be too large for small fish to eat in great
abundances, because they may require
increased handling time. This idea
could be examined by observing
whether handling time of small fish
varies with prey items of different sizes.

When examining the possibility of
selectivity by A. stipes for various prey
types, we found that selectivity does
exist during nocturnal feeding.
Decapod zoea appear to be selectively
avoided, possibly because of the organ-
ism's morphology. Decapod zoea com-
monly have an anterior spike that may
deter fish predators such as A. stipes.
Results suggest that foraminifera are
being selectively avoided at night as
well, possibly because this prey type is
too small to be a cost-efficient prey item.
Fish larvae and larvaceae also appeared
to be selected against. This may not be
an indication of fish selectivity, how-
ever, because these organisms lack a
hard exoskeleton, and even though they
may be consumed, they may not be dis-
cernible in the guts of A. stipes.
Furthermore, larvaceae are usually
found encased within self-made gelati-
nous homes, which may make them too
large to be predated upon by A. stipes.

Our results suggest that A. stipes
selects for isopods and amphipods.
Based on our plankton tows, these
groups occur in low densities within the
back reef, yet because they are fairly
large and appear to have no morpholog-
ical deterrents, their benefits as a food
resource may be substantially greater
than the costs of foraging for these rare
species.

Decapods and cyclopoids do not
exhibit either strong positive or negative
selectivity indexes, respectively. These
species are abundant within the zoo-
plankton community and are also the
most readily consumed prey types. This

suggests that little selectivity is occur-
ring for these species, and that fish are
consuming decapods and cyclopoids in
proportion with their abundances in the
environment.

When examining gut contents, we
found that the majority of prey items
were actually unidentifiable fragments.
We made the assumption that the frag-
ments existed at the same proportions as
whole prey items found within the gut.
Although unavoidable, this is a difficult
assumption to make since a particular
prey type may be broken into fragments
more easily than others, and thus would
be underrepresented in the evaluation of
prey items (Randall 1967).

The feeding behavior of A. stipes
could be further examined by observing
the school over a large time period, not-
ing possible patterns in feeding behav-
jor. It would be interesting to note if
seasonal changes in the composition of
the zooplankton community have an ef-
fect on diet composition. Finally, this
study should be expanded to include
analysis of several schools of A. stipes at
several locations to see if the patterns
observed are consistent throughout the
entire species.
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ALARM RESPONSE IN TEREBELLID WORMS

Marco Seandel and Adam A. Blue

Abstract. We investigated the use of an alarm response as a form of defense from predation in
deposit feeding terebellid worms. The presence of an alarm response was demonstrated through
testing on three different levels. The first test illustrated the chemoreception of potential
alarm chemicals and revealed a motile response associated with detection. The second identi-
fied the localized specificity of the alarm response to individual tentacles as opposed to the
whole organism. The third isolated the differences between reactions to whole tentacles and
reactions to tentacle homogenates, which contained the chemicals that would be associated
with a predation event. The third test thereby verified the presence of alarm response chemi-
cals, their chemoreception, and the physical reaction associated with an alarm response in
terebellid worms. The presence of such an alarm response system carries important implica-
tions, critical to an explanation of mechanisms of both foraging and defense in terebellid worms.

INTRODUCTION

Mechanisms for escape from pre-
dation are present in most organisms
in both terrestrial and aquatic envi-
ronments. Crypsis and warning col-
oration, for example, are two strategies
employed in both environments.
Recently, alarm responses have been
examined in marine environments as
another strategy. Alarm response in-
volves the chemoreception of fluids
released by the bodies of conspecifics or
heterospecifics, potentially being at-
tacked by a mutual predator, followed
by a physical escape reaction. Parker
and Schulman (1986) demonstrated
the presence of such a reaction in sev-
eral species of sea urchins. Similar
alarm response studies have been
done by Howe and Sheikh on sea
anemones and by Haddock on inter-
tidal snails (cited by Parker and
Schulman 1986).

On the back reef at Discovery Bay,
Jamaica, we observed the presence of
numerous terebellid worms. They oc-
cur commonly in rubbly areas, full of
refuges, exposing their presumably
highly vulnerable tentacles across the
substrate to forage for deposited food

particles. Protection from predation
on the tentacles of terebellids may in-
volve the use of an alarm response.
We hypothesized that terebellid
worms exhibit alarm response behav-
iors when exposed to homogenates
made from other terebellids, much
like they would encounter if a neigh-
bor were preyed upon.

We examined the alarm response
in three distinct tests. The first set of
trials involved testing for a retraction
response to filtered homogenates of
terebellid tentacles, fish, and fire-
worms, respectively, and a control of
sea water. The second test was in-
tended to determine if the response is
localized to the tentacles that are ex-
posed to the chemical (i.e., that the de-
tection of the chemical would not
cause all the tentacles to retract but
rather just the tentacles in close prox-
imity to a hypothetical predation
event). This could also help deter-
mine the mechanism of response.
The final test involved the examina-
tion of the alarm response across and
within different species of terebellid
worms. This treatment consisted of
the exposure of individuals to both
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tentacles and tentacle homogenates of
conspecific and heterospecific individ-
uals. Should a response occur to ten-
tacle homogenate and not to whole
tentacles, this would indicate the pres-
ence of an alarm response.

Table 1. Reaction of terebellid worms to ten-
tacle homogenates derived from heterospe-
cific and conspecific worms at the Discovery
Bay Marine Laboratory, Jamaica.*

Homogenate Tested Reaction
source worm  worm (of tentacles)

white ¢ white; fast, violent with-
drawal

whiteq white, fast, violent with-
drawal

white, green;  fast, violent with-
drawal

greeny green;  fast, violent with-
drawal

green, green, fast, violent with-
drawal

green, white; fast withdrawal

*n=10 for all trials.

TColor indicates different species; subscript
distinguishes between individuals.

METHODS

Three species of worms of the
family Terebellidae (one of which is
likely to be Loimia medusa) were ob-
served, gathered and studied from 1-8
March 1993, at the Discovery Bay
Marine Laboratory, Discovery Bay,
Jamaica, WL

Worms were collected from the
back reef and brought into the lab,
where we made a homogenate of the
tentacles of three species. We ground
the tentacles with a mortar and pestle
and strained the homogenate through
153um nylon mesh.  The resulting
homogenate was then diluted to a
concentration of 5ml sea water/300mg
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(wet weight) of the tentacles used.
Syringes were filled to 5 ml with this
homogenate.

We then chose random east-west
transects in the back reef in which to
locate terebellids. For each individual
we first counted the total number of
tentacles extended over the substrate.
Next we gently released the ho-
mogenate at a distance of 2.5cm onto a
cluster of tentacle tips and midsec-
tions. The initial reaction of the tenta-
cles was noted with respect to with-
drawal speed as either fast, slow or
none. After 2min, we recounted the
number of tentacles extended. Similar
trials were run with fish
(Atherinomoros stipes) and fireworm
(Hermodice carunculata) homogenates
at the same concentration and with
straight sea water. One set of controls
and trials were dyed with carmine red,
in order to insure that the ho-
mogenate was contacting the tentacles.
Dyed sea water elicited no response.

The second set of experimental
trials involved another batch of tenta-
cle homogenate at the same concentra-
tion. With two criteria in mind, we
chose individuals to test the degree to
which tentacle withdrawal is a local-
ized reaction. We chose individuals
with at least two tentacles (group A)
extended in an opposite direction to
the balance of the tentacles (group B),
and with group A located downstream
of group B. After noting the number
of tentacles in each group, we released
the homogenate onto group A tenta-
cles. We then recorded the response of
each group and the number of tenta-
cles extended in each group after 1min.

. The third set of experiments re-
quired collection of two individuals
each of the two most common species
of terebellid worms, referred to here

Table 2. Reaction of conspecific and heterospecific terebellid worms to contact with disarticulated
tentacles at Discovery Bay Marine Laboratory, Jamaica.*

Source Worm % fast % slow % no Comments

species/ indi- species/ retractions  retractions reaction

vidual of individual

detached tested

tentaclet

white 4 whitey 0 0 100  not stimulated by own tentacle

white; white, 0 10 90 not stimulated by tentacle of
conspecific

white, greeny 100 0 0 green tentacle rapidly retracts;
disarticulated tentacle coils vi-
olently

green; green; 0 0 100  not stimulated by own tentacle

greeny green; 0 0 100  not stimulated by tentacle of
conspecific

greeny whitey 0 0 0 white tentacle coils, thrashes at’

green tentacle, and does not re-
tract but engages in conflict with
green tentacle

*n=10 for all trials,

tColor indicates different species; subscript distinguishes between individuals.

after as species 1 and species 2. After
the worms appeared to have habitu-
ated to the tank, we tested their reac-
tions to tentacles freshly severed from
another worm. Ten trials were run
with tentacles of species 1 on itself, a
conspecific and on an individual of
species 2. The process was repeated us-
ing tentacles of species 2 on itself, on a
conspecific, and on an individual of
species 1. In each trial, the intact end
of the tentacle was held with a pair of
tweezers and touched to the recipient
tentacles and the reaction was noted.
We then made single-species tentacle
homogenates for species 1 and species
2 and exposed them to the source in-
dividual, a conspecific, and a worm of
the other species. Tentacular reactions
were recorded.

RESULTS

Our results indicate that the be-
havioral response of terebellid worms
to worm tentacle homogenates is dis-
tinctly different from the response to
homogenates of other organisms and
sea water controls. In our control tri-
als, worms rarely responded to a
nearby injection of sea water (1 of 13
trials; Figure 1). By contrast, individu-
als always responded with either a fast
or slow retraction to a heterospecific
worm tentacle homogenate (12 of 12
trials). The difference was statistically
significant both in terms of the fre-
quency of fast, slow or no responses
(x2=10.4, p<.005) and in terms of the
mean proportion of tentacles retracted
after 2min. (t=3.84, p<.001, using arc-
sine transformation hereafter for t-
tests; Figure 2). The results of the
treatment using fish extract were




nearly identical to the sea water con-
trol (1 fast retraction and 0 slow, out of
12 trials; Figure 1). The fireworm ex-
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tract, however, elicited a more varied
response (6 fast and 6 slow retractions,
out of 14 trials). The fireworm treat-
ment was not statistically distinct from
the control in terms of the proportion
of tentacles retracted (t=0.96, p>0.05).

Our examination of the differen-
tial response of targeted and non-tar-
geted tentacles within individuals
yielded striking results. Pooling fast
and slow retractions, we found a sig-
nificantly greater response by targeted
tentacles than non-targeted tentacles
(x2=21.94, p<.005). Furthermore, the
mean proportion of targeted tentacles
that retracted after one minute was
significantly higher than the corre-
sponding group of non-targeted tenta-
cles (t=10.32, p<.001; Figure 3).

Finally, our lab assays using two
individuals of each of two terebellid
species demonstrated important dif-
ferences in behavioral response. In
the tests to determine the effect of dis-
articulated tentacles, we found that an
individual of either species exhibits no
response to the tentacle of a conspecific
(Table 1). However, when an individ-
ual of species 2 (green, likely Loimia
medusa) is touched with the tentacle
of species 1 (white), the former rapidly
retracts its tentacle while the disarticu-
lated tentacle of species 1 coils and
twists. In the reverse situation
(tentacle of species 2 on species 1),
species 1 reacts by gathering up, coiling
and engaging the foreign tentacle. We
found, in addition, that both species
respond vigorously both to an extract
of conspecific tentacles and to an ex-
tract of the other terebellid species
(Table 2).

In a simple test of palatability, we
attracted a mixed school of yellowhead
wrasses and dusky damselfish by
crushing a sea wurchin (Tripneustes
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Figure 3. Mean % of tentacles retracted by
terebellid worms 1min after exposure to
homogenate of confamilials.

ventricosus). We then introduced
several terebellid worms at the site
and witnessed both the tentacles and
the body of the worms being ingested
by the fish.

DISCUSSION

We were able to support our hy-
pothesis through the measurement of
two behavioral response parameters.
The first parameter involved the fre-
quency with which different tentacle
responses occurred. The second com-
pared the number of tentacles remain-
ing extended after exposure to the
number extended prior to the injec-
tion of the homogenates. These pa-
rameters are applied to the ho-
mogenate trials, which examined the
use of experimentally introduced
chemical cues as simulated predation
events.
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In contrast to the sea water con-
trols, exposure of terebellid worms to
homogenates made from tentacles of
confamilial worms elicited a strong re-
sponse. Although we observed fast re-
tractions and a significantly higher
proportion of tentacles retracted than
in the control trials, this evidence
alone does not show conclusively that
an alarm response is at work. The
homogenate was made from three
terebellid species, and some sort of in-
hibitory chemical from a competitor
could theoretically also be present to
affect responses. Parker and Schulman
(1986) showed that alarm response
chemicals can be functional across
species of sea urchins, and such gener-
alized chemical cues could be present
here as well. We can state, however,
that the worms do not react simply to
fine particulate matter in the ho-
mogenate since the fish treatment
yielded no significant response.

In examining the results of the
fireworm treatment, we must consider
our method of comparison with the
control. To strengthen our statistical
analyses, we pooled the "slow retrac-
tion" category with the "none" cate-
gory. Thus, the fireworm treatment
was not statistically distinct from the
control even though a discernible reac-
tion was recorded for 86% of the trials.
Nevertheless, we cannot verify the ex-
istence of a class-specific alarm re-
sponse.

We then considered differential
responses of groups of tentacles within
individual worms. Since we found a
significant difference in the response
of groups targeted with homogenate
vs. groups not targeted, we believe that
the mechanism for response operates
on a very localized level. Such a sys-
tem could be important if there is a




high cost associated with foraging time
lost by retracted tentacles. It would
then be advantageous for the worms
to retract only those tentacles in the
immediate vicinity of potential preda-
tors and to keep other tentacles out
foraging. Indeed, this line of reason-
ing is consistent with the observation
that worms re-extend their tentacles
within several minutes after distur-
bance. The evidence from the trials
above does not, however, determine
whether or not the retraction mecha-
nism proceeds via a central nervous
response. We therefore must examine
the response on an even finer scale.
Our limited experiments using
terebellids acclimated to a laboratory
tank further demonstrated the exis-
tence of an alarm response. First, ex-
posure to disarticulated tentacles did
not elicit a response when contact was
made with the individual from which

it was removed or with a conspecific.
However, a homogenate caused a
strong reaction in both the source in-
dividual of the homogenate and in a

conspecific. This reaction is very
strong evidence of a true alarm re-
sponse.

The violent reaction of tentacles
upon exposure to heterospecific tenta-
cle homogenate could be a function of
a cross-specific alarm response or to
the chemicals of a competitor. The dif-
ference is not discernible from this
study. Furthermore, disarticulated
tentacles both reacted violently them-
selves and caused a fast retraction
when touched to the tentacles of a het-
erospecific. These results lead to a
number of conclusions. First, terebel-
lid worms are able to discern tentacles
of other species.. Such an ability to dis-
tinguish might then allow for toler-
ance of conspecifics and intolerance of

190

other species which could be critica]
for resource partitioning. Indeed, on
at least one occasion we observed three
conspecific worms inhabiting the same
space under a small plate of rubble,
Second, the response to chemical cues
by tentacles appears to operate simply
via stimulus of receptors on individ-
ual tentacles, with a concomitant
change in pace and direction of
movement and therefore without cen-
tral control.

In terms of the ecology of terebel-
lids, if the cost associated with de-
creased foraging by retracted tentacles
is high, a local reaction to alarm chem-
ical cues could ensure some protection
of tentacles adjacent to a predation
event. Thus, the worm can optimize
its gains through foraging elsewhere
and minimize loss from tentacle pre-
dation.

The concept of an alarm response
is therefore vital in understanding be-
havior associated with both foraging
and defense of terebellid worms. A
further investigation of interspecific
competitive behaviors and related
chemical cues could affirm or deny the
existence of a cross-species alarm re-
sponse.

LITERATURE CITED

Parker, D.A. and M.T. Shulman. 1986.
Avoiding predation: Alarm
responses of Caribbean sea urchins
to simulated predation on
conspecific and heterospecific sea
urchins. Marine Biology 93: 201-
208.




