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ABSTRACT: We obtained monthly estimates of 24-hour activity patterns of moose (Alces alces) on the
Kenai Peninsula, Alaska, during winter and summer. Activity levels of moose during winter overlapped
between areas of high and low deciduous browse availability. Shorter resting periods occurred during
summer months (x = 105 min), than during winter months (x = 171 min), resulting in increased
activitylevels from winter (x = 486 min) to summer (x =622 min). No consistent pattern was found in the
difference in active period length between summer (x = 80 min) and winter (x = 81 min). Estimates are
useful for predicting total energy expenditure of moose. Large variations in activity levels among
individual moose point out the importance of obtaining unbiased samples from populations.
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Recently, efforts have been made to con-  els (Craighead et al. 1973, Cederlund 1981,
struct models for estimating nutritional car- Georgii 1981), which may result from en-
rying capacity ofmoose range (Hubbert 1987).  dogenous changes influenced by environ-
These models attempt to balance energy re- mental cues (Aschoff 1963) as an adaptation
quirements of animals with energy supplied to food scarcity and snow conditions during
by the range.Energy expenditure by moose  winter (Craighead et al. 1973, Roby 1980,
varies seasonally and among individuals Cederlund 1981,Georgii 1981, Jingfors 1982).
(Regelin et al. 1981, Renecker and Hudson This study was conducted to obtain esti-
1983) and accurate energy budgets are mates of activity components of moose in
therefore necessary to estimate an animal’s  southcentral Alaska during winter and sum-
daily and seasonal energy needs. Activityisa mer months. We also wanted to 1) test
major component of this energy budget. Ob-  whether winter activity levels of moose dif-
servations of moose and other ruminants in-  fered between areas of low and high decidu-
dicate that almost all of their time is spent  ous browse availability and 2) determine if a
eitherresting/ruminating or searching forand  seasonal difference in activity level was due
ingesting food (Bubenik 1960, Collins et al.  to differences in forage processing time
1978, Moen 1978, Cederland 1981). (resting bout length), ingestion time (active

Food intake rates of northemn ruminants  bout length), or a combination of both.
are reduced in habitats where forage avail-
ability islow (Collins et al. 1978, Trudell and STUDY AREA
White 1981, Wickstrom et al. 1984, Renecker

and Hudson 1986a), suggesting that activity .2 enclosures (pens 1-4) at the Moose Re-

level may therefore be a useful indicator of  ge5rch Center (MRC), a research facility of
food availability. However, Cederlund et al. 1o Alaska Department of Fish and Game
(1989) were unable to demonstrate significant located on the north-central Kenai Peninsula,

differences in activity levels of moose on 2 Alaska. The pens were withina 1250 km?area
winter ranges of different forage quality. that was burned by wildfire in 1947

North-temperate and northem ruminants  (jdemeyer and Regelin 1987) and consisted
undergo seasonal fluctuations in activity lev-

This study was conducted within four2.6
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of amosaic of mature white (Picea glauca) and
black (Picea mariana) spruce/deciduous for-
est, spruce-paper birch (Betula papyrifera)
regrowth and spruce regrowth. Sedge
meadows, ponds and small lakes also occurin
all pens. Additional tree species include as-
pen (Populus tremuloides), willow (Salix sp.)
and cottonwood (Populus trichocarpa).
Lowbush cranberry (Vaccinium vitis-idaea)
was the most prevalent understory species.

The density of moose within the burn area
peaked in 1970, when Alaska Department of
Fish and Game surveys estimated 3.6 moose/
km? Maturity of forest regrowth and heavy
utilization of deciduous browse by moose
resulted in a continuous decline in the moose
population and estimates fell to 0.3 moose/
km?in 1986. Availability of deciduous browse
was very low in all the pens, ranging from 4.4
to 14.7 kg/ha, and consisted of >95% paper
birch. The importance of birch to Kenai
Peninsula moose has been well documented
(LeResche and Davis 1973, Sigman 1977,
Oldemeyer 1981, Regelin et al. 1987).
Lowbush cranberry was abundant in all pens
and was an important supplementary food
source (LeResche and Davis 1973, Oldemeyer
and Seemel 1976).

METHODS

Six hand-reared and 2 wild adult cow
moose were used in this study. All were
instrumented with leg-mounted, tip-switch
transmitters (Bevins ez a/. 1988) and 2 were
randomly assigned to and placed in each of
the 4 pens in late November 1985. Moose
were designated numerically as to pen assigned
(Moose 1-1 moose 1 in pen 1). Data
collection began in mid-December, to allow
time for the moose to adjust to their new
surroundings.

Pens 1 and 3 were stocked with moose so
utilization of current annual growth (CAG) of
deciduous browse was about 54-67% of that
available to animals during winter (Bevins
1989:43-45). Pens 2 and 4 were stocked so
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that deciduous browse CAG was all utilized
during winter.

Two receiving stations with omnidirec-
tional antennas were positioned formaximum
reception from transmittersin all pens. A data
acquisitionsystem (DAS) (TelonicsInc., Mesa
AZ) was used to monitor transmitters and
store incoming data (Bevins et al. 1988).
Sampling was conducted during 12 4-day
periods from 15 December through 7 April.
Four transmitters were monitored alternately
during each 24-hour period. Each transmitter
was monitored continuously for 3 minutes at
15 minute intervals. Two times per week 24
hour activity data was obtained from each
moose.

Transmitters were removed for refur-
bishing during April and May. Moose were
reinstrumented and placed in the 2 pens with
the most browse in late May for summer
monitoring. Monitoring periods of 24 hours
ran from June through late August. Each
animal was monitored twice weekly during 9
sampling weeks, using the winter sampling
design.

Signal patterns were interpreted to de-
termine if moose were active or resting (lying
down) during each sample period and those
classified as active were further divided into
segments of standing and walking (Bevins et
al. 1988). Methods used to obtain means and
standard errors around estimates of active
time, walking time, and individual boutlengths
fromthe activity data were discussed in Bevins
etal. (1988). Standard errors include within-
day and among-day error. Days with at least
1400 minutes of usable data were analyzed to
determine activitylevels. Seasonal compari-
sons in daily activity level, duration of active
and resting bouts, and number of bouts per
day were made using a 2-way analysis of
variance (ANOVA) (Sokal and Rohlf 1969)
on ranked estimates and using moose and
season as the independent variables.
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RESULTS

Activity data were obtained for 153 24-
hour periods (>1400 min) during winter and
for 98 periods during summer (Table 1).
Moose 3-2 died in late February, 2 days fol-
lowing immobilization to replace her tomn
transmitter harness. Malfunctions of 2 trans-
mitters during summer resulted in only 8-10
summer estimates for each moose. Data were
categorized by month; few usable samples
were collected in late December so these were
pooled with January data.

Mean time spent active during a 24-hour
period foranindividual during a winter month
ranged from 349 to 587 minutes (24-41% of a
24-hour day) (Table 1). Although large dif-
ferences occurred among individuals and
among months for individuals, there was no
consistent trend to suggest differences among
months or among pens with differentlevels of
deciduous browse CAG availability. The
greatestdifferencesinactivitylevels occurred
among animals within the same treatrnents
during each month. Activity levels were
highly variable among days for individual
moose during each month. Mean time spent
active during a 24-hour period by an indi-
vidual during summer months ranged from
42710 838 minutes (Table 2). When all values
for each moose were pooled by season, rela-
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tive activity levels of individuals were similar
during both seasons. Mean 24-hour activity
levels of individuals were from 83 to 178
minutes higherin summer than winter. Moose
were significantly more active in summer
than winter (p < 0.0001).

Bout Lengths

The average number of bouts per day
(active and resting) was significantly higher
in summer than winter (p <0.0001). Monthly
meanactive boutlengths ofindividuals ranged
from 62 to 113 minutes during winter and
from 54 to 113 minutes during summermonths
(Table 2) resulting in no significantdifference
(p>0.91). Monthly mean resting boutlengths
ranged from 144 to0 215 minutes during winter
and from 81 to 139 minutes during summer
months (Table 2) resulting in significantly
higher bout lengths in winter (p < 0.0001)

Time Spent Walking

Monthly averages of time spent walking
by individuals ranged from 8 to 89 minutes
per day during winter and 13 to 201 minutes
per day during summer (Table 2). These
estimates include only those walking bouts
involving at least 3 steps, due to the similar
signal pattersn produced by shorter walking
bouts and comfort movements. There was a
fourfold difference in time spent walking dur-

Table 1. Time spent active (min) during a 24-hour period for moose in four 2.6 km? pens at the Moose
Research Center, Kenai Peninsula, Alaska, during winter 1985-86.

Jan Feb Mar

Treat Moose n X SE n x SE n X SE

Highs 1-1* 8 4265 251 6 3488 293 6 499.0 403
1-2 8 547.0 397 6 4745 176 6 497.8 40.0
3-1 8 507.8 279 6 5167 19.1 7 4739 233
32 8 4725 306 6 5352 40.7

Low 2-1 8 4958 335 6 401.5 23.0 7 407.6 26.6
2-2 8 566.3 27.6 6 503.0 199 5 5214 212
4-1 6 5022 469 6 4450 273 7 408.7 242
4-2 7 579.3 164 6 465.7 22.7 6 481.2 33.0

a High and low browse current annual growth availability.
b The first digit refers to the pen, the second the animal.
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Table 2. Activity budgetdata for 8 moose at the Moose ResearchCenter, Kenai Peninsula, Alaska, during
winter and summer 1985-86.

Minutes active Minutes walking

Month x° SE range® x SE range
Jan 8 5172 19.9  426.5-587.0 36.3 6.9 7.9 -62.1
Feb 8 461.3 21.9 348.8-535.2 348 10.2 8.3-89.0
Mar 7 469.3 16.9 407.6-521.4 31.7 4.6 12.7 -42.6
Winter  x 485.7 148  4249-534.5 344 4.7 12.3-52.5
Jun 7 676.7 516  427.2-837.5 108.1 242  16.6-201.0
Jul 7 5824 242  467.8-648.3 59.4 146  21.8-126.3
Aug 7 604.3 212 503.6-687.3 68.0 19.1  13.2-136.3
Summer x 622.1 24.6 540.3-712.4 784 16,6  17.5-130.2

Active bout length Resting bout length
Month n x SE range b x SE range
Feb 8 81.9 3.8 64.7 -97.1 76.0 49  153.8-196.2
Mar 7 79.6 6.2 61.6-112.8 166.2 89 1439-2152
Winter x 79.8 39 69.0-99.8 171.1 51 158.1-193.1
Jun 7 91.1 10.6 54.5-136.2 98.0 5.0 85.5-122.0
Jul 7 74.5 83 54.3-111.0 106.7 7.7 81.3-133.8
Aug 7 78.1 4.7 573-93.6 115.2 6.3 96.2-139.8
Summer x 80.6 7.0 59.3-109.9 105.4 6.0 87.5-131.9

a Monthly estimates were obtained for each of 7-8 individuals from several daily estimates (2-8/
mo). Monthly means and standard errors were calculated from the 7-8 estimates

b Low and high estimates of individual moose

ing active periods between the most sedentary
and most mobile animals in winter. Those
moose found to be most sedentary in winter
were also less mobile in summer. A greater
discrepancy between individuals occurred in
summer.

DISCUSSION

Variability in Activity Level

High variability in activity levels among
MRC moose and between days for individu-
als concurs with data reported for northern
ruminants (Georgii 1981, Phillips etal. 1973).
Mean activity levels for individual MRC
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moose during winter differed by a maximum
of 110 minutes, or by 7.6% of a 24-hour
period. An8% difference occurred inaverage
time spent walking while active between the
most mobile and most sedentary moose. Dif-
ferences in energy cost between individuals
may have been as high as 5% based on an
estimated 33% increase in energy costs for
feeding versus ruminating moose and an es-
timated 30% increase in energy cost of walking
over feeding (Reneker and Hudson 1983).
Differences between individuals may reflect
different energy balance strategies. The most
active individuals may be more discriminat-



ALCES VOL. 26 (1990)

ing in diet selection, thereby offsetting in-
creased energy use with increased energy
intake.

Differences Between Treatments During
Winter

Highindividual variability contributed to
overlaping activity levels between pens with
low and high browse availability. Moose with
adequate browse may have been more dis-
criminate in their feeding tactics. They were
observed using a much higher proportion of
theiractive periods to feeding, butintake rates
were not measured so it was unclear whether
or not they consumed more forage within the
same amount of time (Bevins 1989). We
concur with Cederlund ef al. (1989) that the
amount of time spent active per day by moose
during winter is a poor indicator of habitat
quality.

Comparisons with Other Winter Studies

Average activity levels for individual
MRC moose during winter ranged from 425
to 535 minutes perday (x=486 min/day). This
range was between estimates reported by
Risenhoover (1987) for moose in Denali Na-
tional Park (DNP) (390 min/day) and Isle
Royale National Park (IRNP) (534 min/day),
where forage abundance and diversity was
greater. Monthly mean values for moose in 2
study areas in Sweden ranged between 420
and 480 minutes per day for January through
March, but rose significantly in April and
May (Cederlund et al. 1989).

Confinement of MRC moose to 2.6 km?
pens probably had little influence on activity
levels, since free-ranging moose in DNP and
IRNP moved only an average of 1095 m/day
and 1282 m/day, respectively, during winter
(Risenhoover 1987). Averages of from 11 to
13 bout changes per 24 hours for MRC moose
were similar to numbers previously reported
(DesMueles 1968, Franzmann et al. 1976,
Renekerand Hudson 1983, Risenhoover 1987,
Cederlund et al. 1989).

Average resting period lengths formoose
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during February and March (176 and 166 min,
respectively) were slightly shorter than for
DNP moose (means from 178-192 min for
four2-week periods) and IRNP moose (means
from 183-204 min for four 2-week periods)
during the same months (Risenhoover 1987).
Reneker and Hudson (1983) reported mean
bedded periods of 135 minutes for 2 cow
moose in Alberta during December. In Swe-
den, mean values ranged from 140 to 175
minutes formoose between January and March
(Cederlund et al. 1989).

Average active period estimates for MRC
moose during February (82 min) and March
(80 min) were somewhatlonger than formoose
in DNP (51-73 min for four 2-week periods),
but averages were much longer for moose at
IRNP (91-106 min for four 2-week periods)
(Risenhoover 1987) where forage biomass
was higher than at the MRC. Moose at IRNP
were selective and 88% utilization occurred
on 5 of 16 food species consuming an esti-
mated 18% of CAG. Incontrast, MRCmoose
used only 1 or2 deciduous browse species and
a very high percentage of CAG was con-
sumed. MRC moose also made high use of
lowbush cranberry. A difference in snow
depths between study areas may have been an
important factor. MRC moose movements
were not inhibited by snow and they had free
access to ground vegetation throughout win-
ter. Snow restricted movements and buried
ground vegetation at IRNP (Risenhoover
1987). Study animals in Sweden were active
during 63-68 minute periods from January to
March (Cederlund et al. 1989).

Seasonal Differences in Activity

Increase inactivity levels by MRC moose
from winter t0 summer was consistent with
whathas been found for cervids (Knorre 1959,
Craighead et al. 1973, Simpson 1976,
Ellenberg 1978, Gates 1980, Cederlund 1981,
Georgii 1981, Reneker and Hudson 1983).
This increase coincided with higher forage
quality (Oldemeyeretal. 1977), forage intake
(Schwartz et al. 1984, Reneker and Hudson
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1985) and metabolic rate (Reneker and Hud-
son 1983, Regelin ez al. 1985). Our data sug-
gest that seasonal differences in activity lev-
els were reflections of food processing time,
as influenced by these factors.

Seasonal Differences in Resting Bout
Length

Shorterresting bouts observed forall MRC
moose during summer reflected a higher
quality diet, increased metabolic rates and
higher nutritional requirements. Summer
forage was lower in fiber and more digestible
than the winter diet (Regelin et al. 1987,
Reneker 1987). Shorter rumination periods
are required to reduce particle size (Van Soest
1982), Robbins 1983) resulting in faster pas-
sage rates(Pearce and Moir 1964, Reid et al.
1979, White et al. 1984). Intake is a function
of passage rate. When food is cleared from the
rumen, space is available for more ingestion
to occur (Moen 1973). Therefore, moose on
a high plane of nutrition in summer would
require shorter periods to process foods and
have shorter resting bouts than moose on high
fiber diets in winter.

Shorter resting bouts for MRC moose in
summer concur with those reported for other
species. Several authors have reported an
increase in the number of active bouts from
winter to summer for northem ruminants,
suggesting that individual resting bouts were
shorter (in Cederlund 1981). Miquelle and
Jordan (1979) reported 7 to 8 feeding periods
per day for moose during summer in IRNP,
which was similarto MRCmoose. Cederlund
(1981) found that roe deer (Capreolus
capreolus) had shorter resting periods in
summer than in winter.

Seasonal Differences in Active Bout Length

There was no consistent pattern to indi-
cate differences inactive boutlengths of MRC
moose during winter and summer. Since moose
are eating to rumen fill or satiation (Ammann
etal. 1973), they apparently do so in approxi-
mately the same time during both seasons.
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The length of an active bout is dependent on
the space in the rumen at the beginning of the
bout and habitat characteristics such as forage
availability, quality and distribution. Dry
matterintakes of moose in Alberta were lower
in winter than summer, due to lower bite rates,
smaller bite sizes and higher search effort. It
may be that during summer when resting
bouts are terminated there is relatively more
space in the rumen available for ingestion of
additional food. Forage is processed more
quickly during summer, but resting bouts are
of shorter duration. A small portion of the
rumen is emptied during an individual resting
bout, since rumen turnover time varies from
16 to 32 hours for moose (Schwartz et al.
1988).

Other factors influenced length of active
bouts differently between seasons. Some
moose spent a much larger portion of their
active time travelling during summer than
winter. Day length may also be a considera-
tion, although our data indicate moose were
equally active during day and night. There is
good evidence that moose and other northern
ruminants are most active near sunrise and
sunset(Bestezal. 1978, Georgii 1981, Russell
and Martell 1986, Cederlund et al. 1989).

Active bout lengths were highly variable
during both seasons. Periods of activity may
be reduced to avoid heat stress during periods
of warm ambient temperatures in both seasons
(Knorre 1959, Edgerson and McConnell 1976,
Reneker and Hudson 1986b). Ambient tem-
peratures were above upper critical tempera-
ture of -5 Cin winter and 14 to 20 Cin summer
(Reneker and Hudson 1986b) during periods
of both seasons for MRC moose. Moose were
observed to seek shade and ponds during hot
days in summer. Shorter feeding periods on
hot days may have been compensated for by
longer feeding bouts during cooler portions of
the day. Although the thermoneutral zone for
moose appears to extend below -30 C (Reneker
and Hudson 1986b) during winter and low
temperatures do not necessarily affect their
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activity level (Risenhoover 1986), moose may
seek thermal cover where food availability is
lower during colder weather (Yazan and
Glushkof 1969).

Georgii (1981) found that active periods
were shorter during winter than summer for
red deer (Cervus elaphus) and during winter
numerous short bursts of activity were com-
mon. However, his animals were fed at feed-
ing stations that concentrated individuals and
probably minimized search time. No differ-
ence in active bout length between summer
and winter were detected for roe deer, but
bouts were longerin spring and fall (Cederlund
1981).

Feeding periods for moose at IRNP av-
eraged 56 minutes from June through August
(Miquelle and Jordan 1979). However, these
only included periods of continuous feeding
and total active periods were somewhatlonger
than this. The average for IRNP moose in
winter was 102 minutes, much longer than
summer (Risenhoover 1987).

Deep snows for cervids have been attrib-
uted to increased searching effort (Reneker
and Hudson 1986b), increased energy ex-
penditure during foraging (Verme 1968, Parker
et al. 1984, Fancy and White 1985), reduced
movements (Crete and Bedard 1975, Roby
1980, Cederlund 1981), lowered forage in-
take (Moen 1976, 1978, Cederlund 1981) and
shorter feeding periods (Cederlund 1981).
Snowfall was light during this study and is of
minor importance to moose activity during
most winters on the Kenai Peninsula low-
lands. The influence of snow on moose in
otherstudy areas (Rencker and Hudson 1986b,
Risenhoover 1987) complicates the compari-
sons with MRC moose.

MANAGEMENT IMPLICATIONS

This study provided information on ac-
tivity during winter and summer which can be
applied to a carrying capacity model based on
energy requirements. Mean activity values are
applicable to areas with habitat conditions
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similar to the MRC (heavily-utilized paper
birch stands, cranberry understory available
in winter). Although the average time spent
walking comprises a very small portion of a
day, the added energy expenditure is impor-
tant and must be considered in the model.

Winter activity estimates for moose were
representative of animals in poor habitat, but
unimpeded by deep snow. Winter activity
varied greatly among individuals, indicating
that activity level is a poor indicator of habitat
quality in habitats similar to the MRC. Other
studies of ruminants revealed no conclusive
relationship between activity and winter for-
age availability either.

The large variability in activity bouts
among individuals illustrates the potential
danger in drawing conclusions about
populations when dealing with small sample
sizes or treating several non-random samples
from the same individual as independent ob-
servations from the population.
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