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Abstract
Knowledge on key processes that determine species composition and distribution is important
for the successful protection of coral reefs. Habitat selection during settlement is one of the
processes determining species distribution over the coral reef and back-reef habitats. Reef fish
larvae can use several cues to find and select their settlement habitat. This study focuses on
habitat-specific sound, olfaction and the visual presence of conspecifics as possible cues for
habitat selection by post-larval French grunts. On Curaçao, the French grunt shows a stepwise
post-settlement lifecycle migration pattern. It settles on a rubble habitat near the mouth of a
bay before migrating towards its seagrass/mangrove nurseries further into the bay, after which
it returns to the reef. This study investigates, by the use of choice tests and flow tank
experiments, (1) whether post-larval French grunts can distinguish between sounds
originating from different habitats and whether they are attracted towards sound originating
from their settlement habitat, (2) whether the preference of post-larval French grunts towards
bay water changes in the visual presence of conspecifics. This study shows that grunts are
attracted to habitat-specific sound, conspecific cues and possibly also chemical cues of water
types. They are attracted towards coral reef sound, as long as they are smaller than 2 cm fork
length, and do not show any reaction towards sound originating from other habitats. They
additionally prefer to stay near groups of conspecifics instead of responding towards chemical
cues of bay water. They likely use these cues at different spatial and temporal scales. This
study gives some insight in the complex processes that play a role during the selection of a
post-settlement habitat of a coral reef fish.
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Introduction
Successful protection of vulnerable ecosystems such as coral reefs depends partly on the
knowledge of the key processes determining species composition and distribution within
those ecosystems. Processes such as predation, dispersion and settlement can have a great
impact on this species distribution and composition and may thus influence the successful
conservation of coral reefs.
Caribbean coral reefs are very vulnerable ecosystems and showed, like most coral reefs
worldwide, a steep degradation over the last few decades (Hughes 1994; Bellwood et al.
2004). Overfishing and other disturbances, such as pollution, diseases and climate change, can
result in ecological extinction, phase shifts and severe degradation of coral reefs (Hughes
1994; Jackson et al. 2001; Bellwood et al. 2004). Marine protected areas (MPAs) are a
successful tool in managing vulnerable marine ecosystems. They result in an increase in fish
size, fish abundance and diversity in the protected area (Allison et al. 1998; Laurel and
Bradbury 2006). MPAs are, however, not always successful (Fernández and Castilla 2000;
Rogers and Beets 2001). The effectiveness of MPAs depends on one hand on the type and
variety of the habitats included in the reserve and on the other hand on the dispersal dynamics
of the species to protect (Allison et al. 1998; Fernández and Castilla 2000; Laurel and
Bradbury 2006). Knowledge of processes which determine dispersal dynamics, such as
settlement, is therefore important to guarantee an increase in productivity inside MPAs
(Watson and Munro 2004).
The life history of many coral reef fishes consists of three stages, the larval, juvenile and adult
stage (Adams and Ebersole 2002). After hatching, a coral reef fish life starts in general with a
pelagic larval stage. At the end of the larval phase, the larva settles on a substratum and
undergoes a metamorphosis (Balon 1999). After the metamorphosis, the demersal juvenile
stage begins. When the juveniles become sexually mature they enter the last phase of their
life, the demersal adult phase.
Dispersion by oceanic processes may be important in determining the distribution of fish
larvae (Montgomery et al. 2001). At the start of the pelagic period, most coral reef fish larvae
are morphologically and behaviourally poorly developed. Although their dispersal is mostly
passive in that period, they may induce some influence on their heading by regulation of their
vertical distribution. By vertical migration they are able to select certain currents which
enable them to have some influence on their passive drifts (Montgomery et al. 2001;
Kingsford et al. 2002; Leis 2006). These processes alone can, however, not explain settlement
patterns observed by some reef fish larvae (Montgomery et al. 2001; Pollux et al. 2007).
Besides this behaviourally modified passive transport, some reef fish larvae may have the
capacity of active swimming (Leis et al. 1996; Leis and Carson-Ewart 1998; Montgomery et
al. 2001). Larvae of some families are morphological and behavioural developed to a great
extent near the end of there pelagic period. They show nektonic behaviour, they are good
swimmers and show non-random swimming patterns with a clear orientation (Montgomery et
al. 2001; Pollux et al. 2007).
After the pelagic phase, reef fish larvae can return to their natal reefs, settle on other reefs or
spend their juvenile stage in a back-reef habitat (Dufour and Galzin 1993; Adams and
Ebersole 2002; Cocheret de la Morinière et al. 2002; Gerlach et al. 2007). Living inside
seagrass fields and under the cover of mangrove trees, coral reef fish juveniles can find food
and shelter inside these back-reef habitats (Shulman 1985a; Laegdsgaard and Johnson 2001).
On the reef, these juveniles would on the contrary encounter a high abundance of predators
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(Shulman 1985a). Food shortage might also be possible on the reef (Jones 1987), but is
discussed in Grol et al. (2008) who found a higher food abundance and higher growth rates on
Caribbean coral reefs compared to seagrass and mangrove nurseries. Grol et al. (2008)
assumes that juvenile reef fish select habitats based on a trade-off between food abundance
and predation pressure. When reaching maturity, nursery species, according to Nagelkerken et
al. (2002): “reef fishes of which the juveniles use the bay as a nursery”, may return to the reef
after spending their juvenile stage in the back-reef habitats (Burke et al. 2009). According to
Cocheret de la Morinière et al. (2003), these nursery-to-reef migrations may be influenced by
changes in diet or by the development of gonads. More information about the use of these
back-reef habitats as a nursery can be found in reviews such as Beck et al. (2001) and Adams
et al. (2006).
It is known that reef fish can detect reefs from long distances (Leis et al. 1996). To orientate
and navigate towards the reefs and other settlement sites pre-settlement reef fish larvae may
use several cues. Magnetism, vision, olfaction, sound and rheotaxis are some examples of
plausible cues used by fish for orientation and navigation (Leis et al. 1996; Kalmijn 2000,
Lohmann and Johnsen 2000; Tolimieri et al. 2000; Kingsford et al. 2002; Lecchini et al.
2007a; Huijbers et al. 2008). Due to the nature of these cues, it is likely that they can be used
at different spatial scales. Reviews such as Montgomery et al. (2001) and Kingsford et al.
(2002) give more information about the use of these cues and the suggested hierarchy
between these cues.
Finding a way back from the open ocean to the reef and distinguishing between settlement
sites on the large scale, e.g. between reefs or back-reef habitats, is only one part of the
challenges larvae have to conquer. After arrival at the preferred habitat, larvae also have to
make a choice on which specific substrata they want to settle (Danilowicz 1997). Settlement
is a complex process determined by the interaction of several biotic and abiotic factors on
different temporal and spatial scales (Rodríguez et al. 1993). Although this process has been
widely studied in both fish and invertebrate larvae (e.g. Jensen 1989; Booth 1992; Rodrígues
et al. 1993; Lecchini et al. 2005a, 2007a; Arvedlund and Takemura 2006), it is still poorly
understood how larvae find and settle on reefs (Dixson et al. 2008). Some reef fish larvae are,
according to Leis (2006) and Leis and Carson-Ewart (1998), highly selective in where and
when to settle. Active selection of settlement sites could be advantageous for settling reef fish.
Lecchini et al. (2007b), for example, found out that recently settled Chromis viridis juveniles
suffered a lower mortality rate in their preferred settlement habitat than in other less preferred
habitats. To actively select settlement sites, fish larvae should be able to detect and navigate
towards, and differentiate between settlement sites.
It is known for some reef fish larvae, like for Thalassoma hardwicke (Lecchini et al. 2007a),
that they use multiple sensory modalities to differentiate among different microhabitats for
settlement. There is however no full understanding of the cues used by reef fish larvae to
select patches within a reef. Only a relatively small number of studies have focused on this
problem (Lecchini et al. 2005a).
This study will focus on habitat-specific sound, the visual presence of conspecifics and
olfaction as possible cues used by post-larval French grunts (Haemulon flavolineatum) during
habitat selection.
Sound is independent of currents and can be used as a cue at multiple spatial scales. It is
highly directional and can be perceived over large distances (Wright et al. 2005 and
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Montgomery et al. 2006). It is proved that both reef fish and reef fish larvae can hear and
orientate towards a sound source (Tolimieri et al. 2000; Leis et al. 2002; Egner and Mann
2005; Simpson et al. 2005; Wright et al. 2005). Both choice experiments (Tolimieri et al.
2004; Leis and Lockett 2005; Simpson et al. 2008) and light trap experiments (Tolimieri et al.
2000; Leis et al. 2003; Simpson et al. 2004) show a preference of some reef fish and reef fish
larvae for reef sound. Otoliths in the inner ear of the fish, together with a gas filled cavity in
the inner ear or the swim bladder are responsible for the sound detection in bony fish
(Montgomery et al. 2006 and references within). The otoliths are used for motion detection
and the gas filled cavity or the swim bladder are used for pressure detection. Both the motion
and pressure detection are needed to provide the fish with directional information
(Montgomery et al. 2006 and references within). In this way, a fish can determine the
direction and the intensity of the sound.
Although it is known that some reef fish larvae use reef sounds to locate coral reefs and that
these larvae differentiate between natural and artificial sound (Leis et al. 2002), it is not
known whether these fish can differentiate between the sound of different habitats. Reef
sound consists of a biological, e.g. snapping of shrimps (Simpson et al. 2004; Lammers et al.
2008), and a physical component, like the breaking of waves. The sound of the reef is
therefore depended on both the geological properties and the community living on the reef. In
this way, reefs located on different sites as well as adjacent reefs with dissimilar communities
will sound different (Simpson et al. 2008).
The group composition of recently settled reef fish is very variable. Caribbean post-settlement
reef fish can be found solitary, in heterospecific groups and conspecific groups (Kaufman et
al. 1992). For fish living in conspecific groups, the presence of individuals of the same
species may be a useful cue for finding a suitable habitat (Sweatman 1988; Booth 1992;
Lecchini et al. 2005a, 2005b; Wright et al. 2005; Dixson et al. 2008). Some species show a
higher settlement rate in presence of conspecifics and juveniles clearly respond to chemical,
acoustical and visual cues of conspecifics (Sweatman 1985; Booth 1992; Lecchini et al.
2005a, 2005b, 2007a, 2007b). The influence of this conspecific attraction during settlement is
not only visible in reef fish larvae but also present in some invertebrate larvae such as larvae
from porcelain crabs, tubeworms and blue crabs (Jensen 1989, 1991; Minchinton 1997;
Donahue 2006; Tanner 2007).
The French grunt (max. size: 30 cm TL; Fig. 1) is a reef-associated fish (family: Haemulidae)
occurring throughout the West Indies and the coasts of Central and South America, including
the Caribbean (Carpenter 2002). In the Caribbean, the French grunt can reach high to very
high abundances, especially in the areas and during seasons in which they recruit (Munro
1983; Shulman 1985a, 1985b; Aguilar-Perera and Appeldoorn 2008). It occurs in association
with structured habitat types from the shore to 40 m depth, it has a very short planktonic life
stage of approximately 14 days and breeds and settles throughout the year (McFarland et al.
1985; Shulman and Ogden 1987; Carpenter 2002). Peak settlement occurs during May-June
and October-November (McFarland et al. 1985).
The French grunt may use mangrove and seagrass nurseries, showing possibly a stepwise
post-settlement lifecycle migration pattern (Cocheret de la Morinière et al. 2002). On
Curaçao, French grunts settle on a rubble zone located near the mouth of the bay, inside a
channel connecting the reef to the back-reef habitat (Huijbers et al. 2008). According to
Adams and Ebersole (2002), rubble consists mainly of dead coral fragments that are not
attached to the substrate and form together a low-relief calcareous structure. The post-larval
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French grunts stay for some months in the rubble habitat before proceeding towards the
mangrove and seagrass habitats further inwards the bay (Cocheret de la Morinière et al. 2002;
Huijbers et al. 2008). Settlement or presence of post-larval juveniles on sediments such as
rubble, sandflats, seagrass and small patch reefs is shown at several places for Haemulids and
some other species in the Caribbean (Shulman 1985a; Rooker and Dennis 1991; Adams and
Ebersole 2002; Burke et al. 2009).

Fig. 1. Drawing of the French grunt (Haemulon flavolineatum)
Source: Carpenter KE (2002)

The rubble zone, as settlement area of French grunts on Curaçao, differs both in a physical
and biological way from the surrounding reef and the back reef habitats (Adams and Ebersole
2002; Lecchini et al. 2007c; Burke et al. 2008). In theory, the sound broadcasted by this
settlement habitat of French grunts on Curaçao should be, due to these differences, dissimilar
from the sound broadcasted by its surrounding habitats. Sound can be used at different spatial
scales (Kingsford et al. 2002). Settling larvae of reef fish may, thereby, use reef sound to
locate and navigate towards the coast (Tolimieri et al. 2004), and may use the more habitatspecific sound to orientate towards their settling habitat after passing the reef (Simpson et al.
2008).
Juvenile French grunts clearly show schooling behaviour and live in conspecific clusters
inside a group of visually and behaviourally similar species (Shulman 1985a, 1985b;
Kaufman et al. 1992). Because French grunts live together in conspecific schools and they
show aggregative settlement patterns (Shulman 1985b), it is very likely that they might be
attracted by the presence of conspecifics.
On Curaçao, Huijbers et al. (2008) showed that post-settlement French grunts caught on the
rubble zone were strongly attracted towards bay water. The use of chemical cues for habitat
selection is widely recognized in literature. It is known that some fish larvae are capable of
chemical discrimination between different types of water (Atema et al. 2002; Arvedlund and
Takemura 2006; Gerlach et al. 2007; James et al. 2008). They use these chemical cues for
homing (Gerlach et al. 2007; Dixson et al. 2008), finding rivers (James et al. 2008) or
selecting a settlement habitat (Sweatman 1988; Wright et al. 2005; Arvedlund and Takemura
2006). If the pre-settling French grunts on Curaçao use conspecific cueing as a tool to find
their settlement habitat, conspecific cues such as the visual presence of conspecifics might
have a stronger influence on habitat selection than chemical cues from the bay.
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The purpose of this study is to determine whether habitat-specific sound, the visual presence
of conspecifics and olfaction are possible cues for habitat selection of post-larval French
grunts during settlement. The main questions are: (1) Can post-larval French grunts
distinguish between sounds originating from different habitats; (2) Are post-larval French
grunts more attracted towards sound originating from their settlement habitat than towards
sound originating from other habitats and (3) Does the preference of post-larval French grunts
towards bay water change in the visual presence of conspecifics? To answer these questions,
the following hypotheses are tested: (a) Post-larval French grunts are able to differentiate
between sounds originating from different habitats. They are not attracted to all habitatspecific sounds in the same way, but show a preference for some habitats over the others. (b)
To locate the rubble zone as settlement habitat, post-larval French grunts will spend more
time swimming in the direction of sound originating from the rubble zone than towards sound
originating from the coral reef, mangrove of seagrass habitat. (c) For post-larval French
grunts, the visual presence of conspecifics is a stronger cue than chemical cues from bay
habitats. Therefore, post-larval French grunts will show an equal preference towards bay
water and reef water when conspecifics are visible in both types of water.
This study may give some important insight in the complex processes during selection of a
post-settlement habitat by a coral reef fish.
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Materials and methods
Experiments were carried out between July and December 2008 in the nearshore waters and
outside laboratory of CARMABI (Caribbean Research and Management of Biodiversity
Foundation) on Curaçao (Netherlands Antilles). Post-larval French grunts (1-3 cm fork
length) were caught in a non-harmful way with fyke nets from the rubble habitats located at
the mouth of the Piscadera Bay and the Spanish Water Bay (Fig. 2). Fish were transported in
buckets with fresh seawater to the lab directly after capture. In the lab, fish were kept
overnight in small groups inside aquaria with flowing seawater and some stones from the
collection site. No bubblers were used to prevent auditory damage (Tolimieri et al. 2004).

B

●
R

B

●
R
Fig. 2. Map of the Spanish Water Bay and Piscadera Bay showing the location of the
study area (*), the catch locations (●) and the water collection locations of the bay (B) and
reef (R) water.
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Sound experiments
Habitat-specific sound was recorded in both the Piscadera and the Spanish Water areas in
August 2006 and March 2007 at several moments during the day (07:00 – 21:00h). Sound was
recorded with an omnidirectional hydrophone (HiTech HTI-96-MIN with inbuilt preamplifier,
High Tech Inc., Gulfport MS) and an Edirol R-1 24-Bit recorder. A total amount of 18
minutes of sound was used per habitat (mangrove, seagrass, rubble and reef). These
recordings consist of six different recordings with a duration of three minutes each that were
played continuously in the same order to create as much variability in the sound as possible.
All recordings were checked for non-natural sound and other disturbances prior to the
experiments.
The response of post-larval French grunts towards habitat-specific sound was investigated in
choice chambers placed on the sand flat in front of CARMABI. Two cylindrical choice
chambers (2.50 m * 0.45 m; Fig. 3) constructed of wire (mesh size: 5 mm) were placed at 2 to
3 meter depth. The cages were divided in 3 sections (left, middle and right) of 83 cm each.
Distinction between the sections was only visible for the observer and fish could swim freely
between these sections. To avoid any influence of the bare sandy bottom, the choice chambers
were placed on two iron supports at 50 cm above the seafloor. A distance of 5 meter was kept
between the two cages to prevent any influence from each other. Although there was a
reasonable distance of ± 50 m between the coral reef drop-off and the sand flat, the cages
were placed parallel to the reef to ensure an equal potential influence of the reef on both ends
of the cage. Two underwater loudspeakers (Lubell Labs, Electrovoice UW-30 underwater
speakers) connected to a portable Sony CD-player and amplifier were placed at both ends of
the cages at 5 meter distance.
High Middle
Low

5m

5m

0.45m
2.5
0.5

Fig. 3. Schematic presentation of the choice chambers used during the sound experiments. One
of the two choice chambers used during the experiment is shown together with the two
underwater loudspeakers. The fish shown in the choice chamber represents a post-larval
French grunt. The small holding chamber used during the acclimation period is not shown in
this figure.

French grunts were tested individually inside the choice chamber. Fish were collected
individually from the aquaria and temporally stored in small containers near the experimental
site just before the start of each experiment. During the experiments, the fish’s time spent in
each section was recorded. Each experiment lasted 18 minutes in total. Fish were kept inside a
small holding chamber (diameter of 30 cm) inside the test chamber for acclimation during the
first 3 minutes. After the acclimation period, the fish were released in the middle section of
the choice chamber and observed for 15 minutes. Fish that were inactive, influenced by
disturbances or escaped during the experiment were excluded from the analysis. Test fish
were released directly after the experiment.
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Sound was played continuously during the experiments and acclimation time at one side of
the cage. The speaker at the other side of the cage was switched off and served as a dummy.
Type of sound played (reef, mangrove, seagrass or rubble) and side of the active speaker were
selected at random. Some control experiments were carried out with a silent speaker at each
side of the cage to examine any possible side effects of the cage or its surroundings on the
fish.

Flow tank experiments
A rectangular flow tank was built following the design of Atema et al. (2002) to investigate
the influence of the presence of visible conspecifics on the attraction to water from the bay
versus reef habitat by post-larval French grunts. The flow tank consisted of an 11 * 5 cm
experimental compartment in which the fish could swim freely (Fig. 4). A 6 cm transparent
barrier was placed in the inflow compartment to separate the two water flows. At both outer
sides of the inflow compartment a small compartment of 6 * 3 cm was constructed to
accommodate three conspecifics each. The conspecifics were clearly visible from the
experimental compartment and no leakage of water from the conspecific compartment
towards the experimental compartment was possible. Down-current of the experimental
compartment, a screen was placed to avoid the test fish being washed out. Water depth was
constantly kept at 2.5 cm by regulation of the width of a tapered outflow end. With exception
of the conspecific compartments, the flow tank was precisely similar to the flow tank used in
Huijbers et al. (2008). The flow tank was placed inside a darkened aquarium to avoid any
influence of the surroundings on the experiment. Possible influence of the Earth’s magnetic
field was avoided by placing the tank in an east-west orientation. The flow tank was
connected to three 25-liter buckets by rubber hoses. To regulate the type of water running
through both sides of the flow tank, several switches were connected to the hoses. Flow speed
at the tank inlets was 3 cm/s. The flow speed was measured using a marked cylinder and a
stopwatch several times per day and adapted if needed. Two of the buckets were filled with
water from the bay or reef habitat and the water of the third bucket consisted of “neutral”
water that was collected from the same site as where the grunts were collected in the
Piscadera area. Due to the intermediate location and distance of this collection site from the
studied habitats, it is assumed that the chemical cues from these habitats could not be so
strong in this water as in the water from the habitats themselves. This water is, therefore,
assumed to be relatively neutral towards the fish (Huijbers et al. 2008). Reef water and bay
water were collected from the surface from both the Piscadera and Spanish Water areas (Fig
2). To ensure a representative sample for both the mangrove and seagrass habitat inside the
bay, the bay water was collected at places where both mangrove trees and seagrass fields were
present. Water was collected in jerricans and transported to the lab as soon as possible. The
water was not stored longer than one night in the shaded lab. Salinity and temperature of the
test water were measured with an YSI 30 TDS salinity-meter prior to each experiment.
Each flow tank experiment consisted of three periods of 3 minutes: an acclimation period, an
experimental period with a first combination of bay and reef water and as last a period with a
second, switched, combination of bay and reef water. During the acclimation period neutral
water was offered to each fish. After this period, the first combination of bay and reef water
was offered to the fish. The side (left or right) at which each type of water was offered was
determined randomly. Directly after switching from neutral water to the first combination,
three conspecifics (1-3 cm fork length) were placed in the two conspecific areas. The
conspecifics were randomly chosen from a stock of about 20 – 30 conspecifics. The water
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type inside the conspecific compartments was neutral and was as deep as the water in the
experimental compartment. To test for side effects, the side at which each type of water was
offered was switched after three minutes. During this second combination, no changes were
made to the conspecifics offered inside the conspecific compartments. The time spent in each
type of water was observed during the whole experiment. To avoid any overlap between the
left and the right side, the time spent by the fish at less than 3 mm distance from the middle
line was not counted as a choice but treated as “middle”. Fish that were inactive during the
whole acclimation period were excluded from the experiment. The first 30 seconds of each
combination were excluded prior to analysis to avoid any overlap between the two types of
water. A control treatment was carried out to examine whether the fish had a preference for a
specific side of the flow tank. During the control treatment, each fish was offered from both
sides the same type of water in the order of neutral-bay-reef water or neutral-reef-bay water.

Flow direction
Conspecifics

5 cm

Experimental compartment

Conspecifics
11 cm
Fig. 4. Picture of the rectangular flow tank used during the flow tank experiments. The
different compartments within the flow tank are shown. Fish visible in the picture are postlarval French grunts. During the experiments, a flow of reef and bay water entered the flow
tank through the hoses at the right side of the picture.

Data analyses
Factors that might influence the results were explored prior to the analyses. A repeated
measures ANOVA was used to analyze the results of the control sound-experiments. To
explore the possible effect of the size of the fish on the results of the sound experiments, the
time spent per size class was analyzed per habitat-specific sound with a Mann-Witney U test.
Of the factors that might influence the flow tank experiment results, differences in time spent
at the left or right side of the flow tank were analysed per fish with a Wilcoxon Signed Ranks
test. This was done for the fish tested during the control tests and the fish tested during the
flow tank experiments. The possible influence of the origin of the fish and by the size of the
fish on the time spent in bay or reef water during the flow tank experiments by was ass well
investigated per fish with a Wilcoxon Signed Ranks test. A Mann-Witney U test was used to
highlight any possible effects of the sequence in which the different combinations of water
were provided on the choice of the fish for the bay or the reef water flow. Differences in
salinity and temperature between the different types of water used during this experiment
were tested with an independent t-test.
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A repeated measures ANOVA was used to analyse, per habitat-specific sound, differences in
time spent closer or further away from the sound source. A Bonferroni post hoc test was used
for multiple comparisons when necessary. Differences in time spent in the bay or reef water
flow during the flow tank experiments were analysed per fish with a Wilcoxon Signed Ranks
test. The middle section of the flow tank was not taken into account during these analyses.
Differences in the number of transitions between flow sides before and after the switch of the
flow-sides during the control situation and the flow tank experiments were also analysed per
fish with a Wilcoxon Signed Ranks test. A Binominal test was used to investigate any
differences in the number of fish that stayed at one side of the flow tank or that moved
between sides, during the control tests and flow tank experiments.

.

12

Results
Sound
The post-larval French grunts showed no preference for a specific section of the cylindrical
choice chamber during the control tests (Fig.5; repeated measures ANOVA, F: 0.021, P =
0.979). The time spent in the section closest to the sound source did, for fish tested with sound
from the reef or rubble habitat, depend on the size of the fish (Table 1). Fish of 1-2 cm fork
length spent more time in the section with a higher reef sound volume than fish of 2-3 cm fork
length (Mann-Whitney U Test, Z: -2.024, P < 0.05). With rubble sound, the situation was the
other way around: the larger grunts spent significant more time at the high rubble sound side
than the smaller grunts (Mann-Whitney U Test, Z: -2.590, P < 0.05). No difference in the time
spent per section of the cage was observed between the two size classes for fish tested with
mangrove or seagrass sound. Due to these observations, the data of the seagrass sound and
mangrove sound were pooled for both size classes and the data of the reef and rubble sound
experiments were analysed per size class.

Fig. 5. Mean (±SE) percentage of time
spent by post-larval French grunts in
each section (left, middle, right) of the
choice chamber during the control
experiments. No sound was played at
both ends of the choice chamber. Per
fish, the difference in time spent in each
compartment was analysed with a
repeated measures ANOVA. No
significant differences were found in
time spent between the sections.

When habitat-specific sound from the mangrove or seagrass habitat was played, the fish
showed no significant preference for either the section of the cage with the higher sound
volume or the section of the cage with the lower sound volume (Fig. 6). The fish showed both
in the presence of seagrass sound (repeated measures ANOVA, F = 0.535, P = 0.588) and
mangrove sound (repeated measures ANOVA, F = 2.466, P = 0.089) an equal distribution
over all three sections of the cage. The same situation occurred when habitat-specific sound
from the rubble habitat was played (Fig. 7). Neither the 1-2 cm fork length fish (repeated
measures ANOVA, F = 0.997, P = 0.383) nor the 2-3 cm fork length fish (repeated measures
ANOVA, F = 0.295, P = 0.746) showed a significant preference for one section of the cage.
For the response of the grunts towards sound recorded in the reef habitat, the situation was
different. Although the 2-3 cm fork length fish did not respond to reef sound (repeated
measures ANOVA, F = 0.601, P = 0.552), the smaller fish (1-2 cm fork length) responded
clearly to the reef sound (Fig. 7). They spent significantly more time in the section nearest to
the sound source than in the two sections further away from the sound source (repeated
measures ANOVA, F = 6.579, P < 0.01).
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Table 1. Mean (±SE) time spent in each section of the choice chamber of two different size classes of
post-larval French grunts during different types of habitat-specific sound played. To highlight the
differences in time spent at each section of the choice chamber between the two size classes, the mean
time spent per size class was shown for each section of the cage per habitat-specific sound separately.
A Mann-Witney U test was used to highlight these differences. The cage was divided in three sections:
the section closest to the sound source (high sound volume), the section most far away from the sound
source (low sound volume) and a section between those two sections (middle).
Mean (±SE) percentage of time spent
Habitat
MG

RB

RF

SG

Section
High Sound
Middle
Low Sound
High Sound
Middle
Low Sound
High Sound
Middle
Low Sound
High Sound
Middle
Low Sound

Fork Length 1-2 cm
22.5 (5.5)
46.7 (6.6)
30.8 (6.8)
23.8 (6.6)
37.5 (6.6)
38.7 (7.4)
54.0 (6.3)
24.4 (4.6)
21.6 (6.1)
38.0 (7.7)
26.5 (6.5)
35.5 (8.2)

Fork Length 2-3 cm
26.9 (5.6)
36.6 (5.8)
36.4 (7.2)
36.6 (6.6)
28.9 (5.1)
34.6 (6.4)
35.3 (6.9)
36.3 (6.9)
25.1 (6.0)
35.3 (7.4)
29.7 (6.5)
34.9 (7.3)

Mann-Whitney U
Z
-0.508
-0.712
-0.913
-2.590
-0.540
-0.368
-2.024
-0.993
-1.453
-0.351
-0.735
-0.095

P
0.611
0.477
0.361
0.010*
0.589
0.713
0.043*
0.321
0.146
0.725
0.462
0.924

MG = mangrove sound, RB = rubble sound, RF = reef sound and SG = seagrass sound.
* Differences are Significant (P < 0.05)

High sound

Middle

Low sound

High sound

Middle

Low sound

Fig. 6. Mean (±SE) percentage of time spent by post-larval French grunts in each section of
the choice chamber during the choice test for mangrove sound (MG) and seagrass sound
(SG). The cage was divided in three sections: the section closest the sound source (high
sound volume), the section most far away from the sound source (low sound volume) and a
section between those two sections (middle). Per fish, the difference in time spent in each
section was analysed with a repeated measures ANOVA. No significant differences were
found in time spent between the sections for both types of habitat-specific sound.
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a

b

Fig. 7. Mean (±SE) percentage of time
spent by post-larval French grunts in
each section of the choice chamber
during the choice test for reef sound
(RF) and rubble sound (RB). The data
is divided in two size classes per
habitat-specific sound. The cage was
divided in three sections: the section
closest the sound source (high sound
volume), the section most far away
from the sound source (low sound
volume) and a section between those
two sections (middle). Per fish, the
difference in time spent within each
section was analysed with a repeated
measures ANOVA. A Bonferroni post
hoc test was used for multiple
comparisons. Significant differences
are indicated with different letters.

b

High sound Middle Low sound

High sound Middle Low sound

Chemical and conspecific cues
Several factors influenced the side-choice of the post-larval French grunts during the flowtank experiments. To look at the effect of the factors in which we are interested during this
study, i.e. the possible preference for bay water and the visual presence of conspecifics, the
data will be spit up in categories that will minimize the effect of the other factors involved.
The influence of some factors will be explored first before the presentation of the final results.

Differences between bays and flow-tank sides
Differences in salinity and temperature were measured between the different types of water
used during the flow tank experiments (Table 2). Water of the reef was, from both the
Piscadera and Spanish Water area, more saline than bay water. Piscadera reef water had, in
addition, a higher temperature than Piscadera bay water. However, no differences temperature
were observed between the different water types from the Spanish Water area. Bay water
from the Piscadera area showed a significant lower salinity and lower temperature than bay
water from the Spanish Water area.
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Table 2. Mean (SD) values of temperature and salinity of the different types of water used
during the flow tank experiments. Salinity and temperature of bay and reef water were
compared per location (Piscadera area or Spanish Water area). Furthermore, the salinity and
temperature of the bay water from the Piscadera area were compared with the salinity and
temperature of the bay water from the Spanish Water area. Differences were tested with an
independent t-test.
Mean (±SD)

Independent t-test

Temperature (°C)
Salinity (psu)

Pisc Reef
28.5 (0.8)
29.0 (0.1)

Pisc Bay
28.1 (1.0)
27.7 (0.7)

t
-2.288
-12.827

P
0.024 *
0.000 *

Temperature (°C)
Salinity (psu)

SpW Reef
29.1 (1.2)
28.9 (0.3)

SpW Bay
29.1 (1.2)
28.6 (0.3)

t
0.257
-7.319

P
0.798
0.000 *

Temperature (°C)
Salinity (psu)

Pisc Bay
28.1 (1.0)
27.7 (0.7)

SpW Bay
29.1 (1.2)
28.6 (0.3)

t
-4.806
-7.842

P
0.000 *
0.000 *

Pisc = Piscadera area water, SpW = Spanish Water area water, * = Difference is significant
(P < 0.001)

French grunts tested in water from the Piscadera area behaved differently during the flow tank
experiments than grunts tested in water from the Spanish Water area. These differences are
shown in figure 8 where a preference for a specific side in the tank is explored. Post-larval
French grunts preferred in some cases one specific side of the flow tank. The extent of this
preference depended on the location where the water used during the experiment came from.
Grunts tested in Piscadera water significantly preferred the right side of the flow tank over the
left side of the tank (Wilcoxon Signed Ranks Test, 1st combination: Z: -2.949, P < 0.001; 2nd
combination: Z: -3.188, P < 0.001). Grunts tested in water from the Spanish Water area, on
the other hand, did not show a preference for either side of the tank (Wilcoxon Signed Ranks
Test, 1st combination: Z: -0.914, P = 0.316; 2nd combination: Z: -1.541, P = 0.123).
Although no preference for a specific side of the flow tank was observed for fish tested in
water from the Spanish Water area during the flow tank experiments, a preference for the
right side of the tank was observed during control experiments performed with water from the
Spanish Water area (Fig. 9). When the water was offered in the sequence bay first and reef
second, the fish showed a preference for the right side of the tank (Wilcoxon Signed Ranks
Test, Bay: Z: -2.828, P < 0.01; Reef: Z: -2.992, P < 0.01). Conversely, no preference for a
specific side of the tank was shown when reef water was offered before bay water (Wilcoxon
Signed Ranks Test, Reef: Z: -0.105, P = 0.92; Bay: Z: -0.776, P = 0.44). No control
experiments where carried out with Piscadera water, so unfortunately, no comparison can be
made on the flow-tank side preference of grunts during a control situation between grunts
tested in water from the Piscadera area and grunts tested in water from the Spanish Water
area.
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(a)

(b)

*

(c)

*

(d)

(a)

(b)

*

(c)

Fig. 8. Percentage of time spent at
the left and right side of the flow
tank by post-larval French grunts
during the flow tank experiments.
The time spent at both flow-tank
sides is shown independently of
whether bay or reef water was
offered. The results are separated
per location of the water provided
(Piscadera area: a,b; Spanish Water
area: c,d) and per time interval (1st
combination: a,c; 2nd combination:
b,d). A Wilcoxon Signed Ranks test
was used to analyse per fish the
difference in time spent between the
two flow-tank sides. The Boxplots
represent the time the fish spent in
the left or right water flow; the time
spent in the middle of the flow tank
is not shown. Pisc: fish tested in
water from the Piscadera area,
SpW: fish tested in water from the
Spanish Water area, * = difference
is significant (P < 0.05).

*

(d)

Fig. 9. Percentage of time spent at
the left and right side of the flow
tank by post-larval French grunts
during the control experiments.
The time spent at both flow-tank
sides is shown separately per type
of water provided (bay: a,d; reef:
b,c) and per time interval (1st
combination: a,c; 2nd combination:
b,d). A Wilcoxon Signed Ranks
test was used to analyse per fish
the difference in time spent
between the two flow-tank sides.
Water was offered to the fish in the
sequence bay-reef (a,b) or reef-bay
(c-d). The Boxplots represent the
time the fish spent in the left or
right water flow; the time spent in
the middle of the flow tank is not
shown. Control experiments were
only performed with fish tested in
water from the Spanish Water area.
* = difference is significant (P <
0.05).
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Test sequence, fish size and fish origin
In water from the Spanish Water area, the sequence in which the different combinations of
bay and reef water were presented to the French grunts influenced their preference for a
specific water flow. Of the total percentage of time spent in bay water, the grunts spent
significantly more time in bay water when the water was offered before the switch of the
flow-sides than when the water was offered after the switch (Fig. 10c; Mann-Whitney U Test,
Z: -2.698, P < 0.01). For the time spent in reef water, the sequence in which the combinations
of water were offered had no effect on the grunts’ preference for a specific water flow (Fig.
10d; Mann-Whitney U Test, Z: -0.843, P = 0.399). In water from the Piscadera area, the time
the grunts spent in bay or reef water was equally distributed between the two sequential
combinations (Fig 10a and b, Mann-Whitney U Test, Bay: Z: -0.992, P = 0.321; Reef: Z: 1.054, P = 0.292).
No effect of the origin of the fish and the fish size was found on the choice of the fish for a
specific water flow during the flow tank experiments (Table 3). Fish of 1-2 cm fork length
responded in the same way as fish of 2-3 cm fork length. Also the behaviour of fish
originating from the Piscadera Bay was not different as from fish originating from the Spanish
Water Bay. For that reason, data of fish from different origins and different size classes were
combined prior tot analysis.

(b)

(a)

(c)

(d)

*

Fig. 10. Percentage of time spent by
post-larval French grunts before and
after the switch of the flow-sides in
bay (a,c) or reef (b,d) water during
the flow tank experiments. Results
are shown separately per location of
the water provided (Piscadera area:
a,b; Spanish Water area: c,d).
Differences were tested with a
Mann-Whitney U Test. The sides at
which the bay and reef water flow
were offered were switched between
the two successive combinations.
The Boxplots represent the time the
fish spent in the bay or reef water
flow; the time the spent in the
middle of the flow tank is not
shown. Pisc: fish tested in water
from the Piscadera area, SpW: fish
tested in water from the Spanish
Water area, * = difference is
significant (P < 0.05).
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Table 3. Influence of the origin of the fish (3.1) and the size of the fish (3.2) on the
post-larval French grunts’ time spent in bay and reef water during the flow tank
experiments. The mean (+SE) time spent in bay and reef water is shown separately
per location of the water provided (Piscadera area or Spanish Water area) and per
time interval (1st combination or 2nd combination). A Wilcoxon Signed Ranks test
was used to analyse per fish the differences in time spent between the two water
flows. Size of the French grunts was measured in fork length (fl). The table
represents the time the fish spent in the bay or reef water flow; the time spent in the
middle of the flow tank is not shown.
3.1 Origin of fish
Mean (SE) time (%)
Pisc water
1st combination
Pisc Fish
SpW Fish
2nd combination
Pisc Fish
SpW Fish
SpW water
1st combination
Pisc Fish
SpW Fish
2nd combination
Pisc Fish
SpW Fish

Wilcoxon Signed
Ranks Test
Z
P

n

Bay

Reef

25
25

31.5 (7.6)
28.2 (7.4)

26.1 (7.6)
45.8 (8.0)

-0.300
-0.914

0.766
0.361

25
25

22.7 (7.4)
31.5 (7.4)

22.1 (7.5)
26.3 (7.0)

-0.131
-0.335

0.896
0.738

n

Bay

Reef

Z

P

24
40

42.2 (8.5)
46.4 (6.5)

25.4 (7.3)
31.9 (6.3)

-1.030
-0.976

0.303
0.329

24
40

23.4 (7.3)
28.5 (6.2)

39.8 (9.1)
40.1 (6.5)

-1.068
-1.000

0.286
0.317

3.2 Fish size
Mean (SE) time (%)
Pisc water
1st combination
1-2 cm fl
2-3 cm fl
2nd combination
1-2 cm fl
2-3 cm fl
SpW water
1st combination
1-2 cm fl
2-3 cm fl
2nd combination
1-2 cm fl
2-3 cm fl

Wilcoxon Signed
Ranks Test
Z
P

n

Bay

Reef

37
13

30.0 (6.3)
29.3 (9.6)

35.6 (6.5)
37.1 (11.4)

-0.361
-0.471

0.718
0.638

37
13

28.7 (6.3)
22.6 (9,5)

23.5 (5.8)
26.4 (9.9)

-0.577
-0.734

0.557
0.463

n

Bay

Reef

Z

P

36
28

44.7 (7.0)
45.0 (7.6)

24.2 (5.9)
36.2 (7.8)

-1.620
-1.004

0.105
0.305

36
28

24.5 (6.2)
29.3 (7.4)

37.1 (7.2)
43.6 (7.7)

-1.004
-1.110

0.305
0.267

Pisc = Piscadera area, SpW = Spanish Water area
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Chemical cues
Because of the differences in the fish’s response towards the right or left water flow in
Piscadera water, and because of the influence of the sequence in which the different
combinations of water were provided to the fish on the data obtained in water from the
Spanish Water Bay, the data can not be averaged per habitat or combination as in Huijbers et
al. (2008). The data were analysed, therefore, separately per side-inverted combination (reefbay or bay-reef) and per time-interval (during the first combination or during the second
combination).
In all treatments, fish tested in Piscadera water showed a clear preference for the right water
flow over the left water flow (Fig. 11a-e; Wilcoxon Signed Ranks Test (log (x +1) –
transformed): a) Z: -2.240, P < 0.05; b) Z: -2.468, P < 0.05; c) Z: -1.981, P < 0.05; d) Z: 2.118, P < 0.05). Fish tested in water from the Spanish Water area showed an equal
preference for bay or reef water when tested in the sequence of bay-reef first and reef-bay
second (Fig 11e and f; Wilcoxon Signed Ranks Test (log (x +1) – transformed), bay-reef: Z: 0.093, P = 0.926; reef-bay: Z: -0.115, P = 0.908). Fish tested in the sequence reef-bay first and
bay-reef second did not show a significant preference for a specific water flow during the first
combination but were significantly more attracted towards the reef flow during the second
combination (Fig 11g and h; Wilcoxon Signed Ranks Test (log (x +1) – transformed), reefbay: Z: -1.634, P = 0.102; bay-reef: Z: -2.246, P < 0.05).
The behaviour of the grunts, in number of switches between the flow-tank sides, during the
experiment was compared with the behaviour of grunts during the control test to explore the
influence of the chemical cues in the bay or reef water flow on the side choice of the fish. The
only variable that differed between the control tests and the flow tank experiments was the
presence of both bay and reef water during the experiments instead of only bay or reef water
during the control tests. So, any difference in the grunts’ behaviour should indicate that the
presence of both bay and reef water influences the behaviour of the grunts in selecting a flowside. During the control experiments, the number of times the post-larval French grunts
shifted between the flow-tank sides before the switch of the water flows differed from the
number of transitions after the switch (Table 4; Wilcoxon Signed Ranks Test, Z: -2.743, P <
0.01 ). During the flow tank experiments, no differences were observed in the number of
transitions before or after the switch of the flow-sides (Wilcoxon Signed Ranks Test, Z: 0.205, P = 0.838).
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Left

Right

a)

b)
*

*

d)

c)
*

*

e)

f)

g)

h)

Fig. 11. Percentage of time spent in
bay and reef water by post-larval
French grunts during the flow tank
experiments. The results are shown
separately per location of the water
provided (Piscadera area: a-d;
Spanish Water area: e-h) and per
time interval (1st combination:
a,c,e,g; 2nd combination: b,d,f,h).
Side-inverted combinations of bay
and reef water are also shown
separately. A Wilcoxon Signed
Ranks test was used to analyse per
fish the difference in time spent
between the two flow-tank sides.
Each fish was tested during both
successive combinations. The sides
at which the bay and reef water flow
were offered were switched between
the two combinations. The Boxplots
represent the time the fish spent in
the bay or reef water flow; the time
spent in the middle of the flow tank
is not shown. The left side of the
graph represents the left side of the
flow tank and the right side of the
graph the right side of the flow tank.
Pisc: fish tested in water from the
Piscadera area, SpW: fish tested in
water from the Spanish Water area,
* = significant difference (P < 0.05).

*

Left

Right
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Table 4. Mean (+SE) number of transitions between flow sides by post-larval French
grunts before and after the switch of the flow-sides during the control situation and the
flow tank experiment. The sides at which the bay and reef water flow were offered were
switched between the two successive combinations. The number of transitions is shown
independently of the side at which the bay or reef water was provided. The difference in
the number of transitions during the 1st and 2nd combination was analysed per fish with a
Wilcoxon Signed Ranks test.
Mean (SE) number
of transitions

Wilcoxon Signed
Ranks Test
Z
P

Control (Reef vs. Reef or Bay vs. Bay)
1st combination
2nd combination

9.4 (1.6)
5.1 (1.3)

-2.743

0.006 *

Experiment (Reef vs. Bay)
1st combination
2nd combination

9.0 (0.9)
9.3 (1.0)

-0.205

0.838

* = Difference is significant (P < 0.01)

Conspecifics
The difference in the number of transitions performed by the grunts between the first and
second three minutes of the control experiment might be explained by the visual presence of
conspecifics. Fish that were more attracted to one side of the flow tank during the first
combination may have stayed during the second combination at the same side as a result of
the close visual presence of conspecifics. To explore the influence of the visual presence of
conspecifics on the side choice of grunts during the control tests and the flow tank
experiments, the number of fish that moved between the two flow-tank sides is compared with
the number of fish that stayed at one side of the flow tank during each combination. It is
hereby assumed that if the fish were influenced by the presence of conspecifics in their side
choice, the number fish that stayed during the whole time span of one combination at one side
of the tank should be higher than the number of fish that moved between the two flow-tank
sides. Movements between one side and the middle section of the tank were not counted as a
movement to simplify the analysis.
During the control tests, the percentage of fish that stayed at one side of the tank during the
first combination (52%) was equal to the percentage of fish that moved between the two sides
of the tank (48%, Binominal Test, P = 1.00). During the second combination, the number of
fish that stayed at one side of the tank was much higher than the number of fish that moved
around (60% vs. 32%). This difference was however not significant (Binominal Test, P =
0.210). This lack of significance was most likely due to the low number of replicates (n = 25).
In water from the Piscadera area, the percentage of fish that stayed at one side of the tank did
during both combinations not differ from the percentage of fish that moved around in the tank
(Table 5, Binominal Test, 1st combination: P = 0.471; 2nd combination: P = 0.542). In water
from the Spanish Water area, the response of fish before the switch of the flow-sides differed
from their behaviour after the switch. Although there was no difference between the number
of fish that stayed all the time at one side of the tank and the number of fish that moved
between the two sides of the tank during the first combination (Binominal Test, P = 0.901).
During the second combination, there were significantly more fish that stayed at one side of
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the flow tank than fish that moved around (Binominal Test, P < 0.01). A majority of 66 % of
the fish stayed the full three minutes of the second combination at the side of the tank where
they finished at the end of the first combination.

Table 5. Flow-tank side fidelity of post-larval French grunts during the flow tank experiments. The percentage
of individuals is shown that, during one time interval, moved between flow-tank sides or stayed at one side of
the flow-tank. The percentage of individuals that did not select a tank-side but stayed in the middle (3mm) of
the flow tank is shown as well. The results are shown separately per location of the water provided (Piscadera
area or Spanish Water area) and per time interval (1st combination or 2nd combination). Differences in
percentage of individuals that moved between tank-sides or stayed at one side of the flow tank were tested with
a Binominal test. Fish that stayed in the middle of the flow tank were not incorporated. Movements between
one tank-side and the middle of the flow tank were not counted as movements.
Percentage of individuals (%)
Moved between
flow-tank sides

Stayed at one
flow-tank side.

Stayed in Middle

Binominal test1 (P)

Pisc water (N = 50)
1st combination
2nd combination

54.0
38.0

42.0
48.0

4.0
14.0

0.471
0.542

SpW water (N = 64)
1st combination
2nd combination

51.6
29.7

48.4
65.6

0.0
4.7

0.901
0.004*

Total

43.0

51.8

5.3

1

Binominal test was only performed between the ‘Moved between sides’ and ‘Stayed at one side’ categories.
The ‘Stayed in Middle’ category is not incorporated.
Pisc = Piscadera area, SpW = Spanish Water area, * = Significant difference (P < 0.05)
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Discussion
Sound
Post-larval French grunts show a size dependent response towards reef sound. During this
study, fish smaller than 2 cm fork length were attracted towards reef sound while larger fish
did not respond towards reef sound anymore. It is unclear whether this lack of response by
older fish is caused behaviourally or morphologically. Sergeant major damselfish (Abudefduf
saxatilis) show for example a clear loss in sensitivity of hearing abilities by age (Egner and
Mann 2005). This loss of sensitivity may be associated with a habitat change from the pelagic
to the reef habitat. In contrast to the loss of sensitivity of sergeant major damselfish to reef
sound by age, Wright et al. (2005) and Simpson et al. (2008) proved that both pre- and postsettlement damselfish and both juvenile and adult coral reef fish can respond to reef sound.
Such differences in the size-dependency of the response towards reef sound between reef fish
could be associated with differences in behaviour and morphological development between
species.
Post-larval French grunts on Curaçao show a clear response towards sound originating from
the reef habitat, but no response towards sound originating from other habitats. No clear
response towards habitat-specific sound of the mangrove, seagrass or rubble habitat was
measured during this study. The ability to differentiate between sounds originating from
different habitats might, together with the ability of directional hearing (Tolimieri et al. 2004;
Montgomery et al. 2006 and references within; Simpson et al. 2008) be important for reef fish
to find different habitats. As Simpson et al. (2008) mentioned, differences in sounds produced
by different, neighbouring habitats may be used in selecting a suitable habitat or community.
Although it is known that some reef fish larvae are able to distinguish between natural and
artificial sound (Leis et al. 2002) and that some reef fish respond differently towards high
frequency reef noise than towards low frequency reef noise (Simpson et al. 2008), not much is
known about the ability of fish to differentiate between different habitats. During this study, it
remained unclear whether the lack of response of post-larval French grunts towards sound
from the mangrove, seagrass and rubble habitat was caused by a lack of interest in those
habitats or by the inability to hear the sound originating from these habitats. On base of this
study, it is therefore not possible to draw any conclusion about the ability of post-larval
French grunts to distinguish between sounds originating from different habitats. Whether or
not post-larval French grunts can discriminate between sounds originating from different
habitats, it is still possible to draw conclusions about the attraction of post-larval French
grunts towards habitat-specific sound from their settlement habitat. They did not spent more
time swimming in the direction of sound from the rubble habitat than swimming towards
sound originating from other habitats. So although it is still unclear whether reef fish can
discriminate between sounds originating from different habitats, it is clear that French grunts
do not use habitat-specific sound of the rubble zone to find and select their settlement habitat
on Curaçao.
French grunts are most likely capable of using sound as an orientation cue to navigate from
the open ocean towards the reef. French grunts smaller than 2 cm fork length were clearly
able to orientate towards a reef sound source during this study. Navigation towards a reef
containing coastline can be very important for larval French grunts. Although the French
grunt is considered as a nursery species (Nagelkerken et al. 2000), it depends not obligatory
on nursery habitats and is known to settle also in other habitats (Nagelkerken et al. 2001).
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Grunts that settle in back-reef habitats, moreover, migrate back towards the reef when
reaching maturity (Cocheret de la Morinière et al. 2003). The presence of a suitable coral reef
might therefore be more important than the presence of nursery habitats for larval French
grunts. Attraction towards reef sound by other reef fish species is well recognized in the
literature (e.g. Tolimieri et al. 2000, 2004; Leis et al. 2002, 2003; Simpson et al. 2004, 2008).
The extent of the attraction towards reef sound might be influenced by factors such as the
lunar cycle and differences between day and night (Tolimieri et al. 2000, 2004). This study
gives in addition a clear indication that the use of reef sound can be size dependent. Even
more interesting is the observation that French grunts lose their interest in reef sound during
their post-settlement stage. Just after their transition form the pelagic to the demersal stage,
they do not show any response towards reef sound anymore. Larval French grunts migrate
from the open ocean towards back-reef habitats to settle, on Curaçao, in the mouth of the bay
(Huijbers et al. 2008). During this pelagic stage, the ability to use reef sound is very
functional to navigate from the open ocean towards a reef containing coastline. After a stay of
several months in the mouth of the bay, they migrate further into the bay towards the
mangrove and seagrass habitats (Cocheret de la Morinière et al. 2002; Huijbers et al. 2008).
These post-settlement migrations are in general in the opposite direction of the reef.
Attraction towards reef sound to navigate during post-settlement migration is consequently
much less functional. Differences in the use of reef sound per size class of post-larval French
grunts might in this way be related to migrations towards or away from the reef. The results of
this study could indicate that the use of sound as a cue for navigation or orientation during the
lifespan of a fish might be related to the ecological relevance of responding towards reef
sound during different ontogenetic stages. It is possible that reef fish only respond towards
reef sound when it is relevant for them to navigate in the direction of the reef.

Chemical cues
Several factors can have an influence on the preference of post-larval French grunts for bay or
reef water. During this study, both the flow tank itself and the chemical differences in water
between different bays influenced the choice of the fish for a certain water flow. Although the
presence of a combination of bay and reef water could have an influence on the behaviour of
post-larval French grunts, it remains however unclear whether this influence is mediated by a
preference for bay water or a preference for reef water. The data of the flow tank experiments
during this study were biased by several factors. Due to this bias, it remains unclear what the
precise effect of bay and reef water is on the preference of French grunts for a certain water
flow. It is therefore not possible to draw any conclusions about the attraction of post-larval
French grunts towards bay or reef water. The grunts’ preference for the right side over the left
side of the flow tank is most likely due to a tank artefact. This tank artefact was most likely
present during the whole experiment. The fact that the influence of this tank artefact was only
visible by fish tested in Piscadera water, might be caused by a simultaneous influence of the
differences between water from the Piscadera area and water from the Spanish Water area on
the behaviour of the fish. According to Montgomery et al. (2001), the use of olfactory cues is
difficult in complex, turbid and tidal current systems. Differences in water characteristics
might explain the differences in the behaviour of the grunts observed in water from the
Spanish Water area and water from the Piscadera area. Bay water from the Piscadera area had
a significant lower salinity than bay water from the Spanish water area. This lower salinity is
most likely caused by a high amount of rain. The average rainfall during this study was much
higher than the average rainfall in November during the previous years (0.5 cm on average in
November 2008 versa 0.2 cm on average over November 1999 – 2007, Weather Underground
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2009). The Piscadera Bay is due to its smaller area (13133 m2) more susceptible to the
influence of rain than the much larger Spanish Water Bay (418047 m2, Nagelkerken and van
der Velde 2004). The differences in response towards the chemical cues of bay or reef water
between different areas might thus be caused by salinity differences between bays. Geological
differences between bays, such as area, can influence the salinity of the bay water and might
therefore indirectly influence the behaviour of fish swimming inside that bay water.
Huijbers et al. (2008) concluded, during a study carried out in exactly the same conditions,
that post-larval French grunts on Curaçao are more attracted towards water from bay habitats
than towards water from reef habitats. Although it is unclear which elements in the water used
in Huijbers et al. (2008) contribute to the attraction of post-larval French grunts towards bay
water, both seagrass beds and mangrove habitats are dominated by submerged and semisubmerged vegetation that acclimates sand, bacteria and small organisms (Arvedlund and
Takemura 2006). Excreted chemicals of these habitats may be used for habitat detection and
selection. Furthermore the high density of organisms living in the seagrass fields and
mangrove forests may result in a concentrated source of amino acids what can, according to
Wright et al. (2005), indicate the availability of food. These amino acids may be therefore a
useful cue for locating a suitable habitat. The precise influence of these components of bay
water is however still unknown. Other factors such as salinity might be important too.
Differences between the results of Huijbers et al. (2008) and this study could be explained by
temporal differences in the salinity of the Piscadera Bay. The average rainfall during the study
of Huijbers et al. (2008) was much lower than the average rainfall during this study (0.1 cm
versus 0.5 cm, Weather Underground 2009). The bay water from the Piscadera area during
this study was, possible due to the differences in amount of rain, much less saline (27.7 psu)
than during Huijbers et al. (2008) study (34.0 – 34.2 psu). During this study we were not able
to prove that post-larval French grunts were more attracted towards bay water than towards
reef water. The results of this study are however not in contradiction to the results of Huijbers
et al. (2008). Differences between this study and Huijbers et al. (2008) could be explained by
salinity differences within bays over the years. Attraction by bay water might therefore be still
a possible explanation for the behaviour of the grunts in a combination of both bay and reef
water during this study. The effect of the attraction by bay water on the habitat preferences for
a grunt may depend, however, on the characteristics, such as salinity, of the water involved
and can therefore differ between bays and years.

Conspecific cueing
Post-larval French grunts can be influenced in their preference for a certain location by the
visual presence of conspecifics. After joining a group of conspecifics, French grunts tested in
water from the Spanish Water area showed the tendency to stay near that group instead of
responding towards chemical cues of bay water. The strength of the attraction towards
conspecifics can however depend on the water they are swimming in. While fish swimming in
water from the Spanish Water area were clearly attracted towards conspecifics, fish tested in
water from the Piscadera area did not respond towards them. Similar to their response towards
chemical cues of bay water, the flow tank-side choice of the post-larval French grunts tested
in Piscadera water was more inflected by their preference for the right side of the flow tank
than by the presence of conspecifics. Conspecific attraction is a good settlement strategy if the
costs associated with density-dependent forces are lower than the benefits of settling with
conspecifics (Lecchini et al. 2005a; Donahue 2006). These density-dependent forces are low
when the post-settlers are positively density dependent or the presence conspecifics is an
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indicator for habitat quality. Schooling behaviour is very important for juvenile French grunts.
French grunts in the size class of 10 to 30 mm occur in large groups of 10s to 100s individuals
during daytime (Helfman et al. 1982). This daytime schooling results possibly in a higher
predator detection and lower mortality rate (Shulman 1985b; Sweatman 1985). Because of a
lower vulnerability during schooling, a solitary French grunt may prefer to stay in a school
while swimming in less preferred water, instead of risking predation while searching for
another school that is situated in more preferred water. Attraction by visual cues of
conspecifics is shown for several other species of reef fish (Booth 1992; Lecchini et al. 2005a,
2005b, 2007a). Although visual cues are the only cue tested during this experiment, other
conspecific cues might influence the behaviour of the post-larval French grunts too. Olfactory
cues of conspecifics, for example, are known to attract several species of reef fish (Lecchini et
al. 2005a, 2005b, 2007a; Wright et al. 2005; Dixon et al. 2008). It is therefore likely that postlarval French grunts are not attracted to conspecifics by visual cues alone. Conspecific cueing,
according to Donahue (2006): “the use of conspecifics as an indicator of habitat quality”,
could be a useful habitat selection strategy for post-settlement French grunts on Curaçao.
More research is still needed to investigate what factors determine the response of fish
towards conspecific cues and what other conspecific cues besides visual cues influence the
preference for a settlement habitat of French grunts.

Habitat selection
The migration of French grunt larvae from the open ocean, past the reef and towards the
rubble habitat may not be without any risk. The rubble habitat must provide some advantages
to make that risk worthy (Adams and Ebersole 2002). Animals seeking for a new habitat may
respond to cues for several reasons: (1) the cue is produced by a factor that has a direct
positive effect on the fitness of the animal, (2) the cue is indirect related to other factors that
influence habitat quality or (3) the cue can improve the ability of the animal to detect suitable
habitats (Stamps and Krishnan 2005). Simple, open landscapes such as the rubble zone may
facilitate school formation (Burke et al. 2009) and might sometimes provide not enough
shelter for larger fish (Adams and Ebersole 2002). The presence of conspecifics on the rubble
zone could also indicate a good food supply on the long term (Sweatman 1985). If older
conspecifics are present in an area, there was enough food available for them to survive until
that moment. The possible combination of a reduced predation risk and a good food
availability might make the rubble zone a suitable habitat for post-larval French grunts.
Habitat requirements can, on the other hand, change with the size of the fish. In this way, a
suitable habitat for settlers may not be always a good habitat for juveniles (Lecchini et al.
2007a). To cope with changing habitat requirements with age, post-settlement migration may
be a solution (Cocheret de la Mortinère et al. 2002). French grunts could in this way select a
suitable habitat for each different life stage. The habitat preferences of grunts shift to the
mangrove and reef habitat sometime after settlement (Burke et al. 2009). This shift is due to
changes in shelter and food requirements and might be triggered by the development of
gonads (Cocheret de la Mortinère et al. 2003; Burke et al. 2009).
Habitat degradation and fragmentation of the settlement zone can have direct and indirect
negative effects on the settlement and recruitment of French grunts. Reduction of the
settlement habitat area can result in lower settlement rates of reef fish larvae. Some fish may
not be able to detect or respond to cues that normally stimulate settlement when habitat
patches are below a threshold size (Forrester et al. 2008). Grunts may be sensitive for changes
in their settlement habitat. Because of their behaviour and short planktonic larval duration,
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grunts are more subject to larval retention than for example groupers and snappers (Lindeman
et al. 2000). Moreover on Curaçao, the high concentration of post-settlement grunts in the
channel between the reef and the back reef habitat makes that stage vulnerable to reduction of
that habitat. Where settlement is dense, factors such as competition, predation and
disturbances are dominant contributors of the community structure (Rodríguez et al. 1993).
According to Burke et al. (2009) and Beverton (1995), biotopes that have a high concentration
of juvenile stocks that may be subject to density dependent processes during habitat
degradation have the potential to serve as a bottleneck to recruitment. Because of this
bottleneck effect, species that concentrate during their early life history may be subject to
density-dependent forces at lower adult population sizes than species that are not
concentrating during their early-life histories. Degradation of these settlement or nursery
habitats can thus indirectly influence adult populations. Incorporation of these habitats in
MPAs is therefore important according to Burke et al. (2009). Habitat fragmentation due to
coastal construction is an issue in the Spanish Water Bay (Verweij and Nagelkerken 2007).
For that reason, the rubble zone may serve as a possible bottleneck for the recruitment of
French grunts on Curaçao.
Important aspects of the population structure may be determined between settlement and the
first appearance as a full fledged juvenile (Kaufman et al. 1992). The behaviour of marine
larvae during and after settlement can have influence on the distribution and abundance of
juveniles (Lecchini et al. 2007a), and post settlement predation is an important factor in
structuring coral reef fish assemblages at small spatial scales (Beets 1997). Settlement and the
processes directly after settlement can thus have effect on the intensity of ecological
interactions on the reef. Although it is known that it is important to incorporate dispersal
dynamics of marine species in the management MPAs (Laurel and Bradbury 2006), there is a
lack of knowledge about settlement in the management MPAs (Watson and Munro 2004).
According to Rodíquez et al. (1993), only when settlement is well understood it is possible to
incorporate settlement in population models. This study gives some inside in the habitat
preferences directly after settlement of a common reef fish in the Caribbean. Knowledge
obtained from this study, and similar studies, may be used to improve dispersal models of reef
fish and can help to improve the effectiveness of MPAs.

Conclusion
Post-larval French grunts possibly use a combination of habitat-specific sound, chemical cues
and conspecific cueing to find and select their post-settlement habitat on Curaçao. They are
clearly attracted to reef sound as long as they are smaller than 2 cm fork length but show no
response towards habitat specific sound of other habitats. They are not attracted to sound from
the rubble zone, as their settlement habitat on Curaçao. They prefer to stay near groups of
conspecifics instead of responding towards chemical cues of bay water. The response toward
both the chemical differences between water bodies and the visual presence of conspecifics
can however vary between bays. The habitat choice of post-larval French grunts could
therefore be influenced by more factors than the above mentioned cues alone. Reef fish may
use several cues at different spatial and temporal scales to navigate towards their settlement
habitat. On Curaçao, French grunts may use habitat-specific sound of coral reefs to navigate
from the open ocean towards a suitable reef habitat. To find their way from the coral reef
towards the back-reef habitat, they might use chemical cues inside the flow of water coming
out of the bay. When they finally reach the rubble zone at the mouth of the bay, the visual
presence of conspecifics could ensure that they stay at the rubble habitat instead of migrating
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further into the bay. Although this study focused on the post-settlement stage of a reef fish
during an experimental situation, it can give some important inside in the processes
determining habitat selection directly after, and possibly as well during, settlement of a
common reef fish in the Caribbean.
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