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The influence of sensory information on patch residence time in wolf spiders
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Abstract. Foraging models emphasize reward and/or prey capture rates as primary determinants of
residence time. The influence of sensory information has rarely been examined experimentally, but may
also be important in animal foraging decisions. This study examined the influence of sensory cues
without food reward on residence time in wolf spiders, as well as the interaction of visual and vibratory
information in foraging decisions. It also elucidated the effects of prior sensory experience on foraging
decisions in wolf spiders. Sixty mature females of the common wolf spider, Schizocosa ocreata (Hentz),
were tested in a four-chambered artificial foraging patch. Patches varied in the type of sensory
information provided by live prey as follows: visual stimuli alone, vibratory stimuli alone, visual and
vibratory stimuli together and control (no stimuli). Spiders were allowed to move freely from chamber to
chamber for one hour while the duration, number and sequence of patch visits were recorded. Sensory
cues, even without food rewards, are sufficient criteria to influence residence time. Spiders tended to
remain longer in patches with visual cues alone or visual and vibratory cues together over those with
vibratory information alone. Individuals varied significantly in both residence time and sensory biases
between individuals, but none showed evidence of using prior sensory experience to choose patches or
modify patch residence duration. ? 1996 The Association for the Study of Animal Behaviour

Many animals forage for resources in spatially or
temporally unpredictable patches and assess patch
quality in numerous ways. They then use this
information to decide how long to forage in a
given patch before moving to another (residence
time), which serves to maximize energy intake
rates (Stephens & Krebs 1986) and may contribute
to fitness (Morse & Fritz 1982). Most theoretical
models and empirical studies of foraging be-
haviour have considered prey capture rates as a
primary influence on residence time (Charnov
1976; Cook & Cockrell 1978; Sih 1980;
McNamara 1982; Morse & Fritz 1982; Cassini
et al. 1990), with fewer studies on other types of
information (Valone 1991).
Information on foraging patch quality can be

gained by (1) sampling, i.e. as a function of prey
capture rate per unit time (Stephens & Krebs
1986), or (2) estimating patch quality prior to

exploitation. Pre-sampling information may be in
the form of sensory cues, memory of patch quality
from previous patch sampling, or knowledge of
the relative distribution of resources within patch
subtypes (Bayesian foraging; Valone 1991). The
use of perceptual information or memory in esti-
mating patch quality in temporally heterogeneous
environments has been referred to as prescient
foraging (Valone & Brown 1989).
The importance of sensory cues in foraging

decisions has often been assumed, but only rarely
tested (Rice 1983). Many studies on foraging
decisions have stressed the importance of sam-
pling and reward rate to feeding decisions in
patch-time allocation, but relatively few have
addressed the influence of prescient foraging
information (Valone & Brown 1989; Cuthill et al.
1990; Morse 1993; Valone & Giraldeau 1993).
Most of the latter have concentrated on learning,
memory and Bayesian foraging patterns (Green
1980; Johnson 1991; Kamil et al. 1993) rather
than the influence of sensory cues (Young & Getty
1987; Conlon & Bell 1991; Bye et al. 1992).
Integration of various forms of information about
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patch quality contributes to fitness (Krebs et al.
1974; Lima 1983; Kareiva et al. 1989). The influ-
ence of perceptual cues in foraging decisions may,
in part, explain some of the disparity between
predictions of models of foraging decisions and
empirical evidence.
This study tested the influence of the type of

information in a patch on residence time in wolf
spiders (Araneae: Lycosidae), and assessed their
ability to detect and respond to varying sensory
cues without access to sampling information.
This study concurrently examined the effects of
immediately prior sensory experience on residence
time.

Study Species

We studied Schizocosa ocreata, a common wolf
spider found in complex leaf litter of Eastern
deciduous forests. This spider’s behaviour has
been studied extensively with respect to com-
munication (Aspey 1975; Tietjen 1979; Stratton &
Uetz 1981, 1983), aggression (Aspey 1977a, b) and
behavioural genetics (Stratton 1984; Stratton &
Uetz 1986). Its foraging behaviour has been
studied as well, although largely with respect to
population dynamics rather than individual forag-
ing patterns (Cady 1984; Wise & Wagner 1992;
Wise 1993).
Rather than build webs to capture prey, wolf

spiders hunt using a ‘sit and wait’ foraging
strategy; i.e. they remain relatively motionless in
a given area for a while, and will relocate to
a different patch if unsuccessful at capturing
prey (Ford 1978; Cady 1984). Wolf spiders are
amenable to laboratory study of predatory behav-
iour (i.e. natural behaviour is well known and can
be elicited in the laboratory; Rovner 1980), and
protocols for lab-rearing are well established
(Stratton 1984; Uetz et al. 1992). Additionally,
wolf spiders are ecologically important predators
in natural and agricultural ecosystems (for reviews
see Riechert 1974; Riechert & Lockley 1984; Wise
1993).
The sensory modes of wolf spiders have been

documented with regard to foraging behaviour
(Barth 1982, 1985). Lycosids rely primarily on
vibratory and visual stimuli in detecting and locat-
ing prey (Land 1985; Lizotte & Rovner 1988;
Rovner, 1991) but it is not known how various
types of sensory stimuli are integrated to mediate
foraging decisions. This experiment tested the

relative importance and interaction of visual
and vibratory stimuli on an individual spider’s
decision to leave a foraging patch.

METHODS

Immature S. ocreata wolf spiders (N=217) were
caught 8–15 April, 1992 at the Cincinnati Nature
Center, Clermont Co., Ohio and in Wyoming,
Hamilton Co., Ohio. Each spider was housed in
its own, opaque container, provided water ad
libitum, and fed three 1-week-old cricket nymphs
every four days to standardize hunger levels for
testing. All spiders were kept under identical con-
trolled conditions at room temperature (23–25)C)
in an environment with stable humidity and a
12:12 h light:dark photoperiod. The wolf spiders
were allowed to mature, and 69 were chosen at
random from a pool of 217 spiders.
We studied foraging patterns of wolf spiders in

an experimental apparatus that controlled for
visual and vibratory cues used in prey detection
(Fig. 1). The test apparatus contained four cham-
bers made of white foam-core board. Each
sensory chamber consisted of a 20-cm diameter
arena with transparent acetate walls. The source
of the stimuli was 12 live, immature (1-week-old)
crickets, introduced behind each acetate wall
except in the control chamber. Chambers differed
in the sensory stimulus or stimuli presented to the
spider: (1) visual information alone, (2) vibratory
alone, (3) both visual and vibratory information
and (4) control (no crickets present). The
vibration-only treatment consisted of an arena
with white paper over the acetate to prevent
transmission of visual information. The visual-
only treatment had the cricket enclosure mounted
on a separate foam-core block from that of the
spider. The visual and vibratory treatment lacked
either of these modifications. Each chamber was
isolated from each other by foam blocks between
chambers to eliminate any incidental ambient
vibratory and visual stimuli. The box was placed
on a 70-cm high table, and sponge foam was
placed between the box and table to dampen any
ambient vibrations, thus retaining differences in
vibration intensity between chambers.
We tested the effectiveness of vibration isolation

between chambers using a Bruel and Kjaer accel-
erometer (Type 4366) high sensitivity vibration
pickup loaded to a Bruel and Kjaer sound level
meter (Type 2203). Vibration level was measured
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in decibels above background noise. A one-way
ANOVA showed significant differences in vi-
bration level between the four sensory treatments
(F3,119=106.38; P<0.0000). A Tukey post-hoc
comparison of means test showed that the visual-
only chamber had sound levels indistinguishable
from background noise; this was also true for the
control chamber. The vibratory-and-visual, and
the vibratory-alone chambers were both signifi-
cantly higher than background noise, and the
vibratory-only chamber had significantly higher
vibration levels than the visual and vibratory
stimuli combined treatment. The statistical differ-
ence between vibratory only and visual and vibra-
tory combined may have been attributable to
differences in cricket activity in the vibratory-only
chamber.
The spider was allowed free access to all four

arenas during a trial. We laid down clean white

filter paper in each chamber for each trial and
swept the apparatus between trials with a clean,
dry cotton swab to remove silk draglines that
might contain pheromones and affect subsequent
foraging behaviour. The visual range of S. ocreata
is approximately 30–40 cm, so spiders must leave
one foraging chamber to visually perceive crickets
in another (G. Uetz, J. Renneker, T. Valerius,
unpublished data).
An experimental trial consisted of a single spi-

der introduced into the centre of the apparatus,
where it was allowed to move freely for 1 h after a
15-min acclimation period. During the accli-
mation period, the spider was confined to a clear
plastic vial. We videotaped each trial from above
and determined duration and number of arena
visits by recording and analysing from each video-
tape. To eliminate the possibility that spiders may
respond to differences in the chambers themselves
rather than the crickets behind each chamber, we
tested 40 adult female S. ocreata in an empty
apparatus (without crickets). A one-way ANOVA
showed no significant differences in residence time
between empty chambers (P=0.27).

RESULTS

We analysed data from 60 spiders (nine spiders
were omitted from analysis because of their failure
to visit all four chambers). We recorded the
sequence of chamber visits for each spider and
subjected it to a runs test to determine whether
chamber choices were random or based on prior
chamber visits. All 60 spiders showed a random
movement pattern between chambers based on
runs tests (P<0.05). To test whether individual
spiders increased or decreased their residence time
per patch visit with the number of visits to a
chamber, we performed simple linear regressions
comparing patch visit duration with number of
visits. We tested all spiders that visited a single
chamber ten or more times within a trial (N=27),
and adjusted á values using a Bonferroni correc-
tion for multiple comparisons (Table I). None of
the spiders analysed showed a significant relation-
ship between sequential chamber visits and resi-
dence time. We subjected each spider that made
25 or more total patch visits in the 1-h trial period
to a chi-squared test to test whether the number
of visits to any chamber significantly deviated
from the expected of 25% of total visits to each

Figure 1. The artificial foraging environment used for
spider testing. Spiders were placed in the center of the
apparatus prior to each experiment (spider shown in
centre) and allowed to move freely between four patches
after a 15-min acclimation period. Using 12 immature
crickets as stimuli, each patch differed in the sensory
treatment presented to the spider. Shown clockwise from
upper left, the sensory treatments were (1) control: no
crickets behind an acetate screen; (2) visual stimuli only:
the crickets and spider were mounted on separate sub-
strata, and the crickets were visible behind an acetate
screen; (3) vibratory stimuli only: an opaque barrier was
between the crickets and spider; (4) visual and vibratory
stimuli together.

Persons & Uetz: Sensory cues and spider residence time 1287



chamber. We subjected 28 individuals to chi-
squared tests. Even without a Bonferroni á level
correction, only three spiders showed significant
deviations from expected. This result indicates
that spider silk or prior chamber experience were
unlikely to have influenced patch visit duration.
We used a chi-squared test using all 60 spiders

for the first, second and third chamber visit (of
each spider) to determine whether any of the four
chambers was visited initially more than would be
expected at random. We compared the frequency
of spiders’ visits to the random expectation of 25%
for each of the four chambers of the apparatus.
The first (÷2=8.71, df=3, P<0.05), but not the
second (÷2=2.13, df=3, P<0.05), or third
(÷2=1.98, df=3, P<0.05) chamber visit showed a
significant departure from randomness. This first
chamber bias was thought to be due to the spiders’
initial orientation when the spider was introduced
into the apparatus, because the chamber directly

behind the spider was less likely to be entered. To
minimize this bias, the first chamber visit for each
trial was omitted from ANOVA analysis and all
other statistical analyses. We omitted the final
chamber visit for each trial if the spider was within
a chamber when the hour trial period had expired.
This eliminated any chamber visit bias due to trial
time constraints. Taken together, these results also
justify the treatment of repeated visits of individ-
ual spiders to a chamber as independent events,
because immediate prior experience has no effect
on patch choice or residence time.
We used a mixed model two-way ANOVA to

analyse the variation in duration of patch visits.
The primary parameter, patch residence time per
visit, was tested using individual (random effects)
and sensory chambers (fixed effects) as categorical
variables. The two-way ANOVA tested the null
hypothesis that patch residence time per visit does
not vary with the presence or type of sensory cues.
This analysis also tests individual differences in
patch residence time between sensory treatments.
We adjusted F-values for the appropriate two-way
mixed-model design (Zar 1984) as reported in
other studies (Shaffer & Lauder 1985; Wainwright
1989; Jayne et al. 1990). Per-patch-visit residence
time for spiders was not normally distributed, so
the data were natural-log-transformed to comply
with ANOVA normality assumptions. We used
the SAS statistical package (mainframe SAS
version 6.07) to transform data and perform the
ANOVA. We found significant chamber effects
(F3,171=29.34, P<0.001) as well as significant dif-
ferences between individual spiders (F57,1294=
10.33, P<0.001) and a significant interaction be-
tween chamber and individual effects (F171,1294=
1.51, P<0.001; Table II).
The data indicate that with hunger level, patch

size, distance between patches and reward rate
held constant, sensory cues were sufficient to
mediate residence time between patches. When
individual variation was collapsed to mean values
and subjected to a one-way ANOVA and Tukey
post-hoc comparison of the means test, the
vibratory-only and control groups showed no
significant difference in residence time, and both
were lower than the visual or visual-and-vibratory
groups. This result suggests that spiders
responded to visual information with longer
residence times. Significant differences in patch
visit duration were found between visual-only
and visual-and-vibratory groups. Residence times

Table I. r, F, P-values* for simple linear regressions of
27 individual spiders’ sequential visits to a foraging
patch and residence time

Individual r F P-values

1 "0.0746 0.24 0.6374
2 "0.0184 0.78 0.3951
3 "0.0592 0.44 0.5233
4 0.2717 6.60 0.0223
5 0.0918 2.11 0.1769
6 0.5975 15.84 0.0032
7 "0.1200 0.04 0.8554
8 "0.0795 0.34 0.5774
9 "0.0371 0.54 0.4783
10 "0.1111 0.00 0.9999
11 "0.0395 0.05 0.8262
12 0.0744 1.80 0.2121
13 0.5742 15.83 0.0026
14 0.0609 1.71 0.2198
15 "0.0803 0.11 0.7483
16 "0.0836 0.23 0.6443
17 0.1995 3.49 0.0945
18 "0.0079 0.91 0.3618
19 0.4280 9.98 0.0091
20 "0.0258 0.60 0.4513
21 0.1271 2.89 0.1147
22 0.2468 5.59 0.0343
23 "0.0389 0.21 0.6490
24 0.1425 3.83 0.0682
25 "0.0382 0.56 0.4707
26 "0.0278 0.57 0.4630
27 0.2329 6.46 0.0210

*Bonferroni adjusted á value=0.00185.
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were also significantly higher when visual infor-
mation was presented alone than when only
vibratory information was available. Sources of
variation due to individual effects were not sub-
jected to a post-hoc analysis, because significant

differences between individuals may bear little
biological relevance for species-level statements
about the use of sensory information. Chamber
stays varied greatly within and between spiders;
however, general biases for specific sensory stimuli
were apparent when mean residence times for each
sensory stimulus were compared between spiders
(Fig 2; Table III).

DISCUSSION

The results demonstrate that S. ocreata wolf spi-
ders vary patch residence time on the basis of
visual cues, without the use of sampling or prior
experience. Because the energy gain from all
patches in this artificial environment is zero,
simple differences in energy gain cannot explain
differences in residence time between patches.
Because spiders do not appear to remember pre-
vious patches, they are unlikely to base their
residence time on previous experience. The rela-
tive value of sensory and sampling information
may be related to the animal’s time budget and
differences in the content of the two types of
information. Sensory and sampling information
are not equivalent in accuracy, because sensory
cues lack information on handling time, capture
efficiency, palatability and energy value. Perceptu-
ally based patch quality assessment may provide a
more time-efficient alternative to basing residence

Table II. Effect of sensory stimuli (chamber) and individual on residence time. F-values
have been adjusted for a mixed model ANOVA

Source df
Mean
square F P

Chamber 3 1 392 161 9.98 0.001
Individual 58 7 050 271 5.20 0.001
Chamber#Individual 174 8 090 452 1.99 0.001
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Figure 2. Residence time (s) by sensory treatment
(mean+) per adult female spider (N=60). Treatments
included: (1) control (no crickets); (2) vibratory only; (3)
visual only; (4) both visual and vibratory stimuli from
crickets.

Table III. Number of individuals ranked with respect to mean residence time for each of
four sensory treatments (1=shortest residence time, 4=longest residence time; N=60)

Rank
Visual and
vibratory Visual Vibratory Control

1 6 4 26 24
2 5 6 21 28
3 16 28 10 6
4 33 22 3 2
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on sampling information. Spiders must make a
trade-off between the time (and energy) spent
acquiring information on patch quality and the
accuracy of patch quality assessment. Although
prey sampling may provide more accurate assess-
ment of patch quality, acquiring that information
is often more costly in terms of lost foraging time
(Morse 1993). Because S. ocreata, like other spi-
ders, may have long time intervals between prey
capture (Miyashita 1969; Greenstone 1980), reli-
ance on sampling information (prey capture rates
or gut fullness alone) may result in considerable
time lost in prey-poor patches. Therefore, it would
be advantageous to make decisions regarding
duration of patch visits in advance, based on
perceived resource value (i.e. perceptual informa-
tion) rather than actual prey reward rates or prior
experience.
The use of sensory information is a simple

mechanism for patch foraging decisions, because it
requires no memory or learning beyond recog-
nition of prey. Memory of patch quality, although
critical to foraging decisions in some vertebrates
(Lima 1983; Krebs et al. 1990; Noda et al. 1994) is
less likely in some small invertebrates like spiders.
Simple mechanistic processes (e.g. responses to
detection of movement via visual cues) may con-
trol the majority of foraging decisions in animals
with limited learning abilities (Giulio 1979). Al-
though the spatial memory and learning abilities
of wolf spiders are as yet largely untested, data
provided here suggest that spiders do not vary
their residence time in a patch based on prior
sensory experience in that patch, nor do they ap-
pear to choose subsequent patches based on prior
sensory patch experience. Perceptual information
may be used more in determining residence time,
particularly in complex environments where long
time periods may exist between prey detection and
prey capture. Sensory information may also be of
greater value in environments with temporally or
spatially unpredictable food resource distribution.
In wolf spiders, it is not known whether sampling
and perceptual information are combined in
foraging decisions. The intensity of ambient vi-
bratory and visual stimuli may provide a reliable
indicator of patch quality (prey density) and may
be the principal type of pre-harvest information
used . Therefore, when hunger level or reward rate
are held constant, patch residence time may vary
as a function of the intensity and type of sensory
stimuli in the environment.

Web-building spiders have longer web residence
times in areas of higher prey density (reviewed in
Janetos 1986; Riechert & Gillespie 1986; Uetz
1992). Most of these decisions are based on sam-
pling information. Janetos (1982) found differ-
ences in residence time between web-building
species based on the amount of time and energy
expended in building the web; species with greater
silk investment had longer residence times. Even
so, Riechert (1985) demonstrated that Agelenopsis
aperta, a funnel-weaving spider, chose web sites
based on the perception of vibrations generated
from buzzing flies (or artificial vibration sources),
but little data suggest that web-building spiders
vary their residence time based on perceptual cues.
Pasquet et al. (1994) found that the latency to
build webs in the presence of prey was shorter than
when prey were not present and that the web
structure was different between spiders building
webs in the presence or absence of prey. Differ-
ences in residence time between web-building and
hunting spider species may be even more dramatic.
Hunting spiders have a significantly smaller in-
vestment in a particular foraging patch than web-
building spiders and therefore tend to relocate
foraging sites more frequently (Ford 1978).
Wolf spiders are likely to use simple decision

rules based on sensory input to determine patch
residence time in a manner analogous to prey
capture-based decisions. A spider deciding when
to leave a given foraging patch may use a set
period of time after its last prey item was taken
(fixed residence time). Hodge (1987) found that in
the orb-weaver Micrathena gracilis, web site resi-
dence times failed to follow a negative exponential
distribution. Presumably these spiders change web
sites based on a threshold level of hunger or some
other fixed interval. These spiders tended to relo-
cate sites 1–2 days after the last feeding, suggest-
ing that prey sampling information is used in
assessment. The sensory equivalent of this would
be to leave at a fixed time after the last prey item
was detected. The number of spiders remaining in
a sensory patch plotted over time decays logarith-
mically (Fig. 3). These data are similar to results
found for sheet web-building spiders, Frontinella
pyramitela, which suggests a stochastic decision-
making process described as an iterative dice-
rolling strategy (Suter & Walberer 1989). Spiders
act as though they roll a die a set period after the
last sensory stimulus; if a specific number does
not arise, the spider waits in the patch until the
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next die roll. This process is continued until the
predetermined number comes up.
A number of foraging models have attempted

to examine patch assessment in sit-and-wait
foragers (Nishimura 1991; Beachly et al. 1995).
The majority of these studies examine residence
time in the context of rate maximization (Caraco
& Gillespie 1986; Nishimura 1991) and/or assume
linear gain functions for each foraging site
(Janetos 1982; Beachly et al. 1995). Other models
have incorporated the effects of learning and
memory into the decision rules of sit-and-wait
foragers (McNamara & Houston 1985, 1987;
Nishimura 1994). These models, in their general
form, do not account for the special case of
decisions made in the absence of prey sampling or
prior experience shown by these wolf spiders.
Nishimura (1994), however, suggested a simple
condition where a forager chooses patches at
random and does not base residence time on prior
experience. Nishimura noted that to perceive prey
without attacking it does not increase foraging
efficiency; the forager should thus treat all patches
equally. These wolf spiders seem to fit the assump-
tions of this model, but do not treat all patches
equally.
Because S. ocreata bear the full complement of

sensory organs necessary to perceive both air-
borne and substratum-borne vibratory informa-
tion, yet do not use vibratory information to make

foraging decisions regarding patch residence time,
vibratory information is likely to be used in other
contexts such as courtship communication or
orientation to prey. Visual information may serve
as a primer for vibratory information, even
though vibratory information is not important
when presented alone. The reliance on visual cues
in the foraging patterns of these spiders, however,
may reflect differences in how vibratory and visual
information are transmitted through the micro-
habitat. In the Midwestern United States,
S. ocreata is commonly found in complex, loose
leaf litter associated with upland forests. Vibra-
tions attenuate rapidly in this environment (Uetz
1991; Sheffer et al. 1996), frequently extending no
further than a single leaf. Visual perception of
prey may extend beyond this distance (30–40 cm:
G. Uetz, J. Renneker & T. Valerius, unpublished
data) and provide a larger foraging patch to
assess, which would reduce the frequency of
movement between patches and result in increased
foraging efficiency. Such an advantage for visual
information may provide selection pressure for
a visual foraging bias. Further, male S. ocreata
have a distinct visual component in their court-
ship display. Thus, constraints on signal transmis-
sion within this environment may be driving the
evolution of sensory biases within several life
activities of the animal (Endler 1992).
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