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Fig. 1. Euperipatoides rowelli aggregating behaviour: (a) Petri dish
with an aggregation and two walking individuals (female below,
male above); (b) magnification of the aggregation.

believed to play a role in controlling complex behaviours
in arthropods, especially in social insects (Strausfeld
et al., 1998). The existence of these neural structures in
Onychophora indicates the potential for more complex
behaviour than has previously been assumed or de-
monstrated.

The Australian species Euperipatoides rowelli
Reid 1996 (Peripatopsidae) (previously included in
E. leuckartii) occurs in humid, temperate forest habitats
in the south-east of the continent (Scott & Rowell,
1991; Reid, 1996; Barclay, Ash & Rowell, 2000; Barclay,
Rowell & Ash, 2000). Here, they live in the crevices of
decaying logs, where they prey on small invertebrates
such as termites (Scott & Rowell, 1991; Barclay, Ash &
Rowell, 2000). Euperipatoides rowelli is ovoviviparous
and males reach maturity in their first year with the larger
females maturing in their second or third year (Sunnucks
et al., 2000). Females may contain sperm from multiple
males, and there is evidence for female post-copulatory
influence over fertilizations (Curach & Sunnucks, 1999).
In contrast to other species, which are usually sparsely
distributed, E. rowelli females, males and young are often
found in aggregations (Fig. 1). These aggregations can
contain between two and 15 individuals, lying within a
few cm of one another or in direct physical contact. Only
rarely is a single animal found in a log.

Are these aggregations merely random assemblies
of interchangeable individuals exploiting favourable
microhabitats, or are they social groups, in which the
members recognize one another? Is there any organization
within an aggregation? To investigate these questions, we
studied interactions within and between E. rowelli groups.

MATERIALS AND METHODS

Collection of specimens

Specimens were collected from Tallaganda State Forest,
New South Wales, Australia. This forest occupies a region
of 110 × 10 km, and population densities of E. rowelli
exceed 1000 individuals/ha on south-eastern slopes
(Barclay, Ash & Rowell, 2000). Because genetic studies
indicate that there is regional genetic differentiation
(Sunnucks & Wilson, 1999; Sunnucks & Tait, 2001),

specimens were collected from 5 logs located within an
area of 10 km2 in the Harolds Cross biogeographic region
of Tallaganda (as described by Garrick et al., 2004).
Twenty to 50 individuals per log were collected, and
animals from 1 log were considered a ‘group’, as they
were either found in close proximity to one another or
at least potentially in contact through a continuous
medium. Animals from different groups were kept
separate in plastic containers in the laboratory. The
containers were filled with moist sphagnum moss, closed
for humidity maintenance, and stored in the dark at room
temperature. Specimens were fed every 2 weeks with
crickets Teleogryllus commodus (1–2 cm).

Experiments

All experiments were carried out under dim red light
(25 W incandescent red light bulb, broad spectrum) to
prevent negative phototactic behaviour. Immediately
before each experiment, adult E. rowelli were marked
individually with fast-drying enamel paint (Tamiya Color
XF-7) on the back. For marking, 1 animal at a time was
put into a Petri dish and small dots of paint were applied
with the tip of a soft, fine brush. Once the paint had dried
(c. 10–20 s) the animal was returned to its container. There
was no apparent response from the animals to the paint
once it had dried, neither to their own nor to other animals’
markings.

To investigate group behaviour during prey hunting
and feeding and to establish an ethogram for interactions
among individuals, 6 females, 4 males, and 5 young
(gender ratio corresponding to natural average: Scott &
Rowell, 1991; Sunnucks et al., 2000) were placed into
a Petri dish (internal diameter 8.5 cm) with moist filter
paper on the bottom. After c. 30 min, when the specimens
had adjusted to the Petri dish, a live cricket was introduced
as food, and behaviour was recorded for up to 6 h (Sony
digital handycam DCR-TRV120E). All behaviour before,
during, and after feeding was registered. Once feeding
had started, the number of individual females, males and
young feeding on the cricket was registered every 15 s for
3 h. From these data, the mean number of feeding females,
males, and young was calculated for every 5 min interval,
and the means were plotted against time. The experiment
was carried out 5 times with 5 different E. rowelli groups,
one each from of the 5 collection sites.

Behavioural patterns displayed in interactions between
individuals were defined as ‘biting’, ‘chasing’, ‘evading’,
‘running’, ‘climbing’ and ‘tolerating climber’ (see
Results). Based on these behaviours, a bioassay investi-
gating inter-individual aggression and its effect on ag-
gregating behaviour was carried out. Two E. rowelli
individuals were placed in a Petri dish with moist filter
paper. The frequency with which they displayed the above
behaviours was registered continuously for 15 min. It was
also noted if, and when, they formed an aggregation within
the 15 min test duration. The bioassay was carried out
pairing 2 females, or 2 males, or 1 female and 1 male
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from the same group, and repeated 45 times each. Animals
were randomly chosen from the collections, and some may
have been used in several different trials, but care was
taken that any combination of 2 individuals (recognizable
by their individual paint marks) was tested only once.
When pairing individuals of the same gender, animals of
comparable size were used (size-matched by eye). The
same bioassay was carried out pairing individuals from
different groups, drawn randomly, and repeated 20 times.
Means and standard deviations of behavioural frequencies
were calculated and the paired t-test was used to determine
if the 2 individuals of a test showed significant differences
in behaviour. Percentages of aggregations formed and the
mean time required for formation was also calculated.
The t-test for independent samples was used to determine
whether individuals from different combinations (female–
female vs male–male vs female–male) and from the 2 ex-
perimental set-ups (individuals from same group vs
individuals from different groups) showed significant
differences in behavioural frequencies.

RESULTS

General observations on aggregation behaviour

When stored in plastic containers with sphagnum moss,
animals could be maintained at relatively high densities,
i.e. up to 50 adult individuals. In these circumstances
the animals were commonly found in groups or close
vicinity, although there was no obvious tendency for tight
physical contact. When placed in a Petri dish without a
sphagnum substrate, the formation of tight clumps of two
or more animals in intimate physical contact was common.
The reason for this difference was not immediately
apparent, but the Petri dish set-up clearly presented the
opportunity to easily observe and quantify interactions
between individuals.

Group hunting and feeding

Behavioural interactions within a group during prey
hunting and feeding were consistent for all five E. rowelli
groups tested. When a cricket was introduced into the Petri
dish with an E. rowelli group, it was hunted collectively by
adult females and males, with attacks being triggered by
random encounters of the prey; young E. rowelli were not
involved in the hunt. Depending on the size of the cricket,
its immobilization with the sticky secretion from the
onychophorans’ slime glands took from 5 min to 1 h, after
which feeding started (for prey capture in onychophorans,
see: Read & Hughes, 1987). We detected a strict female-
dominated feeding hierarchy: the first individual to feed
was always a female, and she remained the sole feeder
for 45–60 min (Fig. 2). This female fed in bouts of up
to 10 min, interrupted by short intervals during which she
moved around the Petri dish. During her solitary feeding
time, males and young of the group remained distant,
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Fig. 2. Feeding hierarchy in Euperipatoides rowelli groups. The
five diagrams represent five different groups of E. rowelli, each
composed of six females, four males and five young in a Petri dish,
observed for 3 h while feeding on a cricket. Each diagram shows
the mean number of females (solid line), males (dashed line), and
young (dotted line) feeding simultaneously, sampled every 15 s and
averaged for every 5 min interval.

often in physical contact with one another. The other
females assumed a ‘waiting’ position close to the prey,
circled it, and occasionally tried to feed. If noticed by the
first female, they were attacked by her, bitten, kicked and
pushed away. After 45–60 min, the first female tolerated
other individuals at the food. Now, the remaining females
started feeding in groups, soon followed by the males and
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Fig. 3. Behavioural patterns of Euperipatoides rowelli displayed
by two individuals: left, dominant behaviours: right, subordinate
behaviours. Dominant-aggressive behaviour is followed by subordi-
nate-passive behaviour, except for the behaviour ‘climbing’, which
is initiated by the subordinate in order to form an aggregation. Once
the dominant individual ‘tolerates the climber’, the two individuals
remain motionless in aggregation.

young (Fig. 2). The number of feeding males reached its
maximum once the females started leaving the food. All
individuals eventually fed, but rarely all simultaneously.
After 3 h, feeding was over, and the group reaggregated
once the individuals had cleaned their mouthparts and
antennae.

Aggression, hierarchy and aggregation formation

How do the individuals of a group establish this hierarchy,
and determine their ranks within a group? A number of
behavioural interactions were observed between mature
individuals, which could be classified as dominant and
subordinate behaviours (Fig. 3):

biting: an individual bites another, mostly during frontal
encounters;

evading: an individual avoids being bitten by turning away;
chasing: an individual runs after another, pushing it in the

rear;
running: an individual tries to escape by running away at

high speed;
climbing: an individual climbs on top of another from

behind. The other individual usually reacts by shaking
the climber off, also trying to bite it;

tolerating climber: the dominant individual tolerates
the body contact with the climber and the

two individuals become motionless, forming an
aggregation.

Juvenile E. rowelli showed no aggressive behaviour nor
were they ever attacked. They followed and climbed adults
whenever possible. The adults usually tolerated juvenile
climbers, sometimes carrying them ‘piggy-back’ while
moving around and when aggregating.

Using the behaviours biting, chasing, evading, running
and climbing as measurement for aggression and hier-
archical status, behavioural interactions were investigated
between two adult E. rowelli individuals, collected either
from the same log (= same original group) or from
different logs (= different groups). It was also noted if, and
when, they formed an aggregation within the test interval.
When pairing two females from the same log, a hierarchy
was evident within seconds; the dominant individual was
more aggressive, showing significantly more biting and
chasing behaviour, while the subordinate showed more
evading, running, and also more climbing behaviour
(Fig. 4a, top). Following repeated climbing attempts by
the subordinate individual, aggregations between the two
females were formed in 80% of the cases taking an
average of 9.8 ± 3.1 min. The results were the same when
pairing two males from the same log, with behavioural
frequencies only differing for the behaviour ‘climbing’
(Fig. 4a, centre), which was displayed significantly (P <
0.008) more often in the male–male (mean frequencies:
2.4 ± 2.4 and 6.1 ± 3.9) than in the female–female con-
frontation (mean frequencies: 0.8 ± 0.8 and 4.2 ± 2.6).
Aggregations between males from the same group were
formed less frequently (55.6%) and significantly more
slowly (11.3 ± 2.6 min, P < 0.043) compared to the
female–female encounter. When pairing a female and
a male from the same log, there was little aggression
between individuals. The much smaller male was clearly
subordinate, and the only behaviour displayed at high
frequency was climbing by the male (Fig. 4a, bottom).
Aggregations between a female and a male were
formed more often (84.4%) and significantly faster
(6.4 ± 2.8 min, P < 0.001) than in female–female and
male–male pairings.

When pairing two E. rowelli females that originated
from different logs, i.e. different groups, there was signi-
ficantly more aggression than between females from the
same log (P < 0.001, t-test for independent samples). Both
females displayed biting and evading at high frequency,
and a dominant and subordinate individual could not
be determined (Fig. 4b, top). Climbing was hardly ever
observed, and consequently aggregations were not formed.
When pairing two males from different logs, the results
were the same; there was no hierarchy, both males were
aggressive (Fig. 4b, centre). However, they were less
aggressive than the two females, i.e. males displayed
less biting and evading, and males also showed climbing
behaviour. Consequently some aggregations were formed
(10% in 11.5 ± 1.3 min). When pairing a female and a
male from different logs, there was intense and equal agg-
ression, at levels comparable to male–male and female–
female encounters (Fig. 4b, bottom). Aggregations were
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Fig. 4. Hierarchy and aggregation formation in Euperipatoides rowelli. (a) Two females (top), two males (centre), or one female and one
male (bottom) from the same group were paired in a Petri dish for 15 min. Shown are the mean frequency ± SD (n = 45) of the behaviours
biting, chasing, evading, running, and climbing, as displayed by the two individuals during the test. The percentage of aggregations formed
and the mean time needed is also shown. (b) The two individuals of a test originated from different groups (n = 20). Paired t-test: *,
significant difference at least P < 0.05; NS, no significant difference.

not formed, in spite of repeated climbing behaviour by the
male.

DISCUSSION

This is the first study of its kind showing that onycho-
phorans are capable of surprisingly complex interactive
behaviour. We have demonstrated that E. rowelli ag-
gregations are more than random assemblages of
individuals; they are social groupings organized in
a female-dominated hierarchy. Female dominance is
probably because of their larger body size (Sunnucks et al.,
2000), which might be the general cue for triggering
dominant and subordinate behaviour. Indeed, during pair
encounters of E. rowelli individuals, the specimens were
frequently observed running their antennae over the entire
length of the other individual’s back when walking past.
Considering the high number of sensory receptors on the
antennae of onychophorans (Storch & Ruhberg, 1993),
this might be a means to estimate the other individual’s
size. Moreover, in preliminary experiments, where the
size of females was not matched, smaller females were

consistently subordinate. Such size-based dominance
hierarchies are not unusual and have been described
for other invertebrates (Edwards, Issa & Herberholz,
2003).

Communal hunting and feeding as a way to overwhelm
a meal is typical of predators with relatively large prey.
This has been shown for many animals, and the behaviour
of E. rowelli is similar to that described for some social
spiders (Nentwig, 1985; Rowell & Aviles, 1995). While
few detailed studies of prey specificity have been carried
out for onychophorans (Read & Hughes, 1987), there is an
enormous size range of potential prey items in their natural
habitat, and under laboratory conditions they will attack
crickets many times their own size. Simple size-based
dominance displays when competing for food have been
observed in other invertebrates such as crayfish (Edwards
et al., 2003). However, the strict feeding hierarchy within
E. rowelli groups, with one individual monopolizing the
meal for an extended period has, to our knowledge, never
been described for an invertebrate.

It is unclear whether the behaviour exhibited by
E. rowelli is a characteristic of onychophorans in general
or peculiar to this species. As yet no other species have
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been studied in comparable detail. It may be relevant
that E. rowelli is found in enormous densities compared
to most other onychophoran species investigated (over
1000 individuals/ha on south-east facing slopes) and that
in many regions of the forest virtually every habitable
log contains specimens of E. rowelli (Barclay, Ash &
Rowell, 2000). While this may be a human-induced
effect (previous logging has left large volumes of dead
wood on the forest floor), it may be associated with
their social behaviour. Perhaps the ability of E. rowelli
to tolerate conspecifics and live in groups, permits this
species to exist at higher densities than other species of
Onychophora in Tallaganda State Forest, which are sparse
in comparison.

Tolerance of conspecifics is essential for evolution of
group living (Choe & Crespi, 1997), and in E. rowelli
this might be achieved via the dominance hierarchies
which control inter-individual aggression levels. The one-
sided aggression observed during encounters between
individuals from the same group, and the fact that
subordinate climbing behaviour always led to tolerance of
physical contact and aggregation, support this hypothesis.
Interestingly, the tolerance displayed by members from
the same group was in strong contrast to the highly
aggressive encounters between individuals from different
groups. Tolerance of conspecifics in the former situation
and the lack thereof in the latter, suggest the existence
of some form of group or kin recognition in E. rowelli.
The basis of this apparent kin recognition has yet to be
determined, but considering the habitat E. rowelli live
in, it is likely that chemical cues such as pheromones,
cuticular hydrocarbons, or scents from common diets
might be involved. The potential role of the crural gland
excretion of E. rowelli, which has been shown to attract
conspecifics (Barclay, Rowell & Ash, 2000), is currently
under investigation.

The intense aggression between females and the
somewhat reduced aggression between males from
different groups could explain the fact that genetic
isolation-by-distance is more marked in E. rowelli females
than in males (Sunnucks et al., 2000; Sunnucks & Tait,
2001; Sunnucks pers. comm.). Females usually remain in
the same log or do not move very far, and thus their groups
become genetically distant even if only a few hundred
metres apart, while males disperse in search for new
habitats and potential mating partners (Barclay, Rowell &
Ash, 2000). However, mating does not usually occur.
The somewhat surprising aggression between females
and males from different groups could explain the fact
that males have little post-dispersal reproductive success.
Preliminary results from a more detailed aggression study
pairing E. rowelli specimens collected from all over
Tallaganda State Forest, indicate that aggression levels
depend not only on gender and group, but also on the
area/type of collection site as well as geographic distance
between sites. The effect of this apparent recognition
ability and subsequent aggression on mate choice in
E. rowelli, its possible function as isolating mechanism
and hence its role in speciation are under investigation.

The evolution of group-living and sociality in animals
has been intensively studied resulting in a variety of
models (Choe & Crespi, 1997; Dugatkin, 1997). Euperi-
patoides rowelli sociality might have originated from
aggregation of possibly unrelated individuals, because of
favourable ecological conditions or limited habitable sites.
Factors improving fitness, such as cooperative predation
of (and defence against) larger invertebrates, easier mate
finding, better protection and care of juveniles, and control
of microhabitat conditions, could have further sustained
the evolution of group-living in E. rowelli. Onychophorans
are susceptible to desiccation and the close aggregations
may help to minimize water loss. This might also explain
why aggregations in Petri dishes are much closer than
in containers of moist sphagnum moss. Alternatively, the
evolution of sociality in E. rowelli might have originated
from extended parental care or prolonged association of
siblings, and may have been influenced by kin selection. To
explore the potential role of kin selection in the evolution
of social behaviour in Onychophora, however, detailed
information is required on the degree of relatedness within
and between E. rowelli groups.

Although the above aspects, especially the genetic re-
lationships, remain to be investigated, the discovery of
social behaviour in E. rowelli is of great importance in
itself shedding further light on the mystery of onycho-
phoran phylogeny. Social behaviour from sub-, semi- to
eusocial is well documented for arthropods, including
aphids, thrips, ambrosia beetles, spiders, shrimps and of
course termites, wasps, ants and bees (Choe & Crespi,
1997). While the case of E. rowelli is fundamentally
different from the complex colonies of eusocial insects,
it is very similar to some of the behaviour reported for
social spiders. In particular, the colonial spider Delena
cancerides shows similar poorly coordinated group
participation in prey capture and a marked difference
in social interactions between individuals depending on
whether they are derived from the same or different
colonies, most notably for adult females (Rowell & Aviles,
1995). In D. cancerides, intolerance of outsiders is even
more extreme than in E. rowelli, with encounters usually
ending with the death of one animal, usually the smaller.
The close resemblance to spider social behaviour is of
interest given the numerous contradictory placements of
the Onychophora in relation to the arthropods. Ongoing
studies of the social interactions and behaviour of both
groups may shed further light on this controversy.
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