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Synopsis

When settling on coral reefs, fish larvae generally change from zooplanktivory to diverse forms of benthic
feeding . Whereas food has not been reported to directly influence settlement, it is hypothesized that food
resource might play a major role in the recruitment processes of butterflyfishes . Benthic feeding was found to
occur immediatly after settlement, and was related to the degree of specialization of adult diets . Among
obligate coral feeders scleractinian polyps were the exclusive diet of new recruits . In non-obligate cor-
allivorous chaetodontids tentacles of sedentarian polychaetes were the preferred prey of juveniles for all the

species studied, and represented on average 36 .2% of their prey by weight . They formed a transitional food

resource for these species which mainly fed on scleratinian polyps when adults (51 .6% by weight) . Among
the chaetodontids studies, some recruited within adult home sites, whereas others exhibited size-specific

distributions . The different patterns observed were not closely related to food specialization of the adults .
The importance of food resources to the community structure of butterflyfishes on coral reefs is discussed .

Introduction

After a pelagic larval life lasting from one week to
several months, with an average of one month
(Brothers et al . 1983, Victor 1986a), fish larvae
descend to the reef for a more sedentary benthic

phase . At this time most species, with the excep-
tion of obligate planktivores, change from plank-
ton feeding to benthic feeding . Major factors
thought to affect recruitment and early survivor-
ship of newly settled coral reef fishes include the
availibility of suitable shelter sites, the density of
adults and the encounter rate with predators
(Luckhurst & Luckhurst 1977, Williams & Sale

1981, Sale et al . 1984, Shulman 1984, 1985, Victor

1986b) . Food resources are not reported to directly
influence settlement (Shulman 1984) . Even if food

is not considered as a limiting factor in recruitment
processes questions arise about the way fish cover
their energy requirements at settlement, partic-
ularly those species exhibiting strong feeding spe-
cialization as adults . How and when does the tran-
sition take place from the planktonic to the benthic
diet? Is the change of diet concomittant with settle-
ment? Is food specialization immediately effective,
or is there a transitional diet in juvenile fish? This
last hypothesis seems most likely to fit the cases of
omnivorous and planktivorous species, but seems
irrelevant to highly food selective species. If food
specialization occurs immediatly after settlement,
the presence of the specific food resource is needed
for that particular fish species to recruit, and the
distributions of adults and juveniles should coinci-
de . Conversely, the existence of a transitional diet
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and different food preferences in juvenile fishes
may allow a wider spatial dispersion of the recruits
and probably ensure a better survival rate . It would
also allow for the colonization of a variety of differ-
ent habitats by the same species during the course
of its ontogenetic development .

The chaetodontid family which has evolved with-
in the coral reef ecosystem (Reese 1977) is partic-
ularly suited for the study of these problems . Dif-
ferent types of feeding behaviors and various levels
of food specializations, from highly specialized
feeders to generalists, are observed within the but-
terflyfishes . Chaetodontids may be broadly divided
into coelenterate predators, carnivores preying up-
on other benthic invertebrates, omnivores, and
plankton feeders (Hiatt & Strasburg 1960, Randall
1967, Hobson 1974, Anderson et al . 1981, Harme-
lin-Vivien & Bouchon-Navaro 1982, 1983) . Coe-
lenterate predators predominate, encompassing 31
to 90% of chaetodontid species on Indo-pacific
reefs (Bouchon-Navaro 1985) . These often display
a high degree of feeding specialization for a partic-
ular category of prey (scleractinians, alcyonarians,
gorgonians, etc .), in some cases at a generic or even
a specific level . Obligate scleractinian feeders are
numerous in chaetodontids (15 to 44% of the spe-
cies), more than in any other reef fish family . Diets
of adults have been investigated in a number of
species in Hawaii (Hobson 1974, Reese 1977, Ral-
ston 1981), in the Marshall Islands (Hiatt & Stras-
burg 1960, Reese 1975), on the Great Barrier Reef

of Australia (Reese 1975, Anderson et al . 1981), in
Okinawa, Japan (Sano et al . 1984), in French Poly-
nesia (Harmelin-Vivien & Bouchon-Navaro 1983,
Bouchon-Navaro 1986), in Madagascar (Harmelin-
Vivien 1979), in Jordan (Harmelin-Vivien & Bou-
chon-Navaro 1982) and in the Caribbean (Randall
1967, Birkeland & Neudecker 1981, Gore 1984,
Lasker 1985). Nothing is presently known about
the food of juvenile chaetodontids, especially dur-
ing the critical phase of their recruitment on the

reef. The only study that refers to ontogenetic food
changes in butterflyfishes, was performed on a
planktivorous Hawaiian species (Ralston 1981) .

This paper is a first attempt to consider these
problems and to discuss the implications of feeding
specialization on the recruitment and community
structure of reef fishes .

Methods

To investigate ontogenetic changes in feeding
among chaetodontids, specimens from different
geographic areas were studied . Fishes were collect-
ed at Tulear (S .W. of Madagascar), Moorea
(French Polynesia) and Guadeloupe (French West
Indies) in various macrohabitats : lagoonal, reef flat
and outer coral reef slope formations (Harmelin-
Vivien 1979, Harmelin-Vivien & Bouchon-Navaro
1983) .

As most of the chaetodontid species are diurnal-
ly active (Hobson 1974, Reese 1975, 1977, Harme-
lin-Vivien 1979) specimens were sampled during
daytime between 0900 to 1600 hours, mainly by
spearfishing or rotenone poisoning . Some small
specimens were collected with quinaldine anaes-
thetic and hand nets. Standard length (SL) was
measured to the nearest millimeter . Fishes were
immediately preserved in a 10% buffered formalin
solution with abdominal injection for the largest
specimens, and later examined for stomach con-
tent. Ten species for which both juvenile and adult
specimens were sampled, were taken into account
in the present study . A total of 292 fishes with food
in their stomach were quantitatively analyzed,
34.6% of them being juveniles. According to the
maximum standard length of the various species
(Burgess 1978), specimens with SL <40 to 60 mm

were considered as juveniles (Table 1) . Fishes less

than 60 mm SL are expected to be less than 6
months old, if one follows the conclusions reached
by Ralston (1976) for Chaetodon miliaris . They
generally were the smallest size-class distinguished
when size was considered for visual counts (Bou-
chon-Navaro 1979, 1981, Lindquist & Gilligan
1986) .

Quantitative analysis of food was conducted on
stomach contents as prey were more or less fully
digested in the intestine . The main prey items were
sorted by systematic groups under a binocular mi-
croscope, and then weighted to the nearest 0 .1 mg .
Relative importance of prey in the feeding was
determined by their percentages by wet weight
(Cw) .

Niche breadth in the utilization of food resources
was calculated using the Shannon-Wiener index of
diversity



n

H' =

	

pi Log2pi,
1=1

where pi is the proportion by weight of a particular
prey category, for n prey categories .

Equitability J' =	
H

H' max

was also calculated since this index is independent
of n .

In order to determine the similarity of feeding
within - and between - species, a cluster analysis
using the mean Chi square distances was perform-
ed on the data of juvenile and adult diets of all
species .

Results

Specialization level

The total number of prey item taxa eaten by a
species was generally equal or a little lower in juve-
nile than in adult chaetodontid fishes, and the
mean number of prey found in one specimen did
not significantly differ from juveniles to adults for
most species (Table 1) . The range of food eaten by
juveniles and adults were generally very similar
except for Chaetodon lunula from Tulear (Table
2) . The diversity and equitability of diets were simi-
lar for the two size-classes in most species .

All the chaetodontid species analyzed in this
study were coelenterate predators (Table 2), but
they differed greatly in their degree of feeding spe-
cialization . Two groups can be readily distinguish-
ed: the obligate coral feeders (C. trifascialis and C.
trifasciatus) preying exclusively upon scleractinian
polyps, and the non-obligate or facultative coral
feeders (C . auriga, C. citrinellus, C. kleinii, C.
lunula, C. madagascariensis, C. vagabundus and
C. xanthocephalus) which fed on coral polyps to-
gether with many other benthic organisms, from
algae to ascidians (Table 2) .

Obligate coralfeeders

Food specialization in C. trifascialis and C. tri-
fasciatus occurred very early in their benthic life
history. All the specimens analyzed from 22 mm in
standard length to the largest adults, had exclusive-
ly fed on scleractinian polyps . The few smallest
specimens of C. trifasciatus (19 to 21 mm SL) col-
lected on Tulear reefs presented stomach contents
composed half of calanoid copepods, half of coral
polyp fragments . These specimens were not fully
metamorphosed lacking juvenile pigmentation,
and still exhibiting the preopercular spines of the
tholichthys larval form . Therefore, in the obligate
coral feeders such as C. trifasciatus, food special-
ization appears to occur immediatly after the settle-
ment of early juveniles on the reef, and the transi-
tion phase from planktonic to benthic food is very
short .

Non-obligate coral feeders

In non-obligate coral feeders, benthic feeding also
seemed to occur very early, as stomachs from speci-
mens of 19 mm SL (C. capistratus), 21 mm SL (C.
auriga) or 22 mm SL (C. lunula) were already full
of benthic organisms .

In spite of a food spectrum very similar to the
adult one, juveniles of non-obligate coral feeders
clearly exhibited distinct food preferences (Table
2) . Whatever the geographic area and the species
studied, tentacles of sedentarian polychaetes,
mainly from serpulid, sabellid and terebellid
worms, were a preferred prey of juvenile fishes . An
inverse relationship with size in weight percentages
of sedentarian polychaete tentacles and scleracti-
nian polyps was observed within all these chaeto-
dontid species (Table 3) . The mean proportion of
polychaetes in diets of juveniles (36.2%) averaged
over all non-obligate coral feeders was significantly
higher than in adult ones (8.8%) . Conversely, the
mean proportion of scleractinian polyps in adult
diets (51.6%) far exceeded that found in juveniles
(8.2%) .

The cluster-analysis performed on the quantita-
tive data of stomach contents defined three main
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trophic groups (Fig . 1) : group I included only adult
size-classes, group II was mainly composed of juve-
nile size-classes and group III gathered small and
large C. citrinellus . The last four species were indi-
vidually very loosely related to the others . Inter-
specific similarity of feeding was thus higher within
each size-class (within adults and within juveniles)
than intraspecific similarity between size-classes,
C. citrinellus excepted .

Distributions of juveniles and adults

Information on the relative distribution of juve-
niles and adults among chaetodontid populations is

sparse in the literature (Table 4) . Depending on the
species, the patterns of distribution may or may not
differ between size-classes . In some species such as
C. paucifasciatus in the Gulf of Aqaba (Bouchon-
Navaro 1979) no difference was observed between
juvenile and adult distributions . In others, the dif-
ferent size-classes inhabited different reef zones .
Juveniles and sub-adults were generally more
abundant in shallow-water areas whether it be cor-
al reefs or seagrass beds, whereas adults predom-
inated in deeper waters (Fricke 1973, Clarke 1977,
Bouchon-Navaro 1979, 1981, Lindquist & Gilligan
1986) .

Difference or similarity in the distribution pat-
terns of juvenile and adult chaetondontids did not

Table 1 . Chaetodontid species studied for ontogenetic change in feeding . Two broad size-classes were distinguished in each species,
juvenile individuals (SL <60 mm) and adult individuals (SL >60 mm) . Species were collected on Tulear (Madagascar), Moorea
(French Polynesia) and Guadeloupe (French West Indies) coral reefs . N = number of specimens analyzed with food in their stomach,
XSL = mean standard length of specimens (mm), P = total number of prey types in fish diet. XP = mean number of prey types per
individual, s .d . = standard deviation . Significance of t-test was given for the comparison of mean prey per individual (XP) between
size-classes in each species (n .s . = non significant, * = p<0 .05, ** = p<0 .01, *** = p<0 .001, - - - = test not calculated, too few
data) .

Species Locality N XSL (Range) P XP (s .d .)

Chaetodon auriga Tulear 20 39.3 (22-57) 13 3 .6 (1 .4) n .s .
Tulear 59 101 .4 (65-145) 17 3 .5 (1 .6)

C. capistratus Guadeloupe 20 27.5 (19-33) 19 5 .3 (1 .9) - - -
C. citrinellus Moorea 5 59.5 (44-60) 9 7 .6 (1 .2) n .s .

Moorea 10 84.6 (80-90) 12 7 .1 (1 .0)
C. kleinii Tulear 3 35.3 (34-36) 5 3 .7 (0.6) - - -

Tulear 3 57.3 (55-60) 4 2 .7 (0 .6)
C. lunula Moorea 4 38.0 (21-60) 9 5 .0 (1 .4) ***

Moorea 13 127 .8 (106-136) 14 9 .0 (1 .4)
Tulear 1 24 .0 6 6 .0

	

- - -
Tulear 4 129 .8 (115-135) 2 1 .5 (0 .6)

C. madagascariensis Tulear 5 32.4 (25-39) 5 4.7(0 .5) **
Tulear 10 91 .9 (70-131) 4 3 .4 (0 .5)

C. trifascialis Tulear 4 40.7 (33-42) 1 1 .0 (0 .0) n .s .
Tulear 3 89.3 (84-94) 1 1 .0 (0.0)

C. trifasciatus Moorea 25 38.1 (31-52) 1 1 .0 (0 .0) n .s .
Moorea 23 96.3 (78-109) 1 1 .0 (0 .0)
Tulear 6 31 .2 (19-50) 1 1 .0 (0 .0) n .s .
Tulear 35 89 .6 (70-106) 1 1 .0 (0.0)

C. vagabundus Moorea 2 43 .5 (40-47) 7 6 .5
Moorea 10 113 .8(104-124) 17 9.4(l .4)
Tulear 2 50.1(43-58) 9 5 .5
Tulear 13 107.0 (70-130) 15 6 .4 (1 .3)

C. xanthocephalus Tulear 4 45 .7 (36-60) 7 3 .8 (2 .5) n .s .
Tulear 8 129 .8(80-155) 6 3 .3 (1 .3)



seem to be closely related to their degree of special-
ization. Distributions were more often similar in
highly specialized species, since obligate coral
feeders (OCF) and obligate alcyonarian feeders
(AL) represented 55 .5% of the species with similar
patterns, and only 15 .8% of the species with differ-
ent distributions (Table 4). Nevertheless, juveniles
of some obligate coral feeders, such as C . trifascia-
lis and C. trifasciatus, exhibit different patterns of
distribution on different reefs .

Table 2 . Diets of juveniles and adults in chaetodontids, expressed as weight percentages of prey (Cw) in stomach contents . J =juveniles
<60 mm SL, A = adults >60 mm SL, (I) = specimens from 22 to 50 mm SL, (2) = mainly sedentarian polychaete tentacules +
juveniles of errant polychaetes, + = Cw <0.1% .
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Discussion

Ontogenetic changes in feeding

The role of larval recruitment in determining the
structure and stability of reef fish communities has
been often, and sometimes hotly, discussed (Rus-
sell et al . 1977, Sale et al . 1980, Williams & Sale
1981, Williams 1983, Victor 1983, 1986b, Eckert
1984, Shulman 1984, 1985, Sale 1985, Doherty &
Williams 1988, Mapstone & Fowler 1988, and
others) . Ecological requirements of larvae and
newly settled juveniles generally differ from those
of adults, and these differences may explain a num-
ber of observed adult distributions (Leis 1986) . The
importance of shelter, adult density and predation

Prey types C. auriga

Tulear

C. citri-
nellus

Moorea

C. kleinii

Tulear

C. lunula

Moorea

C. lunula

Tulear

C. madagas- C.trifas- C. trifas-

sciatus
Moorea

C . trifas-

	

C. vaga-

sciatus

	

bundus
Tulear (1) Moorea

C . vaga-

bundus
Tulear

C. xantho-

cephalus

Tulear
J A

cariensis
Tulear

scialis
Tulear
J AJ A J A J A J A J A J A J A J A J A J A

Filamentous algae 12 .8 0.1 22.6 34 .0 32 .5 20 .0 - 1 .0 22 .5 30 .0 +

	

7.5 7.0
Sponges - 0.4 0 .8 0 .4 13 .0 20 .0
Hydroids 0 .5 0 .4 1.0 1 .6 25 .0 15 .5 13 .7 0 .1 - 7 .5 - - - - - - - 0 .8 0.1
Actinians 5 .0 0 .6 1 .6
Scleractinians 0 .5 66 .2 7.5 15 .4 7 .5 70 .0 2.5 55 .7 95 .0 26 .8 55 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 2 .0 18 .7 10 .0 82.5

	

1 .5 6.0
Alcyonarians 0 .8 4 .7 29.0 27 .5 5 .0 15 .0 - - - - 3 .9 9.8 3 .0 +
Nemerteans 0 .2 - - - - - - 0 .9 +
Polychaetes (2) 57 .8 8 .6 30 .0 12 .6 25 .0 62 .3 20 .8 7 .0 30.5 10 .0 - - - 50.0 21 .2 20 .0 1 .5 43 .0 5 .0
Sipunculid introverts 7 .5 1 .4 1 .5 5 .6 9.3 4.9 - - - - - - 1 .9
Opisthobranchs 0 .1 - - - - - - - -

	

10.0 5 .2 0 .2 0.7 -
Gastropods - 5 .6
Cephalopods 0.1
Molluscan eggs 6 .0 14 .8 7.6 - - 2 .5 4.7 - - 30.0 19 .9 26 .5 1.1

	

-
Cirriped tentacles 2.7
Calanoid copepods - 10 .0 - 1 .0 - -
Tanaid isopods - 1 .8 20 .0 2.0 + 1 .8 +
Amphipods + 0 .1 0.1 15 .0 4 .5 0 .7 + 5 .0 5 .0 + 0 .5 +

	

0 .6
Decapod shrimps 0 .2 - 1 .0 - 0.4 -
Brachyuran larvae 0 .1 - 2.0 -
Echinoid podia 1 .8 0.2 -
Holothurian tentacles 0 .3 0.3 -
Pterobranchs 3 .3 0 .9 0 .3 1 .8 - -
Ascidians 2 .1 0 .3 1 .1 27 .5 10 .0 1 .2 10 .0 1 .6 - + 31 .4 60 .0
Fish eggs 1 .9 0 .3 0.4 -
Mucus + organic matter - 1 .0 1 .0 5 .0 2.0 48 .0 - 2.0 10 .0 0.6 -

Food niche breadth H' 0 .56 1 .73 2 .30 2.38 1 .47 1 .30 1 .89 2.10 0 .92 0 .62 1 .56 0 .83 0.00 0 .00 0 .00 0 .00 0 .00 0 .00 1 .73 2.56 0 .64 0 .94 1 .65 1 .58
J' 0 .16 0 .42 0 .72 0.69 0 .64 0 .65 0 .59 0.56 0 .37 0 .38 0 .67 0 .36 0.00 0 .00 0 .00 0 .00 0 .00 0 .00 0.62 0.69 0 .19 0 .31 0 .55 0 .68
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Fig. 1 . Cluster phenogram of diets of 18 non-obligate corallivo-
rous butterflyfishes using average distance coefficients . Group I
gathered adult size-classes, group II gathered juvenile size-
classes, and group III juveniles and adults of Chaetodon citrine-
lus (C.A . = Chaetodon auriga, C .C . = Chaetodon citrinellus,
C.K. = Chaetodon kleinii, C.L . = Chaetodon lunula, C.M. =
Chaetodon madagascariensis, C.V. = Chaetodon vagabundus,
C.X. = Chaetodon xanthocephalus, T. = Tulear, M = Moorea,
A = Adults, J = Juveniles) .

has been more thoroughly investigated than the
role of the food requirements of early juveniles
(Luckhurst & Luckhurst 1977, Williams & Sale
1981, Sale et al . 1984, Shulman 1984, 1985) . Based
on experiments, Shulman (1984) concluded that
food had little effect on recruitment of reef fishes in
the Virgin Islands, but did not eliminate `the possi-
bility that prey availability was one of the selective
forces involved in settlement site selection by
recruits' .

Prey composition diets of larval fishes are very
homogeneous and size dominated prey selection
patterns. Naupliar through adult stages of cope-
pods are the staple food of most marine fish larvae
(Hunter 1981). This is probably the case for the
diets of chaetodontid larvae, as calanoid copepods
were found in the smallest recruits analyzed .

Table 3 . Relative importance of polychaetes, mainly tentacles of sedentarian polychaetes andscleractinian polyps in the feeding of
juveniles and adults of non-obligate corallivorous chaetodontid species, expressed as weight percentages of the total food ingested . T =
Tulear, M = Moorea, G = Guadeloupe, J = juveniles, A = adults, - = no data .

Species Locality % Polychaetes % Scleractinians
J A J A

Chaetodon auriga T 57 .8 8 .6 0 .5 66 .2
C. capistratus G 36 .8 23 .8
C. citrinellus M 30 .0 12 .6 7 .5 15 .4
C. kleinii T 25 .0 0 .0 7 .5 70 .0
C. lunula M 62 .3 20 .8 2 .5 55 .7

T 7 .0 0 .0 0 .0 95 .0
C. madagascariensis T 30 .5 10 .0 26 .8 55 .0
C. vagabundus M 50 .0 21 .2 2 .0 18 .7

T 20 .0 1 .5 10 .0 82 .5
C. xanthocephalus T 43 .0 5 .0 1 .5 6 .0
Mean 36 .2 8 .8 8 .2 51 .6
s .d . 17 .3 8 .1 9 .6 31 .4
Significance of t-test on means

p<0.001 p<0.001



Change from planktonic to benthic feeding in
butterflyfish seems to take place at the very mo-

ment of settlement on the reef . The transitional
phase between the two life-styles appears to be
very short, but needs to be studied more closely .
No break in feeding was noticed from the plank-
tonic to the benthic life in the butterflyfish species
analyzed, nor in the planktivorous C . miliaris stud-
ied by Ralston (1981) in Hawaii . In contrast, an
interruption in feeding activity during the trans-
formation from the larval to the juvenile state has
been observed in other reef fishes such as acanthu-
rids (Randall 1961, Harmelin-Vivien personal ob-
servations) . For example, during metamorphosis
from the acronurus larva, Acanthurus triostegus
ceases to feed, while largely subsisting on fat re-

Table 4 . Difference or similarity in the distribution patterns of juvenile and adult chaetodontid fishes . Indication of diets are abbreviated
after each species name . OCF = obligate coral feeders, CF = non-obligate coral feeders, AL = alcyonarian feeders, BI = other
benthic invertebrate feeders, PK = plankton feeders .

serves stored in its abdominal cavity (Harmelin-
Vivien personal observation) .

Among chaetodontids, feeding specialization on
scleractinian polyps begins at the time of settle-
ment in obligate coral feeders (C . trifascialis and C .
trifasciatus) . In these species dietary requirements
are probably as important (if not more important)
than shelter availability for successful recruitment .

In non-obligate coral feeders, a narrowing of
food niche breadth in juveniles, as generally re-
ported for fish (Ross 1986), is hardly noticeable .
The food spectrum of the juveniles we studied was
similar to that of adults but the relative importance
of the main prey eaten differed with size-class .
Juveniles of most species took a high proportion of
tentacles of sedentarian polychaetes (sabellids, ser-
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Locality Similar distributions
of juveniles & adults

Different distributions
of juveniles & adults

Reference

Guadeloupe C. capistratus (CF) Bouchon
Navaro
pers. comm .

Bahamas C. capistratus (CF, BI) Lindquist
C. ocellatus (BI) & Gilligan 1986
C. sedentarius (BI)
C. striatus (BI)

Jordan C. austriacus (OCF) C. trifascialis (OCF) Bouchon-
(Aqaba) C. paucifasciatus (CF) Navaro 1979
Comoro Islands C. melannotus (AL) C. auriga (CF) Fricke 1973
(Anjouan) C. trifasciatus (OCF) C. kleinii (BI)

C. trifascialis (OCF)
C. unimaculatus

Madagascar C. blackburni (AL) C. auriga (CF) Harmelin-
(Tulear) C. guttatissimus (CF) C. lunula (CF) Vivien 1979

C. kleinii (BI) C. trifasciatus (OCF)
C. madagascariensis (CF) C. vagabundus (CF)
C. melannotus (AL) C. xanthocephalus (BI)
C. trifascialis (OCF)

Hawaii C. miliaris (PK) Ralston 1981
French C. citrinellus (CF) C. auriga (CF) Bouchon-
Polynesia C. ornatissimus (OCF) C. ephippium (CF) Navaro 1981
(Moorea) C. pelewensis (CF) C. lunula (CF)

C. quadrimaculatus (CF) C. vagabundus (CF)
C. reticulatus (OCF)
C. trifascialis (OCF)
C. trifasciatus (OCF)
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pulids, terebellids), whereas adults mainly fed on
scleractinians or other sessile invertebrates (alcyo-
narians, ascidians, sponges) . Polychaetes probably
are more nutritious than coral tissue, and better

supply the higher energy demand of juveniles . The

high dietary overlap between juveniles of different
species which might result from similar prey prefer-
ences does not necessarily imply any competitive
interaction, as juvenile density is generally low and
their main prey is very abundant on coral reefs .
Greater similarity of diets among juveniles than
among adults has been observed in other fish spe-
cies (Duka 1976, Ross 1986), and has been in-
terpreted as a consequence of the exploitation of
some abundant types of prey . How prey utilization
is related to ontogenetic changes in behavior and/
or morphology of the feeding apparatus has not
been determined in this study . In a study of the
functional morphology of the feeding apparatus of
butterflyfishes, Motta (1988) observed that in
many cases the polychaete worms retracted in their
tube, and escaped predation faster than fish was
able to catch them . A faster jaw protrusion time in
juvenile butterflyfish might explain why poly-
chaete worms are mostly preyed upon by juvenile
individuals . An alternative hypothesis is that the
iron content of the teeth of butterflyfish, which is
correlated with their diet (Motta 1987) is much
lower in juvenile fishes and prevents them from
feeding intensively on hard-bodied prey like corals .
In the latter case, the iron content of the teeth caps
should be much higher in juvenile specimens of
obligate coral feeders than in non-obligate ones .
We were unable to investigate this point .

Implication on community structure

The described patterns of butterflyfish communi-
ties are based on the distribution and interactions
of adult individuals ; and generally show a positive
relationship between cover of living scleractinians,
fish species richness and fish abundance (Bouchon-
Navaro 1979, 1981, Anderson et al . 1981, Bell &
Galzin 1984, Bell et al . 1985, Bouchon-Navaro et
al. 1985, Findley & Findley 1985) . Some authors
have suggested there is little evidence that butter-

flyfish assemblages are resource-limited (Bell et al .
1985, Findley & Findley 1985) . Others, however,
have emphasize the possible importance of com-
petitive interactions among chaetodontid species
(Reese 1975, Anderson et al . 1981, Bouchon-Nava-
ro 1986) .

It is often claimed that reef fishes are relatively
site-attached after recruitment (Sale 1980) . In fact,
the site of settlement and the site of adult-life differ
in many reef fish species, and one can notice a
differential distribution of size-class cohorts across
a reef in the same species (Galzin 1985, Shulman &
Ogden 1987) . Among chaetodontids, where adults
are reported to be highly sedentary (Reese 1975,
1977, 1981), it seems that settlement occurs prefer-
entially in shallow-water habitats for at least half of
the species studied (Table 4) . The patterns of size-
class distribution may vary with geographical areas
within the same fish species, and do not seem to be
closely related to feeding specialization, contrary
to what hypothesized. The importance of shallow
waters for reef fish recruits is well known in species
such as Acanthurus triostegus (Randall 1961, Sale
1969) . Particular hydrological conditions, food re-
sources or avoidance of predators are put forward
to account for the high rate of fish recruitment
observed in shallow waters .

When a fish settles in a reef zone different to that
of adults of the same species, its recruitment is
independent of local adult density, and no intra-
specific overlap in food and microhabitat exists
during the early life-history of the species . When
recruitment occurs within adult home ranges, dif-
ferences in food requirements between size-classes
reduces the potential intraspecific competition for
that resource .

The present study demonstrates that among
chaetodontids specific food and spatial require-
ments of adults and juveniles may range from iden-
tical to completely different . Recruitment studies
to date have emphasized species with similar juve-
nile and adult habits . It is suggested that the dy-
namics of species in which food and habitat re-
quirements differ significantly between juveniles
and adults may differ fundamentally from these
species. In particular, post-settlement events, es-
pecially at times of transition between juvenile and



adult behavior, may be of greater importance in
determining recruitment to adult populations than
initial densities of post-larvae .

Feeding requirements of juvenile butterflyfishes
- and of coral reef fishes in general - need to be
thoroughly investigated for a better understanding
of post-settlement events . The timing of the transi-
tion between planktonic feeding to benthic feeding
should be determined by analysis of otoliths and
stomach contents for the same individuals . It is
necessary to know the food preferences of recruits,
and to determine if there is any consistency within
fish families or within feeding guilds. The caloric
value and chemical composition of prey should be

determined, and related to the energetic require-
ments of juvenile fishes . These analyses should be
conducted on syntopic species exhibiting different
level of feeding specialization . For species with
very specific feeding requirements, distribution
and abundance of suitable food resources may
greatly restrict the availability of potential settling
sizes. The importance of food resources on settle-
ment may be investigated by appropriate experi-
ments where the real specific food resources of
recruits are modified .
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