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The worm re-turns: hiding behavior of a
tube-dwelling marine polychaete,
Serpula vermicularis
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The polychaete worm Serpula vermicularis (Seipulidae) filter feeds at the mouth of its calcareous tube, but retreats into the
tube when startled by mechanical stimuli likely to be associated with predators. While in its tube, a worm is safe but cannot
feed. Thus, hiding has a lost-opportunity cost We show that this cost can be substantial, given that food in the natural habitat
appears in pulses, and good feeding conditions may not last long or recur frequently. We expect that a worm's hiding time will
be sensitive to the lost-opportunity cost, and we present data from a series of experiments that support this prediction. The
worms seem able to track relatively short-term changes in food availability, and some evidence suggests that they assess food
availability on a relative basis, comparing current feeding conditions to those recently experienced. Hiding and other types of
cryptic behavior are common antipredator tactics, and animals may commonly adjust the durations of such behaviors to current
benefits and costs (including lost opportunity), as they perceive them. Kty words: antipredator behavior, food availability, hiding
time, lost-opportunity cost, polychaete, Serpula vermicularis, Serpulidae. [BetuwEcot 8:186-193 (1997)]

Hiding is an extremely common antipredator behavior in
a wide range of animals that withdraw into a protective

structure to wait for the predator to go away. Typical examples
include many marine invertebrates such as barnacles (Dill and
Gillett, 1991) and tubeworms, turtles, and ground squirrels.
Despite the commonness of hiding as an antipredator tactic,
it has not been studied extensively by behavioral ecologists
[Sih (1992) is a notable exception]. Yet hiding presents some
interesting problems that can be illuminated by the cost-ben-
efit trade-off approach, as have other aspects of antipredator
behavior such as flight initiation distance (Ydenberg and Dill,
1986).

One obvious problem faced by a hiding animal is when to
re-emerge. This problem is particularly acute because, while
hiding, the individual will have only limited information about
the outside environment, especially about whether the pred-
ator is still present. Re-emergence thus carries a risk that is
expected to decline the longer the animal has been in hiding
(Sih, 1992) because predators ought to find it more profitable
to look for undisturbed prey elsewhere. However, the fitness
benefit of continued hiding must be weighed against its costs,
particularly the lost opportunity to do other things, like feed-
ing and mating, that contribute positively to fitness. Thus, in
general, a particular hiding time (or hiding time distribution;
see Discussion) should be optimal and maTimirf the expected
fitness consequences of the behavior.

The optimal hiding time should depend on the environ-
ment at the time the animal enters hiding, in so far as this
influences the lost-opportunity costs of the behavior. For ex-
ample, if food is particularly abundant and cannot be assumed
to remain so, the cost of continued hiding will be relatively
great, and hiding time would be expected to be shorter than
when feeding conditions are not so good. This paper tests this
prediction in a marine polychaete worm, Srrpula vermicularis
(Serpulidae).
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These worms live in calcareous tubes of their own construc-
tion, cemented to rocks in lower intertidal and subtidal hab-
itats, virtually throughout the world. Individuals dt at the
mouths of their tubes, filtering small particles from the sea-
water with a bilobed fan, which is susceptible to being nipped
by small fishes and perhaps crabs, as reported for other tube-
dwelling polychaetes (de VTas, 1979; Gore et aL, 1978; Hen-
driks, 1981; Kuwamura. 1983; Nicol, 1950; Randall and Rand-
all, 1960; Woodin, 1982; Yoshiyama and Darling, 1982). In
response to shadows, to touch, or to water movement, the
worm retracts quickly into its tube and seals itself in with a
rubbery structure (a modified fan) called an operculum. In
this withdrawn position, which may be adopted for 20 min or
more (Dill LM, Fraser AHG, personal observations), the worm
is invulnerable to cropping (as opposed to crushing) preda-
tors, but it cannot feed or respire. The lost-opportunity cost
of hiding should depend on the concentration of food in the
water at the time of hiding.

We first show that hiding time varies inversely with food
availability (experiment 1) and that the worms can track rel-
atively short-term changes in this environmental variable (ex-
periment 2). Experiment 3 provides evidence concerning how
worms may assess food availability. Finally, we present data on
the dynamics of food availability in the field, considering why
the worms' flexible behavior is likely to be adaptive in their
wave-washed environment Although variation in state (i.e.,
hunger) and ambient predation risk are also likely to influ-
ence hiding time (e.g., Dill and Gillett, 1991), we kept these
factors constant in the present experiments.

METHODS

General

All worms used were collected at Belcarra Park, Indian Arm,
British Columbia, Canada, and were of medium size (33 ±
0.10 mm SE in tube aperture, inside diam). They were housed
10-20 to a tank and exposed to a sharp mechanical shock in
the experiments. We measured hiding times (to the nearest
second) only for worms whose fans were fully extended at the
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time of testing. Because test times were predetermined and
worms occasionally spontaneously withdraw into their tubes,
not all worms were tested at all ten times; thus, sample sizes
vary from day-to-day within an experiment. Some exposed
worms did not respond and have been excluded from the data
reported here, but the incidence of nonresponse is sufficient-
ly low (overall, 3.5% of exposed worms; 76/2141) that no
qualitative conclusions would change if they were included.
Individual worms were observed until their fans were fully
reopened, and this time was taken as that worm's "hiding
time." Some worms were still in hiding after 20 min, when
observation on a given tank was terminated; these were as-
signed a hiding time value of 1200 s and included in the anal-
yses. Overall, only 1.6% of the responding worms (33/2065)
hid longer than 20 min, so this truncation has only a minor
effect on the hiding-time distributions.

Although we tested worms in these experiments in groups,
we treated the hiding times of each worm as independent
observations because other experiments (not reported here)
have shown that the behavior of an individual is independent
of that of its neighbors. In addition, worms were often retest-
ed on successive days under the same treatment conditions;
in such cases, average hiding time for individual worms
(across days) is the statistic calculated and analyzed. Treat-
ment effects are usually small, but quite consistent Multiple
inference was therefore used to support the conclusions: anal-
yses at several levels (individuals, tanks, tank groups) are pre-
sented. Parametric test results are presented because devia-
tions from normality were generally small, but no conclusions
change if nonparametric tests are used.

Experiment 1 tested whether worm hiding time varies inverse-
ly with food availability. Serpulids were collected on 3 June
1988. Twenty-six rocks were returned to the laboratory, where
they were divided into eight test groups consisting of three to
four rocks each. We removed excess tubes from the rocks, so
that 10-11 worms remained in each group. The rocks were
also scrubbed clean of all other material. The rocks making
up each test group were set in paraffin wax in 15 X 25 cm
styrofoam trays to hold them in the same relative positions
throughout the experiment We prepared maps of each tray
and numbered individual worms for identification.

The eight trays were randomly divided into two treatment
groups (n = 4 each), and each tray was placed into an indi-
vidual plexiglass tank (40 X 20 X 15 cm deep). After place-
ment of die rocks, we added 7 1 of seawater to each tank and
drew plimsoll lines on each; these ensured constant food con-
centrations across tanks (rock displacements varied). Light
was provided by ambient room lighting and by 40-Watt fluo-
rescent fixtures mounted 20 cm above each tank, operated on
a 12:12 h lightdark cycle. Room and water temperature was
11°C-13°C throughout the experiment To reduce back-
ground food availability, all seawater added to the tanks was
passed through a Vinomat wine filter (Wine Art Inc., Mark-
ham, Ontario, Canada), and rocks and trays were scrubbed
clean of algal buildup once a week.

The food provided to the worms consisted of a suspension
of powdered SprruUna algae (Purity life Health Products, Ac-
ton, Ontario, Canada). Each experimental day, we added 10
ml of the stock solution (1 g algal powder to 200 ml filtered
seawater) to the four tanks of the high-food group and 1 ml
to those' of the low-food group (the feeding histories of the
two groups of worms are shown diagrammatically in Figure
1). Group A worms began on a low-diet plane for 5 days; then,
after 2 days without food, they were switched to a high-diet
plane (preliminary observations had shown that the guts were
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Figure 1
Mean hiding tunes (± SE) of two groups of serpulids before and
after a change in food availability (A) from 1 ml of food suspension
to 10 ml or (B) from 10 ml to 1 ml, in experiment 1. Values
plotted are the means of the average hiding times (n - 5-5 test
days) for individual Wbnns in the two treatment groups (n •» 39
worms in group A and 35 in group B). The horizontal bars
represent the amount of a standard algal suspension provided daily
to each tank.

virtually empty after 48 h starvation). Group B worms expe-
rienced the reverse feeding history. Food solution was added
to the tanks daily during seawater changes, staggered by 10
min per tank. Water was changed (and food added) in the
same order each morning, and the tanks were tested in the
same sequence and at the same intervals, 4 h after feeding
(between 1400 and 1510 h).

We produced a consistent, repeatable fright stimulus using
a solenoid relay from an automobile starter, mounted on a
plexiglass hanger dipped onto the side of each tank. The so-
lenoids could be triggered at will by means of a 12-V battery,
producing a single, strong vibration in the tank and fanning
most worms to withdraw into their tubes. Sponges under the
tanks prevented transfer of vibmtions to adjacent tanks. The
experiment included 82 worms that were tested a maTiTnmn
of 10 times each. In 26 cases the worms were not out of their
tube at feeding time (3.2%), and in 41 additional cases the
worms did not respond (5.2% of 794). Only 5 of the respond-
ers (0.7% of 753) hid for more than 20 min.

We calculated mean hiding times for individual worms,
tanks, and treatment groups (Figure 1) in each phase of the
experiment ( i . c 11-15 July and 18-22 July). Worms were in-
cluded in the data only if they reacted at least three times
during each 5-day experimental phase. We compared the
treatment means of groups and tanks between diet levels with
paired t tests (one-tailed). Sign tests on the number of worms
whose mean hiding times increased or decreased following
the change in food availability were also carried out

This experiment, actually run earlier than experiment 1, test-
ed whether serpulids are capable of tracking short-term
changes in food availability and adjusting their hiding behav-
ior accordingly. Food availability was changed daily, and
worms were given only 1 h to experience that day's food level
before testing.


