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ABSTRACT: Fish community structure of a non-estuarine inland bay on the Caribbean island of
Curagao was determined in the mangroves, seagrass beds, algal beds, channel, fossil reef boulders,
notches in fossil reefrock, and on the adjacent coral reef, using visual censuses in belt transects. Fish
communities varied among biotopes, but some overlap was present. Fish density and species richness
were highest at the boulders and on the coral reef, and extremely low on the algal beds, whereas the
total number of individuals calculated for the entire bay was highest on the seagrass beds. Differ-
ences in fish densities between biotopes were related to differences in structural complexity and
amount of shelter. Fishes in the bay largely consisted of 17 (mainly commercially important) reef fish
species, which used the bay biotopes only as a nursery during the juvenile part of their life cycle.
Small juveniles of these species were most often found in the mangroves, whereas at intermediate
sizes some were found in the channel. Large individuals and adults were found on the reef, and den-
sities of several of these species were higher on the reef near the bay than on reefs located farther
down-current. Fishes which spent their entire life cycles in either the bay or on the coral reef were
also found, and the latter group showed a strong decrease in abundance with increasing distance into
the bay. The density distribution of individual fish species was not homogeneous within the bay. In
the mangroves and seagrass beds, spatial distribution of fishes was correlated with distance to the
mouth ofthe bay, water transparency, amount of shelter, and the structural complexity of the biotope.
Juveniles of 3 reef species showed an increase in size on the seagrass beds with distance from the
mouth into the bay, whereas 1 bay species showed a decrease in size with this distance.
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INTRODUCTION

Considerable knowledge has been gained about the
importance of tropical and temperate estuaries and
lagoons for fishes. Tropical estuaries or lagoons may
contain freshwater, estuarine-dependent, coral reef, as
well as pelagic fishes. Many estuaries and lagoons in
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the Caribbean, Indian Ocean and the Pacific Ocean
function as nurseries for juvenile fish (Pollard 1984,
Parrish 1989, Robertson & Blaber 1992). In the tropical
western Atlantic, most studies on fish communities
focussed on estuaries or lagoons on mainland coasts
(e.g. Springer & M cErlean 1962, Perret & Caillouet 1974,
W einstein & Heck 1979, Sogard et al. 1987, Thayer et
al. 1987, Yafiez-Arancibia 1988, Rozas & Minello 1998).
Less attention has been paid to estuaries and lagoons
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on island locations (Robblee & Zieman 1984, Stoner
1986, Baelde 1990, Rooker & Dennis 1991). Studies of
fish communities on island locations in non-estuarine
inland bays are largely lacking (e.g. van der Velde et
al. 1992, Nagelkerken et al. 2000b).

Lagoons can contain a variety of biotopes, such as
mangroves, seagrass beds, algal beds, areas with bare
sediment, channels, sand-rubble zones or patch reefs.
The linkages of fishes between these biotopes remain
largely unknown (Ogden & Gladfelter 1983, Parrish
1989), as most studies have focused on single biotopes
(e.g, Springer & McErlean 1962, Weinstein & Heck
1979, Robblee & Zieman 1984, Stoner 1986, Sogard et
al. 1987). Little information is present on utilisation of
multiple nursery biotopes by fishes, and ontogenetic
migrations between different biotopes within lagoons.
Heald & Odum (1970) and Rooker & Dennis (1991)
noticed that the mangroves are often used as a habitat
for intermediate life-stages by fishes before they move
to the coral reef. Only some studies have attempted to
compare 2 or more biotopes simultaneously, but often
with a different methodology (e.g. Thayer et al. 1987,
Acosta 1997). Differences in biotope structure, location
of study area, type of lagoon, fishing technique, and
observers make comparisons of fish faunas between
various biotopes difficult. In-depth studies using a
single methodology in a single lagoon on a variety of
biotopes are therefore very important (e.g. van der
Velde et al. 1992, Sedberry & Carter 1993, Appeldoorn
et al. 1997, Nagelkerken et al. 2000b) to elucidate
the roles of different bay biotopes with respect to the
nursery function.

Mangroves and seagrass beds have received consid-
erable attention with respect to their nursery function.
Several hypotheses have been proposed to explain the
high abundance of (juvenile) fishes in these biotopes,
based on avoidance of predators, the abundance of
food and interception of fish larvae. They include the
following: (1) the structural complexity of these bio-
topes provide excellent shelter against predators (Par-
rish 1989, Robertson & Blaber 1992); (2) these biotopes
are often located at a distance from the coral reef or
from off-shore waters and are therefore less frequen-
ted by predators (Shulman 1985, Parrish 1989); (3) the
relatively turbid water of the lagoons and estuaries
decrease the foraging efficiency of predators (Blaber &
Blaber 1980, Robertson & Blaber 1992); (4) these bio-
topes provide a great abundance of food for fishes
(Odum & Heald 1972, Carr & Adams 1973, Ogden &
Zieman 1977); and (5) these biotopes often cover
extensive areas and may intercept planktonic fish lar-
vae more effectively than the coral reef (Parrish 1989).

Structural complexity of mangroves and seagrass
beds has been shown to have an effect on the fish

abundance and species richness. For the mangroves,

the amount of prop-roots, pneumatophores and man-
grove debris (e.g. pieces of wood and leaves) are likely
to play a role (Robertson & Blaber 1992). For the sea-
grass beds, variables such as seagrass biomass and
density, and leaf density have been correlated with fish
density and species richness (Stoner 1983, Bell & W est-
oby 1986, Sogard etal. 1987). When the juvenile fishes
outgrow the protection provided by these biotopes, the
fishes show an ontogenetic migration to the coral reef
or off-shore water (Ogden & Ehrlich 1977, W einstein
& Heck 1979, Shulman 1985, Rooker & Dennis 1991).
Most of these ontogenetic migrations have been des-
cribed qualitatively, and few quantitative studies have
been done (e.g. Nagelkerken et al. 2000b).

The present study was carried outin a non-estuarine
inland bay on the Caribbean island of Curagao. To en-
able comparisons between different bay biotopes a
single methodology, visual censuses in belt transects
were used to study the abundance, species richness
and size structure of fishes in 6 bay biotopes and on the
adjacent coral reef.

The objectives of the present study were to answer
the following questions: (1) Which fishes are associated
with which bay biotopes, and what differences are
found in the fish community structure between differ-
ent bay biotopes? (2) Whatisthe importance ofthe bay
biotopes as a nursery for reef fishes, and what ontoge-
netic shifts in habitat association are present in these
species? (3) Is there a spatial variation in total fish den-
sity, species richness, and density and size structure of
individual fish species within the bay, and is this spa-
tial variation related to environmental variables, struc-
tural complexity of the biotope, and distance to the
coral reef?

MATERIALS AND METHODS

Study area. The present study was carried outin the
Spanish Water Bay in Curagao, Netherlands Antilles
(Fig. 1). The mouth of this sheltered bay is situated on
the leeward coast near the southeastern end of the is-
land, and is 85 m wide and protected by a sill with a
maximum depth of 6 m. The bay is connected to the sea
by a relatively long (1.1 km) and deep channel which
continues into the central part of the bay. Apart from
the channel, the bay isrelatively shallow (depths <6 m).
The average daily tidalrange is 30 cm (de Haan & Zan-
eveld 1959). Mean (+ SD) water temperature and sal-
inity during the study period (November 1997 through
August 1998) atthe 12 study sites in the bay were 28.3 +
0.2°C and 35.4 £ 0.2 %o, respectively, and on the reefjust
outside the bay 27.5 £ 1.2°C and 35.0 + 0.2%o, respec-
tively (see Table 1). The restricted range of salinities
demonstrates the oceanic nature ofthe bay. The bay has
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The red mangrove Rhizophora mangle dominates
the shores of the bay and is most abundant in the east-
ern part of the bay. In other parts of the bay, the man-
groves consist ofisolated stands. The mangrove stands
studied were on average 27 m long (i.e. distance along
the shore) and 1.4 m wide (i.e. from the outer man-
grove-fringe to the shoreline), and the water depth
under the mangroves was on average 0.8 m (Table 1).

The shoreline areas of the shallow parts of the bay
are dominated by turtle grass Thalassia testudinum.
Seagrass is found at depths of 40 cm to 3 m, butin the
turbid areas of the bay it extends only to about 1.5 m
depth. Mean seagrass cover was 81%, and the sea-
grass leaves protruded on average 22 cm above the
sediment (Table 1).

At depths of 2 to 6 m, where light levels decrease,
Thalassia testudinum is almost completely replaced
by macroalgal species such as Halimeda opuntia, H.
incrassata, Cladophora sp. and Caulerpa verticillata
(Kuenen & Debrot 1995). The density, areal cover and
elevation of the algae are very low, however. Hence,
the algal beds are sparsely vegetated and provide little
shelter for fish.

In the central parts of the bay, at about 6 m depth, the
bottom abruptly turns into a deep channel with a steep
slope and a high turbidity. The channel is 11 to 18 m
deep, reaching its greatest depth near the entrance of
the bay. On the slopes of the channel, some small and
large boulders of fossil reef rock are found, mainly
covered with filamentous algae, The soft bottom of the
channel is almost completely devoid of vegetation.

The shore on the southern part of the bay largely
consists of a fossil reef terrace (up to 3 m high) which
partly extends into the water. At and under the water
line, biochemical solution has formed notches in the
fossil reef terrace (de Buisonjé & Zonneveld 1960),
approximately 0.5 m below the water level and cut
about 0.8 m into the reef terrace, Because the notches
are shaded by the reef terrace material above, they
receive little ambient light and their rocky surface is
only sparsely covered with small fleshy and filamen-
tous algae. Small to medium-sized rocks are often
located just in front of the notches.

Massive boulders which have broken off the fossil

reef terrace and tumbled into the water, are regularly

found at distances of 0.5 to 2 m in front of the reef
terrace, often partly extending above the water level.
The mean circumference of the selected boulders
measured 7.7 £ 3.1 m, and the mean water depth was
0,6 £+ 0.2 m. Atthe bottom /water interface, the boulders
mostly contain shallow cracks and holes, measuring
0.13 £ 0.09 m in height, and their full extent was along
30 +26 % ofthe total circum ference ofthe boulder. The
rocky surface of the boulders is mainly covered by
small fleshy and filamentous algae.

The fringing coral reef extends along the entire
southwestern coast of the island. From the shore, a
submarine terrace gradually slopes to a 'drop-off' at
approximately 7 to 11 m depth. At the drop-off, the
reef slopes off steeply, sometimes interrupted by a
small terrace at 50 to 60 m, and ends in a sandy plain
at 80 to 90 m (Bak 1975). For a detailed description of
the reef structure and distribution of corals on the reefs
of Curagao see Bak (1975).

Study design. All questions asked in the present study
could be answered with a single study design: densities
and lengths of all fish species were determined during
daytime in all the main biotopes of the Spanish W ater
Bay and on the fringing coralreef outside the bay, on a
relatively wide spatial scale. Many fishes show diurnal
changes in habitatutilisation, and data on the fish com-
munity structure in the different biotopes at night are
presented in Nagelkerken et al. (2000a).

Twelve study sites were selected throughout the bay
(Fig. 1). Not all of the 6 biotopes were present at each
site (Table 2). On the fringing coral reef, 5 study sites
were selected at increasing distances down-current of
the bay (0.0, 0.5, 3.1, 6.6,and 11.9 km). In all of the bay
biotopes and on the coral reef, 4 replicate transects
were randomly selected at each study site. Because the
algal beds and coral reefs were distributed over a re-
latively large depth range, transects were placed at
several depths for a representative sample of the com-
munity structure. On the reef, at each study site, the
4 replicate transects were taken at each of 4 depths: 2,
5, 10, and 15 m (total = 16 replicates site-1). On the
algal fields, the 4 replicate transects were taken close
to shore at 2 m depth as well as in the deeper parts of
the bay at 5 m depth (total = 8 replicates site-1). The

data of the different depth zones on the coralreef were

Table 2. Comparison of sampling intensity, depth and area between the 7 different biotopes. The algal bed and coral reef were
censused at multiple depths

Mangrove Seagrass bed
No. of sites 12 11
Total no. of transects 129 131
Mean water depth (m) 0.8 1.5

Mean transect area (m2) 38 150

Algal bed Channel Notch Boulder Coral reef
10 4 7 6 5
89 32 48 44 108
2,5 6 0.5 0.6 2,5, 10, 15
150 75 19 4 150
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pooled in all analyses; this was also done for the algal
beds at 2 and 5 m depth.

Observations in the transects were done by 3 dif-
ferent observers. This was repeated for each transect
3 times: once during December 1997 to March 1998
(in random order), and twice in August 1998. One of
the surveys in August was done only for the man-
groves and seagrass beds. Ateach site for each biotope
and for each study period, the 4 replicate transects
were averaged. These averages were used as repli-
cates for the different analyses. Although the data
were sampled in 2 different seasons, it was not inten-
ded for analysis of temporal variation. Instead, the
effort was focussed on studying as many biotopes as
possible on an wide spatial scale. Seasonal variation in
density of abundant fishes in the bay was small, com-
pared to the daily variation and the variation in densi-
ties between different sites. Large fluctuations in den-
sities of fishes in the bay did not occur, since settlement
ofjuveniles in the bay was either continuous, occurred
regularly for small numbers of recruits, or was absent.
A large recruitment wave was noticed only once dur-
ing the entire study period for Ocyurus chrysurus and
Lutjanus mahogoni. At settlement, densities of the fish
species may increase enormously, but as a result of
post-settlement mortality, densities will strongly de-
crease again after some weeks (Shulman & Ogden
1987, authors' pers. obs.). Data of recruits in the single
large recruitment event were therefore excluded to
obtain a more representative data set.

The fish community was studied using visual cen-
suses in belt transects. The advantages of this tech-
nique are thatitis rapid, non-destructive, inexpensive,
can be used for all selected biotopes of this study, the
same areas can be resurveyed through time, and the
results can be compared with many other studies (Eng-
lish et al. 1994). Disadvantages are the differences in
accuracy in estimation of numbers and sizes by the
observers, and fishes may be attracted or scared off by
the observers (English et al. 1994). Mainly Sparisoma
chrysopterum and S. rubripinne were easily scared off
in the bay biotopes and their numbers may have been
underestimated. At the boulders, some nocturnally
active fish species hiding in the crevices may have
been underestimated too.

Species identification and quantification of fishes
were first thoroughly practised by the 3 observers.
Because most fish remained more or less in the same
arca, the observer effect on estimates of fish abun-
dance is expected to be relatively small in most bay
biotopes. Estimation of fish abundance only presented
some difficulty in the mangroves, because grunts and
snappers continuously moved in between the prop-
roots, and visibility was sometimes reduced as a result
of shading by the mangrove canopy. However, after

extensive practise, and with aid of a flashlight in dark
mangrove areas, the censuses could be done with rea-
sonable accuracy. Also on the coral reef, fish moved
more from one place to another, and here the obser-
vers effect in estimation of fish abundance (especially
parrotfishes) is thought to be much stronger than in the
bay biotopes, Within-reef data (Fig. 8) were therefore
taken by a single well-trained observer.

The transects on the seagrass beds, algal beds and
coral reef measured 3 x 50 m. In the channel they mea-
sured 3 X 25 m because of the smaller area of this
biotope. Isolated stands of mangrove were selected
and surveyed completely. The band of mangroves
fringing the shoreline was narrow (up to a maximum of
2 m), permitting a complete and accurate census. Iso-
lated fossil reef boulders were also surveyed com-
pletely. The notches in the fossil reef rock are continu-
ous and were studied at each site in four 25 m long
sections. For all transects in the mangroves, notches,
and boulders, the total transect area was estimated by
measuring the width at intervals of 5 m (for the boul-
ders at intervals of 1 m) and multiplying the mean
width by the total length of the transect.

The transects were marked by a fine rope, placed at
least 30 min before the survey began in order to min-
imise disturbance effects. SCUBA-gear was used on the
algal beds at the 5 m depth, in the channel and on the
coral reef. Snorkeling gear was used during all other
visual surveys. During each survey, individuals of all fish
species were counted and the total length of each fish
estimated in size classes of 2.5 cm. At the start of the
study, size estimation was thoroughly practised, and
during the study this practice was regularly repeated.

The surveys included almost all species which were
seen in the transects, with the exception of small or
cryptic fish species such as gobies, blennies and car-
dinalfishes. Due to identification problems, Belonidae
were grouped as 'meedlefishes'. The slender mojarra
Eucinostomus jonesi and the silverjenny E. gula could
not be distinguished in the field and were pooled as
'mojarra spp.'. Another species of mojarra which could
not be identified in the field, but which was distin-
guishable from the mojarra spp. was labelled as 'mo-
jarra sp. 1. For small species of the pelagic water
column forming large schools, viz. silversides, scads,
herrings and anchovies, only the presence was noted.

The structural complexity and several environmental
variables were studied in more detail for the man-
groves and seagrass beds (see Table 1). During the
surveys, water temperature, salinity and transparency
were measured at 1 m depth at weekly intervals at
each site between 14:00 and 16:00 h. The water trans-
parency was measured as the maximum horizontal dis-
tance underwater at which the black and white quar-
ters ofa Secchi disk could still be discerned separately.
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In addition, light intensity (PAR) was measured be-
tween the mangrove prop-roots using a LI-1000 D ata-
logger (Li-Cor) light-meter with a cosine LI-192SA un-
derwater quantum sensor. In the mangroves, the total
number of submerged prop-roots and their total length
(i.e. from the water surface to the tip of the root) were
determined at intervals of 5 m in sample areas of I m
long and the full width of the mangrove fringe. The
sizes of the sample areas were measured and the prop-
root abundance expressed as the mean density of
prop-roots per m2. The total length of the submerged
prop-roots was standardised for water depth in the
mangroves and expressed as relative length (i.e. as
percentage of the total water depth). The size of the
mangrove stands was measured and expressed as
length along the shoreline, and width of the mangrove
fringe. In the seagrass beds, 2 quadrats of 50 x 50 cm
were randomly selected per transect. In each quadrat,
the seagrass cover was measured and expressed as
'percent seagrass cover', the average height of the
seagrass leaves above the sediment measured and
expressed as 'height of seagrass', and the total number
of seagrasses counted (i.e. individual plants) expressed
as 'density of seagrasses per m2. Furthermore, the dis-
tance from each mangrove/seagrass site in the bay to
the mouth of the bay was measured as the shortest
route a fish could travel between those points.

The total number of individuals in the entire bay of
all fish species and of nursery species was calculated
for each biotope as an indication of which biotope
quantitatively contributed most to the total fish abun-
dance in the entire bay. To calculate the total number
of individuals, for each biotope, their total surface area
in the entire bay (i.e. not the transect areas) was multi-
plied by the mean fish density of all species and of
nursery species, respectively (data from Fig. 2a). The
total area of the seagrass beds (418 047 m2) and algal
beds (2346616 m2) was calculated from a map. The
total area of the mangroves (10458 m2) and notches
(2959 m2) was calculated by measuring their total
length along the shoreline ofthe bay from a map, and
by multiplying this with their mean width. For the
channel (68431 m2) the total length in the central part
of the bay and in the narrow entrance to the reef was
calculated from a map, and multiplied with the width
of the channel slope (approximately 7 and 14 m, re-
spectively). It should be noted here that the total num -
ber of individuals for the channel refers specifically to
the steep slopes of the channel, and not to the flat
muddy area at the bottom of the channel. The latter
could not be censused as a result of poor visibility, and
a rapid survey showed much lower fish densities than
on the rocky slopes. For the boulders (210 m2), the total
number of boulders was multiplied by their mean sur-
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Fig. 2. (a) Mean fish density and (b) species richness in the 7
biotopes, and (c) estimated total number of fishes in the entire
bay for each biotope. Comparison of species richness between
small and large transects (see Table 2) is not valid as species
richness increases with transect area. Transects in the boul-
ders, mangroves, notches and channel were therefore pooled
so as to form transects of approximately 150 m2in order to
enable comparison with the seagrass bed, algal bed and
coral reef (transect area = 150 m2). nc = not computed

Statistical analysis. To compare fish densities, spe-
cies richness and size distribution between the different
biotopes, a 1-way ANOVA was used after data trans-
formation (logarithmic or square root). Homogeneity of



Nagelkerken et al.: Importance of shallow-water biotopes for juvenile coral reef fishes 181

variances was tested with a Bartlett test, and normality
was tested with a Kolmogorov-Smirnov l-sample test
(Sokal & Rohlf 1995). Multiple comparison between the
different biotopes was done using a Tukey HSD multi-
ple comparison test. The same was done for comparison
of fish densities between different reef sites.

For comparison of the community structure between
the different bay biotopes, cluster analysis was used.
Fish species densities in the differentbiotopes were first
log-transformed, and cluster analysis was carried outus-
ing the programme CLUSTAN1C2 (Wishart 1978). The
average-linkage method (Sokal & Michener 1958) was
used in combination with the Bray-Curtis coefficient.

To study the spatial distribution of fishes in the man-
groves and the secagrass beds within the Spanish W ater
Bay, Principal component analysis (PCA) was used.
PCA was carried out on log-transformed fish densities
of the different study sites using the ordination pro-
gramme Canoco 4.0 (ter Braak & Smilauer 1998). Scal-
ing was focussed on inter-species correlations, species
scores were divided by the standard deviation, and the
data were centred by species.

To test whether the spatial distribution of fishes in
the mangroves and seagrass beds was related to en-
vironmental variables or habitat structure, an indirect
gradient analysis within PCA was used (ter Braak &
Smilauer 1998), which calculated the correlations be-
tween the 4 PCA-axes and all measured environmen-
tal and habitat variables.

The importance of various environmental and habitat
variables for the total fish density, for density of nursery,
bay and reef species, and for species richness was ex-
amined with stepwise regression, with p-values to en-
ter and to remove set at 0.15, and the minimum toler-
ance for entry set at 0.1 (SYSTAT 1990). The predictor
variables were checked for collinearity, and their rela-
tion with the dependent variables was calculated using
multiple linear regression, if the assumptions of linear
regression were met (Sokal & Rohlf 1995).

RESULTS
Biotope association and community structure

During this study a total of 93311 fishes were
counted, which in the bay represented 85 fish species
belonging to 29 families (Table 3). Eucinostomus sp. 1,
Stegastes leucostictus, S. variabilis, Sparisoma radians
and Archosargus rhomboidalis were restricted to the
bay. For the other species in the bay which were
absent from the reef transects, it is known that they
occur on the reef in low densities. Diodon holocanthus
and the nursery species (see Fig. 5) Acanthurus chirur-

gus, Chaetodon capistratus, Gerres cinereus, Haemu-

lon flavolineatum, H. sciurus, Lutjanus apodus, L.
griseus and Scarus iserti occurred in all 7 biotopes
(Table 3). Other fish species most frequently occurred
in 2 or 3 different biotopes,

Mean fish densities were significantly higher com-
pared to those in other biotopes, in the most rugose
biotopes, the boulders and the coral reef (Fig. 2a,
Table 4), The lowest fish density was encountered on
the algal beds, with just 2 fish per 100 m2. The species
richness showed a similar pattern, except that species
richness in the mangroves was almost equal to that
in the notches and channel (Fig. 2b). The total number
of fishes (calculated by multiplying mean fish density
with total surface area in the bay for each biotope),
however, was highest on the seagrass beds and lowest
at the boulders and notches (Fig. 2c¢).

The mangroves and seagrass beds were dominated
by 2 to 3 fish species, and the other bay biotopes by
5 to 6 species (Table 5). Key species in most biotopes
belonged to the ITaemulidae and Lutjanidae (using
these biotopes as nursery areas), but also to the Poma-
centridae in the channel, notches and boulders (form-
ing territories around the many rocks in these bio-
topes). Haemulon flavolineatum was the most common
fish species, followed by Scarus iserti. Most fish spe-
cies that were abundant in the bay showed low densi-
ties on the coral reef.

The fish species in the bay could be divided into
3 groups (see Table 3): (1) 'nursery species': reef fishes
of which the juveniles use the bay as a nursery; (2) 'bay
species': fish species which are relatively abundant in
the bay and not present or occurring in low abun-
dances on the coral reef; and (3) 'reef species': the
remaining reef fishes of which all life stages are nor-
mally found on the coral reef. In mostbay biotopes, the
nursery species accounted for the majority of the total
fish abundance (Fig. 3), especially in the mangroves
and seagrass beds. The bay species were most abun-
dant in the notches and algal beds, and the reef fish
species in the channel, boulders and notches, all of
which are rocky biotopes like the coral reef.

Cluster analysis based on mean fish species densities
revealed 3 main clusters (Fig. 4): (1) the algal bed in
the bay, which contained very few fishes; (2) the shal-
low-water biotopes in the bay, viz. mangrove, notch,
seagrass bed, and boulder; and (3) the deeper biotopes,
viz. channel and coral reef. The lowest dissimilarity
was found between the fish community of the man-

groves, notches, and seagrass beds.

Nursery function

Most fishes observed in the bay were juveniles and
belonged to the nursery species group. In the algal
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Table 4. Tukey HSD multiple comparison between biotopes for fish density of all species (upper right part) and of nursery
species (lower left part). Fish densities on transects were averaged per site and compared using a 1-way ANOVA

Nursery species

Boulder Mangrove Notch
Boulder _ 0.000 0.000
Mangrove 0.000 - 0.007
Notch 0.000 0.000 -
Channel 0.000 0.021 0,535
Seagrass bed 0.000 0.000 1.000
Algal bed 0.000 0.000 0.000
Coral reef 0.000 0.000 0.000

All species

Channel Seagrass bed Algal bed Coral reef
0.000 0.000 0.000 0.126
0.368 0.000 0.000 0.000
0.992 0.458 0.000 0.000

- 0.214 0.000 0.000
0,497 - 0.000 0.000
0.000 0.000 - 0.000
0.000 0.000 0.053 -

Table 5. Relative abundance (%) of the principal fish species of each bay biotope, and their abundance on the coral reef

Mangrove Seagrass bed
Archosargus rhomboidalis

Chaetodon capistratus

Eucinostomus spp.

Haemulon flavolineatum 433 353
Haemulon sciurus 11.1

Lutjanus apodus 11.9

Lutjanus griseus

Ocyurus chrysurus

Stegastes dorsopunicans

Stegastes leucostictus

Stegastes partitus

Stegastes variabilis

Scarus iserti 32.6
Thalassoma bifasciatum

Total 66.3 68.0

D Nursery DBay =m Reef

Fig, 3. Relative abundance of fish species groups in the 6 bay
biotopes

Algal bed Channel Notch Boulder  Coral reef
23.7 0.0
7.8 0.6
9.5 0.0
10.0 4.8 18.6 30.8 0.5
0.0
11.3 12.3 0.1
10.6 5.6 0.0
10.3 0.1
17.2 9.4 0.5
9.9 0.0
9.2 355
10.0 0.0
9.6 33.6 6.0 1.1
8.8 6.7 18.6
73.5 61.1 75.9 65.1 57.0

beds and channel, individuals of these species were
somewhat larger than in the other bay biotopes. With
the exception of Acanthurus chirurgus, the largest
individuals of these species were mostly found on the
coral reef (Table 6).

At least 17 fish species, found as adults on the reef,
utilised the bay as a nursery. The importance of the
nursery function of the bay biotopes for these species
canbe deduced from the high densities ofthe juveniles
in the bay in contrast to the almost complete absence
of juveniles on the coral reef (Fig. 5), The boulders and
the mangroves contained the highest density and spe-
cies richness ofjuvenile nursery species (Fig. 2a,b), but
in terms of total number of individuals for the entire
bay, the seagrass beds contained the most nursery
fishes (Fig. 2¢). Considering the ontogenetic utilisation
of biotopes on species level, juveniles of nursery spe-
cies were most abundant in the mangroves, and to a
lesser degree in the seagrass beds, intermediate-sized
fishes were often found in the channel, whereas large
individuals were found on the coral reef (Fig. 5). For
Gerres cinereus, Haemulon parrai, Lutjanus analis, L.

griseus and Sparisoma chrysopterum no large individu-
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Fig. 4. Dendrogram of cluster analysis of fish species densities
in the 7 biotopes

ais were counted in the reef transects, although they
were seen on the reef at other times. Juvenile parrot-
fishes (except Scarus guacamaia) were not only pre-
sent in the mangroves and seagrass beds, but also in
the channel.

Spatial variation in fish density and size structure
The fishes showed a spatial pattern in density distri-

bution in the mangroves and seagrass beds. In the
mangroves 3 clusters could be distinguished, which
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corresponded with 3 areas in the bay, following a gra-
dient from the entrance to the far western end of the
bay (Fig. 6a). Near the entrance, several species of par-
rotfishes, snappers, and damselfishes reached their
highest density, e.g. Scarus iserti, Ocyurus chrysurus
and Stegastes leucostictus. The typical reef fishes Ha-
lichoeres bivittatus, Stegastes planifrons, and Thalas-
soma bifasciatum formed the second cluster and only
occurred in the west-central part of the bay, at low
densities. In the western part, Haemulon parrai and
the bay species Eucinostomus spp., Gerres cinereus
and Archosargus rhomboidalis reached their highest
densities.

Also in the seagrass beds 3 clusters could be distin-
but these the

entrance to the far eastern end of the bay (Fig. 6b).

guished, followed a gradient from
Near the entrance, Acanthurus chirurgus, Sparisoma
radians, and 4 species of wrasses reached their highest
density. The west-central part of the bay contained the
majority of the fish species. In the eastern part, the bay
species Archosargus rhomboidalis, Eucinostomus sp.,
and Gerres cinereus, 2 lutjanids, and Sphyraena bar-
racuda reached their highest densities.

The dominant fishes in the mangroves and seagrass
beds (see Table 5) showed no distinct spatial pattern in
density distribution and occurred throughout the bay
(Fig. 6). The most widespread fish species was Haem u-
lon flavolineatum (occurring at all sites of the man-
groves, seagrass beds, channel and boulders). Other
widespread species were Lutjanus apodus (mangrove,
notch, boulder), Chaetodon capistratus (mangrove, sea-

Table 6,Mean sizes of the nursery species in the 7 different biotopes. In each biotope, fishes were pooled at site level (>10 fishes

per site) for statistical comparison between bay biotopes and the coral reef (1-way ANOVA). 'Insufficient replicates for com-

parison; these values were excluded from the statistical analysis and were calculated by pooling fishes of all sites. - = fishes
absent or abundance very low. na =not applicable

Mangrove Seagrass Notch
bed

Acanthurus chirurgus 11.4 9.2 14.8
Chaetodon capistratus 5.4 5.4 4.5'
Cerres cinereus 7.0 11.3 -
Haemulon flavohneatum 8.4 7.2 6.2
Haemulon parrai 5.7 7.8 3.8
Haemulon plumieri 10.1 8.8 -
Haemulon sciurus 10.2 10.1 15.8*
Lutjanus apodus 11.8 10.5* 133
Lutjanus griseus 11.5 13.2 -
Lutjanus mahogoni 7.7 9.7 -
Ocyurus chrysurus 9.8 8.4 -
Scarus coeruleus - 12.2 -
Scarus iserti 5.6 6.8 3.8%
Scarus guacamaia 10.1 14.6 -
Sparisoma chrysopterum 10.1 9.3 -
Sphyraena barracuda 14.0 18.4

“Excluding the channel

Boulder Algal Channel Coral p-values
bed reef lagoon vs reef
11.7 17.4 14.1 16.9 >0.067
43 - 5.8 7.6 <0.005
- 15.3 - 18,4* na
7.8 9.0 10.8 14.0 <0.020
- - - - na
- - - - na
12.3 - - 22.4 <0.002
14.0 - - 20.9 <0.001
- 16.6 15.2 - na
9.4 - - 18.4* na
- 10.7* 8.9 17.2 <0.018
- - 14.7 17.8* na
3.9% 9.2% 7.0 11.1 <0.001
- - - - na
13.0* - 19.5 17.6 <0.015a
na
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grass bed, channel), H. sciurus (mangrove, seagrass
bed), Scarus iserti (seagrass bed, channel), and Ocyu-
rus chrysurus (seagrass bed, channel).

The reef species group showed a strong decrease in
density in all bay biotopes with increasing distance
from the mouth of the bay (Fig, 7).

On the coral reef, 5 nursery species and 1 bay spe-
cies showed a decrease in density with increasing dis-
tance down-current from the bay (Fig. 8). The difference

Fish species
Acanthurus chirurgus
Chaetodon capistratus
Gerres cinereus
Haemulonflavolineatum
Haemulon parrai
Haemulon plumieri
Haemulon sciurus
Lutjanus analis
Lutjanus apodus
Lutjanus griseus
Lutjanus mahogoni
Ocyurus chrysurus
Scarus coeruleus
Scarus iserti
Scarus guacamaia

777717

Sparisoma chrysopterum

Sphyraena barracuda

Mar Ecol Prog Ser 202: 175-192, 2000

in density between the reefarea in front of the bay and
the other reef areas was only significant, however,
for Stegastes dorsopunicans, Acanthurus chirurgus
and Ocyurus chrysurus (p <0.027, 1-way ANOVA and
Tukey HSD multiple comparison). The decrease in den-
sity was not observed for Haemulon flavolineatum,
Scarus iserti and Chaetodon capistratus. For the other
nursery species, insufficient replicates were available
for statistical comparison.

Size class (cm)

Mangrove

Algalbed
Channel

No data

Fig. 5. Ontogenetic shifts in habitat association of the nursery species. For each size class of each fish species the relative abun-

dance per biotope is shown as the percentage of the total abundance per size class (in all biotopes), rounded off to portions of

20%. Boulders and notches are excluded as their areas are relatively small, causing high densities which skew the data. Further-

more, due to their low occurrence and relatively small area, they contribute less to the nursery function of the Spanish Water Bay
in terms of total fish abundances, as compared to the other biotopes (see Fig. 2c)
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Mangrove
site 5:
western part
81 19
0 1
Seagrass bed
site 1t
65
26 81
.o
site 10,11,12:
eastern part
0 1

Fig. 6. Principal component analysis (PCA) of fish species
densities at the different sites of (a) the mangroves, and
(b) the seagrass beds. The horizontal axis represents the first
PCA axis, the vertical axis represents the second PCA axis.
The first 2 axes accounted for 56.5% in the mangroves and
54.7 % in the seagrass beds of'the total variance. Species clus-
ters are enclosed by solid lines and are based on the sites in
which a particular species is most abundant. The numbers
refer to the fish species numbers in Table 3. Nine rare fish
species are not plotted for the mangroves and the seagrass
beds. See Fig, 1 for location of sites

Notch
Channel
100 Mangrove

80
60
40
20

120

—D — Seagrass bed

107 * —O— Algal bed

8w
6 me

4eom

2000
Boulder

1500 -«
1000

500 m

3000

Distance to mouth (m)

Fig. 7. Mean density ofthe reef species group in the 6 different
bay biotopes as a function of distance to the mouth of the bay

Three nursery and 1 bay species also showed a spa-
tial pattern in size distribution between the seagrass
beds. The nursery species showed a positive relation,
whereas Archosargus rhomboidalis showed a negative
relation with increasing distance from the bay mouth
into the bay (Fig. 9).

Associations with environmental variables, biotope
structure and distance to the reef

Several ofthe environmental and habitat variables in
the bay were highly correlated with the first 2 (main)
axes of the PCA for the mangroves and seagrass beds
(Table 7). The 4 most important variables could be cat-
egorised for both biotopes as: (1) distance to the mouth
of the bay, (2) water transparency, (3) amount of shel-
ter (i.e. water depth in the mangroves and height of
seagrass), and (4) structural complexity of the biotope
(i.e. mangrove prop-root density and seagrass cover).
In addition, water temperature was of importance on
the seagrass beds. The total fish density, species rich-
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12rr .
Stegastes dorsopunicans

© Acanthurus chirurgus

il

1.5
Ocyurus chrysurus
Sparisoma chrysopterum
1.0 Lutjanus apodus
Lutjanus mahogoni
£ 05
0.0

0 1 2 3 4 5 6 7

Distance to bay (km)

Fig. 8. Mean fish density of several nursery species and of
Stegastes dorsopunicans on the coral reef as a function of dis-
tance to the mouth of the bay. All reef sites are located down-
current of the bay, and in this area other lagoons are absent

ness and density of the different species groups in the
2 biotopes were related to a smaller set of variables,
but these also belonged to the important variables as
distinguished by PCA (Table 7). In all cases, the rela-
tion with distance to the mouth was negative, whereas
the relation with water depth and transparency posi-

tive.

DISCUSSION
Biotope association and community structure

The Spanish Water Bay contained a high diversity of
reef fish species. Of all species observed on the coral
reef, over 75% were also found in the bay. Fish com-
munities varied among the different bay biotopes, but
some overlap was present, as also found by other in-
vestigators (Thayer et al, 1987, Sedberry & Carter
1993, Acosta 1997, Nagelkerken et al. 2000b). In
the present study the fish community structure of
the notches, mangroves and seagrass beds were most
closely related. The latter 2 biotopes were almost com-
pletely dominated by nursery species, which may
explain their similarity. A separate cluster was found
for the fish community of the channel and coral reef,
which are both deep and rugose biotopes.

Factors which can explain differences in fish den-
sity between biotopes are structural complexity and
amount of shelter they can offer to the fish (Luckhurst

r2=0.82
p=0.03
i
+
<u
& =081
& p< 0.01

m  Acanthurus chirurgus
O Scarus iserti

iliriTii»iTiiiiTiiiifiiii

i»i
18
2=0.98"s.
p<0.01 'y
+
= 1
R ae
e}
S
s i1=0.50

O Haemulonflavolineatum
A Archosargus rhomboidalis
Ittti Hrm 1.... I -hr

0 500 1000 1500 2000 2500 3000
Distance to mouth (m)

Fig. 9. Mean fish size on the seagrass beds in the bay as a func-
tion of distance from the mouth ofthe bay. Fishes were pooled
at site level with a minimum of 10 fishes per site, Fitted (least
squares) regression lines are shown together with their r2and
p-values. For Haemulon flavolineatum a logarithmic regression
[y=axIn(x) + b]was used and no p-value could be calculated

& Luckhurst 1978, Carpenter et al. 1981, Stoner 1983,
Bell & Westoby 1986). In the present study the fish den-
sity and species richness were highest at the struc-
turally complex boulders and coral reef, intermediate
in the mangroves, notches, channel and seagrass beds,
and lowest in the algal beds which provide very little
shelter.

Nursery function

The Spanish W ater Bay serves as an important nurs-
ery for at least 17 coral reef fish species, most of which
are of commercial value to the reef fisheries. All
biotopes of the bay, except the algal beds, were used
as anursery by juvenile reef fishes. This shows that not
only mangroves and seagrass beds are important nurs-
ery areas, but shallow-water biotopes in general (Bla-
ber & Blaber 1980, Lenanton 1982, Nagelkerken et al.
2000b). Nevertheless, the importance of the nursery
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Table 7. Product-moment correlation coefficients of some important environmental variables with the 4 PCA axes of Fig. 6, and

semi-partial correlation coefficients (the correlation between the unadjusted dependent variable with the respective variable

after controlling for all independent variables in the equation) of predictor variables from stepwise multiple linear regression on

density of all fishes and of the different species groups, and on species richness. *p < 0.05, **p <0.01. The + and - in front of the

regression coefficients indicate whether the relation is positive or negative. R2 values are given for the final equations of
multiple linear regression with the predictor variables

Principal component analysis

Multiple Unear regression

Axis 1 Axis2 Axis3 Axis 4 Total Species Nursery Reef Bay
density richness species  species  species

Mangrove
Distance to mouth -0.72** 0.15 -0.24 0.14 -0.51%** -0.82%
Water depth 0.45* -0.02 0.29  -0.21 +0.76%*  +0.60%* +0.65%
Density of prop-roots -0.37 0.70**  0.07 0.20
W ater transparency -0.14 0.60*  0.14 0.10 +0.55% +0.45%*
Relative length of prop-roots -0.28 023  -0.29 0.18 -0.54
Water temperature -0.05 0.13 -0.04 -0.11
Light intensity between prop-roots -0.01 0.01 -0.02 0.21 -0.36

Final équation 0.71** 0.98** 0.29 0.73%* 0.43*
Seagrass bed
Distance to mouth 0.49* -0.76** -0.04  -0.12 -0.44 -0.49 -0.80”
Water transparency -0.49*  0.10*  0.30 0.20%* +0.46 +0.69*
Height of seagrass -0.02  -0.46** 0.13 -0.12
Water temperature 0.05 0.11**  0.49%* -0.26* +0.57*
Seagrass cover -0.08 0.13 0,24 -0.44%*
Density of seagrasses 035 -0.18 0.11 -0.19

Final equation 0.60* 0.54* 0.47* 0.64”

function differed significantly among biotopes. Boul-
ders and mangroves harboured the highest densities of
juvenile fish, presumably as a result of their high struc-
tural complexity which provides protection againstpre-
dation. On the other hand, because they occurred in
rather small and scattered patches, the boulders, and
also the notches, contributed very little to the overall
nursery function of the Spanish W ater Bay. Instead,
primarily the seagrass beds and secondarily the man-
groves, channel and algal beds contained the most
individuals as a result of their large surface area in the
bay. This shows that the importance of a biotope as a
nursery can not only be determined on basis of its fish
densities, but on a combination of fish density and
surface area.

The dependence of the nursery species on shallow-
water biotopes may be very high and is possibly oblig-
ate for some species. Of the 17 nursery species, only
juveniles of Haemulon flavolineatum and Scarus iserti
were sometimes found on the coral reef. For the other
15 nursery species, juveniles were observed only in the
various inland bays ofthe island containing mangroves
and seagrass beds, and for some species additionally in
shallow protected bays with a sand-rubble substrate
(pers. obs.). Hence, shallow-water habitats, in particu-
lar bays containing mangroves and seagrass beds,
probably provide a very large part of the nursery sup-
port for several economically important reef fish spe-
cies in Curagao. The pattern of decreasing fish densi-

ties (i.e. nursery species) on the reef with distance
down-current of the bay is consistent with the func-
tioning of the bay as a source of recruits.

Several studies have shown that mangroves harbour
higher densities of juvenile fish than adjacent biotopes
such as seagrass beds and sand-rubble areas (Thayer
et al. 1987, Robertson & Blaber 1992, Sedberry & Car-
ter 1993). In the present study, the mangroves also har-
boured the highest fish densities of all bay biotopes
studied, except the boulders, where densities of juve-
niles were about 4.5 times higher than in the man-
groves.

Rugose habitats such as boulders, corals, or patch
reefs appear to be important shelter sites for fishes in
mangrove and seagrass dominated lagoons (Randall
1963, Ogden & Ehrlich 1977, Kuenen & Debrot 1995,
pers. obs.). In St. Croix, Ogden & Ehrlich (1977) and
McFarland (1980) observed that postlarval grunts set-
tle only briefly on the seagrass beds, and at lengths of
about 2 to 12 cm, all migrate to the patch reefs in the
lagoon and form large schools. The relatively low
abundance of corals and boulders in the Spanish W ater
Bay may explain why nursery species of 2 to 12 cm
long can still be found abundantly in the mangroves
and seagrass beds.

At some stage in their life cycle, the juveniles of
many fish species become too large so that the bay
biotopes are not longer suitable for protection, and the

juveniles permanently migrate to the coral reef (Wein-
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stein & Heck 1979, Shulman 1985, Rooker & Dennis
1991, Nagelkerken et al. 2000b). In the present study,
all nursery species showed this pattern. Some fishes,
however, utilised the deep channel as a biotope for
intermediate life-stages before migrating to the coral
reef. The channel shows some resemblance to the coral
reef habitat, but provides some advantages typical of
lagoons and bays, such as lower densities and reduced
foraging efficiency of predators (Blaber & Blaber 1980,
Robertson & Blaber 1992).

Spatial distribution of fishes and associated variables

The axes of the PCA on the fish community of the
mangroves and seagrass beds were highly correlated
to a variety of environmental and habitat variables.
Since the PCA axes describe the gradient in the distri-
bution of species (the farther from the origin the more
important), a correlation of a variable with the axes
implies that for some species this variable is of greater
importance than for others. Even though different spe-
cies occurred in different densities in the 2 different
biotopes, 4 types of variables could be identified in the
mangroves and seagrass beds which were correlated
to the species distribution (viz., distance to the mouth,
water transparency, amount of shelter, and structural
complexity). This suggests that in these 2 different
biotopes, similar environmental and habitat variables
may be determinants of the fish community structure.

The total fish density, density of the different species
groups, and species richness in these bay biotopes
were in most cases related to water depth, water trans-
parency, and distance to the mouth. The positive rela-
tion with depth may be explained by the increase in
shelter space. For the relation with transparency no
explanation could be found. In other studies it has
been hypothesised that in turbid water the foraging
efficiency of fish predators decreases, resulting in
higher abundances of prey species (Blaber & Blaber
1980, Robertson & Blaber 1992). In the present study,
fish density was lowest in turbid water, whereas that
of the piscivorous Sphyraena barracuda was highest.
The negative relation with distance to the mouth was
largely caused by the reef species group, which proba-
bly use the most seaward part of the bay as an exten-
sion of the adjacent reef. In contrast, several bay spe-
cies (Archosargus rhomboidalis and mojarras) were
most abundant in the most interior parts of the bay.
The entire postlarval life cycle of these species, which
are probably well adapted to the bay environment, is
likely to occur within the bay. This may explain why
these bay species are not abundant near the mouth of
the bay, where the bay environment grades into a coral

reef environment.

The juveniles of 3 nursery species showed an in-
crease in mean size in the bay with increasing distance
from the mouth (although maximum sizes in the bay
were still much smaller than those of the adults on the
coral reef). Other studies found large fishes on sea-
grass beds nearer to the coral reef as a result of diurnal
feeding migrations from the reef to the seagrass beds
(Ogden & Ehrlich 1977, Ogden & Zieman 1977, Baelde
1990), but such migrations were not evident in the
Spanish Water Bay. The bay species Archosargus
rhomboidalis showed an opposite pattern, with the
smaller individuals being most abundant deep inside
the bay. Archosargus rhomboidalis probably spawns in
the bay (Houde & Potthoff 1976), and the juveniles may
only migrate toward the mouth when they grow larger.
Baelde (1990) also observed that A. rhomboidalis (size
range 9 to 24 cm) were larger on seagrass beds near
the reef than farther into the lagoon, although the
smallest juveniles (0 to 4 cm) were mainly present in
the bay near the reef.

CONCLUSIONS

The main conclusions of the present study are:
(1) fish communities varied among biotopes although
some overlap was present, (2) all bay biotopes which
provided shelter were used as nurseries by at least
17 reef fish species; the juveniles of these species were
mostly found in the mangroves, some of the intermedi-
ate-sized fishes were found in the channel, and the
larger individuals were found on the coral reef, (3) the
spatial distribution of fishes was not homogeneous in
the mangroves and seagrass beds and was largely cor-
related to distance to the mouth ofthe bay, water trans-
parency, amount of shelter, and the structural com-
plexity of the biotope.
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