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ABSTRACT

Field observations of land slugs Philomycus  carolinianus
(Bosc, 1802) together at shelters led us to ask whether they
were attracted to conspecifics versus attracted to a limite d
resource (e.g., shelter). Our laboratory experiment offered
three ‘-]I{Il('l‘\ to three shigs in each re p]lL ite, with the expec-

tation that slugs \\ml]d occur together under a single shelter if

they preferred to be with conspecifics, while slugs would
occur singly under each shelter if they avoided conspecifics.
We found that slugs chose shelters regardless of the presence
ol conspecilics, suggesting that their occurrence together in
nature is due to the nh.um;: of limited shelter resources,
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INTRODUCTION

Animals congregate for many reasons. In some cases.
they benefit from the presence ol others. In other cases,
the ocenr together in an area because a resource is
present there. Explanations for congregation behavior in
terrestrial mollusks include prevention of water loss
(Dundee et al., 1975; Cook, 1981: Waite, 1988) and
escape from ground-level heat (Cook, 2001).

In nature, gastropods are commonly associated with
woody debris, and can be found congregated in areas
with Lugv amounts of such debris (Kappes et al.. 2009).
Individuals of species of slugs in the genus Philomicus

Rafine sque, 1820 are sometimes seen in close proximity
to each other, especially near coarse woody debris. In
some cases, these slugs are found in physical contact with
each other (a phenomenon known as huddling). However.
Philomycus individuals do not always e xhibit huddling in
the wild, and the presence of multiple slugs in close prox-
imity is vet to be explained. Two possible e \[)antmm are
that individuals of Philomycus species are gregarious (pre-
fer to associate with each other) and that tllt"\' tend to
congregate at the locations ol limiting resources, regard-
less of the presence of other slugs.

Huddling and congregation are not unique to
Philomycus species. Orstan (2007) noted huddling by
individuals of the same and of different species of ‘\hllf\
but we do not know whether the same mechanisms
are acting in inter- and intra-specific huddles. In addi-
tion, although we now have better understanding of the
systematics of Philomycidae (Fairbanks, 1986: 1989;
1990 1993; 1998: Tsai et al., 2005; Tsai and Wu, 2008),
we still know relatively little about their biology. In this
note, we examine congregation and huddling behavior
among individuals of a single species, the eastern North
American slug Philomycus carolinianus (Bosc, 1802).

MATERIALS AND METHODS

Slugs were wild-caught in spring 2009 from the Patux-
ent National Wildlife Refuge, Prince George's County.
Maryland (39°03" N, 76°49" W). The slugs were used in
another experiment over the summer, then provided
to us for this study, which was conducted from 27
October to 21 November 2009. Voucher specimens,
preserved in 80% EtOH within a day post mortem,
are deposited at Carnegie Museum of Natural History
(CM104587)

We prepared three arenas. Each was 44 x 28 x 22.5 cm
high. The arenas were corrugated cardboard boxes. each
lined with a plastic bag and covered with a 1.4 mm mesh
screen. To maintain ]lul'ni(lit\ in the arenas, each screen
was covered with a stack of 12 moistened papu tm\(Is
}'null paper towel had a surface area of 276 cm™

Each arena floor was covered with soil approxim: 111 ly 1 em
deep. In each arena, we placed three bark shelters measur-
ing approximately 12 em long, 10 em wide, and 1.5 cm
thick. Each arena also contained a water dish and a food
dish that contained fish food flakes and mushroom slices.
The amounts of food and water provided were ample for
the number of .\;]ll}_{s in each arena, ensuring that neither
food nor moisture was limiting. Shelter was the limiting
factor: other than the hark, food dish, and water dish, the
arena was devoid of objects that could fumetion as shelters.
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We placed three mature slugs in each arena. For each
replicate, we observed slug pmltums once daily for six
days. Observations were m: l(le during the d: wtime when
slugs would more like ly be resting under shelters. Time
of iLl_\ when observations were mdde ranged from 7:42—
21:44 with a mean of 12:55 (95%, CI 9:00-16:50).
Because we had a limited number of slugs, we re-used

slugs in subsequent trials to maximize the number of

replicates. The assigning of individuals to arenas \\-'us‘
not strictly random. Rather, with the exception of 2
individuals in the last trial, the slugs were trmnpvd in a
manner ensuring that the individuals together in one
trial would not be tugt-*tlu'r in a :-‘.l]hsw]m-'nt trial.

We compared the observed slug positions with a null
model, which assumed a random distribution of slugs
under the shelters. We generated the null model b\
determining the 18 possible arrangements of three
shugs under three shelters. This null model predicts
nine instances of singletons (slugs alone under shel-
ters), six instances of pairs (two slugs under the same
shelter), and three instances of triplets (three slugs
under the same shelter). Triplets would be expected to
be more common if slugs are gregarious and less com-
mon if they prefer to h(‘ wlltdn We used a chi- square
test to (l(tt‘llﬂlll(‘ the \fdtl‘»l’l(.l] hlgll]i][:ill(.(‘ of the
observations.

RESULTS AND DISCUSSION

Table 1 shows the observed and expected numbers of

shelters with different numbers of slugs. With eight
replicates (a total of 83 observations), we observed 46

instances of slugs alone under shelters, 31 instances of
two slugs under the same shelter, and six instances of

three slugs under the same shelter. We discarded 18
observations in which at least one slug was not under a
shelter or in which a slug was using the food or water
dish as a shelter. We also discarded two replicates in
which one of the slugs died. The observed and expected

values are not ~.|<rn||l(.1ntl\ different from random (x” =
5.33, 2 degrees of freedom, 0.1>P>0.05).

This result suggests that slugs choose shelters ran-
domly, without regard to whether another slug is present.
Of particular interest is the observed tan{] for fewer
triplets than predicted by the random model (6 vs. 13.8).
Although this trend is not statistically significant, it does
suggest that these slugs are not gregarious.

Table 1. Number of shelters having 1, 2, or 3 slugs

L . 1
underneath. ¢~ analysis indicates the slugs were behaving
randomly (0.1>P>0.05).

Number of slugs in shelter Observed Expected )‘ufl‘
| 16 41.5 0.4

2 31 2707 0.40

3 6 13.8 4.44

Totals 83 53 5.33

Because these slugs appear to assort randomly,
congregations of slugs found in nature may indicate
the presence of a scarce resource (e.g., shelter) in that
particular location. Therefore, observations of slug hud-
dling could be used as evidence for resource scarcity.
For example, some land slugs appear to cluster to con-
serve moisture (Dundee et al., 1975; Cook, 1981:
Waite, 1988; although see \\-(l.‘-[()[‘[] et al., 1990). In
this experiment, food and moisture were non-limiting.
A repetition of the experiment in which moisture,
rather than shelter, was the limiting factor might
allow us to study whether individuals of Philomycus
carolinianus do huddle to conserve moisture. Investiga-
tions in which other resources were limiting could also
address whether huddling occurs due to the scarcity of
other resources.

All of the slugs used in this investigation were mature.
An investigation of the effects of age on congregation
behavior could provide additional data on the be-
havior of Philomycus species. Studies involving species
other than P carolinianus could determine whether
other species show similar behaviors.
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