Prunus pennsylvenica)
during lay and early June to show a preference for this type of food,
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but that winter use of bark indiceted starvation. Stephenson 12/
noted extensive barking of the above named trees, as well as willows,
alder, and other species at the time of peak moose population,

Where mountain ash is availsble on Isle Royale, it is often barked
while standing, sometimes killing the trees. Krefting and lee found
in 1948 that standing poplars were alsoc barked during periods of pesk
moose populaetions. 10,13/ Where the moose population was of medium
density in Maine, it was found that sapling balsams were commonly
barked in high altitude yards. Extensive barking of large stems of
mountain ash, striped maple (Acer pennsylvenicum), shad bush, (Amel-
anchier bartramiana), fire cherry, red meple (Acer rubrum), and aspen
occurred in fall and spring and to a lesser degree during winter (Dyer
1948).

Weter plants are taken in quentity in summer, and for that matter,
in fall. The feeding is done by wading or diving in water up to a-
bout ten feet in depth.

. Food Plants
. Bast

Moose of the eastern part of the country heve quite different and
more varied food habits than those of the West, Also, in the East
the food taken by moese is qnite differsat from that of deer., North-
ern white cedar (Thuja occidentalis) is & favorite winter food of
deer in the Northeast and is a satisfactory winter browse. Balsam,
on the other- -hend; is- almost worthless as a winter deer food (Maynsard,
et al, 1935). The moose turns to northern white cedar only as a last
resort, but seems to winter successfully on balsem.

“Ccareful studies have ‘been made of both winter and summer use of
‘foods on Isle Royale, where the greatest moose concentration in the
eastern United States exists. Here some of the more favored foods
have been practically eliminated, so that the actual use mnst be
contrasted with availability to be ‘signifieant. .

This island, which at the closest point lies 13 miles off the
Canadian shore, is covered with & northern forest type of vegetation.
About é of the island was burned over in 1936 resulting in young
‘8tands of aspen, paper birch, and other deciduous species, where there
were formerly mainly conifers. : :

12/ Stephenson, J. H. 1931, Report of Isle Royale Trip, Sept.
Dept. of Conservation, Stete of Michigan, 3 pp. unpub. (Not avail-
eble for distribution).

13/ Krefting, Laurits W. and Forrest B. Lee 1948, Progress Re-
port, Moose browse investigations on Isle Royale National Park, May.
Fish and wildlife Service. pp. 1-34 (Not available for distribution)
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Winter FToods

Aldous and Krefting (1946), in surveying winter browsing where
there were at least 2 moose to & sguare mile, used 689 one-hundredth-
acre sample plots well distributed over the range. They found that the
12 most important foods made up 95.5 percent of the winter use.

Table 2 (Page 22) gives the percentages in which the more importsnt
moose foods were aveileble and were taken, and a fector (use percent
divided by availability percent) which tends to indicete relative pal-
atability. This palatebility factor was computed by the writer. The
1948 figures are from Krefting end Lee and are based on 1,166 plots. ég/

Comparison of the outlying unbrowsed islends with the mein island
and of conditions in 1945, when there were approximately 500 moose con
the islend, and 1948 with an estimeted 1,200 animals, provides some
interesting feeding trends. Ground hemlock was the most sought after
species and on the mein islend was reduced to ean unimportant position
as a source of food long before other specles were heesvily browsed.
It does not recover readily from browsing. Apparently espen was the
next species to rank as the most importent food, following the last
die-off of moose about 1932, Large quantities of young plents became
avaeileble as a result of the 1936 fire. This plant rated as mumber
one in use in 1945; however, it lacks the ability to withstand hesvy
browsing, and by 1948 meny plents were dead or dying, and the species
was fifth in use percentege (fig. 7). Paper birch, which is only

Figure 7.--Aspen heavily overbrowsead.
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TABLE 2.,-- Comparison of availability and use of the more important winter moose
- foods in Isle Royale National Park

More important species in order of  Percentage of Percentage 'Palatabi}ity

decreasing use: : availability 1/  of use. 2 factor 3

: 1945 1948 -~ 1945 1948 1945 1948

Aspen, Populus tremuloides 8.7 5.4 16.9 9.0 1.9 1.7
Paper birch, Betula papyrifera 9.8 .13.2 - 14,9 15.6 1.5 - l.2 -
Balsam, Abies balsamea T 8,6 13.5 - 13.6 21.8 1.6 1.6
Mountain ash, Sorbus americana 6.8 6.6 ‘12.1 11.6 1.8 1.8
Willow, Salix spp. 5.1 5.l 9.6 7.8 1.9 1,5
Red-osier dogwood, Cornus stolonifera 5.6 4.2 T 8.3 6.7 1.5 1.6
‘Ground hemlock, Taxus cesnadensis 5,5 4.2 4.0 5.1 7 1.2
Shadbush, Amelanchier bartramiana 2.2 9 2.9 1.1 1.3 1.2
Fire cherry, Prunus pennsylvanica 2.5 1.8 2.7 1.9 1.1 1.1
Hard maple, Acer Saccharum 7.0 9.9 2.7 2.8 o4 .3
Hazel, Corylus cornuta 4,0 4.2 2.5 2.6 o6 «6
Mountain maple, Acer spicatum 5.0 4.5 2.3 3.3 S o7
Mountain alder, Alnus crispa 2.4 2.1 1.7 1.7 o7 .8
Sumach, Rhus glabra .5 - 1.3 - 2.6 -
Balsam poplar, Populus balsamifera o6 3 1.0 5 1l.7. 1.7
Species of limited occurrence or

low palatability:
Highbush cranberry, Viburnum trllobum l.s 1.2 8 1.2 6 1.0
Northern white ceder, ThuJa occiden- S

talis 5.8 4.5 7 le6 L1 o4
Yellow birch, Betula lutea) 8 ) 6 " .2 o7 o7
Speckled alder Alnus incana ‘ 3.2 3.3 , ) o7 09 .2
White pine, Plnus strobus : & «6 o D o7 .8
Honeysuckle, Lonicera canadensis . 7.8 4.5 2 3.1 03 W7
Red maple, Acer rubrum Wl W3 2 .4 2.0 1.3
Round leaf dogwood, Cornus rugosa Wl - 1 ol 1.0 -
Black ash, Fraxinus nigra & - P S | o2 -
Black spruce, Picea mariana 8 .6 o1 0 o1 0
Red-berried elder, Sambucus, . Tacemosa lea " 1.6 .l 85 07 o3
Currant and gooseberry, Ribes spp. 68 «3 - ~Trace o1 - .3
White spruce, Picea glauca - 2.2 - Trace - - .

1/ Percentage of availsble browee; B
2/ Percentage of total browse use.
'3/ Percentage of total use divided by percentage of avallable browse.

Species whlchmmre ‘not fed upon, but which occurred in only very small quan-
tities were: .
Green ash, Fraxinus pennsylvanlca var. lanceolata
Jack Pine, Pinus banksiana
Juniper, Juniperus communis var. depressa
Rose, Rosa sp. '
Flnebark, Physcearpus opulifolius
Tamareck,.Larix laricina
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slightly less pslatable than aspen and which recovers well from brows-
ing, hes maintained its position as to availebility and use, and ap-
pears to be the mainstay of the moose herd at the present stege. Bel=-
gem, ranking well to the top in palatebility, has shown increasing
use, Because of its extremely low resistance to browsing, its pleace
in the forest stands is being taken over by spruce (fig. 8). Mountain

Figure 8.--Under heavy use balsam may be killed out.

ash, with very high palatability was being overbrowsed (fig. 9). Red=-
osier dogwood, whieh recovers well from browsing, was slowly losing
its position in both availability and use., Willow, another highly
favored food, seemed to remain in ebout the same relative position.
Many species intermediate in paletability or availability showed in-
conclusive trends. The greatest differences were with such species

a8 white cedar, which was fairly high in availability but was little
fed upon in 1945. By 1948 its use had more than doubled--an indicator
of heavy overbrowsing on the ,islend. Another very noticeable feature
wag that fewer species were receiving the bulk of the browsing in
1948. 13/

Where present, ground hemlock is a good indicator of moose brows-
ing intensity. In the area studied it has been lmited by heavy
browsing to & few small plants, most of which would be covered by deep
snow, thus accounting for its comparatively low palatability fector.

The palatebility ratings given to the moose foods on the islend

by Hickie (1937) agree almost completely with those listed above. One
exception is that Hickie considered honeysuckle a preferred food.
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Figure 9.--lMountain ash heavily browsed by moose.

Manweiler (1941) in Minnesota added the following to the list of
winter foods: chokecherry (Prunus sp.), basswood (Tilia americeana),
goldenrod (Solidago sp.), grasses, lichens (Thellophyta) and liver-
worts (Bryophyta). Seton (1929) considered striped maple, (Acer penn-
sylvanic 5 a favorite winter food.

The stomach contents of & moose teken April 29 in laine and an=-
alyzed by the Fish and Wildlife Service were composed of the following:
Balsem, 45 percent; birch, 45 percent; maple, 1 percent; northern
white cedar, 1 percent; sheep laurel (Kalmie angustifolia), trace;
willow, trace.

Where a moose population of medium density was present in the ult,
Katahdin region of laine, 7 species mede up 99 percent of winter moose
foods. ThesSe also accounted for 98 percent of the food aveilable.
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The following teble shows the percentages of availsble browse onec1es
-and nercentcbes eaten. (Dyer 1948)

TARLE 3.--Ava11ab111ty and use of winter moose foods in 12 Mzine yards.

Percentage of Percentage

L

o availdable - of food

3pecies . browse ‘ ' - eaten
Belsem | 36,7 54
Hountain maple 22.2 23
Mountain ash a4z 5.4
Faper bifch 22.5 5.4
Striped maple 616 4.9
®ire cherry 4.5 5.1
Aspen - 23 1.3
‘Withe rod S 2
Beaked hazel 6 S X
Red maple .3 2
Willows 3 o4
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Summer Foods

Summer foods do not appear to be &as critical a factor in moose
management as winter ones. Krefting 14/, working with 206 hundredth-
acre plots on Isle Royale, found browsing on 19 woody plant species;
the twelve top-ranking species made up 93 percent of the summer food.
Peeding was limited to leaf stripping and the cutting of some branch
tips. Table 4 summarizes the data from the summer browsing plots.

TABLE 4.--Comparison of availabillty and use of summer moose food in
Isle Royale Natlonal Park

Percentage oFf Dercentage Palatabil-

Species Availability of use . ity factor 1/
Sugar maple, Acer saccharum 9.7 18,4 1.9
‘Mountain maple, Acer spicatum 15.4 15,5 1.0
Mountain ash, Sorbus americans - 15,9 13,5 «8
Paper birch, Betula papyrifera 11.3 11.8 1.0
Aspen, Populus tremuloides 846 9.1 1.1
Willow, Salix spp. 7.6 7.5 1.0
Red-osier dogwood, Cornus stolonifera - 4.4 3.9 9
Fire cherry, Prunus pennsylvanica 5.7 3.8 o7
Yellow birch, Betula lutea 3ed 2.7 «8
Black ash, Fraxinus nigra 1.7 = 2.4 1.4
Hazelnut, Corylus cornuta 2,8 2.3 «8
Shadbush, Amelanchier bartramiana 2.1 2.1 1.0
Red-berried elder, Sambucus racemosa ' 3.3 1.9 o6
Speckled alder, Alnus incana 1.9 1.9 1.0
Round-leaved dogwood, Cornus rugosa 2.5 1.7 o7
Honeysuckle, Lonicera canadensis = 1.1 .5 «d
Balsam poplar, Populus balsamifera o7 o< o7
Bush honeysuckle, Diervilla lonicera o5 «3 .6
‘Mountain alder, Alnus crispa 1.0 2 o2

l/ ‘Factor secured by dividing percentage of use by that of availa-
bility.

The interesting thing about this summer feeding is the tendency to-
ward equal pzlatability of many broadleaved species, and a lack of
conifer use. Although suger maple had the highest peslatability factor,
it was partlcularly abundant in the west end -of the islend where this
study was made.

lé/ Krefting, Laufits . 1946 1Isle Royale summer moose browse
survey, 1946. Progress Report, Fish and Wildli;e Service, pp. 1-12,
(Not available for distribution),
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In addition to woody plants, feeding was. observed on jewelweed
(Impatiens sp.), false 3olomon's seal (Smllaclna trifolia), and large-

* leaved aster (Aster macrophyllus). Feedlng on jack-in-the-pulpit

(Ariseema trlphyllum) and wild lettuce (Lactuca canadens1s) was report-
ed,

At a time when moose were near a peak population on Isle Hoyale
(probably five per square mile) Murie (1934) found thet the selmon-
berry (Rubus perviflorus) was taken more in late ijay than during the
summer. Ground hemlock was still present and a favored food. Rose
(rRosa acicularis) was scarce but heavily browsed. He also found that
ferns (Polypodiaceae or Osmundaceae), asters, sedges (Cyperaceae),
and grasses (Gramineae) were taken in early summer while tender.
Jewelweed was not taken'until it was in bloom in August. /In.addition,
the. follOW1ng were found to be eaten: Brake fern (Pteridium &guilinum),
horsetails (Egquisetum fluviatlle), pondweeds (Najadaceae), sedges

.(Carex), rushes (Juncus), cowslip. (caltha palustris), purple -rue (Thal-

ictrum purpurascens), red clover {Trifolium pratense), violet . (Viola
Spp.), fireweed (Epilobium 8PP+ ), cow parsnip {Heracleum lanatums,
water hemlock (clcuta ‘bulbifera), swamp buttercup (Ranunculus sep-
tentrlonalis), and turtlehead (Chelone glabra)

. Moose becone semi-aquatic in summer, normally feeding heav1ly on
water plants. This type of: vegetation largely disappesred on Isle
Royale years ago, The buds and. leaves of the water lily (Nymphaeacease)
are particularly relished.and there are cases where large 1lily beds’
have lost every bud to feeding moose. ‘The stems and roots are also
eaten (Cahn 19:57) S DR ' '

.'_Western-REﬁge:7

Winter Foods

In the West w1llows and _moose are 1nseparable both in W1nter and
summer (Murie 1944) (fig. 10); in fact ~Cooney 4/ (1945) suggested
that the intensity of rwillow ' browsing could be used as an’ index of moose
populations. Buffalo berry (Shepherdia canadensis) is reported to be
heavily browsed in }ontana during fall. 7/' Other species hlgh in pal-
atability are Douglas fir (Pseudotsuga tax1folla), lodgepole pine
(Pinus contorta), aspen and balsam.. Alder and spruce were not resdily
taken. :

In British Columbia the follow1nz Species were con31dered the most
palatable (Hatter -1946)s . : : :

Red-osier dogwood, Cornus stolonifera
‘Paper birch, Betula papyrifera
Wwillow, Salix spp. ‘

Aspen, Populus tremuloides

dountain ash, 3orbus americana

Bog birch, Betula sps
- Shad bush, Amelanchier florida
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Grand fir, Abies grandis
High-bush crenberry, Viburnum pauciflorum
Pachystima myrsinites )

Acer douglasii

Equisetum sp.

aqs.a- s

ﬁﬂ '“L,"-; ,':i
tnu‘:_a;',fu ﬂ,-_ TR

Figure 10.--Willows are the key species on many western moose ranges.
Photo by Montana Fish and Game Commission
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Summer Foods

Cooney'é/ reported Montana moose feeding in summer as follows:

TABLE 5.--Estimated average percentege of foods taken by’MOntanavmoose
in summer and fall

Types of forage June July August September Qctober

. 'Percent Percent Percent Percent Percent
Shrubs 64 72 8l 87 93
Grasslike plants 8 6 5 3 2
Grasses : 15 8 4 3 1
Weeds 14 11 6 2 2
4 5 2

Underwater plants 2 3

In spring feeding is on the esrly, succulent plants; in June and
July the animels wander, sampling almost eny food plant in reach.
Later the menu narrows down to browse and underweter plants. Alder is
often untouched alongside heavily-used willows. 3Some of the important
summer browse species besides willow are buffalo berry (Shepherdia),

~ huckleberry (Vaccinium), bearberry LArctostaphylos), honeysucETe, elder

and some sSnowberry lSymphoricarpos)
Alaska

In Alaské, even more than in the western United States, willow is
the important moose food. Dufresne (1942) estimates, that the various
willow species make posslible an Aleskan moose renge of 240,000 sgueare
miles, The narrow-leaved species are apparently preferred, 3/ how-
ever, several others less important are equally palatable aﬁalnany
kinds are taken. '

Palmer 8/ prepared a table of palatability ratings based on ob-
servetions made over a seven-year period (Table 6).

Other species available but which were.refused or were tsken only
very rarely included devil's club, heather, squawberry (uenziesia),

- spiree, buffalo berry, iMyrica gale chaparral, bog rosemary, yarrow,

Cicuta, monkshood, larkspur, ~loco, fern, club moss, hawksbeard, crow-
berry, shrubby cinquefoil, pyrola, fernweed, and mersh marigold.
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TARLE 6.--Relative palatability:éf moose food’species_in§Alaskai‘;

[

Speciss Palatability .

Tree birch Lo 100

Ground birch 100

Willows L : 100

Mountain ash v T , -100

Red currant ST L 100

Black currant 100

Service berry \ : 100

Aspen K 75

Cottonwood 75

Elder , : 75

High-bush cranberry : : 75

Alder o0

Carex - s ' D 50

Fescue : 25

Marsh grass o ' ' 25

Horsetail ‘ ' S - 25 ,

Rush (Juncus) ‘ 20
Potamogeton - - 20 '

Bur-reed o 20 -

' Bunch grass, wheat grass (Agropyron), = .
‘blue gress (Poa), and wood rush (Tuzula) 15

Lupine - 15 L.
Wild parsnip S 15
Raspberry 15
Fireweed _ : - 10
Blueberry C Co ] : - 10
Pond. 1lily , : ‘ P
Rye grass
Rose
Tea (Ledum)
Twin-flower
Cotton sedge
Lichens
Cranberry
Sphagnun
Polytrichum
Herbaceous dogwood
One~flowered pyrola

0NN O O

Winter Foods

In fall feeding was chiefly on willows and grasses; fescue, marsh
grass, and woodrush were particularly relished.
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Pelmer described the winter food as mainly browse from willows,

-ground bireh, and cottonwood, and from the green bases of bunch and

marsh grasses. - When food 1sscaree, "$he ‘bark of ‘aspen ‘and’ willow is
-only taken. Occasional barking seems to be normal.v. T

'T%BLE-V.--Stomach contents analysis of seven Alaskan moose taken in

fall and winter 6 8/

_; L e Ayerage percentage
" Species = mwn,f of contents -

CWillow 0 o T o ‘4.5" R
:Alder RIS TR el fo S
Grass and sedge (mainly in 1 fall’ stomaoh) 5
Aspen
Lichens
_Cranberry .
~ Spruce
Horsetail
"Peavine®
.. ‘Mosses and sphagnum
| Undetermined ,

_'] In iate March andfearly'ﬁprii;tne nbose,bawnthronghfthe snowuto_
feed on-lichens, ground birch, willow and the occasional green shoots
of grass. clumps in addltion to the. usual species brcwsed above the
Snow. C e . S .

Summer Fbods

The 'foods teken.in spring include the -succulent-growth.of grasses
and willow shoots., The cows seek variety, taking anything green or
succulent. AS soon as new growth starts on the wet flats, south
slopes, and in swemps, the moose feed heavily on grasses, sedges,.
horsetails, and wild parship. In a number of cases recorded by Pal-

- mer 3, 6 8/, the animsls pawed the “thin soil away and fed on the outer

bark of -aspen roots., -

Feeding is concentrated especially on willows, mountaln ash hlgh-
bush cranberry, aspen, birech,, ground. berh cottonwood, and - elder in
summer. Foods taken inlesser quantity 1nclude ‘red, currant _alder,
blueberry, the tops of fireweed and lupine and occasionally Laorador
tea. 1In swamps, cotton sedge, and Carex were ‘fed upon while in ponds
and lakes stalks of.pond lily, bases of Tushes (Juncus), ‘bur-reed,
horsetails, and pondweed were 1ncluded 5/ R
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Licks are commonly reported from Llaska to the northeastern
TUnited states. These vary widely,ln size and type, but most writers
agree that they are ereas of concentration of mineral salts.

Surber (1940) reports one case from Mlnnesota where the black
soil was eaten away to gravel -at a depth of approximately three feet
over an area about 100 feet by 75 feet. The trails leading to it
- were worn down 3 feet deep near the lick and could be traced back over
the ridges. On the Fenai Peninsula of Alaska a lick is described by
Shiras (1912) as & "big, bare field" eaten down -several feet below
the surrounding levels. An analysis showed "strong" concentrations
of sodium and chlorine, "marked” amounts of iron and aluminum, a
"decided” fraction of calcium and magnesium, with sulphuric acid, phos-
phoric acid and sulphides present. A large part of the concentration
occurred as common selt, ' ° S o

Dufresne 5/ reports that the licks in Alaska are used by bulls,
cows, and yearlings and that they are visited most often when the
animals are feeding on green grass and soft, shrubby growth. TUse of
the licks decreases by mid-August. _/

On Isle Royale the licks were observed along streams or in swamps
and were ordinarily’ muddy. and: full of standing water., The animals
usually sipped the water, but mud was also taken (ilurie 1934). The
roots of trees were undermined in places by the eating away of the
mud, Up to 20 moose were seen at 'a lick at one time. It was reported
that these licks were uséd even in-winter.. An &nalysis was made of
four semples of the water from-licks and one sanple of 'soil extract,
Selt content ranged from .10 to .25 percent, and all -samples contain-~
ed calcium, iron, magnesium sulphates, and sodium chlorlde. Some
licks were used also as wallows. s

Dixon (1939) reports: that in the Mt. MdKlnley'National Park,
Alaska, mineral springs are- visited by the moose particularly in late
sprlng and early summer.}:;

”cover

The moose is usually found in woodlands or brushy areas, thus
its needs for cover are well provided. It makes good use of coni-
fers -as a plece Of concealment, & fact well shown in an airplene
_ count mede on-Isle:Royale;~as”reported'in 1946 by Rarl T. Gilbert of
the Park staff. On two ‘occasions moose seén in the open became fright-
ened and went into coniferous cover where they .could not be seen even
though the plane ¢ircled over ‘the’ spot several times. Eenned animals
in Maine were found:to seek the protection of thick everareen cover:
during heavy rains (Lamson 1941). o :

The animals rest in all'sorts,of cover from popler stands to
swales (Murie.l934); A large bull was observed in Wyoming lying in a
thicket of head-high willows in a river bottom.

32




Mpose-Beaver Relationehips

Beaver affect mooee range both favorably and adversely. By dam-

: ming streams and flooding-areas which f£ill in with sediment and tend

to, become marshy, the growth of favored foods such as aquatics and
willows is encouraged. 2 4/ The ponds- resulting from beaver activity

- are used to escape. 1nsects. -On the other hand, by flooding large .

eareas of poplar and other good moose foods, the food supply may be.
greatly reduced by a heavy beaver population, but at the same time,

" beaver cuttings along the shore mseke the tops and bark .of older stands

available to moose. Where. moose browsing 1s-heavy, aspen. reproduction
is retarded or prevented thus eliminating future food: supplies for
the beavers. 15/ . _

Becimeting-Faetore

Diseases and paresitee Dl

It is generally accepted that disease ie an. important factor in
the decrease of moose in:the Northeastern States. ‘Dead moose were

" found in Minnesota as early as 1912, The nature of the disease or

diseases is still not-agreed upon, Common  -symptoms are that the ani-
mals become tame often steying close to buildings or open land and'
following people; emaciation is typical and blindness common.  The -
enimals sometimes travel in circles, and many of them are tick infest-
ed (Dermacentor . albipictus) -Studies:in Montena give no indicetion:of
disease, 4/ WNcCabe “and McCabe (1928) :did not consider disease an. im-
portant factor in British Columbia moose populations, however, by 1946
several dead moose were found and- & respiratory disease was- reported
as well &s heavy tick infestations (Hatter 1946) : :

Reseerch workers (Wallace et al. 1932 Gahn et al. 1952) re-

,ported the. £finding in smears: from the- intestines of ticks engorged

on diseased moose of a bacterium-like orgenism, which was named
Klebsiella paralytica.. The culture injected into guinea pigs and
rabbits caused death. within 8 hours. Seven years later, King (1939)
expressed the opinion . that this organism had not been confirmed as

the causative agent of moose disease.. Since the incidence: of the dis-.
ease was high, he thought the- moose  losses must be caused either by

. an infeetion or by a common environmental factor, such as a dietary

deficiency or a toxic substance. Fenstermacher (1934) and his asso-

' ciates also were unable to obtain the same results.as Cehn and his

group., After some ten years' experience and sutopsies on many animals,
Fenstermacher and Olsen:(1943) decided that there was no single speci-

~ fic cause of moose disease, but-that the enimels:were susceptible to

many diseases and parasites. -Among these are ticks-~the moose is a
preferred host for D. albipictus; lungworms (Dictyocaulus hadweni);
immature stages of- tapeworm . lﬁysticercue tenuicollis). in: the liver,
muscles, ard heart Bang's dieease, and brain -disorders. ..

15/ Gensch Robert H. 1946 0bservations on- the beaver of Isle

‘Royale National Park, Michigan, from May 8 to June 4; 1946. Progress
Report, Fish and Wildlife Service, pp. 1-18 (Not available for distri-

bution).
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Working with 20 animals in. H&lne Lamson (1941) concluded that
losses were due either to an obscure, undetected pathogen or to a
combination of.factors,. which lowered resistance and made the animals
susceptible to infections.. TFeeding experiments with penned animals
.indicated that nutritional-defioiencies might be”a cause of losses.

Murie (1954) found that necrotic stomat1tis was eommon in Isle
Royale moose, - - :

Hhtter (1946) reported the following parasites were found in
British Columbiag . tapevorm,(Moneizie), hydatid'cysts of Echinococcus
granulosus, and a leg-worm Onchocerca cervipedis. He thought the
only genus likely to be important was Echinocoecus.

R ;‘yrgdation'

Wolves unquestionably kill some moose, but this seems to occur
in the case of the adults only when they are at a disadvantage.

Murie (1944) descrites the attaeck of five Alaskan wolves on a bull

moose. Although he lost & prong from one horn, there were no signs
of blood ‘on the ground and the wolves gave up-the battle. In the
seme region a cow was observed with her hind legs apparently wound-
ed by wolves; but: she still had a ‘calf with her. In the Liard River
country of northwest Canada, MacFarlene (1905) found a patch of hard-

packed snow where & moose: had been killed by & pack of wolves; but

_one of the wolves was left behind with a broken leg.. Another in-
stance is described from British Columbia of a large, male wolf, .

-with his legs and ribs.broken; left at: the: scene of a battle with a
moose (Stanwell-Fletcher 1942). : The seme author: reported that wolves
frequented moose "yards" in December, but - so. long'as the snow was
shallow, the hoofs of the moose were more than & match for the wolves.
Later, when the snow depths reached 6 to 8 feet, and snowshoe hares,

- grouse, -and ptazmigaﬁ ‘became difficult to catch, the wolves, traveling
in packs of 30 or more animals, turned to moose hunting. In the win-
ter of 1938-39, seven moose were killed in ean area of five square

“miles.  Olson (1938) ‘found thet with a population.of one wolf to ten
Square miles, eight deer per square mile and one moose t6 2% square

‘miles; deer instead of moose were teken by the wolves. In Alaska,
Dufresne (1946): observed +$hat wolf packs killed many moose during
periods of deep snow. o

00wan (1947) discovered that the question of wolf predation on
the big geme of the Cenadian National Perks in the Rocky Mountains -
was rather involved, . The wolf populetions were estimated to be 1
animal in 87 to 11l square miles of potential range, and 1 to. 10
square miles of late winter range, with no appreciable change in
numbers during a four year period. There were 300 to 400 head of
- big geme to each: wolf and elk numbers were estimated to be 50 per-
cent above carrying capaoity of the range. Cowan learned thet a
- lone wolf was capable of pulling down and killing moose or elk in
-summer, - Although -he checked the running speed of moose at 27 miles
"an bour, elk‘at 28't0 29, and buck mule deer at 30, the wolf seldom




exceeded 25 miles per hour. moose usually took to water when pursued
and the wolves would not follow. Ini-one instance in November a
moose beat off three wolves, which left and soon after killed a deer.
The wolves were often at = disadvantage when attempting to attack
moose in soft snow, but the advantage was with the wolves 1f a crust
formed over snow l—-feet or more deep. e :

Analysis of feeding-habits-qf the wolves show>a marked variation
in the use of big game species. The following table contrasts use by
wolves with abundance in percent of the various species.

TABLE 8. --Comparison.of abundance of big gaime spec1es and their oc~
currence in wolf scats in certain Canadian National Parks

~ Percentage of relative Percentage of occurrance in scats
Species abundance of prey species . '
. . ' Summer  Winter Annusl

Elk 33 49 a2 47

Mule deer 11 ‘ : 15 , 14 15
Moose 4 -9 4 7
Bighorn 42 6 . -8 7
-Caribou R & 5 0.5 3
Goat 9 0.5 0 0.5 .

Summer feeding on moose was limited to calves, as was also.more
than helf of the winter feeding. Beczuse of the fact that moose calves
probably suffer more from accidents than the young of any other species
of our big game; the predation on moose was thought to be unimportant.
Support for this belief comes: from the. fact that there was no signifi-
cant difference in survival of calves to one year of age on wolf-free
and wolf-inhabited ranges. Condition of the range was much more of
a limiting factor. : o : \ :

Seton (1929) tells a very interesting story of a December struggle
in deep snow in Wew Rrunswick between two bears and two bull moose.
After two battles one bear was found dying from a horn-thrust in the
abdomen and the other was treed; the moose apparently were able. to
retire in good order. : o

‘With a large bear population, however, moose calves suffer. .In
the Kenai Peninsula, Adaska, the population of both black and brown
bears has been building up in recent years. Prior to 1934, black
bears were not protected and many were killed for fox feed, in two
seasons over 200 were taken in one drainage slone. Dufresne 5/ stat-
ed that the black bear seldom preyed on moose calves at that Time,
however, moose of all classes respected the big brown bears. F#ith
protection the increase of bears was rapid, and in 1958 Palmer esti-
mated that there were 20 .times as meny as in 1890. It wes observed
that the moose. were not shy in the spring until the bears ceme out
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of hibernation in early‘May. Then the moose would dash off whenever a
man was seen in the distance. 8/ ‘It was also noted that whenever a
black or brown bear: appeared ‘the moose Would "evacuate the area in no
hesitant fashion®. Up until calv1ng began, he’ reported "the black
bears ate mainly vegetation, carrion, snts, and grubs; but during the
calving season 12 of 39 black beer stomachs examined contained czlf
moose remains, The 5 to 8 weeks before the first salmon run in July
was the period in which the calves suffered most. At this time most
of the brownies were in the high country off the main calving renge;
‘also the blacks preferred fresh meat while the brownie preferred
carrion. The black was accordingly rated as the chief predator in the
area. Twin calves were seen frequently in 1939 until mid-June, after
which they decreased, and of 86 cows observed but 26 wers. accompanied
by ydarlings, indicating ‘a2 calf survival of only 30 percent. The
absence of calves had been particularly noticeable thé previous 5 or
6 years. 6/ In 1944, according to Sarber (1944), both brown and black
bears were killing so many of the calves that by September only one
calf was observed with a total of 93 cows. This occurred on an-area
of 150 square miles in which there were an estimated 250 to 300 moose
and 100 to 150 bears (10 black to 1 brown). Here few adult moose were
killed even by the brown bears. The bears are also rated as highly
destruetive to moose calves in the Yukon flats (Dufresne 1946). 1In
Montana, also the. bears are rated the most common moose predator. 4/
Nevertheless, it was felt that predation was unimportant here. Z/

In the Tasper National Park, Alberta, unlike those of the other
Canadian Parks in the Rocky Mountain area, the grizzlies subsisted
largely on elk and moose which they ran down’ and killed (00wan 1947)

The coyote is apparently ineffective in killing moose,- Even in
snow 4 to 5 feet deep on Isle Royale, coyotes would tire out the
moose, but when they turned on their pursuers, the snow was soon
trampled enough to give a firm footing and the coyotes forced to re-
treat (Hickie, undaeted). On Isle Royale the moose have built up a

heavy population, while the coyotes as well as snowshoe hares and other

small memmals are scarce, The ‘studies in Montaha showed no: evidence
of coyote predation on moose calves.»é/"In:Jasper Neational Park,

it was found that carrion from.both adult and ealf moose occurred in
5 to 10 percent of coyote scats. “While the grizzly bear was thought
to kill the adult moose, .calves ™ot infrequently" drowned while at-
tempting to follow their mothers across difficult bodies of water.
This wes considered to be the source of the calf moose carrion (Hatter
1945), 1In Alaska the: coyote was considered to have little or no ef-
fect on moose. 5,6/ The coyote tends to keep the snowshoe hare popu-
. lations low tth'Srotecting'the‘mOOSe food "supply (Murie 1934).

There is some evidence that the cougar can kill: moose (Young and .

Goldman 1946), but with their present ‘numbers over range in the United .
States, they 1 VOuld certainly be a ne ligible factor. '
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'Drowningl

In Alaska msny moose lose their llves wnlle the ice is thin on
lake outlets, rivers, and creeks. Palmer writes of the flndlng of 27
carcasses one spring in a distsnce of 3 or 4 miles in the slackwater

‘of the Kasilof River. 6/ The same condltion was found in- Brltlsh
Columbia (Hatter 1946), RS T S

Winter Klll

T+ has been found in Alaska that With 3 to 4 feet of snow few

“.moose .die unless a crust forms. IXIn 1923-24, when a deep snow crusted,

over 107 carcasses were counted along 3 mlles of the trail down to a
beadh. 6/ T T St

,memm’l?

Gensus Methods -

. Over most of its range the moose is a very difficult animal to
count. Airplane.counts of the ones observed on sample strips of a
given width have been used to estimate the population of Isle Roysle
National Park. It seemed certein that many animals were missed, as
only a few were located in the conifers; while big areas with coni-
ferous cover had trecks in them, but the moose were out of sight. -
Best results could be obtained on a day with: new snow and high clouds,

-when there were fewer tracks and no deep shadows, 10/ In Montena,

where feeding areas were localized and visibility good, a useful,

. general method used in counting was to locate these areas and: wait

for the animals to come out to fead.-é/ June was considered the
‘best month for counting, since both bulls and cows with some early
calves were then on the open slopes.throughout the day feeding on
succulent plants. September was the second best month for counting.

7/

. Bodyvpropontions, color‘cnanges, and molts offer means of deter-
mining sex and age. The bulls are more stocky and heavier in the
shoulders than the cows. :

_ On the Xenai range the newborn cslves were reddish. “The yearlings
were. almost black with the hind legs, and sometimes all four legs,
whitish. The adult cows are more reddish gnd the bulls more smoky or
with a slaty tinge. 6 8/ Cows with calves are the last to molt some

‘have been seen still with winter hair in mid-July. 5/

‘A limited number of calves have been tegged to aid in studying
movements, populations, and life histories. Under Montana conditions
it was. found that very young calves could be tagged by two horsemen,

working together. ~Cne horseman led the cow away by letting her re-

peatedly charge the horse. Then, when the cow was at a safe distance,
the -other rider dismounted and tagged the calf. This method is use-
able only on solid ground where the moose cannot ‘overteke the horse. 9/
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Individual adult animals can ususlly be identified by the character-
istics of the antlers or of the bell or dewlap under the throat. 4/

Protection and Control of Kill

The history of the handllnc of moose herds in the United States has
been meinly that of greater restrictions on hunting, then total closure
of hunting seasons, and herds which have continued barely to hold their
own or to dwindle. It is only recently that any promise has been seen
that herds were building up.

} certainly closed seasonsvalone'do_not necessarily result in increas-
es ¢of moose, After 18 years of closed seasons, it was estimated that
there were fewer moose in Minnesota in 1940, than when hunting was

first prohibited (Surber 1940). To bring back the moose in the Stats,
Manweiler (1941) suggested freeing large areas of submarginal land

of homesteaders and squatters, plugging drainage ditches, damming bogs
that dry out in summer, dynamiting wallowing places in bogs, establish-
ing smsall refuges, and intensive patrolling.

Alaskan cusfoms and tastes have presented a series of speclal
moose protection problems. A general local opinion that a moose cow
is much better food than a bull led to-considerable illegal killing
of the cows. Also, the Indian squaws prefer the leather made from the
hide of unborn moose czlves for baby clothes, and the meat of the
calves is considered an invalusble aid when eaten durlng pregnancy. 8/

As the result of protectlon an overpopulation of moose had built
up in the Absaroka National Forest, Montana, by 1943 (population esti-
mated at 25 in 1921 and 308 in 1936). A herd classification in the
primitive area of the forest showed 97 bulls to 67 cows. DBecause of
this unbaslanced sex ratio, it was recommended that: 30 mature bulls
should be killed to reduce the herd and then only & number equal to
one-half the yearlings be killed under special permits drawn by lot
each year., 4/ Such controlled hunting is a most useful tool in men-
aging the herds to prevent overpopulations or overshooting.

Range improvement

Where moose populations are so high, that food conditions are
likely to be & limiting factor, browse surveys are & useful management
tool., ‘As .soon as the browse shows overuse, the herd should be re-
duced to again bring it in balance with its food. supply (Aldous 1944a'
Aldous and Krefting 1946). :

’There is little available moose food on a range made up of old,
dense stands -of timber. Cuttings can be used to increase the avail-
able browse, both woody and herbaceous. These cuttings should be
scattered: and continuing rather than over big areas at one time.
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It was found thet climax forests below timberline offer practically no
food for moose-in Alaska.. Fire. results in sub-climax vegetation and

- ‘makes . the presence of. moose poss1ble., willows are.a-mein sub-climax

dominant following fire as are.also aspen, birch ground. birch, elder,
mountain ash, and high—bush cranberry. A fire in the Kenai Penlnsula'
about 1880 ; destroyed the -lichens and undoubtedly caused the disap-

- pearance.: of the caribouj’ butzmoose appeared about 15-yeers later, and

were abundant 30 years after the: fire.; Reestablishment of the climax
forest was relatively,slow,_and fifty yeers following the fire of
1880, it was thought that -another burning would likely reduce rather
than incresse the forage as establishment.of new cover would require
a good many years. It was estimated that- the area would be good moose
range for.another 25. years, when it might need re-burning or, better,
cutting.. 2 5/ ‘Hatter (1946) has recommended controlled burning for

British. columbia moose renges, -, -

Where fires kill the big trees Ain old WOOdS, more browse is often
the result for a period of years. --However,  the typical forest soils
of the northern States .are shallow and have a high organic matter
content. While the first fire to burn through the old growth may .remove
only an inech or two of the organic layer, = second" fire usually goes
much deeper leaving the soil distinetly impoverished. In short, fires
do -nothing for the'mmose browse supply that properly-regulated cuttings
cannot do better and without the accompanying soil . deterioration re- ’

pz,SUltlng from repeated or heavy fires.-hc

, In areas where water conditions are suitable, the planting of
aquatic plants, such as wild rice, had been suggested for imorov1ng

the moose food supply. 2/

Carrying Capacity

) Palmer found that the Alaskan moose range was being fully util-
ized when the w1llows mountain .ash, elder, high—bush cranberry, aspen,
birch and cottonwood were held to heights of 2 or 3 feet. Browsing
back of the willows increased summer food but -decreased that avail-
able in winter. Even the closely cropped willows produced seed.

Summer forage was abundant, but the winter supply was more critical
and management had to be based on winter use..  The lower slopes and

‘drainage bottoms received the deepest snows, consequently the upper

benches and ridges received most of the br0W31ng during severe winters.
It wes estimeted that the carrying capacrt.v of ‘the Kenai range was a
moose to 245 acres.. 5/

Productivity

The only available figures ‘on moose production in a definite
area come from the Kenai Peninsula, Alaska. Here, a herd of 1,000
containing 80Q cows was estimated to produce a 30 percent calf crop.
Assuming a 50:50 sex ratio and. normal losses after the yearling stage,
this herd would produce a harvestable crop of 216 cows and bulls.

‘Maintenance of a 4:1 sex ratio would necessitate the killing of both

cows and bulls. 2/
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Sanctuaries

The role of sanctuaries in moose menagement is difficult to
eveluate. In some instances state-wide protection has failed to build
up the moose p0pulat10n, in a few others refuges have been successful.

~Isle Royale National Park an island area’ of about 212 square
miles, has had a unique hlstory as & ‘moose sganctuary. It is 13 miles
- from the Cenadien shore at the closest point, and Lake Superior seldom
freezes solidly between it and the mainland. Heologicelly, it is a
typical northern forest island on which the old growth was mainly
balsam, white @and black spruce, northern white cedar, hard maple, paper
and yellow birch, and aspen. Copper mines were opened on the island
.in the period around 1843-1855 and sgain in the 1870's, and extensive
fires occurred during this mining period. In 1936 a fire covered
about one-fourth of the island. The only timber cutting occurred in
1935 when 2, 500 ‘acres were cleared.

Garibou were evidently the important original big game of the
islend; however, there seems to be little evidence that they were
abundant here in recent tlmes. They disappeared about 1925

Records in the flles of" the National Park Service indieate that

‘Mmoose Were very scarce on: Isle Royale in 1880,  Adams (1909), meking

an ecological survey of the islend in ‘1905 ‘saw- no. ‘moose; however, a
member of his party saw evidence of brows1ng which was typical of moose,
During the winter of 1912-13 the water froze from the island to the
mainlend :and moose were seen on Isle Royale the next summer. The num-
bers increased rapidly end by 1921-22 about 1,000 animals were esti-
mated present. By the fall of 1931 Stephenson (1931) found an "ex-
tremely plentiful stocking"™ of moose, and & browse line wherever he went
about the island. He reported that there was no recent reproduction

of favored, woody food plants. Murie (1934) estimeted the population
in 1930 as at least 1,000 and possibly 3,000. A die-off came between
1932 and 1934 and an estimated 200 were left (Aldous and Krefting 1946).
Since then the animals have been increasing eand aerial counts gave an
’es;imated population of 510 in February 1945 and 614 in February 1947,
10

Some very interesting ecological changes hzve been caused by the
heavy population of moose. .The survey notes of William Ives in the
Isle Royale National Park files provide .valuable date on the vegetative
conditions in 1847, He descfibed not only the tree specles along each

40




survey line, but also the shrubby growth. His record of 1,578 witness
trees showed the follow1ng distribution by specieS°

3pecies © percent
. Balsam -~ - 40
"+ Northern Yhite cedar B2
- ‘Spruce I
Paper birch ST 8
Yellow birech 6
Temarack C 5
Hard maple 8-
Aspen "1
- White pine -

’Balsam poplar
vith the possible exception of  the short—lived aspen, choice of
these trees as markers should have been representative of their distri-
bution in the stands.

General descriptions were written for each of 72 sections survey--

ed.. Ground hemlock was recorded for 56 percent of them, spotted maple

(Acer spicatum), 60 percent, hezel, 46 percent, and- alder, 18 percent.
As Tate as 1905 Adams (1909) wrote -of ground hemlock, ¥.....everywhere
ebundent in.the upland forests of the island. oOn: account of its low
spreading ‘growth it forms one of -the ‘greatest: impediments in pene-
trating the island forests." This could well describe some of the
moose-free 6utlying islands at present, .but on Isle Royale itselr

this highly favored food hes beén practically eliminated. It 'is very
unusuel to find one. of these plants alive above the winter snow line.

The moose eat spruce only as a last resort and regularly consume
balsam to the point of eliminating young ‘stands by the aere, thus
the balance is being thrown continuelly 4in the direction of spruce
dominance over balsam and the food production of the renge decreased

_accordingly.l R

‘St. Ignace- Island ‘farther up the northern shore of Lake ouperior
in the Province of Ontario has had a somewhet similar history. Al-
though it is possible. for moose to reach ‘the mainlend by crossing
only sbout & mile of water, there still have ‘been’ die-offs. In 1917
it Was estimated that there were ebout 10" moose to the ‘square mile,
and spruce was the only living upland vegqtation that had not been
browsed to a height of twelve feet. Also,” aquatic plants were elimin-
ated to ‘about tén foot water depths. The following winter = big die-

. off occurred (Shiras 1923). The herd has built up again, but the a-

mount of brows1ng 1ndieates a lower population than on Isle Royele.
These two 1slands illustrate speeial cases where the animals

are not able to migrate easily. Whether similar ecological conditions'
have commonly occurred over larger ranges is questionable.
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Stocking

Stocking of moose in favorable habitets has been tried in a few
cases. In Newfoundlend. where the moose and white-tailed deer were
not native, but caribou were present; a pair of moose is supposed to
have been liberated about 1878, In 1904 two cows ani two bulls were
stocked. It was reported in the late 1920's by the Secretary of the
Game and Inland risherles Board that the moose should totel more than
2,000 (Seton 1929). ' John Pearce, who made a survey of Newfoundland
‘conditions for deer in 1941, wrote that he believed close to 2,000
moose were present. They were well enough established that 17 and
40 were killed in 1939 and 1940, respectively, showing that the plant-
ing was a success (Harold S. Peters ‘letter).

_ Twenty moose were released on Antlcosti Islend in the Gulf of

~ St. Lawrence about 1900. Estimates placed the number at about 250
in 1937, but the population showed no signs of building up very high
(Newsom 1957b) _This was in an area w1th a deer. population in 1936
of about one to forty acres., .

Probably the largest stocking of moose carried out 1n this country~

was with asnimals. trapped on Isle Royale. A total of 69 of these was
releagsed at 3 points in the Upper Peninsula of Iichigan during the
winters of 1934-35 to 1956-57 (Hickie undated). By 1937, 88 animals
were reported, of which 20 were celves, and the project looked pro-
mising; however, only. 54 (ll calves) remained in 1938, and by 1940
only 8 (2 calves) were reported. Some aninals were found shot, and’
a few were known to have died from a001dents but the great majority
were. unaccounted for (Titus 1941).

comcmsxons

We st111 have much to learn about ‘the life history and manege-
ment of the moose. However with closed seasons, herds have built
- up in some parts of the country to the point_where‘they_are being man-
aged with linited hunting. In other places the herds seem to be
approaching this point. The experience gained frem the management
that has been carried out indicates the necessity. for certain prelimin-
ary measures. : o _ .

A reliable inventory is one of the most valuable sources of in-
formation needed for the management of a moose herd. It should show
sex ratios and make an age classification. These data indicate the-
potential rate of increase and calf surv1val and help determine
whether hunting is Justifiable and, if so, how many animals should
be taken, .

.Where large local pOpulations have built up,'browse surveys can
be used to determine if the spec1es is reaching ‘the carrying capacity
of the range. : : : .
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Due to the great value placed on the moose as a trophy and a
source of meat, and to the ease with which it may be taken after long
periods of protection, the kill in a given herd should be held to a
definite number based on inventories. Otherwise the numbers may be
reduced to a point 80 low that it will take many years for a satis-
factory population to build up again. -

gontrolled hunts, removing only definite portions of individusal
herds, is the best method so far found for regulating moose numbers.
State-wide open seasons with no control of the kill are likely to
cause such great population reductions thet decedes would be re-
quired to reach the point where hunting again could be justified.

It hes been shown, both in the United States and Alaske, that

‘0ld rorests produce little browse available to moose. Cuttings in

these stands result in greatly increesed and more desirable forage.
These cuttings should be scattered and continuing rather thap over big
areas at opne time. ,

While applying these preliminsry management measures, thorough
studies of the moose should be carried on in the major geographie -
regions where they are still found. Certainly it would be‘a catastro-
phe to lose this veluable animal because we had not learned how to
menage it. .
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