
Behav Ecol Sociobiol (2005) 58:18–26
DOI 10.1007/s00265-004-0905-3

O R I G I N A L A R T I C L E

David Lecchini · Serge Planes · Ren� Galzin

Experimental assessment of sensory modalities of coral-reef fish
larvae in the recognition of their settlement habitat

Received: 18 May 2004 / Revised: 14 December 2004 / Accepted: 16 December 2004 / Published online: 27 January 2005
� Springer-Verlag 2005

Abstract One of the great mysteries of coral-reef fish
ecology is how larvae locate the relatively rare patches of
coral-reef habitat on which they settle. The present study
aimed to estimate, by experiments in aquaria, the sensory
modalities of coral-reef fish larvae for senses used in
searching for their species’ settlement habitat. Larval
recognition of settlement habitat can be based on the
detection of conspecifics and/or of characteristics of coral
habitat using visual, chemical and mechanical cues. For
this study, larvae were captured with crest nets and were
then introduced into experimental tanks that allowed
testing of each type of cue separately (visual, chemical or
mechanical cues). Among the 18 species studied, 13
chose their settlement habitat due to the presence of
conspecifics and not based on the characteristics of coral
habitat, and 5 species did not move toward their settle-
ment habitat (e.g. Scorpaenodes parvipinnis, Apogon
novemfasciatus). Among the different sensory cues tested,
two species used the three types of cues (Parupeneus
barberinus and Ctenochaetus striatus: visual, chemical
and mechanical cues), six used two types (e.g. Myripristis
pralinia: visual and chemical cues; Naso unicornis: visual
and mechanical cues), and five used one type (e.g.

Chrysiptera leucopoma: visual cues; Pomacentrus pavo:
chemical cues). These results demonstrate that many
coral-reef fish larvae could in practice use sensory cues
for effective habitat selection at settlement, and have the
ability to discriminate species-specific sensory cues.

Keywords Coral-reef fish · Sensory modality ·
Settlement · Attractant cues · Moorea Island

Introduction

To move in space and time, living systems should per-
ceive, localise, see and identify the information emanat-
ing from the environment that surrounds them and from
the other organisms belonging to the same or different
species. To touch, see, feel, taste and hear provides in-
formation on the environment so that any movement of a
few centimetres or thousands of kilometres enables an
organism to make the best choice in the search of food,
sexual partner or settlement habitat. Animal movements,
then, have important consequences, at different ecological
levels and scales, for a variety of ecological processes
(see Westcott and Graham 2000). Movement influences
an animal’s risk of predation, the resources it encounters,
interactions with conspecifics, and the biotic and abiotic
conditions it experiences (see Weins et al. 1995). Move-
ment also provides insights into an organism’s interaction
with the environment. Such influences combine to make
movement an underlying determinant of population and
metapopulation dynamics within species (Turchin 1996).
However, without perceiving the information emanating
from the environment that surrounds them, the animal’s
movements are inefficient (see Cassier et al. 2000).

Some coral-reef fish larvae have swimming abilities
sufficient to control their pattern of oceanic dispersion
and their return to adult habitat (e.g. Leis and Carson-
Ewart 1997; Stobutzki and Bellwood 1997; Dudley et al.
2000). However, these swimming abilities will be useful
only if larvae can detect suitable habitat at settlement,
because it is unlikely that successful settlement is solely a

Communicated by J. Krause

D. Lecchini ()) · S. Planes · R. Galzin
Ecole Pratique des Hautes Etudes, UMR-CNRS 8046,
Universit� de Perpignan,
Perpignan, France
e-mail: lecchini@univ-perp.fr
Tel.: +81-98-8958556
Fax: +81-98-8958576

D. Lecchini · S. Planes · R. Galzin
CRIOBE,
Centre de Recherches Insulaires et Observatoire de
l’Environnement,
Moorea, French Polynesia

Present address:
D. Lecchini, Laboratory of Ecology and Systematics,
University of the Ryukyus,
1 Senbaru, 903-0213 Nishihara, Okinawa, Japan



matter of chance (for review, see Doherty 2002). Perhaps
one of the greatest challenges facing the majority of
marine reef organisms with larval stages that potentially
disperse and develop in offshore waters is how to relocate
the relatively rare patches of coral-reef habitat on which
they settle and ultimately reside as adults (for review, see
Myrberg and Fuiman 2002). The answer must lie partly in
the sensory modalities of fishes. Two research topics must
be distinguished: (1) how do pelagic larvae recognise the
island to colonise, and (2) how do reef larvae recognise
their settlement habitat? At present, most studies address
the sensory recognition of islands to colonise (e.g.
Tolimieri et al. 2000; Kingsford et al. 2002; Leis et al.
2002). The present study examines the sensory modalities
of coral-reef fish larvae to recognise their settlement
habitat at Moorea Island (French Polynesia).

The life-cycle of most fish species on coral reefs in-
cludes a planktonic larval phase (in the open ocean),
which usually lasts from 3 to 6 weeks, followed by a
sedentary reef phase (in the lagoon) for the juveniles and
adults (for review, see Victor 1991). During the oceanic
phase, the larvae may move far from their native island
due to currents (Milicich 1994) and/or their swimming
abilities (Stobutzki and Bellwood 1997). Then larvae re-
turn to the reef (natal or not) to continue their develop-
ment into juveniles, and then to adults. Generally, larvae
enter the lagoon across the reef crest by night (colonisa-
tion phase; Dufour and Galzin 1993). In the hours fol-
lowing this colonisation, larvae undergo metamorphosis
and choose suitable habitats (settlement phase), based
mainly on the characteristics of coral habitat and the
presence or absence of conspecifics (individuals of same
species), as well as other species. This settlement phase
has been widely studied among coral-reef fish (for re-
view, see Doherty 2002), yet little information is avail-
able on the behavioural responses of larvae to the sensory
cues from the environment (for review, see Myrberg and
Fuiman 2002).

Cues allowing the larvae to detect the settlement
habitat of their species can be emitted by the coral habitat
itself (specific shape of coral colony or specific odour of
anemone) and/or by the conspecifics already settled.
Sweatman (1988) studied in situ the chemical modalities
of two species of Pomacentridae (Dascyllus aruanus and
D. reticulatus). He used a pump system to collect water
from coral colonies containing conspecifics and inject it
into coral colonies that did not have any fish. The coral
colonies that were injected with the water had a higher
settlement rate of juveniles of D. aruanus and D. reticu-
latus than the colonies without pumped-in water. Booth
(1992) demonstrated in aquaria that for D. albisella (Po-
macentridae) sight played a role in choosing the settle-
ment habitat. Lastly, Elliott et al. (1995) demonstrated in
situ that larvae of Amphiprion detected the presence of
anemones by smell up to 8 m. Only these three studies
have dealt with recognition of settlement habitats by
coral-reef fishes.

The present study aimed to estimate, by experiments in
aquaria, the sensory modalities of coral-reef fish larvae

for senses used in searching for their species’ settlement
habitat. Larval recognition of settlement habitat can be
based on the detection of conspecifics and/or character-
istics of coral habitat using visual (e.g. shape of a coral
colony), chemical (e.g. an odour of anemone) and me-
chanical (e.g. vibratory or sound waves of fish) cues.

Methods

The present study was carried out from February to May 2002. The
list of target species was not predetermined, but depended on daily
catches by crest nets. The crest nets placed on the reef crest of
Moorea Island allowed the capture of fish larvae just before they
entered the lagoon to settle (Dufour and Galzin 1993). The con-
specifics (individuals of the same species as that of the larvae
tested), used as cue transmitters, were juveniles caught with crest
nets and maintained in aquaria for 15–21 days. The coral habitat
was a living or dead spherical coral colony of 6 cm radius, or coral
rubble in a spherical mass of 6 cm radius. A preliminary study has
determined the settlement coral habitat of each species tested
(Lecchini 2003).

Description and principle of crest nets

Fish larvae were sampled with four crest nets, similar to those used
by Dufour and Galzin (1993). Each net had a rectangular mouth
(1.8 m wide, 1 m height) oriented across the water flow, and was
made of 2-mm mesh, which was fine enough to retain all incoming
larvae. Cod-ends were attached to the nets in the afternoon to
minimise the catch of debris during earlier daylight hours when few
fish larvae are normally captured (Dufour and Galzin 1993), and
detached in the early morning to remove the captured larvae. Fish
captured during the night were collected at dawn, transferred to and
subsequently maintained in aquaria containing UV-sterilised sea-
water filtered through a 50-�m filter. All experiments described
here were conducted during evenings immediately following cap-
ture of larvae (i.e. within 24 h of collection).

Description and principle of the experimental system

The objective of the experiment was to test the three types of
sensory cues (visual, chemical and mechanical cues) separately in
order to learn if the larvae could use them to recognise their set-
tlement habitat. The special experimental system consisted of an
aquarium with five compartments (A–E), three of them intercon-
nected (A, B and C), to which were added two aquaria with one
compartment (tank), on each side (Fig. 1). Larvae were introduced
in the central compartment of the aquarium (noted A) and could
remain in it or move toward the adjacent compartments (noted B
and C) through funnels (anti-return system).

To ensure that only the sensory cues tested were responsible for
the movements of larvae, the experiment was done in a laboratory
room isolated from outside light and outside noises (experiments
were done at night). Indoor light came from neon lights that were
regularly distributed in the room (to avoid different larval responses
according to light levels and direction). The water in the aquaria
was collected in the lagoon via a pump system. This water was then
poured into tanks, filtered through a tray of sand (50-�m pores), and
sterilised by ultraviolet light. This relatively pure water was re-
newed with each test.

To ensure the responses of larvae would be independent of one
another (not group effect), each test involved the placement of 1
larva in an aquarium (20 aquaria and 40 tanks were set up for the
study). Twenty larvae were individually tested in the recognition of
each type of sensory cue. Thus, the visual, chemical and mechan-
ical cues from conspecifics were tested during the same night with
60 larvae, caught the night before. The visual and chemical cues
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from coral habitats were tested during the same night (different
from the conspecifics experiment night) with 40 larvae, caught the
night before.

To test the visual cues, conspecifics or a coral habitat were
placed in the tanks. As the tanks and the aquarium did not have
physical contact and were mounted on polystyrene plates, neither
vibrations nor chemicals could be transmitted to the larvae in the
central compartment in the aquarium (Katzir 1981). In this treat-
ment, only the visual cues could be responsible for the movements
of larvae.

To test the chemical cues, compartment B or C was filled in-
dependently of the other two compartments (a sheet of plastic was
placed in front of the corresponding hole to seal it) with water in
which some conspecifics (five conspecifics in 3 l of water) or a
coral habitat (spherical coral colony or coral rubble in a spherical
mass with a 6 cm radius in 3 l of water) had been immersed for 6 h.
The larvae were placed in the central compartment (filled with
water in which no fish or coral habitat had been immersed), and the
sheet of plastic was removed so that chemicals could diffuse into
the central chamber (to avoid a potential artefact due to the pres-
ence of plastic sheet in the aquarium, a second and similar plastic
sheet was placed and then removed between compartment A and
compartment B or C filled with water in which no fish or coral
habitat had been immersed). In this treatment, only the chemical
cues could be responsible for the movements of larvae.

The mechanical cues were tested solely with conspecifics. The
conspecifics were placed in either compartment D or E. The glass
panes that separated compartment D from B and E from C were
obscured by an opaque plastic sheet (attached tightly to the glass) to
eliminate any visual cues. Furthermore, the chemical cues could not
spread between these compartments. In this treatment, only the
mechanical cues (i.e. vibratory and/or sound waves of conspecifics)
could be responsible for the movements of larvae.

Experiment 1: detection of the visual, chemical
and mechanical cues emitted by the conspecifics

If larvae are attracted to conspecifics, the larvae must recognise
cues emitted by conspecifics and not cues from other species
(heterospecifics). To show this conspecific attraction, the experi-
mental protocol was as follows.

(i) Experiment to verify the absence of external effects
on the aquarium system

One larva was placed in the central compartment of each of the
aquaria and after a period of 2 min, the compartment in which each
larva was present was noted. One chi-square test was carried out to

determine if the observed distribution was identical to the theo-
retical distribution (ten larvae per compartment: B and C). As the
aquaria were equipped with anti-return systems (one-way funnels
between the central and the adjacent compartments), the theoretical
distribution, after random diffusion and if sufficient sampling time
has elapsed, will end up as (50%; 0%; 50%): no larvae in the central
compartment, and half the larvae on one side, the other half on the
other side (across the aquaria). A second possibility was that 20
larvae remained for the most part in the central compartments (no
movements). If either condition was met, we assumed no external
effects were present in the aquarium system and the study pro-
ceeded.

A preliminary study (carried out on 11 of the 18 species tested
in the present study), where larvae were monitored closely, allowed
us to determine the best time for sampling to achieve an equilib-
rium state (Lecchini 2003). Species that are slow movers may re-
main in the central compartment if the sampling time is too short.
We observed during the pilot experiment that if the larva did not
move for 2 min, it generally stayed in the central compartment for
at least 5 min (maximal time tested). Yet, in situ, the response of
larvae to the settlement cues should be to quickly reduce the high
predation at settlement (Steele and Forrester 2002; Doherty et al.
2004). We have thus defined the best sampling time as 2 min.

(ii) Experiment to test for repulsion in response
to the heterospecifics (example of the visual cues)

Five heterospecifics (juveniles of any fish species among the dif-
ferent species captured with crest nets but other than that of the
larvae tested, see Table 1) were placed in tank no. 2. One larva was
placed in the central compartment of each of the aquaria, and after a
period of 2 min the compartment in which each larva was present
was noted. The chi-square test was carried out to compare the
observed distribution to a baseline distribution (number of larvae in
compartments A, B and C in the absence of external effects on the
aquarium system). The species of heterospecifics was used in the
following experimental protocol only if the test larvae were not
repulsed by the heterospecifics (larvae present significantly in
compartment B).

(iii) Response to specific cues from conspecifics
(example of the visual cues)

Five heterospecifics were placed in tank no. 2 and five conspecifics
in tank no. 1. One larva was placed in the central compartment of
each of the aquaria and after a period of 2 min the compartment in
which each larva was present was noted. The chi-square test was
carried out to determine if the larvae responded to their conspe-

Fig. 1 The aquarium system used to evaluate the sensory modali-
ties of coral-reef fish larvae at settlement. The special experimental
system consists of an aquarium with five compartments (A–E), with
A, B and C interconnected via funnels and D and E isolated from
central compartments via plastic panels affixed with removable
opaque barriers. Additional tanks (labelled no. 1 and 2) are isolated

from the five-compartment aquarium and mounted upon separate
platforms to prevent transfer of vibratory signals. Larvae are in-
troduced into the central compartment of the aquarium (A) and can
remain in it or move toward the adjacent compartments (B and C)
due to funnels (anti-return system).
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cifics. We compared the observed distribution to a baseline distri-
bution (number of larvae in compartments A, B and C in the ab-
sence of external effects).

This experimental protocol was used to test all three types of
cues. To test the mechanical cues, five conspecifics and five het-
erospecifics were placed in compartments D and E, respectively. To
test the chemical cues, compartment B was filled with water that
had contained conspecifics (five individuals immersed in 3 l of
water for 6 h) and compartment C with water that had contained
heterospecifics (five individuals immersed in 3 l of water for 6 h).
The central compartment was filled with water that had contained
no fish.

As we conducted three successive chi-square tests for each
sensory signal (visual, chemical and mechanical) of each species,
we performed a correction of Bonferroni test for multiple tests
(Holm 1979). To obtain a significant difference, the P-value of the
chi-square test must be lower than the Pk-value (Pk=0.05/3=0.016;
0.05 is the probability threshold at 5%; 3 is the number of multiple
tests performed with the same data).

Experiment 2: detection of visual and chemical cues emitted
by coral habitats

The objective of the experiment was the same as for experiment 1,
except the cues were emitted by a coral habitat (living or dead
spherical coral colony of 6 cm radius, or coral rubble in a spherical
mass of 6 cm radius). These coral habitats were collected in a
Moorea Island lagoon and corresponded to the typical settlement
habitat of the larvae tested (Lecchini 2003). The experimental
protocol was the same as for experiment 1, except the mechanical
cues were not tested.

Experiment 3: preferential movement of larvae toward cues
from conspecifics or coral habitats

The objective of the experiment was to learn if the larvae were
preferentially attracted to the cues from conspecifics or coral
habitats. The experimental protocol was the same as for experiment
1 (protocol steps i and iii), except that the heterospecifics were
replaced by the coral habitat, and protocol step ii was not con-
ducted.

Experiment 4: use of senses at different developmental stages
(larval vs juvenile)

The objective of the experiment was to determine if juveniles of
21 days post-colonisation (measured after the end of the larval
stage) recognised cues from conspecifics using the same senses as
larvae of their species. The experimental protocol was the same as
for experiment 1, except larvae were replaced by juveniles.

Results

Experiment 1 was carried out using 18 species of coral-
reef fish from 10 families (Table 1). In the absence of a
sensory signal (experiment to verify the absence of ex-
ternal effects on the aquarium system), the 20 larvae ei-
ther stayed mainly in the central compartment of the
aquarium (e.g. Apogon novemfasciatus, chemical cues, B:
3 larvae, A: 16 larvae, C: 1 larva) or had a homogeneous
distribution between compartments B and C (e.g. Chry-
siptera leucopoma, visual cues, chi2=0.65, chi20.05,1=3.84,
P=0.54>Pk=0.016), thus validating the absence of exter-
nal effects on the aquarium system. The test with het-

erospecifics (experiment to test for repulsion in response
to the heterospecifics) did not provoke significant repul-
sion of larvae (e.g. Stegastes nigricans, visual cues,
chi2=2.25, chi20.05,2=5.99, P=0.32>Pk). Thus, no vari-
ability was observed in the two first steps of the experi-
mental protocol, whatever the species and the sensory
cues tested (for the P-value of chi2 tests, see raw data of
Lecchini 2003).

When the larvae were in the presence of cues from
conspecifics and heterospecifics, ten species used visual
cues, ten used chemical cues and three used mechanical
cues to move significantly to the conspecifics (e.g.
Abudefduf sordidus, visual cues, chi2=9.90, chi20.05,2=
5.99, P=0.007<Pk; Myripristis pralinia, chemical cues,
chi2=125.03, chi20.05,2=5.99, P=0.0001<Pk; Parupeneus
barberinus, mechanical cues, chi2=8.11, chi20.05,2=5.99,
P=0.015<Pk). Thus, two species used three types of
sensorial cues (P. barberinus and Ctenochaetus striatus),
six used two types (e.g. M. pralinia: visual and chemical
cues; Naso unicornis: visual and mechanical cues), five
used one type (e.g. Chrysiptera leucopoma: visual cues;
Pomacentrus pavo: chemical cues) and five species did
not respond to sensory cues (e.g. Scorpaenodes parvip-
innis, Crenimugil crenilabis). Larvae among families and
also among species of the same family (Pomacentridae,
Acanthuridae) were highly variable in sensory responses.

In experiment 2, none of the four species studied were
attracted to the visual or chemical cues from coral habitats
(e.g. Pomacentrus pavo, visual cues, chi2=3.52, chi20.05,2=
5.99, P=0.18>Pk; chemical cues, chi2=1.06, chi20.05,2=
5.99, P=0.68>Pk). Experiment 3 confirmed that the at-
tracting cues (visual and chemical) came from the con-
specifics and not from the coral habitats (e.g. M. pralinia,
visual cues, chi2=137.02, chi20.05,2=5.99, P=0.0001<Pk;
chemical cues, chi2=46.33, chi20.05,2=5.99, P=0.0001<
Pk). Experiments 1 and 3 demonstrated that the use of
sensory cues by larvae of the same species was consistent
in the two experiments.

Finally, for the five species tested in experiment 4,
juveniles (21 days post-colonisation) and larvae (1 day
post-colonisation) both recognised conspecifics using the
same sensory cues. Only Chrysiptera leucopoma used
different senses at different developmental stages, with
larvae recognising conspecifics by visual cues and juve-
niles by chemical cues.

Discussion

Among the 18 species studied, 13 chose their settlement
habitat due to the presence of conspecifics and not based
on the characteristics of coral habitat, and 5 species did
not move toward their settlement habitat. Among the
different sensory cues tested, two species used the three
types of cues (visual, chemical and mechanical cues), six
used two types (visual and chemical cues or visual and
mechanical cues), and five used one type (visual or
chemical cues). Our results suggest that fishes may use a
range of sensory modalities for effective habitat selection
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at settlement, and have the ability to discriminate species-
specific sensory cues.

Relevance of settlement phase

The division of populations in spatially separated sub-
populations or local populations may have profound ef-
fects on the dynamics and persistence of populations.
Two fundamental processes underlying the demographic
and genetic implications of fragmented populations are
dispersal and settlement (e.g. Hansson 1991; Hanski
1999). Oceanic dispersion and reef settlement rates are
expected to have great impact on the dynamics and sizes
of local populations, and thus on the regional risk of ex-
tinction. For instance, although small subpopulations may
be more likely to become extinct as a result of demo-
graphic and environmental stochasticity, their persistence
could greatly increase with the “rescue” effect of settle-
ment (Brown and Kodric-Brown 1977). Similarly, if a
local population becomes extinct, dispersal is the only
way by which it may be recolonised. Thus, in the classical
concept of metapopulation, the long-term persistence and
stability of the systems depend on the effects of dispersal
rates and settlement success (Hanski and Gilpin 1997).
The settlement success is characterised by the probability
of oceanic larvae of perceiving, localising, seeing and
identifying the settlement habitat and/or conspecifics.
Thus, settlement is a key process in population biology,
shaping the characteristic texture of populations, com-
munities and ecosystems in space and time (Weins 2001).

Validity of the experimental system

Some experimental artefacts may result from enclosing
fish in aquaria. The behaviour of larvae and conspecifics
is likely to be affected by the stress of having a limited
foraging space. This stress could inhibit the normal
movements of larvae and/or the emission of cues from
conspecifics. Brown and Godin (1997) demonstrated that
sticklebacks under stress emitted molecules that repulsed,
and not molecules that attracted. Moreover, with the ex-
perimental protocol used, a negative result (no move-
ments toward conspecifics) does not allow us to conclude
that larvae lack the sensory modalities to recognise their
settlement habitat or other fishes. They could remain in
the central compartment even after recognising cues from
conspecifics or coral habitats. All these considerations
prevent direct comparison of the sensory modalities of
larvae observed in aquaria to their responses in a natural
environment. However, we have opted for experiments in
aquaria in order to work in a closed and controllable
environment where only the sensory cues studied would
be responsible for the movements of larvae. Moreover,
the different steps of each experiment were conducted
with similar larvae and similar conspecifics or het-
erospecifics that had all been subjected to identical pro-
tocols for capture and maintenance prior to being released

in the aquaria. Overall, these experiments allowed us to
individually test the importance of visual, chemical and
mechanical modalities of fish larvae for 18 different
species.

Sensory modalities of larvae in the detection
of conspecifics

Among the 18 species studied in experiment 1, 13 moved
toward conspecifics and 5 did not move. In experiment 4,
the juveniles of species studied detected conspecifics with
the same sensory modalities as at the larval stage, except
for one species: Chrysiptera leucopoma. These results are
in accordance with the studies done on the development
of sensory organs of coral-reef fish, which lead to the
conclusion that larval colonisation of the reef is accom-
plished using sensory modalities similar to those of ju-
veniles (for review, see Myrberg and Fuiman 2002).

For the five species that did not migrate (Table 1), the
reasons may not be due to a lack of sensory modalities but
could be due to stress in aquaria and/or no attraction of
larvae in situ. The latter hypothesis would mean that the
larvae either settle indifferently on a coral patch (e.g. Sale
1978; Sale and Douglas 1984), select their settlement
habitat according to characteristics of the coral habitat
(Miyagawa 1989; Elliott et al. 1995), or use other envi-
ronmental factors such as the food availability in the
habitat, or the absence of predators or heterospecifics (e.g.
Schmitt and Holbrook 1985; Booth 2002).

Among the 13 species that migrated, 10 used sight to
recognise conspecifics. Sight is a well-developed sense in
coral-reef fish larvae (Myrberg and Fuiman 2002). In
addition, the aquarium experiments were done in the light
and at short distance (<80 cm). Wootton (1991) estimated
vision to be effective at 40 m for fish (in general) and Leis
and Carson-Ewart (1999) estimated it to be effective up to
10 m for larvae of Plectopomus leopardus at settlement
phase. Sight therefore functions at short distances to help
the larvae detect the “right” settlement habitat.

The chemical cues from conspecifics were detected by
the smell or taste of ten coral-reef fish species. The at-
tractant effects of conspecifics’ odours were also dem-
onstrated in competent megalopae of fiddler crabs, Uca
pugnax (O’Connor and Judge 1997), and several hermit
crab species (Harvey 1996). Likely, the chemical com-
munication substance released by Decopoda conspecifics
might have a polypeptide- or neurotransmitter-related
structure (see Gebauer et al. 2002), as observed in several
other marine invertebrates (Yamamoto et al. 1999;
Browne and Zimmer 2001). In fish, some scientists sug-
gested that the chemical communication substances
would be some amino acids, biliary salts or the vitamins
from the mucus of the skin, or the urine or excrement of
fish (Fontaine et al. 1982; Sola and Tosi 1993; Baker and
Montgomery 2001). Hellstrom and Doving (1986) sug-
gested that depending on the nature of chemical cues, fish
used smell or taste to recognise a predator or a habitat.
Thus, a study is in progress in which High Performance
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Liquid Chromatography is used to identify the nature of
these chemical cues (D. Lecchini, unpublished work).

The mechanical cues from conspecifics were detected
by the inner ear or the lateral line of three species. We
have, however, no evidence that the large amplitude vi-
brations detectable by the lateral line and produced by
movements of small fishes penetrate a plate of glass.
Moreover, larvae in the ocean use the sound generated by
the waves on the reef crest and/or the “nocturnal chorus”
of the lagoon to detect the island to colonise (Tolimieri et
al. 2000; Leis et al. 2002). The nocturnal chorus is pro-
duced by the “teeth” of shrimp, fish and sea urchins
grinding on corals (Cato 1992). The low number of spe-
cies using the mechanical cues may then be explained by
the intermittent or lack of sound generation from con-
specifics in the aquaria. However, the pelagic larvae can
detect islands by sound because the waves always gen-
erate noise on the reef crest and the nocturnal chorus is
continuous at night.

Recognition of settlement habitat due to the presence
of conspecifics, and not of the coral habitat itself

The settlement phase has been widely studied for coral-
reef fish and invertebrates, and it has often been demon-
strated that larvae chose a suitable habitat according to the
presence of conspecifics and the characteristics of coral
habitat (e.g. Giese et al. 1991; Ohman et al. 1998; Mercier
et al. 2000; Holbrook et al. 2002). In our experiments 2
and 3, we demonstrated that fish larvae recognised their
settlement habitat due to the presence of conspecifics and
not by the characteristics of coral habitat. Elliott et al.
(1995) demonstrated that larvae of Amphiprion were at-
tracted to the odour of anemones and not to the odour of
conspecifics already settled on the anemones. In crabs,
Gebauer demonstrated that larvae of Sesarma cura-
caoense were attracted by chemical cues of conspecifics
(Gebauer et al. 2002), whereas Chasmagnathus granulata
larvae were attracted by conspecifics and habitat (Ge-
bauer et al. 1998). Sweatman (1988) studied the chemical
modalities of Dascyllus aruanus and D. reticulatus. He
found that the coral colonies that were injected with the
water had a higher settlement rate of juveniles of D.
aruanus and D. reticulatus than the colonies without
pumped-in water. However, some larvae settled on coral
habitats without conspecifics.

Overall, it is difficult to conclude on the role of coral
habitat in attracting larvae as our study is only of four
species, and too few studies have explored the preferential
movements of larvae toward cues from conspecifics or
coral habitats. Moreover, the conclusions of our study are
limited as environmental conditions may affect larvae
after colonisation and those conditions are not present in
the aquaria. In situ, larvae must not only detect the cues
from conspecifics but also those from predators and het-
erospecifics. Thus, future studies in aquaria should be
validated by in-situ experiments to test other environ-
mental cues impacting larvae during the settlement phase.
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