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INTRODUCTION

The life history of most coral reef fishes is a 2-phase
cycle: juveniles and adults are demersal, while larvae
are planktonic. Furthermore, larvae of many of the
more prominent fish taxa on coral reefs settle into
habitats that are distinct from those of adults (Robert-
son et al. 1979, Shulman & Ogden 1987, Robertson
1988), creating another stage within the demersal
phase. Thus, for many coral reef fishes their life history
consists of 3 stages, each in a different habitat: larval
(planktonic), juvenile (demersal), and adult (demersal).

This 3-phase life cycle may serve to decouple adult
reproduction from recruitment of new individuals into
the local population, or to decouple settlement of lar-
vae from population dynamics of local adult popula-
tions.

The extent to which nursery habitats influence fish
assemblages on coral reefs is unclear, because of the
uncertainty as to whether reef fish assemblages are
more influenced by larval supply and settlement pro-
cesses, which involve the larval phase and the settle-
ment transition, as opposed to post-settlement pro-
cesses, which involve juvenile and adult phases and
the juvenile-adult habitat transition (reviewed in Jones
1991). One school of thought proposes that larval sup-
ply and settlement is the primary factor influencing
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fish abundance, i.e. reef fish populations do not reach
resource-defined carrying capacities because larval
supply is insufficient (e.g. Doherty 1982, 1983, Sale et
al. 1984, Victor 1983, 1986, Abrams 1984, Fowler et al.
1992, Doherty & Fowler 1994, Sale 1982). 

Contrary to the larval supply limitation model, other
investigators (review in Jones 1991) argue that post-
settlement processes are more influential in determin-
ing reef fish abundance. Factors that may influence
fish abundance include the amount, type, and distribu-
tion of habitat (Ebersole 1985, Eggleston 1995, Tolim-
ieri 1995, Tupper & Boutilier 1997), predation (Hixon &
Beets 1989, 1993, 1997, Hixon 1991, Beukers & Jones
1997, Eggleston et al. 1997, Steele 1997a), competition
(Smith & Tyler 1972), disturbance (Bohnsack & Tal-
bot 1980), or a combination of factors (Shulman et al.
1983, Shulman 1985a, Shulman & Ogden 1987, Steele
1997b). Moreover, the ability of settlement- and post-
settlement-stage fishes to select among habitats (Fred-
erick 1997, Levin et al. 1997a, McCormick & Makey
1997, Risk 1997, Stobutzki & Bellwood 1997) indicates
that finding a suitable nursery habitat is worth the
energy and predation risk associated with exploratory
movement. Finally, there is an emerging view that the
importance of larval supply and settlement to reef fish
populations may vary, depending upon the vagility
and site-attachment of different species (Ault & John-
son 1998), the degree of isolation versus continuity of
habitat in different reef systems (Ault & Johnson 1998),
geographic differences in larval supply (Levin et al.
1997b, Tolimieri et al. 1998, Casselle 1999), and post-
settlement influences on fishes (Green 1996, Spon-
augle & Cowen 1996). While much is known about
microhabitat requirements for recruits and for adults of
many coral reef fishes (Sale et al. 1984, Robertson
1988, Tolimieri 1998b) and post-settlement modifica-
tion of recruitment patterns (Eggleston 1995, Tolimieri
1998a), the examination of the importance of off-reef
habitats to ontogenetic development has just begun
(Nagelkerken et al. 2000). 

This paper reports findings from a study of putative
nursery habitats of back-reef and lagoon areas of
bank-barrier reefs on St. Croix, US Virgin Islands.
Based upon findings from a pilot study, we expected
that lagoonal patch-reef and rubble would be a pre-
ferred nursery habitat for coral reef fishes. Therefore,
we investigated which post-settlement life stages of
which species are associated with which lagoon habi-
tats, the extent to which reef-associated species use
the lagoon habitats as nurseries, and how the utiliza-
tion of lagoon habitats by fishes differs from the use of
back-reef habitats, in order to test the null hypothesis
(H0) that there are no differences in densities of early
post-settlement fishes among back-reef and lagoon
habitats.

METHODS

Study location. Six study sites on the eastern end of
St. Croix (Fig. 1), each comprising a section of back-
reef and its associated lagoon, are similar in terms of
bank-barrier reef orientation and size, lagoon area,
and habitat types. Seagrass beds, in which coral rub-
ble, patch-reef, algal plain, and sand bottom habitats
are patchily distributed, make up the habitat of the
study lagoons, which are bounded on the seaward side
by the back-reef of a bank-barrier reef. Wide, continu-
ous, shallow (<1 m) reef crests prevent work on the
reef platform and restrict access to the shallow fore-
reef in all but the calmest weather, so these areas were
not included in censusing. The back-reef is a shallow
area composed mostly of highly inter-mixed calcare-
ous pavement, patch-reef (coral heads) and rubble,
with smaller patches of algal plain, sand, or seagrass
mixed in. In contrast to the lagoon, potential nursery
habitats of the back-reef are contiguous with the rest
of the bank-barrier reef. Isolated sections of bank-bar-
rier reef and associated lagoons were chosen for study
sites to reduce movement of fishes that might occur be-
tween contiguous sections of reef or between lagoonal
nurseries and non-adjacent sections of a contiguous
reef tract, since considerable movement of young
fishes may occur along a continuous reef tract but not
among isolated sections of reef (Ault & Johnson 1998). 

Lagoon habitat types. We divided the lagoon habi-
tats into 5 primary types: patch-reef, rubble, seagrass,
algal plain, and sand. Each habitat type is identified
based on the following characteristics. Patch-reef: iso-
lated, high-relief, calcareous structure (not part of the
contiguous reef), with a vertical profile that often, but
not always, contains live coral cover, the most im-
portant characteristic is vertical relief. Rubble: low-
relief, calcareous structure composed primarily of
conch shells or dead/dying coral fragments that are not
attached to the substrate; rubble habitat may occur
over extended areas or as isolated fragments within
seagrass, sand, or algal plain habitats. Seagrass: mono-
specific, or nearly monospecific, stands of Thalassia
testudinum, with varying densities of Syringodium fili-
forme mixed in. Algal plain: areas of open sand with no
or very little (<10% cover) plants or coralline material
represented. Sand: sand bottom dominated by Hali-
meda spp., Penicillus spp., and Udotea spp., which
may include sparse stands of T. testudinum and S.
filiforme.

Field methods. Each of the 6 study sites was cen-
sused on 2 non-consecutive days during 2 wk census
periods in June and October 1999 and February 2000.
To ensure consistency of counts, the same 2 observers
conducted all transects. The lagoon and bank-barrier
back-reef areas were censused separately within
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each day for each site. All non-cryptic fishes (i.e. all
except cryptic species such as gobiids, apogonids,
and bleniids) within a 50 m long × 2 m wide × 2 m
high transect were counted, and recorded in size cat-
egories (<3 cm, 3 to 5 cm, >5 cm). Size categories
were used to reduce potential differences in the esti-
mation of fish size by the 2 observers over the course
of the study. Furthermore, the clipboards which held
the census data sheets were marked with size incre-
ments for in situ size reference. Within lagoons, the
location and direction of transects were randomized,
and fishes were recorded in association with a given
habitat. The length of transect tape crossing each
habitat type was noted to provide estimates of per-
cent cover by habitat type and to allow calculations of
fish densities for each habitat type. Back-reef tran-
sects were parallel to the longitudinal axis of the
back-reef, with no differentiation of habitat types
because of the highly inter-mixed nature of the back-
reef habitats. On each census day, 14 back-reef tran-
sects and 20 lagoon transects were completed for 1 of
the 6 sites. The basic unit of analysis was the census
data collected from a single site in a single day. Thus,
for each census period, for each study site, there were
2 census days, each with a total of 1400 m2 of back-
reef habitats and 2000 m2 of lagoon habitats cen-
sused.

Analysis. Densities of 4 focal ‘spe-
cies’ and of all fishes combined were
examined to determine which lagoon
habitats were most heavily used.
The 4 focal species (or nominal spe-
cies) Acanthurus spp., Haemulon
spp., Sparisoma aurofrenatum, and
Scarus iserti were selected based on
frequency of occurrence and overall
abundance on back-reefs and lagoon
habitats (to ensure sufficient data
for analysis), economic importance
(e.g. pomadasyids are important in
the commercial fishery), trophic im-
portance (e.g. acanthurids and scar-
ids are important grazers on coral
reefs), and species of particular con-
cern (e.g. scarids are under increased
fishing pressure and have declined in
abundance on St. Croix and other
Caribbean islands). Since newly set-
tled individuals of Acanthurus spp.
(A. bahianus and A. chirurgus) and
Haemulon spp. (H. aurolineatum, H.
carbonarium, H. chrysargyreum, H.
flavolineatum, H. macrostomum, H.
plumieri, and H. sciurus) are difficult
to identify at the species level, we

pooled the species within each genus to form 2
nominal species for data analysis. 

Several studies have demonstrated the importance
of ontogenetic shifts for many coral reef fishes
(Shulman 1985b, Eggleston 1995, Nagelkerken et al.
2000). To provide new information, we focus on
quantifying how each size class of different coral reef
fishes utilizes available habitats, examining each size
class and thus each life stage as a separate biological
entity. To compare utilization among the back-reef
habitat and the various lagoon habitats, and so deter-
mine whether lagoon habitats thought to be nurs-
eries actually attract more settlers and sustain more
juveniles than the back-reef, we applied repeated-
measures ANOVA to densities of the 3 different size
classes for the 4 focal species and for all species com-
bined. Density data were log(x+1)-transformed prior
to analyses, and we used the Huynh-Feldt adjusted
probability if the model did not meet the sphericity
assumption (Wilkinson et al. 1996). Although the
data distributions remained positively skewed after
transformation, repeated-measures ANOVA was used
because (1) we censused fish assemblages at the
same sites repeatedly over time so the measurements
might not have been independent, and (2) these
distributions lead to conservative Type-I errors in
ANOVA (Glass et al. 1972). One or more lagoon
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Fig. 1. Locations of study sites at the eastern end of St. Croix. RB: Rod Bay,
TH: Turner Hole, TAG: Tague Bay, YC: Yellowcliff Bay, POW: Pow Point, 

SOL: Solitude Bay
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habitats were not encountered on a census day in
some months for some sites, resulting in empty cells
in the data matrix (12 missing of 648 total cells). Six
of the missing cells were for the patch-reef habitat,
4 cells for the rubble habitat, 1 cell for the seagrass
habitat, and 1 cell for the sand habitat. Since the loss
of cells from the site-habitat matrix sometimes re-
sulted in multicolinearity because of too few values
for a habitat-site interaction term, we replaced each
missing cell with the average for the corresponding
habitat (pooled across all sites) for that month.
This provided a conservative estimate of the missing
value. Analyses and results were examined for pos-
sible impacts of this data procedure, and in no case
was there a detectable influence. For the 4 focal
species, habitats were excluded from analyses if the
species was either absent or rare (i.e. present on less
than 5% of census dates) in that habitat.

RESULTS

A total of 176 024 fishes were recorded over the 3
census periods, representing 97 species (Appendix 1).
On the back-reef, 92 species were recorded and in the
lagoon 78 species. Within the lagoon, 72 species were
recorded on the patch-reef, 39 species on rubble, 25
species on seagrass, 26 species on the algal plain, and
11 species on sand. The mean estimated percent cover
of lagoon habitat types varied by site, but rankings
were similar among sites, with seagrass and algal plain
most abundant, and patch-reef and rubble covering the
least area of the bottom. The 4 focal ‘species’ accounted
for 36.9% of all fishes counted. In the small (<3 cm) size
class, Acanthurus spp. accounted for 3.3%, Haemulon
spp. for 54.2%, Sparisoma aurofrenatum for 3.2%, and
Scarus iserti for 14.7% of all fishes counted. In the
medium (3 to 5 cm) size class, Acanthurus spp.
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Fig. 2. (Above and facing page.) Acanthurus spp. Mean (n = 2 for each season × site × habitat) density of by season, habitat (back-
reef, patch-reef, rubble) and site. (a) Small (<3 cm) fishes, (b) medium (3 to 5 cm) fishes, (c) large (>5 cm) fishes. Note that 

y-axis scale differs among graphs
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accounted for 4.9%, Haemulon spp. for 4.5%, S.
aurofrenatum for 2.9%, and S. iserti for 12.7% of all
fishes counted. In the large (>5 cm) size class, Acan-
thurus spp. accounted for 10.8%, Haemulon spp. for
8.9%, S. aurofrenatum for 2.9%, and S. iserti for 8.7%
of all fishes counted.

Most settlement of Acanthurus spp. occurred during
spring and summer (Fig. 2a), with peak densities of
small fishes in either June (3 sites) or October (2 sites).
Timing of settlement varied among sites, but not
among habitats within sites. Acanthurus spp. were
either absent or rare in the seagrass and algal plain,
and were never recorded in sand habitats; so these 3
habitats were excluded from the ANOVA for this
taxon. Of the remaining habitats, small and medium
Acanthurus spp. preferred lagoon patch-reef and rub-
ble over back-reef. We often observed groups of small
and medium Acanthurus spp. using seagrass border-
ing patch-reef and rubble. Upon our approach these
individuals retreated to the shelter of the nearby
patch-reef or rubble habitat, and were recorded as
inhabiting the patch-reef or the rubble. The significant
season × habitat × site interaction for small fishes and
habitat × site interaction for medium fishes (Table 1)
are not surprising given variation in timing of settle-
ment and spatial variability of incoming larvae
(Caselle & Warner 1996). These interactions do not
obscure the important finding that small and medium
fishes prefer lagoon patch-reef and rubble over back-
reef. Tague Bay had few small or medium Acanthurus
spp. At 4 of the 5 other sites, highest densities of small
(<3 cm) Acanthurus spp. were found on rubble, and at
the remaining site on patch-reef (Fig. 2a). The highest
densities of medium (3 to 5 cm) Acanthurus spp. were
found on rubble at 3 sites and on patch-reef at 2 sites
(Fig. 2b). Large (> 5cm) Acanthurus spp. showed the
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Fig. 2 (continued)

Source df Size class
<3 cm 3 to 5 cm >5 cm 

MS F MS F MS F

Between factors
Habitat 2 0.0370 6.499** 0.1470 11.398*** 0.0133 0.712ns

Site 5 0.0214 3.761* 0.0570 4.422** 0.0273 1.463ns

Habitat × Site 10 0.0141 2.474* 0.0313 2.426* 0.0290 1.554ns

Within factors
Season 2 0.0446 5.883** 0.0003 0.013ns 0.0135 0.564ns

Season × Habitat 4 0.0164 2.162ns 0.0222 0.959ns 0.0200 0.832ns

Season × Site 10 0.0370 4.881*** 0.0138 0.598ns 0.0148 0.617ns

Season × Habitat × Site 20 0.0172 2.269* 0.0176 0.763ns 0.0145 0.605ns

Table 1. Acanthurus spp. Results of repeated-measures ANOVA of log(x+1)-transformed density by size class. Categorical fac-
tors are habitat (only back-reef, patch-reef, and rubble are included: no fishes or insufficient fishes in other habitats) and site, 

repeated by season. ns: not significant (p > 0.05); *p < 0.05; **p < 0.01; ***p < 0.005
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least variation in density over space and time (Fig. 2c).
Although densities of large Acanthurus spp. were
highest on the back-reef at some sites, this difference
was not significant (Table 1). In contrast to small fish,
the density of large Acanthurus spp. did not vary sig-
nificantly over time; this segment of the population
appears to be fairly stable in most habitats at most
sites. It is important to note that the large size category
includes juveniles (potentially in transition from post-
settlement to adult habitats) and adults, so the non-
significant finding for habitat use is not unexpected. 

Small (<3 cm) Haemulon spp. were recorded on all
habitats except sand. There was no significant differ-
ence among habitats in densities of small Haemulon
spp. (Table 2), even though graphical examination of
the data suggest that small Haemulon spp. prefer
lagoonal patch-reef and rubble. We suggest that these
differences are not significantly different because of
the extremely patchy nature of Haemulon spp., and
thus high variance in density estimates within habitats.
Furthermore, we observed newly settled (<1 cm)
Haemulon spp. most frequently in seagrass and algal
plain habitats, and only infrequently in back-reef,
patch-reef, and rubble, which is in agreement with
previous studies (Shulman 1985a, Shulman & Ogden
1987, Nagelkerken 2000). In contrast, medium (3 to
5 cm) Haemulon spp. were not present on seagrass,
algal plain, or sand, and showed no preference among
back-reef, patch-reef, and rubble habitats. Large Hae-
mulon spp. preferred back-reef over patch-reef and
rubble, and were not present on other habitats
(Table 2). This indicates a clear ontogenetic shift from
plant-dominated habitats to calcium carbonate habi-
tats. Only small Haemulon spp. showed a significant
seasonal variation in density (Table 2), as occurred in
Acanthurus spp. Settlement appears to be concen-
trated in summer, as densities of small individuals
peaked in October at all sites.

In stark contrast to Acanthurus spp. and Haemulon
spp., the significant differences in habitat densities of
Sparisoma aurofrenatum were due to a distinct prefer-
ence for back-reef and patch-reef over any other habi-
tat for all size classes (Table 3, Fig. 3). S. aurofrenatum
were absent or extremely rare in seagrass, algal plain,
and sand habitats, and were rare on rubble: almost all
the S. aurofrenatum of all size classes recorded on rub-
ble were at 1 site, Yellowcliff Bay (Fig. 3). Small S.
aurofrenatum that were just beginning to gain color
were seen, alone or in groups of 3 or fewer, hiding
among algae, but only in back-reef and patch-reef
habitats. Since all size classes showed similar habitat
utilization patterns, it is apparent that there is little, if
any, ontogenetic habitat shift in this parrotfish. In con-
trast again with Acanthurus spp. and Haemulon spp.,
no clear settlement pulse emerged for S. aurofrenatum
(Fig. 3a). The highly significant seasonal differences
for small (<3 cm) S. aurofrenatum cannot be inter-
preted due to complex, and equally strong, season ×
habitat × site interactions (Table 3). Although season ×
habitat interactions for medium (3 to 5 cm) and large
(>5 cm) S. aurofrenatum densities were significant
(Table 3), no clear trend was evident for either size
class (Fig. 3b,c), although the preference for back-reef
habitat was consistent for both size classes.

Like Sparisoma aurofrenatum, Scarus iserti showed
a strong preference for complex, high-relief structure,
with no ontogenetic shift in habitat. S. iserti were
extremely rare (i.e. incidental) on rubble, seagrass,
algal plain, and sand, and showed no preference be-
tween back-reef and patch-reef habitats (Table 4).
Higher densities of small (<3 cm) S. iserti in June and
October indicate that settlement occurs mostly in sum-
mer (Table 4), although some settlers were seen on the
back-reef in February. The significant season × site
interaction for medium (3 to 5 cm) S. iserti was due to
high densities at Tague Bay (Table 4). Tague Bay also
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Source df Size class
<3 cm 3 to 5 cm >5 cm 

MS F MS F MS F

Between factors
Habitat 4 0.0266 2.198ns 0.0066 1.357ns 0.0103 7.446***
Site 5 0.0145 1.196ns 0.0042 0.871ns 0.0015 1.094ns

Habitat × Site 20 0.0087 0.719ns 0.0051 1.058ns 0.0013 0.956ns

Within factors
Season 2 0.0991 8.313*** 0.0035 0.732ns 0.0003 0.170ns

Season × Habitat 8 0.0199 1.671ns 0.0121 2.527ns 0.0009 0.640ns

Season × Site 10 0.0095 0.799ns 0.0057 1.194ns 0.0016 1.125ns

Season × Habitat × Site 40 0.0138 1.161ns 0.0077 1.608ns 0.0025 1.738ns

Table 2. Haemulon spp. Results of repeated-measures ANOVA of log(x +1)-transformed density of by size class. Categorical fac-
tors are habitat (only back-reef, patch-reef, rubble, seagrass, and algal plain are included: no fishes on sand) and site, repeated 

by season. ns: not significant (p > 0.05); ***p < 0.005
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appears to be influential in the significant season effect
for large (>5 cm) S. iserti (Table 4). We observed S.
iserti of all size classes on the back-reef and some large
lagoon patch-reefs moving about the reef in roving
schools, usually segregated by size, of a few to tens of
individuals, and frequently stopping to feed. Larger
individuals (>10 cm) were usually observed as singles
or pairs rather than traveling with roving schools. 

Spatial and temporal patterns of habitat use can be
discerned for all species combined, despite a signifi-
cant season × habitat interaction (Table 5). The general
trend of community level utilization of lagoonal nurs-
ery habitats is important in that this suggests that the
findings for Acanthurus spp. and Haemulon spp. may
be applicable to other species. Lagoon patch-reef and
rubble were generally the most heavily used habitats,
especially by small (<3 cm) and medium (3 to 5 cm)
fishes in spring and summer. Of the 92 species
recorded on back-reefs, 33 also utilized the lagoon
patch-reef and 22 used rubble when they were small
(<3 cm), and 42 were also found on patch-reef and 23
on rubble at medium size (Appendix 1). In contrast, 65

species used lagoon patch-reef and 29 rubble when
large (>5 cm). Seagrass, algal plain, and sand habitats
contained low densities of fishes in all size classes, with
the exception of recently settled Haemulon spp. in
seagrass. Most settlement occurred during summer, as
indicated by high densities of small (<3 cm) and
medium (3 to 5 cm) fishes during the June and October
census periods. Within lagoon habitats, the month of
highest density of small fishes on patch-reefs varied,
with small-fish density highest in June at 3 sites, and
greatest in October at 2 sites. Within the rubble habi-
tat, small-fish densities were highest in October at 5 of
6 study sites. By February, the densities of small and
medium fishes were low. The density of large fishes
(>5 cm) remained relatively stable over time. 

DISCUSSION

We discerned 2 patterns of habitat use among coral
reef fishes on St. Croix: one group of fishes use lagoon
patch-reef and rubble habitats as nurseries, while the
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Source df Size class
<3 cm 3 to 5 cm >5 cm 

MS F MS F MS F

Between factors
Habitat 2 0.0008 18.564*** 0.0020 5.192* 0.0020 30.098***
Site 5 0.0002 5.189** 0.0002 0.631ns 0.0010 15.545***
Habitat × Site 10 0.0001 3.282* 0.0004 1.039ns 0.0001 1.413ns

Within factors
Season 2 0.0006 15.772*** 0.0004 1.257ns 0.0003 2.490ns

Season × Habitat 4 0.00003 0.740ns 0.0012 3.821* 0.0006 4.754***
Season × Site 10 0.0002 5.528*** 0.0004 1.371ns 0.0001 1.073ns

Season × Habitat × Site 20 0.00001 2.918*** 0.0003 1.009ns 0.0001 1.109ns

Table 3. Sparisoma aurofrenatum. Results of repeated measures ANOVA of log(x+1)-transformed density by size class. Categor-
ical factors are habitat (only back-reef, patch-reef, and rubble are included: no fishes on other habitats) and site, repeated by 

season. ns: not significant (p > 0.05); *p < 0.05; **p < 0.01; ***p < 0.005

Source df Size class
<3 cm 3 to 5 cm >5 cm 

MS F MS F MS F

Between factors
Habitat 1 0.0112 3.835ns 0.0010 1.060ns 0.0010 2.031ns

Site 5 0.0161 5.514** 0.0333 34.015*** 0.0088 18.470***
Habitat × Site 10 0.0033 1.128ns 0.0016 1.597ns 0.0027 5.616**

Within factors
Season 2 0.0061 5.253* 0.0202 7.133*** 0.0074 4.016*
Season × Habitat 4 0.0008 0.725ns 0.0017 0.596ns 0.0011 0.613ns

Season × Site 10 0.0018 1.579ns 0.0080 2.824* 0.0017 0.928ns

Season × Habitat × Site 20 0.0008 0.670ns 0.0039 1.371ns 0.0011 0.568ns

Table 4. Scarus iserti. Results of repeated measures ANOVA of log(x +1)-transformed density of by size class. Categorical factors
are habitat (only back-reef and patch-reef, no fish on other habitats) and site, repeated by season. ns: not significant (p > 0.05); 

*p < 0.05; **p < 0.01; ***p < 0.005
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Fig. 3. (Above and facing page.) Sparisoma aurofrenatum. Mean (n = 2 for each season × site × habitat) density of by season, habi-
tat (back-reef, patch-reef, rubble) and site. (a) Small (<3 cm) fishes, (b) medium (3 to 5 cm) fishes, (c) large (>5 cm) fishes. Note 

that y-axis scale differs among graphs

Source df Size class
<3 cm 3 to 5 cm >5 cm 

MS F MS F MS F

Between factors
Habitat 5 0.8216 75.067*** 1.8067 204.37*** 2.008 112.72***
Site 5 0.0888 8.112*** 0.0508 5.754*** 0.037 2.055ns

Habitat × Site 25 0.0175 1.601ns 0.0358 4.052*** 0.040 2.266*

Within factors
Season 2 0.8540 55.365*** 0.2086 15.589*** 0.343 11.619***
Season × Habitat 10 0.1782 11.553*** 0.1112 8.307*** 0.220 7.444***
Season × Site 10 0.0410 2.659** 0.0261 1.951ns 0.012 0.416ns

Season × Habitat × Site 50 0.0181 1.173ns 0.0152 1.137ns 0.011 0.356ns

Table 5. All species combined. Results of repeated-measures ANOVA of log(x+1)-transformed density by size class. Categorical
factors are habitat (back-reef, patch-reef, rubble, seagrass, algal plain, and sand) and site, repeated by season. ns: not significant 

(p > 0.05); *p < 0.05; **p < 0.01; ***p < 0.005

a b
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second group prefer the back-reef as nursery habitats.
Small and medium (recent post-settlement and juve-
nile) fishes of species that utilize lagoons as nurseries,
exemplified by Acanthurus spp. and Haemulon spp.,
prefer patch-reef and rubble habitats as nurseries over
back-reef and other lagoon habitats (seagrass, algae,
and sand—which cover a considerably larger area).
Other species, exemplified by Scartus iserti and Spari-
soma aurofrenatum, use lagoon habitats rarely, and
use the back-reef as settlement, nursery, and adult
habitat.

Competent Acanthurus spp. larvae can swim long
distances (Sancho et al. 1997, Stobutzki & Bellwood
1997) and delay metamorphosis for long periods, so
they can explore potential settlement sites (Mc-
Cormick 1999). Moreover, post-settlement A. bahianus
and A. chirurgus may use a variety of habitat types
(Robertson 1988, Mahon & Mahon 1994, Risk 1997,
Lawson et al. 1999, this study), so they can take advan-
tage of the post-settlement transition period (Kaufman

et al. 1992) to find the most suitable habitat for final
settlement. Haemulids also show plasticity in settle-
ment and post-settlement habitat use, with most settle-
ment occurring in lagoon seagrass and algal plain, and
post-settlement migration to patch-reef, rubble, or the
back-reef habitat (Shulman & Ogden 1987, this study).
Pre-settlement larvae of fishes that use lagoon habitats
as nurseries must pass over the bank-barrier reef and
into the lagoon before finding patch-reef or rubble,
indicating that these lagoon habitats must provide
advantages that make it worth the energy and risk
associated with the search.

Based upon the results of this study and results of
other studies, we theorize that the general tendency of
many species to use lagoon habitats as nurseries
(Nagelkerken et al. 2000) may be explained by several
factors. 

First, recruitment declines as a resident population
increases, so a location may become saturated (Shul-
man et al. 1983, Forrester 1995, 1999, Schmitt & Hol-
brook 1999). In accordance with Munro et al. (1973)
and Shulman (1985a), we found that settlement oc-
curred mainly in summer, with only a small amount of
settlement on the back-reef in winter. Suitable juvenile
habitats on the back-reef may become saturated early
during the summer, so that later-arriving fishes settle
on lagoon habitats that are not yet saturated. In this
scenario, lagoon patch-reef and rubble may attract
more settlers in spring and summer because resources
(food, shelter, and space) are more available than on
the back-reef, which is crowded with fish of all ages
competing for these resources. In winter, when the
density of fishes is lowest, incoming larvae may settle
on the first appropriate habitat they encounter—which
is the back-reef. 

Second, differences among habitats in the density of
post-settlement fishes may reflect differences in pre-
dation rates, regardless of initial settlement patterns.
Examples abound: Risk (1997) found that, although ini-
tial settlement of Acanthurus bahianus is higher on the
back-reef than the reef crest or fore-reef, persistence is
lower on the back-reef; predation on juveniles on small
patch-reefs is higher on patch-reefs near the back-reef
than on those that are farther away (Shulman 1985b);
juvenile acanthurids on large lagoonal patch-reefs suf-
fer greater predation at the patch-reef edges (Sweat-
man & Robertson 1994); and predation of tethered
juvenile A. chirurgus was lower in tidepools than in
nearby reef habitats in Costa Rica (A.J.A. unpubl.
data). Within lagoons, structurally complex patch-reef
and rubble provide protection from predation (re-
viewed in Hixon 1991). Moreover, patch-reefs and rub-
ble are located within seagrass, algal plain, or sand
habitats, so post-settlement fishes that occupy patch-
reef and rubble have access to food sources in the sur-
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rounding habitats. Since food availability may be as
important as shelter (Kerrigan 1994), especially for
species that suffer size-dependent mortality (Levin et
al. 1997a), patch-reef and rubble surrounded by habi-
tats that provide adequate food should be highly
attractive to post-settlement and juvenile fishes (Shul-
man 1985b). 

Third, interspecific priority effects may influence the
distribution of post-settlement fishes. For example, the
territorial pomacentrid Stegastes leucostictus tends to
reduce settlement and post-settlement persistence of
Acanthurus spp. (Shulman et al. 1983, Risk 1998), and
settlement of Haemulon spp. is reduced by the pres-
ence of juvenile predators, such as lutjanids, that set-
tled earlier (Shulman et al. 1983). Haemulid recruit-
ment to a marine reserve in Barbados, with many
predators, was lower than to an adjacent unprotected
area with fewer predators (Tupper & Juanes 1999), and
predation of post-settlement fishes is higher on artifi-
cial reefs with holes large enough to support resident
predators than on reefs without large holes (Hixon &
Beets 1993, Beets 1997). 

Patch-reef and rubble may offer different advan-
tages as nursery habitat. Predation may be especially
low on rubble, which, unlike patch-reefs, does not
have holes large enough for predatory fishes. In con-
trast, patch-reefs may offer more shelter and more
conspicuous targets for incoming larvae or ‘bouncing’
post-larvae (individuals in the post-settlement transi-
tion; Kaufman et al. 1992), since they cover a greater
area of bottom, have more vertical relief, and have a
more complex structure. The density of small fishes on
patch-reefs peaked in June for 3 of the 6 study sites,
but peaked on rubble in October for 5 of the 6 sites,
suggesting a preference for patch-reef over rubble.
However, much more research is needed to determine
whether fishes prefer to settle on patch-reefs within
lagoons, and whether predation rates differ between
juveniles using patch-reef versus rubble.

Fourth, small differences in density may be aug-
mented by aggregation tendencies of settlers. Both
Acanthurus spp. (Shulman 1985a, Risk 1998) and
Haemulon spp. (Shulman 1985a) are attracted to sites
already occupied by juvenile conspecifics. 

In contrast to Acanthurus spp. and Haemulon spp.,
post-settlement and juvenile Sparisoma aurofrenatum
and Scarus iserti preferentially use back-reef and, to
some extent patch-reef, habitats. Juvenile S. auro-
frenatum prefer pavement and coral rubble (Tolimieri
1998a), or a mixture of coral and algae (Overholtzer &
Motta 1999). High site-fidelity, increasing the area of
home ranges as an individual grows, and high levels
of intra-specific aggression, may impose a minimum
size limit on potential habitat for S. aurofrenatum. The
restricted area of most lagoon patch-reefs and rubble

locations limits the utility of these lagoon habitats as
nurseries for S. aurofrenatum. 

Behavior and distribution among habitats of Scarus
iserti among reef habitats is determined in part by the
distribution of its primary food source, ephemeral
patches of filamentous microalgae and diatoms that
grow on coral rubble (Clifton 1991). On back-reefs,
juveniles preferentially utilize coral rubble, especially
Porites spp. (Tolimieri 1998a), while on patch-reefs
juveniles reside in areas of mixed coral and rubble
(Overholtzer & Motta 1999). Individuals have a limited
home range and do not migrate to other reefs (Ogden
& Buckman 1973). Finally, like many scarids, S. iserti
are active diurnally, and require night-time shelter.
Thus, a habitat must provide suitable feeding substrate
over enough area to support multiple individuals and
shelter for sleeping to be appropriate for S. iserti. The
lagoon habitats we studied are either too small in area
(rubble and small patch-reefs) or do not provide ade-
quate shelter (algal plain, seagrass, and sand), so only
the back-reef and large lagoon patch-reefs meet the
requirements of S. iserti. 

In conclusion, although some reef-associated fishes
(e.g. Sparisoma aurofrenatum and Scarus iserti) show
little affinity for lagoon habitats, many other fishes of
St. Croix utilize lagoon patch-reef and rubble habitats
as nurseries (e.g. Acanthurus spp. and Haemulon
spp.). Reef fishes that use lagoon nurseries must pass
over the reef proper to reach these habitats. Lagoon
patch-reefs and rubble must provide advantages to
juveniles that compensate for the added energy
expense and predation experienced by these fishes—
when they search for these habitats as larvae, and
again when they return to the reef during the juvenile
to adult transition. For these species, post-settlement
processes greatly modify settlement patterns, weaken-
ing the relationship between larval supply and post-
settlement abundance. Additional research is needed
to determine the extent to which lagoon nurseries
contribute to populations of adults on adjacent reefs.
For species that settle into and use similar habitats
throughout their demersal life stages, the abundance
of adults is likely to have a stronger correlation with
settlement patterns.

While settlement peaked during summer, some set-
tlement occurred throughout the year. Often, patterns
of habitat preference by settlers and habitat-use by
juveniles differed by season. It is not known how prior-
ity effects (Shulman et al. 1983), differential mortality
based on numbers or size of individuals (Sogard 1997),
or the condition of settling and post-settlement fishes
(McCormick 1998) vary among peak and non-peak
periods of settlement. Considering that much of the re-
search of settling and juvenile fishes in the Caribbean
has taken place during the summer, but that settlement
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occurs throughout the year, future research may focus
on the relative importance of processes affecting
settling and juvenile fishes throughout the year.

As managers address issues such as the placement
and design of marine reserves, information on habitat
utilization and life-history characteristics of coral reef
fishes, as contained in this study, will become a vital
part of the decision-making process. The use of lagoon
habitats as nurseries by reef-associated fishes must be
incorporated into any management plan. 
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Family/Species Patch-reef Rubble Seagrass Algal plain Sand Back-reef 
sm md lg sm md lg sm md lg sm md lg sm md lg sm md lg

Synodontidae

Synodus saurus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<

Holocentridae
Holocentrus adscensionis 0 0 0.87 0 0 1.41 0 0 0 0 0 0 0 0 0 0.03 0 1.25
H. curuscus 0 0.05 0.06 0 0 0 0 0 0 0 0 0 0 0 0 0.03 0.01 0.05
H. marianus 0 0 0.74 0 0.4 1.69 0 0 0 0 0 0 0 0 0 <0.01< 0 0.93
H. vexillarius 0 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01 <0.01< 0.02
Myripristis jacobus 0 0 0.23 0 0 0 0 0 0 0 0 0 0 0 0 0.02 0.01 0.47

Aulostomidae
Aulostomus maculatus 0 0 0.13 0 0 0.28 0 0 0 0 0 0 0 0 0 0 0 0.14

Serranidae
Epinephelus adscensionis 0 0 0.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.04
E. cruentatus 0 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.04
E. fulvus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01
E. guttatus 0 0 0.51 0 0 0 0 0 0 0 0 0.32 0 0 0 0 0 0.25
E. striatus 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<
Hypoplectrus chlorurus 0 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01
H. nigricans 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 <0.01< 0 0.04
H. puella 0 0 0.32 0 0 0 0 0 0 0 0 0 0 0 0 0.03 <0.01< 0.06
H. unicolor 0 0.1 0.1 0 0.19 0 0 0 0 0 0 0 0 0 0 0.03 0.01 0.08
Serranus tabacarius 0.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01< 0
S. tigrinus 0 0.15 0.68 0.16 0.37 0 0 0 0 0 0 0 0 9.09 0 0.29 0.07 1.11
Rypticus saponaceus 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<

Grammatidae
Gramma loreto 0.13 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01< 0 <0.01<

Priacanthidae
Priacanthus cruentatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.04

Malacanthidae

Malacanthus plumieri 0 0.05 0.03 0 0 0 0 0 0.11 0 0 0.65 0 0 3.85 0 <0.01< 0.01

Lutjanidae
Lutjanus analis 0 0 0.06 0 0 0 0 0 0.22 0 0 0.32 0 0 3.85 0 0 <0.01<
L. apodus 0 0 0.16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.21
L. mahogoni 0.06 0 0.26 0.93 0 0 0.17 0.2 0 1.0 0.19 0.32 11.1 0 0 0.07 0.07 0.52
L. synagris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<
Ocyurus chrysurus 0 0.05 1.45 0 0.2 1.97 0 1.99 5.47 0.45 0.38 1.62 0 0 7.69 0.02 0 0.77

Gerreidae
Gerres cinereus 0 0 0.55 0 0 0.28 0 0 1.12 0 0 0.65 0 0 3.85 0 0 0.39
Eucinostomus jonesi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.85 0 0 0

Haemulidae
Anisotremus virginicus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<
Haemulon aurolineatuma 0 0.3 2.54 1.40 0 0.28 0 0 0 0 0 0 0 0 0 0.21 0.03 0.05
H. carbonariuma 0 0 0.26 0 0 0.28 0 0 0 0 0 0 0 0 0 0.01 0 0.49
H. chrysargyreuma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01< 0.02
H. flavolineatuma 1.93 4.16 7.68 0 4.16 1.13 0 0 0 0 0 0.97 0 0 0 6.86 2.58 12.90<
H. macrostomuma 0 0 0.19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<

Appendix 1. Species recorded in back-reef and lagoon censuses by size class and habitat. Data pooled across all sites and cen-
sus periods. sm: small (<3 cm), md: medium (3 to 5 cm), lg: large (>5 cm). Values are percent relative abundance of the species
in that habitat-size class (i.e. number of individuals from that species as a percentage of all fishes of all species of that size class 

in that habitat)
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Family/Species Patch-reef Rubble Seagrass Algal plain Sand Back-reef 
sm md lg sm md lg sm md lg sm md lg sm md lg sm md lg

Haemulidae (continued)

H. plumieria 0.26 0.9 2.32 3.26 1.39 0 0 0 2.34 0 0 0 0 0 0 0.06 0.01 2.12
H. sciurusa 0 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0.01 0 0.08
Haemulon spp.a 40.2 8.51 0.48 21.2 0 0 64.5 0 0 82.6 0 0 0 0 0 3.96 18.90< 0

Sciaenidae
Equetus acuminatus 0 0 0 0 0.2 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<
E. punctatus 0.06 0.2 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01 0.01

Mullidae
Mulloidichthys martinicus 0 0 1.83 0 0 0.28 0 0 0 0 0 0 0 0 0 0 0 1.72
Pseudupeneus maculatus 0 0 5.24 0.31 0.4 1.97 0 5.38 29.0 0 0.96 3.88 0 0 23.1 0.13 0.01 1.16

Pempheridae
Pempheris schomburgki 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<

Kyphosidae
Kyphosus sectatrix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01

Chaetodontidae
Chaetodon capistratus 0.84 0.6 1.29 0.93 1.39 0.28 0 0 0 0 0 0 0 0 0 0.39 0.29 0.39
C. ocellatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01 <0.01 0
C. striatus 0.13 0.35 0.61 0.47 0.37 0.56 0 0 0 0.09 0 0 0 0 0 0.10 0.04 0.34
Pomacanthidae
Holacanthus ciliaris 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01 <0.01
H. tricolor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01 <0.01 >0.01
Pomacanthus paru 0 0.05 0.13 0 0 0 0 0 0 0 0 0 0 0 0 <0.01 <0.01 0.03

Pomacentridae
Abudefduf saxatilis 0.13 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0.07 0.12 0.75
A. taurus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<
Chromis cyanea 0.06 0.1 0.84 0 0 0.28 0 0 0 0 0 0 0 0 0 0.25 0.31 0.25
C. multilineata 0 1.6 1.29 0 0 0 0 0 0 0 0 0 0 0 0 0.75 0.13 0.70
Microspathodon chrysurus 0.06 0.05 0.23 0 0 0.28 0 0 0 0 0 0 0 0 0 0.04 0.02 0.58
Stegastes diencaeus 0.19 0.45 0.67 0 0 0 0 0 0 0 0 0 0 0 0 0.68 0.71 1.74
S. fuscus 0.26 0.3 1.32 0.16 0 0 0 0 0 0 0 0 0 0 0 0.50 0.19 2.33
S. leucostictus 7.48 11.1 5.56 19.2 17.0 11.8 0.17 0.2 0.11 0.36 1.35 0 0 0 0 11.5 8.78 6.55
S. partitus 7.22 7.06 0.8 5.42 4.95 1.69 0 0.2 0 0 0 0 0 0 0 5.79 4.15 0.85
S. planifrons 1.68 1.35 2.34 0 0 0.28 0 0 0 0 0 0 0 0 0 0.60 0.65 0.88
S. variabilis 0 0 0.06 0 0 0 0 0 0 0 0 0 0 0 0 0.01 <0.01< 0.03

Cirrhitidae

Amblycirrhitus pinos 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01< 0 <0.01<

Labridae
Bodianus rufus 0 0 0.23 0 0 0 0 0 0 0 0 0 0 0 0 0.02 0.04 0.06
Halichoeres bivittatus 9.48 17.8 12.9 27.8 44.6 42.8 16.8 49.4 39.6 12.8 73.9 68.6 83.3 36.4 26.9 24.8 24.4 15.200
H. cyanocephalus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01< 0
H. garnoti 0.39 0.45 1.22 0 0 0 0 0 0 0 0 0 0 0 0 0.50 0.21 1.27
H. maculipinna 0.06 0.35 0.77 0.16 0.4 0.85 0 0 0.11 0.09 0 0 0 0 0 2.36 0.52 3.35
H. poeyi 0.13 0.85 1.77 0 0.4 1.13 0.17 2.59 2.01 0.09 0.77 2.91 0 0 0 0.69 0.29 1.38
H. radiatus 0.06 0.25 0.71 0 0 0 0 0 0.11 0 0 0 0 0 0 0.52 0.27 0.75
Hemipteronotus martinicensis 0 0 0 0 0 0 0 0 0 0.18 0.77 3.56 0 9.09 11.5 0 0 0
H. splendens 0 0 0.03 0 0 0 0 0 0.22 0 0 0.32 0 0 0 0 0 0
Thalassoma bifasciatum 6.19 16.6 8.39 0.31 1.39 6.2 0 0 0 0 0 0 0 0 0 13.600 8.23 6.73

Scaridae
Cryptotomus roseus 0 0 0 0 0 0 1.9 3.39 0.56 0.27 1.73 2.59 0 0 0 0.03 0.01 0.01
Scarus iserti 9.35 10.1 7.68 0 0 0 0.17 0 0 0 0 0 0 0 0 13.6 16.6 9.49
S. taeniopterus 2.12 0.9 0.13 0.31 1.19 1.41 0 0 0 0.2 0 0 0 0 0 0.25 0.73 0.12
S. vetula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.02 0 0.50
Sparisoma atomarium 0.26 0.5 0 0.31 0 0 0 0.2 0 0 0 0 0 0 0 0.36 0.30 0.06
S. aurofrenatum 1.61 3.21 4.15 1.24 1.39 1.69 0 0 0 0 0 0 0 0 0 2.97 3.53 2.88
S. chrysopterum 1.41 0.2 0.45 0 0 0 0 0 0 0 0 0 0 0 0 <0.01 <0.01 0.22
S. radians 0 0.8 0.29 0.16 0.4 0.85 8.14 33.1 14.9 1.09 9.41 4.53 5.56 36.4 3.85 0.23 1.88 0.09
S. rubripinne 0 0 0.25 0 0 0 0 0 0 0 0 0 0 0 0 0.01 0.01 0.32
S. viride 1.81 1.25 1.48 0 0.2 1.13 0.17 0 0 0 0 0 0 0 0 1.66 2.15 2.11
Unknown Scaridae 0.39 0.4 0 0.16 0 0 0 0 0 0 0 0 0 0 0 0.14 0 0

Acanthuridae
Acanthurus bahianusb 4.9 5.8 10.8 13.9 16.0 10.4 7.62 2.19 2.9 0.45 0 0 0 0 0 4.26 2.47 8.82
A. chirurgusb 0.06 0.10 2.48 1.55 2.57 0.85 0 0 0 0.18 0 0 0 0 0 0.42 0.25 2.02
A. coeruleus 0.64 1.7 3.47 0.16 0.2 1.13 0 0 0 0 0 0 0 0 0 1.01 0.90 3.36

Appendix 1 (continued)
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Family/Species Patch-reef Rubble Seagrass Algal plain Sand Back-reef 
sm md lg sm md lg sm md lg sm md lg sm md lg sm md lg

Balistidae
Aluterus scriptus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<
Cantherhines pullus 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 <0.01< 0 0.12
Monocanthus spp. 0 0.05 0 0 0.2 0.28 0 0.2 0.22 0.09 0.19 0 0 0 0 <0.01< 0 0
Balistes vetula 0 0 0 0 0 0 0 0 0 0 0 0.64 0 0 0 0 0 0

Ostraciidae
Lactophrys bicaudalis 0 0 0.06 0 0 0 0 0 0.22 0 0 0.32 0 0 0 0 0 <0.01<
L. polygonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01 0 <0.01<
L. quadricornis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01<
L. triqueter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <0.01< 0.01

Tetraodontidae
Canthigaster rostrata 0.39 0.85 0.32 0.16 0 0 0.17 0.4 0.33 0 0.58 0.97 0 0 0 0.07 0.08 0.03
Diodon hystrix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.04
Sphoeroides spengleri 0 0 0 0 0 0 0 0.6 0.22 0 0.19 1.29 0 0 0 0 0 0

aThe ‘focal species’ Haemulon spp. comprised all these species. The ‘Haemulon spp.’ listed here were post-settlement grunts that were too small
to identify

bThe focal species Acanthurus spp. comprised A. bahianus and A. chirurgus
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