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GPS approach to study fine-scale site
use by wild red deer during active and

Christophe Adrados, Hélene Verheyden-Tixier, Bruno Cargnelutti,

Abstract Studying fine-scale habitat selection of wild mammals relative to environmental parame-
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Dominique Pépin, and Georges Janeau

ters requires 1) correctly sampling the species’ activity in time and space and 2) measur-
ing the environmental variables at those locations. We propose a procedure using
Differential Global Positioning System (DGPS) technology to achieve these goals. A data
set from red deer (Cervus elaphus) was used to demonstrate the method. We validated an
individual-based relative method using the count provided by a GPS collar activity sensor
to separate active from inactive behaviors. This method allowed the correct classification
of locations as active or inactive (82-97% of correct allocations depending on the fix inter-
val used). We analyzed activity sampling using various fix intervals (5, 10, and 15 min)
and the resulting spatial sampling when we retained only highly accurate locations (<10-
m error radius); We demonstrated that long intervals between fixes could cause a loss of
information for the shortest activity bouts, which make up 5 and 11.5% of the daily budg-
et using 10- and 15-min fix intervals, respectively. The proposed spatial sampling allowed
65 to 73% of the total fixes to be kept. Active bouts were slightly undersampled, where-
as inactive bouts were oversampled. We used a subsample of animal locations that were
relocated using hand-held DGPS to measure several environmental variables in situ and
examined the variations relative to animal and activity combinations.

activity, activity sensor, Cervus elaphus, differential correction, GPS, Global Positioning

System, habitat use, red deer

A wide range of environmental or behavioral fac-
tors can influence habitat selection in ungulates
(e.g., Collins and Urness 1983, Merrill 1991, Bon et
al. 1995, Conradt 1998, Carranza and Valencia 1999,
Mysterud et al. 19994). Spatio-temporal scale for
studying ungulate distribution ranges from popula-
tion units in the landscape to habitat use in indi-
vidual home ranges and even further to plants and
bites taken on individual feeding stations (Johnson
1980). In this paper we propose a methodology to
study fine-scale site selection by wild ungulates
using Differential Global Positioning System
(DGPS) tools. Our objective was o test some pre-
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dictions from the food-cover hypothesis (Staines
1977, Mysterud and Ostbye 1999, Stromeyer et al.
1999), focusing on third-order habitat selection
(Johnson 1980). To demonstrate the methodology,
we use a preliminary data set on red deer (Cervus
elapbus).

We used Lotek GPS 1000 collars (Lotek Engi-
neering Inc., Newmarket, Ont., Canada) in differen-
tial mode because the locations obtained were
more accurate than in direct mode (Rodgers and
Anson 1994, Moen et al. 1996b, Rempel and
Rodgers 1997, Janeau et al. 1998, Dussault et al.
2001) even after Selective Availability (SA) error




was removed (Adrados et al. 2002). These GPS col-
lars contain a sensor that can be used to assess
animal activity (Moen et al. 1996a), but calibration
for each animal and season is necessary because
collar position and tightness along the neck may
vary between and within animals (e.g., the neck
circumference of male red deer increases during
the rut). Because locations collected by DGPS are
accurate to within a few meters, it is now conceiv-
able to achieve the same level of accuracy to
describe the habitat used in relation to activity. This
level of precision cannot be obtained by traditional
mapping methods using aerial or satellite imagery
(e.g.,Johnson et al. 2000, McClain and Porter 2000)
because the map obtained does not describe pre-
cisely the conditions under the canopy (e.g., plant
species, cover, visibility, ground litter).

To obtain data (activity and environment) on suc-
cessive locations of an animal during a 24-hr cycle,
it is necessary to:

1. Properly allocate each location to active or
inactive behavior,

'2. Obtain a sample of the activity and inactivity
locations in time, T

3. Measure the environmental characteristics on
a sample of these locations.

To satisfy these prerequisites, we proposed the
following:

1. An individual-based relative method that does
not require further calibration to separate
active from inactive behavior. We validated
this procedure using experimental data.

2. A 2-order hierarchical sample of activity and
inactivity locations, first in time and then in
space. Using data from wild animals, we first
assessed effects of various fix intervals on activ-
ity sampling to select the appropriate time
interval. Secondly, we took the most spatially
accurate locations and examined their distribu-
tion within activity and inactivity bouts.

3. A procedure to sample the environmental
characteristics of the locations and to exam-
ine their variations relative to animal and to
activity combinations.

Finally we discuss the advantages and disadvan-
tages of this approach, needed improvements, and
its potential to answer various questions about spa-
tio-temporal behavior of wild ungulates.
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Methods and study area

We fitted all animals with differential 6-channel
GPS 1000 collars, software version 2.11. Location
attempts were scheduled with GPSHost 1000 soft-
ware, version 3.08 (Lotek Engineering Inc,
Newmarket, Ont., Canada), and pseudo-ranges were
downloaded via a radio modem command unit con-
nected to a laptop computer. The pseudo-ranges
were corrected using N3WIN software, version
2.40 (Lotek Engineering Inc.). The reference base
station was a 12-channel GPS Pathfinder with Path
Finder Community Base Station (PFCBS) software,
version 2.67 (Trimble Navigation Ltd., Sunnyvale,
Calif., USA). The distance between base station and
animals with GPS collars was about 280 km for cap-
tive deer and 240 km for wild deer. We used a real-
time differential hand-held GPS (GPS PRO XR,
Trimble Navigation Ltd.) to find activity sites of red
deer in situ. We collected the differential correc-
tions from a geostationary satellite by a mobile
receiver station (in open view of the sky) located in
the study area and broadcast them to the hand-held
GPS by a radio modem (up_to 5 km). Fix accuracy
obtained was submetric.

Tracking procedure

We used 4 captive, tame, adult, female red deer to
validate the procedure of activity assessment based
on the activity 'sensor in the GPS collars. We fitted
the animals with the GPS collars and released them
in a 1-ha park at the Institut National de la Recherche
Agronomique (INRA) in Clermont-Ferrand, France
(45942'N, 03°30'E), where we observed them after a
7-day period of acclimation. Two of them (#1 and
#2) belonged to a group of 15 hinds ranging in grass-
land and supplemented with pelleted food. Their
GPS collars were scheduled for a S-min fix interval

during 24 hr and then for a 15-min fix interval dur- :

ing 24 hr. We continuously observed them from a
watchtower during the morning and afternoon on 2
different days in April 1998. Animals #3 and #4
belonged to a group of 3 hinds ranging in an enclo-
sure covered by woodland (oak [Quercus roburl,
chestnut [Castanea satival, beech [Fagus sylvati-
cal, fir [Abies alba),and pine [Pinus sylvestris}) and
meadows. We tracked them with a 10-min fix inter-
val, and 2 observers on foot followed 1 animal each
at a distance <3 meters continually during daylight
hours on 3 different days in October 2000.

We tracked adult wild red deer in the Parc
National des Cévennes, France (44°19'N, 03°45'E),




which is a mountainous area (800-1,700 m) with a
wet climate (annual rainfall: 900-1,500 mm, mean
annual temperature: 7-8°C). Vegetation consisted
of a mosaic of mixed forest (pine, fir, beech, oak,
chestnut), moorland (Cytisus purgans, Vaccinium
sp., Calluna vulgaris, Erica sp.), and pasture used
by cattle and sheep. We trapped red deer with the
authorization of the Parc National des Cévennes
and the French Ministry of Agriculture (permit n°
7382). We immobilized them using a combination
of medetomidine (Orion Pharma, Espoo, Finland)
and ketamine hydrochloride (Merial, Lyon, France).
We administered atipamezole (Orion Pharma,
Espoo, Finland) as an antagonist to medetomidine
and released them at the capture site. First, we
tracked 2 males and 1 female with a 5-min sampling
interval to examine duration of activity periods, 1
male during 5 consecutive days in December 1997
and the 2 others during 24 hours in August 1998.
We tracked 3 other adult deer, 2 males (A and B)
and 1 female (C), with a 10-min sampling interval
during a 24-hr cycle in April 2000 to assess the sam-
pling of activity locations and the link with envi-
- ronmental variables. ‘

Individual-based relative method to
separate active from inactive bebaviors

The dual-axis motion sensor of the GPS collars
provided an activity value ranging from 0-255 for
each fix attempt. This value was averaged over the
1-min time interval between 2 fixes (Lotek
Engineering Inc. 1997). For each animal, we used a
graphic method in which cumulative activity values
were plotted against time to separate active from
inactive points. The hypothetical straight line (Zy)
of mean activity during the 24-hr period defined a
referential slope (a). The observed slope between
2 successive points (@) was compared with a; the
animal was considered active if a>a,, and inactive
if a<ay. We classified the activity as “medium”
when a could not be distinguished from . This
method provided a relative individual-based thresh-
old value for each 24-hr cycle rather than an arbi-
trary absolute threshold that could fluctuate
according to position of the collar along the neck
(animal behavior) and tightening of the collar (sea-
son and animal) as pointed out by Moen et al.
(19964) and Obbard et al. (1998).

We compared data obtained from continuous
observation of tame animals with data obtained by
analysis of their GPS collar’s activity sensor. The
observation allowed us to separate 2 activity

levels—“active when females were feeding or
moving, and “inactive,” when they were standing
immobile, grooming, ruminating, or sleeping. We
obtained time and duration of each observed active

or inactive bout. We fractionated the continuous
observation periods into successive 10-min inter-
vals corresponding to those obtained with the GPS
collar. We considered a fix interval as “active” if the
hind spent >60% of observed time active,“inactive”
if the hind spent <40% of the time active, and

“medium” for the remaining (40-60%). We predict-

ed that a>ay, for observed active behavior and a<
ay, for inactive behavior. We tested correspondence
between the collar sensor activity classes defined
above (excluding the uninformative “medium”
class) and observed activity for each animal and fix
interval using a x2 test or a Fisher’s exact test when
cell counts were <5.

'Samplz'ng of active and inactive

locations of wild red deer

To determine the appropriate time interval
between fixes for the kind of third-order analysis
(Johnson 1980) we wished to conduct, we analyzed
the distribution of activity-bout duration of wild red
deer tracked with the minimal time interval of 5
min. We performed a graphic analysis to identify
active and inactive periods, analyzed their distribu-
tion using descriptive statistics, and then estimated
potential loss for 10-min and 15-min fix intervals as
number of bouts lasting less than 10 min or 15 min
and their cumulative duration. We separately ana-
lyzed data from December 1997 and August 1998
to take into account a seasonal effect on duration of
activity periods.

We obtained the data set used from 3 wild ani-
mals located every 10 min in April 2000. In previ-
ous work with the same GPS devices, Adrados et al.
(2002) showed that >90% of 3-dimensional fixes
with a Dilution of Precision (DOP) of less than 10
were within a 10 m error radius. We used this rule,
consistent with other works on differential location
accuracy (Moen et al. 1996b, Rempel and Rodgers
1997), to discard less accurate locations (either 2D
fixes or DOP >10). We considered that the coordi-
nates of a 2D inactive fix could be replaced by
those of the previous or following accurate 3D fix
of the same inactive bout and called them extrapo-
lated fixes. We assumed that during such inactive
bouts, the animal did not move. We examined suc-
cess of this spatial sampling in covering daily activ-
ity patterns of the animals.




Environmental characteristics for a
subsample of activity locations

Within highly accurate locations, we selected
points >20 m away from a previous location (e.g.,
twice the location error). We used this subsample
of locations to characterize the environment
encountered by the animals -along their move-
ments. After each 24-hr recording, we reached each
localization of the subsample using a differential
hand-held GPS. Several environmental variables
were recorded in a 5-m radius and 2-m-high volume
centered on the location. We used a point-inter-
cepts method derived from the one used by Daget
and Poissonnet (1971) to estimate vegetation abun-
dance (see also Tixier et al. 1997). We held a thin
stake vertically on the ground 5 m away from thé
center of the location, in 4 directions (N, E, S, W),
and recorded number of species contacts with the
stake. For analysis, we summed number of contacts
by plant category: grass and forbs (GRASS), semi-lig-
neous (SHRUB), deciduous tree (DECIDU), and
conifer (CONIF). We estimated visibility using a 40
x 40-cm grid frame placed 5 m away from the cen-
‘ter of the location, in each of th¢.4 -cardinal direc-
tions, and held vertically 20 cor'high (correspon-
ding to a bedded deer) or 140 cm high (standing
deer). We summed the num-

all 99, 106, and 95 high-precision fixes recorded for
each animal, respectively.

As environmental variables were correlated and
not normally distributed, we used Principal
Component Analysis (PCA) to study differences
between sites. We used between- and within-class-
es PCA (Dolédec and Chessel 1991) to separate
total variability between and within animals or
activity-period combinations. We then used permu-
tations to test the significance of the partitioning
observed (Manly 1991). These analyses were done
with ADE.4 software (Thioulouse et al. 1995).

Results

Validation of the individual-based relative
method to assess activity on tame deer

We found good correspondence between the
activity derived from graphic analysis of the collar
data and observed activity for the 5-,10-,and 15-min
fix intervals for each animal (Table 1). Fisher’s
exact tests (for cell counts <5) indicated we could
not reject the hypothesis of greater probability for
an active (or inactive) collar value to be an active
(or inactive) observed value (P<0.004). We reject-
ed the null hypothesis of equal proportions among

ber of visible squares (>50%  Table 1. Correspondence between sensor-measured activity and observed activity (number
of the square area visible) to of records) of tame female red deer fitted with a GPS collar and free-ranging in a 1-ha park

provide a measure of visibili-
ty for each height (V20 and

in Clermont-Ferrand, France during April 1998 and October 2000 (see footnotes). Sensor
activity was determined using an individual-based relative method (see Methods).

V140, tively). A high
respectively) gh Observed

Collar sensor activity classes

value indicated good visibili-

interval  activity Active Inactive Medium
ty, and a low value indicated - - ) i i - )
. 5 min ani 12 ani 22 ani 12 ani 22 ani 12 ani 24
closed vegetation. We char- Active 17 5 9 1 1
acterized each . accurate Inactive 8 80 86 10 10
activity location by its coor- Medium 2 1 0 1 0
dinates, period of the day 61%¢ 97%¢
(daytime vs. nighttime), 10 min ani3b  ani4b ani 30 ani4b ani 3 ani 4P
activity value (active vs. - Active 66 10 17 12 31
inactive), and environmental [naCt.'ve 3 86 69 1 3
L. Medium 5 4 3 3 3
characteristics. The same 86%C 829,C
point of the subsample 15 min ani 12 ani22 ani12  ani2? ani 12 ani 22
could represent several near- Active 11 3 0 1 3
by activity locations (<20 m Inactive 2 26 16 0 4
away). We measured envi- Medium 3 1 2 0 1
62%°¢ 88%°¢

ronmental characteristics in

situ on a subsample ‘of 21,
25, and 32 locations for (ggg.
males A and B and female C,
respectively. This subsample
allowed us to characterize correctly categorized.

2 Animal 1 and animal 2 were observed in the morning and afternoon of 2 days in April

b Animal 3 and animal 4 were observed from dawn to dusk of 3 days in October 2000.
¢ Percentage of activity data derived from the graphic analysis of collar data that was




Table 2. Distribution of activity bout durations of wild red deer
in the Parc National des Cévennes, France during December
1997 and August 1998 (see footnotes).

. Mean number of bouts per 24 hr

December? August?

Total Total
Active Inactive bouts Active Inactive bouts

Mean number

of bouts per 24 hr 244 234 478 10 10 20
Duration {(min) )
5 30% 35% 33% 15% 15% 15%
10 19% 18% 18% 15% 0% 7.5%
15-30 31% 10% 21% 15% 15% 15%
40-60 13% 15% 14% 40% 30% 35%
>60 7% 21% 14% 15% 40% 27.5%
Mean duration (min) 22.3  36.6 29.3 58.5 79.7 69.1
SD (min) 25.8 449 37 78.5 83.9 80.9
Median (min) 15 10 10 37.5 52,5 425

2 Male tracked in December 1997; 1,440 records, 239 bouts.
2 Female tracked in August 1998; 576 records, 40 bouts.

the collar activity classes between observed active
or inactive values (}2>79, df=1, P<0.0001 when
-cell counts >5). Mean percentage correct classifi-
cation for inactive collar values,,v'aried between 82
and 97%, depending on time interval, and between
61 and 86% for active bouts. Greatest correct clas-
sification for activity (86%) was obtained with the
10-min interval (vs. 61% and 62% for the 5- and 15-
min intervals, respectively;Table 1). In contrast, we
obtained the’greatest correct classification for inac-
tive bouts with the 5-min fix interval (97% vs. 82%
for 10 min and 88% for 15 min;Table 1).

Sampling of activity
locations of wild red
deer

Time sampling. In

sented a mean of 47.8 (SD=4.2) different activity
bouts in December and only 20 (SD=5.7) in August
(Table 2). Thus, duration of activity bouts varied
between the 2 sampled months with more frag-
mented activity and shorter bout durations in late
autumn and fewer but longer activity bouts in sum-
mer. Using a 10-min sampling interval could result
in a maximum loss of information of 30% of active
bouts and 35% of inactive ones (the shortest 5-min
bouts in December), corresponding to a maximum
of 78 minutes (15.6 short bouts) during a 24-hr
cycle (e.g., 5.5% of total time; Table 2). A 15-min
sampling interval could result in a maximum loss of
information of 51% of the activity periods (5- and
10-min bouts), which totaled 166 minutes (e.g.,
11.5% of 24 hours;Table 2).

Spatial sampling. On the 435 expected fixes
from the free-ranging GPS collared deer, we record-
ed 13 failed, 179 2D and 243 highly accurate loca-
tions (3D, DOP<10). We considered 57 more
extrapolated inactive 2D locations as highly accu-
rate. Percentage of accurate fixes varied from
65-73% of fix attempts, depending on the animal
(Table 3). During a 24-hr cycle, animals spent
40-50% of their time active and 45-51% inactive
(the remainder was the medium activity class). But
distribution of activity among the set of highly
accurate fixes was not the same with 28-37%
active whereas 58-68% were inactive (Table 3).
Almost all of the male’s activity bouts contained at
least one high-precision location (see Table 3 and
Figure 1): 10/11 and 8/8 for active bouts, 9/11 and
7/8 for inactive bouts (males A and B, respectively).
For the female (C), only 10 of 19 active bouts were

Table 3. Number, percent of fixes, and number of bouts collected on 3 wild red deer fitted with
a GPS collar (a fix every 10 min) over 24 hr in April 2000 in the Parc National des Cévennes,
France. Active and inactive fixes are shown (excluding the uninformative medium class).

December 70% of active

periods lasted at least 10 Male A Male B Female C

min and 85% in August P %h N Mm% N M % NP
(Table 2). Duration of Total 145 (100%) [22] 145 (100%) [16] 145 (100%) [38]
inactive bouts was at least Active fix 65 (45%) [11] 72 (50%) [8] 58 (40%) [19]
10 min for 65% of bouts in Inactive fix 73 (50%) [11] 67  (45%) 8] 74 51%) [19]
December and 85% in High-precision fixes¢ 99  (68%) [19] 106 (73%) [15] 95 (65%) [23])
August. Median bout - Active fix 28  (28%) [10] 39 (37%) [8] 27 (28%) [10]
durations were 15 and Inactive fix 43 (43%) [91 42  (40%) [7] 48  (50%) [13]

Extrapolated inactived 25  (25%) 19 (18%) 13 (14%)

37.5 min for active, 10

and 52.5 min for inactive,
in December and August,
respectively. During a 24-
hr cycle the animals pre-

a Number of locations.
b Number of bouts.

¢ 3D locations with Dilution of Precision <10.
d 2D locations included in inactive bouts comprising >1 highly accurate 3D location.
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Figure 1. Temporal distribution of activity (histogram), high-precision fixes (line), and a subsample of fixes in-which environmen-

-tal parameters were recorded (circles) for three wild red deer fitted with GPS collars (one fix every 10 min) during a 24-hr cycle
in April 2000 in the Parc National des Cévennes, France. Gray bars show active bouts, white are inactive, and black are medium-
activity classes for 2 males (A and B) and 1 female (C). Arrows represent sunset and sunrise. ‘
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sampled with high precision fixes and only 13/19
for inactive ones. The female had a greater number
of activity bouts (38) than the males (22 and 16,
respectively) with a shorter mean duration (Figure
1). When pooling the 3 animals, 50% of 10-min
bouts were sampled by at least one highly precise
location, 70% for the 20-min bouts, 80% for those
lasting between 30 and 60 min, and 100% of the
longer bouts. The probability of obtaining a highly
accurate location during a given bout increased
with bout duration.

Environmental characteristics of the
subsample of activity locations

The variability of the environmental parameters
was resumed on the first 2 axes of a PCA analysis
(explaining respectively 38.3% and 20.3% of total
inertia). The first axis opposed V20, V140, and
GRASS to CONIF and the-second one SHRUB to
DECIDU. Partitioning of inertia between animals
was highly significant (P=0.01, permutation test)
but explained only 5% of the total inertia, the
remaining 95% being within-animal variation.
Partitioning between activity-period combinations
composed 8.31% of the total inertia and was highly

significant (P=0.002), the remaining 91.7% being
varjation within activity-period combination.
Partitioning based on activity-period combination
was more pronounced than partitioning based on
animal. Moreover, the 6 measured environmental
variables allowed discriminating significant varia-
tion in locations used between animal and between
activity periods. As an example, the between-class-
es PCA produced a first axis opposing coniferous to
grasses and V140, which separated locations record-

ed during day (more coniferous) from those record-

ed at night (more grasses and visibility).

Discussion

Activity classification

The individual-based relative method provided a
valid classification of the collar sensor activity value
distinguishing most active and inactive locations dur-
ing a 24-hr cycle. Total percentage of correct classi-
fication ranged from 79% (15 min) to 88% (5 min)
and was high for inactive behaviors (82-97%). Per-
centage of correct classification appeared to depend
slightly on the time interval between fixes, especial-
ly for active values. However, the lower percentage




of correct active classification obtained from the 5-
and 15-min time intervals (vs. 10 min) also could
have been due to the different periods of the 24-hr
cycle where the animals were observed. For the 5-
and 15-min time intervals, animals were observed
only during morning and midafternoon, when they
were mainly inactive, whereas for the 10-min inter-
vals animals were continuously observed from dusk
to dawn and presented a greater number of active
locations. The lower percentage of correct active
classifications obtained from the 5- and 15-min time.
intervals (vs. 10 min) also could be related to differ-
ent periods of the year (April vs. October) and to
individual animais involved. The correspondence
between observed and collar-sensor-derived activity
values could be improved with a more balanced data
set between active and inactive behaviors and
between seasons. This individual-based method
avoided observational calibration for each tracked
animal and was not affected by the potential varia-
tion in collar tightening among seasons (neck size)
and animals (Moen et al. 1996a).

-Sampling of wild animal activity
locations o

Assuming that a 5-min sampling interval gave an
exact picture of successive activity bouts, we
demonstrated that a 10-min interval could induce a
decrease in the accuracy of identifying “active” peri-
ods (more medium classes) and therefore could
induce a bias in the sampling of activity if the short-
est bouts were unequally distributed among active
and inactive behaviors (e.g., if most of the active
bouts were short).

Spatial sampling could induce an additional loss of
information if it was unbalanced between active and
inactive behavior and between short versus longer
activity bouts (if habitats used were not similar for
short and longer bouts). In this red deer data set, the
highly precise fixes corresponding to active bouts
were slightly undersampled (41%) and the inactive
ones oversampled (58%) compared to the entire
activity data set (47% active, 53% inactive excluding
the medium cases). This trend increased if we decid-
ed to add the extrapolated inactive fixes (e.g., the ani-
mals did not move): 63% inactive versus 37% active.
Moreover, the probability of sampling bouts with a
precise location increased with bout duration; thus,
short bouts were likely to be spatially undersampled.
Therefore, the results must be discussed knowing
these quantifiable spatial sampling biases. The above
information could help the researcher to choose the

best location interval (trade-off between collar life-
time and level of spatio-temporal sampling) relative
to the biological questions investigated.

Our results apply to red deer behavior, but a sim-
ilar approach could be applied to other animals in
accordance with their daily activity patterns. For
animals with more distinctive and longer activity
bouts, the bias due to the loss of shortest bouts
should decrease and the time interval between
fixes could be longer. For smaller animals, activity
time increases with decreasing body size (Mysterud
1998, Perez-Barberia and Gordon 1999), leading to
more fragmented activity patterns with an
increased number of shorter bouts per day (e.g., for
ruminants, Cederlund 1989, Hoffman 1989, and
Jeppesen 1989). Therefore, it would be appropriate
to choose a shorter sampling interval if recording
of all bouts was required, especially during summer
when activity bouts are shorter. However, this
choice would result in quicker attainment of the
collar memory capacity. General characteristics of
the animals’ range also must be considered because
the percentage of highly accurate locations is influ-
enced by obstruction caused by tall trees or by
topography (Moen et al. 1996b, Edenius 1997,
Rempel and Rodgers 1997, Janeau et al. 1998,
Dussault et al. 1999). If studied animals inhabit an
open landscape, researchers should obtain more 3D
locations and would be able to choose a longer fix
interval if large animals were studied.

Environmental characteristics

The recorded environmental parameters allowed
us to detect variations between activity sites as well
as between individuals. Because each animal used
several habitat types, the variation for environmen-
tal parameters was greater within than between
animals, and it was the same for variation within )
activity-period combinations. These results demon-
strate the possibility of relating environmental
parameters on the site used by wild red deer to
behavior (active or inactive) and period of the day.

Relocation in the field and description of the
environment at each location is time consuming
(from 5 to 30 min to relocate and describe one
location). However, the main inconvenience is the
financial investment required to acquire GPS tech-
nology. This approach can be used to obtain small-
scale information on the environment used by an
individual animal, and a wide range of environmen-
tal parameters can be recorded, depending on the
researcher’s aim.




Management implications

Depending on the research questions, our
approach could be useful to test scale-dependent
processes in habitat selection (see, for example,
Mysterud et al. 1999a, b) because a very small spa-
tio-temporal scale can be achieved. For this pur-
pose, unused habitat must be described in the same
way to assess selection (use relative to available).
This approach also could give a consequent
amount of useful data in other fields of theoretical
ecology of wild animals. For example, precise
knowledge of the animal’s movements and physical
environment encountered, like slope and climatic
conditions, allow estimations to be made about
energy costs according to season and food-resource
availability. It also would improve the understand-
ing of the limiting factors for wild animals year
round (e.g., Parker et al. 1999 for black-tailed deer
[Odocoileus bemionus)). The applications to
wildlife management also are considerable to pro-
vide a habitat database to understand population
dynamics. In a context of increased deer damage to
forests in Europe, another application could be to
construct spatially explicit predictive models of
damage based on characteristics of sites used for
each activity by animals. ’
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