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Abstract

Knowledge on key processes that determine specrapasition and distribution is important
for the successful protection of coral reefs. Hatlselection during settlement is one of the
processes determining species distribution oveconal reef and back-reef habitats. Reef fish
larvae can use several cues to find and selectgégiement habitat. This study focuses on
habitat-specific sound, olfaction and the visualgence of conspecifics as possible cues for
habitat selection by post-larval French grunts.Gdnagao, the French grunt shows a stepwise
post-settlement lifecycle migration pattern. Itleston a rubble habitat near the mouth of a
bay before migrating towards its seagrass/mangnavgeries further into the bay, after which
it returns to the reef. This study investigatesth®/use of choice tests and flow tank
experiments, (1) whether post-larval French greatsdistinguish between sounds
originating from different habitats and whethentlage attracted towards sound originating
from their settlement habitat, (2) whether the @refice of post-larval French grunts towards
bay water changes in the visual presence of coifgsed his study shows that grunts are
attracted to habitat-specific sound, conspecifiescand possibly also chemical cues of water
types. They are attracted towards coral reef scamthng as they are smaller than 2 cm fork
length, and do not show any reaction towards sauigthating from other habitats. They
additionally prefer to stay near groups of condjeinstead of responding towards chemical
cues of bay water. They likely use these cuesftarent spatial and temporal scales. This
study gives some insight in the complex procedsatspiay a role during the selection of a
post-settlement habitat of a coral reef fish.



Introduction

Successful protection of vulnerable ecosystems aacoral reefs depends partly on the
knowledge of the key processes determining specieposition and distribution within

those ecosystems. Processes such as predatiogrsthspand settlement can have a great
impact on this species distribution and compositiad may thus influence the successful
conservation of coral reefs.

Caribbean coral reefs are very vulnerable ecosysterd showed, like most coral reefs
worldwide, a steep degradation over the last fesades (Hughes 1994; Bellwood et al.
2004). Overfishing and other disturbances, sugbodistion, diseases and climate change, can
result in ecological extinction, phase shifts aedese degradation of coral reefs (Hughes
1994; Jackson et al. 2001; Bellwood et al. 2004rive protected areas (MPAS) are a
successful tool in managing vulnerable marine extesys. They result in an increase in fish
size, fish abundance and diversity in the proteated (Allison et al. 1998; Laurel and
Bradbury 2006). MPAs are, however, not always ss&fcé (Fernandez and Castilla 2000;
Rogers and Beets 2001). The effectiveness of MRAsds on one hand on the type and
variety of the habitats included in the reserve amdhe other hand on the dispersal dynamics
of the species to protect (Allison et al. 1998;rfé@dez and Castilla 2000; Laurel and
Bradbury 2006). Knowledge of processes which datermispersal dynamics, such as
settlement, is therefore important to guarantemenease in productivity inside MPAs
(Watson and Munro 2004).

The life history of many coral reef fishes constshree stages, the larval, juvenile and adult
stage (Adams and Ebersole 2002). After hatchirmpral reef fish life starts in general with a
pelagic larval stage. At the end of the larval ghaise larva settles on a substratum and
undergoes a metamorphosis (Balon 1999). After ttlamorphosis, the demersal juvenile
stage begins. When the juveniles become sexualiyrmthey enter the last phase of their

life, the demersal adult phase.

Dispersion by oceanic processes may be importadetiermining the distribution of fish
larvae (Montgomery et al. 2001). At the start & gelagic period, most coral reef fish larvae
are morphologically and behaviourally poorly deysd. Although their dispersal is mostly
passive in that period, they may induce some inffeeon their heading by regulation of their
vertical distribution. By vertical migration theyeaable to select certain currents which
enable them to have some influence on their passifte (Montgomery et al. 2001,
Kingsford et al. 2002; Leis 2006). These processmse can, however, not explain settlement
patterns observed by some reef fish larvae (Mon&ggret al. 2001; Pollux et al. 2007).
Besides this behaviourally modified passive transgome reef fish larvae may have the
capacity of active swimming (Leis et al. 1996; Laigl Carson-Ewart 1998; Montgomery et
al. 2001). Larvae of some families are morpholdgcal behavioural developed to a great
extent near the end of there pelagic period. Theysektonic behaviour, they are good
swimmers and show non-random swimming patterns avitlear orientation (Montgomery et
al. 2001; Pollux et al. 2007).

After the pelagic phase, reef fish larvae can retartheir natal reefs, settle on other reefs or
spend their juvenile stage in a back-reef habibatf¢ur and Galzin 1993; Adams and
Ebersole 2002; Cocheret de la Moriniére et al. 2@¥tlach et al. 2007). Living inside
seagrass fields and under the cover of mangroes,toeral reef fish juveniles can find food
and shelter inside these back-reef habitats (ShullB85a; Laegdsgaard and Johnson 2001).
On the reef, these juveniles would on the conteagounter a high abundance of predators



(Shulman 1985a). Food shortage might also be dessibthe reef (Jones 1987), but is
discussed in Grol et al. (2008) who found a highed abundance and higher growth rates on
Caribbean coral reefs compared to seagrass androvangurseries. Grol et al. (2008)
assumes that juvenile reef fish select habitatedas a trade-off between food abundance
and predation pressure. When reaching maturitysenyrspecies, according to Nagelkerken et
al. (2002): “reef fishes of which the juveniles Wlse bay as a nursery”, may return to the reef
after spending their juvenile stage in the bacK-haditats (Burke et al. 2009). According to
Cocheret de la Moriniere et al. (2003), these myrt®reef migrations may be influenced by
changes in diet or by the development of gonadseNdormation about the use of these
back-reef habitats as a nursery can be found iewesvsuch as Beck et al. (2001) and Adams
et al. (2006).

It is known that reef fish can detect reefs fromglaistances (Leis et al. 1996). To orientate
and navigate towards the reefs and other settlesitestpre-settlement reef fish larvae may
use several cues. Magnetism, vision, olfactionndand rheotaxis are some examples of
plausible cues used by fish for orientation andgetion (Leis et al. 1996; Kalmijn 2000,
Lohmann and Johnsen 2000; Tolimieri et al. 200dgkford et al. 2002; Lecchini et al.
2007a; Huijbers et al. 2008). Due to the naturthege cues, it is likely that they can be used
at different spatial scales. Reviews such as Manggyg et al. (2001) and Kingsford et al.
(2002) give more information about the use of thases and the suggested hierarchy
between these cues.

Finding a way back from the open ocean to theardfdistinguishing between settlement
sites on the large scale, e.g. between reefs @rrigé habitats, is only one part of the
challenges larvae have to conquer. After arrivéhatpreferred habitat, larvae also have to
make a choice on which specific substrata they wasettle (Danilowicz 1997). Settlement

is a complex process determined by the interaci@everal biotic and abiotic factors on
different temporal and spatial scales (Rodriguesd.t993). Although this process has been
widely studied in both fish and invertebrate lar¢ag. Jensen 1989; Booth 1992; Rodrigues
et al. 1993; Lecchini et al. 2005a, 2007a; Arvedland Takemura 2006), it is still poorly
understood how larvae find and settle on reefsg@nxet al. 2008). Some reef fish larvae are,
according to Leis (2006) and Leis and Carson-E@£&98), highly selective in where and
when to settle. Active selection of settlementsse¢euld be advantageous for settling reef fish.
Lecchini et al. (2007b), for example, found outttfecently settle€Chromis viridisjuveniles
suffered a lower mortality rate in their preferssttlement habitat than in other less preferred
habitats. To actively select settlement sites, lastiae should be able to detect and navigate
towards, and differentiate between settlement.sites

It is known for some reef fish larvae, like fbhalassoma hardwicki@ecchini et al. 2007a),
that they use multiple sensory modalities to déferate among different microhabitats for
settlement. There is however no full understandiidne cues used by reef fish larvae to
select patches within a reef. Only a relatively kmamber of studies have focused on this
problem (Lecchini et al. 2005a).

This study will focus on habitat-specific soundg thsual presence of conspecifics and
olfaction as possible cues used by post-larval ghrgmunts Haemulon flavolineatujrduring
habitat selection.

Sound is independent of currents and can be usadas at multiple spatial scales. It is
highly directional and can be perceived over latgéances (Wright et al. 2005 and



Montgomery et al. 2006). It is proved that bothf fesh and reef fish larvae can hear and
orientate towards a sound source (Tolimieri e2@Q0; Leis et al. 2002; Egner and Mann
2005; Simpson et al. 2005; Wright et al. 2005).HBdtoice experiments (Tolimieri et al.
2004; Leis and Lockett 2005; Simpson et al. 2008) layht trap experiments (Tolimieri et al.
2000; Leis et al. 2003; Simpson et al. 2004) shgrederence of some reef fish and reef fish
larvae for reef sound. Otoliths in the inner eatheffish, together with a gas filled cavity in
the inner ear or the swim bladder are responstl¢éhe sound detection in bony fish
(Montgomery et al. 2006 and references within). dtadiths are used for motion detection
and the gas filled cavity or the swim bladder asedufor pressure detection. Both the motion
and pressure detection are needed to provideghevith directional information
(Montgomery et al. 2006 and references withinthia way, a fish can determine the
direction and the intensity of the sound.

Although it is known that some reef fish larvae usef sounds to locate coral reefs and that
these larvae differentiate between natural anfl@atisound (Leis et al. 2002), it is not
known whether these fish can differentiate betweersound of different habitats. Reef
sound consists of a biological, e.g. snapping ahgys (Simpson et al. 2004; Lammers et al.
2008), and a physical component, like the breakingaves. The sound of the reef is
therefore depended on both the geological proestiel the community living on the reef. In
this way, reefs located on different sites as agladjacent reefs with dissimilar communities
will sound different (Simpson et al. 2008).

The group composition of recently settled reef fsshiery variable. Caribbean post-settlement
reef fish can be found solitary, in heterospedficups and conspecific groups (Kaufman et
al. 1992). For fish living in conspecific groupetpresence of individuals of the same
species may be a useful cue for finding a suitbbl@tat (Sweatman 1988; Booth 1992;
Lecchini et al. 2005a, 2005b; Wright et al. 2005 d90n et al. 2008). Some species show a
higher settlement rate in presence of conspeaficisjuveniles clearly respond to chemical,
acoustical and visual cues of conspecifics (Sweath®85; Booth 1992; Lecchini et al.
2005a, 2005b, 2007a, 2007b). The influence ofdbrspecific attraction during settlement is
not only visible in reef fish larvae but also pres@ some invertebrate larvae such as larvae
from porcelain crabs, tubeworms and blue crabssglet989, 1991; Minchinton 1997;
Donahue 2006; Tanner 2007).

The French grunt (max. size: 30 cm TL; Fig. 1) reef-associated fish (family: Haemulidae)
occurring throughout the West Indies and the caafs®entral and South America, including
the Caribbean (Carpenter 2002). In the Caribbéd@nftench grunt can reach high to very
high abundances, especially in the areas and dseiagpons in which they recruit (Munro
1983; Shulman 1985a, 1985b; Aguilar-Perera and Wopen 2008). It occurs in association
with structured habitat types from the shore tad@epth, it has a very short planktonic life
stage of approximately 14 days and breeds an@setitoughout the year (McFarland et al.
1985; Shulman and Ogden 1987; Carpenter 2002). $&t&ment occurs during May-June
and October-November (McFarland et al. 1985).

The French grunt may use mangrove and seagrassiesrshowing possibly a stepwise
post-settlement lifecycle migration pattern (Coetele la Moriniére et al. 2002). On
Curacao, French grunts settle on a rubble zonédda@ear the mouth of the bay, inside a
channel connecting the reef to the back-reef hiafitaijbers et al. 2008). According to
Adams and Ebersole (2002), rubble consists maintiead coral fragments that are not
attached to the substrate and form together a &weficalcareous structure. The post-larval



French grunts stay for some months in the rubbletétabefore proceeding towards the
mangrove and seagrass habitats further inwardsayp€Cocheret de la Moriniere et al. 2002,
Huijbers et al. 2008). Settlement or presence st-fayval juveniles on sediments such as
rubble, sandflats, seagrass and small patch eefoiwn at several places for Haemulids and
some other species in the Caribbean (Shulman 188&&er and Dennis 1991; Adams and
Ebersole 2002; Burke et al. 2009).

Fig. 1. Drawing of he French gruniHaemulon flavolineatu)
Source: Carpenter KE (2002)

The rubble zone, as settlement area of FrenchgamCuracao, differs both in a physical
and biological way from the surrounding reef arnel back reef habitats (Adams and Ebersole
2002; Lecchini et al. 2007c; Burke et al. 2008)tHeory, the sound broadcasted by this
settlement habitat of French grunts on Curacaoldhm®) due to these differences, dissimilar
from the sound broadcasted by its surrounding aehiSound can be used at different spatial
scales (Kingsford et al. 2002). Settling larvaeesf fish may, thereby, use reef sound to
locate and navigate towards the coast (Tolimieale2004), and may use the more habitat-
specific sound to orientate towards their setthagitat after passing the reef (Simpson et al.
2008).

Juvenile French grunts clearly show schooling b&huaand live in conspecific clusters
inside a group of visually and behaviourally simgpecies (Shulman 1985a, 1985b;
Kaufman et al. 1992). Because French grunts ligetteer in conspecific schools and they
show aggregative settlement patterns (Shulman 3985 very likely that they might be
attracted by the presence of conspecifics.

On Curagao, Huijbers et al. (2008) showed that-peitement French grunts caught on the
rubble zone were strongly attracted towards bagwdie use of chemical cues for habitat
selection is widely recognized in literature. lkisown that some fish larvae are capable of
chemical discrimination between different typesvater (Atema et al. 2002; Arvedlund and
Takemura 2006; Gerlach et al. 2007; James et @B)20 hey use these chemical cues for
homing (Gerlach et al. 2007; Dixson et al. 200@8)Jihg rivers (James et al. 2008) or
selecting a settlement habitat (Sweatman 1988; Wagal. 2005; Arvedlund and Takemura
2006). If the pre-settling French grunts on Curags® conspecific cueing as a tool to find
their settlement habitat, conspecific cues sudhasisual presence of conspecifics might
have a stronger influence on habitat selection themical cues from the bay.



The purpose of this study is to determine whetladitht-specific sound, the visual presence
of conspecifics and olfaction are possible cuehébitat selection of post-larval French
grunts during settlement. The main questions ajeCan post-larval French grunts
distinguish between sounds originating from diffeéreabitats; (2) Are post-larval French
grunts more attracted towards sound originatinghftbeir settlement habitat than towards
sound originating from other habitats and (3) Dibespreference of post-larval French grunts
towards bay water change in the visual presencemdpecifics? To answer these questions,
the following hypotheses are tested: (a) Post-ldf@nch grunts are able to differentiate
between sounds originating from different habitatsey are not attracted to all habitat-
specific sounds in the same way, but show a prederéor some habitats over the others. (b)
To locate the rubble zone as settlement habitat;lpoval French grunts will spend more
time swimming in the direction of sound originatiingm the rubble zone than towards sound
originating from the coral reef, mangrove of seagraabitat. (c) For post-larval French
grunts, the visual presence of conspecifics isanger cue than chemical cues from bay
habitats. Therefore, post-larval French grunts stibw an equal preference towards bay
water and reef water when conspecifics are visibleoth types of water.

This study may give some important insight in tbenplex processes during selection of a
post-settlement habitat by a coral reef fish.



Materials and methods

Experiments were carried out between July and Dbee2008 in the nearshore waters and
outside laboratory of CARMABI (Caribbean Researotl BMlanagement of Biodiversity
Foundation) on Curacao (Netherlands Antilles). Rarstal French grunts (1-3 cm fork
length) were caught in a non-harmful way with fylets from the rubble habitats located at
the mouth of the Piscadera Bay and the Spanishi\Bate(Fig. 2). Fish were transported in
buckets with fresh seawater to the lab directlgradapture. In the lab, fish were kept
overnight in small groups inside aquaria with flogiseawater and some stones from the
collection site. No bubblers were used to preveditary damage (Tolimieri et al. 2004).

R

Fig. 2. Map of the Spanish Water Bay and PiscaBayashowing the location of tt
study area¥), the catch locations § and the water collection locations of the bay (B) a
reef (R) water.



Sound experiments

Habitat-specific sound was recorded in both thedeiera and the Spanish Water areas in
August 2006 and March 2007 at several moments glalhie day (07:00 — 21:00h). Sound was
recorded with an omnidirectional hydrophone (HiTetH-96-MIN with inbuilt preamplifier,
High Tech Inc., Gulfport MS) and an Edirol R-1 24-Ecorder. A total amount of 18

minutes of sound was used per habitat (mangroegyrass, rubble and reef). These
recordings consist of six different recordings vatduration of three minutes each that were
played continuously in the same order to creatawsh variability in the sound as possible.
All recordings were checked for non-natural sound aether disturbances prior to the
experiments.

The response of post-larval French grunts towaathétdt-specific sound was investigated in
choice chambers placed on the sand flat in froi@ARMABI. Two cylindrical choice
chambers (2.50 m * 0.45 m; Fig. 3) constructed ioé \Wmesh size: 5 mm) were placed at 2 to
3 meter depth. The cages were divided in 3 sectiefts middle and right) of 83 cm each.
Distinction between the sections was only visilolethe observer and fish could swim freely
between these sections. To avoid any influencheobaire sandy bottom, the choice chambers
were placed on two iron supports at 50 cm abovedhdoor. A distance of 5 meter was kept
between the two cages to prevent any influence aah other. Although there was a
reasonable distance of + 50 m between the cordlrep-off and the sand flat, the cages
were placed parallel to the reef to ensure an goptehtial influence of the reef on both ends
of the cage. Two underwater loudspeakers (Lubddkl &lectrovoice UW-30 underwater
speakers) connected to a portable Sony CD-playkramplifier were placed at both ends of
the cages at 5 meter distance.

Hioh Middle Low

0 —— N

v

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

French grunts were tested individually inside theice chamber. Fish were collected
individually from the aquaria and temporally stonedmall containers near the experimental
site just before the start of each experiment. myuthe experiments, the fish’s time spent in
each section was recorded. Each experiment la8tedriutes in total. Fish were kept inside a
small holding chamber (diameter of 30 cm) insidetdst chamber for acclimation during the
first 3 minutes. After the acclimation period, figh were released in the middle section of
the choice chamber and observed for 15 minuteb.th&é were inactive, influenced by
disturbances or escaped during the experiment @@laded from the analysis. Test fish
were released directly after the experiment.



Sound was played continuously during the experisiant acclimation time at one side of
the cage. The speaker at the other side of thewageswitched off and served as a dummy.
Type of sound played (reef, mangrove, seagrassbire) and side of the active speaker were
selected at random. Some control experiments wared out with a silent speaker at each
side of the cage to examine any possible sidetsftéfdhe cage or its surroundings on the
fish.

Flow tank experiments

A rectangular flow tank was built following the dgs of Atema et al. (2002) to investigate
the influence of the presence of visible conspegifin the attraction to water from the bay
versus reef habitat by post-larval French grunte flow tank consisted of an 11 * 5 cm
experimental compartment in which the fish couldnsvireely (Fig. 4). A 6 cm transparent
barrier was placed in the inflow compartment toasafe the two water flows. At both outer
sides of the inflow compartment a small compartnodr@ * 3 cm was constructed to
accommodate three conspecifics each. The conggewiére clearly visible from the
experimental compartment and no leakage of waben the conspecific compartment
towards the experimental compartment was posdildeun-current of the experimental
compartment, a screen was placed to avoid thdigbdbeing washed out. Water depth was
constantly kept at 2.5 cm by regulation of the Wwidt a tapered outflow end. With exception
of the conspecific compartments, the flow tank yeecisely similar to the flow tank used in
Huijbers et al. (2008). The flow tank was placeside a darkened aquarium to avoid any
influence of the surroundings on the experimenssitde influence of the Earth’s magnetic
field was avoided by placing the tank in an easstweientation. The flow tank was
connected to three 25-liter buckets by rubber hobBesegulate the type of water running
through both sides of the flow tank, several swagtvere connected to the hoses. Flow speed
at the tank inlets was 3 cm/s. The flow speed weasured using a marked cylinder and a
stopwatch several times per day and adapted ifatkéldvo of the buckets were filled with
water from the bay or reef habitat and the watehefthird bucket consisted of “neutral’
water that was collected from the same site aseviier grunts were collected in the
Piscadera area. Due to the intermediate locatidrdestance of this collection site from the
studied habitats, it is assumed that the chemigzd rom these habitats could not be so
strong in this water as in the water from the tabithemselves. This water is, therefore,
assumed to be relatively neutral towards the téjbers et al. 2008). Reef water and bay
water were collected from the surface from bothRiseadera and Spanish Water areas (Fig
2). To ensure a representative sample for botimdnggrove and seagrass habitat inside the
bay, the bay water was collected at places whette nangrove trees and seagrass fields were
present. Water was collected in jerricans and parted to the lab as soon as possible. The
water was not stored longer than one night in baeled lab. Salinity and temperature of the
test water were measured with an YSI 30 TDS sgimieter prior to each experiment.

Each flow tank experiment consisted of three perimid3 minutes: an acclimation period, an
experimental period with a first combination of ayd reef water and as last a period with a
second, switched, combination of bay and reef w&iaring the acclimation period neutral
water was offered to each fish. After this peritha, first combination of bay and reef water
was offered to the fish. The side (left or right\dich each type of water was offered was
determined randomly. Directly after switching frovautral water to the first combination,
three conspecifics (1-3 cm fork length) were plaicetthe two conspecific areas. The
conspecifics were randomly chosen from a stockofia 20 — 30 conspecifics. The water
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type inside the conspecific compartments was neamhwas as deep as the water in the
experimental compartment. To test for side effatis side at which each type of water was
offered was switched after three minutes. During siecond combination, no changes were
made to the conspecifics offered inside the conBp@ompartments. The time spent in each
type of water was observed during the whole expenimTo avoid any overlap between the
left and the right side, the time spent by the &skess than 3 mm distance from the middle
line was not counted as a choice but treated addieii. Fish that were inactive during the
whole acclimation period were excluded from theezxpent.The first 30 seconds of each
combination were excluded prior to analysis to dany overlap between the two types of
water. A control treatment was carried out to exenwhether the fish had a preference for a
specific side of the flow tank. During the conti@atment, each fish was offered from both
sides the same type of water in the order of neb&greef water or neutral-reef-bay water.

A

Flow directior

Conspecific

Experimental compartme

Conspecific

< »
a »

11 cm

Fig. 4 Picture of therectangular flow tank used durince flow tank experiments. Tt
different compartments within the flow tank arewhoFish visible in the picture are post-
larval French grunts. During the experiments, & ftd reef and bay water entered the flow
tank through the hoses at the right side of theupéc

Data analyses

Factors that might influence the results were exgulrior to the analyses. A repeated
measures ANOVA was used to analyze the resultiseofontrol sound-experiments. To
explore the possible effect of the size of the @islthe results of the sound experiments, the
time spent per size class was analyzed per haptatific sound with a Mann-Witney U test.
Of the factors that might influence the flow tandperiment results, differences in time spent
at the left or right side of the flow tank were lsad per fish with a Wilcoxon Signed Ranks
test. This was done for the fish tested duringcth@rol tests and the fish tested during the
flow tank experiments. The possible influence @f ¢higin of the fish and by the size of the
fish on the time spent in bay or reef water dutimg flow tank experiments by was ass well
investigated per fish with a Wilcoxon Signed Ratdst. A Mann-Witney U test was used to
highlight any possible effects of the sequencehitivthe different combinations of water
were provided on the choice of the fish for the bathe reef water flow. Differences in
salinity and temperature between the different $ygiewater used during this experiment
were tested with an independent t-test.
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A repeated measures ANOVA was used to analysengimtat-specific sound, differences in
time spent closer or further away from the soungte® A Bonferroni post hoc test was used
for multiple comparisons when necessary. Differgnngime spent in the bay or reef water
flow during the flow tank experiments were analyped fish with a Wilcoxon Signed Ranks
test. The middle section of the flow tank was adenh into account during these analyses.
Differences in the number of transitions betweewfkides before and after the switch of the
flow-sides during the control situation and thenfitank experiments were also analysed per
fish with a Wilcoxon Signed Ranks test. A Binomitedt was used to investigate any
differences in the number of fish that stayed & side of the flow tank or that moved
between sides, during the control tests and flow &xperiments.

12



Results

Sound

The post-larval French grunts showed no preferéca specific section of the cylindrical
choice chamber during the control tests (Fig.5ea¢pd measures ANOVA, F: 0.021, P =
0.979). The time spent in the section closestéostiund source did, for fish tested with sound
from the reef or rubble habitat, depend on the gfzée fish (Table 1). Fish of 1-2 cm fork
length spent more time in the section with a higleef sound volume than fish of 2-3 cm fork
length (Mann-Whitney U Test, Z: -2.024, P < 0.08)ith rubble sound, the situation was the
other way around: the larger grunts spent sigmificaore time at the high rubble sound side
than the smaller grunts (Mann-Whitney U Test, Z599, P < 0.05). No difference in the time
spent per section of the cage was observed betthedmwo size classes for fish tested with
mangrove or seagrass sound. Due to these obsewyati® data of the seagrass sound and
mangrove sound were pooled for both size class#sh@ndata of the reef and rubble sound
experiments were analysed per size class.

Fig. 5 Mean(+SE percentage of tim
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 agsass habitat was played, the fish
showed no significant preference for either theise®f the cage with the higher sound
volume or the section of the cage with the lowemsbvolume (Fig. 6). The fish showed both
in the presence of seagrass sound (repeated me@gu@VA, F = 0.535, P = 0.588) and
mangrove sound (repeated measures ANOVA, F = 2660.089) an equal distribution
over all three sections of the cage. The samet&tuaccurred when habitat-specific sound
from the rubble habitat was played (Fig. 7). Neitiiee 1-2 cm fork length fish (repeated
measures ANOVA, F =0.997, P = 0.383) nor the 2r3ark length fish (repeated measures
ANOVA, F =0.295, P = 0.746) showed a significargfprence for one section of the cage.
For the response of the grunts towards sound reddrdthe reef habitat, the situation was
different. Although the 2-3 cm fork length fish didt respond to reef sound (repeated
measures ANOVA, F =0.601, P = 0.552), the sméBér(1-2 cm fork length) responded
clearly to the reef sound (Fig. 7). They spentificantly more time in the section nearest to
the sound source than in the two sections furtherydrom the sound source (repeated
measures ANOVA, F =6.579, P <0.01).
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Table 1. Mean (£SE) time spent in each sectiomefchoice chamber of two different size classes of
post-larval French grunts during different typeshatbitat-specific sound played. To highlight the

differences in time spent at each section of th@oehchamber between the two size classes, the mean

time spent per size class was shown for each secfithe cage per habitat-specific sound separately
A Mann-Witney U test was used to highlight thedéedénces. The cage was divided in three sections:
the section closest to the sound source (high swealutne), the section most far away from the sound
source (low sound volume) and a section betweeseth@o sections (middle).

Mean (xSE) percentage of time spent Mann-Whitney U
Habitat Section Fork Length 1-2 cm Fork Length 2-m Z P
MG High Sound 22.5 (5.5) 26.9 (5.6) -0.508 0.611
Middle 46.7 (6.6) 36.6 (5.8) -0.712  0.477
Low Sound 30.8 (6.8) 36.4 (7.2) -0.913 0.361
RB High Sound 23.8 (6.6) 36.6 (6.6) -2.590 0.010*
Middle 37.5 (6.6) 28.9 (5.1) -0.540 0.589
Low Sound 38.7 (7.4) 34.6 (6.4) -0.368  0.713
RF High Sound 54.0 (6.3) 35.3(6.9) -2.024  0.043*
Middle 24.4 (4.6) 36.3 (6.9) -0.993 0.321
Low Sound 21.6 (6.1) 25.1 (6.0) -1.453  0.146
SG High Sound 38.0 (7.7) 35.3(7.4) -0.351  0.725
Middle 26.5 (6.5) 29.7 (6.5) -0.735  0.462
Low Sound 35.5(8.2) 34.9 (7.3) -0.095 0.924

MG = mangrove sound, RB = rubble sound, RF = reefid 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 f-larval French grunts in each son of
the choice chamber during the choice test for mamgisound (MG) and seagrass sound
(SG). The cage was divided in three sections: #wtian closest the sound source (high
sound volume), the section most far away from thend source (low sound volume) and a
section between those two sections (middle). P, the difference in time spent in each
section was analysed with a repeated measures ANQIdAsignificant differences were
found in time spent between the sections for bygtleg of habitat-specific sound.
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b Fig. 7 Mean (xSE percentage of tim

b ) .
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.

High sound Middle Low sound High sound Middle Low sound

Chemical and conspecific cues

Several factors influenced the side-choice of & +arval French grunts during the flow-
tank experiments. To look at the effect of thedestin which we are interested during this
study, i.e. the possible preference for bay watdrthe visual presence of conspecifics, the
data will be spit up in categories that will minmaithe effect of the other factors involved.
The influence of some factors will be exploredtfivsefore the presentation of the final results.

Differences between bays and flow-tank sides

Differences in salinity and temperature were measbetween the different types of water
used during the flow tank experiments (Table 2)t&af the reef was, from both the
Piscadera and Spanish Water area, more salind#yawater. Piscadera reef water had, in
addition, a higher temperature than Piscadera laagrnvHowever, no differences temperature
were observed between the different water types fitee Spanish Water area. Bay water
from the Piscadera area showed a significant Ieabnity and lower temperature than bay
water from the Spanish Water area.
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Table 2. Mean (SD) values of temperature and $glifithe different types of water used
during the flow tank experiments. Salinity and tengture of bay and reef water were
compared per location (Piscadera area or Spaniser\Aieea). Furthermore, the salinity and
temperature of the bay water from the Piscadermaege compared with the salinity and
temperature of the bay water from the Spanish Waea. Differences were tested with an
independent t-test.

Mean (£SD) Independent t-test
Pisc Reef Pisc Bay t P
Temperature (°C) 28.5 (0.8) 28.1 (1.0) -2.288 0.924
Salinity (psu) 29.0 (0.2) 27.7 (0.7) -12.827 0.600
SpW Reef SpW Bay t P
Temperature (°C) 29.1 (1.2) 29.1 (1.2) 0.257 0.798
Salinity (psu) 28.9 (0.3) 28.6 (0.3) -7.319 0.000 *
Pisc Bay SpW Bay t P
Temperature (°C) 28.1 (1.0) 29.1 (1.2) -4.806 0.900
Salinity (psu) 27.7 (0.7) 28.6 (0.3) -7.842 0.000 *

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

French grunts tested in water from the Piscadeza laehaved differently during the flow tank
experiments than grunts tested in water from thenSp Water area. These differences are
shown in figure 8 where a preference for a spesitie in the tank is explored. Post-larval
French grunts preferred in some cases one spsafcof the flow tank. The extent of this
preference depended on the location where the wasgt during the experiment came from.
Grunts tested in Piscadera water significantlygnred the right side of the flow tank over the
left side of the tank (Wilcoxon Signed Ranks Té&tcombination: Z: -2.949, P < 0.0012
combination: Z: -3.188, P < 0.001). Grunts testedater from the Spanish Water area, on
the other hand, did not show a preference for eglie of the tank (Wilcoxon Signed Ranks
Test, £ combination: Z: -0.914, P = 0.316“2ombination: Z: -1.541, P = 0.123).

Although no preference for a specific side of tleevftank was observed for fish tested in
water from the Spanish Water area during the flamk texperiments, a preference for the
right side of the tank was observed during corgxpleriments performed with water from the
Spanish Water area (Fig. 9). When the water wasaifin the sequence bay first and reef
second, the fish showed a preference for the siglat of the tank (Wilcoxon Signed Ranks
Test, Bay: Z: -2.828, P < 0.01; Reef: Z: -2.99% ®.01). Conversely, no preference for a
specific side of the tank was shown when reef wates offered before bay water (Wilcoxon
Signed Ranks Test, Reef: Z: -0.105, P = 0.92; Bay0.776, P = 0.44). No control
experiments where carried out with Piscadera wateuynfortunately, no comparison can be
made on the flow-tank side preference of gruntsndua control situation between grunts
tested in water from the Piscadera area and gtesitsd in water from the Spanish Water
area.
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Fig. 8. Percentage of time spent
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®(1
combination: a,c; ¥ 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).

Fig. 9. Fercentage of time spent
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 {1
combination: a,c; 2 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 sequenetich the different combinations of
bay and reef water were presented to the Frenattgmfluenced their preference for a
specific water flow. Of the total percentage ofdispent in bay water, the grunts spent
significantly more time in bay water when the wat@s offered before the switch of the
flow-sides than when the water was offered aftersthitch (Fig. 10c; Mann-Whitney U Test,
Z: -2.698, P < 0.01). For the time spent in reetarnahe sequence in which the combinations
of water were offered had no effect on the grupteference for a specific water flow (Fig.
10d; Mann-Whitney U Test, Z: -0.843, P = 0.399)wiater from the Piscadera area, the time
the grunts spent in bay or reef water was equadlyiduted between the two sequential
combinations (Fig 10a and b, Mann-Whitney U Testy:EZ: -0.992, P = 0.321; Reef: Z: -
1.054, P = 0.292).

No effect of the origin of the fish and the fisheswas found on the choice of the fish for a
specific water flow during the flow tank experimeifT able 3). Fish of 1-2 cm fork length
responded in the same way as fish of 2-3 cm forgtle Also the behaviour of fish
originating from the Piscadera Bay was not differ@nfrom fish originating from the Spanish
Water Bay. For that reason, data of fish from défe origins and different size classes were
combined prior tot analysis.

(@) (b)

Fig. 10. Percentage of tie spenby
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
() (d) 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 (3ab)d the size of the fish (3.2) on the
post-larval French grunts’ time spent in bay anef reater during the flow tank
experiments. The mean (+SE) time spent in bay eefiwater is shown separately
per location of the water provided (Piscadera are8panish Water area) and per
time interval (£ combination or % combination). A Wilcoxon Signed Ranks test
was used to analyse per fish the differences ie tpent between the two water
flows. Size of the French grunts was measured ik fength (fl). The table
represents the time the fish spent in the bayefrwater flow; the time spent in the
middle of the flow tank is not shown.

3.1 Origin of fish

Mean (SE) time (%) Wilcoxon Signed
Ranks Test
Pisc water n Bay Reef Z P
1% combination
Pisc Fish 25 31.5(7.6) 26.1(7.6) -0.300 0.766
SpW Fish 25 28.2 (7.4) 45.8 (8.0) -0.914 0.361
2" combination
Pisc Fish 25 22.7 (7.4) 22.1(7.5) -0.131 0.896
SpW Fish 25 31.5(7.4) 26.3 (7.0) -0.335 0.738
SpW water n Bay Reef Z P
1% combination
Pisc Fish 24 42.2 (8.5) 25.4 (7.3) -1.030 0.303
SpW Fish 40 46.4 (6.5) 31.9 (6.3) -0.976 0.329
2" combination
Pisc Fish 24 23.4(7.3) 39.8 (9.1) -1.068 0.286
SpW Fish 40 28.5 (6.2) 40.1 (6.5) -1.000 0.317
3.2 Fish size
Mean (SE) time (%) Wilcoxon Signed
Ranks Test
Pisc water n Bay Reef y P
1% combination
1-2 cm fl 37 30.0 (6.3) 35.6 (6.5) -0.361 0.718
2-3cm fl 13 29.3(9.6)  37.1(11.4) -0.471 0.638
2" combination
1-2 cm fl 37 28.7 (6.3) 23.5(5.8) -0.577 0.557
2-3cm fl 13 22.6 (9,5) 26.4 (9.9) -0.734 0.463
SpW water n Bay Reef Z P
1% combination
1-2 cm fl 36 44.7 (7.0) 24.2 (5.9) -1.620 0.105
2-3cm fl 28 45.0 (7.6) 36.2 (7.8) -1.004 0.305
2" combination
1-2 cm fl 36 24.5 (6.2) 37.1(7.2) -1.004 0.305
2-3cm fl 28 29.3 (7.4) 43.6 (7.7) -1.110 0.267

Pisc = Piscadera area, SpW = Spanish Water area
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Chemical cues

Because of the differences in the fish’s respoasetds the right or left water flow in
Piscadera water, and because of the influenceeadgjuence in which the different
combinations of water were provided to the fishtlmndata obtained in water from the
Spanish Water Bay, the data can not be averageugpéat or combination as in Huijbers et
al. (2008). The data were analysed, therefore ratgdg per side-inverted combination (reef-
bay or bay-reef) and per time-interval (during tinet combination or during the second
combination).

In all treatments, fish tested in Piscadera wdtengd a clear preference for the right water
flow over the left water flow (Fig. 11a-e; Wilcox@igned Ranks Test (log ¢1) —
transformed): a) Z: -2.240, P < 0.05; b) Z: -2.488; 0.05; ¢) Z: -1.981, P <0.05; d) Z: -
2.118, P <0.05). Fish tested in water from tharfggh Water area showed an equal
preference for bay or reef water when tested irsdtpience of bay-reef first and reef-bay
second (Fig 11e and f; Wilcoxon Signed Ranks Tlegt(ik +1) — transformed), bay-reef: Z: -
0.093, P = 0.926; reef-bay: Z: -0.115, P = 0.968h tested in the sequence reef-bay first and
bay-reef second did not show a significant prefeeeior a specific water flow during the first
combination but were significantly more attractedards the reef flow during the second
combination (Fig 11g and h; Wilcoxon Signed RankstTlog k +1) — transformed), reef-
bay: Z: -1.634, P = 0.102; bay-reef: Z: -2.246, @.G5).

The behaviour of the grunts, in number of switcheisveen the flow-tank sides, during the
experiment was compared with the behaviour of grdatring the control test to explore the
influence of the chemical cues in the bay or regtiervflow on the side choice of the fish. The
only variable that differed between the controtdesd the flow tank experiments was the
presence of both bay and reef water during ther@rpats instead of only bay or reef water
during the control tests. So, any difference inghats’ behaviour should indicate that the
presence of both bay and reef water influencedé¢haviour of the grunts in selecting a flow-
side. During the control experiments, the numbemoés the post-larval French grunts
shifted between the flow-tank sides before thedwitf the water flows differed from the
number of transitions after the switch (Table 4|d&%on Signed Ranks Test, Z: -2.743, P <
0.01). During the flow tank experiments, no diéfieces were observed in the number of
transitions before or after the switch of the flsies (Wilcoxon Signed Ranks Test, Z: -
0.205, P = 0.838).
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Fig. 11. Percentage of time spent
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 (¥ combination:
a,ce,g; » combination: b,d,fh).
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).
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Table 4. Mean (+SE) number of transitions betwdew &ides by post-larval French

grunts before and after the switch of the flow-sidering the control situation and the
flow tank experiment. The sides at which the bay mef water flow were offered were

switched between the two successive combinatidns.nimber of transitions is shown

independently of the side at which the bay or vesgtler was provided. The difference in
the number of transitions during th&dnd 2¢ combination was analysed per fish with a
Wilcoxon Signed Ranks test.

Mean (SE) number Wilcoxon Signed

of transitions Ranks Test
Z P
Control (Reef vs. Reef or Bay vs. Bay)
1% combination 9.4 (1.6) .
2" combination 5.1 (1.3) -2.743  0.006
Experiment (Reef vs. Bay)
1% combination 9.0 (0.9)
2" combination 9.3(1.0) -0.205 0.838

* = Difference is significant (P < 0.01)

Conspecifics

The difference in the number of transitions perfednby the grunts between the first and
second three minutes of the control experiment tbghexplained by the visual presence of
conspecifics. Fish that were more attracted tosite of the flow tank during the first
combination may have stayed during the second amatibn at the same side as a result of
the close visual presence of conspecifics. To egglee influence of the visual presence of
conspecifics on the side choice of grunts durirgdtintrol tests and the flow tank
experiments, the number of fish that moved betwkernwo flow-tank sides is compared with
the number of fish that stayed at one side of ithe fank during each combination. It is
hereby assumed that if the fish were influencethbypresence of conspecifics in their side
choice, the number fish that stayed during the @/iate span of one combination at one side
of the tank should be higher than the number bftfieit moved between the two flow-tank
sides. Movements between one side and the middiesef the tank were not counted as a
movement to simplify the analysis.

During the control tests, the percentage of fist thayed at one side of the tank during the
first combination (52%) was equal to the percentagesh that moved between the two sides
of the tank (48%, Binominal Test, P = 1.00). Durihg second combination, the number of
fish that stayed at one side of the tank was mugieh than the number of fish that moved
around (60% vs. 32%). This difference was howewtrsignificant (Binominal Test, P =
0.210). This lack of significance was most likelyedto the low number of replicates (n = 25).
In water from the Piscadera area, the percentafighathat stayed at one side of the tank did
during both combinations not differ from the pertagye of fish that moved around in the tank
(Table 5, Binominal Test,*lcombination: P = 0.471"2combination: P = 0.542). In water
from the Spanish Water area, the response of &&ré the switch of the flow-sides differed
from their behaviour after the switch. Althoughrhevas no difference between the number
of fish that stayed all the time at one side oftdmk and the number of fish that moved
between the two sides of the tank during the @ishbination (Binominal Test, P = 0.901).
During the second combination, there were signifilyamore fish that stayed at one side of
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the flow tank than fish that moved around (Binonhihest, P < 0.01). A majority of 66 % of
the fish stayed the full three minutes of the sdooombination 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 Reh grunts during the flow tank experiments. Thegetage
of individuals is shown that, during one time intdy moved between flow-tank sides or stayed atsite of
the flow-tank. The percentage of individuals thigtmbt select a tank-side but stayed in the mig@ihem) of
the flow tank is shown as well. The results arexshseparately per location of the water providedg@dera
area or Spanish Water area) and per time intet¥algmbination or %' combination). Differences in
percentage of individuals that moved between taaddéssor stayed at one side of the flow tank westetkwith
a Binominal test. Fish that stayed in the middlénhefflow tank were not incorporated. Movementsveen
one tank-side and the middle of the flow tank wesecounted as movements.

Percentage of individuals (%)

Moved between  Stayed at one Stayed in Middle Binominal test (P)
flow-tank sides flow-tank side.

Pisc water (N = 50)

1% combination 54.0 42.0 4.0 0.471

24 combination 38.0 48.0 14.0 0.542
SpW water (N = 64)

1% combination 51.6 48.4 0.0 0.901

24 combination 29.7 65.6 4.7 0.004*
Total 43.0 51.8 5.3

! Binominal test was only performed between the ‘Btbbetween sides’ and ‘Stayed at one side’ ca@sgjori
The ‘Stayed in Middle’ category is not incorporated
Pisc = Piscadera area, SpW = Spanish Water are§jgnificant difference (P < 0.05)
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Discussion

Sound

Post-larval French grunts show a size dependepbnss towards reef sound. During this
study, fish smaller than 2 cm fork length wereaattied towards reef sound while larger fish
did not respond towards reef sound anymore. Ihddaar whether this lack of response by
older fish is caused behaviourally or morpholodycaéergeant major damselfisAlfudefduf
saxatilig show for example a clear loss in sensitivity edhng abilities by age (Egner and
Mann 2005). This loss of sensitivity may be asdedavith a habitat change from the pelagic
to the reef habitat. In contrast to the loss ob#esity of sergeant major damselfish to reef
sound by age, Wright et al. (2005) and Simpson. €¢2@08) proved that both pre- and post-
settlement damselfish and both juvenile and adutlaeef fish can respond to reef sound.
Such differences in the size-dependency of theoresptowards reef sound between reef fish
could be associated with differences in behaviowr morphological development between
species.

Post-larval French grunts on Curagao show a césgponse towards sound originating from
the reef habitat, but no response towards soughating from other habitats. No clear
response towards habitat-specific sound of the neamg seagrass or rubble habitat was
measured during this study. The ability to différai®e between sounds originating from
different habitats might, together with the abilitf/directional hearing (Tolimieri et al. 2004;
Montgomery et al. 2006 and references within; Sonpst al. 2008) be important for reef fish
to find different habitats. As Simpson et al. (2p0&ntioned, differences in sounds produced
by different, neighbouring habitats may be useskiecting a suitable habitat or community.
Although it is known that some reef fish larvae abde to distinguish between natural and
artificial sound (Leis et al. 2002) and that someffish respond differently towards high
frequency reef noise than towards low frequencymeese (Simpson et al. 2008), not much is
known about the ability of fish to differentiatetieen different habitats. During this study, it
remained unclear whether the lack of response siflaoval French grunts towards sound
from the mangrove, seagrass and rubble habitataased by a lack of interest in those
habitats or by the inability to hear the soundioaging from these habitats. On base of this
study, it is therefore not possible to draw anyatesion about the ability of post-larval
French grunts to distinguish between sounds ottigigdrom different habitats. Whether or
not post-larval French grunts can discriminate leetwsounds originating from different
habitats, it is still possible to draw conclusi@®ut the attraction of post-larval French
grunts towards habitat-specific sound from theftiseent habitat. They did not spent more
time swimming in the direction of sound from thélole habitat than swimming towards
sound originating from other habitats. So althoiigh still unclear whether reef fish can
discriminate between sounds originating from déferhabitats, it is clear that French grunts
do not use habitat-specific sound of the rubbleszorfind and select their settlement habitat
on Curacao.

French grunts are most likely capable of using dasan orientation cue to navigate from
the open ocean towards the reef. French gruntdesrtiain 2 cm fork length were clearly
able to orientate towards a reef sound source gltihis study. Navigation towards a reef
containing coastline can be very important for éfwench grunts. Although the French
grunt is considered as a nursery species (Nagekerkal. 2000), it depends not obligatory
on nursery habitats and is known to settle alsuther habitats (Nagelkerken et al. 2001).
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Grunts that settle in back-reef habitats, moreawggrate back towards the reef when
reaching maturity (Cocheret de la Moriniere eR803). The presence of a suitable coral reef
might therefore be more important than the presehoersery habitats for larval French
grunts. Attraction towards reef sound by other fiséf species is well recognized in the
literature (e.g. Tolimieri et al. 2000, 2004; Letsal. 2002, 2003; Simpson et al. 2004, 2008).
The extent of the attraction towards reef soundhinog influenced by factors such as the
lunar cycle and differences between day and niglirqieri et al. 2000, 2004). This study
gives in addition a clear indication that the uteeef sound can be size dependent. Even
more interesting is the observation that Frencintgriose their interest in reef sound during
their post-settlement stage. Just after their iiansform the pelagic to the demersal stage,
they do not show any response towards reef sowmane. Larval French grunts migrate
from the open ocean towards back-reef habitatettieson Curacao, in the mouth of the bay
(Huijbers et al. 2008). During this pelagic statipe, ability to use reef sound is very
functional to navigate from the open ocean towardsef containing coastlinAfter a stay of
several months in the mouth of the bay, they m@fatther into the bay towards the
mangrove and seagrass habitats (Cocheret de lail@riet al. 2002; Huijbers et al. 2008).
These post-settlement migrations are in generidiaropposite direction of the reef.

Attraction towards reef sound to navigate duringtgsettlement migration is consequently
much less functionaDifferences in the use of reef sound per size dag®st-larval French
grunts might in this way be related to migratioowards or away from the reef. The results of
this study could indicate that the use of sound ase for navigation or orientation during the
lifespan of a fish might be related to the ecolafrelevance of responding towards reef
sound during different ontogenetic stages. It issale that reef fish only respond towards
reef sound when it is relevant for them to navigatie direction of the reef.

Chemical cues

Several factors can have an influence on the meder of post-larval French grunts for bay or
reef water. During this study, both the flow tatdelf and the chemical differences in water
between different bays influenced the choice offigte for a certain water flow. Although the
presence of a combination of bay and reef watelddoave an influence on the behaviour of
post-larval French grunts, it remains however warclehether this influence is mediated by a
preference for bay water or a preference for reew The data of the flow tank experiments
during this study were biased by several factotge @ this bias, it remains unclear what the
precise effect of bay and reef water is on thegpegice of French grunts for a certain water
flow. It is therefore not possible to draw any dolsons about the attraction of post-larval
French grunts towards bay or reef water. The grpnéderence for the right side over the left
side of the flow tank is most likely due to a tarkefact. This tank artefact was most likely
present during the whole experiment. The fact ttmatnfluence of this tank artefact was only
visible by fish tested in Piscadera water, mightéesed by a simultaneous influence of the
differences between water from the Piscadera ar@avater from the Spanish Water area on
the behaviour of the fish. According to Montgometyal. (2001), the use of olfactory cues is
difficult in complex, turbid and tidal current sgsts. Differences in water characteristics
might explain the differences in the behaviourhef gjrunts observed in water from the
Spanish Water area and water from the Piscadesa Bag water from the Piscadera area had
a significant lower salinity than bay water frone tBpanish water area. This lower salinity is
most likely caused by a high amount of rain. Therage rainfall during this study was much
higher than the average rainfall in November duthregprevious years (0.5 cm on average in
November 2008 versa 0.2 cm on average over Noveh®83 — 2007, Weather Underground
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2009). The Piscadera Bay is due to its smaller @®&a33 m) more susceptible to the
influence of rain than the much larger Spanish WB#y (418047 i) Nagelkerken and van
der Velde 2004). The differences in response tosvirel chemical cues of bay or reef water
between different areas might thus be caused byitgalifferences between bays. Geological
differences between bays, such as area, can icBue salinity of the bay water and might
therefore indirectly influence the behaviour ohfsvimming inside that bay water.

Huijbers et al. (2008) concluded, during a studyied out in exactly the same conditions,
that post-larval French grunts on Curagao are matiracted towards water from bay habitats
than towards water from reef habitats. Although iinclear which elements in the water used
in Huijbers et al. (2008) contribute to the atti@ctof post-larval French grunts towards bay
water, both seagrass beds and mangrove habitade@iaated by submerged and semi-
submerged vegetation that acclimates sand, baetedizmall organisms (Arvedlund and
Takemura 2006). Excreted chemicals of these habitaty be used for habitat detection and
selection. Furthermore the high density of orgasifiming in the seagrass fields and
mangrove forests may result in a concentrated saframino acids what can, according to
Wright et al. (2005), indicate the availabilityfolbd. These amino acids may be therefore a
useful cue for locating a suitable habitat. Thecim@influence of these components of bay
water is however still unknown. Other factors sashsalinity might be important too.
Differences between the results of Huijbers ef24108) and this study could be explained by
temporal differences in the salinity of the Piscad®ay. The average rainfall during the study
of Huijbers et al. (2008) was much lower than therage rainfall during this study (0.1 cm
versus 0.5 cm, Weather Underground 2009). The lzgnirom the Piscadera area during
this study was, possible due to the differenceamount of rain, much less saline (27.7 psu)
than during Huijbers et al. (2008) study (34.0 -23#su). During this study we were not able
to prove that post-larval French grunts were matraeted towards bay water than towards
reef water. The results of this study are howew¢rimcontradiction to the results of Huijbers
et al. (2008). Differences between this study anglidrs et al. (2008) could be explained by
salinity differences within bays over the yeardr@dtion by bay water might therefore be still
a possible explanation for the behaviour of thentgin a combination of both bay and reef
water during this studyl'he effect of the attraction by bay water on thieitlad preferences for
a grunt may depend, however, on the characteristich as salinity, of the water involved
and can therefore differ between bays and years.

Conspecific cueing

Post-larval French grunts can be influenced inrthegference for a certain location by the
visual presence of conspecifics. After joining aiwgy of conspecifics, French grunts tested in
water from the Spanish Water area showed the tegderstay near that group instead of
responding towards chemical cues of bay water .stitength of the attraction towards
conspecifics can however depend on the water tleegv@imming in. While fish swimming in
water from the Spanish Water area were clearlgetitd towards conspecifics, fish tested in
water from the Piscadera area did not respond tisxtéwem. Similar to their response towards
chemical cues of bay water, the flow tank-side chaf the post-larval French grunts tested
in Piscadera water was more inflected by theirgresfce for the right side of the flow tank
than by the presence of conspecifics. Conspedifiacion is a good settlement strategy if the
costs associated with density-dependent forcelaes than the benefits of settling with
conspecifics (Lecchini et al. 2005a; Donahue 2006gse density-dependent forces are low
when the post-settlers are positively density ddpahor the presence conspecifics is an
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indicator for habitat quality. Schooling behaviasivery important for juvenile French grunts.
French grunts in the size class of 10 to 30 mm oicclarge groups of 10s to 100s individuals
during daytime (Helfman et al. 1982). This daytisehooling results possibly in a higher
predator detection and lower mortality rate (Shulrh885b; Sweatman 1985). Because of a
lower vulnerability during schooling, a solitaryefaich grunt may prefer to stay in a school
while swimming in less preferred water, insteadising predation while searching for
another school that is situated in more preferratew Attraction by visual cues of
conspecifics is shown for several other specigs@fffish (Booth 1992; Lecchini et al. 2005a,
2005b, 2007a). Although visual cues are the ong/tested during this experiment, other
conspecific cues might influence the behaviouthefpost-larval French grunts too. Olfactory
cues of conspecifics, for example, are known t@ettitseveral species of reef fish (Lecchini et
al. 2005a, 2005b, 2007a; Wright et al. 2005; Dirbal. 2008). It is therefore likely that post-
larval French grunts are not attracted to consjesdify visual cues alone. Conspecific cueing,
according to Donahue (2006): “the use of conspecds an indicator of habitat quality”,
could be a useful habitat selection strategy fat{settlement French grunts on Curacao.
More research is still needed to investigate whetiofrs determine the response of fish
towards conspecific cues and what other conspexigs besides visual cues influence the
preference for a settlement habitat of French grunt

Habitat selection

The migration of French grunt larvae from the opeaan, past the reef and towards the
rubble habitat may not be without any risk. Thebdathabitat must provide some advantages
to make that risk worthy (Adams and Ebersole 2088)mals seeking for a new habitat may
respond to cues for several reasons: (1) the queduced by a factor that has a direct
positive effect on the fitness of the animal, (&) tue is indirect related to other factors that
influence habitat quality or (3) the cue can imgrake ability of the animal to detect suitable
habitats (Stamps and Krishnan 2005). Simple, opedsicapes such as the rubble zone may
facilitate school formation (Burke et al. 2009) anajht sometimes provide not enough
shelter for larger fish (Adams and Ebersole 2008g presence of conspecifics on the rubble
zone could also indicate a good food supply oddhg term (Sweatman 1985). If older
conspecifics are present in an area, there wagyarfood available for them to survive until
that moment. The possible combination of a redyrcedation risk and a good food
availability might make the rubble zone a suitaidéitat for post-larval French grunts.
Habitat requirements can, on the other hand, chasithethe size of the fish. In this way, a
suitable habitat for settlers may not be always@dghabitat for juveniles (Lecchini et al.
2007a). To cope with changing habitat requiremeiitts age, post-settlement migration may
be a solution (Cocheret de la Mortinere et al. 20B2nch grunts could in this way select a
suitable habitat for each different life stage. Tilabitat preferences of grunts shift to the
mangrove and reef habitat sometime after settleifi@mke et al. 2009). This shift is due to
changes in shelter and food requirements and rbigltiggered by the development of
gonads (Cocheret de la Mortinére et al. 2003; Betka. 2009).

Habitat degradation and fragmentation of the setlet zone can have direct and indirect
negative effects on the settlement and recruitmeRtench grunts. Reduction of the
settlement habitat area can result in lower settfgmates of reef fish larvae. Some fish may
not be able to detect or respond to cues that rityrstanulate settlement when habitat
patches are below a threshold size (Forrester 20@8). Grunts may be sensitive for changes
in their settlement habitat. Because of their behavand short planktonic larval duration,
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grunts are more subject to larval retention tharel@mple groupers and snappers (Lindeman
et al. 2000). Moreover on Curacao, the high come¢ioh of post-settlement grunts in the
channel between the reef and the back reef habdkes that stage vulnerable to reduction of
that habitat. Where settlement is dense, factars as competition, predation and
disturbances are dominant contributors of the comitpstructure (Rodriguez et al. 1993).
According to Burke et al. (2009) and Beverton ()9®totopes that have a high concentration
of juvenile stocks that may be subject to denséipahdent processes during habitat
degradation have the potential to serve as a hettleto recruitment. Because of this
bottleneck effect, species that concentrate duheg early life history may be subject to
density-dependent forces at lower adult populatiaes than species that are not
concentrating during their early-life histories.dbadation of these settlement or nursery
habitats can thus indirectly influence adult popalss. Incorporation of these habitats in
MPAs is therefore important according to Burkele{2009). Habitat fragmentation due to
coastal construction is an issue in the Spanistel\Bay (Verweij and Nagelkerken 2007).
For that reason, the rubble zone may serve assibpobottleneck for the recruitment of
French grunts on Curacao.

Important aspects of the population structure neagdtermined between settlement and the
first appearance as a full fledged juvenile (Kauiredal. 1992). The behaviour of marine
larvae during and after settlement can have inflteeam the distribution and abundance of
juveniles (Lecchini et al. 2007a), and post settletpredation is an important factor in
structuring coral reef fish assemblages at smalligpscales (Beets 1997). Settlement and the
processes directly after settlement can thus hiieet®n the intensity of ecological
interactions on the reef. Although it is known thas important to incorporate dispersal
dynamics of marine species in the management MBA& ¢l and Bradbury 2006), there is a
lack of knowledge about settlement in the managém&As (Watson and Munro 2004).
According to Rodiquez et al. (1993), only whenlegtént is well understood it is possible to
incorporate settlement in population models. Thislg gives some inside in the habitat
preferences directly after settlement of a comnesf fish in the Caribbean. Knowledge
obtained from this study, and similar studies, hayised to improve dispersal models of reef
fish and can help to improve the effectiveness BNd.

Conclusion

Post-larval French grunts possibly use a combinaifdhabitat-specific sound, chemical cues
and conspecific cueing to find and select theit{settlement habitat on Curacao. They are
clearly attracted to reef sound as long as thegaler than 2 cm fork length but show no
response towards habitat specific sound of othieitdta. They are not attracted to sound from
the rubble zone, as their settlement habitat om€aa. They prefer to stay near groups of
conspecifics instead of responding towards chencige$ of bay water. The response toward
both the chemical differences between water baahesthe visual presence of conspecifics
can however vary between bays. The habitat chdipesi-larval French grunts could
therefore be influenced by more factors than tlrevabmentioned cues alone. Reef fish may
use several cues at different spatial and tempoedés to navigate towards their settlement
habitat. On Curagao, French grunts may use hadpidific sound of coral reefs to navigate
from the open ocean towards a suitable reef hafitatind their way from the coral reef
towards the back-reef habitat, they might use cbaheues inside the flow of water coming
out of the bay. When they finally reach the rubdmee at the mouth of the bay, the visual
presence of conspecifics could ensure that thgyadtine rubble habitat instead of migrating
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further into the bay. Although this study focusertle post-settlement stage of a reef fish
during an experimental situation, it can give samgortant inside in the processes
determining habitat selection directly after, andsbly as well during, settlement of a
common reef fish in the Caribbean.
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