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Ahsbract = The movements, behavior, and mortality patterns
of bull moose {Alces aloes) were examined to evaluate
mocse harvest sbrategies an the Kenad Hational Wildlife
Refuge, Alaska, Seven radiocellared adult bull moose were
aerially Tocated 242 times from Hovember 1930, to
Seplember 1983, Four migratory bulls had larger home
ranges (185 km?} and different movemeat patterns Lhan
three bulls that were residents (5% tmz} in egarly
successional stage forest. A1l were legally harvested by
hunters in early succession stage forest where thay had
been tagged within three years, Migratory hulls that
traveled into early successfonal stage forest to breed
Twaa longer (awd. 5 years) than rasident bulls [xed yvears)
because Lhey were generally in remote locations ansd
thicker cover during the Septorbey =20 bull=anly hunting
season, Bull moose bebawiar and movement patterns changed
with the onsel of tha rut in mid-Septemser.  This made
them particularly susceptibie Lo harvest because moose
meved inle open areas and formed larger groups.  Hiok
hunter accessibility and hunting pressure in early
succession stage forest lowered Lhe average age of buils
and aocified the soose papulation composition to below 20
bulis/I00 cows despite an expanding moose populalion.
Hunting seasons in early September concentrated harvest on
resfdent monse near roads, while hunling after September
15 harvested both resident and m1grntnr§ magse and
impacted moose ower a much larger area.
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The Kenal Peninsula was a Famous trophy moose nunting area in the
10105 (Whitney 19163, Sportsman concern for the dectining monse
population was Lhe primary veason the Kennd Hational Moose Hange was
pstablished dn 1901 [Spencer and Hakala 19645, The major purpose of
the Mogse Ranpge was “to provide for the matural feeding and braeding
qrovnds and practical managemert of Lhe glant Kenat mopse.® While the
maior purposes and name of the refuge nere changed to emphasize natural
diversity and multispecies wildlife management direction with passage
of Lhe Alaska Heticnal Interest Lands Conservation ACL (ARTLEA] in
1050, mogse continued to be an impartant species due to high public
interest and their important role in the lowland bereal forest
poosysten,  The Kenal Mational Wildlife Refuge's primary purpnse of
conserying fish and wildlife populations and Lheir pabitats in their
natural diversity requiFnd an expansion of knowledge regarding Lhe
refuge' s free roaming moase papulation.

Ag part af an investigation of the fmgpact af winter oil
exploration activitios on moose, seven Bull and S1 cow moose were
radiacollared and monitored by aerial Lracking from November 1450
through Sepkemser 1983 [Bangs and Bailey 1982). Moose managesent has
pocome more complex an bhe refuge due to a rapldly increasing human
population, increasing hunter pressure, chapges in Lhe major purposes
Ffor which the refuge will be manages, and an increasingly diverse
nurber of user groups. Meose hunting by requlation is primarily for
tulls on the Kenai Peninsula. Apgroximately half of Lhe harvest,
approximately 6-700 annually, cccurs an the refuge lowlands. Data
gathered on radiocellared bull moose from the western lowlands were

axamined to evaluate moase hunting prograss on the roaded accessible
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sortions of the vefupe where both moose densities and hunter effort are
wigh, This information may not apely to different areas where there 15

lass accass, differont terrain, or poorer qualiby moose habitat.
STUDY SITES

The Kenai Natioral WildEife Refuge is located on the western half
of the Kenai Perinsula 12 km due south of Anchorage, Alaska. The
refugs has the highest pualic use and i3 the nost easily accessible of
any Alaskan refuge. Development is repidly increasing along its
western boundary. The refuge's location, history, habitats, and moose
population histery have besn previously described [Spencer ana Hzkala
1964, Oldemeyer et al 1977, Bangs et al, 1982).

Hoose were radiocollared in two imporbtant wintering aveas In P980
(Fig., 11, The 5likok Lake study aresd was burned in 1926 ang 1,170 ha
were mechanically rehabdlitated in Lhe mid=1960"'s,  The Finger Lakes
study area was burned by & 34,000 ha wilafire in 14969, Bolh Lhe Fieger
Lakes and 51ikek Lake areas are road and trail accessible and encompass
Th-20-year-old early successional sbage Forest, regrosth Forest buraed
in 1947, mature forest, and various wetland habitats although the
araportion of each varied greatly (Bangs and Bailey 1982). Bull moase
in both thess areas are intessively harvested during a Septester 1=20
bull-oniy hunting season. Wintering moose dEﬂSit}éS in both study
areas are about four mnnsefkmz and calf producticon and recruiteent is
frigh, with over 508 of Lhe annual moose harvest comprized of yearling
bulls. Afrcraft are prohibited from September 1=10, in the northern
porticn of the refuge which iecludes the Finger Lakes study area, but

not the SHikok Lake study area.
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Figure 1. Location of S1ikok Lake and Finger Lakes moose study
arehs on the Benad National Wildlife Refuge, Alaska.
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Moase were radipcollares and ear tagged in 1980, wtiiizing
heticepter capiure procedures (Hovge and Seith T98T) . Twenby=eight
mocse, two bulls and 26 cows, were Lagged near 51tkok Lake in late
Naverher and 30 mpose, five bulls and 25 cows, were Lagged in Lhe
Finger Laces arca in early December, Calves and yearling mogse were
avaided during the capture azeration. Moose were aged from Looth
sectioning [Sergeant anc Pimlott 1959} and standarc measursmenis sere
taken. The 58 tagged moose were iocaled oy aerial Lracking ower 2,200
Limes since Sovember 1980,  The seven bull =oose were aerially Jlocated
242 times and were seen on 173 of these observabions,  Seven
absarvatfons of tagged bulls were reported by the pubiic, six were
hunter kills.

The lecation, actiwity, behavior, qeneral aerd specific habitat
typir, social interactions, and antler govelapment of bulls were
recorded for each observation, A moose, with discinct and separate
patberns of summer (Apeil-Septonber]) and winter (Octebor-Harch) ranoe
use, was described as having & migratory movement pattern.  Other moose
were described as residents.  Home range sice '.J-El!i.dEl:Erlll'il'IEG by the
minimum parimeler polygon sebhod [Mebe 19470, The mevement and home
range use of redio collared female moose was similar to Lhat observed
Tor marzed bulls and was used to support the conclusions reached Trom
the small sample size obtained from bells [Bangs and Bailey 1982).
Data were compared by two tailed t-tests and chi square analysis and

were considered statistically aifferent at the 0,10 level,
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Post hunting moose population compasition and density on the
refuge have been monitored by fall and winter acrinl survays since Lhe

1960's (Bailey 1974),
AESULTS AND DISCUSSTON
Roose Density and Composition

Meose density on the refuge has wvaried wilh the severily of
wizalher and the accurrence of wildfire [Bangs end Bailey 1990). Winter
macte density surveys on the refuge indicated aporoximately 3,500 mose
in 199 increasing to 4,900 moose by 1982, The increase in soose
nuambrees throdghoul the refuge is abttribetable to relatively mild winter
weather since 1979 and excellent moose habitat created by a wilafire in
1964,

Moose densities on the western lowlands, particulariy tn Lhe stuay
areas, are at higher Tevels, aboul two to four |||;-n5rg.-fk|||2. than the
remainder of the Kenai Peninsula, bBelow two rr.canso,-'kn'.z, primarily due
to the early successianal stage forest habitat created by large
wilafives in 1969 and 1947 (125,000 ha).

The post hunting fall composition of moose on the 1nwlanﬁs waries
greatly with the level of road acess, but averages about five or mare
adult cows per bull {Bailey 1978}, The proportion of bulls in the
Finger Lakes study area has decrveased from 26=51 bulls/ 100 cows in
1978-79, to 186=14 bulls/ 100 cows in 1982-83, respectively. The 51likok
Lake study area had 14 bul1s/100 cows in 1981, The low number of bulls

in the lowlands including the sbtudy areas contrasts with a permit
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traphy monse hunting area, % km cast of the Slikox Lake study area.
heeess into tae troohy arca, lecated boatween Skilak and Tustumena
Lakes, s diffizuls and harvest 16 restricted by a permit system in
which 100 permits are issued to harvest bulls with antlers wider Lhan
127 em,  fApproximately 30 Bulls are harvested annunlly. Moose
densities are lower than ome l||::|:|5|e."kmg. In this area in 1980, there
ware 48-65 bulls /100 cows with many of the bulls having antlers over
127 em in width.(Spraker 19800,

Gn the westzrn lawlands, older, larpe antlered bulls are
relatively rare.  The average age of cantured bulle {31 wears, range
2=0] [Table 11 was significantly younger than the dverage age of cows
[6.5 years, Ne=51, range 1-18) {£=35.2, 56 df, ® < G.01). The highly
skewad moose sex ratic and scarcity of older bull moose in che lowland
areds was pricartly due tooa bull only nunting grogream Lhat has been

amoing since the early 1970's (Petersan et al, 159843,

Taklo 1 Datn oo reclocollared ball poeces coptured an *he Keanl Matlons!l Widiife Refuge
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Gistrihution and Moverents

The home rarge of bulls varied fram b4 '-in‘lE Lo 185 Iclll2 ane
averaged 127 Hmz. Although sample size was small, migratory bulils
had significantly larger home ranges than resident bulls (L= J.E, 2
df, P < .01}, Cows had hame ranges that averaged 150 wm’ and varied
from 29 kmz to A4 k-na (Gangs and Bailey 19807, Approximately 43%
of both bulls and cows had distinct winler and summer ranges and wers
classified as migratory which is similar Lo the 40% migraiory mocse
flgure previously estimated for Kenai moose [Lefesche 19747, Migratory
bulls moved from summer ranges as far away as 22.5 <m and COWs mowed 43
km to use the Finger Lakes wintering area, Migratory mocse of both
spxes traveled up to 17 km Lo utilize the 51ikok Lake wintering area.
Migratory bulls and cows generally moved into the STikok and Finger
Lakes areas in labe September and early Occober.  These movements into
the early successional forest were abrupt and osppeared Lo bigin with
Lhe anset of the rut shortly after September 15, These mey erent s
increased the susceplibilily of mopse from as Far away as 43 km Lo
harvest ar other petential impacts cccurring in early successional
stage foresk. Migratory bulls in both areas moved oul of bhe early
successiona] stage foresh into 4ifferent habitat types in early January
as ¢id many cows. Other migratory cows did npt show movements 1o

sumer rarges until March (Bangs and Bailey 1980},
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The diurnal activities of radiocollared bulls were different in
Ehe winber compared Lo the sumer ixE-EI,Q. A4 df, P 0.10). Bulls
wore more 1ikely to be feeding and less Tikely to be lying down whoen
abseryved in the summer than winter (Table 2]. They alse appeared to
travel more in the speemer,  The differences in activity patterns
bebween winter and summer are fhose expected with energy budgeting.
When food sunplies are limized either by quality or guanbity, =moose
apparently conserve energy by lving ang when food supplies are
aburdant, spend longsr amounts aof time feeding ar searching for food.
& similar pattern has been reported far moose by Best et al. (1573),
Thie few courtship and aggressive behavior were observed during the
winter, from 0ctober-Marcn,  Bull moose were usually alane in the
swrmer, bub were generally withia 100 m of aotaer moose during Lhe
winter {x?'u]].?, 14f, P < 0,01) (Table 31, Bulls associated with
stgnificantly higher mmbers of moose during Lhe winker particularly

from October thrawgh December,  (t=371.0, 118 dr, & « 0,01}

Takle 2. The percentage of observed activity of marked bull moose

classified by quarters of the year from 1980-1983, (N=Ng, of observations]

Jan=Mar Apr-Jun JuT-5ep © o Qet=Dec
fclivity H=6E N=21 N=g2Z H=G2 i
Standing 25 14 23 |
Feeding 12 29 . 32 18
Lying 53 38 32 51
Traveling & 14 14 7

Courtship/Display | i 0 £
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Takle 3, The percentage of observations that radiccollared bull moose
were with other moose and the average size of groups by quarter of the
yaar for 1900-1983,

Jan=Har Apy=dun dul=5et Oet=Diee
Nt He=d 3 H=25 H=6h
Alone 5.6 61.0 se.0 215
Grouns fd 4 9.0 48.0 B4
Mg Size of
Groups 3.5 2.2 i | 4,2

The compesition of moose groups associated with tagged bolls
indicated that they were ravely within 100 m of calf =oose, and were
mast comranly associated with ather bulls or unidentifies adult moose
during the Octoher-Dacember nreeding period (Table 4). This
information on group affiliation and composition was similar Lo Lhe
general patterns that were reported for bulls by Hauge and Hefth {19810

in Albarta.

Tale 4, The average number of moose in groups Lhat radiocol Tared
Bulls were located with, excluding the tagged bull, by quarter of the
yaar for 1990-19563,

Jan=Mar Apr=Jun Jul=5ep Oek=Dec
e b Ul FUR] M H=_4% H=1¢ H=hl
Butl 0.E1 0.2¢ 0.17 0.72
Cow .46 0.1 1.63 2.23
Calf a.19 .00 .08 0,25
Unid. Adull 1.6 0.89 0.0 0.02

Hakitat Selection

During each lacation, the dominant haiitat type within 1 kmz.
the specific habitat type the bull was physically in, and the dominant

character of the specific habitat were recorded. An exasple, wowld be
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& bull in early successional stage forest (doeminant habitat) lying in a
remnant mature stand {specific habital) that was primarily composed of
spruce (dominant character].  Data on habitab use may be biased since
riesident moase using early succession stage forest did nob survive os
Tong as migratory moose because of hunting and conbributed [ewer
observations.  Mewvertheless, dominant habritat selection data ref lect
the strong seasonal shift of migratory bulls dnto early successional
stage forest I:Jt2=T2.Ef 3df, P = 0,01} in the winter, paé‘ticulavly
during October-Oecember breeding period {Tabls 5). The patteran of
movensnl into efeeis with abpndent fpoo had Zeen reported srevicusly
(Gasaway et al. 1978). The spacific nabitat data (Table &) alse
indicated bulls were axtensively wtilizing early successional stage
forest in the winter, peaking from Jctober Chrough December, compared
Lo summer habitat use (x2-|1.?ﬂ. Jdf, P2 001, A comparisan af
dominant versus specific habital use sugoested bulls thal were
generally in relatively open early successional stage Forest ware of ten
physically lecated fn rempant staeds of mature Bimber, freguent]y
spruce,  The use of conifer cover has been suggested for both predator
avoldance (Stephens and Peterson 19840 and thermal protection
[Vandallenberghe and Peek 19710, However, Lhe dominanl character of
specific habitat types indicated that bull moose were twice as likely
{x2=]5.5, Edf, P = 0.01) ta be in the ppen during the winter,
particularly the dcteber-December period Lﬂan the summer months {Tabie
71. The use of spruce dominated hahitats was extromely hioh during the
fpril=June poericd l:xE=:"2.'1-, 1 df, P < 0.00), compared to the rest of
the year, as also reported for moose in Alherta [Hauge and Xeith

1881) . These spruce stands were Lyplcally black soruce near lakes or
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Table &, The percentage of locations of radiocellaved monse in various

doemi gs classified by guarter of the wear Trom 1G50-1983,
(g nant Jan=Mar Apr=Jun Ju1=5ep fet=Dec
Nabitat Type N=q? Hedd Hedil fe7d
14905 Burn 12 ! 0 4
Early Stage
Foraest a4 39 3% H
Mature Forest 23 EH 39 15
fiag 16 2 10 1

Tabkle 6. The perﬂentage uf 1ncat1nns nF radincﬁ]!area pull moose in
[ hab car fram 19801453,

Fpacific Jan-Mar Apr=Jun Jul=5ep Oct=Dec
Habitat Type =92 =43 Ne=di N=73
1947 Burn [ 0 7 1
Early Stage

Forest Ex ElY] 26 58
Mature Forest 37 32 43 15
[T 20 27 24 5

wit lands that escaped fire and of ten provided the only cover in large
burns,  Hetlands agpear Lo be dmportant feeding arcas for mogse fn Lhe
spring (Hauge and Keith 19810 and vemnant spruce sbands may simply be
the nearest available cover. Moose could alsc use thick black spruce to
escape bhe spring sun before losing btheir thick winter coat.
YarBallenberghe and Peek (1971), working in Minnesota, also
commented on the use of black spruce swamp areas by soose during the

SLMEREr.,
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Tablza 7. The percentage of radiocollared bull moose relocations by
dominant character af the specific habitat classified by quarter of the

year From 98014503,

Deminate Jan=Har Apredun Jul=5ez Jet=Dec
Character =t =43 Wedly W=l
Hardwasod k| H - 3
SEFUCE 34 57 36 26
Hix Hardwood/

Soruce 20 14 3 11
Opend L 1y] 24 3 50
Waker [ 2 a 0
Alder/Shrub 4 2 i fi

dYzgetation hzight below 2.0 m

Mortalicy

A1 sewven tagges bull moose ware aventually harvestod by huntérs
in early succession stage forest dering Lhe E0-day moose season,  The
average distance between capture and harvast locations for migratory
butls was 3 km which was less (€= 2,36, & of, P < 0,70) than B km for
pesident bulls, This indicated Lhat migratory bulls were more 1ikely
ta be marvested fnoa specific partien of theie bome range associated
with winter feeding and breeding activities,  The pattern ir which
bulls were harvested was informative, Two resident bulls were killed
in 1681, the first hunting season after tagging. Since one bull was
¥illed and the collar shot and lefl in Lhe woods by an uaknown hunter,
ng infprmation was obtained. The other bull, harvested in 1931, was
taken by an airceaft assisted nunter I0 km from the :I'.lEiI.rES-L road Lhe
day after atrplane access opened. Moose hunters are not permiltted Lo
hunt the same day that they are airborne.  The remaining resident bull
was killed the First day of moose season in 1982, A1l four migratory

Bulls were harvested in the 1983 season, One bull was taken the First
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day of season, Septeswer 1, after an wnusual movement, B km from his
usual summer range and location on August 2%, into the S1ikok Laxe
riehabd Vitated ares.  The remaining Lhreee migratory moose were Killed
during Lhe last three days of the 1983 season. A1 three apparent 1y
moved inbo early successienal stage forest earlier than in grevious
years, probably for breeding activities, which resulted in their
harvest, Hesident bulls were taken as d-year-olds while migralory
bulls were older, from five Lo nine years of age, when harvested
(t=2.44, 5 df, P < 0,10}, Migratory moose spent most of the September
1-20 hunking seascn in areas of thick cover, at least 3. km from the
nearest road, where they were less susceptible to bharvest. Restdont
bulls were mare vulaerable during the hunting season becauss they were
often within 3.2 km of roads and frequentes relatively open areas of
parly successional stage forest. The high vulperability of mocse near
roads and population centers has been documented in Canada (Crele el
al, 1881, Bider and Mimlott 1973) as has differential vulnerabi ity to

bt ing (Goddard 19700,

Arnbler Development

Tne timing of antler casting was recorded for all tagged oull
moose and other observed bulls and was slightly later than that
reported by YanBallenberghe [1982) for other fAlaskan moopse. Ao
radiocollared bull cast antlers prior to Decezber 15, and only ane
non-radiocol Tared bull on the lowlands, on November 5, was observed
with one antler pricr to December 15, Since Lhe vast majority of

nen-radiocol lared bulls retained antlers through mid-Decesber, it
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appeared that most adult bulls on the lowlands cast Lhedr antlers in
late December or early January. This was probably an indication of the
young average age of lowland bulls since older bulls drop anblers
garlier than young bulls {VanBallenberghe 1982),

One J-year-old collared bull §114 cm spread) cast both antlers
bebween March #2-2%, the same winter it was captured, [L had normal
antier development the folloming swmer with antlers 20 cm Tong on May
Gy oy June &, the antlers were 102 cm wide and palmated. It is
possible that this apparently abnormal zntler retention was dus to
capture and drug [M-95] fnduced stress, since no adulb bull om the
Kenai nas besn reported to retain antiers that length of time. Stress
has resulted in abnormal antler retention ameng deer {Topinski 19F4).
The timing of antler-casting per individual is relatively short but
does extend over several days. One five-year old Bull cast ane antler

between December 21=29, and its other antler between January 3 and 25

CONCLUSTONS

Conclusiors from this study of radiccollared Sull moose on Lhe
western refuge Towlands have dmplications for refuge management
PUFPOSES,

Harwest on the Kenad NWR lowlands during the September 1-20 moose
seasan 15 concentrated on resident bulls neer roaded areas particularly
in early successional stage forest types, where visicility, moose

density, and hunter effort are high,
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Moose exiibited different gistribution, behavior, and habitat use
patterns in the winter comgared to the swmner,  The rul, wiich beging
shortly after Septesber 15, bul during the Sepbember 1=20 hunting
seasan, starts the transition from summer Lo winter behaviar and range
use, This results in increased vulnerabilfty of moose, particularly
migrating moose, to hunting, because Lhey moved from remobe areas with
thick cover ifnto open areas Lhat happened to be near roads. Bulls also
were more 1ikely to be with other moose and in larger groups during Lhe
rut, which also increases their wisibility and wulperabilily Lo
hunting. Harvest has greatly Towered the number and age of bulls over
a majority of the refuge's lowland moose habitat, particularly near
roaded areas.

As a result of the current Bull only narvest strategy, hunters
have & Tow orobability of harvesting a large antlered bull on the Henai
Towlands, Roadside wildlife viewing epoortunities are alse effected
since viewers and photographers, who generally visit the refuge during
the sumeer, have 1ittle spoovtunily Lo see large ant lered resfdent bull
maose aear roaded areas. Since Lhere are fow mature bulls available to
the majorily of refuge visitors, who primarily use the voad syslem,
conflicts betwesn user groups has the potential to intensify. Future
refuge moose hunting programs should attempt to harvest from a broader
specirem of Lhe mocse population to provide for greater diversily of
monse sex and age classes.

The impacts of harvest on mopse populabtion composition oF numaers
are increased by hunting seasons occerring after Septesber 15, by
putlding roads or trails in early seccessional or open forest habitats,

and by creating early successienal stage forest aear roads. The impact
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af moose hunting will accur over a much larger ares if hunting in open
habitats with abundant food ocours after Segtember 1%, since moose
migrate fram Tong distances to utilize these areas, This iaformation
is particularly applicable Lo arcas with fnLensive Limber harvest,
since access, moose brawse, and open habitats are usually created,
Data an the mavements of radiccollared beli moose suggesl tnat
fall composition surveys are corducted when moose are using discrete
traditional breeding and winter feeding areas. 3Since the mixing of
resident and migratory moose on the Kenad occurred by eariy October,
date obtained from fall surveys are biases i compesition count data
gre internreted as representing discrete summer sub-popolations,
Composttion courls can be conductes into mid-December bocause few bul s
will have shed taeir antlers prior to December 15, Since breeding
groups of moose sere often in open habitats and rarely contained
cialves, an underestimation of calf groduction may accur from fall

counts,
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