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Abstract Cannibalistic tendencies are well known in
spiders and may be a significant factor influencing
population size. The wolf spider, Pardosa agrestis, is the
dominant non-web-building spider in a wide range of
central European agricultural habitats. Preliminary field
observations indicated an extended reproductive period,
which results in a very wide size distribution of juvenile
instars. We hypothesised that if cannibalism is enhanced
by differences in size, especially during periods when
prey is scarce, these populations might be susceptible to
cannibalism in an ecologically significant way. Labora-
tory studies were conducted on juvenile P. agrestis in
arenas. We analysed the following specific aspects of
cannibalism: (1) the effect of the weight ratio between
the opponents; (2) the effect of weight per se, and (3) the
role of hunger level in determining cannibalistic ten-
dencies of spiders. The role of weight and hunger were
analysed in separate experiments, in both cases by con-
trolling for the other variable. The results showed that
cannibalism was strongly positively correlated with both
weight ratio and hunger, but absolute size/age of an
individual could not predict the occurrence of a canni-
balistic event. These experiments generated the plausible
hypothesis that cannibalism might be an important
phenomenon in the regulation of real populations,
which should be tested specifically in future field exper-
iments.
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Introduction

Cannibalistic tendencies in spiders are well docu-
mented. Indeed Bristowe (1941) has claimed that
“spiders are spiders’ worst enemies”’, including in his
statement both true cannibalism (conspecific preda-
tion) and what is today known as intraguild preda-
tion, i.e., predation on other spider species (Polis et al.
1989). In spite of its early recognition, the ecological
importance of cannibalism for spiders cannot be
evaluated, because most of the research effort has
focused on the study of sexual cannibalism (e.g., Ross
and Smith 1979; Elgar and Nash 1988; Arnquist 1992;
Prenter et al. 1994).

Non-sexual cannibalism is a widespread phenome-
non in natural populations of a wide range of animal
groups. This interaction has been shown to be poten-
tially important for the regulation of populations (Polis
1981; Elgar and Crespi 1992; Crowley and Hopper
1994). Cannibalism can serve to enhance the fitness of
larger animals when other prey are not available.
Smaller conspecific prey might make resources (e.g.
very small prey) indirectly available for the larger an-
imals and thus effectively widen the food base for the
population. Cannibalism can also have an impact on
the size structure of populations. If the probability of
cannibalism is correlated with the size ratio between
cannibal and victim, moderate cannibalism might
narrow the population size distribution, and can act as
a synchronising factor. For instance, the single-age-
class dominated population of predaceous copepods,
found in Canadian lakes, can be attributed mostly to
cannibalism (Anderson 1970). On the other hand, if
the intensity of cannibalism increases with absolute
size, then cannibalism might maintain or even increase
size variation within a population (Crowley and Hop-
per 1994).

The potential costs of cannibalism include the killing
of a related animal which reduces the inclusive fitness
of the cannibal (Pfennig et al. 1993), and the risk of
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pathogen or parasite transmission from a conspecific
prey (Pfennig et al. 1998). A further important risk is
that cannibal ‘“predators” face “‘prey” of the same or
similar predatory capabilities which makes retaliation
possible (Elgar and Crespi 1992). Size difference has a
strong bearing on the risks associated with a canni-
balistic event, and hunger is likely to influence the risk
proneness of a cannibal; both are quoted to be among
the most important factors that influence the occur-
rence and outcome of cannibalistic attempts in a wide
variety of taxa (Fox 1975; Polis 1981).

The size difference between sexes in wolf spiders
(Lycosidae) is small, and sexual cannibalism is absent or
infrequent. Observations of the social behaviour in a
number of lycosid species revealed sophisticated display
behaviour, and highly ritualised agonistic encounters,
with usually no harm done to the interacting spiders
(Aspey 1977a, 1977b; Nossek and Rovner 1984). By
varying densities of adult Schizocosa crassipes, Aspey
(1977b) found that agonistic interactions were adjusted
so that spacing of the animals was preserved, and no
cannibalism took place.

In spite of the avoidance mechanisms, both field and
laboratory studies have revealed that non-sexual canni-
balism might be an important phenomenon in wolf
spiders. While the above-mentioned behavioural studies
were mostly done on adult spiders, the picture might be
different if various life stages, which coexist in natural
populations, are considered. Although the smallest
stages are protected against predation by conspecific
reproductive females, adult males and virgin females
might include spiderlings in their diet (Higashi and
Rovner 1975; Wagner 1995). Juvenile wolf spiders con-
stituted a considerable proportion of the diet in Pardosa
lugubris and P. pullata in a field study by Hallander
(1970). Recently, Wagner and Wise (1996) have pre-
sented very convincing field results showing that canni-
balism among juveniles of the wolf spider S. ocreata is
probably the single most important population-regulat-
ing mechanism.

One particular wolf spider species, P. agrestis (We-
string) is perhaps the single most abundant epigeic
spider in central European agricultural areas (Samu
et al. 1996; To6th and Kiss 1997). A recent study of the
life history of this annual species revealed an unusually
extended reproductive period, which results in a very
wide and possibly bimodal size distribution of the co-
existing juvenile instars (Zulka et al. 1997; Samu et al.
1998). In this paper we examine the possibility that
cannibalism might be one of the factors that regulate
these populations, by analysing how the frequency of
cannibalism is influenced by characteristics of the
population structure. Specifically, we tested, in labo-
ratory experiments, whether (1) the probability of
cannibalism is influenced by the weight ratio between
encountering animals; (2) cannibalism is more frequent
among smaller/younger animals than among larger/
older spiders, and (3) cannibalism is more frequent
among food-deprived spiders.

Methods

Around 500 juvenile P. agrestis were hand collected in an alfalfa
field, at Nagykovacsi, near Budapest, Hungary, in October 1996.
The collection was made by area-restricted hand collecting, so
that the weight distribution of the animals was representative of that
of the field population (for a discussion of the representativity of
different sampling methods for Pardosa see Samu et al. 1997). The
average weight of the juvenile Pardosa population in the field in the
pre-overwintering period (obtained from an independent sample at
the end of October) was 5.6 mg (SD = 2.92, range = 0.4-13.5).

Spiders were initially selected from the laboratory population
and brought to standard hunger levels by feeding them ad libitum
for 2 days with Drosphila melanogaster, which is sufficient to satiate
the spiders (Toft 1995; Bilde and Toft 1998), and then starving
them for a fixed period. During starvation and the experimental
tests, spiders were kept at 20 °C, 16/8 h light/darkness. Cannibal-
ism testing was done on pairs of spiders by observing them in
arenas for 24 h. One day before testing, spiders were weighed, their
sex and instar stage was determined, and they were checked for
condition (e.g. moulting, legs missing). In cases where the weights
of the spiders in a pair were close and no other distinguishing mark
(e.g. sex) was available, the heavier spider was marked with a small
enamel paint dot to facilitate individual recognition of animals.
Spiders which moulted 24 h before or within 48 h after testing, and
animals which had more than one or any of the first legs missing
were excluded from the analysis. The general hunger level was also
checked after each test by offering the spiders three fruit flies. If
only one or none was eaten, that spider (and its pair) were excluded
from the analysis. In cases where no cannibalism occurred, both
spiders were re-entered into the stock population. Such animals
may have been reused in another test, but this was not made sooner
than a month later (during which time the animals usually moult-
ed). Statistical tests indicated no effect of reuse. Cannibals were not
used more than once.

Testing for cannibalism was carried out in 14-cm-diameter Petri
dish arenas, which had a base of dampened plaster of Paris. The
two experimental spiders were placed into the arena simulta-
neously. During the 24-h testing period, the occurrence of canni-
balism was recorded. Several arenas were observed simultaneously.
The observations were grouped into two experiments.

In the weight experiment (n = 110 pairs), the continuous in-
dependent variables were the weight of individual spiders and the
resulting weight ratio of the spider pair (weight of heavier spider/
weight of lighter spider). Variation in weight ratio was achieved by
the random pairing of spiders of different weights. The starvation
period before the weight experiment was held constant at 14 days.

In the hunger level experiments (n = 92 pairs), the animals
were food deprived for 0, 14 or 28 days. We intended to perform
the hunger experiment in a weight ratio range in which the weights
of the animals were different enough to permit cannibalism, but not
exceedingly different. Such spider pairs were selected so that their
weight ratio fell within the lower part of the weight ratio distri-
bution of spider pairs where cannibalism occurred in the weight
experiment.

Results

The effect of weight and weight ratio

If cannibalism occurred, the heavier spider was always
the cannibal. No case of size reversal was observed in
any test. The weight of victims was significantly lower
than that of the cannibals (Wilcoxon signed-rank test:
T =0,n =29, P <0.0001; Fig. 1a). Weight ratios of
spider pairs had sufficient variation and range to test its
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Fig. 1 a Weight difference in the weight experiment between
spiders that became cannibals versus victims. b Difference in the
weight experiment between weight ratios of spider pairs where
testing had a neutral outcome versus cannibalism

effect on cannibalism (mean = 2.45, range = 1.01-10,
n = 110). The weight ratios tested in the present ex-
periment were not significantly different from weight
ratios that were obtained by randomly pairing juvenile
Pardosa individuals from a late-October sample of 189
animals taken from the same field (z-test of weight ra-
tios: 104 = 0.48, NS; Levene test of homogeneity of
variance: Fij 04 = 0.514, NS). The weight ratio in can-
nibalistic outcomes was significantly larger than in cases
where no cannibalism occurred (Mann-Whitney U-test:
U= 142, n; = 81, n, = 29, P < 0.0001, Fig. 1b).
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Fig. 2 Outcome of arena tests in the weight experiment. Each test
is indicated by a symbol, filled if the outcome was cannibalism and
empty if no cannibalism occurred. Lines were not fitted to the data:
they are the isolines of the 1:1, 2:1 and 4:1 weight ratios

Figure 2 reveals that cannibalism occurred in nearly all
of the cases when the weight ratio between the spiders
was greater than 4:1, and no cannibalism was observed if
the weight ratio was smaller than 2:1. Smaller spiders
were not cannibalised if they were above 5 mg. We tes-
ted whether weight and/or weight ratio affects the out-
come by logistic regression using combinations of these
factors as independent variables (Table 1). If we con-
sidered the weight of one of the spiders, only the lighter
spider weight was significantly correlated with the oc-
currence of cannibalism. The effect of the weight ratio
between the opponents influenced the probability of
cannibalism highly significantly. The effect of weight,
controlling for weight ratio, was not significant. Thus we
could not conclude that the occurrence of cannibalism
would be different in various size/age classes of
P. agrestis juveniles. The non-significance of weight

Table 1 Results of logistic regressions, where the response variable is the occurrence of cannibalism (H heavy-spider weight, L light-spider

weight, R weight ratio, M whole model effect)

Model Effect df e P
H M 1 0.48 NS
L M 1 39.206 <0.0001
R M 1 65.416 <0.0001
R+H+R xH M 3 70.062 <0.0001
R 1 6.456 0.011
H 1 0.586 NS
R x H 1 1.734 NS
R+L+RxL M 3 68.158 <0.0001
R 1 3.830 0.05
L 1 0.078 NS
R xL 1 0.162 NS
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ratio X weight terms revealed that the weight ratio effect
does not change with the absolute weight of spiders.

The influence of hunger on cannibalism frequency

The weight ratio of spiders in the hunger experiment was
controlled for by selecting them so that their weight ratio
distribution was as narrow as possible, and at the lower
end of the possible weight ratios where we could still
expect cannibalism to occur (in the hunger experiment,
all pairs were above the weight ratio 2:1: mean = 2.82,
range = 2.11-3.99, n = 92, cf. random pairing of the
animals in the weight experiment: mean = 2.45,
range = 1.01-10). Spider pairs in the three hunger
treatments had statistically similar mean and variance of
weight ratios (ANOVA: F, g = 0.26, NS; Levene test
of homogeneity of variance: F,go = 2.57, NS). The
occurrence of cannibalism showed a highly significant
positive trend with the increase in hunger level (logistic
regression: 3 = 51.979, P < 0.0001; Fig. 3).

Discussion

In the present experiment, there was a two-fold thresh-
old in weight ratio below which no cannibalism oc-
curred. Cannibalism was observed more frequently
when the weight ratio was larger. In cases where the
experimental pairs had contrasting weights (weight ratio
above 4:1), cannibalism occurred in nearly all of the
tests. Field studies have suggested that size difference
might be important in wolf spider cannibalism. Edgar
(1970b) showed that 16% of the natural prey of
P. lugubris were younger stages of conspecific animals.
In another field study, Hallander (1970) observed that
conspecific juveniles were represented in the diet of
P. lugubris and P. pullata by 15% and 20%, respectively.
Adult females also fed on conspecific males and in a few
instances other females. Although actual size differences
in these studies were not reported, we can infer the field
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Fig. 3 Frequency of cannibalism as a function of hunger (days
starved). Sample sizes are indicated above the bars

importance of cannibalism from the fact that it occurred
most frequently between different stages or sexes. A
large weight ratio can be expected to reduce the potential
costs of cannibalism by decreasing the possibility of re-
taliation. Handling time, which is important in deter-
mining the profitability of a prey item, is predicted to
decrease with increasing size difference, and thus han-
dling time and retaliation risk together might determine
the size ratio window in which conspecific prey is prof-
itable for the predator (Dong and Polis 1992).

Cannibalism in adult wolf spiders that are essentially
of similar size seems to be less frequent in the field and it
is not reported from laboratory studies (Aspey 1977a;
Nossek and Rovner 1984). However, the field experi-
ments by Wagner and Wise (1996) indicate that canni-
balism between post-dispersive juvenile S. ocreata was
common and was often seen among equal-sized hatch-
lings in the laboratory. Since in these cases the observed
spiders were relatively homogeneous in size, it is possible
that cannibalism frequency is dependent on age and size.
There might be an interaction between size ratio and
absolute size in such a way that cannibalism might be
frequent among small animals even if there is little or no
size difference, but in larger animals might only occur if
the size ratio is large. The significance of absolute size is
known from both odonate (Hopper et al. 1996) and
coccinellid (Agarwala and Dixon 1992) larvae, though
the directions were opposite in these two cases: the
odonate larvae grew less cannibalistic, the coccinellids
became more cannibalistic with age. In the present ex-
periment, the most important factor was the relative
weight of the opponents and the dependency of canni-
balism on weight per se was not confirmed by the sta-
tistical tests. Nevertheless, since neither adult specimens
nor the smallest free-living juvenile instars were in-
volved, we think that the correct interpretation of these
results should be that weight ratio is a more important
factor than weight if juvenile animals are considered, but
we should not exclude the possibility that the threshold
weight ratio at which cannibalism becomes frequent
depends on the absolute weight of the opponents.

The hunger experiments showed that starvation and
cannibalism were clearly positively correlated. This ob-
servation is relevant because there is much field, labo-
ratory and indirect evidence that spider populations are
limited by food (for an overview see Wise 1993), and
cannibalism might become important under such cir-
cumstances (Rypstra 1983). Cannibalism can be a way
of reducing the risk of starvation. A moderate level of
hunger can increase the risk proneness of a forager, and
thereby alter the proportion and size of conspecifics in-
cluded in the diet (Dong and Polis 1992; Elgar and
Crespi 1992). Hunger is also an internal state which
might lead to malnutrition and increased vulnerability of
individuals. High vulnerability might result in avoidance
behaviour and altered patch choice in starved animals
(Hallander 1970; Dong and Polis 1992). Behavioural
modifications like “freezing”, i.e. reduced activity of the
potential victim confronting a potential cannibal, have



been described for odonate larvae (Crowley et al. 1987)
and, at least in a potential intraguild predation situation,
are likely to exist in wolf spiders (M. Persons, personal
communication). However, risks associated with at-
tacking similarly sized animals might alleviate the effect
of hunger. This is exemplified in the experiments by
Nossek and Rovner (1984) on adult wolf spiders (Lycosa
spp.), where no effect of starvation on cannibalism was
found. Young animals may be more risk prone, and thus
may cannibalise each other with higher frequencies be-
cause they have not accumulated sufficient reserves to
survive temporal food shortages. However, size-depen-
dent cannibalism was not evident in the present experi-
ments with P. agrestis.

The importance of cannibalism should be especially
important during periods when large size differences are
coupled with food shortage. Studies in the laboratory
(Anderson 1974) and direct field evidence (Edgar 1970a;
Nyffeler and Benz 1988; Wise and Wagner 1992) suggest
that wolf spiders often starve in nature. Large size dif-
ferences were found among the coexisting juvenile stages
of P. agrestis in Hungarian (Samu et al. 1998) and in
Austrian (Zulka et al. 1997) populations. This was most
pronounced at the end of the reproductive season in
autumn. Even if the “right conditions” (i.e. broad size
distribution, and high hunger level) are met, spiders
should meet each other with sufficient frequency for
cannibalism to occur. Encounter frequency might de-
pend on movement behaviour, environmental hetero-
geneity (which might interact with this behaviour), and
population density.

Field observations of individual movement patterns
in P. agrestis and other wolf spiders showed that the
‘home’ ranges of individuals overlap, and there was
little evidence of territorial behaviour (Hallander 1967;
Vogel 1971; F. Samu and A. Sziranyi, unpublished
data). P. agrestis is highly abundant in agricultural
fields in Hungary (To6th and Kiss 1997). Both the ar-
able fields, and the natural habitats, e.g. salt marshes,
of this species are very open habitats even on the mi-
crohabitat scale, thus the lack of structural heteroge-
neity in the experimental arenas cannot be considered
entirely unnatural. Recent mark-recapture experiments
that quantified the population densities of this species
(Samu and Sarospataki 1995; Samu and Kiss 1997)
revealed four to six adult spiders/m?>. Since one female
has a typical reproductive output of 40—60 spiderlings/
cocoon (multiple cocoon production is also known),
the density of juveniles can be much higher than that of
the adults.

The present experiments on P. agrestis revealed that
cannibalism is part of the biological repertoire of this
species. The occurrence of cannibalism was regulated by
size ratios and hunger. Field evidence on population
densities, weight distribution and hunger level of wolf
spiders strongly indicates that cannibalism is not an
artefact observed only in the laboratory, but is rather an
important phenomenon that might play a significant role
in natural populations.
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