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Abstract

Jeppesen, J.L., 1989: Activity patterns of free-ranging roe deer (Capreolus
capreolus) at Kale. - Dan. Rev. Game Biol. 13 (8).

Automatic recording of the activity patterns of roe deer (Capreolus capreolus}
took place during 1980-84 at Kale estate in East Jutland, Denmark. Data from
recordings totalled 37,611 hours and involved 8 females and 9 males. Two be-
havioural states were distinguished: "active’ and *inactive’. A bimodal pattern of
daily activity, with peaks in the level of time active at sunrise and sunset, was most
distinct during winter but these peaks had almost vanished in June. Synchronisa-
tion of activity by individuals was highest in winter, whereas a low synchronisa-
tion was reached in May. Monthly means of daily time active relative to total time
showed a marked annual cycle, ranging from below 40% in winter to above 50%
in summer. These daily and annual rhythms result from corresponding changes
in the duration of activity bouts: maximum median active and inactive bout
lengths were recorded during winter and minimum values during summer. Mean
number of active bouts per 24-hours was lowest in winter, and varied throughout
the year from 9 to 15 {May) for females and from 9 to 18 (August) for males. It is
proposed that the duration of cycles (1 active + 1inactive bout} is related to turn-
over rate of food in the rumen of roe deer, except for periods of rut and parturi-
tion. Short active and inactive bouts reflect that food turnover rate is highest in
spring and summer when high quality food plants appear ("'rumen fill theory’)
and basal metabolic rates are high. Relative to sex and age, recorded differences
in duration of active-inactive cycles may be related to variations in basal meta-
bolic rates: high metabolic rates probably result in: 1)increased efficiency of fill-
ing the rumen (shorter active bouts); and 2)stronger selection for high quality
fooed plants (shorter inactive bouts).

Author’s address:
Game Biology Station
Kale

DK-8410 Rende
Denmark
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Introduction

According to Aschoff (1966), 24-hour pat-
terns in activity exhibited by many species
under natural conditions may be caused by
endogenously controlled physiological
rhythms termed ’circadian’. Also, these ac-
tivity patterns are entrained to the 24-hour
day and the calendar year {circannual) by
periodically changing environmental sti-
muli, the so-called ’Zeitgebers’ (Aschoff
1954) or synchronisers. Diurnal variation
in light intensity is generally the most con-
sistent and reliable of the environmental
factors, and light therefore acts as a 'master
factor’ (Cloudsley-Thompson 1960). Shifts
between light and darkness are especially
effective Zeitgebers (Georgii 1981).

Food available to roe deer (Capreolus
capreolus) is usually scarce and of poor
quality during winter, and more abundant
and of higher quality in spring and carly
summer (Drozdz & Osiecki 1973, Bobek et
al. 1974, Drozdz 1979). Feeding behaviour
of roe deer is adapted to these seasonal
changes: basal metabolic rate declines dur-
ing winter (Drozdz et al. 1975, Weiner 1977,
Ellenberg 1978), as does food intake
(Drozdz & Osiecki 1973, Ellenberg 1978,
Drozdz 1979) and activity level (Cederlund
1981). Anatomically, roe deer adapt to
winter conditions by a shrinkage of the
resorbing surface of the rumen (Kdnig et al.
1976), as well as by a reduction of about
20% in the overall volume of the rumen
(Hofmann 1979). Similar annual patterns
occur in whitetailed deer (Odocoileus vir-
ginignus) (Silver et al. 1969, Thompson et
al. 1973, Holter et al. 1976, Moen 1976,
1978), and are thought to be an adaptation
for energy conservation {(Moen 1976,
1978).

In free-living cervids, long-term studies
of activity patterns have been conducted on
red deer (Cervus elaphus) by Georgi
(1981), Georgii & Schroder (1983), and on
roe deer by Cederlund (1981). This paper

presents information on daily and seasonal
acitivity patterns of free-ranging roe deer at
the Kalg estate in East Jutland, Denmark.
The purpose is to examine activity patterns
among sex and age classes relative to sea-
son, in order to determine possible differ-
ences. Furthermore, the study intends to
evaluate seasonal variations in syn-
chronous activity among individual deer.
In addition, the duration of active-inactive
cycles is related to turnover rate of food in
the rumen, and the possible effects on ac-
tivity patterns of quality and quantity of
food plants, metabolic rate, food intake,
hormone level and behaviour, as known
from the literature, are analysed.
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Study area and
roe deer population

The study area is part of Kale estate in Bast
Jutland (56°17°N. Lat., 10°30°E. Long.),
and consists of 400 ha of fertile land, of
which the Ringelmose forest comprises 165
ha (Fig. 1). The remainder is agricultural
land divided by hedgerows and coverts.
Height above sea level is below 100 m, and
the rolling landscape slopes evenly towards
the sea. The Ringelmose forest is open with
deciduous trees on two thirds of the area.
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Fig. 1. Study area. The Ringelmose Forest {shaded) is
surrounded by areas with agricultural crops, Asterisk
indicates position of the vertical omnidirectional
half~wave antenna.

Among areas of tall stands of mostly beech
(Fagus silvatica) there are young, dense
plantings of oak {Quercus sp.) and spruce
(Picea sp.), some of which are fenced. Dis-
tribution and age of tree species were de-
scribed by Strandgaard (1972), but after

Materials and methods

Roe deer at Kalg have been caught each
winter for more than 20 years, and capture
and marking procedures have been
described in detail by Strandgaard (1972).
During 1980-1984, 35 roe deer were fitted
with radio-collars for tracking purposes
and activity recording. Radio transmitters
were a Grimsé model (Cederlund et al.
1979), and transmitters as well as modified
collars were constructed at the Game Biol-

heavy windfalls in November 1981 about 22
ha of old stands of spruce, fir (Abies sp.)
and beech have been replaced by open areas
of rich herbaceous vegetation. Some of
these areas have been subsequently planted
with oak and spruce.

Theroe deer population at Kalg has been
closely studied for more than 25 years and
it has not been hunted before or during this
study. The size of the spring population has
been approximately 100 individuals each
year (see Strandgaard 1972) out of which
about 90% has been individually collar-
marked during the study period. The Kalg
roe deer are social and live in groups in
winter, but in spring and summer they are
solitary (Strandgaard 1972, 1981). This so-
cial corganisation has been reported for
other European populations of roe deer
(Kurt 1968A, Bramley 1970, Reichholf
1980, Bideau et al. 1983a, Stiiwe & Hen-
dricks 1984). At Kale, roe deer forage
primarily in forested areas from November
until January eating buds and shoots of
ligneous plants, and again from March to
May feeding on wood anemone (Anemone
nemorosa); during other seasons they
forage mainly on various agricultural crops
(Strandgaard 1972, 1977, 1981). Parturition
occurs in May and June, centred around
June 1st, and the rut lasts about one month
encompassing the last week of July and the
third week of August.

ogy Station. Radio-collars weighed
200-250 g, and transmitters functioned in
the 151 MHz range. Expected battery-life
(lithium cells) was 2-3 years. Often the
same individual was trapped each winter,
and a few deer were fitted with new radio-
collars if the battery was expected to expire
during the following season.

The system used to record activity auto-
matically has been described by Cederlund
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& Lezmnell (1980). Signals from up to two
study animals were received within a range
of at least one km by a vertical omnidirec-
tional half-wave antenna connected to one
or (in the case of two transmitters} two
LAIl2 receivers (AVM). These were con-
nected to a Gould Brush 220 two-channel
recorder, which could chart signals from
two animals simultaneously. Two such
recorders were used for several periods of
time so that four animals could be
registered at the same time.

Any movement of the study animal was
indicated by changes in signal strength
received as the transmitter position or
orientation was altered. This system may
allow separation of different activities,
such as resting, walking, foraging and run-
ning (Cederlund & Lemnell 1980, Ceder-
lund 1981). In the present study, however,
such a precise interpretation of the data
was considered to be too time consuming.
Therefore, this paper only deals with two
main behavioural parameters: ’active’,
which means any registration of move-
ment, and *inactive’ which refers to a mo-
tionless state, mainly in a lying position.

To test reliability of recorded signals rela-
tive to behaviour, visual observations were
made on radio-marked deer within a
fenced area, while continuous recordings
of variations in signal strength were re-
ceived simultaneously. Distinction between
active and inactive (bedded) states could be
achieved with an accuracy of within one
minute, as also stated by Cederlund & Lem-
nell (1980).

This particular activity recording tech-
nigque may not distinguish between animals

Results

Seventeen radio-marked roe deer (8 fe-
males, 9 males) were included in this study.
All adult females were gestating/lactating
during spring and early summer, and all

that are standing still and those that are
bedded. However, standing for periods
longer than 3 minutes without movements
was seldomly observed and the problem of
confounding bedded and standing be-
haviour is probably negligible since periods
of less than 3 minutes duration were not
treated separately.

Signals received from free-ranging roe
deer were often too strong or too weak to
produce decipherable recordings. This was
mostly due to variations in distance be-
tween study animal and receiving antenna,
and to variations in topographic condi-
tions. In 1983, therefore, an automatic gain
control was constructed (Gaardmand &
Jeppesen 1984} and fitted to the receiver-
unit. With this gain control activity-data
were produced that could be deciphered
100% of the time, for days and sometimes
weeks of continuous recordings. Further-
more, a time-marking device was con-
structed (Gaardmand & Jeppesen 1984} in
order to add accuracy to the system.

Within each month, only samples from
individual deer containing more than 100
hours recording were included. Most
samples consisted of considerably more
hours, although for a few males this was
close to the minimum (100 hours).

In order to be included in calculations of
weekly means of active time relative to total
time, two conditions had to be fulfilled per
animal per week; (1) for days of activity
recording, more than 50% of the hours had
to be decipherable and (2) each hour of the
24-hour period had to be represented on at
least two days of the week.

adult males were territory-holding. Activi-
ty (active/inactive states) was recorded
from December 1980 to October 1984, giv-
ing a total of 37,611 hours of recordings of
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acceptable quality (App. 1). Transmitter
failures {mainly in the first years of study),
deaths or migrations of roe deer out of
range resulted in some gaps in the record-
ings. Available information was, however,
rather evenly distributed over the months
of the year, but with most for spring and
summer. Females were generally contribut-
ing more data than males (3:1), and for
both sexes recordings were poorest from
OQctober to December. In December,
recordings of males were so scanty (a total
of only 177 hours) that they were excluded
from most calculations. Despite the above-
mentioned gaps, 823 complete 24-hour
recordings (676 days for females, 147 for
males) were obtained.

Seasonal variation in daily activity

The daily activity pattern was characterised
by alternating active and inactive bouts dis-
tributed irregularly throughout the
24-hour period (Fig. 2). A polyphasic ac-
tivity pattern was seen, with active and in-
active bouts being longer in winter than in
spring (cf. p. 13-14).

Despite an apparent acyclical sequence
of active bouts over the 24-hour period,
two distinct peaks appeared when mean
number of active minutes per hour was cal-
culated over a period of days for each in-
dividual deer. The same pattern appeared
when samples from several deer were
pooled (Fig. 3).

The most striking feature in both sexes
was the high level of time active at sunrise
and sunset. This bimodal activity paitern
was most distinct in winter. For females,
these two peaks became less marked from
April onwards and almost vanished in
June. In June, there was no morning peak
and the evening peak was rudimentary, the
level of time active fluctuating between
42% and 62% throughout the whole 24-
hour period. In July and August the peaks
became distinct again, and the contrast be-

FEBRUARY

25 - 27

1983

1] [ 12 18 &4
HOURS OF THE DAY

APRIL. =28 - 320, 1984

HOURS OF THE DAY

ACTIVE ouT:

Fig. 2, Activity pattern of female no. 4074, showing
active and inactive bouts, for three consecutive days

. in February 1983 and April 1984.

tween maxima and minima became more
pronounced as autumn progressed. Morn-
ing peaks of activity coincided with sun-
rise, except from April to August where the
smaller peaks were delayed 1-2 hours rela-
tive to sunrise. Evening peaks of activity
were delayed one or two hours relative to
sunset during October-Tanuary, but coin-
cided during the rest of the year.

An additional circadian activity pattern
for females was recognised during periods
with short days (December-February). A
small peak in time active appeared in the
afternoon, following the minimum that oc-
curred after the morning peak. During the
night, one or two small peaks in time active
were discernible for several months, ap-
pearing after the minimum that followed
the evening peak or before the minimum
preceding the morning peak. The level of
time active during the night was signifi-
cantly higher than during the day in Sep-
tember-January (t-tests (Sokal & Rohlf
1981), p<0.001; see App. 3 for details),
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Fig. 3. Daily distribution of activity and its seasonal variation on the basis of mean number of active minutes
per hour (percent active time of total time), in female (left column) and male (right column) roe deer. Each
24-hour period is represented twice in order to facilitate inspection of the patiern at night. Sunrise (SR} and sun-
set (55) are indicated. Number of recorded hours and deer per month is provided in App. 2,

whereas in May females were significantly
more active during the day than during the
night (t=>5.213, df=2,543, p <0.001). Dur-
ing the rest of the year no significant differ-
ence between nighttime and daytime levels
of time active was observed (Fig. 3).
Circadian activity patterns of maies
showed much the same seasonal variability
as those of females. The 24-hour patterns
seemed more serrate during some months,
which may possibly be due to the relatively
small samples compared to those of fe-
males. Patterns in July and August, how-
ever, with several maxima for time active

during both day and night in addition to
morning and evening peaks, may be due to
polycyclic tendencies during rut. In com-
parison, September showed a much more
stable bimodal pattern of activity.
Evening peaks in time active for males
were more distinct than morning peaks
during October-November and February-
April. Morning peaks coincided with sun-
rise, except in January when they were
delayed by one hour. Evening peaks were
delayed up to one hour compared to sunset,
especially in autumn and winter. As for fe-
males, the level of time active for males was
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Fig. 4. Percent of identical activity {active-inactive) of adult deer compared two by two in weekly sampies.
Squares and vertical lines indicate monthly means and standard deviations. Arrows indicate winter-samples
containing comparisons between a mother (3124) and her 1Vi-year old female offspring (407A4), but they are
not included in monthly means. Graph with open circles indicales expected values provided that active and in-
active bouls appear at random,
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significantly higher (p<0.001; see App. 3
for details) during the night than during
day in September-November (no data in
December). During the rest of the year, the
hourly proportion of active time to total
time was equally distributed between day
and night (Fig. 3).

Synchronisation of activity

Seasonal variations in the double-peaked
circadian activity pattern shown in Fig. 3
resulted from individual deer showing
identical daily variations. It follows that
the patterns of individual deer were most
closely synchronised with those of others
during winter and least during summer.
This is confirmed in Fig. 4. In spite of a
large individual variation, there is a clear
trend towards a lower synchronisation after
the winter and through spring until May,
when a minimum mean of 50% identical
activity is reached. The mean percentage in
May equals the expected value provided

that active and inactive bouts appear at
random (Fig. 4). After May the synchroni-
sation gradually increased during summer
and autumn. The highest percentages of
identical activity occurred in winter be-
tween a doe and her 1 1/2-year old female
off-spring (Fig. 4). Variation in synchron-
ised activity between mother and fawn in
winter-spring is published elsewhere (Jep-
pesen in prep.,a).

Total level of time active

Large differences in the total time active per
day, not only from day to day, but also from
animal to animal, occurred for females.
However, a clear seasonal trend became ob-
vious when weekly means of active time
relative to total time (in percent) were calcu-
lated from all activity-data on females (Fig.
5). A winter level from 35% to 44% active
time to total time was recorded from week
47 (mid-November) to week 13 (late
March). During April and May (spring) the

% WINTER SPRING SUMMER AUTUMN WINTER

70 I Y 777777 I I L ]
47]
= 60T
-
|
<1
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S 50+
L 7
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E i
g 40T
[ ]
o
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% 4 5 40 1B @O @S 80 @8 O
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Fig. 5. Annuai rhythm in the level of time active by female roe deer. Weekly means of active time relative to total
time {in percent) and standard deviations are indicated, and are related to season of the year. Number of deer

recorded per week is provided in App. 4.
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Fig. 6. Annual cycle in the level of time active by a)adult females compared to males, and b) adult females com-
pared to young females, 7-16 months of age. Monthly means of active time relative to total time (in percent) and
standard deviations are indicated. Number of total recorded hours and deer per month is provided in App. 5.

proportion of active time gradually in-
creased to 51%, and a maximum of 55%
was reached in June (week 25). From late
June, the level of time active declined to
45-50% and stayed there through August
(week 33). During autumn the decline in ac-
tive time to total time gradually continued
to below 45%, and a minimum of 35-40%
was reached in November-December.

Data for males only fulfilled the two
forementioned conditions (p. 6} con-
cerning weekly means of active time to to-
tal time for 29 weeks of the year. Therefore,
the recordings of males are presented in
terms of monthly mean values, and these
are compared to monthly mean values of
adult females (Fig. 6a). In January and
February the proportion of active time to
total time of both males and females was
about 40%. After that the level of time ac-
tive in both sexes increased, but in March,
and especially in April, the level of males
was higher than that of females (by 6% and
14%, for the two months respectively),
although only significantly higher in April
(t=2.552, df=2,840, p<(.02). In May the
level of time active for both sexes was equal
at 50% (annual maximum in males}, but in
June the proportion of active time to total
time for females (54%, the annual maxi-
mum of females, and 11% higher than in
males) was significantly higher (t=2.427,
df=2,537, p<0.02) than that of males. In

June the proportion of active time declined
alittlein males to a level that persisted until
the end of September. From September on-
wards, the level of time active in males was
again above that of females (from 4% to
12% higher during September-November),
though only significantly so in September
{t=2.014, df=1,991, p<0.05).

Included in the data set for females were
recordings from two young females (407A
in 1983; 309A in 1984), from 7 to 16 months
of age (not including June), and this
material has been analysed separately. The
level of time active for the young females
tended to vary much less in the course of
the year than that of adults (Fig. 6b), being
higher than adults in winter (13% higher in
February), although not significantly, and
significantly lower in summer (12% lower
in July, t=2.325, df=2,268, p<0.05). The
level of time active for adult females was
higher than that of yearlings in May, and
decreased to below the level of yearlings
again in September. Weekly levels of time
active for females (combined young and
adult) in July (Fig. 5), masks the even
higher levels of time active for adults. The
Ievel of time active per day of yearling 407A
was 2-9% lower than that of its mother dur-
ing weeks 27-33 1983 (early July-mid Au-
gust), and 6-13% lower that its own level
during the same weeks the following year
when it had become an adult with 2 fawns.
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Fig. 7. Distributions of active and inactive bou! lengths in female roe deer during a} 3 winter months and b) 3

spring-summer moniths.

In July 1983 the level of time active for
yearling 407A over 15 full 24-hour record-
ings was <50% (31-49%), whereas it was
>50% (51-63% over 9 24-hour recordings)
in July the following year.

Seasonal variation in duration
of active and inactive bouts

Much variation occurred among individual
deer of both sexes in the mean length of ac-
tive and inactive bouts. Despite distinct
seasonal variation, mean bout lengths were
consistently longer in some individuals
than in others, and each deer showed an in-
dividual activity pattern. One-way analysis
of variance (Sokal & Rohlif 1981) and t-tests
revealed significant differences at a 5%-
level within several months (see App. 6),
and this was most pronounced for females.
Lengths of active and inactive bouts in both
females and males were skewed during
most months {see Fig, 7 for females). Con-
sequently, distributions were better charac-
terised by the median (Figs. 8 and 9) than
by the mean. Distributions of active bouts
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Fig. 8. Annual cycle of median active and inactive

bout lengths in female roe deer. Number of bouts and
deer per month are provided in App. 7.

were skewed during all months in both
sexes whereas the distributions of inactive
bouts were skewed only during summer,
with many short bouts. During winter, dis-
tributions of inactive bouts tended to be
more extended, and medians in Figs. 8 and
9 were close to the mean values provided in
App. 6.

None of the distributions of active bout
lengths in females during November-
March differed significantly (median tests,
5%-level of significance (Downie & Heath
1970)). Monthiy medians gradually
decreased from a maximum of 51 minutes
in Yanuary and February to 40 minutes in
May. The distributions in April and May
differed significantly from those during
January-March (p<0.01 and p<0.001,
respectively). In June the median increased
to 50 minutes, and this distribution
differed significantly from those of April-
May (p < 0.001) and from those of July-Oc-
tober (p<0.001), when medians gradually
decreased to an annual minimum of 35
minutes. Distributions during July-Oc-
tober did not differ significantly. In No-
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Fig. 9. Annual cycle of median active and inactive
bout lengths in male roe deer. Number of bouts and
deer per month are provided in App. 8.
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vember and December medians of active
bouts again increased, and these distribu-
tions differed significantly from that of Oc-
tober (p < 0.05).

Distributions of inactive bout lengths in
females varied much more (Fig. 8). Distri-
butions during December-March, with me-
dians from 86 to an annual maximum of 95
minutes in December and January, differed
highly significantly (median tests,
p < 0.001) from those during the rest of the
year. Differences were highly significant
between April and May {p< 0.001), and be-
tween May and June (p < 0.01}, May show-
ing an annual minimum median of 42
minutes. Distributions during June-August
showed significantly shorter medians
than those during September-October
(p < 0.001), and the distribution in Novem-
ber differed highly significantly from all
other distributions (p<0.001).

Seasonal variation in distributions of ac-
tive bout lengths in males was more distinct
than that of females (Fig. 9). The distribu-
tions during January-March, with an an-
nual maximum of medians of 64 minutes,

differed highly significantly from those
during April-November (p<0.001}, with
medians decreasing from 40 minutes in
May to an annual minimum of 28 minutes
in August. The median then increased to 41
minutes in October and 39 in November.
Distributions during April-November did
not, however, differ significantly. Insuffi-
cient data for males in December made
comparison with this month impossible.

As for females, seasonal variations in in-
active bout lengths irf males were large. The
distribution in January differed signifi-
cantly (p<0.05) from the one in February,
the latter reaching an annual maximum of
medians {97 minutes). The distribution in
March did not differ significantly from
those in January and February. Distribu-
tions during January-March, differed
highly significantly (p<0.001} from those
during April-November, which reached an
annual minimum median (40 minutes) in
July and August. In addition, distributions
during April-August showed significantly
shorter medians than those during Septem-
ber-October (p < 0.01).

Tub. 1. Comparisons between adult and young females (7-16 months of age) of monthly median values fin
minutes) of active and inactive bouth lengths. Data from yearlings are missing in June. Asterisk indicate sign ifi-

cant differences at the 3%-level, median fests.

JAN. FEB. MAR.  APR. MAY JUN. JUL. AUG. SEP,
Active bouts
Adults 50.8 49.7 47.8 42.2 37.7 504 40.1 38.2 319
Young 513 57.2 49.8 47.0 45.1 50.0 55.0 54.7
Disparity +0.5 +7.5 +2,0 +4.8% +7.4* +9.9 +16.8% +22.8%
-Percent +1.0 +15.1 +4.2 +11.4 +19.6 +24.7 +44.0 +71.5
Inactive bouts
Adults 97.2 88.3 87.0 55.3 36.3 49.8 46.0 51.0 59.5
Young 84.9 84.1 34.8 65.0 56.0 69.6 66.3 70.8
Disparity -12.3 -4.2 =22 +9.7%  +19.7* +23.6% +153* +1L3
~Percent -12.7 -4.8 -25 +17.5 +54.3 +51.3 +30.0 +19.0
(Active + inactive) cycles
Adults 148.0 1380 134.8 9.5 74.0 100.2 86.1 §9.2 914
Young 136.2 141.3 134.6 112.0 101.1 119.6 121.3 125.5
Disparity -11.8 +3.3 -0.2 +14.5 +27.1 +33.5 +32.1 +34.1
~Percent -8.0 +2.4 -0.1 +14.9 +36.6 +38.9 +36.0 +37.3

14



Activity Patterns of Free-Ranging Roe Deer

Distributions of both active and inactive
bout lengths of males compared to those of
females differed for several months (Figs. 8
and 9). Medians of active bouts for males
were significantly higher than those for fe-
males in February and March (p <0.01, and
p<0.001, respectively), whereas medians
of active bouts for females were signifi-
cantly higher than those for males during
June-August (p < 0.001). Medians of inac-
tive bouts for females were significantly
higher than those for males in January
{p<0.02), April (p<0.01), during July-
September (p<0.01), and in November
{p < 0.001).

Data were achieved for two young fe-
males: 309A during the period February-
May 1984, and 407A during January-
September 1983 (except June). Median ac-
tive and inactive bout lengths of the young
females diverged considerably during
several months from those of the adult fe-
males (Tab. 1). Both active and inactive
bout lengths of young females tended to
vary much less in the course of the year
than those of adults. In late winter when
fawns still occur within the home range of
their mothers, and to a large extent still ac-
company her (Jeppesen, in prep.,a), medi-
an length of active bouts of fawns were
longer than those of adult females, whereas
inactive bouts were shorter (Tab. 1). These
differences, however, were not significant

(median tests). During May-September,
median active and inactive bouts were sig-
nificantly shorter for adult females than
for fawns (Tab. 1).

Females seemed to alter their activity
pattern when parturition neared. Continu-
ous activity recording was rendered pos-
sible by one pregnant female (402A) during
the week of birth in May 1984 as she stayed
within the same small area in the forest dur-
ing those days (Tab. 2). During the days
preceding the date of birth both active and
inactive bouts became gradually shorter,
and the number of active bouts per day in-
creased considerably. A few days after the
birth she moved to a greater extent within
her home range.

Daily frequency of active bouts

The number of active bouts per 24-hours
relates to the length of active and inactive
bouts by varying throughout the year in a
manner inversely proportional to mean
duration of active-inactive cycles (Fig. 10).
In both sexes, mean daily frequency of ac-
tive bouts was 9-10 during January-March,
after which it increased sharply to 15 in
May (14 in April for males) (Fig. 10). For fe-
males the daily number of bouts dropped
from this maximum in May to about 12 in
September-October and 9 in November-
December. Assuming Poisson distribution

Tab. 2. Activity pattern of female 4024 during the days preceding and following the date of birth of rwo fawns,

May 15, 1984,
Date Total time active No. of active bouts Mean length of bouts
per 24-hours: per 24-hours (in minutes):
Yo Active Inactive

May 12 1984 46.0 15 44 50
- 13 - 49.7 24 30 30
- 14 - S5i.4 24 3 28
- 15 - 52.2 35 pA 20
- 16 - 46.2 29 22 27
- 18 - 53.3 19 40 37
- 19 - 45.6 17 39 40
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Fig. 10. Monthly mean numbers of active bouts per 24
hours. Vertical lines indicate standard deviations.
Number of deer and number of days per month are
provided in App. 9.

of the mean daily number of active bouts,
the mean daily frequency for males was sig-
nificantly higher than that for females in
April (t=2.735, df =240, p<0.01) and dur-
ing July-September (p<0.001, see App. 3
for details). The maximum of means over
the year for males was 18 daily bouts in Au-
gust. Furthermore, males showed signifi-
cantly more daily active bouts in November
than females (t=-5.70, df=99, p<0.001).

Discussion

Two-peaked activity pattern

The activity pattern with peaks in time ac-
tive at dawn and dusk as reported in the
present study has previously been
documented for roe deer (Bubenik 1960,
1965, von Berg 1978, Ellenberg 1978, Vin-
cent et al. 1979, Cederlund 1981, van Bem-
mel & van Den Oord 1982, Putman 1986},
red deer (Bubenik 1965, Bubenik &
Bubenikova 1967, Bltzler 1974, Georgii &
Schréder 1978, 1983, Georgii 1981), elk
(Cervus elaphus) {Craighead et al. 1973,
Collins et al. 1978, Bowyer 1981, Lieb
1981), white-tailed deer (Jackson et al.
1972, Kammermever & Marchinton 1977),
fallow deer (Dama dama) (Jackson 1977),
moose (Alces alces) (Geist 1963, Belovsky
& Jordan 1978), and reindeer (Rangifer
tarandus) (Erriksson et al. 1981).

Several authors emphasise that the two
peaks of activity coincide with peaks in
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movements, and Mauget & Sempéré
(1978), Bideau et al. (1983b}, and Vincent et
al. (1983) noted that "travelling activity” in
roe deer peaked at dawn and dusk. This
pattern also applies to roe deer at Kale, the
largest travel movements being those to and
from preferred feeding areas (Jeppesen in
prep.,b).

Bubenik (1960) reported that the highest
daily level of time active for roe deer was
reached when the sun passed 20° above the
horizon. Consequently, deer were most ac-
tive in the middle of the day in December-
January. At other times of the year two
daily maxima for time active occurred. In
most other studies, including the present
one, peaks in the level of time active oc-
curred during twilight periods.

Distinct peaks in time active in winter,
with the relative height of the peaks
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diminishing from winter to summer, were
previously reported for roe deer (Ellenberg
1978, Putman 1986) red deer (Georgii 1981,
Georgii & Schrider 1983), and reindeer
{Erriksson et al. 1981). These same trends
occurred in Danish red deer (Jeppesen
1987h, and unpubl.). Bubenik (1960} also
noted for roe deer that the double-peaked
activity pattern was broken down in June.
Peaks in time active at sunrise and sunset in
winter were not strongly expressed by
Swedish roe deer {(Cederlund 1981).

The 1-2 hours delay in the morning peaks
in time active compared to sunrise shown
by females at Kalg during April-August
may be due to the endogenous rhythm not
being able to follow the more extreme oscil-
lations of sunrise (the peaks disappeared in
June). The same interpretation may apply
to the delay of evening peaks compared to
sunset during winter. For reindeer, Erriks-
son et al. (1981) suggested that the longer
photoperiod caused a later onset of morn-
ing activity.

It is not obvious why male roe deer at
Kale show a delay in both the morning and
evening time active peaks in winter. For elk,
Lieb (1981} reported a correlation between
the subtle shifts in the timing of morn-
ing/evening feeding bouts and ambient air
temperature, which appeared to be an ener-
gy conserving response to changes in tem-
perature associated with transitions be-
tween day and night. Bowyer (1981},
however, did not find any significant corre-
lation between elk activity and tempera-
ture.

Apart from the two distinct time active
peaks at dawn and dusk, no further cyclic
activity was recognised in the 24-hour pat-
tern, such as von Berg (1978) reported for
roe deer on the basis of a few three-day
samples.

The reason for the higher level of time
active at night in both sexes during autumn
may be that during this season roe deer
prefer to forage on open fields with little or

no cover, and therefore do so mainly during
darkness (own observations). Further-
more, hunting for other game species dur-
ing autumn and winter may have disturbing
effects on roe deer (Jeppesen 1987a), caus-
ing them to be less active during the day.

Photoperiodic control of the activity
patterns by dawn and dusk synchronises
the circadian rhythm of individual deer
most strongly during winter, and thus
causes a higher inter-individual synchroni-
sation at this time. This higher synchroni-
sation within the population may be rein-
forced by deer feeding in groups from Oc-
tober/November until March/April, the
active-inactive cycles for periods of time
being synchronised. With the shift towards
more solitary behaviour in summer, the
feeding bouts of different animals are less
synchronised.

Total level of time active

Based on monthly means the daily level of
time active in females and males in winter
was 27% and 21%, respectively, lower than
the maximum summer level for each cate-
gory; based on weekly means the difference
between these winter and summer values
for females was 36%, (data unavailable for
males). These figures correspond very well
with seasonal differences observed for roe
deer living in a more severe climate in cen-
tral Sweden, i.e. 31% in males and 27% in
females (Cederlund 1981). It may be mis-
leading, however, to correlate the Swedish
figures directly with figures achieved in the
present study, as data are missing for Swed-
ish females from the season with lowest ac-
tivity in Swedish males. In comparison, ac-
tivity during winter was 50% lower than
during summer in female red deer and 30%
lower in males (Georgii 1981, Georgii &
Schroder 1983). In elk, the seasonal differ-
ence was 27% (Lieb 1981).
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Active and inactive states

Excluding nursing and rutting activities,
active and inactive states are related to food
intake and processing. Most behavioural
elements within the active state are inter-
spersed among feeding bouts, and Turner
(1979) noted that feeding (and movements
in connection with feeding) and ’orienting’
took up more than half the active time,
whereas other elements were of minor
quantitative importance. During the rut,
however, 'social behaviour’ made up the
quantitatively most important behavioural
element in adult males (Turner 1979). In
adult female roe deer, Turner (1978) re-
ported a constant relationship between
time spent feeding and standing (active) in
winter and spring, and Cederlund (1981)
assumed the proportion of feeding be-
haviour in relation to the active state to be
constant. The number and duration of be-
havioural elements exhibited by an animal
when active are not constant, however, but
are influenced by sex, age, and season, as
well as group size and social status within
the group (Turner 1979, Biittner 1980). Hu-
man disturbances also influence actlvity
patterns (Turner 1979, Jeppesen 1987a &
b).

Ruminants usually lie down when
ruminating (Moen 1973). In captive rein-
deer more than 90% of rumination took
place during resting (inactive) periods (Er-
riksson et al. 1981), and Bowyer (1981}
noted that almost all rumination in elk oc-
curred when bedded. Cederlund (1981) em-
phasised that roe deer, too, usually com-
bine rumination with resting. Within the
inactive state, periods of rumination alter-
nate with periods of proper resting, occa-
sionally including sleep. Sleep, however,
only occupies a small proportion of the to-
tal inactive time in roe deer (Bubenik 1960}
and red deer (Georgii 1978). In tame elk ru-
mination took place in well over half of the
inactive time (Collins et al. 1978). No data
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are available on the proportion of rumina-
tion in relation to the duration of inactive
bouts in roe deer, but Cederlund (1981) as-
sumed the proportion to be constant
throughout the year.

Assuming that an average daily active
bout length represents a (re-)filled rumen,
and an average inactive bout represents an
emptied rumen (see rumen fill theory’, be-
low), then median bout length in the
present study indexes the efficiency of food
intake (filling the rumen), and rumination
(emptying the rumen), respectively. A con-
sequence is that the highest level of time ac-
tive does not necessarily refiect the highest
food intake. Instead, the duration of active-
inactive cycles acts as a relative measure of
turnover rate of food in the rumen.

*Rumen fill theory’, metabolism
and turnover rates

The ‘rumen fill theory’ (Moen 1973,
Westoby 1974) is crucial in understanding
the mechanisms underlying activity pat-
terns in roe deer. The theory suggests that
ruminants must keep their guts filled con-
stantly, and that they are limited by how
fast they can process food rather than by
how fast they can obtain it. The animal
stops ingesting food when the rumen is
filled to its capacity. The more digestible
the food mass is, the sooner the rumen will
be emptied and the sooner the animal will
be able to eat again (Moen 1973).

Small animals have greater basal meta-
bolic rates per unit of body weight than do
larger ones {Kleiber 1961) and small rumi-
nants, such as the roe deer, have e relatively
small rumen compared to larger ones
{Prins & Geelen 1971). Therefore, turnover
rate of food in the rumen of small
ruminants must be higher than in larger
ruminants. In order to achieve this, it is
necessary that the food is easily digestible
and of high quality {low fibre, high pro-
tein). Thus, small ruminants must select for
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this type of food. Based on stoemach mor-
phology, Hofmann et al. (1976) classified
the roe deer as a 'concentrate selector’ (see
Hofmann & Stewart 1972), whose feeding
*strategy’ is to select for the most digestible
food, producing a high turnover rate in the
rumen. Turner (1978) showed that female
roe deer avoided less digestible food types
and selected easily digestible ones in
spring. Further, Drozdz (1979) emphasised
the importance of selection for herb layer
plants (or leaves rather than stems and
twigs) rather than for browse, also in cases
of identical digestibility, because the rate of
passage of herb layer plants through the
alimentary tract is more rapid than that of
browse,

Accordingly, it is to be expected that the
daily number of active bouts in roe deer
will be higher than in larger cervids. This
certainly seems to be the case. Bubenik
(1960) reported 8-12 active bouts per 24
hours in roe deer, and Cederlund (1981)
noted 7-13. These figures correspond to the
monthly means of 9-15 active bouts per 24
hours shown in the present study (up to 18
in rutting males). In comparison, Mitchell
et al. (1977) reported 6-9 foraging periods
per 24 hours for red deer, and Georgii (1981)
and Georgii & Schrader (1983), providing
monthly mean numbers of daily active
bouts for red deer, found between 5 and 10.
Elk show 5-7 active bouts per 24 hours as
derived from figures in Lieb (1981).

Furthermore, as basal metabolism of roe
deer is at its highest during spring and early
summer (Drozdz et al. 1975, Weiner 1977,
Ellenberg 1978), a higher turnover rate of
food, and thus a higher number of active
bouts per 24 hours, is to be expected during
this time of year. This is confirmed in the
present study in Fig. 10, and has been
demonstrated earlier in roe deer (von Berg
1978, Ellenberg 1978, Cederlund 1981).
The high turnover rates in spring and early
summer are concomitant with and depend-
ent on a high quality and quantity of food

plants, as well (sce Bobek et al. 1974,
Drozdz 1979). The high number of active
bouts shown by males during July-August
(Fig. 10) cannot, however, be explained by
the rumen fill theory, but was probably due
to rutting activities, (see p. 22).

Aduit females

Turner (1978) reported no variation in dur-
ation of average standing (active) bouts
from January until April in free-ranging
adult female roe deer, but during the same
period recorded a decrease in average lying
(inactive) bout duration. The latter resulted
from higher turnover rates of the selected
food as daylength progressed.

In the present study, lengths of active
bouts for females were not constant
throughout the year, but varied significant-
ly. Therefore, as food quality and quantity
increase during spring (especially from
April when sprouts become available in
large amounts), the efficiency of filling the
rumen probably increases, resulting in
shorter active bouts. Thus, according to the
assumption of a filled rumen per median
active bout (cf. p. 18), daily food intake in-
creases even more than it would if active-
bout duration remained constant. The in-
crease in the total amount of time active
(Fig. 5) during spring chiefly results from
the steep decreasein inactive-bout duration
(Fig. 8), and this, in turn, reflects the higher
digestibility of the selected food, as spring
progresses. As already emphasised, the in-
crease in basal metabolism during spring
probably intensifies food intake and selec-
tion for high quality food plants, so that
the resulting activity pattern is not merely a
response to higher digestibility of available
food plants (see below as well).

Digestibility of food plants declines
gradually from May until October (Drozdz
& Osiecki 1973, Drozdz 1979), and the
gradual increase in the duration of inactive
bouts during this period (Fig. 8) is probably
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directly caused by this; deer require more
time to process a rumen full of food.
However, the duration of inactive bouts in
adult lactating females was shorter in July
than in June (Tab. 1), which probably indi-
cates that the very large maintenance
metabelism of lactating females during
July (Ellenberg 1978) forces them to select
more specifically for food plants of higher
quality than in June. Accordingly, a faster
turn-over rate in the rumen is induced. Fol-
lowing this, the duration of inactive bouts
increased, and the only possible way for
adult females to sustain a high energy-
intake was to intensify feeding, thus
shortening the active bouts, The duration
of active bouts, although increasing in
June, gradually did decrease until October
(Tab. 1, Fig. 8). High availability of food
plants in summer probably makes a more
efficient food intake possible in adult fe-
males. Thus, median duration of active-in-
active cycles in adult females was shorter
during July-October than in June, sug-
gesting a high food intake.

From September/October maintenance
metabolism decreases (Ellenberg 1978).
The high turnover rates of food that are still
maintained, as indicated by the short ac-
tive-inactive cycles, make a deposition of
fat reserves possible, which Hoffmann
(1977) reported to be initiated as from Sep-
tember.

After leaf fall, at the shift from QOctober
to November, the digestibility of browse
abruptly decreases (Drozdz 1979). Accord-
ing to the rumen fill theory, this may ex-
plain the marked increase in duration of in-
active bouts in females during November
and December. The simultaneous increase
in duration of active bouts may result from
a lower efficiency in filling the rumen,
caused by the drop in quantity (and quali-
ty) of food. Accordingly, the number of ac-
tive bouts dropped to winter level (Fig. 10).

The decrease in level of time active,
however, should not merely be regarded as
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an automatic response to the reduction in
quality and quantity of food plants. En-
closed roe deer also reduce activity and
food intake during winter, despite identical
food supply at all seasons (Barth et al.
1976, Eisfeld 1977, Ellenberg 1978). Roe
deer adapt physiclogically and anatomical-
ly to winter conditions by reducing basal
metabolism (Drozdz et al. 1975, Weiner
1977, Ellenberg 1978) and by diminishing
the volume and absorbing surface of the
rumen (Konig et al. 1976, Hofmann 1979).

Young versus adults

Sex and age dependent variation in activity
patterns indicate that digestibility of food
plants is not the only factor influencing the
patterns. Seasonal differences in basal
metabolism between young and adult deer,
and between the sexes, are probably essen-
tial physiological adaptations. Fasting heat
production (FHP) during winter was more
than 20% higher in fawns, 6-8 months old,
than in adults (Weiner 1977). Fawns grow
until winter and have smaller fat reserves
than adults (Hofmann 1979). Additionally,
Hartfiel et al. (1985) reported that radiant
heat loss at low temperatures in February
was higher in a fawn than in an adult fe-
male. The higher energy-requirements of
voung deer may explain the observed
higher level of time active during winter of
young females compared to adults (Fig.
6b). However, as activity patterns of
mother and infant are highly synchronous
during winter {Jeppesen, in prep.,a) fawns
may gain energy by feeding more than
adults when active, as demonstrated by
Biittner (1980).

During spring and summer the situation
is reversed: FHP in adult (gestating, lactat-
ing) females is much higher than in yearling
females. Thus, in non-breeding females
maintenance metabolism increases by 50%
from winter to summer (Ellenberg 1978);
but in gestating/lactating females FHP is
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particularly large (Weiner 1977, Ellenberg
1978). In gestating females energy intake
{per metabolic weight of unity) increased
compared to non-gestating females from
4.2 weeks prior to parturition (Ellenberg
1978). In the present study the difference in
median inactive-bout duration between
yearlings and adult females became obvi-
ous already from April (Tab. 1). The ener-
gy-intake increases during lactation to an
average of 2.5 times the energy-intake of
nonlactating females (in females support-
ing two fawns in mid July, op. cit.).

From May until September median ac-
tive-inactive cycles were 27-34 minutes
shorter in adult (gestating/lactating) fe-
males than in yearling females (Tab. 1; no
data from yearling females in June). As al-
ready emphasised, the high FHP in adults
during this period probably forces them to
perform a much more efficient food intake,
including a strong selection for food plants
of high digestibility, compared to food in-
take in vearlings, and this is reflected in
very short median active and inactive bouts
(fast turnover rate).

Especially during the last month of
gestation and during lactation, however,
factors additional to metabolic rate, di-
gestibility of food plants, and light influ-
ence the activity patterns, although prob-
ably to a lesser extent. Adult females are
more cautious during this particular period
and spend more time ’orienting’ (Turner
1979). Aggressive interactions are common
among mothers {(Kurt 1968b, Espmark
1969), but are usually of short duration
{Jeppesen, unpubl.). Females spend much
time caring for the fawns (Espmark 1969),
Newborn roe deer fawns are "hiders’ (Lent
1974) and are nursed several times per day
{Bubenik 1965, Espmark 1969). Care per-
iods, however, seem to be integrated in the
rthythm of feeding and ruminating (own
observations).

The change in activity pattern prior to
and after parturition (Tab. 2) was very like-

ly due partly to physiological alterations
before giving birth, and partly to very fre-
quent contacts between mother and off-
spring immediately after birth in connec-
tion with establishment of a mother-young
bond (Bubenik 1965, Espmark 1969). Fur-
thermore, Increased alertness towards
potential predators may influence activity
patterns during this period.

Males

Male roe deer exhibit territorial behaviour
during spring and summer, with peaks in
March/April and during the rut in July/Au-
gust. High levels of aggression follow high
concentrations of testosterone in blood
plasma (Barth et al. 1976, Sempéré et al.
1980), and peaks in manifestations of ter-
ritorial behaviour in male roe deer, such as
scrapes, fraying of vegetation, and chasings
of other males are in parallel to the
testosterone curve (see Kurt 1968a, Davies
& Davies 1968, Bramley 1970, Strandgaard
1972, Cumming 1974, Barth et al. 1976,
Ellenberg 1978, Sempéré et al. 1980). Simi-
larly, increases in male movements within
territories follow the increases in the testo-
sterone curve (monthly means of *travel-
ling activity’; Bideau et al. 1983b).

French studies revealed increased move-
ments of males in spring (Mauget & Sem-
péré 1978, Sempéré 1979a, Bideau et al.
1983b), as well as enlarged daily ranges
{(Sempéré 1979a, Bideau et al. 1983b). Male
roe deer at Kalg behaved similarly,
although the increase was significant only
from autumn to spring, with intermediate
figures in winter (Jeppesen in prep.,b).
Mauget & Sempéré (1978) concluded that
increased movements in March were due to
territorial activity, whereas the total
amount of time active per 24 hours, that
did not increase until April, corresponded
to the sprouting vegetation in April, This is
part of the conclusion for the present study
also. The earlier increase in the daily level
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of time active for males during spring com-
pared to females {Fig. 6a), however, is prob-
ably the result of a faster turnover rate of
food in the male gut: the decrease in dur-
ation of both active and inactive bouts in
males from March to April is more abrupt
than in females (Figs. 8 and 9), thus sug-
gesting that basal metabolic rates per unit
of body weight in males are higher than in
females at this time of year, Therefore, with
reference to the rumen fill theory (p. 18}, it
seems probable that males show a more ef-
ficient food intake and a stronger selection
for food plants of high digestibility in
March-April than do females. Reportsona
high food intake in males in spring (Barth
et al. 1976, Bisfeld 1977, Ellenberg 1978)
support this conclusion. In spring, energy
requirements for maintenance are certainly
very high in male roe deer (Ellenberg 1978).
The increased testosterone level in blood
plasma of males during the rut in July/Au-
gust, causing increased territorial and
courting activities, does not manifest itself
in a higher level of total amount of time ac-
tive per 24 hours (Fig. 6a). During rut,
however, median duration of active and in-
active bouts were at their minimum (Fig. 9),
causing a maximum in the number of ac-
tive bouts per 24 hours (Fig. 10). The rumen
fill theory does not explain the short active
and inactive bouts during the rut. Coinci-
dent with the peak in rutting activities,
food intake is at its minimum (Barth et al.
1976, Eisfeld 1977, Ellenberg 1978). Fat
deposits that were built up during the
spring were depleted during the rut, caus-
ing a weight depression of 20-25% in
fenced deer; Ellenberg (1978) reckoned that
it led to & weight loss of up to 40% in free-
ranging roe deer. Activity patterns of males
during the rut, therefore, were probably
strongly influenced by courting and mating
activities. Adult males spend more time on
social behaviours during the rut than at
other times of the year (Turner 1979).
After the rut, the testosterone concentra-
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tion, and accordingly the level of aggres-
sion, drops drastically (Short & Mann
1966, Barth et al. 1976, Sempéré et al.
1980). During autumn and winter males
abandon territoriality and join smaller
groups of roe deer, feeding together (see p.
17). As ocecurs for females, fat deposits of
males are built up from September until
mid-winter (Hoffmann 1977), and the
higher daily level of time active in males
compared to females during autumn (Fig.
6a) may be ascribed to higher nutritive
needs as a consequence of their heavy
weight loss during the rut.

The reason why the median duration of
bouts in males did not increase from Oc-
tober to November, as it did for females, is
not cbvious. Ellenberg (1978) reported a
peak in fights in October among fenced
males, and Sempéré (1979b) gave accounts
of exceptionally rapid movements in males
in November and December. Some specific
male behaviours, therefore, may influence
activity patterns in autumn.

Conclusions

Several endo- and exogenous factors in-
fluence the activity patterns of roe deer.
Basically, the patterns are constrained by
the anatomical structure of the digestive
organs. Secondly, the patterns are in-
fluenced by seasonal physiological
changes, such as are associated with mat-
ing, gestation, lactation, growth of antlers,
body growth, and moulting. These factors,
in turn, affect basal metabolic rates.
Seasonal changes in quality, as well as
guantity, of food plants also influence ac-
tivity patterns. The timing, however, of
physiological events and of digestibility of
food plants is probably affected by changes
in daylength, and the photoperiod helps to
entrain the entire activity schedule.
Quality and quantity of food plants
probably exert the same overall effect on
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the activity patterns of all roe deer within a
population, and do so according to the ru-
men fill theory. Activity patterns of differ-
ent sex and age classes, however, are not
identical throughout the seasons, and with
the exceptions of rut and parturition,
differences in activity patterns are probably
mainly caused by variations in basal meta-
bolic rate among sex and age classes and
between seasons.

Periods of high metabolic rate per unit of
body weight necessitate a high turnover
rate of food in the rumen of roe deer. This
is probably achieved by: 1)increased effi-
ciency of filling the rumen, resulting in
shorter average active bouts, and 2)
stronger selection for high quality food
plants, resulting in shorter average inactive
bouts. Indeed, short median active-inac-
tive cycles were noted in those sex and age
classes that are known to have higher meta-

Dansk resumé

bolic rates per unit of body weight, com-
pared to those with lower rates. Energy-
intake, however, is rarely in accordance
with maintenance metabolic rates, and the
roe deer has a cycle of deposition and
mobilisation of body fat reserves (see Wein-
er 1973, Ellenberg 1978).

During the rut food intake in male roe
deer is at a minimum, and a peak in court-
ship behaviour is probably the main reason
for very short active and inactive bouts dur-
ing this period. Also, prior to and after par-
turition the rumen fill theory is an unlikely
explanation for short active and inactive
bouts in adult females. Selection has
favoured the maximisation of reproductive
success. Rates of feeding, selection of diet,
rates of food passage, and overall activity
are only important insofar as they assure
successful reproduction.

Aktivitetsmenster hos fritlevende radyr (Capreolus capreolus) pa Kale

De fleste dyr udviser en eller anden form for ryt-
misk aktivitet, som dels beror pa indre fysiologi-
ske rytmer (circadiane eller cirkannuale), dels
pa periodiske forandringer i de omgivende sti-
muli, de sakaldte »Zeitgebere«, hvoraf de dagli-
ge skift mellem lys og marke er szrlig afgeren-
de. Som hos andre drevtyggere pavirkes aktivi-
tetsmensteret hos radyr (Capreoius capreoius)
endvidere af fordejelsesprocesserne og af kvali-
teten og mangden af den indtagne fede. Af an-
dre faktorer, der kan péavirke radyrets aktivitets-
maenster, kan navnes vejrforandringer, tilstede-
veerelse af andre radyr og menneskelige forstyr-
relser.

Formalet med denne undersogelse er at belyse
savel det daglige som det arlige aktivitetsmen-
ster hos fritlevende radyr pa Kale i @stjyliand.
Aktivitetsmenstrenes arscyklus er desuden for-
sogt relateret til de saesonmaessige variationer i
basalstofskifte, fadeoptagelse, hormonniveau
og adfzerd, der er omtalt i litteraturen.

Ved hjeelp af automatisk aktivitetsregistre-
ring blev der i perioden fra december 1980 til ok-
tober 1984 indsamlet i alt 37.611 timers dechi-
frerbare aktivitetsdata fra 8 rder og 9 bukke
(App. 1). Dyrenes beveegelser registreredes som
forandringer 1 de modtagne radiosignalers styr-
ke. Aktivitet blev registreret som to adfeerdspa-
rametre: »aktive som omfattede alle typer be-
veegelser i terrenet, og »inaktiv« som betegnede
de perioder, hvor dyret ikke bevagede sig, og
hvor det hovedsageligt var liggende.

Radyrs daglige aktivitetsmenster var karakte-
riseret af hyppige skift mellem aktive og inak-
tive perioder (Fig. 2), i en tilsyneladende ikke-
cyklisk sekvens. Nar det gennemsnitlige antal
aktive minutter pr. time blev udregnet over flere
dage, fremtridte dog to tydelige aktiv-toppe, én
ved solopgang og én ved solnedgang. Det to-
toppede aktivitetsmenster var tydeligst i vinter-
méanederne, mens toppene, der var mindre mar-
kante iapril og maj, i juni naesten var forsvundet
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(Fig. 3). Fra juli blev aktiv-toppene atter tydeli-
ge, og forskellene mellem maxima og minima
blev mere udpreegede mod slutningen af aret. 1
nogle maneder forekom sekundeere maxima
omkring de to toppe.

Om sommeren registreredes 1-2 timers forsin-
kelse i morgentoppen i forhold til solopgang hos
raerne, og om vinteren en forsinkelse pa op til 1
time af aften-toppen i forhold til solnedgang.
Dette kan maske skyldes, at dyrenes indre cirka-
diane rytme ikke helt kan kompensere for sving-
ningerne i tidspunktet for henholdsvis solop-
gang og solnedgang i yderpunkterne om som-
meren og vinteren.

Fotoperiodisk kontrol af aktivitetsmansteret
ved hjeelp af »Zeitgeberne« solopgang og s0l-
nedgang synkroniserer den cirkadiskerytme hos
radyrene i bestanden mest udpraeget om vinte-
ren (Fig. 4). Det sterre sammenfald i aktivitet in-
den for bestanden forstaerkes desuden af, at dy-
rene fra oktober/november til marts/april lever i
mindre flokke, hvor aktiv-inaktiv cyklerne ofte
er synkrone.

Der var stor forskel i radyrenes totale aktive
tid pr. degn, ikke blot fra dag til dag, men ogs&
fra dyr til dyr. Der var dog en tydelig arlig cyklus
(Fig. 5 og 6). Om vinteren var aktivniveauet for
voksne dyr 35-45% af den totale registrerede
tid. Niveauet steg gradvist om foréaret, hurtigst
hos bukkene (Fig. 6a), hvis maximum pa 50%
registreredes i april/maj. Raernes maximum,
55%, blev naet i juni, hvorefter niveauet grad-
vist aftog gennem resten af dret. Fra september
var bukkenes aktiv-niveau 4-12% hejere end ra-
ernes. Unge (7-16 maneder gamle) raers aktiv-
niveau varierede mindre end de voksnes, med et
hejere niveau om vinteren og et lavere om som-
meren (Fig. 6b).

Der var tydelige seesonmeessige forskellei den
gennemsnitlige varighed af aktive og inaktive
perioder. Der var hos begge ken stor arlig varia-
tion i fordelingerne af inaktive periodelaengder,
(Fig. 7) med store medianveerdier om vinteren
(95 (9 ) og 97 (') minutter) og smé fordr-som-
mer (42 (@) og 40 (') minutter) (Fig. 8 og 9).
Fordelingerne af de aktive periodelzengder hos
rderne varierede betydeligt mindre, mens der
hos bukkene var temmelig stor variation (medi-
aner fra 28 til 64 minutter). Hos unge réer varie-
rede lzzngden af bide aktive og inaktive perio-
der aret igennem meget mindre end hos voksne
réer (Tab. 1). Iszer om sommeren var perioderne
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hos de unge betydelig leengere end hos voksne
réer.

Antallet af aktive perioder pr. degn er en
funktion af leengden af aktive og inaktive perio-
der og varierer &ret igennem omvendt proporti-
onalt med den gennemsnitlige varighed af aktiv-
inaktiv cyklerne, Hos begge ken var der 9-10 ak-
tive perioder pr. degn i januar-marts, hvorefter
det steg tit 15 i maj (Fig. 9). Dette udgjorde et
maximum hos raerne, hvor niveauet indtil okto-
ber gradvist faldt til 12, og til 9 i november-de-
cember. Hos bukkene derimod forekom det haj-
este antal aktive perioder (18) i brunsttiden i au-
gust,

wWomfyldeteorien« (Moen 1973, Westoby
1974) er vaesentlig for fortolkningen af de meka-
nismer, der bestemmer radyrenes aktivitets-
menster. Den foreslar, at drevtyggere mé holde
deres mavetarm-system fyldt konstant, og at de
er begreenset af, hvor hurtigt de kan forarbejde
feden, snarere end af hvor hurtigt de kan indta-
ge den. Jo mere fordejelig feden er, jo hurtigere
vil vommen blive temt og dyret veere parat til at
2de igen.

Med undtagelse af brunsttiden og tiden om-
kring fedslen antages det, at en gennemsnitlig
daglig aktiv periode reprzesenterer den tid, det
tager at fylde vommen, og at en gennemsnitlig
inaktiv periode repraesenterer den tid, det tager
at temme vommen. Derved vi! en median perio-
delzengde henholdsvis indeksere effektiviteten
af fedeindtaget (fyldning af vommen) og af
drevtygningen (temning af vommen). En kon-
sekvens er, at det hojeste aktivitetsniveau ikke
nedvendigvis reflekterer det hojeste fedeindtag.
I stedet virker varigheden af aktiv-inaktiv cyk-
lerne som et relativt mal for fedens omseet-
ningshastighed i vommen.

Omszetningshastigheden af feden er sterst
(korte aktive og inaktive perioder) forar og som-
mer, hvor fadeplanternes fordaejelighed og nze-
ringsveerdi er starst, og hvor basalstofskiftet er
hejest. Registrerede forskelle i varigheden af ak-
tiv-inaktiv cykler (Fig. 8 og 9, Tab. 1) efter kon
og alder kan relateres til variation i basalstof-
skiftet: Et hejt basalstofskifte resulterer formo-
dentlig i: 1) foreget effektivitet ved fyldning af
vommen {kortere aktive perioder), og 2) en steer-
kere selektion af fedeplanter af hej kvalitet
(kortere inaktive perioder).

Sma dyr har hejere basalstofskifte pr. kg
kropsvaegt end sterre dyr, og smé drevtyggere
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som radyret har en forholdsvis lille vom sam-
menlignet med sterre drevtyggere. Derfor ma
fadens omssetningshastighed i vommen vzere
stgrre hos sma drevtyggere, og for at opnd det

Pegiome ma DYCCKOM A3HKE!:

méa sma drovtyggere udsege sig let fordejelig fo-
de af hej neeringsveerdi. Dette er grunden til, at
radyret har flere aktive perioder pr. degn, end
det er tilf=ldet hos starre hjortearter.

XepaxKTepHCTHKE AKTMEHOCTY BOMAHO ¥MBymnX kocyns {Capreclus capreolus) Ha IeMIAX HMEHHA

Hand.

BONBIMHCTBO ®MEOTHNY BHKAIHNBAKT KAKOH
HUOYLE BHI DUTMUuecKoll aKTHRHOCTE, OT—
YacTy OCHOBBHHOW HA BHYTpeHHMX (usMONO-
THEECKEX DHTMAX (KDPFTAOCYTOMHHX MKni
KPYLIAOTOMOENX) , M OTUACTER HE Nepilomude-
GHUX HEMEHEHMAX OHDYXEWENX CTUMFNIOB, TAaK
HasHBReMHX "ueliTrefepor™, U3 KOTODHX exe-
OHEBH&A CMEeHS CBeTE M TEMHOTH OCOOSHHO
peunTenibHe, Kak ¥ #pYTHX XBAYHHX, ¥ KO-
cyns {Capreolus capreolus) HE XeparTepi—
CTHKY MX aXTUBHOCTH KpOMEe TOrQ BIKAET
OpMEATAS NUEme. 18 Npouux OGCTOATENBLCTE,
MOTyuUMX BOaneli¢cTBOBATHL HAE XBPAKTEPUCTHKY
AKTHBEOCTH HOCYNL, MOXHO NPHHATE B JueT
fMepeMers IHOroms, NPECYTCTEBME NPYTKX KO-
cyns ¥ GecnoKOHCTBO, DHIBAHHOE HENOBEKOM.

llens® HRCTOAMEFO HCCIENOBRHMA (HIO
BHACHEeHXE K&K CYTOWHOTO, TaK M YOAOBOrO
PUTMZ SKTHBHOCTH XUBJUMX HAa BOME KOCYED
Ha Haxd B Boerounol Wrmawnum. I'oaosoit
LMKA X&PAKTEPHCTHK &KTHBHOCTY KpPOME TOTO
OHTANKCh OPUBECTH B CBASHL ¢ CEIOHHHMY
DAPHAINSIMY OOMEeH8 OCHOBHNX BEmecTB, HDK-—
HATHEN NHEM, YPOBHeM COPMOHOB M NoBené-
HUEM, ONMCAHHHM B JIKTEPATIDPE.

llpr moMomy aBTOMaTHvecKol permcTpaunyk
AKTUBHOGTH B Mepuode ¢ mexadpa I%80 r.
no oKTEOGpE I984 r. OunH colpaEn nemnfpi-
pyeMie HaHHHe 06 aKTHBHOGTH 28 HUTCTO
37.611 uacos or 8 cauok ¥ 9 camuon (lpw-
noxesre I). JBuxeHMs XMBOTHHX DETHCTPHDPO-—
BAAMCE LPY [IOMONM HIMeHeHHMH CHNN IPHEETHX
PAOWOCKTHANIOR, AKRTHMBHOCTL DPETHCTDHPOBE—
fack B BHIEEe HBYX NAPAMEeTDPOB MNCBeleHMA:
"BKTHBHOCTR" BKANYARA BCAKHE THION nepe-
OBMXEHHA 00 WECTHOCTH, & "(e3neATenn—
HocTh" OGHAMNBNs NepronW, B KOTOPHX XKBOT-—
HNE He NepelBHTENMCE, W INABHHM cOpa3soM
OCTAPENMCE NEXH.

ExepHeBHull o6paz BRTMBHOCTH KOCFAB

XApaKTEPYB0BANCH YaCTHMH CMEHAMM BKTHBHUX
¥ GeameATenbHuX neproros (Pur. 2), B mo-
pAOKE, HEMNOCPeNCTBEHHO KAILBHEMCH HE LUK~
nuyecKim, OnHako, HODEA CDeNHee UNUCHo &K—
THBEHMX MMHYT 38 wac OHAO BHUUCHEHO 38
HECKONDbKO NHEeH, BHABNANMGE NBS UeTKMX
MaKCHMYMA BKTHBHOCTH, ONMH NDPU BOCxOAe,
APYTO# n#pM Baxose GONELA. JTA XapaKTepH-
CTHKA BKTUBHOCTH "¢ OBYMA BepXylrewu” Ha-
uGonee LeTKO pasNMYaNEch B SUMHME MeCAlH,
B anpene-Mae I3TH "sepxymxru" OHIM MeHee
aaMeTHH, & B MHHEe MX eABa-nu CHJI0 BOIMOX—
HO pasnuuuTh (Iur. 3}. C UNAS MaKCHMyMu
BKTMBEOCTY CHOBE CTAHOBKIHMCH UETHHMM, M
PasHMUN MEeXLY MBKCHMYMaMY ¥ MUHHMIMEMH
BeE CHibHee YBEAWUNBANWUCEL K KOHUY TOIA.

B HeKOTOpHE MecALW H&CIRIAIWCE BTOPMYHNE
MBKCHMYKN BOKDYT LBYX "mBepxymer".

JleTox perHcTPUPOR8AOCH BANO3INAHUE FT~
pEeHHeTO MaxcHMyMa Ha I-2 yaca OO OTHOmE-
HHK K BOCXOLY COnHO&, & 3HMol 3amosmanue
BEYEPHETO MaKCHUMYMA N[O ONHOTO Yaca mo
OTHOWEHMKW K 38X0Ay CONELR. [IpWuuHOK 3To-
ro MoxeT GHTH, UTO BHYTpeHHMI CyrOuHHH
PHTK XMBOTHHX He MONHOCTRKW CNOCOSEH KOoM—
OeHCHPOBATE M3MEHEHMH BpedMeHM BOCXoAa M
9&%0ES CONHIB, KOTGA JTH BDEMeHA JeTOM X
auMoll mocTHrawnT Kpalivuy sHadveHud.

foromepnomuieckul XOHTDONE XAPAKTEDH—
CTHKY SXTUBHOCTH npd momomu “uelitreCepon”
BOCXONS M BaXCH& CONHue HamGonee GIMIKO
CHHXPOHUIUPTET CYTOUHHE DUTMN KOCYNb IO~
mynaumn sumol {Gur. #). Boaee OnEzHOMY
COOTBETCTHNK SKTHBEHOCTM DaIHHX ocofeil
SOMFNALMN KPOME TOLO CHOCOJCTBYET TO,
4T0 KOCYAM ¢ OKTASDR/HOACDA No MapT/am-—
Penb XUBYT HeOCOMBUMMN OTARKOMIE, B KOTOPHX
U¥KRH SKTUBHOCTH/Ue3LEATENBHOCTA YACTO
CHBEINT CHHXPOHRHNMK,
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Buaa Gomnpitad pasHkKUa MeXny OCmHMKM Iau-
TenbHOCTAMM SKTHBHOCTH KOCFND 38 CYTHM,
He TONBKO €O AHR HA HEeHB, HOG ¥ C ONHOTC
KKBOTHOTO Ha Ipyroe. OnHaKO, PHABRANCH
werku¥ romomol maxkn {Gur. 5 u 6). Jumolt
YpOBEHE @KTHBHOCTW B3POCHMX XHBOTHHX CO-
crasndan 35-45% Beero 2apeTHCTDMDOBAHHOTO
speMens. BecHo# ypoBeHB NOGCTENEHHO TOBH-
manes, SucTpee y camuos (dur. 6&), ¥ Ko-
TOPHX MaKeHMyM = S0% Guy 3aperncrpupoBaH
5 anpene/mae. MAKCHMYM ¥ CaMOK, 55%, mo-
cTUTancA B MioHe, [MOcAe 4Yero yposeHh B Te—
yeHue OCTAALHCH UYACTH TORA NOCTEReHHO No-
HExanca. ¢ CeHTAGPA YPOBEHL AKTHMBHOCTH
caMuos Gun Ha A-I2% bBume, 4éM ¥ CAMOK.
YpoBeH: AKTHEHOCTH MOJORNX CAMOK (Boa-
pacta ¢ 7 mo 16 MECRLEE) KoneGanca WeHb-
we, ueM B3POCRNX CaMok, UPKUEM 3ITOT FPO-
Bens suMof Oxs Bume, & nerom Emxe (dur.
5b).

Buny ueTKME CE3OHHHE DASHNUM cpemnedl
ANNTEnBHOCTH IEPUOACB AKTUBHOCTH M Geape-
ATENBHOCTH. J OSOMX Honop Oxpaa BHAYMTEeNb=
Han roicsasd BapHauMa DACNpej;eneHust Ges-
ResTenbHNX mepkonos (dur. 7), ¢ BHCOKHMH
MeavauHHME BenuumHamu 2muoll (95 mmuyT ¥
camox ¥ 97 y camnon) ¥ HeSOnLEUMU secxoi
% netor (42 MuHyTH ¥y camom, 40 y camuos)
(dur. 8 u 9). Pacnpernenerus anuTensHocTel
AKTUBHWYX 1EPHONOB ¥ CAMOK KoJlefaiHch 3IHA-
YUTENbHO MEHLNE, & ¥ CaMuosd Olpa DOBONE-
HO CHUABHAN Bapualus (Mexuans oT 28 0o
G4 MuHYT). Y MOAOMQNX CEMOK INUTENBHOCTR
Kak aKTMBHMX, TaKk ¥ G(esnefATenbHHX neph-
CnOB B TeueHHe BCETO TOHS KoneSanach Ha-
MHETO MeHBle, Yew ¥y Bopoonux camox (Tabn.
I). OcoGeHHO NeTOoM, HEPHONN ¥ MONOLNX Sbl—
M GHBUMTENEHO NNUTEeNnbHEeE, Y&M F BIPOCHHX
cauoK.

Yoo AKTHBHEY [OeDHONCB 53 NeHB ABIAA-
eTcA PyHKUMeHd MIMTEeNBHOCTY BKTHBHHX I
GeonesTENBHHX NEpPHOROB, W B TEeUeHHe ro-
fa BepHEpyeT OCPATHO NRONMOPUMOHANEHO
@umﬁmmmmmmummsummmm/
GesHmeATEeNbHOGTH. ¥ OOOMX NoNos SHNO NG
O-I0 axTMBHHX NEPUONOB 38 CYTKK C AHBAPA
no MapT, NOcne UeTo UHCAHO N(OBHMANOCH X0
I5 & nae (Pur. 9)., ITo OHIO MAKCHMYMOM ¥
caMoK, § HMX YDOBEHL A0 OkTASDA moSTe-
neHHo noRuxencs no I2, ¥ B HoAdpe-nexe-
6pe no 9. ¥ caMLOB, HANPOTHE, HASNOEANcek
HAMBHCHEE UMCHO AKTUBHHX ueponoe (I8) B
nepuone TeUKU B EBLYCTE.
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"Teopys Hanoasenns pysua” (Moen 1973,
Westoby 1974) naxHa ans OUBACHEHNA MeXa-
HUAMOBR, ONPEHENANMMX XEBPBKTEPHCTHKY &K
THBHEOCTH KOGYAR, B 2Toit Tecpuu npegnara-
erest, ITO XBAUHHM HeOUXONMMO COASDHATH
CNETEMY KEJNFIOKA-KMHEK NHOCTOAAHO HANORHEH-
HOW, M YTC OrpaHnYeHuem #BAASTCHA GHCTPO—
To, XKOTOPOA OHK CHOCOSHH NMEepeBEPUBATE
nKny, 8 He GHOTpoTa, KOTopol OHM MOTYT
NpKEKMATE e8. UYew Golee yHOGOBADHMA IUINE,
Ted SHcTpee pyodel onopaxiyuBaercd, U EM-
BOTHOE CHOBA OyIHeT CHNOCOGHO &CTh.

3a MCKANYEHNMEM BpEMeHM Teyky ¥ [1epucAs
poaoB, Npelnoiaraercs, 4ro cpenuuf cyrou-
Hu Nepuon aKTUBKOCTH MDENCTABIRET codoit
BpeMR, HeolxonuMoe ANS HAMOMHEHNWA pyoua,
a cpeanuit mepuon CedAeATENsHOCTH — Bpeus,
uy¥Hoe mnA ero OmopoxHenua. CremoBaTenh-
Mo, BHOUMH FDOBeHB AKTMBHOCTH He 0A3a-
PEIBHO FKAIMBAST HA NDUHNMAHKE HEAGONE—
Wero KOMMUECTBA Nuux. BMecTo ITOTO,
AAMTERBEHOSTE LHKNOR AKTHBHOCTH/Cesnen-
TENEHOCTY CHYXMT OTHOCHTENLHOW Mepoli CKo-
pocTH OGOpOTA NMEmK B DYOUE.

CropocTs ©00pOTA IMOU HauGonee BHCOKA
secrol u seTou (HpaTue SKTMBHHE M Oes-
NefATeABHHE WEPHOOM), KOLEA YHOGOBAPKMOCTH
M OMTATENBHOCTS MMUESsHX DAacTeHnid HauGonee
BRCOKM, M KOTEA OCMEH OCHOBHEX BENeCTs
Haufonee BHCOK. SAPETUCTPUPOBAHHKE PAIHH-
UH OMETENBLHOCTH SKTHEHHX/(e3AefTeNlbHHX
uuknos {(dur. 8 u 9, Tadn. I) no nony ¥
BOSPACTY MONHO DPACCMATPHBATE B CBRIM C
o6MEHOM OCHOBHHX BEMECTB: BHCOXMA oOMeR
OCHOBHHY BeWEeCTS BEPCATHO BH3NBAET!

I) moBumenne 3PHeKTMBHOCTH NPH HAMONMHE-
Hyy pydua (Gonee xpaTKue BKTHBHNE OeDU-—
omu}, # 2) TMOBHUEHHYW DPa3UCPUKBOCTS PR
BHGOpe NMHEeBHX DAcTEeHUH BHCOKOTO KAUECTEA
{6onee KpaTxne GesnesrenbRHE MePHOAH).

¥ meSonpuwX *MBOTHHX, OUMER OCHCOBHMX
BomecTs 88 KI' Beca Tena Buwe, yeM y onp-
WHX, M ¥y EeCOABUHX XKBAUEHX, TAWUX KAK
KOCyNB, DyOeu oTHocUTEensHO HeOORBLOHE mo
cpapHeHnK ¢ Conee KPYOHHMM xpaunkmu. [lo-
3ITOMY, CHODOCTE OGopoTa numu 3 pydue y
HeGONBUHX XBAYHHX LDONXHE CHTE BHWE, H,
A7IF ROCTHXEHMA 3TOTO, HeGOonhlMe XBAUHHE
NPHEYXEEHH BUOMPETL cele yRoGoBapuuMyR
NMmy BMCOKOR MUTEATERLHOCTH. ITC ABAAETCHR
npuunkolf Toro, u4ro y Kocynu CGONEME AKTHB—
HHX NepKOLOB 28 CYTHKE, ueM y Oonee Kpyn-—
HHY BUXCB OneHeii.
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Appendix 1. Known age of roe deer and the total time each year of decipherable activity recordings.

Specimen Year of birth Number of hours per year . Total
No. 1980 1981 1982 1983 1984

Females
302B before 1977 70 139 209
212A 1974 1,062 167 1,229
310A 1979 639 5 644
312A 1977 5,583 5,714 1,826 13,123
4044 1976 159 159
407A 1982 149 3,734 3,086 6,969
309A> 1983 2,027 2,027
402A 3,465 3,463
Total 70 1,201 6,538 9,612 10,404 27,825

Males :
2084 1979 479 479
209A 1974 232 232
301A 1979 428 2,642 801 . 3,871
300A* 1981 362 362
110A 1981 1,673 47 1,720
2ilA 1979 356 556
202A 1975 1,964 153 2,117
410A before 1982 346 346
412A 1980 103 103
Total 1,139 4,677 3,368 - 602 9,786

* Same transeitter, different animals

Appendix 2. Total number of recorded hours and deer per month. Additional data to Fig. 3.

Females Males

No. of No. of No. of No. of

hours deer hours deer
Jan, 1,579 5 505 4
Feb. 2,498 7 644 2
Mar. 2,870 6 1,870 5
Apr. 3,156 8 828 3
May 3,578 6 706 3
Jun. 2,167 5 667 2
Jul. 2,270 5 689 3
Aug. 2.673 5 538 2
Sep. 1,733 4 702 3
Oct. 1,135 3 468 2
Nov. 1,110 3 472 2
Dec. 1,488 4
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Appendix 3, Results of statistical tests

t-tests {Sokal & Rohlf 1981) indicate that the level of time active during night was significantly higher than during
day for females in:

September
QOctober
November
December
January

t
£
t
t
t

7.319, df
6.979, df
5.025, df
3.508, df
3.297, df

LI L | I

1,158,
812,
872,

1,277,

1,215,

p<0.001
p<0.001
p<0.001
p<0.001
p<0.001

t-tesks {Sokal & Rohlf 1981) indicate that the level of time active during night was significantly higher than dur-
ing day for males in:

September
Qctober
November

Ha
H
H

4.269, df
4.641, df
3.568, df

[ |

536,
367,
365,

p<0.001
p<0.001
p<0.001

t-tests (Sokal & Rohlf £981) indicate that mean daily frequency of males was significantly higher than that for

fernales in:

Appendix 4. Number of deer recorded per week. Additional data 1o Fig. 5.

July
August
September

to=

ot
H

5.86 , df
6.81 , df
3.90, df

n i

ol

205,
203,

164,

p<0.001
p<0.001
p<0.001

Week no.

1..

L5
No.ofdeer 322233644 46533 57556 643

10....

15....

20 .

R SN ..
34 32334 54334 22123 22122 1223 333

30....

5.,

.40 .

L4500,

50..

Appendix 5. Total number of recorded hours and deer per month. Additional data to Fig. 6a+b.

Males Adult females Young females
No. of No. of No. of No of No. of No. of
hours deer hours deer hours deer
Jan. 304 2 1,524 5 212 1
Feb. 644 2 2,348 7 299 1
Mar. 1,870 5 1,967 4 903 2
Apr. 0924 4 1,918 5 0 2
May 723 3 2,480 4 1,098 2
Jun. 788 3 1,751 3
Jul. 689 3 1,731 4 539 1
Aug. 538 2 2,133 4 540 1
Sep. 702 3 1,291 3 442 1
Qct. 468 2 1,135 3
Nov. 472 2 211 2
Dec. 131 2 1,102 3
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Appendix 6. Monthly means and standard deviations of active and inactive bou! lengths (in minuies) in fermale
and male roe deer.

Females Males
Meonth n active bouts inactive bouts n active bouts inactive bouts
min min min min

January 7 66:£17* 10422* 5 6512 8911
February 9 60+ 9 9112 2 68 | 08x 4
March 6 65+ 4 87+ 5 6 72x10 87+ 5
April 8 30+ 6 65+10* 5 50+ 6 5410
May 6 48+ 9% 51+ o* 3 46+ 9* 50+ 7
June 5 5511* 54+ 5 4 50+10 58x13
July 5 55+14% 60x12* 3 41x11* 49+ 7
August 6 50+]1* 60+ 8* 2 38x14% 4715
September 5 54x14* TO£15% 3 48+ 5 5520*
October 3 49410 7010 2 57x11* 66::16%
November 3 6112 101£30* 3 48+ 6 62x16%
December 4 63x17 107x16

* Significant differences at the 5%-level among individual deer in mean length of active and inactive bouts
(analysis of variance and t-tests, Sokal & Rohlf 1981).

Appendix 7. Number of bouts (active and inactive)  Appendix 8. Number of bouts (active and inactive)
and female deer per month. Additionel data to Fig. 8. and male deer per month. Additional data to Fig. 9.

No. of No. of No. of No. of No. of No. of

fernales  active bouts  inactive bouts females  active bouts inactive bouts
Jan. 7 607 683 Jan, 4 189 225
Feb. 9 1,049 1,136 Feh. 2 213 236
Mar. 6 1,080 1,130 Mar. 6 715 757
Apr. 8 1,615 1,677 Apr. 5 560 623
May 6 2,193 2,274 May 3 408 481
Jun. 5 1,124 1,209 Jun., 4 500 571
Jul, 5 1,116 1,214 Jul. 3 428 504
Aug. 6 1,448 1,334 Aug. 2 323 380
Sep. 5 820 205 Sep. 3 341 373
Oct. 3 336 577 Qct. 2 217 250
Nov. 3 419 430 Nov. 2 244 265
Dec. 5 524 597 Dec.

Appendix 9. Number of deer and days per month.
Additional data to Fig. 10.

No. of No.of No.of No.of

deer days deer days
Jan. 7 123 4 47
Feb. 9 165 2 36
Matk. 6 155 6 112
Aptr. 8 165 5 77
May 6 180 4 75
Jun. 5 132 4 74
Jul. 5 139 3 68
Aug. 6 163 2 42
Sep. 5 119 3 47
Oct. 3 70 2 41
Nov. 3 66 2 35
Dec. 5 134
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