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Abstract: Incorporation of activity sensors in radiotags provides a mechanism for acquiring activity data on free-ranging bears (Ursus spp.). Tests 
of sensor sensitivity and correlation of sensor data with known levels of activity are rarely done. We used a surrogate test animal and generated data 
at 3 levels of activity (rest, walk, and run) from radiocollars with activity sensors constructed by 2 manufacturers (Types A and B). For the test, 
activity-sensor data differed between types, and variance among collars from the same manufacturer was substantial. Signals from Type A collars 
differed when the animal was resting and walking, and resting and running, but the signals were indistinguishable when the animal was walking or 
running. Type B collars were less sensitive to movement and gave inconsistent predictions of energy expended: a resting animal produced a measure 
of activity statistically > 0, a walking animal's signal was not different from zero, but a running animal's activity was >> 0. Because of the large 
variance both between and within collar types, we suggest that individual collars be calibrated to known levels of activity prior to attaching collars 
to bears. We collected 24-hr activity data on female black bears (Ursus americanus) in south central Louisiana during 2 winters and 2 falls. We 
found strong evidence that activity differed among 5 reproductive classes and seasons. However, high variability in activity among individual bears 
requires that large sample sizes be obtained to accurately depict circadian activity patterns. Because of high variability among activity sensors, 
among bears, and for activity bout duration, measuring activity levels requires greater care than distinguishing among patterns. We compared our 
data with subsamples of our data modified to mimic discrete tip and reset switch data. Some analyses of measurements based on the simulated data 
agreed with results from our original analysis, but discrete data, especially reset switch data, overestimated activity level and poorly paralleled diel 
pattern. 
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Knowledge of activity patterns increases our under- 
standing of bear behavior and acclimation to environmen- 
tal conditions. Numerous researchers have used radio 
telemetry to study circadian and annual activity of black 
bears (Amstrup and Beechum 1976, Lindzey and Meslow 
1976, Garshelis and Pelton 1980, Graber 1981, Smith 
1986). However, the inconsistencies we saw among pub- 
lished activity studies included: (1) arbitrary definitions 
of activity; (2) different computational methods; (3) dif- 
ferences in activity detection methods, and (4) different 
sampling regimes. We also found little correlation of ac- 
tivity data with behaviors of interest. 

Studies of bear activity levels and patterns have used 
the following methods: (1) relocation or signal modula- 
tion-an animal is considered active if it changes loca- 
tion or the radio signal changes in tone or strength (signal 
modulation), indicating movement; (2) reset switch-ani- 
mal movement activates a motion sensor in the transmit- 
ter, causing a change in signal mode (such as increased 
pulse rate) that continues for a fixed time (e.g., 5 min) 
unless subsequent movement resets the timer, otherwise 
the transmitter returns to the inactive signal mode, and 
(3) tip switch-like the reset switch, animal movement 
activates a motion-sensitive switch in the transmitter that 
changes the signal mode (e.g., generating additional 
pulses). Tip switches differ from reset switches in that 
each transmitter pulse provides information about activ- 

ity allowing nearly instantaneous evaluation. Relocation 
measures only 1 type of activity and is only as sensitive 
as the tracking system employed. Thus, intense bouts of 
foraging within a small area relative to the precision of 
the tracking system would not be detected. Knowlton et 
al. (1968) refuted the use of signal modulation as a reli- 
able activity index. Reset and tip switch methods rely on 
transmitter circuitry and are therefore superior to reloca- 
tion or signal modulation, which may be biased by sub- 
jective interpretations of radio signals. 

We typically think of activity as indicating metabolic 
expenditure at a given intensity and duration. If activity 
is used in this sense, activity measurements should com- 
bine intensity and duration (Robbins 1983). 

Behaviors are often categorized (walking, grooming, 
etc.), but the metabolic expenditures associated with those 
behaviors lie along continua. Data from reset and tip 
switches are binary (on versus off, or left versus right). 
Typically, researchers examine a series of these binary 
observations and then categorize an animal as active or 
inactive based on subjective criteria. Categorizing an 
animal as active or inactive may not be necessary because 
other measures of activity level, such as the rate of switch 
activation, may be available. The act of categorizing ac- 
tivity data may lessen the ability to detect levels of meta- 
bolic expenditure. Some categorization is inherent in reset 
switches (Smith 1986) and is biased toward activity 
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(Quigley et al. 1979). Activity typically has been reported 
as the proportion of observations within the period of in- 
terest (for diel activity, an hour) that is declared as active 
(% active) or statistically modeled predictions of that pa- 
rameter (Garshelis et al. 1982). Percent time active dis- 
torts estimated energy expenditure because it fails to 
capture intensity. For example, if 1-min samples were 
taken on a bear walking for an hour over a course, the 
animal would be 100% active during that period. If the 
animal traverses the same course, but at a pace twice as 
fast as the initial traverse and rests during the remaining 
time, the bear would be 50% active but would have ex- 
pended slightly more energy than during the initial 
traverse, which was 100% active. The disagreement be- 
tween these interpretations results from the loss of infor- 
mation on activity level by the activity estimator. 
Knowlton et al. (1968) used the number of activity tip 
switch activations (ASAs) during the sample interval to 
estimate activity because it incorporated a relative mea- 
sure of activity intensity during any selected interval. Here, 
we correlate radio-transmitted activity data with behav- 
iors of interest and use fall and winter activity patterns 
among female black bears in south central Louisiana to 
examine the effects of applying different activity mea- 
surements to radiotransmitted activity data. 

METHODS 

Activity Switch Test 
We obtained radiotags from 2 manufacturers (Type A 

and B) under the same general specifications (Advanced 
Telemetry Systems, Isanti, Minnesota, USA; Telemetry 
Systems Inc., Mequon, Wisconsin, USA). Radiotags trans- 

mitting at 86 pulses/min were designed for collar attach- 
ment on black bears and were equipped with a 
motion-sensitive tip switch that increased pulse duration 
from 16 to 32 milliseconds (msec) in response to collar 
movement. 

We designed trials to test for differences in activity data 

generated by radiocollars from 2 manufacturers in re- 

sponse to 3 levels of activity: resting (seated or prone po- 
sition); walking (-5.0 km/hr); and running (-10 km/hr). 
We conducted 3 trials on 22 September (date 1) and 5 
trials on 9 November (date 2) during 1994. Trials con- 
sisted of alternately recording ASAs from 2 collars, 1 of 
each type randomly selected from our inventory. Both 
collars were attached to the same adult (-30 kg) Labrador 
retriever dog, while the dog was instructed (or led) to per- 
form each level of activity continuously for 10 min (date 
1) or 3 min (date 2). Data analyzed were the proportions 
of active pulses during each trial for each level of activity 
and manufacturer. We used mixed-model analysis of vari- 

ance (ANOVA; Littell et al. 1996) to test for differences 
between manufacturers, among activity levels, and their 
interactions (fixed effects), while treating trials as random 
blocks and collars as subjects. All pairwise comparisons 
of type-activity level combinations were made with the 
Tukey-Kramer adjusted type I error probability. 

Bear Data 
We captured female black bears from 2 populations 

within the Atchafalaya River Basin in south central Loui- 
siana (Wagner 1995): an inland population found in Pointe 
Coupee Parish and a coastal population found in St. Mary 
and Iberia parishes. Captured bears were fitted with 
radiocollars equipped with tip switches as described above 
(Type A). We grouped bears into 5 reproductive classes: 
pregnant females (AFP), solitary females (AFS), females 
with yearlings (AFY), adult females of unknown repro- 
ductive status (AFU), and subadult females (SF). 

We attempted to collect activity data continuously on 
individual bears over approximately 24-hr periods (ses- 
sions) during 2 falls (1 Sep-30 Nov 1995 and 1996) and 2 
winters (1 Dec-20 Mar, 1992-93 and 1995-96). Using a 
receiver, omni-directional antenna, and data collection 
computer, we recorded counts of active (A) and inactive 
(I) pulses/min. Because equipment sometimes failed due 
to a weak signal, improper recording by the data logger, 
battery discharge, or antennae cable malfunction, all ses- 
sions and all hours within sessions were not complete. 
We excluded from consideration any hour in which <6 
min of valid data were collected. For each minute we 
calculated A/(A+I) and averaged across hours. We tested 
for differences in A/(A+I) due to season, study popula- 
tion, reproductive class, and hour and their interactions 

using mixed model ANOVA. In our models, we treated 
bears and sessions within bears as random and we treated 
hours as repeated measures on bear sessions with a first- 
order autoregressive covariance structure. Model predic- 
tions were plotted to depict diel patterns. We also 
examined the smoothing effect of hourly activity rate cal- 
culation by plotting 3-min moving averages (MACT3) of 
raw activity ratios for each bear session. 

Simulation 
To examine effects of applying different activity mea- 

surements to radio-transmitted activity data, we sampled 
and converted our bear activity data to simulate 2 other 
measures. First, we broke each contiguous hr into 20- 
min segments to simulate 3 samples/hr. For each seg- 
ment, we constructed 2 binary measurements (active or 
inactive) that attempted to mimic reset and tip-switch 
metrics that follow decision rules used by Garshelis et al. 
(1982). Active state (0 or 1) for a segment was assessed 
for only the first complete 10-min block of time within a 
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segment. We calculated hourly activity ratios for both 
measurements for each session within a bear and tested 
differences between seasons and study populations and 

among reproductive classes and hour and their interac- 
tions using mixed model ANOVA as described above for 
continuous activity data. We plotted model predictions 
for 3 types of activity measurement (continuous tip switch, 
discrete tip switch with decision rule, and reset switch 
with decision rule) to depict measurement choice effects 
and calculated correlations among the measurement types. 

RESULTS 

Activity Switch Test 
Our 8 trials produced 23 activity-level ratios for each 

transmitter type (the dog was unable to complete the third 
test on date 1) for a total of 46 observations. Variation in 
mean activity level ratios among activity levels was in- 
consistent across transmitter types (F = 27.74; 2,26 df; P 
= 0.0001). With Type B collars, we were unable to detect 
different levels of activity from rest to run (Fig. 1). Al- 

though Type A collars allowed us to easily distinguish 
resting from walking, data from these collars poorly dis- 
criminated between walking and running at these sample 

Table 1. Comparison (26 df) of activity ratios (activity switch 
activations/pulse) measured during trials of a dog wearing 2 
types of radiocollars during 3 levels of activity. The test 
statistic, T, was (difference in least squares means)(S.E. of 
the difference) and was assessed with the Tukey-Kramer 
adjustment for type I error probability. 

Activity level 
comparison Type T pa 

Rest vs. walk A -8.35 <0.0001 
Rest vs. run A -9.35 <0.0001 
Walk vs. run A -1.39 0.7320 
Rest vs. walk B 1.42 0.7155 
Rest vs. run B -1.33 0.7675 
Walk vs. run B -2.70 0.1096 

aTukey-Kramer adjusted probability of a greater T. 

sizes (Table 1). In addition to differences in mean re- 

sponse, the 2 types of collars differed in the variance of 
their responses within levels of activity. Type B collars 
were insensitive to movement and therefore varied little. 
Type A collars were nearly twice as variable as Type B 
collars. Differences in sensitivity to movement among 
collar types was probably due to the position of the mer- 
cury switch on the collars relative to an animal's planes 
of movement and not due to differences in components 
(R. Huemphner, Advanced Telemetry Systems, Isanti, 
Minn., USA, personal communication, 1995). 
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Fig. 1. Least square mean activity ratios (+ 1 S.E.) for radiotransmitted activity data from a dog wearing 2 transmitters (types A & B, one at a time) as it was led through 3 levels of activity. 
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Bear Data 
We collected activity data during continuous monitor- 

ing sessions on female bears in south central Louisiana 
during winter 1993-94 (8 bears in 17 sessions), fall 1995 
(6 bears in 7 sessions), winter 1995-96 (3 bears in 3 ses- 
sions), fall 1996 (7 bears in 13 sessions), and winter 1996- 
97 (5 bears in 5 sessions). Acceptable data resulted in 
45,819 min over 886 hr on 17 bears during 45 sessions on 
2 study areas (Table 2). Only 46 (5.2%) hr had <20 min- 
utes of data. Sessions averaged 19.6 hr of data (SE = 

1.2), but only 8 sessions had <10 hr of data. We found 
that variation among bears within a reproductive class by 
study area and season contributed little in modeling ac- 

tivity ratio variation (P > 0.25). However, variation among 
sessions for each bear was high, and an autoregressive 
covariance structure to describe the variation among hours 
within a session was essential (P < 0.001). We took this 
as strong evidence that hourly activity levels were not ran- 
dom, but flowed within a day (i.e., activity level during a 

particular hour depended strongly on the activity level of 
the previous hour). Variation in mean activity rates among 
reproductive conditions was inconsistent across study ar- 
eas (F = 3.44; 3, 31 df; P = 0.0287) and between seasons, 
hour and reproductive condition (F = 1.44; 115,611 df; P 
= 0.0039). Plots of model predictions (least square means) 
adequately depicted variation in circadian activity patterns 
among female bear reproductive classes in south central 
Louisiana (Fig. 2). However, hourly activity rates ob- 
scured highly variable within-hour levels of activity (Fig. 
3). 

Simulation 
Resampling our bear data to simulate either discrete tip 

switch or reset switch data for each sampled interval, we 

produced 2 data sets containing 2,251 observations over 
841 hours on 17 bears in 38 sessions and included activ- 

ity measures. In our analysis of discrete tip switch, as 
with the continuous tip-switch data, we found that mean 

activity for reproductive classes varied inconsistently 
across study areas (F = 4.15; 3, 61 df; P = 0.0096), and 
between season, hour and reproductive condition (F = 

1.43; 115,536 df; P = 0.0045). For simulated reset switch 

data, we found significant interaction between season, 
hour, and reproductive condition (F = 1.55; 115, 536 df; 
P = 0.0007), but failed to detect a study area or study area 

by reproductive class interaction (all P > 0.1). 
We found a strong positive linear correlation between 

continuous tip switch and discrete tip switch predictions 
(r2 = 0.82) and a strong but lower correlation between 
continuous tip switch and reset switch predictions (r2 = 

0.63). Despite high correlation, circadian activity patterns 
for the 3 activity measures are different (Fig. 4). In par- 
ticular, winter activity patterns for denned adult female 
bears in a birthing year were overestimated by discrete tip 
and reset switches, and the diel pattern was distorted by 
overestimation of activity in certain hours. 

DISCUSSION 
Energy expenditure during terrestrial locomotion is ex- 

pressed as a linear function of velocity for large animals 
(Robbins 1983). Results of our activity trials using a dog 
surrogate proved that motion sensors could be designed 
to capture data predictive of the increasing trend of en- 

ergy expenditure. However, all radio activity switches 
are not equal and may vary by manufacturer, even to the 

point of producing activity data from which activity in- 

tensity is indistinguishable. Therefore, it is essential that 
researchers test and calibrate activity sensors to match 
behaviors of interest. This rarely has been done. Garshelis 
et al. (1982) observed bears recovering from anesthesia 
to develop decision rules that distinguish between head 
movements and locomotion; they correlated distance 
moved with an activity measure derived from data to which 
the decision rules were applied. Others merely have ap- 
plied previously reported decision rules to quantify activ- 

ity data. We believe that sensors, like those produced by 
manufacturer A, can predict energy expenditure associ- 
ated with moderate levels of movement, but that energy 
cost estimates at low and high activity levels will be less 

precise. We recommend surrogates such as large dogs for 

testing sensitivity of a particular collar design and for test- 

ing variability among collars of the same design. High 
variation within a design means large sample sizes are 

required for accurate determination of activity patterns. 
As with most southern populations, activity patterns of 

black bears in Louisiana during and just prior to winter 
are highly variable. Despite highly variable diel activity 
patterns, we observed considerable differences among 
bears in different reproductive classes (Fig. 3). In par- 

Table 2. Number of activity sessions observed during a study of female black bear activity patterns in south central Louisiana, 
1993-97. Some individuals were sampled across multiple years and reproductive classes. 

Adult female Adult female Adult female Adult female Sub-adult 

Study area solitary pregnant yearlings unknown female 

Coastal 1(1) 4 (2) 5 (2) 2 (1) 5(1) 
Inland 7(5) 16(6) 3 (1) 0(0) 2(1) 
Total 8 (6) 20 (8) 8 (3) 2 (1) 7(2) 
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Fig. 2. Hourly activity patterns predicted from a mixed model analysis of variance (ANOVA) of hourly means of activity ratios 
recorded each minute and observed during 24-hr monitoring sessions of female black bears in 5 reproductive classes living 
in 2 study areas in south central Louisiana during 2 falls and 2 winters, 1993-97. Reproductive classes were pregnant females 
(-*-), solitary females (-A-), females with yearlings (-@-), adult females of unknown reproductive status (-+-), and 
subadult females (-v-). 
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Fig. 3. Four typical 3-min-moving averages of activity ratios (MACT3) for activity intensity during short (<<1 hr) intervals 
among female black bears in south central Louisiana during 2 falls and 2 winters, 1993-97. 
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Fig. 4. Predicted hourly activity rates from continuously 
monitored tip switches and 2 simulations that sampled those 
data to mimic reset switches and tip switch-based binary 
measures of activity. Data based on female black bears in 2 
populations in south central Louisiana, 1993-97. 
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ticular, AFY had among the highest levels of activity, in- 

cluding modest amounts of winter activity. Differences 
in mean hourly activity were detectable between our 2 

study areas (Fig. 5). Because of inconsistencies among 
reproductive classes and our small sample sizes, we re- 
main cautious in our interpretation of our observed activ- 

ity patterns. 
Variability among sessions on the same bears over- 

whelmed variation among bears. This implies, for in- 

stance, that recording 24-hr activity sessions 3 times on 
each of 20 bears will capture nearly the same variance in 

activity levels as sampling 60 bears 1 session each. When 

sampling hourly activity rates, researchers must be cog- 
nizant of strong autocorrelation such as we observed be- 
tween sequential hourly activity rates within a session and 
not blindly treat these as independent observations. We 
observed a rich variety of activity levels found in our 
minute by minute monitoring (nearly continuous) that 

hourly rates tended to obscure. We suggest that this vari- 

ability makes these data more likely candidates as predic- 
tors of energy expenditure or certain behavior categories 
than hourly activity rates. 

Comparisons of continuous tip switch predictions with 
discrete tip switch and reset switch data provide quantita- 
tive evidence of the upward bias in activity levels that 
occurs when researchers record categorized measures of 

activity (active or not) rather than more direct ones, espe- 
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Fig. 5. Box plots of mean hourly activity level (activity switch activations/pulse) for pregnant female (AFP), solitary female 
(AFS), female with yearlings (AFY), adult female of unknown reproductive status (AFU), and subadult female (SF) bears 
monitored in coastal (C) and inland (I) study areas in Louisiana. Shown are median (central bar), quartiles (box), 1.5 times inter- 
quartile range (whiskers), and extreme values. 
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cially for reset switches. This bias resulted from the dimi- 
nution of the intensity component with increasing levels 
of categorization of continuous data. Although these 3 
measurements are strongly correlated, the pattern and lev- 
els of activity depicted by each can be quite different. 
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