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Abstract

The activity pattern of polecats Mustela putorius L. was studied by radiotracking five males and
four females in the wetlands of western France from Jul. 1988 to Mar. 1992. Polecats were nocturnal
throughout the year with no differences between males and females. The diel activity remained
moderate (31 %). Seasonal food habits were characterized by the exploitation of anurans in spring,
while rodents were preyed upon from summer to winter. Seasonal changes in the activity rhythm of
polecats appeared synchronized with the activity of the main prey. It is suggested that the activity
patterns exhibited in different periods of the year are a result of changes in feeding tactics.

Thierry LODE, La Vadellerie, F-49123 Champtocé/Loire, France.

Introduction

Most European mustelids exhibit an activity rhythm closely related to pho-
toperiod length (HAINARD 1961). However, numerous disturbances due to
meteorological or physiological factors are likely to affect this pattern. For
example, mustelids are known to reduce their outside activities during cold
weather, to increase their movements during mating season (EWER 1968; SKIRNIS-
SON 1986; RICHARDSON et al. 1987; BUSKIRK et al. 1988), and it could be that
activity 1s scheduled to avoid dominant predators (POWELL 1973; RICHARDSON et
al. 1987). Furthermore, because prey searching may be easier when prey are active,
the existence of a synchrony between carnivores’ activity and their main prey has
been suggested (GERELL 1969; CURIO 1976; ZIELINSKI et al. 1983).

The wild European polecat Mustela putorius L. is a terrestrial mustelid which
forages in woodlands and marshes (KRATOCHVIL 1952; DANILOV & RUSAKOV
1969; BLANDFORD 1987; WEBER 1989a; BRZEZINSKI et al. 1992; LODE 1993a).
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The diet includes a wide range of vertebrate prey (KRATOCHVIL 1952; DANILOV
& RUSAKOV 1969; BALLARIN et al. 1980; BLANDFORD 1987; WEBER 19892; LODE
1991, 1993b), but, despite its food eclecticism, the polecat mainly exploits rodents
and anurans.

Available information on polecat activity patterns portrays a rather nocturnal
predator showing variable activity throughout the year (NILSSON 1978; HER-
RENSCHMIDT 1982; BLANDFORD 1987; WEBER 1989b). If changes in activity
rhythm exhibited by polecats in different periods of the year were adaptive, one
would assume that polecats synchronize their activity rhythm with the activity of
prey to make hunting more successful. Furthermore, changes in activity should
be associated with dietary variations and prey availabilities. In order to test the
hypothesis of a close association between feeding tactics and activity patterns, a
detailed description of the activity rhythm was performed in relation to some
environmental variables, to polecat food habits, and to prey activity period.

Methods

Study area

This study was carried out on wetlands and adjoining woodlands stretching along the banks of
the river Loire, western France, i.e. the Bridre Marshes (47°25N, 2°15 W) and the Grand-Lieu Lake
(47°05N, 1°39 W). Peat-bogs and marshes have been formed behind the alluvial banks deposited by
the Loire. Elsewhere, the landscape is characterized by a patchwork of small fields hedged by oaks
and ashes. The climate is mild and humid (Table 1) with only 2 snowy days per year.

Study Methods

From Jan. 1989 to Mar. 1992, nine wild polecats (Table 2) were live-trapped and fitted with
radiotransmitters (14 g, pulse rate 50-90, 148 MHz). The animals were repeatedly located using a hand-
held antenna and a portable receiver for periods of 6 h per d with location of each animal given every
45 m (instantaneous time-sampling: JACOBSEN & WIGGINS 1992) for a total of 24 h per wk (see LODE
1993a). Only active fixes outside the dens, shown by the variations in radio-signal strength due to the
movements, were considered. When the polecat activity was unclear, other fixes at 10-min intervals
were monitored to confirm whether the animal was moving or resting, but only one fix was considered.
Activity was defined as the percentage of active radio-fixes per h. Daily activity data of individuals
were pooled for a 2-mo period of the year. X and SD values are given unless otherwise stated. A
Kruskall-Wallis one-way analysis of variance by ranks was used. The Spearman rank-correlation
coefficient was calculated monthly between mean activity level and temperature, photoperiod, and
precipitation,

Diel activity rhythms of bank voles Clethrionomys glareolus, and meadow voles Microtus arvalis
were investigated by direct observation. For each species, four females and two males were live-trapped
and housed in two individual outside terrariums (natural conditions) that were grass-covered and
contained a basin, a water bottle, and tree-bark, moss and nest compartments. Observation lasted 7 d
after which the animals were released. The d 1 was considered to be an adapration period.

The diel-activity rhythm of wild brown rats Rattus norvegicus was recorded by direct observation
from a hidden spot at an artificial feeding site that had previously been baited for 2 d. The diel activity
of six agile frogs, Rana dalmatina, and six common toads, Bufo bufo, was directly observed in the
field. The animals were temporarily marked on the back with fluorescent powder to make the survey
easier (LODE 1993c). Activity was determined in periods of 8 h per d for 6 d by counting the number
of individuals seen with a record every 15 min (n = six individuals X (4 X 15 min) X 2 = 48 observations
per h, except for n Rattus individuals = x, n observations =48). A red spot light was used to observe
the animals in darkness. All activities (feeding, locomotion, grooming, interactions) outside the dens
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Table 2: Characteristics of radiotracked polecats

Identification Sex  Weight (g) Survey period Locations
M102 M 1260 15 Jul. 89-6 Oct. 89 224
Mi103 M 1580 29 Jan. 90-7 Jun. 90 235
M204 M 1500 27 Nov. 90-6 Apr. 91 306
M205 M 1430 8 Jan. 91-24 Mar. 91 210
M206 M 1600 10 Feb. 92-14 Jun. 92 224
F102 F 890 20 Jan. 89-24 Feb. 89 126
F103 F 605 21 Aug. 89-29 Nov. 89 276
F104 F 820 13 Feb. 90-12 May 90 132
F205 F 680 21 Oct. 90-8 Jan. 91 98

Table 3: Percentage of time polecats were active (X * SD) during 2-mo periods between Jul. 1989

and Mar. 1992
Diel activity Nocturnal activity
Males Females Males Females
Jan.-Feb. 33,774 31.8+94 90.4 9.9 91.1 = 10.9
Mar.—Apr. 27.3+6.8 29.5+7.6 84.9 x 15.1 79.6 + 13.5
May.—Jun. 303+7.5 37.5+0.0 62.6 + 21.2 44,4 + 15.8
Jul.-Aug. 29.2+ 46 34172 69.9+12.7 68.5 £ 15.5
Sep.—Oct. 31,763 31.1 4.7 80.4 = 12,6 80.2 =219
Nov.-Dec. 342=x46 31.8x3.3 95.5* 6.2 955+ 7.9

were considered. The concordance between activity rhythms of polecats and every prey species was
estimated using the Kendall rank-correlation coefficient T with 24-h periods. Since some variables
were interdependent relative to nocturnal habits, a cluster analysis was performed to point out
dependencies (PCSM program, hierarchical ascending classification). Polecat food habits were studied
by scat analysis. Scats were collected from telemetred polecats during a daily search following the
nocturnal path of surveyed animals (LODE 1994) and remains identified using standard techniques by
comparison with a collection and atlas (DAY 1966; RAGE 1974; DEBROT et al. 1982). The results are
expressed as the relative frequency of occurrences. Some fish and molluscs or mammals and birds,
assumed to be carrion, formed the ‘other’ categories.

Results

Activity Pattern

No difference was found in the distribution of mean activity between any
individual polecats (H = 1.67, df = 8, ns). Polecats spent, on average, one third
of their time (31.0 + 6.8 %) in activity, with no differences between males
(30.6 % £ 7.1 %) and females (31.6 + 6.4 %) (Mann-Whitney U =8, ns). The
mean rate of activity appeared remarkably stable throughout the year (Table 3)
with no differences between the 2-mo periods (H = 10.54, df =5, p = 0.06).
Resting periods lasted between about 16 h and 30 min (68.9 %).

The activity was not, however, distributed in a homogenous pattern and
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Fig. 1: Diel activity of polecats in western France. from Jul. 1989 to Mar. 1992

varied considerably from one hourly period to another. A peak of activity was
recorded at 23 h (89.9 + 38.7 %). The activity generally occurred soon after sunset
and ended at sunrise (Fig. 1). From Sep. to Feb., the animals showed two peaks
in their activity with a resting period of about 2-3 h. In Mar. and Apr., the level
of activity decreased after midnight. From May to Aug., the variations tended to
be more moderate. All the surveyed polecats exhibited a pronounced nocturnality.
The percentage of time polecats were active at night (darkness) averaged 82.3 %
(=17.6 %) with no differences between males (82.1 +17.3 %) and females
(82.5 = 18.2 %; U = 15.5, ns) but varied significantly throughout the year (H =
38.81, df =5, p <0.0001) both for males (H = 21.57, df =5, p < 0.0001) and
females (H = 18.42, df = 5, p < 0.002). The monthly diel activity did not correlate
with precipitations (males: r, = —0.319, df = 18, ns; females: r, = —0.408, df =
14, ns) and was not related either to photoperiod (r, = 0.049, r, = 0.230, ns) or
mean temperature (r, = 0.072, r, = 0.212, ns).

Relationships between Activity Rhythms of Prey and Diet of Polecats

The anurans studied were mainly nocturnal in relation to the daylight cycle
but activity decreased rapidly after midnight (Fig. 2). Activity periods were
restricted to the Mar.—Oct. period, but a relatively high diel activity occurred
from dusk to midnight. A few activities were diurnal, occurring mainly in the
early morning in summer. The bank voles showed several peaks in the activity
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Fig. 2: Diel activity of main anuran prey of polecats in western France: agile frogs, Rana dalmatina,
and common toads, Bufo bufo

pattern, generally more pronounced soon after sunset and before sunrise (Fig. 3).
The level of activity was often very low around 0300-0400h. The meadow
voles had polyphasic rhythms because individual activity cycles were successively
overlapping. Voles appeared to be more active during the day, soon after sunrise,
but the pattern seemed rather irregular in the afternoon. The brown rats exhibited
a strong nocturnal preference, but the youngest were more diurnal in short active
periods, probably in relation to their social status. A prominent peak can be seen
in the evening and a second one shortly before sunrise.

The distribution of active hourly periods showed the close synchrony with
polecat activity (Table 4), except for Microtus.

Mammals, chiefly rodents (bank voles, meadow voles and brown rats) were
the most important food in the diet of the polecats (Table 5) but amphibians,
mainly terrestrial anurans (agile frogs and common toads) were equally important
from Mar. to Jun. Birds and invertebrates formed secondary food categories.
Dietary changes showed a clear seasonality. The consumption of brown rats
increased significantly from Nov. to Feb. (H = 17.24, df =5, p < 0.004). The
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Fig. 4: Dendrogram resulting from the cluster analysis of seasonal activity rhythms of polecat and
prey (weighed mean euclidian distances)

occurrence of bank voles varied throughout the year (H = 11.05, p < 0.05), while
frequency of meadow voles did not, and the exploitation of anurans increased
considerably in spring (H = 19.67, p < 0.001).

Cluster Analysis

Cluster analysis (mean euclidian distances D) allowed a clarification of the
association between the polecats activity and that of their prey (Fig. 4). A first
cluster (D = 71.74) was formed by frog and toad activity rhythms and the activity
rhythm of polecats in Mar. and Apr. A second cluster (D = 75.14) included
activity rhythms of the brown rat in May and Jun. and Sep. and Oct., bank voles
in Jul. and Aug. and polecat in May and Jun. and Jul. and Aug. Polecat activity
rhythm from Sep. to Feb. (D = 43.73) was indirectly related to other prey activities
(D = 78.48), but also embraced the second cluster (D = 77.81). Activity rhythms
of meadow voles appeared to be independent.

Discussion

Relationships between Activity Patterns and Diet

In western France, polecats exhibited a bimodal activity rhythm with a
great agreement between males and females. The activity pattern of polecats was
characterized by important variations in distribution of active hourly periods
throughout the year. Changes in activity distribution correlated highly with main
prey activity rhythms. As a result of this, from Mar. to Jun., changes in polecat
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activity rhythm were strongly correlated with frog and toad activity patterns. In
Europe, polecats are known to exploit frogs and toads intensively (KRATOCHVIL
1952; DANILOV & RUSAKOV 1969; BALLARIN et al. 1980; JEDRZEJEWSKI et al.
1989; WEBER 1989a; LODE 1991, 1993b) and may secrete surplus food when
anurans are over-abundant near breeding sites (DANILOV & RUSAKIV 1969; LODE
1989). Agile frogs and common toads are nocturnal terrestrial anurans, although
temperature might affect their activity (ANGEL 1947; FRAZER 1966; HEUSSER 1968;
GEISSELMANN et al. 1971; BLAB 1986; PINSTON & GUEYETANT 1987). The degree
of activity varies throughout the night, decreasing after midnight in both species.
The relative humidity at dusk may be an important factor in maintaining the
nocturnality in summer, as in Rana sylvatica (BELLIS 1962).

From Nov. to Dec., the strongest correlations were in the rat activity pattern.
Although the animals might have become accustomed to a baited site, disturbing
their natural rhythm, the nocturnal activity pattern shown by brown rats in this
study was similar to that found in nature (TAYLOR 1978). Brown rats were
generally nocturnal although there were wide individual variations, especially
among the youngest individuals (TAYLOR 1978). Maximum activity occurred in
the evening but the activity level remained high throughout the night.

In bank voles, activities were concentrated around dusk and dawn, sometimes
with another peak soon after midnight, and showed significant concordance with
summer and winter activity rhythms of polecats. Previous investigations on bank-
vole activity patterns (MILLER 1955; SAINT-GIRONS 1960, 1961; KIKKAWA 1964;
GORECKI 1968; WOJICK & WOLK 1985) stressed that these small rodents were
active chiefly during the night, with 2-3 peak periods. On the other hand, the
polyphasic activity rhythm of Microtus arvalis was not connected with polecat
activity pattern, Important individual variations occur in voles, some individuals
being more nocturnal than others. Short-term rhythm and alternate resting and
active periods have often been described in Microtus arvalis (DURUP 1956;
LEHMANN & SOMMERSBERG 1980). Due to negative interactions, the activities of
young voles in Microtus were particularly nocturnal (BAUMLER 1975; LEHMANN
1976; LEHMANN & SOMMERSBERG 1980).

Significance of Changes in Activity Patterns

Physiological factors such as breeding could also affect the activity pattern of
mustelids. Here, no female has been surveyed during the breeding, but SANDELL
(1986) in stoat, SKIRNISSON (1986) in stone marten, and RICHARDSON et al. (1987)
in black-footed ferret noticed increases in activity at this time. The activity rhythm
was probably dependent on endogenous factors, as suggested by correlations
between the different activity rhythms in animals studied. The circadian activity
rthythm of numerous species was, however, synchronized by day-night cycle
(ASCHOFF 1966). Most mustelids start their activity in close connection with the
sunset (GERELL 1969; BIRKS & LINN 1982; KALPERS 1984; BLANDFORD 1987:
WEBER 1989b). In polecats, nocturnal activities are predominant and the animals
synchronize their activity rhythm with the day-night cycle. Similar observations
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on nocturnal preference have been previously reported (NILSSON 1978; HERr-
RENSCHMIDT 1982; BLANDFORD 1987; WEBER 1989b).

In western France, the level of total diel activity was moderate (31 %) and
stable throughout the year. In more severe conditions, polecats are less active at
very low temperatures (KORHONEN & HARRI 1986; BLANDFORD 1987; WEBER
1989b). Some authors have found that mustelids have a more reduced activity in
the coldest months (SKIRNISSON 1986; RICHARDSON et al. 1987; WEBER 1989 b).
Polecats have been found to be predominantly nocturnal in winter and adopt
diurnal activities in summer (DANILOV & RUSAKOV 1969; WEBER 1989b), but,
they can also exhibit more diurnal activity in winter than in summer. BLANDFORD
(1987) and LABHARDT (1980) observed that ‘the weather had not any influence’
on the night activity of a food-bringing female. In this study, the level of nocturnal
activity was greater in autumn and winter than in spring or summer. In western
France, mild meteorological conditions may have only a reduced effect and, hence,
this suggests that prey availability might have a deciding influence on changes
in polecat activity pattern. Changing their activity rhythm in spring, polecats
maximized contact with anurans. That flexibility exhibited by polecats charac-
terizes adaptive response to differences in availability can, therefore, be assumed.

The results of this study show that variations in polecat activities are clearly
related to that of their main prey. Thus, it seems reasonable to suggest that the
observed variations in the activity pattern of polecats in western France are closely
associated with changes in the feeding tactics exhibited by this predator in different
periods of the year.
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