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ABSTRACT: Activity patterns of free-ranging moose can be estimated from activity counts on
radiotelemetry collars. We observed a collared moose to calibrate activity counts on a collar to
activities of moose in natural habitats. If activity counts on the collar were low, it was likely that the
moose was inactive. However, we recorded high activity counts when the moose was active and on
25% of time intervals when the moose was inactive. The high activity counts were probably due to
collar placement and possibly due to bugs in the software of the prototype collar we used in 1994. We
also analyzed activity counts from collars on 6 free-ranging moose which were not directly observed
in 1995. Activity counts were lower from collars on free-ranging moose than from direct observations
because collars were placed higher and tighter on the neck. There were cyclic periods of activity and
inactivity throughout a 24-hour period when activity counts were taken every 10 minutes on free-
ranging moose. We averaged activity counts taken on 10-minute intervals to simulate GPS
observation interrvals of 1 to 4 hours typically used in this GPS collar. The correspondence between
averaged activity counts and percent of time spent active each day decreased if activity counts were
averaged over 2 hr because feeding and bedding periods occur together within the averaging period.
We caution that this could affect interpretation of daily activity patterns of moose from activity counts
averaged over periods longer than 1 hour.
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Radiotelemetry is used to obtainlocation  (Kunkel ez al. 1991). Unfortunately, the
and activity information from free-ranging authors did not observe resting and sleeping
animals. Locations are obtained by visual activity while the collars were on animals.
observation, by triangulation, and by satel- The GPS_1000 collar (Lotek Engineer-
lite positioning systems. Activity has been ing, Newmarket, Ontario) records activity
estimated by listening to pulse rates from a  counts with a dual-axis motion sensor that is
motion sensitive transmitter in a collar equally sensitive to vertical and lateral head
(Garshelis et al. 1982, Gillingham and and neck movements. The GPS capabilities
Bunnell 1985). This method discriminated of the GPS_1000 collar have been reported
between “active” and “inactive” behaviors elsewhere (Rempel et al. 1995, Moen et al.
with 75 to 90% success rates (Gillingham 1996). Activity counts are stored in user-
and Bunnell 1985), and continuous data are  specified time intervals on the GPS_1000
available because changes in behavior are collar. Unlike the collar used by Kunkel et
recorded as soon as they occur. An alterna-  al.,the GPS_1000 collar limits activity counts
tive approach is to incorporate an activity toarange of 0-255. The activity count time
counter into a collar, store the activity counts  interval should be set by the user so activity
on the collar, and periodically download the  counts do not exceed 255 in the specified
data. Initial tests of a collar using this ap- time period. The time interval between GPS
proach found 100% discrimination between observations is usually longer than the time
running and feeding/walking activities interval between activity counts in the
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GPS_1000 collar for power conservationrea-
sons. When this happens activity counts
from each activity count interval are aver-
aged over the entire GPS observation inter-
val. For example, if activity counts are re-
corded on 10-minute intervals, and GPS ob-
servations are recorded on a 3 hour interval,
then the reported activity count will be an
average of 18 activity counts. This averaging
scheme was devised by the collar manufac-
turer as a compromise between power con-
sumption and memory requirements of the
collar.

Activity count data from these collars
have not been validated or calibrated. We
observed a moose wearing a GPS coilar to
calibrate activity counts reported by the col-
lar and moose behavior. We also analyzed
activity counts from collars on 6 free-ranging
moose for relationships between activity
counts and moose behavior, distance moved,
and seasonal patterns of activity. We used
activity counts from 10-minute intervals col-
lected over 24 hours to determine the utility
of averaged activity counts when GPS loca-
tions occurred on 1 to 4 hour intervals.

METHODS

Collar Versions

We placed a prototype of the GPS_1000
collar collecting undifferentially corrected
GPS locations on a yearling female moose at
the Moose Research Center (MRC), Soldotna,
Alaska from 17 to 30 June 1994. This moose
was observed to determine if the level of
activity by the collared animal could be cal-
ibrated with activity counts recorded by the
collar. We placed the differential mode ver-
sion of the Lotek GPS_1000 collar (version
2.00) on 6 free-ranging moose in Voyageur’s
National Park, International Falls, MN. We
planned to have 12 months of GPS and activ-
ity count data from these 6 collars.

Direct Observations of Moose
The yearling moose ranged freely
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throughoutthe 2.5 km?enclosure at the MRC.
We watched for 3 to 16 consecutive hours
each day from distances < 30 m. The time
interval between GPS fix attempts and the
activity count time interval were both 10
minutes, therefore no averaging of activity
counts occurred. Watches were synchro-
nized with GPS units on the collar. We
recorded the starting time of behaviors (bed-
ding, bedding and ruminating, feeding, walk-
ing, standing, and other) into a portable tape
recorder. The starting time and behavior
information was later transcribed to deter-
mine the time spent active during each activ-
ity count interval.

Activity Counts from Free-Ranging Moose

The collars failed due to battery
passivation after 4 to 6 months of operation.
One collar functioned until 15 June, 3 collars
functioned until 20 July, and 2 collars func-
tioned until 20 September. Intervals between
location attempts on moose were 10 minutes
or 4 hours. Each collar recorded GPS loca-
tion data and activity counts on 10-minute
intervals 1 day per week from 1 March to 15
April, and 1 day every 2 weeks thereafter. On
all other days GPS locations were taken eve-
ry 4 hours. On days with 4-hour GPS obser-
vation intervals, activity count data were
recorded every 10 minutes and 24 separate
activity counts were averaged in each 4 hour
period.

We used post-processing software to cal-
culate differential mode GPS locations when
collars were on free-ranging moose. Base
station data were collected from a Trimble
4000 community base station located in Min-
neapolis, Minn. This base station is about
375 km from the sites in Voyageurs National
Park. Base station files were converted to
RINEX format with Dat-Rinx version 1.0
(William Ehrich, Minneapolis, Minn.). Dif-
ferential corrections were performed with
N3win version 1.0 (Lotek Engineering, Inc.,
Newmarket, Ont.). We converted latitude-
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longitude locations (NAD83 datum) to the
UTM coordinate system (NAD27 datum)
with ArcInfo (version 7.0, Environ. Systems
Res. Inst., Redlands, Calif.).

RESULTS

Direct Observations of Moose

Data Censoring. -- A bug in the prototype
collar software periodically recorded activi-
ty counts of 0. We detected this bug because
activity counts of 0 were recorded for 78
consecutive 10-minute intervals each day.
The prototype collar and software are no
longer available so we cannot investigate this
bug further. Activity observations were dis-
carded if the 10-minute period occurred within
the series of 78 consecutive 0’s. Following
each series of 78 0’s was a series of 1 to 13
activity counts of 255. Althoughthese counts
of 255 could have been a part of the software
bug, they were not deleted from the data set
because they did not occur in a consistent
pattern.

Calibration of Activity Counts. -- During the
15 days in which the collar was on the moose,
we recorded activities for the entire 10-minute
interval on 651 of 1,987 intervals. Activities
were bedding (42%), feeding (28%), rumi-
nating while bedded (19%), walking (5%),
standing (4%), and other (<3%). Only 506 of
the 10-minute intervals had valid activity
count data due to the bug in collar software.
The moose was inactive (bedding, ruminat-
ing while bedding, or standing) for 280 of
these 10-minute periods, and active (feeding,
walking, other) for the entire 10-minutes in
148 10-minute periods. Intervals during
which the moose was active could be classi-
fied correctly 91% of the time using a cutoff
activity count of 250 (Table 1). However,
24% of the intervals during which the moose
was inactive had activity counts > 250 and
would have been incorrectly classified as
“active” using the cutoff activity count of
250. Activity counts < 100 indicated inactiv-
ity, only 4% of periods when the moose was
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Table 1. Percent of activity counts in each count
range when the moose was inactive (bedding,
ruminating while bedded, or standing still) for
an entire period (n = 280) and when the moose
was active (foraging, walking) for an entire
period (n = 148).

Count Range  Inactive Active
1-50 44 3
51-100 16 1
101 - 150 1
151 -200 1
201 - 250 3
>250 24 91

active for 10-minutes had activity counts <
100. A regression of activity counts on the
percent of time the moose was active ina 10-
minute period was not significant for the 78
periods in which the moose was both active
and inactive (P = 0.89, r* = 0.003).

The time which would be incorrectly
classifed as active would depend on the frac-
tion of time a moose was inactive each day.
For example, under direct observation the
moose spent 65% of its time inactive and
35% of its time active. Using a cutoff activity
count of 250 to indicate activity, predicted
inactive time is 53%, and predicted active
time is 47%. This example does not consider
the 10-minute periods in which the moose
was both active and inactive.

Free-Ranging Moose

Data Problems. -- The first release of the
GPS_1000 collar had a new bug in which the
activity counter did not always start at the
beginning of the 10-minute interval. Activ-
ity counts would be similarly affected in all
10-minute periods because the bug was
present in all collars at all activity levels.
Therefore, activity counts are comparable
among the 6 collars on free-ranging moose,
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but the potential effects of the bug will need
to be considered when comparing data col-
lected with the current collar software (ver.
2.10) which does not have this bug.

Activity Counts from Free-Ranging Moose.
We analyzed activity counts for 58 24-hour
periods with 10-minute GPS location and
activity countintervals from collars on moose
in Voyageurs National Park. In each of these
24-hour periods there was a series of high
activity counts which we interpret as forag-
ing bouts or walking separated by a series of
Jow activity counts which we interpret as
bedding (Fig. 1). We estimated the active
time per day by specifying a cutoff activity
count to signify when moose were active or
inactive. Using cutoff activity counts of 25
and of 50, the time spent active in a day
increased from about 7 hours in midwinter to
about 12 hours in summer, following season-
al trends in active time per day reported for
moose by other researchers (Fig. 2). The
exact value of the cutoff that should be used
cannot be determined because of overlap in
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activity counts when the moose was active
and inactive (Table 1).

Expected accuracy of differential mode
GPS locations from these GPS collars is
about 8 m 50% of time, and 20 m 95% of the
time (Moen et al. 1997, Rempel and Rodgers
1997). We calculated the straight-line dis-
tance between consecutive differential mode
locations on 10-minute intervals. Distances
were < 10 m in 56% of consecutive locations
which were 10-minutes apart, and 96% of the
consecutive locations at 10-minute intervals
were < 40 m apart (n = 6,717). The distance
moved in 10-minutes was > 80 m in < 1% of
the 10-minute periods, and < 200 m in all but
7 of the 6,717 locations. These movement
rates are straight-line distances between lo-
cations, the actual distance moved would
have been greater than the straight-line dis-
tance. Correlation between activity counts
and movement rate was low (r? = 0.29) be-
cause of the low movement rates and possi-
bly high activity counts when the animal was
inactive if classification errors occurred at a
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Fig. 1. Activity counts from a collar on the same free-ranging cow moose in northern Minnesota on
22 March and 19 July 1995. Both GPS and activity count intervals were 10 minutes on each day.
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Fig.2. Moose activity as a percentage of the 24-hour day for several studies compared to moose active
time interpreted from 10-minute activity counts from March to July. The lines marked “cutoff”
indicate the predicted active time per day from 10-minute activity count periods when the cutoff
activity count to differentiate between activity and inactivity was 25 and 50.

similar rate as in the direct observations (Ta-
ble 1).

The differentially-corrected locations in-
dicated that moose moved shorter distances
in winter than in summer. In summer 4% of
movements in 10 minutes were > 5 m, com-
pared to in winter when only 1.7% were > 5
m. Similarly, 1.4% of movements in 10
minutes were > 10 m in summer, compared to
only 0.3% in winter. The shorter movements
in winter corresponded to lower activity
counts on 10-minute intervals in winter than
in summer when collars were on free-ranging
moose (X2 = 604, P < 0.001).

Activity Count Comparison. -- We could not
use activity counts from direct observations
to calibrate activity counts from collars on
free-ranging moose in Voyageurs National
Park. The activity counts from free-ranging
moose in Voyageurs National Park were lower
than activity counts from the moose at the
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Moose Research Center (}? = 2177, P <
0.001). This difference in activity counts
from collars on moose in Alaska and Minne-
sota indicates that the absolute values of the
activity count data from our direct observa-
tions have limited utility in collars on other
animals, and recalibration would be required
in situations where a good relationship be-
tween activity counts and activities is de-
sired. Nevertheless, the qualitative perform-
ance of the activity sensor was similar in both
versions of the collar.

Activity Count Averaging. -- It is not possible
to collect GPS locations at 10-minute inter-
vals for longer than 40 days without exhaust-
ing battery power in the GPS_1000 collar.
Therefore, GPS location attempts must be
taken on longer intervals of 1 to 4 hours,
depending on desired battery life and study
design. During these longer GPS observa-
tion intervals, the activity counts are aver-
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aged in the GPS_1000 collar. We averaged
the 10-minute activity count data from each
24-hour period into simulated GPS intervals
of 1, 2, 3, and 4 hours to determine if aver-
aged activity counts were similar to the orig-
inal, un-averaged activity counts (Table 2).
Averaging of 10-minute activity counts re-
sulted in loss of information as expected. We
placed activity counts > 150 into a single
group and compared un-averaged activity
counts to averaged activity counts with 2
Even at an averaging interval of 1 hour there
was a difference between observed and aver-
aged activity counts (x> =12, P < 0.006) At
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averaging intervals > | hour observed and
averaged activity counts appeared to be more
different (x> > 16, P < 0.001).

We simulated 30-minute activity data by
adding activity counts of 3 consecutive 10-
minute activity counts together. If the result-
ing activity count was > 255, we set it to 255,
the maximum recorded by the collar. There
were again differences between averaged
activity counts and 10-minute activity counts
from which they were derived at the 1 hour
averaging interval (x> = 10, P < 0.014),
differences at averaging intervals of 2, 3, and
4 hours were greater (x, > 61, P <0.001).

Table 2. Observed percent of activity counts in 10 and 30 minute intervals classified into 50-count
intervals, and average percent of activity counts in each 50-count interval when the observed 10 and
30-minute activity counts were averaged over simulated GPS observation intervals of 1 to 4 hours.
Data was collected from collars on 6 free-ranging moose in northern Minnesota. The 10-minute
activity counts are from 24-hour periods when the collar recorded GPS observations and activity
counts on a 10-minute interval. The 30-minute activity counts are the sum of 3 consecutive 10-
minute intervals throughout the data set. If the sum was > 255 it was set at 255, the maximum

activity count recorded by the collar.

Averaging Interval

Activity
count 10 minute 1hr 2 hr 3hr 4 hr
<50 64 60 51 61 50
50 -99 13 21 41 30 45
100 - 149 12 14 6 7 5
150 - 199 7 3 2 2 0
200 - 249 3 2 0 0 0
250 1 0 0 0 0
n 1008 168 84 56 42

Activity
count 10 minute 1 hr 2 hr 3hr 4 hr
<50 49 42 23 16 0
50-99 7 10 21 30 36
100 - 149 7 15 32 29 57
150 - 199 6 9 16 20 7
200 - 249 5 7 7 5 0
250 27 17 | 0 0
n 336 168 84 56 42
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DISCUSSION

We believe that activity counts can be
used to interpret seasonal changes in activity
ifactivity count intervals are <10 minutes and
activity counts are not averaged, or if activity
counts are averaged over intervals of <1 hour.
Activities such as ruminating or resting while
bedded cannot be differentiated, but activity
counts can provide a quantitative basis for
comparison of activity patterns in poor and
good quality habitats (Cederlund et al. 1989).
Errors are reduced in intervals < 1 hr long
because foraging and resting are generally
broken up into distinct bouts. Correspond-
ence between averaged activity counts and
un-averaged activity counts declined as the
averaging interval increased because longer
averaging intervals were more likely to in-
clude both foraging bouts and bedded periods
(Risenhoover 1986, Cederlund et al. 1989,
Renecker and Hudson 1989, Bevins et al
1990, Van Ballenberghe and Miquelle 1990).
If averaging of activity counts is necessary
and is done on intervals <1 hour, caution
should be used in data interpretation. Be-
cause we collected GPS and activity count
data on 10-minute intervals, Table 2 can be
used to predict the effect of averaging activity
counts from the GPS_1000 collar when GPS
observation intervals are > 1 hour.

The range of activity counts while the
moose was inactive was much larger in the
prototype collar than in the GPS_1000 collar.
The collar was placed loosely on the neck of
the moose, and we believe the counter was
incremented during comfort movements and
possibly when the moose was panting while
bedded. The activity count sensor in the
prototype collar may also have been more
sensitive than those installed in the first re-
lease of the GPS_1000 collar. Because of the
distinct daily patterns in activity counts from
collars on 6 free-ranging moose (e.g., Fig. 1),
we believe that the results presented in Table
1 from our direct observations represent the
maximum misclassification error to be ex-
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pected with these collars. More direct obser-
vations of moose wearing the GPS_1000
collar are required to test this hypothesis.

The seasonal change in activity counts
was not unexpected. There are many reasons
why head movements which increment the
activity counter occur more often in summer
than in winter. Movement is restricted by
snow. Head movements required to strip
leaves are longer than head movements re-
quired to clip twigs, and more browse is eaten
per day in summer than in winter. Insect
harrassment would occur in summer. Head
movements while tending calves would in-
crement the activity counter, and 5 of the 6
free-ranging moose were females with calves.

The potential for problems in hardware
and in software increases as equipment be-
comes more technologically advanced. Mer-
cury tip switches used to increment activity
counters can fail in cold temperatures, even
though collar electronics continue to func-
tion (Maier et al. 1996). Both the prototype
version and the first release of the GPS_1000
collar had software bugs which affected the
activity counts. It is necessary to be aware of
the potential for bugs in any software-driven
product, and it is desirable to test performace
of all components of these collars in control-
led situations to verify that all components
work correctly.
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