
Abstract Activity patterns of colonies of the central-
place foraging (CPF) social caterpillar, Eriogaster lanestris,
were electronically long-term recorded under field condi-
tions. Caterpillars showed distinct, highly synchronized
activity bouts during which they left their tent, fed on
their host-plant and returned to their tent. Caterpillars
stayed almost inactive during their digestion phases when
they rested inside or on the tent. The number of daily
foraging bouts varied over a wide range. On warm and
sunny days with high solar irradiation caterpillars left
their tent up to 9 times, whereas there was only one
foraging bout on cool and rainy days. On average,
4.8 daily foraging bouts were performed by fourth (pre-
final) instar larvae, which is higher than the number
reported for another well-known CPF species, the
eastern tent caterpillar Malacosoma americanum. Overall,
E. lanestris colonies required 31±2 foraging periods to
pass their fourth instar within 7.3±1.2 days under the
temperature conditions prevailing over the course of our
experiment. The length of individual foraging bouts as
well as the phase of digestion proved to be strongly
temperature dependent. In contrast to patterns reported
for M. americanum, foraging activities were not bound to
specific times of day and also continued during night time
if temperature permitted. Changes in light phases only had
a modulatory effect on the onset of the next foraging
bout. E. lanestris is the first lepidopteran species with CPF
social caterpillars reported to show a plastic, but never-
theless strictly synchronized foraging pattern. Caterpillars
are thus able to optimize their food intake and enhance
growth during periods of thermally favourable conditions
while minimizing their exposure to natural enemies.
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Introduction

Social life-styles are an infrequent but widespread
phenomenon among larvae of moths and butterflies. A
number of factors have been identified which promote
the evolution of social systems in caterpillars, such as
social facilitation of feeding, improved defence, and
thermoregulation [Costa and Pierce (1997) and references
therein]. However, in order to benefit from advantages
accruing through sociality, behavioural requirements are
necessary. This is especially relevant for synchronous
behaviour of individuals, which is crucial for example
for tent building (Fitzgerald and Willer 1983), social
thermoregulation (Knapp and Casey 1986; Joos et al. 1988;
Ruf and Fiedler 2000), and recruitment communication
(Fitzgerald and Peterson 1983; Ruf et al. 2001a).

Sociality of course has its costs. Behavioural synchro-
nicity among hundreds of caterpillars means that they are
extremely conspicuous to predators and parasitoids
which hunt by sight and are considered the major selec-
tive agents influencing the foraging behaviour of lepid-
opteran larvae (Heinrich 1993; Montllor and Bernays
1993). Although many species with gregarious caterpillars
are aposematic and often well defended (Sillén-Tullberg
and Leimar 1988), the majority of social species forage
exclusively at night. Nocturnal activity, as a con-
sequence, means doing without foraging during the
thermally most suitable time of the day. Thus, for
communally foraging caterpillars an extreme trade-off is
to be expected between costs of synchronous mass
appearance during foraging bouts and benefits of that
unusual life-style. The costs should be highest in central-
place foraging (CPF) caterpillars (Fitzgerald and Peterson
1988) that must travel considerable distances between
their only silk tent and their feeding places scattered in
the vegetation.

Synchronicity of feeding requires cues for triggering
the onset of a new activity bout. Some nocturnally feeding
species simply use the onset of dusk (e.g. Weseloh 1989;
Roden et al. 1990). In contrast, diurnal species may need
a fixed foraging schedule independent of the thermal
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environment as was demonstrated in the Nearctic eastern
tent caterpillar, Malacosoma americanum. It was hypo-
thesized that if foraging of individual caterpillars were
mediated by temperature, it would be difficult to keep
activities of the colony synchronous (Casey et al. 1988).
Thus, in such species the need to trigger synchronous
feeding may conflict with flexible responses to suitable
thermal conditions.

Previous laboratory studies on the small Eggar moth,
Eriogaster lanestris, have shown that caterpillars of this
species show a sequence of strongly synchronized foraging
bouts and intermediate resting phases. Caterpillars fed
by day and night, and the number of foraging bouts
varied with rearing temperature (Ruf et al. 2001b). These
observations suggested that E. lanestris colonies, in
contrast to all other social caterpillars studied so far,
have a much more plastic foraging schedule related to
environmental cues such as ambient temperature. However,
laboratory studies are not necessarily transferable to field
conditions. Fitzgerald et al. (1988) found that caterpillars
of M. americanum showed an extra foraging bout
at night under laboratory conditions which was non-
existent under field conditions. We therefore investigated
foraging activity of E. lanestris colonies exposed to
outdoor weather conditions which allowed us to study
effects of temperature over a much larger temperature
range than in climate chambers.

Published observations of colony foraging patterns
under field conditions in E. lanestris are quite inconsis-
tent. Ebert (1994) stated that caterpillars are active by
day and night or only by night, respectively. In contrast,
Carlberg (1980) argued that caterpillars in Finland forage
during the day only, whereas caterpillars in Germany
were said only to feed at night. Instead of relying on
intermittent visual observations we here provide data
from continuous long-term monitoring of the foraging
patterns of colonies under field conditions. We explicitly
address two questions: (1) which environmental variables
determine the number of foraging bouts per day, and (2)
how do foraging bouts and digestive periods change with
temperature?

Materials and methods

E. lanestris is a monovoltine moth widely distributed in the
Palaearctic region. Larvae hatch from egg masses in late April to
early May, build a silk tent and live socially until their mid final
instar. Pupation occurs in July, moths usually emerge in early
spring of the next year. Host plants are various shrubs and smaller
trees (Prunus sp., Crataegus sp., Betula sp., Tilia sp.). E. lanestris
is a typical central-place forager with an elaborate communication
system that facilitates the location of rewarding feeding sites and
social cohesion (Ruf et al. 2001a).

Whole colonies with caterpillars of E. lanestris were collected
in the field from a northern Bavarian population and fed with
leaves of blackthorn (Prunus spinosa). Resulting cocoons were
overwintered in a refrigerator at 5°C with interior lighting (8:16 h,
light:dark cycle). Moths hatched within a few hours after the
cocoons were warmed up in spring and were put in a plastic box
(10 l volume) for mating. Fresh blackthorn twigs were provided
for egg deposition. Resultant egg clusters were stored outdoors in

a cage sheltered from rain until caterpillars hatched. Whole egg
masses with newly hatched caterpillars were placed onto small
bunches of blackthorn twigs until small tents had been established.
Tents were cut out of the bunches and transferred to wooden
frames (cf. Fitzgerald 1980). Colonies were kept in an environ-
mental cabinet (14:10 h light:dark cycle, 20°C constant) at least
until the end of the second instar. Only colonies with approximately
200 caterpillars were used for our experiments.

Colonies were then transferred to a capacious coarse-meshed
cage (2.5×2.5×1.5m, width of meshes ca. 2 cm) which kept birds
away from the tents but did not influence radiation, rain and wind.
The cage was placed on the roof of the university building.

For quantifying activity patterns, the method presented else-
where (Ruf et al. 2001b) to electronically record caterpillar move-
ments between their tent and feeding sites was used. Using infra-
red (IR) light barriers and a specially written software program
this method allows one to record events (i.e. the number of cater-
pillars passing the light barrier) on a computer in 1-min intervals.
The recording technique was modified for use under field condi-
tions. To prevent sunlight from influencing the IR light barriers,
we used IR detectors with an integrated modulation system (type
IS471; Sharp) which were connected to IR diodes (type LD274).
Thus, external non-modulated radiation was not sensed by the
detector. Nevertheless it proved to be necessary to put a small
black plastic tube in front of the detector and shade the area of the
light barrier by a narrow plastic canopy. To bundle and intensify
the light emitted by the IR diode we used a plastic lens (Conrad
Electronic) and a perforated dressing (shortened film tube with a
1.5-mm opening).

Emitter and detector were attached to adjustable aluminium
sections allowing for the alignment of the light beam exactly over
the plastic bridge leading from the tent to a bunch of blackthorn
twigs. For each colony, two light barriers were used for double
safeguarding (Fig. 1). In addition, we regularly observed foraging
activities to ensure the correct functionality of the light barriers.

Twigs were replaced as needed to provide a constant supply of
fresh food. The replacement of the food plant means a difference
to real field conditions where food becomes more and more patchily
distributed, thus forcing the caterpillars to walk over longer
distances during the course of their development.

Temperature was measured to the nearest 0.1°C using high-
precision thermal sensors (Hygrotec SEMI 833ET calibrated ther-
mistors) in 1-min intervals. Thermal sensors were attached at a
shaded position near the tents. Altogether seven colonies were
monitored between 22 May and 26 June during parts of the third,
the whole fourth and the beginning of the fifth larval instar.

Data for global radiation, precipitation, wind speed and atmo-
spheric pressure (recorded at 10-min intervals) were provided by a
meteorological station in the Botanical Garden of the University
of Bayreuth at about 300 m linear distance from the study site.

All subsequent analyses are based on the foraging bouts during
the caterpillars’ fourth instar with data from the moulting phases

Fig. 1 Experimental design for the registration of activity patterns
of Eriogaster lanestris under field conditions. The whole construction
is made of PVC and aluminium. A Bunch of blackthorn twigs in
fixed vase, B light barriers. L-shaped carriers of electronic compo-
nents vertically, pillars horizontally movable for exact adjustment
of the light barriers. Transparent roof as shelter from rain. Wires
not shown for better clarity. C Tent built by the caterpillars on a
wooden cross. D Cloth roof for shade on days with high radiation



being excluded. During moulting phases, the activity of E. lanestris
is much restrained and behavioural synchronicity is partly reduced
(Ruf et al. 2001b). Activity bouts showed a bimodal form, recording
the caterpillars going out to feed (first peak) and then coming
back (second peak). The distinct beginning and end allowed us to
accurately determine the duration of each bout. In those cases
when patterns were more fuzzy we discarded single outlier
signals. Out of 192 foraging periods only one foraging bout
was completely disregarded because of ambiguous separation. The
duration of resting phases between activity periods was assessed
by determining the period between the middle of the preceding
and the middle of the subsequent activity bout. This phase
includes the whole interval where caterpillars rest in the tent for
digestion from the point when caterpillars come back to the tent
after foraging until all caterpillars have left the tent during the
next foraging bout.

All statistical analyses were conducted using the STATISTICA
software package (StatSoft 1999) with the exception of regression
analyses that were calculated with Datafit (version 7.1.44,
Oakdale Engineering). Factor extraction in principal component
analysis (PCA) followed Kaiser’s criterion (i.e. factors were only
considered if their eigenvalues were >1.0; cf. StatSoft 1999).
Multiple regression analysis was performed using the standard
(i.e. not stepwise) method.

Collecting multiple data at the same point may create a problem
of pseudoreplication (Hurlbert 1984). However, effects of internal
time-series dependencies on the data were not expected as the
changing weather conditions to which the colonies were subjected
did not follow a regular pattern. Moreover, colonies experienced
different weather conditions during different stages of their lives
since experiments were not run exactly in parallel. Finally, we
were more interested in characteristics of individual foraging
bouts rather than periodical phenomena, which would call for
time-series analyses. Hence, foraging periods were treated as data
points, and were pooled across colonies if no colony-specific
differences could be noted.

Regression analyses were first calculated separately for the
seven colonies. Since parameter estimates never differed signifi-
cantly (95% confidence criterion), data were pooled and regression
analyses were recalculated.

In many species of social caterpillars, changes of the light
phases seem to be the predominant trigger for (nocturnal) activity
(e.g. Schmidt et al. 1990; Floater 1996). Therefore, we also tested
whether the foraging bouts in the morning or in the evening,
respectively, coincide with dusk or dawn.

For all analyses, unless stated differently, temperature was
averaged over the relevant time period, e.g. daily arithmetic means
for analyses addressing a whole day, or means over the exact
duration of the respective foraging bout for analyses on that level.
Throughout the text means are given ±1SD.

Results

During the course of a day strongly synchronized activity
bouts could always be differentiated from intermediate
resting phases (Figs. 2, 3). This applied not only to the
fourth larval instar but was also true for earlier instars
and far into the fifth (=final) larval stadium (data not
shown). Direct observations confirmed that each activity
bout resulted in foraging. Between foraging periods
caterpillars rested almost motionless in or on the tent for
digestion. The number of daily foraging bouts varied
enormously, ranging between one and seven during the
fourth stadium and even nine foraging periods in the
third stadium [mean (fourth instar) 4.8±1.9; Fig. 3]. 

Even though the duration of the fourth stadium was
different between colonies (minimum 5 days, maximum
9 days, mean 7.3±1.3, n=7) the total number of foraging
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bouts required to pass this stadium was less variable
(minimum 29, maximum 35, mean 30.6±2.1, n=7).

We performed a PCA with daily means of tempera-
ture, radiation, wind speed and atmospheric pressure, as
well as daily sums of precipitation to avoid collinearity
of these climatic variables. PCA revealed that the five
environmental parameters could be reduced to only two
factors with factor 1 extracting 47.5%, and factor 2
extracting 21.6% of the variance. Ambient temperature,
radiation and precipitation correlated with factor 1,
whereas wind speed and atmospheric pressure correlated
with factor 2 (Table 1).

Multiple regression analysis with the factor values of
single days extracted by PCA showed that the number of
daily foraging bouts is highly correlated with factor 1
(standardized multiple regression coefficient β=0.94,
t56=21.7, P<0.0001) but is not correlated with factor 2
(β=0.09, t56=2.0, P>0.05) (Fig. 4).

Thus foraging patterns strongly depend on weather
conditions. On sunny days caterpillars of a colony may
forage several times a day (upper panel in Fig. 3) and
therefore enhance nutrient uptake, whereas foraging is
strongly restricted during periods of low radiation asso-
ciated with low temperatures and rainfall (e.g. middle
panel in Fig. 3).

Temperature affected foraging in two ways. First, the
duration of each foraging bout was strongly influenced
by temperature. Foraging bouts lasted <1 h on average
at 25–30°C (Table 2), but lasted 2–5 h when tempera-
tures fell below 15°C (Fig. 5A; regression for pooled
data, R2=0.76). This effect was mainly caused by the
fact that temperature directly reduces velocity of the
caterpillars crawling between their tent and their
host plant and slows down food uptake. Although the
duration of foraging bouts seemed to decrease steadily
with increasing temperature, categorization of tempera-
ture revealed that there was no significant difference
between foraging bouts occurring at either 20–25°C
or 25–30°C (Table 2) indicating that physiological
thresholds limit the maximum speed of foraging attain-
able. 

Fig. 2 Three exemplary foraging bouts of E. lanestris. Distribution
of signals is bimodal because caterpillars pass the light barriers
twice on each foraging bout (while walking back and forth
between the tent and the plant). Shown here are three foraging
bouts of colony 1 (first day) at higher temporal resolution that are
also depicted in Fig. 3
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Temperature had an even more intense effect on the
period between the foraging bouts which is the phase for
digestion, when caterpillars rest in or on the tent. This
period varied between 2–4 h at 20–30°C, but increased
to far more than 10 h and became unpredictable at lower
temperatures (Table 2, Fig. 5B; regression for pooled
data, R2=0.71).

Although activity patterns seemed to be largely con-
trolled by thermal factors, the light regime might also
modify this pattern. Figure 6 shows that the distribution
of the starting times of activity bouts was irregular over
the course of a day. Ambient temperatures averaged for
1-h intervals over all measurements taken over the entire
experimental period were significantly correlated with
the number of foraging bouts that started during these
same 1-h intervals (R2=0.38, P<0.01), but a dispropor-

tionately large number of foraging bouts occurred just
after sunrise and again between 0900 hours and
1000 hours. In contrast, there was a disproportionately
low number of foraging bouts during the first hours after
sunset as well as during the interval right after the
0900-hours peak and between 1500 and 1600 hours.
Nonetheless, there was no well-defined accumulation of
foraging bouts at any time of the day that would occur
every day. In particular, nocturnal foraging periods did
occur under outdoor conditions in nights with favourable
temperatures (nightly mean 13.6°C/minimum 6.6°C).

Fig. 3 Exemplary activity
patterns of E. lanestris. Top
panel Colony 1, third instar and
moulting phase to fourth instar.
Middle panel Colony 1, fourth
instar. Bottom panel Colony 2,
fourth instar; activity patterns
differ due to different weather
conditions

Table 1 Factor loadings of environmental variables on factors
extracted by principal component analysis after varimax rotation

Variable Factor 1 Factor 2

Ambient temperature 0.83a –0.03
Radiation 0.85a 0.11
Precipitation –0.77a –0.33
Wind speed 0.05 –0.84a

Atmospheric pressure 0.33 0.72a

Proportion of total variance 0.42 0.27

a Loading >0.7

Table 2 Duration of foraging
bouts and digestion phases
categorized by temperature. All
values are means±SD. Different
letters indicate significant
differences between categories
within one column after Tukey-
Kramer test following a
Kruskal-Wallis test to assess
column-wide significance

Temperature range Duration of foraging bout (min) Duration of digestion interval (min)

<10°C 189.2±69.0a (n=9) 550.0±171.3a (n=8)
10°C≤x<15°C 176.9±58.0a (n=46) 466.7±186.9a (n=46)
15°C≤x<20°C 90.5±30.6b (n=37) 265.6±99.0b (n=38)
20°C≤x<25°C 52.1±21.0c (n=47) 201.2±56.0c (n=47)
≥25°C 42.8±17.1c (n=52) 144.4±17.2c (n=49)
Test statistics H4=140.9, P<0.0001 H4=143.5, P<0.0001

Fig. 4 Correlation of factors extracted by principal component
analysis with the number of daily foraging bouts. Factor 1
includes ambient temperature, radiation and daily precipitation,
factor 2 includes wind speed and atmospheric pressure. Linear
regression for factor 1: y=4.10+2.05x
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Obviously an intrinsic fixed activity pattern con-
trolled by light, if present at all in E. lanestris, is strongly
superimposed by environmental conditions. On cold and
rainy days, when temperatures hardly rose above 10°C,
caterpillars left the tent at least once every day. Under
such conditions, without the strong acceleration of forag-
ing activity due to solar radiation, one might expect
light-phase triggered activity patterns to be more pro-
nounced. Figure 7 shows that the first foraging bout on
these days did not coincide with sunrise either, further
corroborating the observation that foraging is mainly
influenced by thermal conditions.

Discussion

The general foraging pattern of E. lanestris caterpillar
colonies under field conditions was quite similar to that
reported for laboratory colonies (Ruf et al. 2001b).
Despite large temperature variation and occasional
rainfall, activity periods proved to be perspicuously
synchronized and distinct digestion phases were always
well separable from foraging activities outside the tent.
Caterpillars of E. lanestris were active by day and night,
but never fed during the night time if temperatures were
too low (well below 10°C). This may explain the totally
diurnal behaviour of Finnish populations (Carlberg
1980). We did not observe concentrations of foraging
events at special times of day, which is in accordance
with Carlberg (1980) and Balfour-Browne (1933)
who both stated (without presenting supportive data)
that the larvae showed no special foraging and resting
times.

In contrast to all other social tent-building caterpillars
investigated so far showing the CPF strategy (Table 3),
the number of foraging bouts per day was neither
constant nor restricted to special times of day but proved
to depend on the weather. Solar radiation and temperature
had the most pronounced effects, while precipitation,
wind and light regime were of modulatory significance
at most. The total number of foraging bouts achievable

Fig. 5 Duration of foraging bouts (A) and spacing between
foraging bouts (B) at different ambient temperatures. In order to
linearize the relationship and homogenize variances data were
logtransformed for statistical analyses. Parameter estimates did
not differ significantly between colonies (col.). Regressions
were statistically significant for individual colonies (P<0.01).
Regression for pooled data (bold line): A y=–0.040x+2.66, n=191;
B y=–0.032x+2.99, n=188

Fig. 6 Incidence (starting point, CEST) of 196 activity bouts
pooled for seven colonies of E. lanestris relative to the time of
day. Means (◆ and line) and SDs (+) of daily air temperatures
recorded in the shade at the study site during the study period.
Arrows mark hours of day which show more or fewer events than
would be expected after linear regression of number of foraging
bouts on mean temperature (R=0.62, P<0.01, y=–2.81+0.70x).
Small arrows ≥1 standardized residual value (SRV), large arrow
≥2 SRV

Fig. 7 Starting time (CEST) of the first foraging bout of a day.
Only cold and rainy days with three or fewer daily foraging bouts
were taken into account. Times for dawn and sunrise are averaged
and varied for <10 min over the study period
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during 1 day depends on both the rate at which caterpillars
forage and the rate of digestion.

The duration of foraging bouts increased steadily with
decreasing temperature. The reasons for this sharp
increase are probably numerous. First, locomotion and
feeding efficiency of caterpillars are severely constrained
at low temperatures (cf. Joos 1992).

In addition, caterpillars do not forage independently
of each other but use a trail system (cf. Ruf et al. 2001a).
Caterpillars’ advancement during trail following is
probably severely restricted at low temperatures, because
they are expected to need more time at each ramification
to decide for one of the trails, and these effects will sum
up.

As bunches of the host plants were replaced regularly
over the duration of the experiments, we destroyed
existing trails and caterpillars afterwards strongly hesitated
before crawling on the new branches. This accounts for
part of the variability at any given temperature and might
be even more pronounced at low temperatures due to
slow marking of a new trail.

In ectothermic animals, temperature has an over-
whelming effect on all physiological processes including
digestion [Schroeder and Lawson (1992), Casey (1993)
and references therein]. The duration of the resting phase
between the foraging bouts which is largely equivalent to
the digestion phase proved to be strongly temperature
dependent in our experiments. We did not verify whether
caterpillars of E. lanestris had completely digested the
food they had consumed during the previous foraging
bout when leaving the tent again. However, the tempera-
ture dependence of duration of periods spent in or on the
tent between two foraging bouts strongly suggests this,
because one would not expect such close temperature
dependence with phases of resting behaviour only.
Complete digestion of a full gut’s load of food within a
minimum of 2–3 h at ambient temperatures of 25–30°C
is absolutely within the realms of possibility (cf. Fitzgerald
et al. 1988) since caterpillars of E. lanestris regulate

their body temperature between 30°C and 35°C under
sunny weather conditions (Ruf and Fiedler, in press).
Thus, caterpillars seem to benefit from favourable
weather conditions by maximizing their rate of food
intake up to a physiological threshold, when no further
acceleration of digestion is possible. Neither the duration
of foraging bouts nor of digestion periods showed a
substantial increase at an ambient temperature above
20°C, suggesting that due to their combination of solar
basking and tent-based thermoregulation caterpillars in
the temperature range of 20–30°C approach their physio-
logical optimum.

In contrast to E. lanestris larvae, Eastern tent cater-
pillars, Malacosoma americanum, show a fixed activity
pattern with foraging bouts occurring at around
0600 hours, 1500 hours, and 2000 hours (Fitzgerald et
al. 1988). Thus, caterpillars begin foraging bouts at a
definite time of day even when their gut might still be
partially filled with undigested food from the previous
foray. Indeed, when caterpillars were held for 6 h at
15°C they showed no indication of having processed
food (Casey et al. 1988). On the other hand, these cater-
pillars are also unable to benefit from a high temperature
by means of abridged pauses between forays and stays in
the tent even though their gut may be completely empty.
Therefore, the foraging strategy of E. lanestris seems to
be more advanced with regard to opportunistically taking
advantage of favourable temperature conditions.

Anyway, individual caterpillars of E. lanestris are
expected to exhibit a variable range of digestive conditions
at the beginning of each foraging bout. This is due to the
fact that the re-arrival of some caterpillars at the end of
the previous foraging bout is often quite delayed and
caterpillars face different body temperatures at different
locations in the tent (cf. Joos et al. 1988). Thus, individual
caterpillars might also be physiologically “out of phase”
when they start a new foraging bout.

Tent-building caterpillars are well known for their
thermoregulatory abilities. It has been shown repeatedly

Table 3 Activity patterns of 13 lepidopteran species with social, tent-building, central-place foraging caterpillars. Most assessments of
activity patterns rely on intermittent visual observations

Species Family Study site Activity pattern References

Eriogaster lanestris Lasiocampidae Laboratory+field Day and night, plastic Ruf et al. (2001b), this study
Eriogaster arbusculae Lasiocampidae Field Diurnal ProNatura (2000)
Eriogaster catax Lasiocampidae Laboratory Day and night C. Ruf, unpublished observations
Eriogaster philippsi Lasiocampidae Field Diurnal Talhouk (1940)
Eriogaster amygdali Lasiocampidae Field Diurnal Talhouk (1975)
Malacosoma americanum Lasiocampidae Laboratory+field Day and night, Fitzgerald (1980),

fixed schedule Fitzgerald et al. (1988)
Malacosoma neustria Lasiocampidae Laboratory Day and night C. Ruf, unpublished observations
Gloveria sp. Lasiocampidae Laboratory Nocturnal Fitzgerald and Underwood (1998a)
Eutachyptera psidii Lasiocampidae Laboratory+field Nocturnal Sallé (1856), Comstock (1957)
Ochrogaster lunifer Thaumetopoeidae Field Nocturnal Floater (1996)
Thaumetopoea pityocampa Thaumetopoeidae Field Nocturnal Schmidt et al. (1990)
Thaumetopoea processionea Thaumetopoeidae Field Nocturnal ProNatura (2000)
Eucheira socialis Pieridae Laboratory+field Nocturnal Kevan and Bye (1991), Fitzgerald and

Underwood (1998b), Fitzgerald and
Underwood (2000)



that especially social caterpillars are able to elevate their
body temperatures significantly by basking and that
temperature gains are much higher than those of solitary
caterpillars (Knapp and Casey 1986; Joos et al. 1988).
Raising the body temperature by basking speeds up
physiological processes enabling larvae to consume and
digest food faster and, thus, develop more quickly. It is
obvious that thermoregulation is most advantageous if
caterpillars really benefit from their accelerated digestion
by foraging more often than would be possible if a cater-
pillar’s body temperature were to track the surrounding
air temperature during digestion. Assuming that caterpil-
lars of E. lanestris need an average of 31 foraging bouts
to complete their fourth larval stage, this species would
need 10 days if they had a fixed foraging schedule with
only three foraging periods per day provided that they
consume the same amount of food during each foraging
bout. Due to their plastic foraging pattern caterpillars are
able to halve this time when temperature conditions are
favourable. Consequently, E. lanestris is well adapted to
undergo rapid larval development under unpredictable
spring weather conditions in Central Europe when the
temperature is often low during daytime but radiation is
frequently intense (e.g. on cool but sunny mornings).

Of course, foraging patterns of insect herbivores are
not exclusively affected by the prevailing thermal condi-
tions. They are also influenced by the availability and
abundance of suitable food (Slansky 1993) and by the
presence of natural enemies (Stamp and Bowers 1988).
In our experiments fresh food was always available in
ample supply in close proximity to the tent and natural
enemies were largely excluded. Nevertheless, the latter
does not influence innate behavioural patterns, i.e. if
predator avoidance is obligatory and does not depend on
experiencing contacts with natural enemies.

Casey et al. (1988) suggested that the fixed foraging
schedule of Malacosoma americanum was necessary to
synchronize individuals. In contrast, E. lanestris cater-
pillars are able to synchronize their foraging activities
despite variable foraging times which supports the
assumption of Fitzgerald et al. (1988) that the foraging
pattern of M. americanum is primarily shaped by predator
avoidance. This latter hypothesis is further supported by the
observation that last instar caterpillars of M. americanum
become strictly nocturnal and forage independently of
their tentmates. Predator avoidance is generally thought
to be the cause of completely nocturnal activity in cater-
pillars (Heinrich 1993). Many caterpillars remain hidden
during the day and many species with social tent-building
CPF caterpillars are strictly nocturnal, with the exception
of the genera Malacosoma and Eriogaster (Table 3).
Hence, all such nocturnal caterpillars defer their foraging
activities until periods with lower predation risk, but also
characterized by lower temperatures which are less
favourable for foraging and digestion.

There is a trade-off between the risk of attack by visually
oriented predators or parasitoids and the necessity to
grow fast which is especially strong in early spring cater-
pillars that rely on young leaves as a food source (cf.

Stamp and Bowers 1990; Parry et al. 1998). It is to the
caterpillars’ advantage to complete their development
while their food supply is still of a high quality (cf. Slansky
1993). A plastic foraging response is generally interpreted
as enhancing growth rates by increasing rate of feeding
and digestion at higher body temperatures. Of course,
frequent foraging during the day raises the caterpillars’
conspicuousness and large groups of larvae are certainly
easier for enemies to find than solitary caterpillars. How-
ever, foraging periods are especially short during the day
(i.e. at high temperatures). This spatio-temporal coordi-
nation may limit colony losses to predators because
individual caterpillars profit from the security of the
group (Hamilton 1971) and synchronicity also reduces
the absolute time the caterpillars are outside the tent.
Even fifth instar caterpillars of E. lanestris retain tent-
based communal foraging, although group cohesion
diminishes progressively as the caterpillars approach the
prepupal stage (cf. Ruf et al. 2001b).

Unfortunately, there are no reliable data on the impact
of natural enemies on the survival of Eriogaster lanestris
in the field. In our samples, few (<10) of the several
hundred individuals collected in the field were parasitized
by tachinid flies. Vespid wasps (Polistes sp.) and ants
(Formica sp., Lasius sp.) were observed to attack cater-
pillars only when they were forced to stay outside the
tent at high ambient temperatures. Last instar E. lanestris
caterpillars that are probably at most risk of succumbing
to vertebrate predation possess reddish, urticarial hairs
which cause severe contact dermatitis, at least in humans
(Kawamoto and Kumada 1984). The impact of these
hairs on birds and small mammals has never been inves-
tigated, but judging from their strong effect on humans,
mature E. lanestris larvae are probably quite well
defended. Improved chemical defence, accompanied by
a putatively aposematic black and reddish coloration of
final instar larvae, might well explain why E. lanestris
seems to have been able to adopt a more flexible, but
also more risky, foraging strategy in comparison to
M. americanum.

Extrinsic factors other than climatic parameters (e.g.
light phases) had only a subsidiary effect on the onset of
a new foraging bout with a slight accumulation of foraging
bouts during the first daylight hours but no peak of
activity right after sunset. This occasional feeding during
the coldest hours of a day might point to an early filling
of the gut to benefit from good digestive conditions in
the subsequent morning hours. Despite the fact that the
state of digestion probably differs among individuals at
the onset of each foraging bout, how caterpillars of
E. lanestris manage to coordinate their activities without
relying on extrinsic timers is not yet known.

Overall, the plastic foraging pattern of E. lanestris
shows a striking example of the interaction between
physiology, behaviour, and ecology. Comparing E. lanestris
and M. americanum shows that despite many very similar
life-history traits (such as voltinism, tent-building behav-
iour, and early spring feeding) different behavioural
strategies may arise. Much of our current understanding
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of sociality in lepidopteran caterpillars stems from studies
of tent caterpillars in the genus Malacosoma (Fitzgerald
1995). However, comparative investigations on different
systems under a range of ecological conditions are
necessary to critically test the generality of patterns and
processes that govern the evolutionary ecology of social
foraging in caterpillars.
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