
ACTIVITY PATTERNS OF MOOSE ON THE KENAI PENINSULA,
ALASKA, AS INFLUENCED BY SEASON AND FOOD AVAILABILITY.

RECOMMENDED:

APPROVED:

by
John Sheldon Bevins

Departinent Head

-< r
Dean, School of Natural Sciences

Dean of the Graduate School

Date/2hnlZ±



ACTIVITY PATTERNS OF MOOSE ON THE KENAI PENINSULA,
ALASKA, AS INFLUENCED BY SEASON AND FOOD AVAILABILITY.

THESIS

Presented to the Faculty of the University of Alaska 
in Partial Fulfillment of the Requirements 

for the Degree of

MASTER OF SCIENCE

BIOSCI
QL
737
U5
B48
1989

By
John Sheldon Bevins B.S. 

Fairbanks, Alaska 
September 1989

BIOSCiENCES LIBRARY
UNIVERSITY OF ALASKA FAIRBANKS



ABSTRACT

Research was conducted at the Moose Research Center, 
Kenai Peninsula, Alaska, to determine activity patterns and 
budgets of moose. Mercury tip-switch transmitters mounted 
on the lower foreleg of moose and a computerized data 
acquisition system were tested for remote monitoring of 
moose activity.

The activities of 2 adult female moose within each of 
4 2.6 km^ enclosures were monitored from mid-December 1985 
through early April 1986. Comparisons were made between 
activities of moose in enclosures with differing levels of 
deciduous browse. No significant difference could be 
demonstrated in activity level among animals in different 
enclosures. Although the amount of forage varied, all 
enclosures appeared to provide poor winter habitat for 
moose.

Seven moose monitored in the enclosures from June 
through August 1986 were significantly more active than 
during winter, due to shorter mean resting bouts during 
summer. There was no difference in mean active bout length 
between seasons.
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PREFACE

The Moose Research Center (MRC), located within the 
northwestern lowlands of the Kenai Peninsula, Alaska, was 
established in 1966 through a cooperative effort by the 
Alaska Department of Fish and Game (ADF&G) and the U.S.
Fish and Wildlife Service (USFWS) Denver Research Center to 
conduct research on the Kenai Peninsula moose (Alces alces) 

population. Studies have since focused on various aspects 
of moose biology to provide information for management of 
the species (LeResche and Seemel 1970, Oldemeyer 1974a, 
Franzmann et al. 1974). Four 2.6-km2 enclosures were built 
to study moose in a controllable environment.

ADF&G biologists identified the need to incorporate 
nutritional and energetic aspects of moose biology into the 
carrying capacity concept (Franzmann et al. 1976), which 
concerns the number of healthy animals an area of land will 
support (Moen 1973). Holding facilities were constructed 
at the MRC in 1978 and a colony of tame moose was 
established to initiate studies which could address 
questions concerning moose energetics and nutrition 
(Regelin et al. 1979). A carrying capacity model 
integrating the nutritional needs of the animal and the 
forage availability on the range was developed based on

1
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preliminary information. The submodel concerning moose 
forage intake was adapted from a model developed by Swift 
(1983) for white-tailed deer ( virginianus) , and 
was modified for moose (Regelin et al 1986) .

Verification studies showed promising results, but 
indicated that refinement of the moose submodel was 
necessary to improve the accuracy of predicting carrying 
capacity (Regelin 1984). Total energy requirement was 
estimated from limited data used to calculate daily energy 
expenditure, which varies greatly with activity level 
(Renecker and Hudson 1983, Parker et al. 1984). Accurate 
assessment of the activity budgets of moose on a daily and 
seasonal basis was necessary for better estimates of total 
energy expenditure.

Activity levels vary seasonally in many ruminant 
species (Knorre 1959, Silver 1971, Moen 1978, Cederlund 
1981). Activity decreases concurrently during the winter 
with decreases in metabolic rate and levels of forage 
intake (McEwan and Whitehead 1970, Ozaga and Verme 1970, 
Schwartz et al. 1984, Regelin et al. 1985). These changes 
are influenced by physiological changes and environmental 
cues (Aschoff 1963), changes in forage quality and 
availability (Cederlund 1981) and weather patterns (Roby 
1980, Cederlund 1981).
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The energy expenditure aspect of a carrying capacity 
model must include a seasonal component and should address 
basic hypotheses and assumptions concerning how seasonal 
activity changes are influenced by endogenous rhythms, food 
quality and availability and weather conditions. The aim 
of this study was to obtain information on moose activity 
during different seasons to add refinement to the moose 
carrying capacity model. Specific objectives included:

1) To develop a technique for accurately estimating 
the activity budgets of individual moose on a 24-hour basis 
using radiotelemetry.

2) To obtain 24-hour activity budgets of moose during 
winter and to compare animals within relatively snowfree 
areas with different levels of forage availability.

3) To obtain 24-hour activity budget estimates of 
moose during summer.

4) To address hypotheses concerning the influence of 
diet quality and availability on activity through analysis 
of data on activity patterns and the duration of individual 
active and resting bouts.



CHAPTER 1

DETERMINING MOOSE ACTIVITY BUDGETS USING LEG-MOUNTED TIP- 
SWITCH RADIOTRANSMITTERS AND A COMPUTERIZED DATA 

ACQUISITION SYSTEM

INTRODUCTION

Radiotelemetry has helped biologists overcome some of 
the inherent problems associated with obtaining activity 
data on wildlife through visual or mechanical observation. 
Observational data may be biased towards daylight hours and 
towards habitats in which animals are highly visible. 
Conventional radiocollars were primarily designed to obtain 
location, but some authors (discussed in Garshelis et al. 
1981) have used the variation of signal strength 
(amplitude) to determine an animal's activity level. 
However, Lindsey and Meslow (1977) and Singer et al. (1981) 
reported that fluctuations in signal amplitude, which 
usually indicate that an animal is active, may occur during 
periods of inactivity as well. Also, topography and 
distance between transmitter and receiving station may 
influence amplitude. Therefore, it is not accepted that 
conventional radiocollars can be used to monitor animal 
activity.

4
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Motion-sensitive radiocollars have been used to 
distinguish between activity types based on changes in 
signal pulse rate (Garshelis and Pelton 1980). Georgii 
(1981) and Cederlund (1981) distinguished between periods 
of activity and inactivity for red deer ( elaphus) 

and roe deer ( Capreoluscapreolus) , respectively, based on 
the animal's degree of movement. Gillingham and Bunnell 
(1985) however, found that specific behaviors could not be 
identified for black-tailed deer ( hemionus) from 
pulse patterns using either tip-switch or variable-pulse 
collars. Gillingham and Bunnell (1985) found that 
predicted active/resting ratios which were based on 
patterns of pulse rates, differed significantly (p < 0.05) 
from actual ratios during 37.2% of trials using tip-switch 
collars and 55.3% of trials using variable-pulse collars.

Clearly, remote sensing of the simplest of activity 
modes, activity and rest, is presently of questionable 
accuracy and further technique development is warranted. 
Accurate assessment of activity budgets is dependant upon 
an ability to distinguish between activities of interest, 
based on unique signal patterns. To assess the effect that 
habitat quality may have on energy budgets of moose ( 
alces) , I needed to distinguish between the 3 activity 
types having the greatest significance in terms of energy 
expenditure of the individual: resting (lying down),
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standing and walking (Renecker and Hudson 1983, Parker et 
al. 1984) .

Motion-sensitive radiotransmitters differentiate 
between activities on the basis of movement of the animals. 
Since the transmitter is typically positioned on the 
animal's neck, the pulse patterns are sensitive to head 
movement as well as total body movement. Although head 
movement is associated with periods of activity, it may 
also occur during resting periods. In addition, if head 
position remains low and close to the ground while an 
animal feeds, fluctuations in signal pulse rate may not 
occur. These characteristics lead to spurious errors in 
the assessment of activity classification and are inherent 
to the use of collars. Thus, a more appropriate location 
for the tip-switch transmitter is needed and I evaluated 
the leg, rather than the neck as such a location.

The purpose of this study was to assess the 
feasibility of using leg-mounted, tip-switch 
radiotransmitters in combination with a computerized data 
acquisition system for obtaining 24-hour activity estimates 
for moose.
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METHODS
Transmitter Design and Function

Nine mercury tip-switch radiotransmitters and a data 
acquisition system (DAS) (Telonics Inc., Mesa, AZ) were 
tested at the Moose Research Center (MRC), Kenai Peninsula, 
Alaska, from November 1985 through March 1986 for detection 
of 3 activities: resting, standing and walking.

Each transmitter was housed in a metal cylinder 
approximately 18 cm long with 2 D-cell batteries. The
package was designed for maximum power output with an
approximate battery life of 6 months. Radio frequencies
were within the 148 to 149 MHz range.

Signal period (time between signals) was 1000 ± 50 
milliseconds (msec) when the transmitter was in the 
vertical position (Fig. 1). The unit included 2 mercury 
switches connected in series, such that when the tube was 
tipped either 20° forward or 60° backward, the period 
decreased to 650 ± 50 msec. An intermediate value (700 to 
950 msec) resulted when the transmitter was pivoted forward 
to 20° or more and then brought back to the vertical 
position within 1 to 2 seconds. Continuous pivoting 
resulted in a fluctuating pattern of intermediate signal- 
period values. Thus, the objective was to mount the
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SLOW PULSE

• ?0

c.
N

SLOW
PULSE

Figure 1. Design and function of leg transmitter used to 
detect 3 activities for moose. A) location of transmitter 
on moose's leg. B) and C) diagrams showing association of 
signal pulse rate with transmitter position and movement. 
D) signal pulse rates produced as transmitter is rotated 
360° while in a horizontal position.
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transmitter such that a different pulse was recorded when 
the animal was lying, standing or walking.

Transmitters were mounted onto the outside of the 
right front leg of each moose using nylon-fabric harnesses. 
The harnesses were secured just above the dewclaws with 
velcro and nylon straps with buckles. A strap fastened 
under the dewclaws prevented the harness from pivoting 
around the leg.

A consistently slow signal pulse rate (long signal 
period) occurred when an animal stood motionless. The 
pulse rate changed from slow to fast (short signal period) 
as the animal bent its leg back to an angle greater than 
20°. The pulse rate remained fast if the animal laid down 
or if it continued to hold it's leg at that angle while 
standing. When a moose walked continuously, the 
instrumented leg moved every 2 seconds or less, resulting 
in a variable pulse rate and an alternating pattern of 
short and intermediate signal periods. The pulse rate 
slowed immediately after the walking bout terminated and 
the moose again stood motionless.

A slow pulse rate rarely occurred while an animal was 
lying down. This happened only when the animal held its 
leg in a position such that the transmitter’s switches were
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oriented approximately 90° from the plane at which the tip 
angle' was set (ie both switches were lying flat on their 
sides). This problem was identified as a potential source 
for error when associating signal patterns with activity 
types.

Data Acquisition System

The DAS was housed in a 44 x 67 x 24 cm metal carrying 
case and included a model TR2 receiver and model TDP-2 
digital processor (Telonics Inc.), a Radiosnack model 100 
personal computer, a Radioshack CCR-82 computer cassette 
recorder, interface circuitry and software. The computer 
was programmed to instruct the receiver to sample a 
particular frequency and incoming data was stored in its 
temporary memory. Data being stored included signal period 
and amplitude, as measured by the digital processor, date, 
time and radio frequency. Data were intermittently 
transferred to a cassette when the computer's Random Access 
Memory was filled. Sampling specifications, including 
frequencies to be sampled, sample-period length, number of 
samples per sample period and time between samples (minimum 
of 1 second), were entered into the computer by the user. 
The system was powered by a recnargable 12-volt battery.
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The digital processor measured signal period to within 
1 msec. A number was displayed approximately every second, 
since period varied from 600 to 1050 msec. Thus, a 
continuous record of the animal's movement was obtained by 
sampling every second. Clean data values were designated 
as slow, intermediate or fast, as discussed above. Values 
falling outside this range resulted from interference or 
weak signals.

Testing the Equipment

Nine moose were fitted with the harnesses containing 
the transmitters. Subsequently, 2 tests were used to 
determine the equipment's accuracy in detecting whether a 
moose was active (standing and walking) or resting (lying 
down), and 2 tests were used to determine its usefulness in 
obtaining estimates of time spent walking by moose.

Test 1 - Active vs Resting

The first test was conducted to determine if unique 
signal patterns occurred during active and resting periods. 
Signals were listened to for 30 seconds and pulse rates 
were classified as fast or slow/intermediate during 150 
observed active and 131 observed resting bouts from 7
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moose, using a hand-held H antenna and Telonics model TR-2 
receiver.

Test 2 - Ground-Truthing Activity

The second test was designed to compare signal 
patterns recorded on the DAS during 3-minute and 5-minute 
sample periods with observed activity. A single freguency 
was monitored continuously by the DAS while an observer 
simultaneously recorded the instrumented moose’s activity 
in the field. Exact times were noted by the observer when 
an animal switched between active and resting bouts.
Signals were monitored from a receiving station connected 
to an omni-directional antenna mounted on a 30-m tower. 
Moose were allowed to roam freely in four 2.6-km2 
enclosures, and ranged in distance from 400 m to 3 km from 
receiving stations.

The DAS was programmed to record signal-period 
measurements every second during each sample period. 
Initially, sample-period length was set at 5 minutes, with 
300 measurements per sample period and a 2-minute gap 
between consecutive sample periods. Sample periods were 
later shortened to 3 minutes, with 180 measurements per 
sample period and 1.5 minute gaps. The shorter time period
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was more desirable because it allowed a transmitter 
frequency to be sampled more often.

The data were transferred onto a Compaq desk computer 
using communications software. A BASIC program was used to 
eliminate unusable data which resulted from interference or 
missed signals (values falling outside the acceptable range 
of 600 to 1100 msec) and to place each sample into one of 6 
categories, based on previously determined associations 
between signal patterns and activity types (Table 1). 
Category 3 was designed to separate out samples containing 
a signal pattern which could occur during both active and 
resting bouts. Observed and predicted activity were 
compared for 100 5-minute and 754 3-minute sample periods.

Test 3 - Estimating Walking

The third test was designed to determine how 
accurately steps taken by a moose could be predicted, based 
on patterns of series of values displayed on the digital 
processor. Four 1-hour trials were conducted, in which an 
observer recorded the number of steps a moose took with the 
transmittered leg in each of 240 15-second segments. A 
recorder simultaneously read each signal-period value into 
a portable cassette recorder as it was displayed on the 
digital processor. Signal patterns were later transcribed
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Table 1. Criteria used to categorize transmitter signal 
patterns into 6 activity types based on signal-period 
measurements taken every second during 3-minute and 5- 
minute samples.

Predicted Activity Signal Pattern Criteria

1. Active (stand/walk) slow/intermediate pulse rate 
some movement indicated

2. Resting (lying down) continuous fast pulse rate
3. Unsure (active or

resting)
4. Change, Active to

Resting
5. Change, Resting

to Active

continuous slow pulse rate 
no movement indicated
single shift from slow pulse 
rate to fast pulse rate
single shift from fast pulse 
rate to slow pulse rate

6. Insufficient Data <60 sec of clean measurements
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onto paper, with each 15-second segment containing 15 
signal-period values.

Since an intermediate signal-period value was 
indicative of movement and a moose tended to move its 
transmittered leg every 2 seconds when walking, one step 
was predicted for each 2-second segment in which at least 
one of the 2 values corresponding to that time fell into 
the intermediate range (Table 2). The observed number of 
steps taken in each 15-second segment was compared with 
those predicted.

Test 4 - Accuracy of Walking Predictions

A final test was conducted to determine the accuracy 
with which walking bout duration could be measured. Due to 
the problem of obtaining these data in the field, the test 
was performed by simulating the walking movement of a moose 
by manipulating the transmitter by hand. Each walking bout 
was performed by pivoting the transmitter forward to an 
angle of 20° and back again within a 2-second period, 
continuously for several seconds. The transmitter was held 
in the vertical position for at lease 3 seconds before 
initiating a new bout. Over 330 simulated bouts, ranging 
in duration from 5 to over 45 seconds, were recorded.
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Table 2. Examples showing how the number of steps taken by 
a transmittered moose during a 15-second period was 
predicted from consecutive signal-period values displayed 
on the digital processor. Pairs of underlined numbers 
indicate a single step.

Sample Pulse period (seconds)3 Steps taken

1) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.76 0.87 1 step

2) 0.34 1.00 1.00 1.00 1.00 1.00 0.93 0.72 1.00 0.39 0.73 0.34 1.00 1.00 1.00 4 steps

3) 1.00 1.00 1.00 0.36 0.72 0.32 0.70 0.94 0.81 1.00 0.90 0.77 1.00 0.85 0.75 6 steps

aNumbers in each row represent consecutive measurements of 
time between pulses.
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Data were transferred from the DAS to the Compaq desk 
computer and analyzed using BASIC programming. Predicted 
bout length was equal to the total number of seconds 
between the first intermediate value of that bout and the 
first of 3 consecutive high values, signifying termination 
of that bout. The length of each bout, in seconds, was 
compared with the predicted length.

RESULTS AND DISCUSSION

Test 1 - Active vs Resting

Signal patterns predicted active and resting bouts 
correctly 99.2% and 89.4% of the time, respectively (Table
3). A single active bout was misidentified when an 
individual fed with it's leg tilted back. The transmitters 
failed to trip into fast mode during 10.6% of resting 
bouts. Two transmitters accounted for 75% of the incorrect 
transmissions, indicating that alignment of the transmitter 
on the leg differed slightly between moose.

Test 2 - Ground-Truthing Activity

Activity categories 1 and 2 predicted active and 
resting bouts with 99.8% and 100% accuracy, respectively 
(Table 4). A single misclassification within category 1
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Table 3. Relationship between leg transmitter signal 
pulse rate and activity type for 281 independent activity 
bouts from 8 moose.

Moose

Fast pulse rate Slow pulse rate

Resting Active Resting Active

1 17 _ 1 24
2 18 - 1 18
3 7 - — 7
4 8 - 8
5 16 1 8 21
6 14 - 4 18
7 23 - 2 27
8 26 12

Total(%) 129(99.2) 1 (0 .8) 16(10.6) 135(89.4)
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Table 4. Relationship between activity categories based 
on leg transmitter signal patterns and observed activity 
for 854 3-minute sample periods from 7 moose.

Activity Category

Observed
Activity

1 (Active) 2(Resting) 3(Unsure)
4(Active to 
Resting)

5(Resting 
to active)

6(Insufficient 
data)

Active 400 - 5 1 2 -

Resting 1 412 1 1 4 4

Active to 
Resting - - - 13 - -

Resting 
to Active - - - - 10 -

Total 401 412 6 15 16 4
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resulted from an individual holding its leg at an angle 
while feeding.

One sample obtained during a resting bout was 
classified into category 3, indicating that during this 
trial, the transmitter failed to trip into fast mode only 
during a portion of one resting bout. Five samples 
collected during active bouts were classified into category 
3, indicating that moose stood completely stationary during 
1.6% of the 3-minute periods in which they were active.

All activity changes which occurred during sampling 
periods (n = 23) were correctly classified into categories 
4 and 5. Signal patterns were misinterpreted as activity 
changes for 5 sample periods during which moose were 
resting. These errors resulted from switches tripping when 
animals shifted positions while bedded. Signal patterns 
were misinterpreted as activity changes for 3 sample 
periods in which moose were active when moose temporarily 
held their legs at an angle while standing.

All 4 samples containing insufficient data occurred 
consecutively during a single inactive bout. The remainder 
of that bout was correctly classified.
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Misinterpretation of data can result when a slow pulse 
rate occurs during a resting bout and can cause serious 
error when calculating an individual 24-hour activity 
budget. Although this problem occurred infrequently during 
testing, subsequent monitoring revealed that a slow pulse 
rate may persist throughout an entire resting bout, which 
may last between 3 and 4 hours.

To minimize ambiguity associated with a continuous 
slow pulse rate, a sample period of fairly long duration 
and high sampling intensity is required, such that movement 
is detected during active bouts. I was able to detect 
movement in 98.4% of samples collected during active 
periods, using 3-minute samples.

Further accuracy can be obtained by monitoring an 
animal with adequate frequency so that it can be assumed 
that if an activity type occurred during 2 consecutive 
sample periods, it also occurred during the intervening 
unsampled period. Risenhoover (1986) reported that less 
than 2% of 420 active bouts and less than 1% of 341 resting 
bouts for moose in Denali National Park were between 10 and 
20 minutes long. Similarly, I observed only 2 of 164 active 
bouts and 1 of 182 resting bouts that lasted under 15 
minutes and all were less than 5 minutes in duration. 
Therefore, error resulting from extrapolation between
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samples of the same activity type occurring 15 minutes 
apart would be very small.

Once the data have been processed and each sample 
period categorized, samples assigned to categories with 
ambiguous interpretation (categories 3, 4 and 5) can be 
reevaluated based on interpretation of sequences of 
consecutive samples of the same animal (Table 5) . A 
conservative reevaluation would allow reclassification of 
only those samples for which there is strong justification 
to do so.

Sample periods containing insufficient data are more 
likely to occur during resting bouts. However, if this 
situation occurs more than a few times during a single 24- 
hour period, the entire data set should be eliminated from 
analysis anyway, due to the lack of continuous data. Those 
samples which fall into category 6 can be reevaluated by 
looking at the raw data for patterns which may suggest a 
particular activity and by comparing them with adjacent 
samples.

Test 3 - Estimating Walking

The number of steps taken during sample periods ranged 
from 0 to 9. Ninety percent of samples where movement



Table 5. Schematic representation showing the procedure for reevaluating 3-minute 
samples of activity data which are assigned to activity categories found to show 
potential for misinterpretation. New classifications are based on the coherence between 
classifications of adjacent samples (15 minutes apart) and on whether or not movement is 
detected within the sample being evaluated. The assumption has been made that activity 
type cannot change twice during the intervening 15 minutes between samples.

Original
Classification3

Compare with 
2 adjacent valueŝ Movement0

New
classification3 Justification̂

3 1-3— 1 1 4
1— 3— 2 6 8
2— 3— 1 6 8
2— 3— 2 6 3
3— 3 6 8
3— 3— 3 2 5

4 1— 4— 1 1 4
1-4— 2 4 1
2— 4— 1 y 1 3

n 6 8
2— 4— 2 y 4 2

n 6 8
3-4— 1 y 1 3

n 3 6
3— 4— 2 y 4 2

n 3 6
1— 4— 3 y 6 7

n 3 6
2— 4— 3 y 6 7

n 3 6

5 1— 5— 1 1 4
2— 5— 1 5 1
1— 5— 2 y 1 3

n 6 8
2— 5— 2 y 5 2

n 6 3
3— 5— 1 y 6 7

n 3 6
3— 5— 2 y 6 7

n 3 6
1— 5— 3 V 1 3

n 3 6
2— 5— 3 y 5 2

n 3 6

See footnotes on following page.
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Table 5. Continued.

al)active 2)resting 3)unsure 4)change, active to resting 5)change, resting to active 
6)insufficient data to classify

Walue being evaluated and the previous and following values tor the same animal, values 
are 15 minutes apart.

cy) movement detected during 'active' portion of sample n) no movement detected - 
activity unconfirmed.

d]_) f.jo change, logical sequence with previous and next sample. 2) No change, 'active' 
portion shows movement, 'resting' portion consistent with adjacent sample. 3) Change to 
'active', 'active' portion indicates movement, 'resting' portion is adjacent to a sample 
classified as 'active'. 4) Single sample between 2 samples classified as 'active', very 
unlikely to be resting. 5) 3 or more samples with no movement, possible during resting 
bouts, highly unlikely during active bouts. 6) No movement detected, doesn't follow a 
logical sequence and/or is adjacent to another sample indicating no movement, reevaluate 
as a 3. 7) Needs to be reevaluated using additional adjacent samples. 8) Insufficient
data to accurately classify.
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occurred contained 4 or fewer steps. The number of steps 
taken was correctly predicted 74% of the time, while over 
95% of predictions were within 1 step (Table 6). Steps 
were overestimated ( n = 72) slightly more frequently than 
those underestimated (n = 59). The predicted number of 
steps overestimated the true number by 3.5% for the entire 
4 hours.

Test 4 - Accuracy of Walking Predictions

Walking bouts from 5 to 15 seconds in duration were 
predicted within 1 second 90% of the time, while 94% of 
those lasting over 15 seconds were predicted within 2 
seconds (Table 7). Underpredictions occurred almost 5 
times more frequently than overpredictions. A regression 
analysis provided the predictive equation:

ACTUAL = 0.11 + 1.02 (PREDICT)
(r2=0.97;Syx=0.007;Sb=0.12)

Results of walking estimates indicated that the 
duration of individual walking bouts can be estimated very 
accurately by continuously sampling every second for 
several minutes. Bias may occur, however, if 
uninterpretable data are more likely to occur during either 
walking bouts or bouts of no movement. I anticipate that 
noisy data which occurs during active bouts will have 2 
forms. A series of 6 or more uninterpretable data points
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Table 6. Relationship between actual and predicted number 
of steps taken by moose during 960 15-second sample 
periods.

Actual number 
of steps

Predicted number of steps

Actual + 0 A - 1 A + 1 A - 2 A + 2 A - 3 A ± 3

0 429a _ 18 __ 2 1
1 192 15 22 - 7 1
2 79 16 12 2 1 -
3 54 7 11 2 4 1
4 26 4 6 - —
5 11 - 1 - - - —
6 7 5 4 - 1 -
7 8 2 1 - —
8 2 1 - 3 - —
9 1 1

Total 808 51 75 8 15 0

aNumber of sample periods
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Table 7. Relationship between actual and predicted number 
of seconds spent walking by moose, as simulated by manual 
manipulation of the leg transmitter, for 333 simulated 
walking bouts.

Actual number 
of seconds

Predicted number of seconds

Actual + 0  A - 1 A + 1 A - 2 A + 2 A ± 3

5— 10 43a 3 8 6 1 3
11— 15 35 4 9 4 1 3
16— 20 19 2 7 1 - 1
21— 25 10 1 4 6 - -
26— 30 4 8 - 9 - 1
31+ 8 8 1 3 1

Total 119 125 29 39 2 9

aNumber of samples
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results from the transmitter being out of antenna range and 
should not be biased toward either activity. These data 
should be eliminated from the data set. Groups of a few 
uninterpretable values occurring intermittently among clean 
data probably occur more frequently during walking bouts. 
These patchy data can be used to determine low and high 
estimates for time spent walking.

APPLICATION/STATISTICAL ANALYSIS

Activity data were collected from 8 moose for a total 
of 199 moose/days from 1 Feb through 31 Aug 1986, using the 
described system (see Chapter 2). Four individuals were 
monitored during each 24-hour period, by alternating 
between transmitter frequencies. Each moose's transmitter 
was monitored for a 3-minute period, during which 180 
signal-period measurements (one per second) were collected. 
A 15-minute gap occurred between consecutive samples of the 
same moose, and 80 samples were obtained for each 
moose/day. Estimates of time spent active, time spent 
walking and length of active and resting bouts were 
obtained.
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Estimating Time Spent Active

Assuming that an individual's activity (active or 
resting) did not change twice between samples, the only 
portions of the activity budgets which were estimated 
(rather than measured) were those unsampled periods during 
which a change in activity occurred. An activity change was 
indicated by consecutive samples assigned to different 
activity categories. Thus, the amount of error around 
estimates was dependent on the number of bout changes.
Since the bout changes occurred independently of sampling, 
the time each change occurred could be modeled as an 
uniform random variable with a range from 0 to 15 minutes 
and a mean of 7.5 minutes. The mean number of minutes 
active was calculated by adding 7.5 minutes for each bout 
change to the measured number of minutes active. A 
variance of 18.75 minutes for each estimate was derived by 
squaring the interval length (15 minutes) and dividing by 
12 (Snedecor and Cochran 1976). In the few instances in 
which samples could not be classified, estimates were made 
by assuming that the activity change occurred halfway 
through the questionable period and variances were in 
proportion to the square of the interval length over which 
the change occurred. The total variance for the entire 24- 
hour period was equal to the sum of the individual 
variances, since each was independent. Variances around
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estimates for an individual moose within a given month were 
calculated using methods for a 2-stage sampling design, 
with within-day variance and between-day variance used as 
the 2 sampling levels (Cochran 1977) .

Over 90% of the samples were found to be correctly 
classified as active, resting or as changing activities, 
while over 99% were classified into the 4 activity 
categories following reevaluation. Twenty-eight percent of 
the samples originally assigned to the 2 categories 
indicating an activity change were reclassified either as 
active or resting. The remaining 359 samples indicating a 
change were compared to the number of bout changes expected 
to be detected with this sampling design. This latter 
value was calculated by multiplying the total number of 
bout changes occurring for all days sampled (2645) by the 
percent of time in which the change could have been 
detected (140 seconds/1080 seconds). The adjusted value 
was within 5% of the expected value of 343 bout changes.

Estimates of the average time spent active during a 
24-hour period ranged from 349 to 838 minutes. Standard 
errors ranged from 15.6 minutes to 80.0 minutes, with 
sample sizes ranging from 4 to 8 days per moose per month 
(Bevins unpubl. data). Standard errors were, on average,
4% higher than those determined from between-day variances
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alone. Thus, accuracy for individual estimates was 
sacrificed slightly to gain information on 4 individuals 
during a single 24-hour period.

Estimating Time Spent Walking

The number of minutes spent walking during each 3- 
minute sample period in which the animal was active was 
treated as a simple random sample and means and variances 
were calculated for each 24-hour data set. Estimates for an 
entire day were obtained by multiplying the mean number of 
minutes walking per sample by the number of 3-minute 
periods occurring during the active portion of a day. 
Variances for daily estimates were obtained by multiplying 
the variance of the mean for an individual estimate by the 
square of the number of 3-minute periods in which the 
animal was active. Variances around estimates for an 
individual moose, within a given month, were calculated 
using methods for a 2-stage sampling design, with within- 
day variance and between-day variance used as the 2 
sampling levels (Cochran 1977).

The estimated average time a moose spent walking 
during a 24-hour period, for a given month, ranged from 7.8 
to 170.0 minutes per 24 hours, while standard errors ranged 
from 1.9 to 27.7 minutes (Bevins unpubl. data). These
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estimates include movement involving at least 3 consecutive 
steps by the transmittered leg (6 seconds), since shorter 
movements could not be distinguished from shifting 
movements associated with feeding. Standard errors were 
positively correlated with estimates, the former being, on 
average, 22.3% of the latter. Time spent walking 
(minutes/active bout) was often highly variable between 
sampling periods within a day, and within-aay variance 
increased the standard error around estimates by an average 
of 15.8% and by as much as 42.3%. Low and high estimates of 
time spent walking differed by less than 1% of the 
estimated time spent active for 32 of 38 estimates (Bevins 
unpubl. data). The highest difference was 2.5%.

Estimating Active and Resting Bout Lengths

Each active and resting bout was partitioned into a 
portion of measured length and 2 portions (at the beginning 
and end of each bout) of estimated length. As with the 
activity estimates, each estimated portion was modeled as a 
uniform random variable with a mean of 7.5 and a variance 
equaling the square of the interval (15 minutes) divided by 
12. An estimate was obtained for the length of each bout 
by adding 15 minutes to the measured portion of the bout. 
Variances around each estimate equaled the sum of the 
variances for the 2 unknown portions of the bout.
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Frequency tables were constructed by grouping bouts 
into categories of lengths. Since gaps between samples 
were 15 minutes long, an individual bout could be estimated 
within a range of 30 minutes. For example, if an animal 
was found to be active during only 1 3-minute sample 
period, it may have been active for any length of time 
between 3 and 33 minutes. The range overlaps with the 
range indicated by activity for 2 consecutive samples (21 
to 51 minutes). This overlap was eliminated by reducing 
the degree of confidence that a bout fell within a specific 
range of values from 100% to 83.6%; ranges were reduced 
from 30 minutes to 18 minutes wide. The degree of 
confidence was increased to 91.6% by lumping 2 adjacent 
categories together, thereby doubling the range to 36 
minutes. These data were useful in constructing histograms 
of active and inactive bout lengths for individual moose.

Transmitter and Harness Durability

Moose were instrumented with the leg transmitters in 
mid-November. One moose tore her harness 3 months after it 
was put in place, causing it to swing freely about her leg. 
The other harnesses held up through the time the 
transmitters were removed for battery replacement, after 4 
to 5 months of service. New harnesses were put in place in 
late May and all but 1 functioned through August. The torn



34

harness was replaced in July, after which it remained in 
place. Two antennas detached from their transmitters in 
August; 1 was repaired in the field while the other 
transmitter remained nonfunctional.

CONCLUSIONS AND RECOMMENDATIONS

This telemetry system performed well for my activity 
study. It allowed estimates of activity budgets for 
several moose during each 24-hour monitoring period. A 
slight modification of the transmitter would alleviate the 
problem of a slow pulse rate occurring while an animal is 
lying down. The improper signal occurs when the 2 switches 
are both laying flat on their sides while the transmitter 
is horizontal (Fig. Id). The position of the switches 
could be adjusted so that they are not on the same 
horizontal plane when the transmitter is in this position. 
This would reduce the sampling intensity necessary to 
differentiate activities based on signal patterns and 
eliminate the need to reevaluate ambiguous samples. A 
minimal number of signal-period values per sample (perhaps 
10 to 20) would be required to classify individual samples 
as active or resting. This would allow a researcher to 
sample each transmitter more frequently and still greatly 
reduce the amount of data needed. Accuracy of estimates of 
daily activity level and of individual bout lengths could
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be improved by doing so. For instance, variances around 
daily activity estimates could be reduced tenfold by 
reducing the sample interval from 15 minutes to 5 minutes.

The transmitters performed well within the distance 
range used in this study (<= 2 km), and little data were 
lost as a result of poor signal reception. Battery life, 
however, was sacrificed to obtain the high reception 
quality.

The data obtained for estimating walking activity are 
useful for calculating daily energy expenditure. Intensive 
sampling was required to obtain this information and data 
transfer from the DAS cassette recorder to a microcomputer 
for analysis was time-consuming (1 hour for 6 hours of 
data). This problem may be alleviated by modifying the DAS 
so that data are stored on disk rather than tape. Other 
limitations of obtaining this detailed information included 
reduced transmitter battery life due to the need for high 
power output and an effective range between transmitter and 
receiver of <3 km.

The DAS is very versatile and researchers could devise 
an optimal sampling design according to the questions which 
they wish to address. The leg proved to be a better 
position for an activity transmitter than the neck for my



purpose. The harnesses held up well for from 3 to 5 
months, but an improved design would be needed for longer 
periods.
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CHAPTER 2

INTRODUCTION

Recently, efforts have been made to construct models 
for estimating carrying capacity of moose ( alces) 

range (the number of healthy animals a given area will 
support) (Regelin et al. 1986, Hubbert 1987). These models 
have incorporated nutritional requirements of the species 
and attempt to balance the daily and seasonal energy 
requirements of moose with the energy supplied by the range 
(Regelin et al. 1986, Hubbert 1987). A moose's energy 
expenditure varies greatly with it's activity (Regelin et 
al. 1981, Renecker and Hudson 1983). Accurate estimates of 
activity budgets (relative time spent in various 
activities) at different times of the year are therefore 
necessary to estimate an animal's daily and seasonal energy 
needs.

Observations of moose and other ruminants outside of 
the rut indicate that almost all of their time is spent 
either resting/ruminating or searching for and ingesting 
food (Bubenik 1960, Collins et al. 1978, Moen 1978, 
Cederlund 1981). The time a moose spends ingesting food vs

ACTIVITY PATTERNS OF MOOSE ON THE KENAI PENINSULA, ALASKA,
AS INFLUENCED BY SEASON AND FOOD AVAILABILITY

37
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the time spent travelling and searching for food depends on 
the spatial arrangement of its food resources. Studies 
have shown that moose and other cervids devote portions of 
some active periods to travel between feeding areas 
(Cederlund 1981, Risenhoover 1987). The 3 main activities 
necessary to estimate energy expenditure are therefore 
resting, feeding and travelling.

North-temperate and northern ruminants undergo 
seasonal fluctuations in activity levels (Craighead et al. 
1973, Cederlund 1981, Georgii 1981), which are suggested to 
be the result of endogenous changes influenced by 
environmental cues (Aschoff 1963) as an adaptation to food 
scarcity and snow conditions during winter (Craighead et 
al. 1973, Roby 1980, Cederlund 1981, Georgii 1981, Jingfors 
1982). Deep snow can influence activity by hindering 
movement and burying vegetation (Verme 1968, Crete and 
Bedard 1975, Roby 1980, Parker et al. 1984, Renecker and 
Hudson 1986b). Forage quality and availability have a 
direct influence on activity as well.

An individual's activity level is a product of the 
lengths of individual active and resting bouts. Ruminants 
process food during resting periods through rumination and 
digestion. The length of a resting bout is influenced by 
the rate at which the animal can process food and thereby
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clear its rumen. Food species that have a high fiber 
content are processed relatively slowly, resulting in 
correspondingly long resting periods.

Food intake rates of several ruminants, including 
moose, are reduced in habitats where forage availability is 
low (Collins et al. 1978, Trudell and White 1981, Wickstrom 
et al. 1984, Renecker and Hudson 1986a). The effect of 
forage availability on daily activity levels is not well 
documented, however.

Summer moose forages are much higher in soluble 
proteins and carbohydrates and lower in cell wall content, 
and thereby more digestible than winter forages (Regelin et 
al. 1987). Forages are also much more abundant in summer.

Assuming that forage quality and abundance act as 
major influences on activity levels of moose, the following 
hypotheses are proposed: 1) Moose should have shorter
active and resting bouts during summer than winter, due to 
higher food quality and availability in summer. 2) During 
winter, time spent active should increase with a decrease 
in food availability.
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STUDY AREA

This study was conducted at the Moose Research Center 
(MRC), located on the Kenai Peninsula, approximately 50 km 
northeast of the city of Soldotna. The MRC consists of 
four 2.6 km2 enclosures (pens 1 through 4), which are each 
surrounded by 2.4 m high wire fence supported by wooden 
posts (Fig. 1). The facility is within the Kenai National 
Wildlife Refuge and is operated by the Alaska Department of 
Fish and Game.

The pens are situated within a 1250 km2 area that was 
burned by wildfire in 1947 (Bangs et al. 1985). Each pen 
consists of a mosaic of mature forest not killed by the 
fire and regrowth. The terrain consists of rolling 
timbered lowlands and flat muskeg. Tree species include 
white spruce (Picea glauca), black spruce ( ,  

paper birch (Betula pauverana) , aspen (Populus 

tremuloides) , willow ( Salixsp.) and cottonwood ( 
trichocarpa). Lowbush cranberry ( vitis-idaea) is 
the most prevalent understory species, forming thick 
carpets under mature forests and some regrowth areas.
Other common understory species include Labrador tea (Ledum 
palustre) and bunchberry ( Cornus .
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Figure 1. Location of Moose Research Center (Moose Pens) on 
the Kenai Peninsula, Alaska, with inset showing detail of 4 
2.6 km2 enclosures and 2 radio receiving stations.
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There are 40.5 ha of mature spruce/hardwood forest 
in Pen 1, and between 112 and 118 ha of this forest type in 
the other 3 pens. Spruce-birch regrowth habitats range in 
area from 83.4 ha in pen 4 to 112.1 ha in pen 1.
Vegetation in approximately the southern one-third of pen 1 
was leveled using mechanical crushers to stimulate regrowth 
of deciduous trees and shrubs. The remainder of the area 
within the pens consists of spruce-dominated regrowth 
containing little or no hardwoods, sedge meadow, ponds and 
small lakes (Oldemeyer 1981).

During the study, paper birch was the only important 
deciduous browse species available in significant 
quantities at the Moose Research Center. Few actual data 
exist on the diet composition of Kenai moose, but several 
authors have documented the importance of birch, especially 
in the winter diet (LeResche and Davis 1973, Sigman 1977, 
Oldemeyer 1981). Lowbush cranberry is an important 
supplementary food source which is relatively high in 
digestible energy and comparable in protein content to 
winter browse (LeResche and Davis 1973, Oldemeyer and 
Seemel 1976).
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METHODS 

Winter Study

Establishing Treatments

The study was initiated in mid-November 1985, when 
moose numbers in each pen were adjusted to obtain the 
desired treatments. Pens 1 and 3 were stocked with moose 
so that current annual growth (CAG) of deciduous browse 
would be available in excess of that needed to support the 
animals during the study period (Table 1). Pens 2 and 4 
were stocked so that deciduous browse availability was 
below the predicted needs of the moose. Forage intake for 
Kenai Peninsula moose was based on a diet of 70% deciduous 
browse CAG (LeRescne and Davis 1973) and an expected intake 
of 940 kg of deciduous browse CAG for an adult cow moose 
from mid-November through mid-April (Regelin 1984). 
Estimates of available deciduous browse CAG obtained for 
each pen during fall 1983 (Regelin et al. 1986), and 
information on browsing pressure from that time until fall 
1985 were used to determine stocking rates in each of the 
pens. Estimates of deciduous browse CAG ranged from 4.4 
kg/ha in pen 4 to 14.4 kg/ha in pen 1 in the fall, 1983.
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Table 1. Criteria used to establish stocking rates in 4 
pens to achieve desired treatment effects (low and high 
availability of deciduous browse CAG), at the Moose 
Research Center, Alaska.

Pen Treat. No. of Moose

Deciduous Browse 

Expected Intake3

CAG (kg) 

Available*3

1 good 2 1880 3456

2 poor 3 + 2  calves 3740 2002

3 good 2 1880 2820

4 poor 2 1880 1179

abased on an approximate intake of 940 kg deciduous browse 
(70% of diet) for an adult cow moose from Nov. 15 to 
April 15 (Regelin 1984).
^estimates for each pen obtained during fall 1983 (Regelin 
et al. 1986) .
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Browsing pressure was low in pens 1 through 3 during 
winter 1983-4 (from 34.4% to 41.8% utilization of birch 
CAG), while utilization was high (67.6%) in pen 4 (Regelin 
1984). Browsing pressures were lower in all pens during 
winter 1984-5, with 1 adult cow moose living in each. Pen 
4 received heavy use, however, when considering the amount 
of available winter forage. Pen 2 received heavy pressure 
during summer 1985, with 14 moose spending all or most of 
that season there. This reduced browse available tor 
winter through inhibition of new stem growth and breakage 
of tree limbs (personal observations).

Two wild moose already present in pen 2 were 
immobilized using a Palmer Cap-Chur gun (Douglasville, Ga) 
and 1 mg Carfentinal (Wildnil, Wildlife Lab. Inc., Ft. 
Collins, Co) per 100 kg body weight and fitted with 
radiotransmitters in mid—November. One hundred mg 
Diprenorphine (M50-50, Lemmon Co., Sellersville, Pa.) per 
100 kg body weight were injected intramuscularly and 
intravenously to antagonize the Carfentinal. Six hand- 
reared, adult cow moose, from 3 to 6 years of age, were 
assigned randomly to the 3 other pens. All but one of the 
tame animals had foraged independently on native plant 
species during most of the previous summer. All of the 
animals were isolated from bulls during the rut, so none
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were pregnant. One of the wild cows, however, was 
accompanied by a calf.

Moving Study Animals

Each of the hand-reared animals was weighed to the 
nearest kg on a walk-on scale in mid-November. They were 
immobilized at the holding pens, using a dose of 1 mg 
Carfentinal per 100 kg body weight, winched onto a wooden 
trailer and transported to their respective pens. Each 
moose was fitted with a radiotransmitter on it's lower 
right front leg, a radiocollar for backup in case the leg 
transmitter stopped functioning, and a brightly-colored 
identification collar. The moose were then injected intra
muscularly and intravenously with 100 mg M50/50 per 100 kg 
body weight to antagonize the Carfentinal.

Collection of Activity Data

Data collection began 3 weeks after tame moose were 
moved (mid-December), to allow time for the moose to adjust 
themselves to their new surroundings. Two receiving 
stations were positioned such that each moose was never 
more than 2.5 km from an antenna. Moose in pens 1 and 2 
were monitored from a heated cabin located at MRC 
headquarters, using a Telonics Inc. (Mesa, AZ) RA-6B
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omnidirectional antenna, mounted on a 30-m tower (Fig. 1).
A station located at the southwest corner of pen 3 was used 
to monitor moose in pens 3 and 4. This station consisted 
of a second omnidirectional antenna mounted in a large 
aspen tree at an approximate height of 18 m. An insulated, 
ventilated plywood box (1.5 m x 1.5 m x 1 m), heated with a 
small propane burner, housed the receiving equipment when 
sampling occurred from this station.

A data acquisition system (DAS) (Telonics Inc, Mesa, 
AZ) was used to monitor radiotransmitters and store 
incoming data (see Chapter 1). The DAS was programmed to 
alternately sample 4 radiotransmitters continuously over a 
24-hour period. Initially, each sample period lasted 5 
minutes, with 25 minute gaps between consecutive samples 
for the same individual. Sample periods were shortened to 
3 minutes in February, reducing the unsampled period to 15 
minutes. Pulse 'period' was recorded every second, with 
300 and 180 data points stored for each 5-minute and
3-minute sample, respectively. At this sampling intensity 
level, cassette tapes on which data was being stored had to 
be changed every 6 hours.

Twenty-four hour activity data was obtained for each 
moose 2 times per week of sampling. The 4 moose in pens 1 
and 2 were sampled during the first and third day of
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sampling, while moose in pens 3 and 4 were sampled on days 
2 and 4. Sampling was conducted during 12 4-day periods 
from 15 December through 7 April. Data was transferred 
from cassette to a COMPAQ desk computer at the end of each
4-day period.

Observations

An attempt was made to locate and observe the 4 
radioed moose within the pens with the highest and lowest 
birch CAG availability (pens 1 and 4, respectively) 4 times 
per sampling week to document their behavior during active 
bouts. Each animal was located, using a hand-held receiver 
and H antenna, twice during each of the 2 days in which the 
DAS monitored moose in other pens. The animal's location 
was mapped and habitat and food availability was recorded 
during each observation period.

Observations lasted from 30 minutes to 1 hour, 
depending on how long the moose remained active. Each 
period consisted of 120 to 240 15-second sampling segments, 
during each of which one of 7 behaviors was recorded (Table 
2). If 2 behaviors occurred within one period, each was 
recorded and received equal weight for that period.
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Table 2. Behavior categories assigned to 15-second sample 
periods during observations of moose at the Moose Research 
Center, Kenai Peninsula, Alaska, Jan. - Aug. 1986.

Behavior Description

1. Feeding

2. Searching

moose took at least one bite from a food 
source. Two and rarely 3 different foods 
could be used in a 15-second period.
moose was sniffing, mouthing or investigating 
vegetation for potential use. The moose could 
be in a discontinuous walk, pausing between 
steps.

3. Walking

4. Standing

5. Standing
alert

6. Alert to 
observer

7. Other

moose took at least 3 consecutive steps 
with the same leg. A continuous walk during 
an entire 15-second sample period consisted 
of 7 to 8 consecutive steps.
moose stood motionless. No feeding, 
searching or alert behavior took place. 
Rumination may or may not have occurred.
moose stood motionless, ears in alert posture 
or staring in direction of a disturbance.
moose staring at observer, vocalizing or 
other nervous behavior. These periods were 
eliminated from analysis.
drinking, grooming, running, social 
interactions with other moose.
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Each radiocollared moose in pens 2 and 3 was relocated 
opportunistically at least once per week to observe its use 
of habitats and available forage and to check that its 
transmitter was performing properly. Backtracking was also 
used for this purpose during the few brief periods of fresh 
snow.

Weather

Temperature, precipitation and cloud cover were 
recorded twice daily throughout the study period. 
Temperatures were taken from a shaded, wind-protected 
location at the MRC headquarters. New snowfall was 
measured at the end of each day and snow depths were 
measured weekly at the same locations within several 
vegetation types.

Removing Moose

One of the tame moose died in February, 2 days after 
she was immobilized to repair a torn leg radiotransmitter 
harness. The other 5 tame moose were removed between 29 
March and 8 April. All returned to the holding pens 
voluntarily when enticed with pelleted feed. Body weights 
were obtained for each moose.
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Summer Study

Radiotransmitters were removed and sent to Telonics 
during April and May for refurbishment. The 7 moose were 
reinstrumented and placed in pens 1 (moose 1-2, 2-2, 4-1 
and 4-2) and 3 (moose 1-1, 2-1 and 3-1) in late May for 
summer monitoring.

Twenty-four hour monitoring commenced during the first 
week of June and extended through late August. Each animal 
was monitored twice weekly during 9 sampling weeks, using 
the same sampling design employed during late winter.

Behaviors during active periods were recorded for 2 
moose from each pen during summer, using the same 
techniques employed during winter. An attempt was made to 
observe each of 4 moose 4 times per week, 3 weeks per 
month, from early June through late August.

Tame moose were enticed back to the holding facilities 
using a pelleted feed at the end of the study.
Transmitters were removed and body weights obtained. The 
wild moose were immobilized and transmitters were removed 
in late August.
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Data Analysis

Raw activity data from individual sample periods were 
reduced and categorized into activity types: 1) active 
(standing/walking), 2) resting (lying down), 3) shift in 
activity, 4) unknown, using a series of 3 BASIC programs. 
Approximately 48 5-minute samples (Dec. - Jan.) and 80 3- 
minute samples (Feb. - Aug.) were obtained for each moose 
during each 24-hour monitoring period. The time spent 
walking (in seconds) was determined for each sample 
categorized as active (see Chapter 1).

Methods used to obtain means and standard errors 
around estimates of time spent active, time spent walking 
and individual bout lengths from the activity data are 
discussed in Chapter 1. Those days which had usable samples 
covering at least 1400 minutes were used in determining 
activity level estimates.

Estimates of time spent in various behaviors during 
active periods were calculated for 4 moose (pens 1 and 4 
during winter, pens 1 and 3 during summer) from observation 
data. Because observation periods were unequal in length, 
data from all observation periods were pooled. Percentages 
were calculated by dividing the number of 15-second sample
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periods in which the animal was engaged in a specific 
activity by the total number of sample periods.

A Wilcoxon's signed ranks test (Sokal and Rohlf 1969) 
was used to compare the activity level of all moose pairs 
that were consistently sampled on the same days during the 
winter study. Differences between moose within the same 
pen were then compared with those between moose in 
different pens. Seasonal comparisons in daily activity 
level, the duration of active and resting bouts and the 
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.

RESULTS

Winter Study

Observations

Pen 1 Moose.-- The two moose in pen 1 were each 
located by radiotelemetry 45 times during the study period 
(Fig. 2). All but 2 locations were made inside of or 
within a few hundred yards of the regrowth area resulting 
from crushing. These animals were always located within
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PEN 1 
MOOSE 1

PEN 1 
MOOSE 2

Vegetation mechanically crushed in 1978, 
(includes islands of undisturbed vegetation).

Relocations

PEN 4 PEN 4

Figure 2. Relocations of moose in pens 1 and 4 at the Moose 
Research Center, Alaska during winter 1985-86.
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close proximity of stands of birch regrowth with an 
abundance of CAG twigs. During the day, they were always 
found either bedded inside mature timber patches within the 
crushed area, along the crushed/mature timber edge, or 
within thick stands of older regrowth.

Sixteen and 20 observation periods lasting from a 
half hour to 1 hour were obtained for moose 1-1 and moose 
1-2, respectively. These moose both spent just over 90% of 
the entire observed time ingesting the 3 important winter 
foods available to them (Table 3). Birch and cranberry 
were both highly accessible at all times to moose in pen 1. 
Cranberry flourished in the mature forest and older 
regrowth understory, while birch was common in both 
habitats, as well as in the crushed area. The relative 
proportions of each consumed varied greatly between active 
bouts (Fig. 3). Aspen was very scarce in pen 1, but it was 
readily consumed by the moose when encountered.

Pen 4 Moose.—  Pen 4 moose were located 31 and 34 
times, respectively (Fig. 2). These animals frequented all 
portions of the pen, with the exception of a large open bog 
at the southeast corner and a large expanse of unproductive 
spruce regrowth within the western third of the pen.
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Table 3. Summary of moose behaviors recorded during winter 
observations (January - April 1986) of moose in pens 1 and 
4 at the Moose Research Center, Kenai Peninsula, Alaska.

Percent of tine in each behavior

Feed

Browse
Avail. Moose Bircb Gran Aspen Other Search Walk Stand Alert Other

High 1-1
(n=3157.5)a

47.09 39.38 3.69 3.87 1.06 2.17 1.95 0.06 0.73

(N * 16)
90.16 5.97

1-2
(n=3996.5)

52.10 37.92 1.33 3.29 0.31 2.35 1.24 0.98 0.49

IN = 20)
91.35 5.37

Low 4-1 
i n=2943 . 5)

21.63 21.25 13.65 22.52 6.99 5.26 6.54 1.56 0.59

(H * 16)
56.53 20.94

4-2
(n=3974.5)

8.27 38.51 11.78 18.51 7.57 2.90 8.88 0.91 2.64

(N = 19)
58.58 22.90

*n is the lumber of 15-second periods in which behaviors were classified during the sinter. N is the 
nuiber of observation periods (30-60 lin each).
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Figure 3. Time allocation to various behaviors by moose in pens 1 and 4 during observed periods 
of activity at the Moose Research Center, Alaska, during winter 1985-86.
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Both moose were found within mature forest on 80% of 
observations made through mid-March (n=25) and were 
otherwise observed browsing on young seedlings along the 
fenceline or in small patches of regrowth. Moose 4-2 was 
found in mature deciduous habitats through the end of the 
study period (n= 8). Moose 4—1 located a few small patches 
of birch regrowth in the westcentral portion of the pen, 
where she remained until the end of March (n=10).

Both moose spent less than 60% of their time ingesting 
deciduous browse CAG and cranberry (Table 3). The 
remainder of the feeding time was spent ingesting aspen 
bark, old dead branches from mature birch, knobs of fungal 
growth on mature trees and Labrador tea. Feeding activity 
was highly variable among observed active bouts, reflecting 
the scattered and clumped nature of some food resources 
such as aspen seedlings, downed aspen trees and birch CAG 
(Fig. 3) .

Young aspen seedlings were located in scattered 
clumps throughout some stands of mature aspen trees, and 
these were consumed readily where discovered by these 
moose. This food source occurred in low densities; a 
single large bite was obtained from each plant and 
individual plants were typically a few paces or more apart.
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Cranberry was found in abundance throughout pen 4, but 
feeding on this plant accounted for only 19.6 and 34.0 
percent of the observed time for moose 4-1 and 4-2, 
respectively. Birch accounted for only a small portion of 
moose 4-2's diet and most was obtained as suckers plucked 
from the base of mature trees. She was observed feeding 
steadily on birch CAG only during the very first 
observation. Moose 4-2 located a few small patches of 
birch regrowth in mid-March and it made up a consistently 
high portion of her diet during the final 3 weeks.

Pen 2 Moose.—  Moose 2-1 and 2-2 were located and 
observed 16 and 17 times, respectively, during winter.
These moose were too skittish to observe feeding, so their 
behavior was assessed by backtracking through snow. Both 
moose spent much effort weaving through birch regrowth 
stands and gleaning what CAG was available. Most of this 
habitat was found to consist of decadent, clubbed bushes 
with little new growth or saplings with twigs mostly out of 
reach. Large saplings were regularly pulled down and every 
twig clipped, often well below the current growth point. 
Downed deciduous trees were heavily utilized when found, 
but their occurrence was low.

These moose both fed extensively on cranberry during 
some bouts. Large patches of labrador tea were also
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browsed and sedges were clipped where they protruded above 
the ice and snow.

Pen 3 Moose.—  Moose 3-1 and 3—2 were located and 
observed 24 and 17 times, respectively, during the winter. 
Moose 3-1 was found feeding or bedded in stands of abundant 
birch regrowth on 20 occasions, while moose 3-2 was found 
in this habitat on 9 occasions. During the remaining time 
periods, the animals were found in mature forest, where 
cranberry was abundant. Backtracking revealed that these 
moose moved between habitats to utilize these 2 foods.
These moose were found to range throughout the enclosure.

Weather

Winter temperatures ranged from 7° C (45° F) to -30° C 
(-22° F) during the winter study period (Fig. 4). The mean 
low temperatures for January through March were -4.7° C, 
9.4° C and -11.9° C, respectively, while mean highs were 
-3.2° C, -5.2° C and -1.1° C. These temperatures were well 
above what is considered a moose's lower critical 
temperature (<-30° C) (Renecker and Hudson 1986b).
However, a few of the warmer, sunny days could have caused 
moose to seek cover or be less active during the warmest 
part of the day to avoid heat stress (Knorre 1959, Renecker 
and Hudson 1986b). Wind was not an important factor, since
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Figure 4. Daily variations in high and low temperatures at 
the Moose Research Center, Alaska during winter 1985-86.
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only 8 half days of light to moderate wind were recorded 
during the study period.

A total of 28.5 cm of snow fell during the study 
period. Seventeen and a half cm fell in mid-December, and 
all but a few cm disappeared by early January when 
temperatures rose above freezing. Snow cover at these 
depths had no influence on movement or availability of 
ground vegetation for food.

Activity Data

Activity data were obtained for 153 24-hour sample 
periods (>1400 minutes) during winter. Five to 8 samples 
were obtained for each moose during each of 3 time periods 
(late Dec./Jan., Feb., March/early April). Moose 3-2 died 
in late February, 2 days after she was drugged to replace 
her torn transmitter harness.

Minutes Active.—  There was no apparent trend in the 
amount of time spent active during a 24-hour period among 
months or between treatments within each month. Mean 
active time ranged from 348.8 minutes (24.2%) to 587.0 
minutes (40.8%) (Table 4). The lowest and highest mean
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Table 4. Estimated mean and standard error of minutes 
spent active during a 24-hour period, for moose in 4 2.6 
km2 pens at the Moose Research Center, Kenai Peninsula, 
Alaska during winter 1985-86.

Month Treata Moose Nb Mean

Standard Error 

Among0 Among/Within^

Dec/Jan Good 1-1 8 426.5 23.1 25.1
1-2 8 587.0 38.2 39.7
3-1 8 507.8 26.1 27.9
3-2 8 472.5 28.6 30.6

Poor 2-1 8 495.8 31.8 33.5
2-2 8 566.3 25.8 27.6
4-1 6 502.2 46.0 46.9
4-2 7 579.3 13.6 16.4

Feb Good 1-1 6 348.8 28.7 29.3
1-2 6 474.5 16.0 17.6
3-1 6 516.7 17.7 19.1
3-2 6 535.2 40.1 40.7

Poor 2-1 6 401.5 21.9 23.0
2-2 6 503.0 18.8 19.9
4-1 6 445.0 25.1 27.3
4-2 6 465.7 21.7 22.7

Mar/Apr Good 1-1 6 499.0 39.9 40.3
1-2 6 497.8 39.8 40.0
3-1 7 473.9 22.1 23.2

Poor 2-1 7 407.6 25.8 26.6
2-2 5 521.4 20.0 21.2
4-1 7 408.7 23.0 24.2
4-2 6 481.2 32.4 33.0

Dec - Apr Good 1-1 20 425.0 20.3 21.8
1-2 20 526.5 21.6 23.1
3-1 21 499.7 13.2 15.6
3-2 14 499.4 25.1 26.2

Poor 2-1 21 439.4 17.7 19.6
2-2 19 534.5 14.2 16.1
4-1 19 449.7 19.2 20.9
4-2 19 512.4 16.7 18.3

aGood = high browse CAG avail. Poor = low browse CAG avail. 
^Number of 24-hour periods sampled 
cError associated with between-day variation only 
^Includes error associated with estimates for each day
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values were recorded for the 2 moose in pen 1, which 
contained the highest deciduous browse availability.

Activity levels were highly variable among days for 
individual moose during each period; confidence limits on 
estimates encompassed from 79.6 minutes (1.3 hours) to 
233.1 minutes (3.9 hours) (Fig. 5). Error around 
individual daily estimates (within day variance) 
contributed little to this variation.

When estimates for the entire winter were pooled for 
each animal, both the highest and lowest values occurred 
for moose in pen 1 (high deciduous browse availability) and 
pen 2 (low browse availability) (Table 4).

Wilcoxon’s signed ranks tests were used to compare all 
moose pairs that were consistently sampled on the same days 
throughout the study (Table 5). This test is not totally 
valid since activity levels for individual days were 
estimated rather than measured. However, it helps 
illustrate the fact that variation between individuals 
within pens was higher than between pens; In all cases, 
moose were more similar in their activity levels to moose 
in different pens than to moose in the same pens.
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Figure 5. Monthly variations in the average time spent 
active during a 24—hour period for 8 moose at the Moose 
Research Center, Alaska during winter 1985-86.
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Table 5. Results of Wilcoxon’s signed ranks test used to 
compare activity levels of all pairs of moose that were 
consistently sampled on the same days. Moose with the 
lower average activity level are listed first.

Moose Compared
low vs high) d.f. T value Significance

1-1 vs 2-1 19 75.0 ns
1-1 vs 1-2 17 22.0 0.01
1-1 vs 2-2 18 19.0 0.01
2-1 vs 1-2 19 39.5 0.025
2-1 vs 2-2 19 5.0 0.01
1-2 vs 2-2 18 80.5 ns

4-1 vs 3-2 10 21.0 ns
4-1 vs 3-1 18 43.0 0.10
4-1 vs 4-2 16 28.0 0.05
3-2 vs 3-1 12 33.5 ns
3-2 vs 4-2 11 26.0 ns
3-1 vs 4-2 18 41.0 0.10
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Bouts Per Day.—  The mean number of bouts per day 
(including both active and resting bouts) was highly 
consistent between pens within a month as well as among 
months (Table 6). The difference between lowest and 
highest average values for each of the months was 2.8, 1.8 
and 3.9 bouts, respectively. Although some animals were 
consistently higher than others, no influence due to 
treatment could be ascertained and no patterns were 
apparent.

Active Bout Length.-- Mean active bout lengths of 
individuals ranged from 64.7 minutes to 97.1 minutes for 
February and from 61.6 minutes to 112.8 minutes for March 
(Table 7). Values overlapped between good quality and poor 
quality pens during both months and moose within the better 
quality pens had the lowest and highest mean bout lengths 
in February. The distribution of active bouts, with both 
months pooled, reveals no trend between treatments (Fig.
6 ) .

Resting Bout Length.—  Mean resting bout lengths 
ranged from 153.8 to 196.2 minutes during February and from 
143.9 to 215.2 minutes during March (Table 8). No trends 
occurred among months. Clearly, some moose had shorter 
resting bouts than others, but, again, there was overlap 
between treatments (Fig. 7).
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Table 6. Mean number of active and resting bouts per day 
for 8 moose at the Moose Research Center, Kenai Peninsula, 
Alaska during winter 1985-86.

Bouts per day

Dec/Jan Feb Mar/Apr Dec - April

Treata Moose N Mean S.E. N Mean S.E. N Mean S.E. N Mean S.E.

Good 1-1 8 10.8 0.5 6 11.7 0.5 6 12.5 1.5 20 11.6 0.5
1-2 8 12.5 0.6 6 11.7 0.4 6 10.0 0.4 20 11.5 0.4
3-1 8 12.3 0.6 6 11.0 0.5 7 13.9 0.3 21 12.4 0.4
3-2 8 13.3 0.9 6 12.8 0.5 - --- — 14 13.1 0.5

Poor 2-1 8 12.3 0.6 6 11.5 0.5 7 12.4 0.3 21 12.1 0.3
2-2 8 11.4 0.4 6 11.8 0.7 5 12.8 0.9 18 12.0 0.4
4-1 6 13.5 0.9 6 12.7 0.7 7 13.7 0.5 19 13.3 0.4
4-2 7 12.4 0.8 6 11.8 0.5 6 13.5 0.9 19 13.6 0.4

aGood = high browse CAG avail. Poor = low browse CAG avail.
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Table 7. Mean active bout lengths for 8 moose at the 
Moose Research Center, Kenai Peninsula, Alaska during 
winter 1985-86.

February March February-March

Treata Moose M Mean S.E. N Mean S.E. N Mean S.E.

1-1 31 64.7 6.4 32 85.7 7.9 63 75.4 5.5
1-2 29 88.6 7.2 25 112.8 8.1 54 99.8 5.8
3-1 27 97.1 8.3 46 70.6 5.0 73 80.4 5.0
3-2 33 87.6 8.0 — --- -- — “

2-1 30 72.8 7.4 42 70.6 5.5 72 71.5 4.8
2-2 31 90.1 7.5 27 79.4 7.8 58 85.1 5.7
4-1 34 76.1 6.0 42 61.6 6.0 76 69.0 4.7
4-2 30 78.4 9.3 36 76.3 8.0 66 77.2 6.3

aGood = high browse CAG avail. Poor = low browse CAG avail.
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Figure 6. Comparisons of the distribution of active bouts 
between moose within good and poor quality treatment areas 
at the Moose Research Center, Alaska during winter 1985-86.
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Table 8. Mean resting bout lengths for 8 moose at the Moose Research 
Center, Kenai Peninsula, Alaska during winter 1985-86.

February March February - M a r c h

freat3 Moose N Mean S.E. N Mean S.E. N Mean S.E.

Good 1-1 27 190.9 14.0 31 164.4 14.4 58 176.7 10.3
1-2 29 175.5 10.2 23 215.2 18.1 52 193.1 10.2
3-1 27 182.4 12.1 46 151.8 8.6 73 163.1 7.3
3-2 32 153.8 9.0 — --- -

Poor 2-1 27 196.2 12.7 41 174.1 10.0 68 182.9 8.1
2-2 28 163.7 11.7 27 154.8 7.6 55 159.3 7.3
4-1 30 170.8 10.6 40 159.2 8.0 70 164.2 6.7
4-2 29 174.3 10.3 33 143.9 11.2 62 158.1 3.0

aGood = high browse CAG avail. Poor = low browse CAG avail.
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Figure 7. Comparisons of the distribution of resting bouts 
between moose within good and poor quality treatment areas 
at the Moose Research Center, Alaska winter 1985-86.
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Time Spent Walking.—  Fifteen of the 23 estimates 
obtained for time spent walking showed a difference between 
low and high estimates of less than 1% of the estimated 
time spent active; the highest difference was 3.3% (Table 
9) .

There was high variability among moose in the amount 
of movement they exhibited during a 24-hour period. There 
is no consistent pattern to suggest that the moose in the 
lower quality pens spent a greater portion of time walking 
than moose in the higher quality pens. The February and 
March data suggest a slight tendency towards the opposite, 
although significant differences cannot be demonstrated 
among most individuals.

In most cases, within day variance contributed from a 
third to over a half of the total variance of individual 
estimates. Standard errors fluctuate fairly consistently 
with means, and high standard errors can be attributed to 
large variations between active bouts within a day, as well 
as high variability among days.

Estimates of time spent walking during the active 
portion of a day for the entire winter study period show a 
fourfold difference between the most sedentary and most 
mobile animals (Table 10). The difference is less dramatic
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Table 9. Estimates of time spent walking during the active 
portion of a 24-hour period for 8 moose at the Moose 
Research Center, Kenai Peninsula, Alaska during winter 
1985-86.

Month Moose

Time Spent Walking (minutes)

Low Estimatea High Estimate3

Mean(%)k SE(*)C Mean(%) SE(*)

Dec/Jan

Feb

Mar/Apr

1-1 22.3 (5.2) 5.4 (3.7) 25.9 (6.1) 5.9 (4.0)
1-2 45.4 (7.7) 8.9 (7.1) 51.8 (8.8) 9.2 (7.2)
3-1 50.0 (10.6) 9.3 (7.9) 58.1 (11.4) 9.4 (7.7)
3-2 31.0 (6.1) 6.0 (4.2) 39.0 (8.3) 6.4 (4.1)
2-1 7.9 (1.6) 1.7 (1.2) 10.3 (2.1) 2.2 (1.6)
2-2 17.8 (3.1) 4.0 (3.4) 22.0 (3.9) 5.2 (4.5)
4-1 54.2 (10.8) 11.1 (9.3) 70.8 (14.1) 13.1 (11.4)
4-2 62.1 (10.7) 8.7 (6.3) 75.0 (12.9) 9.9 (7.1)

1-1 8.3 (2.4) 1.8 (1.3) 11.3 (3.2) 1.9 (0.9)
1-2 38.8 (8.2) 7.2 (5.4) 41.8 (8.8) 7.0 (5.0)
3-1 67.5 (13.1) 18.4 (17.0) 77.5 (15.0) 21.0 (19.7)
3-2 89.0 (17.2) 24.8 (22.8) 96.7 (18.1) 25.7 (23.6)
2-1 13.0 (3.2) 2.8 (2.1) 14.3 (3.6) 3.1 (2.2)
2-2 20.7 (4.1) 3.7 (2.5) 96.7 (18.1) 4.2 (2.9)
4-1 20.1 (4.5) 3.1 (2.2) 29.7 (6.7) 5.9 (5.3)
4-2 21.3 (4.6) 4.1 (3.4) 32.9 (7.1) 9.5 (9.1)

1-1 41.7 (8.4) 10.7 (8.8) 42.2 (8.5) 10.8 (8.9)
1-2 42.5 (8.5) 10.5 (9.5) 42.8 (8.6) 10.5 (9.5)
3-1 42.6 (9.0) 5.3 (4.2) 44.9 (9.5) 5.5 (4.4)
2-1 12.7 (3.1) 3.0 (2.7) 12.7 (3.1) 3.0 (2.7)
2-2 18.4 (3.5) 3.9 (2.9) 24.7 (4.7) 3.9 (2.8)
4-1 31.4 (7.7) 8.8 (7.6) 32.5 (8.0) 9.1 (7.8)
4-2 32.7 (6.8) 7.4 (6.5) 35.0 (7.3) 9.2 (7.0)

aLow and high estimates are derived from interpretations of noisy data 
collected during sampling and are explained in Chapter 1.

k% refers to the percent of the time spent walking during the estimated 
time active during a 24-hour period.

cStandard errors include error associated with variation between days 
and variation within a day. Errors due to between-day variance are in 
parenthesis.
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Table 10. Estimates of time spent walking by 8 moose 
during a 24-hour period at the Moose Research Center, Kenai 
Peninsula, Alaska during winter 1985-86 (late December 
through early April) .

Treat3 Moose Nb
mean no. 

min. walkc
% of 

active^
% of 

total daye

Good 1-1 20 23.9 5.3 1.7
1-2 20 42.6 8.1 3.0
3-1 19 52.5 10. 8 3.6
3-2 14 55.9 10.9 3.9

Poor 2-1 21 11.0 2.6 0.8
2-2 19 18.9 3.5 1.3
4-1 19 35.0 7.7 2.4
4-2 19 39.9 7.5 2.8

aGood = high browse CAG avail. Poor = low browse CAG avail, 
^number of days sampled 
c£(low est. min. walk/day) / N
^[£{est. min. walk/day / est. min. active/day)] / N 
emean no. min. walk. / 1440 min.
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when considering the percent of the entire day devoted to 
walking.

Condition Change of Moose

Weight lost by 5 tame moose ranged from 18.1% to 27.7% 
during a period from 128 to 139 days long (Table 11). 
Overlap between treatments suggested that, although there 
was a difference in the availability of winter forages in 
the pens, other factors played a role in the condition 
change of the animals within the various pens.

Summer Study

Observations

Four moose (moose 4-1 and 4-2 in pen 1, moose 1-1 and 
3-1 in pen 3) were observed during 33 to 35 observation 
periods each. The amount of time spent feeding varied 
among individuals from 81% to 89% of the total observed 
time (Table 12). Birch leaves comprised the vast majority 
of the diets of moose in pen 3 and was one of 2 major food 
items for moose in pen 1. Leaves of other deciduous browse 
species, including highbush cranberry, willow and aspen, 
made up an important component of the diet of moose in pen 
3, while receiving little use by moose in pen 1 (Fig. 8).
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Table 11. Weight lost by 5 tame moose during winter 1985- 
86 study period at the Moose Research Center, Kenai 
Peninsula, Alaska.

Fall 1985 Spring 1986

rreata Moose Date Weight
(kg)

Date Weight
(kg)

Weight Lost 
[kg(%)]

Good 1-1 11/22 436 4/8 321 115 (26.4)

1-2 11/22 447 4/8 366 81 (18.1)

3-1 11/26 405 4/8 324 81 (20.0)

Poor 4-1 11/21 451 4/8 347 104 (23.1)

4-2 11/21 480 3/29 347 133 (27.7)

aGood = high browse CAG avail. Poor = low browse CAG avail.
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Table 12. Summary of moose behaviors recorded during 
summer observations (June - August 1986) of moose in pens 1 
and 3 at the Moose Research Center, Kenai Peninsula,
Alaska.

Percent of tine in each behavior

Feed

Moose Birch Hardwa Firew ■orb Search walk Stand Alert Other

4-1 (Pen 1) 
in=7475.5)a

46.56 1.48 25.43 7.53 0.70 8.90 4.03 3.28 2.09

(N * 351
81.00 18.00

4-2 (Pen 1) 
(n=6789.5)

28.18 3.42 37.34 14.70 0.91 5.58 4.40 4.76 0.71

(I * 34)
83.64 16.46

1-1 (Pen 3) 
(n=7Q06.0)

55.32 15.13 3.63 13.15 1.13 6.63 2.43 1.77 0.81

(H « 34)
87.23 12.77

3-1 (Pen 3) 
(n*7271.0)

67.32 12.38 1.47 3.52 0.19 5.76 2.56 1.07 0.72

i f f = 33)
89.69 10.30

3 n is the nunber of 15-second periods in which behaviors were classified during the winter. N is 
the nunber of observation periods (30-60 nin each).
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Figure 8. Time allocation to various behaviors by moose in pens 1 and 3 during observed periods 
of activity at the Moose Research Center, Alaska, during summer 1986.
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Pen 1 moose were found in the crushed habitat on 80% 
of the observed periods ( n = 36,34). Fireweed was abundant 
throughout this habitat and constituted a very large 
portion of their diet. Relatively little fireweed was 
consumed by moose in pen 3. A variety of other herbaceous 
plants were utilized, including horsetail ( ,  

dwarf dogwood ( Cornus canadensis), sedges ( sp.,

Carex sp.) wintergreen (Pyrola , and aquatic
potentilla ( Potentilla pulustris).

Weather

High and low temperatures were recorded on 23 days 
during June and on 18 days during both July and August 
(Fig. 9). Mean low temperatures were 10.1° C, 11.4° C and 
9.9° C, for the 3 months, respectively. Mean high 
temperatures were 17.8° C, 18.2° C and 15.9° C.

Activity Data

Activity data were obtained for 98 24-hour sample 
periods for the 7 moose from early June through the end of 
August. Equipment failure resulted in only 10 and 8 
estimates for moose 1-2 and moose 4-2, respectively. 
Thirteen to 18 estimates were obtained for the others.



81

TEMP.
(°C)

6/15 7/15 8/15

Figure 9. Daily variations in high and low temperatures at 
the Moose Research Center, Alaska during summer 1986.
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Minutes Active.-- Mean number of minutes active ranged 
from 427 to 838 minutes (Table 13). All but the most 
extreme estimates showed overlap (± 2 standard errors).
When all values for each moose were pooled, a trend similar 
to that found during winter months was apparent (Fig. 10). 
Error bars around estimates for moose 1-2 and 2-2 did not 
overlap with those of moose 1-1 and moose 2-1 during 
summer, while all other estimates overlapped.

Estimates of minutes active per day during summer were 
from 83 to 178 minutes higher than winter estimates for 
individuals. Moose were significantly more active during 
summer than during winter (p < 0.0001) and error bars did 
not overlap between seasons for all but 1 moose.

Bouts Per Day.—  The mean number of bouts per day 
varied from month to month by less than 2 bouts for 4 of 
the 7 moose (Table 14). Due to small sample sizes, no 
statistical differences could be shown for those moose 
showing large apparent differences among months.

The average number of bouts per day (active and 
resting bouts) was significantly higher during summer than 
during winter (p < 0.0001) and error bars (± 2 standard
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Table 13. Estimates and standard errors for minutes spent 
active during a 24-hour period, for moose in 4 2.6 km2 pens 
at the Moose Research Center, Kenai Peninsula, Alaska 
during summer 1986.

Month Moose Na Mean
Standard Error 

Among*3 Among/Withinc

June 1-1 7 649.7 30.9 32.5
1-2 2 837 . 5 39.1 39.4
2-1 5 427.2 56.4 56.9
2-2 5 823.6 15.5 17.0
3-1 6 660.5 18.7 19.8
4-1 6 693.7 43.7 44.4
4-2 3 644.7 37.2 37.6

July 1-1 5 467.8 23.1 24.3
1-2 4 622.0 17.7 19.2
2-1 6 585.5 14.8 16.7
2-2 4 645.0 55.1 55.6
3-1 6 648.3 29.1 29.8
4-1 5 554.4 32.2 33.1
4-2 3 554.0 17.8 19.1

August 1-1 5 503.6 19.7 20.6
1-2 4 687.3 24.8 25.7
2-1 5 599.0 25.0 26.0
2-2 4 640.8 79.8 80.1
3-1 6 606.0 46.1 46.5
4-1 5 610.8 40.0 40.6
4-2 2 583.0 127.7 127.7

June - Aug 1-1 17 553.2 23.8 25.1
1-2 10 691.2 27.8 28.6
2-1 16 540.3 25.8 26.9
2-2 13 712.4 36.0 36.7
3-1 18 638.3 18.7 19.8
4-1 16 624.3 25.5 26.6
4-2 8 595.3 31.0 31.5

aNumber of 24-hour periods sampled
^Error associated with among-day variation only
cIncludes error associated with estimates for each day
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Figure 10. Comparisons between winter and summer of the 
time spent active (± 2 standard errors) within a 24-hour 
period for 7 moose at the Moose Research Center, 1985-86.
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Table 14. Mean number of active and resting bouts per day 
for 7 moose at the Moose Research Center, Kenai Peninsula, 
Alaska during summer 1986.

Bouts per day

June July August June-August

Moose N Mean S.E. N Mean S.E. N Mean S.E. N Mean S.E.

1-1 7 16.3 0.9 5 16.2 0.2 5 15.0 0.3 17 15.9 0.4
1-2 2 13.5 1.5 4 20.8 1.1 4 16.3 0.8 10 17.5 1.1
3-1 6 13.2 0.8 6 12.7 0.4 6 13.7 1.1 18 13.0 0.4
2-1 5 17.0 1.0 6 16.7 0.7 5 16.8 1.3 16 16.8 0.6
2-2 5 13.0 0.7 4 13.5 0.8 4 13.8 1.0 13 13.4 0.5
4-1 6 17.8 1.4 5 18.8 0.9 5 15.8 1.2 16 17.5 0.7
4-2 3 16.3 2.1 3 21.3 0.8 2 17.5 0.5 8 18.5 1.1
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errors) around estimates did not overlap between seasons 
for 5 of the 7 individuals (Fig. 11).

Active Bout Length.—  Monthly mean active bout length 
ranged from 54 to 136 minutes (Table 15). When values were 
pooled for the entire season by individual, differences 
among individuals were similar with those occurring during 
winter months (February and March only) (Fig. 12). No 
significant difference (p > 0.91) occurred in average 
active bout length between seasons and error bars of all 
but 1 individual showed overlap between seasons (Fig. 13).

Resting Bout Length.—  Mean resting bout length for 
individual months ranged from 81 to 139 minutes (Table 16). 
Error bars were relatively narrow and there was no overlap 
among several of the estimates. There was no pattern 
showing that moose responded similarly during summer and 
winter months, as there was for active bout lengths (Fig. 
14). Average resting bout length was significantly higher 
during winter than during summer (p < 0.0001) and there was 
no overlap in error bars (± 2 standard errors) between 
seasons for all moose (Fig. 15).

Time Spent Walking.—  Monthly averages of time spent 
walking by individuals ranged from 13 to 201 minutes per 
day. Minutes spent walking and the percent of active
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Figure 11. Comparisons between winter and summer of the 
number of bouts (active and resting) (± 2 standard errors) 
per 24-hour period for 7  moose at the Moose Research Center, 
Alaska, 1985-86.
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Table 15. Mean active bout lengths for 7 moose at the Moose Research 
Center, Kenai Peninsula, Alaska during summer 1986.

June July August June - August

Moose N Mean S.E. S Mean S.E. N Mean S.E. X Mean S.E.

51 86.7 5.8 36 63.7 3.8 32 59.6 6.0 119 75.1 3.9
11 111.1 20.7 37 59.8 6.3 28 84.5 10.0 76 76.3 6.1
35 103.7 6.4 34 111.0 7.1 34 93.6 10.2 122 68.6 4.0
39 54.5 5.8 45 75.8 5.4 38 74.5 5.9 72 109.9 8.7
27 136.2 14.6 22 98.6 11.2 23 39.7 15.9 103 102.8 5.1
47 79.5 6.8 42 58.6 5.6 34 77.6 8.9 123 71.9 4.6
26 66.0 i • 6 23 54.3 7.2 15 57.3 7.5 69 59.3 4.6
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Figure 12. Comparisons between winter and summer of the 
distribution of active bouts for 7 moose at the Moose 
Research Center, Alaska, 1985-86. Bout length categories are 
explained in Chapter 1.
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Figure 13. Comparisons between winter and summer of the
mean active bout length (± 2 standard errors) for 7 moose
the Moose Research Center, Alaska, 1985-86.
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Table 16. Mean resting bout lengths for 7 moose at the 
Moose Research Center, Kenai Peninsula, Alaska during 
summer 1986.

June July August June - August

Moose N Mean S.E. N Mean S.E. N Mean S.E. N Mean S.E.

1-1 49 95.9 5.8 35 123.7 6.2 33 132.2 9.7 117 114.4 4.8
1-2 12 86.3 6.2 38 81.3 5.6 29 96.2 9.3 79 87.5 4.8
3-1 32 122.0 7.6 30 133.8 8.8 33 139.8 8.1 115 104.3 4.8
2-1 36 107.6 9.6 43 104.2 6.3 36 101.1 7.1 76 114.0 5.7
2-2 28 98.6 6.6 24 122.5 11.9 24 123.3 8.9 95 131.9 5.1
4-1 48 85.5 6.8 42 95.5 7.6 35 109.7 10.4 125 95.6 5.1
4-2 27 89.9 8.6 30 85.6 7.1 15 103.8 14.2 73 39.8 5.4
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Figure 14. Comparisons between winter and summer of the 
distribution of resting bouts for 7 moose at the Moose 
Research Center, Alaska, 1985-86. Bout length categories are 
explained in Chapter 1.
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Figure 15. Comparisons between winter and summer of the
mean resting bout length (± 2 standard errors) for 7 moose
at the Moose Research Center, Alaska, 1985-86.
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periods spent walking were highly variable among 
individuals and among months (Table 17, Fig. 16). Those 
animals found to be most sedentary during summer (1-1, 2-1) 
were also relatively less mobile during winter. In 
contrast, moose 2-2 went from being one of the most 
sedentary during winter to one of the most mobile during 
summer. All moose were more mobile during summer than 
during winter (Fig. 17). There tended to be a greater 
discrepancy between sedentary and mobile animals during 
summer months in the time spent walking during both the 
active portion of the day (Fig. 17) and the entire day 
(Table 18).

Walking estimates were consistently higher than those 
estimates obtained during observations (Table 19). It is 
readily apparent from the high within-day variability 
associated with estimates, that the moose were mobile 
during certain active periods and relatively sedentary 
during others. Moose were infrequently observed moving 
great distances. It was evident, however, from 
backtracking and from their changes in locations during 
short time intervals, that they spent large portions of 
certain bouts walking. During a few observation periods, 
data collection was suspended because the animal was 
continuously moving and could not be observed properly. 
Therefore, the observation data do not adequately reflect
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Table 17. Estimates of time spent walking during the 
active portion of a 24-hour period for 7 moose at the Moose 
Research Center, Kenai Peninsula, Alaska during summer 
1986.

Time Spent Walking
Low Estimatea High Estimate3

Month Moose Mean(%)̂ SE(*)C Mean(%) SE(*)

June 1-1 54.6 (8.4) 9.9 (7.4) 55.3 (8.5) 9.9 (7.4)
1-2 201.0(24.0) 46.7(46.4) 207.0(24.7) 51.5(51.2)
3-1 118.0(17.9) 20.2(18.4) 118.3(17.9) 20.3(18.4)
2-1 16.6 (3.9) 8.5 (7.8) 16.6 (3.9) 8.5 (7.8)
2-2 169.8(20.6) 17.7(13.5) 173.4(21.1) 17.5(13.2)
4-1 116.3(16.8) 21.7(19.2) 117.2(16.9) 21.7(19.9)
4-2 80.7(12.5) 23.2(22.7) 97.7(15.2) 27.7(27.2)

July 1-1 23.8 (5.1) 4.1 (3.0) 25.8 (5.5) 4.3 (3.1)
1-2 126.3(20.3) 21.2(20.3) 132.3(21.3) 23.5(22.6)
3-1 86.5(13.3) 12.4(10.7) 89.5(13.8) 12.8(11.1)
2-1 21.8 (3.7) 4.2 (2.5) 22.3 (3.8) 4.2 (2.4)
2-2 44.3 (6.9) 15.5(14.9) 46.0 (7.1) 15.3(14.7
4-1 77.2(13.9) 10.2 (8.2) 78.2(14.1) 10.2 (8.1)
4-2 36.0 (6.5) 8.9 (8.3) 40.3 (7.3) 10.3 (9.7)

August 1-1 28.0 (5.6) 5.7 (5.1) 32.8 (6.5) 6.7 (6.2)
1-2 98.8(14.4) 27.0(26.4) 110.0(16.0) 27.5(26.9)
3-1 61.8(10.2) 11.4(10.6) 63.7(10.5) 11.2(10.4)
2-1 13.2 (2.2) 3.0 (2.4) 13.6 (2.3) 3.2 (2.6)
2-2 136.3(21.3) 61.7(61.3) 141.8(22.1) 60.0(59.6)
4-1 119.0(19.5) 20.7(20.0) 119.6(19.6) 20.9(20.2)
4-2 19.0 (3.3) 3.2 (2.9) 21.0 (3.6) 3.2 (2.9)

aLow and high estimates are derived from interpretations of noisy data 
collected during sampling and are explained in Chapter 1.
k% refers to the percent of the time spent walking during the estimated 
time active during a 24-hour period.
cStandard errors include error associated with variation between days 
and variation within a day. Errors due to between-day variance are in 
parenthesis.
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Figure 16. Comparisons between winter and summer of the
percent of the active portion of a day spent walking for 7
moose at the Moose Research Center, Alaska, 1985-86.
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Figure 17. Comparisons between winter and summer of the 
number of minutes spent walking per 24-hour period (± 2 
standard errors) for 7 moose at the Moose Research Center, 
Alaska, 1985-86.
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Table 18. Estimates of time spent walking by 8 moose at 
the Moose Research Center, Kenai Peninsula, Alaska from 
June through August 1986

mean no. % of % of
Moose Na min. walkb activec total dayd

1-1 17 37.7 6.6 2.6
1-2 10 130.2 18.7 9.0
3-1 18 88.7 13.8 6.2
2-1 16 17.5 3.3 1.2
2-2 13 120.9 14.5 8.4
4-1 16 104.9 16.7 7.3
4-2 8 48.5 8.0 3.4

anumber of days sampled 
b£(low est. min. walk/^gy) / N
cZ(est. min. walk /day ̂ est* min * active/day^  ̂ ^ dmean no. min. walk. / 1440 min.
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Table 19. Estimated percent of time spent walking during 
the active portion of a 24-hour period for observational 
and telemetry data for moose at the Moose Research Center, 
Kenai Peninsula, Alaska. Values are for 4 moose during 
winter 1985-86 and 4 moose during summer 1986.

% of Active Spent Walking

Season Moose Observation Telemetry

winter 1-1 2.2 5.3
1-2 2.4 8.1
4-1 5.2 7.7
4-2 3.0 7.5

summer 1-1 6.6 6 . 6
3-1 5.8 13.8
4-1 8.9 16.7
4-2 5.6 8.0

BIOSCIENCES LIBRARY 
UNIVERSITY OF ALASKA FAIRBANKS
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walking behavior during extended movements. Also, since 
greater walking effort was associated with longer bouts, 
these bouts would be underrepresented in the observation 
data, since bouts were not sampled in proportion to their 
length. The relative values of estimated time spent 
walking obtained through telemetry are consistent with what 
was found during observations and backtracking.

Condition Change of Moose

Late summer weights for four of the 5 tame moose were 
comparable to those in the fall prior to the winter study 
(Table 20). Moose 3-1 weighed less because she was not 
removed from the pen until the end of October, well past 
leaf senescence and near the end of the rut, when intake 
decreases (Schwartz et al. 1985). She weighed 46 kg below 
her fall 1985 weight. However, tame moose were heavier in 
fall 1985 than wild moose are during the late fall (MRC 
files, LeResche and Davis 1971), possibly due to a higher 
quality diet provided through a pelleted feed (Schwartz et 
al. 1980) .
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Table 20. Weight gained by 5 tame moose during summer 1986 
study period at the Moose Research Center, Kenai Peninsula, 
Alaska.

Moose Date Weight Date Weight Weight gain
(kg) (kg) [kg (%) ]

1-1 4/8 321 9/4 439 118(26.9%)
1-2 4/8 366 8/25 503 137(27.2%)
3-1 4/8 324 10/27 359 35 (9.8%)
4-1 4/8 347 8/25 472 125(26.5%)
4-2 3/29 347 8/25 473 126(26.6%)
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DISCUSSION

Effect of Browse Availability on Activity

Effect on Activity Budgets

Observational data substantiated the differences in 
deciduous browse availability between enclosures. Moose in 
pen 1 spent a much greater proportion of the observed 
periods ingesting vegetation and utilized a much higher 
proportion of deciduous browse CAG than did pen 4 moose. 
Likewise, pen 3 moose were observed foraging in high 
density stands of birch, while pen 2 moose were found 
gleaning browse from low-density stands and breaking 
saplings to reach browse. All moose supplemented their 
diet with lowbush cranberry. The observed differences 
between pens were not reflected in distinct differences in 
activity levels among moose in different pens.

Several authors have reported that, during summer, the 
portion of time committed to feeding by domestic and wild 
ruminants increases as forage availability declines (Arnold 
1960, Allden 1962, Young and Corbett 1972, White et al. 
1975, Trudell and White 1981). Roby (1980), however, found 
that caribou on poor winter range (low lichen availability) 
exhibited reduced activity levels in contrast to those on
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better range, and he suggested that animals in poor 
condition reduced activity to conserve energy.

Risenhoover (1987) reported that moose in Denali 
National Park were active, on average, for 6.5 hours per 
day (390 min/d) from January through March 1983-4, while 
moose at Isle Royale, Michigan were active for 8.9 hours 
per day (534 min/d). Moose achieved higher foraging rates 
and ingested digestible protein and digestible energy more 
rapidly in habitats at Denali National Park than in 
habitats at Isle Royale (Risenhoover 1987). D. Miquelle 
(pers. comm.) reported activity levels of 459 minutes per 
day for cow moose in Denali National Park in 1985. Average 
activity levels for individual moose in my study were 
within this range of estimates (range from 425 to 534 
min/d, mean = 485.8), with no apparent relationship to 
deciduous browse availability. It should be kept in mind 
that the other studies relied on interpretation of signal 
patterns from radiocollars to determine activity type, 
which are highly subject to misinterpretation (Gillingham 
and Bunnell 1985).

Since the amount of time spent active is influenced by 
distance travelled (Cederlund 1981, Risenhoover 1987), 
confinement to 2.6 km2 pens may have lowered active bout 
lengths of MRC moose. Winter home ranges of moose consist
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of a series of high use areas connected by corridors (Van 
Ballenberghe and Peek 1971) and thus movements are a 
function of distance travelled during feeding within a 
foraging patch and the distance travelled between foraging 
patches. Average moose home range sizes during winter 
range from 3.6 km2 to 15 km2 (Houston 1969, Loisa and 
Pulliainen 1968, Phillips et al. 1973, Risenhoover 1987). 
MRC moose spent an estimated 0.8% to 3.9% of their time 
travelling during winter. Risenhoover (1987) estimated 
that moose in Denali and Isle Royale National Parks spent 
5.8% and 9% of their time, respectively, searching for 
food. However, my estimates included only walking bouts 
lasting 6 or more seconds, while his included all time not 
spent ingesting vegetation during active periods. It is 
also not clear in either study what portion of time was 
devoted to long periods of movement. Risenhoover estimated 
that moose moved an average of 1095 m/day and 1282 m/day in 
Denali National Park and Isle Royale National Park, 
respectively, during winter. This indicates that long-term 
movements probably contribute little to a moose's average 
daily activity level.

The high variability in activity level found for 
individual MRC moose between days and among animals within 
pens was in agreement with data reported by others.
Georgii (1981) found high variability among individuals and
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between days for roe deer, with time spent active differing 
by up to 6 hours between days. He found, on the same 
range, that 2 animals had a steep increase in activity at 
the end of February, while activity of another decreased. 
Phillips et al. (1973) reported that some moose remained 
relatively sedentary for an entire month, while others 
would traverse their entire home range during that time. 
Georgii (1981) found that older animals tended to be less 
active than younger mature animals. MRC moose 2-1, an old 
animal, as determined by tooth wear, was consistently less 
active and more sedentary than most of the other moose.

Mean activity levels for moose at the MRC during 
winter differed by a maximum of 90 minutes, or by 
approximately 6% of a 24-hour period. Based on Renecker 
and Hudson's (1983) estimated 33% increase in energy cost 
(KJ/hr/kg°•75) for a feeding vs a ruminating moose during 
winter, daily energy expenditure differed among individuals 
by a maximum of roughly 2%. An 8% difference occurred in 
average time spent walking while active between the most 
mobile and most sedentary moose. Based on the estimated 
increase in energy cost (KJ/hr/kg^•7 )̂ of walking over 
feeding (Renecker and Hudson 1983) of 30%, a maximum 
difference in energy expenditure of 2.4% occurred among 
individuals during periods of activity of the same length. 
Since the most mobile individuals were also the most



106

active, the largest difference between individuals was 
approximately 4.8%. Differences between individuals may 
reflect different energy balance strategies. The most 
active individual may be more discriminating in diet 
selection, thereby offsetting the increased energy 
expenditure with increased energy intake.

Effect on 24-Hour Activity Patterns

Activity level is a product of the time required to 
harvest vegetation during active periods and the time 
required to process it during resting periods. Since both 
events are influenced by forage quality and availability, 
activity patterns provide an additional measure of the 
influence of habitat quality on activity.

Averages of from 11 to 13 bout changes per 24 hours 
for MRC moose were similar to numbers reported by DesMueles
(1968), Franzmann et al. (1976), Renecker and Hudson (1983)
and Risenhoover (1987) , but lower than the 15 changes (8.7 
beds per day) reported by Joyal and Ricard (1986).

Resting Bout Length.-- The rate of passage of food 
through a ruminant's gut is dependent on the digestibility 
of the food and the rate which nondigestible portions can 
be broken down into small particles (Van Soest 1965).
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During winter months, moose are feeding on diets high in 
lignin and other cell wall contents which are less 
digestible and break down at a much slower rate (Spalinger 
and Robbins 1987) and therefore have a slower passage rate 
(White et al. 1984, Renecker 1987) than summer forages. 
Spalinger and Robbins (1987) found that handling time, and 
thus food passage rate, are nearly asymptotic at high plant 
cell wall thicknesses. Thus, little difference in average 
resting bout lengths for moose consuming various winter 
diets may be attributed to small differences in passage 
rate. Passage rate of high fiber forage can be accelerated 
through more intense rumination (Spalinger and Robbins 
1987) .

Resting bout lengths of MRC moose suggest there was 
little difference in processing time for diets consumed by 
moose in different pens. Differences in the lengths of 
individual bouts may be a reflection of diet composition of 
various meals. The estimated vitro dry matter 
digestibility of birch CAG, cranberry and aspen bark are 
23.6-26.9% (Oldemeyer 1974b, Regelin et al. 1987), 34.5- 
41.8% (Oldemeyer 1974b, Oldemeyer and Seemel 1976, Regelin 
et al 1987) and 65.4% (in Renecker and Hudson 1985), 
respectively. Lowbush cranberry is lower in crude fiber 
(17.7%) than birch (29.8%) and aspen bark (24.2%) (in
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Oldemeyer 1974b) and may be broken down more quickly during 
rumination (Spalinger et al. 1987).

Average resting period estimates for MRC moose during 
February and March (165.8 min and 176.3 min, respectively) 
were slightly shorter than those reported by Risenhoover 
(1987) for Denali National Park moose (means of from 178.4 
to 192.3 min for 4 2-week periods) and Isle Royale moose 
(means of from 183.1 to 203.5 min for 4 2-week periods) 
during the same months. This may be due to a faster 
average passage rate due to the high percentage of lowbush 
cranberry in the diet of MRC moose. Moose at Denali 
consumed >94% willows (Risenhoover 1987) which contain 
27.2-40.3% crude fiber (Oldemeyer 1974b). Isle Royale 
moose consumed over 85% balsam fir and deciduous browse 
species (Risenhoover 1987), which have relatively high 
proportions of crude fiber as well (Oldemeyer 1974b). 
Renecker and Hudson (1983) reported average bedded periods 
of 135 minutes for 2 cow moose in December that apparently 
had a winter diet somewhat higher in digestibility and 
lower in crude fiber, due to the availability of leaf 
litter. However, D. Miquelle (pers. comm.) also reported 
average resting periods of 135 minutes for cow moose in 
Denali National Park.
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Active Bout Length.—  It has been demonstrated by 
Campling (1970), and shown for wild species (Spalinger 
1980, Robbins 1983) that when forage quality is low, 
ruminants forage until they reach a certain rumen fill 
level and stretch receptors in the rumen act as indicators 
that trigger the animal to stop feeding. The time 
necessary to reach rumen fill should therefore control 
active bout length. The following have been shown to 
influence forage intake rate of ruminants: forage 
availability; selectivity for acceptable food species, 
plants and plant parts; bite size; and handling time 
(chewing and swallowing).

Several authors reported a curvilinear relationship 
between selected forage densities and the intake rate of 
moose (Renecker and Hudson 1986a) and other wild ruminants 
(White et al. 1975, Collins et al. 1978, Wickstrom et al.
1984). An asymptote is reached where harvest rate is no 
longer limited by forage density. This suggests that at 
low densities of usable forages, ruminants must spend a 
longer time foraging to reach rumen fill.

Renecker and Hudson's (1986a) study showed very little 
forage selectivity by moose during winter. The number of 
browse species was not reported, but diets included leaf 
litter, which varied tremendously in availability between
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habitats. Risenhoover (1987) did not find a relationship 
between forage species biomass and intake for moose during 
winter on his 2 study areas. He found that moose fed very 
selectively and that periods of rapid consumption were 
frequently interrupted as an animal moved between patches 
of 'acceptable' forage. Risenhoover's study animals 
consumed a wide variety of forages and the use of some 
forages was highly dependant on the relative availability 
of more acceptable forages.

Spalinger et al. (1988) found that forage biomass 
densities affected intake of black-tailed deer ( 
hemionus sitkensis) only at very low densities (<0.5 g/m2) 
and when bite sizes were relatively small. This was due to 
an overlap in time of ingestion of a bite and search for 
the next bite. They found that bite size was 
overwhelmingly the determinant of intake rate. Risenhoover 
(1987) also found that moose foraging rates during winter 
were maximized when the largest available twigs were 
consumed. Smaller bite sizes could not be compensated for 
by an increased bite rate, as is the case for grazers, due 
to the additional time investment in locating, prehending 
and clipping each twig.

Spalinger et al. (1988) found that the fibrousness of 
plants consumed by black-tailed deer during summer
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significantly affected rate of food intake. Deciduous 
browse is uniformly high in fiber, but handling time may be 
reduced when leaf litter, evergreen browse and lichens are 
consumed.

There was no clear relationship between the average 
active bout length of an individual moose and deciduous 
browse available to that individual at the MRC. In fact, 
it seemed contradictory that the percentage of shorter 
active bouts was highest for 3 of the 4 animals in the pens 
with lower deciduous browse availability (pens 2 and 4). 
Differences between individuals within the same pen may 
have been partly due to differences in selectivity for 
birch vs cranberry, as well as for individual plants or 
plant parts. Either there were no true differences in 
intake among moose in different pens, or intake differences 
were not reflected by differences in activity level.

Since intake is dependant on bite size and bite rate 
(Wickstrom et al. 1984, Renecker and Hudson 1986a), and 
neither of these were measured, it is not possible to 
conclude that moose in pens 2 and 4 had lower intake rates 
than moose in pens 1 and 3. High feeding rates on forages 
other than deciduous browse CAG may have compensated for a 
lower intake during periods of searching and feeding on 
deciduous browse. Pen 4 moose were observed feeding
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continuously on old growth and large diameter twigs of 
deciduous browse, as well as cranberry, aspen bark and 
labrador tea.

The distribution of these forages was highly variable 
between species and between habitats. The 'acceptability' 
of some foods clearly changed between observation periods. 
This suggested that the animals may have modified their 
intake of less preferred species to satisfy the need to 
reach rumen fill within a certain time limit. The energy 
expended to obtain preferred species may have exceeded the 
energetic return from their intake.

The majority of birch CAG available to moose in pen 1 
was from lightly-browsed twigs produced from regrowth of 
plants disturbed by mechanical crushers. These twigs were 
presumably in a juvenile growth stage which is 
characterized by a high resin content (Bryant and Kuropat 
1980, Bryant et al. 1983). Resins are suspected to reduce 
birch CAG digestibility to moose and to be toxic to moose 
rumen microflora (Bryant and Kuropat 1980), both of which 
would tend to slow down passage rate (Hungate 1975). 
Although moose in pen 1 used birch in the crushed area 
often, they were also repeatedly observed feeding in less 
dense stands of older birch. Twigs were more widely spaced 
in the older stands and the moose broke branches to reach
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the stems higher up on the plants. Differences in intake 
between pens may have been lower than deciduous browse 
biomass estimates predicted, due to selectivity for 
lightly-resinated twigs by moose in pen 1. Deciduous 
browse utilized by moose in pens 2 and 4 was presumed to be 
low in resins (aspen seedlings, old growth, CAG from older 
regrowth and heavily-browsed plants) (Bryant and Kuropat 
1980, Bryant et al. 1983).

Physical or physiological changes in the ruminant 
coincide with seasonal changes in intake, which may have a 
direct effect on activity levels. Metabolic rate and 
energy intake of moose decline concurrently during winter 
(Renecker and Hudson 1986b, Schwartz et al. 1984, Regelin 
et al. 1985). However, it has not been demonstrated 
whether one is a cause or consequence of the other. Van 
Soest (1982) summarized information that showed that heat 
production in domestic livestock was reduced for animals in 
poor condition that had been in a negative energy balance 
for long periods. Regelin et al. (1985) suggested that a
decline in diet quality throughout the winter may account 
for a gradual decline of heat production in moose. With 
lowered metabolism, the energetic demands would be lowered 
and foraging intensity and foraging time could be reduced 
(in Bunnell and Gillingham 1985). This assumes that fat 
reserves are adequate to enable the animal to meet energy
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demands, since moose are in a negative energy balance 
throughout the winter (Schwartz et al. 1987a). Perhaps 
moose in pens with lower browse availability responded with 
greater reductions in metabolism, activity levels similar 
to moose in the other pens and lower food ingestion per 
active bout.

Reduction in rumen size during winter has been 
demonstrated in reindeer (Staaland et al. 1979) and red 
deer (Hofmann 1983) and is hypothesized to be an adaptation 
to reduce feeding time during times of low food 
availability (R.G. White - pers. comm, in Russell and 
Martell 1986). Renecker and Hudson (1986a) demonstrated 
that even when moose winter forage availability is high, 
the animal's consumption rate (g/min) is still lower than 
during summer. MRC moose in the pens with lower food 
availability may have responded with a greater reduction in 
rumen size during late winter (February and March), which 
would have lowered the time necessary to reach rumen fill.

An alternative hypothesis is that a reduction in rumen 
size during winter is an adaptation to reduce maintenance 
costs when nutritional requirements are lower. Benefits 
include less tissue to maintain, reduced numbers of 
microflora to support, more rapid rumen fill with shorter 
foraging bouts and increased motility of rumen contents. A
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smaller rumen would increase passage and perhaps more 
efficiently utilize the forage by using only the most 
digestible portions. Hubbert (1987) reported that birch 
twigs contain from 20% to 38% neutral detergent solubles, 
which would be digested much more rapidly than the fibrous 
portion of the twig. Under this situation, a reduction in 
forage availability during winter should result in a longer 
average active period, unless another physical change 
occurs to decrease passage rate. Results of Hubbert's 
(1987) study suggested that passage rate of forage during 
winter is altered so that when intake is high, foods move 
through more quickly than when intake is lower. Hofmann
(1969) reported that changes in particle sizes in feces 
suggest that ruminants can regulate the size of the 
ruminoreticular opening, which controls passage of food 
particles. Moose may be processing foods more thoroughly 
and passing them through more slowly to increase digestion 
when forage availability is low during winter. Thus, 
resting bouts would be terminated with relatively more food 
in the rumen and less browse would be required to reach 
rumen fill during the next active bout.

Results of other studies suggest that rumen volume may 
actually increase from summer to winter. Baker and Hobbs 
(1987) found that mule deer responded to an increase in the 
fiber component of their diet with an increase in intake
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and a decrease in passage rate, suggesting an increase in 
rumen volume. They concluded that, for mule deer, the 
volume of ingesta occupies only a portion of the available 
rumen space when forage quality is high. Rumen fill 
expands with a decrease in diet fiber, which exposes food 
particles to a longer period of microbial fermentation.
They suggest that an increase in gut tissue is possible, 
but would be energetically expensive. Gasaway and Coady 
(1974) provided limited data that suggests that rumen 
volume increases during winter for moose also.

Average active period lengths for MRC moose during 
February and March (81.9 min and 67.3 min, respectively) 
were somewhat longer than those reported for moose in 
Denali National Park (averages of from 50.8 min to 73.3 min 
for 4 2-week periods) (Risenhoover 1987). Averages were 
much higher for moose at Isle Royale (from 91.1 min to 
105.7 min for 4 2-week periods) (Risenhoover 1987), even 
though forage species biomass there was much higher than at 
the MRC. Moose at Isle Royale were selective and 88% of 
utilization occurred on 5 of 16 food species. They 
consumed an estimated 18% of the CAG twigs produced by diet 
species. In contrast, MRC moose used only 1 or 2 deciduous 
browse species and a very high percentage of CAG twigs were 
consumed. Other possible contributing factors include the
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inclusion of lowbush cranberry in the MRC moose's diet and 
a differential in rumen size.

A difference in snow depths between study areas may 
also have been an important factor. MRC moose movements 
were not inhibited by snow and had free access to ground 
vegetation throughout the winter. Snow depths at Isle 
Royale averaged 40-65 cm and 80-100 cm during the 2 winter 
study periods and movements were greatly restricted during 
the second year of the study (Risenhoover 1987).

Condition Change of Moose

Weight losses of the 5 tame moose during this study 
were comparable to those of wild moose during winter, which 
averages 24% (Gasaway and Coady 1974) and may range from 
15% to 30% (Rausch 1959, LeResche and Davis 1973). Tame 
moose weights were comparable to average spring and fall 
weights for adult female moose in interior Alaska (360 kg 
and 475 kg, respectively) (Gasaway and Coady 1974).
However, weight loss in moose extends from late September 
to late May in interior Alaska (Gasaway and Coady 1974) and 
to late April/early May in Manitoba (Renecker and Hudson
1985). Weight loss would have been much greater for the 
MRC animals if they had been exposed to winter forage 
conditions for 7-8 months (Franzmann et al. 1978).
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Large weight losses of MRC moose suggest that all pens 
provided poor winter habitat for moose. This may be due to 
a lack of forage diversity in the diet and the occurrence 
of secondary compounds in forages consumed. Crude protein 
estimates of 7.5% for paper birch (Hubbert 1987) and 5.7% 
for cranberry (Oldemeyer 1974b) at the MRC indicate that 
minimum protein requirements of 5.9% for winter (Schwartz 
et al. 1987b) are, at best, barely met. The proportion of 
nitrogen which is unavailable to the animal due to the 
binding actions of some plant secondary metabolites is 
unknown.

As stated before, much of the birch CAG available to 
moose in pen 1 was thought to be heavily defended with 
resins. Lowbush cranberry is relatively high in digestible 
energy compared to deciduous browse (LeResche and Davis 
1973, Oldemeyer 1974b, Oldemeyer and Seemel 1976), and its 
addition to a birch diet increased in vitro digestibility 
of the diet (LeResche and Davis 1973). However, since, in 
general, evergreen shrubs tend to be high in secondary 
compounds (Bryant et al. 1983), lowbush cranberry may be 
beneficial in small quantities but unsuitable as a major 
diet component.

Diet diversity has been shown to be beneficial to mule 
deer ( Odocoileus hemionus hemionus) (Longhurst et al. 1968)
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and moose (Oldemeyer et al. 1977, Miquelle and Jordan 1979) 
and several authors show that moose consume a highly mixed 
diet when available during winter (Peek 1974, Crete and 
Bedard 1975, Miquelle and Jordan 1979, Risenhoover 1987, 
Renecker and Hudson 1986a, Joyal 1976). In contrast, all 
MRC moose were almost totally dependant on only 2 or 3 
species, further suggesting poor diet quality.

There was a considerable difference in the amount of 
weight lost among the 5 moose for which weight estimates 
were obtained. Two of the 3 tame moose in the pens with 
the most available birch (moose 1-2 and 3-1) lost >20% less 
weight than pen 4 moose, suggesting their better ability to 
meet energy demands. Moose 1-1, who lost weight comparable 
t 6 that lost by pen 4 moose, was the least active animal 
and may have been less discriminating in diet selection 
than the other 2 moose in the better-quality pens.

The 2 wild moose were judged to be in fair condition 
in fall and poor condition in spring (A. W. Franzmann 
pers. comm.). Another cow and 2 calves confined to pen 2 
during that winter died in spring, providing further 
evidence of the poor quality of the habitat. A tame bull 
moose confined to pens 2 and 4 during the following year 
died of starvation during late winter.
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Seasonal Differences in Activity

The increase in activity levels by MRC moose from 
winter to summer is consistent with what has been found for 
cervids by others (Knorre 1959, Craighead et al. 1973, 
Simpson 1976, Ellenberg 1978, Gates 1980, Cederlund 1981, 
Georgii 1981, Renecker and Hudson 1983). This increase 
coincides with higher forage quality (Oldemeyer et al. 
1977), forage intake (Schwartz et al. 1984, Renecker and 
Hudson 1985) and metabolic rate (Renecker and Hudson 1983, 
Regelin et al. 1985). My data suggests that seasonal 
differences in activity levels of MRC moose were 
reflections of food processing time, as influenced by these 
changes.

Resting Bout Length

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

My findings of shorter resting bouts in summer for 
moose concurs with those reported for other species.
Several authors have reported an increase in the number of 
active bouts from winter to summer for northern ruminants, 
suggesting that individual resting bouts are shorter (in 
Cederlund 1981). Miquelle and Jordan (1979) reported 7 to 
8 feeding periods per day for moose during summer on Isle 
Royale, which is comparable to the number for MRC moose. 
Cederlund (1981) found that roe deer had shorter resting 
periods during summer than during winter.

Active Bout Length

There was no consistent pattern to indicate 
differences in active bout lengths of MRC moose during 
winter and summer. Since moose are eating to rumen fill or 
satiation (Ammann et al. 1973), they apparently do so, on 
average, in the same amount of time during both seasons.

121
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The length of an active bout is dependant on the space 
available in the rumen at the beginning of the bout and 
characteristics of the habitat where feeding occurs (forage 
availability, quality and distribution). Renecker and 
Hudson (1986a) found that dry matter intakes were lower in 
winter than summer, due to lower bite rates, smaller bite 
sizes and a higher search effort. It seems plausible, 
then, 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 (White et al. 1984).

Other factors influence active bout length differently 
between seasons. Some moose spent a much larger portion of 
their active time travelling during summer than winter.
High ambient temperatures during some summer days caused 
moose to seek relief by immersing in ponds. Day length may 
also be a consideration, although Risenhoover (1986) found 
that Denali moose were equally active during day and night 
in winter. There is good evidence for moose and other 
northern ruminants, that activity is greatest near sunrise 
and sunset (Best et al. 1978, Georgii 1978, Russell and 
Martell 1986).
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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 (Edgerson and McConnell 1976, Knorre 1959, Renecker 
and Hudson 1986b). Ambient temperatures were above a 
moose's upper critical temperature of -5° C in winter and 
14-20° C in summer (Renecker and Hudson 1986b) during 
periods of both seasons. Moose were observed to seek shade 
during hot days in summer. Shorter feeding periods on hot 
days may have been compensated for by long feeding bouts 
during cooler portions of the day. Although a moose's 
thermoneutral zone appears to extend below -30° C (Renecker 
and Hudson 1986b) during winter and low temperatures do not 
necessarily affect the animal's activity level (Risenhoover
1986), moose may seek thermal cover, where food 
availability is lower (Yazan and Glushkof 1969) .

Georgii (1981) found that active periods were shorter 
during winter than summer for red deer and that, during 
winter, numerous short bursts of activity were common. 
However, his animals were feeding at artificial feeding 
stations that concentrated individuals and probably 
minimized search time. Cederlund's (1981) data suggested 
no difference in active bout length between winter and
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summer for roe deer, but suggested that bouts were longer 
in spring and fall.

Miquelle and Jordan (1979) found that feeding 
periods on Isle Royale averaged 56 minutes from June 
through August (10-15 minutes below values for MRC moose). 
However, these only included periods of continuous feeding

i

and total active periods were somewhat longer than this.
The average for Isle Royale moose during winter was much 
longer than in summer (102 minutes) (Risenhoover 1987).

i

Several authors attribute deep snows to increased 
searching effort (Renecker and Hudson 1986b), increased 
energy expenditure during foraging (Verme 1968, Mattfield 
1974, Parker et al. 1984, Fancy and White 1987), reduced 
movements (Crete and Bedard 1975, Roby 1980, Cederlund 
1981), lowered forage intake (Moen 1976, 1978, Cederlund 
1981) and shorter feeding periods (Cederlund 1981) for 
cervids. Snowfall was light at the MRC during this study 
and is probably of minor importance to moose activity on 
the Kenai lowlands during most winters. However, the 
influence of snow on moose within other study areas 
(Renecker and Hudson 1986b, Risenhoover 1987, Miquelle 
pers. comm.) complicates the comparisons made with MRC 
moose.
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CONCLUSIONS

Winter activity estimates for moose in this study are 
representative of animals within fair to poor habitat, but 
that are unimpeded by deep snow. Large differences in 
available deciduous browse CAG, which consisted of 1 
species, had no detectable influence on activity. This was 
partly due to large variations among individual moose and 
the use of alternate forage, including a low-growing 
evergreen shrub and lower-quality browse. Differences in 
reductions in metabolic rates and other seasonal 
physiological changes between moose in areas of different 
'quality' are also hypothesized as influences. Results of 
this study are in contrast to those reported by Risenhoover 
(1987), which suggested that differences in food intake 
rate between areas resulted in clear differences in moose 
activity level. His study areas were at different 
latitudes, supported relatively high quantities of a 
diversity of deciduous and evergreen browse and were 
influenced by moderate to deep snows.

Estimates for individual MRC moose ranged widely and 
overlapped averages for both of Risenhoover's (1987) study 
areas. This suggests that, for winter conditions found at 
the MRC, the poor quality of the habitat is not reflected 
in activity levels. Thus, using activity as an indicator
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of habitat quality may be of little value, at lease within 
the range of forage conditions present at the MRC.

Average resting bout lengths differ little
between areas, and I conclude that this is due to the 
uniform slow passage of winter forages through the moose
digestive system. Differences in mean active bout lengths
between areas were more apparent. Active periods are 
influenced by a variety of factors which might also 
influence forage intake, including acceptability of forage 
at the level of plant species, individual plant and plant 
part, as well as forage availability as influenced by 
individual plant species distribution, stature and 
exposure. High variability among individual moose and 
between days make comparisons between few individuals from 
different areas difficult.

Although energy expenditure is significantly higher 
during feeding than while bedded, differences of a few 
hours spent active may be of little consequence to animals 
not in a stressed condition. These differences are hard to 
evaluate, because higher energy costs associated with 
increased activity may be offset by a higher energy intake 
due to increased selectivity. However, there is an upper 
limit to how long a moose will remain active, and the
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number of active periods per day during winter is highly 
consistent between individuals and study areas.

Differences in activity levels between seasons result 
from shorter resting bouts during summer, when forage is of 
higher quality and the digestive system is physiologically 
more efficient for meeting higher energy demands. Active 
periods are highly variable during both seasons and no 
clear differences occur between seasons. Higher forage 
quality and larger bite sizes during summer may be offset 
by greater selectivity and more time spent in non-feeding 
activities. Ambient air temperatures also influence 
activity.

This study provided information on activity during 
summer and winter which can be applied to a carrying 
capacity model. Mean activity values are applicable to 
areas with habitat conditions similar to those of the study 
area. Although the average amount of time spent walking 
comprises a very small portion of a day, the added energy 
expenditure is important and should be considered in the 
model. Walking activity involving very short movements is 
indistinguishable from feeding using telemetry, but since 
moose chew and swallow as they walk, the 2 activities are 
inseparable with this methodology. Movements of greater



distances (3 or more steps) can be distinguished and the 
added activity cost computed.

Activity estimates cannot be extrapolated to spring 
and fall. During these periods, changes in activity may be 
associated with physiological changes influenced by changes 
in vegetation (greenup, leaf senescence) and increased 
energy demands (calving, rut).
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