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INTRODUCTION

Shallow-water coastal ecosystems, such as man-
groves and seagrass beds, are considered important
habitats for various coral reef fish species and are
thought to function as nurseries for their juveniles (Par-
rish 1989, Beck et al. 2001). Many field studies have
shown that the highest juvenile densities of some coral
reef fish species are found in back-reef shallow-water
habitats, whereas the highest adult densities are ob-
served on the coral reef (Nagelkerken et al. 2000a,
Eggleston et al. 2004). It is assumed that the juvenile

fish use habitats like mangrove and seagrass habitats
for several months and migrate to the coral reef at the
onset of maturity (Cocheret de la Morinière et al. 2002).
Nagelkerken et al. (2002) identified 17 Caribbean coral
reef fish species which presumably use mangroves and
seagrass beds as nurseries (‘nursery species’, sensu
Nagelkerken et al. 2000a). Comparative research in
bays with and without mangroves and/or seagrass beds
showed that juveniles of these nursery species were ab-
sent or found at very low densities in mangrove/
seagrass-poor bays (Nagelkerken et al. 2001). Studies
in the Indo-Pacific (Dorenbosch et al. 2005) and in the
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cal habitats. In the present study, the growth rate of juvenile Haemulon flavolineatum and the avail-
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hypothesized that somatic growth rates as well as the amount of preferred food are higher within
these putative nurseries than on the reef (according to the nursery hypothesis). The growth of small
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most consumed food items by juveniles in all 3 habitats. Copepoda in the plankton samples were
more abundant on the reef than in the mangrove/seagrass habitats. Growth rates of fishes showed
the same pattern: higher growth rates in length and weight (significant for Aruba, a trend for
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growth rate and predation pressure/mortality risk, where fish select habitats that minimise the ratio
of mortality risk to growth rate.
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Caribbean (Nagelkerken et al. 2002) on islands com-
pletely lacking mangrove and seagrass nurseries
showed that adult fishes of several nursery species
were completely absent or found at very low densities
on the coral reef. Based on this it has been suggested
that mangroves and seagrass beds contribute to the fish
densities on the coral reef (Nagelkerken et al. 2000a,
2002, Dorenbosch et al. 2005).

Based on the above concept, Beck et al. (2001) devel-
oped a nursery-role hypothesis in which they stated
that a habitat is a nursery if its contribution per unit
area to the production of individuals that recruit to
adult populations is greater, on average, than produc-
tion from other juvenile habitats. In these nursery
habitats, the greater contribution to adult recruitment
must be supported by any combination of the factors:
(1) density, (2) growth, (3) survival, or (4) movement
from the nurseries to adult habitats (Beck et al. 2001).
Dahlgren et al. (2006) suggested the same, but based
on total productivity of a habitat type. So far, almost all
studies in the last few decades have only investigated
fish densities, often in just a single habitat, and mostly
using different techniques (reviewed by Heck et al.
2003). Hence, the importance of these habitats as nurs-
eries is still ambiguous (Beck et al. 2001, Heck et al.
2003). Only in the last decade, have studies focussed
more often on density and size distributions of reef fish
in multiple habitats (e.g. mangroves, seagrass beds,
algal beds, sand flats and reef flats; Nagelkerken et al.
2000a,b, Christensen et al. 2003, Eggleston et al. 2004,
Chittaro et al. 2005, Dorenbosch et al. 2005). However,
comparative research among mangrove, seagrass and
coral reef habitats on the other 3 nursery-role factors
(growth, survival and movement) is practically nonex-
istent, as has been identified by all recent reviews
(Beck et al. 2001, Heck et al. 2003). The few studies
which have focussed on nursery-role factors other than
density were mainly done in estuaries and salt marshes
and not in coastal habitats such as mangroves, sea-
grass beds and coral reefs (e.g. Gillanders et al. 2003).
Furthermore, the majority of the studies in estuaries
and salt marshes focussed on invertebrate species (e.g.
lobster, shrimp, crab and conch) and not on reef fish.
Hence, quantitative data are largely lacking for coral
reef fish to support the nursery hypothesis. In previous
studies, we identified higher juvenile fish densities in
mangrove and/or seagrass habitats than on the coral
reef (Nagelkerken et al. 2000b, Dorenbosch et al.
2005). In the present study, we test the factor growth to
further evaluate the nursery-role hypothesis.

Most coral reef fish begin their life as planktonic
larvae that eventually settle onto the coral reef or in
embayments/lagoons as early juveniles. During this
first benthic life stage, mortality rates are very high,
largely due to predation (Shulman & Ogden 1987). At

this moment, rapid growth is of crucial importance as it
enables a newly settled fish to outgrow the most vul-
nerable size classes quickly, leaving a selective advan-
tage over slow-growing fishes. At a certain stage, they
will outgrow their initial shelter habitat. Therefore,
fishes may need to shift between habitats during this
life cycle to avoid predation or because of feeding or
reproduction needs (Sutherland 1996). Selection of
habitats by juvenile fish is based on the ‘minimise M/G
hypothesis’, where fishes shift habitats in a way that
maximises growth (G) and minimises predation or
mortality (M) risk (Dahlgren & Eggleston 2000).

The high abundance of juvenile fish and the prefer-
ence of larvae to settle in mangroves and seagrass
beds is likely based on the minimise M/G hypothesis:
these habitats may have lower predation risk because
they provide excellent shelter against predators, a
lower abundance of predators due to the distance
away from the coral reef and a low predator efficiency
due to relatively turbid waters in these habitats, while
mangrove and seagrass beds possibly maximise
growth due to a high food availability (Blaber 2000).
The latter remains to be tested, however.

The aim of the present study was to test the hypo-
thesis that juvenile coral reef fishes grow faster in man-
grove and seagrass habitats than on the coral reef. This
was done using experimental growth cages and study-
ing in situ growth rates in length and weight of early
juveniles of the common reef fish Haemulon flavo-
lineatum for several months on 2 Caribbean islands
(Curaçao and Aruba). Predation was excluded so that
the factor growth could be evaluated independently.
Gut contents of the fish and food abundance in the 3
habitat types were analysed to test whether the abun-
dance of preferred food could be responsible for the
observed juvenile growth rates.

MATERIALS AND METHODS

Study areas. The present study was carried out at
2 islands in the southern Caribbean Sea: in Spanish
Water Bay in Curaçao, Netherlands Antilles, and along
the southwestern coast of Aruba (Fig. 1). Spanish
Water Bay is ca. 3 km2 in surface area and is situated
on the southwestern side of Curaçao. The embayment
is relatively shallow (depth <6 m) and harbours sea-
grass Thalassia testudinum beds and fringing man-
groves Rhizophora mangle. The fringing coral reef in
front of the embayment runs along the entire south-
west coast of Curaçao. It starts from the shore with a
narrow submarine terrace of 50–100 m width and turns
into a drop-off at 7–12 m depth that slopes steeply to
50–60 m (Bak 1975). In contrast to Curaçao, Aruba has
no embayments with mangroves and seagrass beds
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like Spanish Water Bay, and no steep
coral reef slopes are found either. In-
stead, Aruba has a large continental
shelf with small coral cays along the
southwestern coast. The chain of cays
forms a large lagoon with seagrass
T. testudinum beds and mangroves R.
mangle, and protects the coast against
strong wave action and ocean currents
(Fig. 1). The fringing coral reef is
located south of the cays and is charac-
terized by a shallow terrace (<8 m
deep, >100 m wide) and a drop-off at
8 to 12 m from where the reef gradually
slopes to a depth of 25 to 30 m, where a
sandy plain starts.

The average daily tidal range on both
islands is 0.3 m with a maximum of
0.55 m (de Haan & Zaneveld 1959).
Horizontal water clarity ranged on
average between 4.0 and 7.8 m in the
mangroves and seagrass beds, and
between 17.2 and 29.5 m on the coral
reef (Table 1), and was measured twice
a month using a Secchi disk. Study sites
in Spanish Water Bay and along the
southwestern coast of Aruba have no
freshwater input other than rain. Tem-
perature and salinity were measured
weekly using a handheld conductivity/
temperature/TDS meter (YSI 30 and
CyberScan CON 410 for Curaçao and
Aruba, respectively) and ranged in
Curaçao from 30.1 to 30.5°C and from
33.2 to 33.5, respectively, and on Aruba
from 27.6 to 28.4°C and from 34.0 to
34.2, respectively, among the 3 habitats
(Table 1).

Studied species. This study focussed
on the common reef fish species French
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Fig. 1. (a) Research areas, locations of placement of the experimental growth
cages and catch sites of juvenile Haemulon flavolineatum in (b) Curaçao and 
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Table 1. Mean (±SD) water salinities, temperatures and water clarities for the 3 habitat types (mangroves, seagrass beds and coral
reef) where experimental growth cages for juvenile Haemulon flavolineatum were placed in Spanish Water Bay in Curaçao
(2005) and along the southwestern coast of Aruba (2006), and the mean length, weight and weight–length (WL) ratio of 

the fish at the start of the experiment

Island Habitat Salinity Temperature Water clarity Length Weight WL ratio
(°C) (m) (cm) (g) (g cm–1)

Curaçao Mangroves 33.2 ± 0.9 30.5 ± 0.8 4.2 ± 0.6 4.2 ± 0.2 0.7 ± 0.1 0.2 ± 0.0
Seagrass beds 33.5 ± 1.0 30.5 ± 0.8 4.6 ± 1.8 4.0 ± 0.1 0.7 ± 0.2 0.2 ± 0.0

Coral reef 33.3 ± 0.7 30.1 ± 0.7 29.5 ± 3.5 4.0 ± 0.2 0.6 ± 0.2 0.2 ± 0.0

Aruba Mangroves 34.2 ± 0.6 28.4 ± 1.1 4.0 ± 1.6 3.8 ± 0.0 0.7 ± 0.0 0.2 ± 0.0
Seagrass beds 34.1 ± 0.8 28.4 ± 1.0 7.8 ± 3.6 3.6 ± 0.0 0.5 ± 0.0 0.2 ± 0.0

Coral reef 34.0 ± 0.8 27.6 ± 0.8 17.2 ± 3.7 3.7 ± 0.0 0.6 ± 0.0 0.2 ± 0.0
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grunt Haemulon flavolineatum. Juveniles of this spe-
cies are highly abundant in Caribbean mangroves and
seagrass beds and the adults are found on the coral
reef (Nagelkerken et al. 2000a, Christensen et al. 2003,
Eggleston et al. 2004, Chittaro et al. 2005). This species
also recruits on the coral reef, although densities are
much lower than in the mangroves and seagrass beds
(Shulman & Ogden 1987, Nagelkerken et al. 2000b). In
the present study, relatively recently settled juveniles
were used in the growth experiments. They feed on
plankton during daytime, but shift to nocturnal feeding
on zoobenthos when they grow larger (Ogden &
Ehrlich 1977, Cocheret de la Morinière et al. 2003).
Studies on feeding behaviour confirmed this for juve-
nile H. flavolineatum in the mangroves and seagrass
beds of Spanish Water Bay and showed that H. flavo-
lineatum juveniles up to ca. 5 cm in length still feed in
the water column during daytime (Verweij et al. 2006).

Growth study. Growth of juvenile Haemulon flavo-
lineatum was studied in 3 habitat types (mangroves,
seagrass beds and the coral reef) using in situ experi-
mental growth cages. Predators were excluded from
the cages to avoid interaction with the factor growth.
Growth experiments were conducted in a total of
24 cages, with 12 at each island. In each habitat type,
8 cages (4 per island) were placed. The location of each
cage depended on the availability of habitat type and
its configuration (Fig. 1). At sites where 2 cages were
placed (see Fig. 1), they were separated by at least
25 m. Size of a cage was 1.5 × 1.5 × 0.7 m. The frame-
works were constructed using iron rods (8 and 10 mm
in diameter for seagrass/mangrove and coral reef habi-
tats, respectively) and covered with iron gauze with a
mesh size of 6 mm. The bottom was uncovered and
exposed to the natural substratum. Closable windows
(30 × 30 cm) were constructed at 2 opposite sides to
introduce and remove fish from the cages. At both
islands, experimental cages were placed on the natural
substratum in each habitat type at a depth between
1.2 and 5.8 m. The iron gauze of the cages was
scrubbed twice a week to remove algal growth and to
preserve a good flow of water and plankton through
the cages.

Juvenile Haemulon flavolineatum were caught on
sandy/rubble areas located in-between the reef and
the mangrove/seagrass beds (Fig. 1). Only fish with a
minimum length of 3.5 cm and a maximum of 4.2 cm
were used in the experiment. Total length (TL, to the
nearest mm) and total wet weight (to the nearest mg)
of each fish were measured in the field before intro-
duction into the cages. In each cage, 20 small juveniles
differing no more than 3 mm in length were intro-
duced, and densities within the cages were thus
8.9 ind. m–2. No data on typical in situ densities of early
juveniles were available to determine fish density in

the cages. However, on Aruba as well as in Curaçao
early juveniles are found in large schools of up to sev-
eral hundreds of individuals (authors’ pers. obs.). Simi-
lar schools of juvenile H. flavolineatum (up to 3 cm in
length) were observed by Ogden & Ehrlich (1977) on
patch reefs surrounded by seagrass beds. Juvenile fish
remained in the cages for on average 8 wk in Curaçao
(September to October 2005) and 6 wk on Aruba (July
to August 2006). At the end of the experiment, fish
were recovered from the cages, re-measured in length
and weight and their gut removed and frozen directly.

Food availability. Since the studied juvenile Haemu-
lon flavolineatum were still diurnal planktivores, den-
sities of zooplankton were quantified in the water col-
umn at each site where cages were placed in the
mangroves, seagrass beds and coral reef at both
islands during the 2 study periods. The water layer just
above the substratum was sampled twice inside and
twice outside each of the 24 cages by hauling a plank-
ton net (diameter mouth 25 cm, mesh size 80 to
120 μm) 6 times along a 1 m long transect. Samples
were taken inside as well as outside each cage to
exclude the possibility that food availability in the
cages was limiting for growth, and all samples were
taken during daytime when these small juvenile
grunts feed. All plankton samples were preserved in
70% alcohol and dyed with Bengal Rose before the
total number and type of planktonic invertebrates
were quantified using a stereomicroscope. All zoo-
plankton was categorized to taxon level. To determine
the diet of the fish, the content of the entire digestive
tract of at least 13 juvenile fish per habitat type per
island was quantified using the same taxonomic levels
as for the food samples.

Data and statistical analysis. For each individual
fish, the mean growth rate d–1 in length (GL) was cal-
culated as:

GL  =  (L f – L i)t –1

where L f is the length of each individual fish at the end
of the experiment, L i is mean length of fish per cage at
the start of the experiment calculated by averaging the
fork lengths of all introduced juvenile fish per cage,
and t is duration of the experiment in days for each
individual fish. L i was based on mean values since fish
were not tagged individually and their individual ini-
tial weight or length could therefore not be identified
at the end of the experiment. The growth rate d–1 in
weight (GW) was calculated similarly using weight
data. In addition, the weight–length (WL) ratio of each
fish removed from the cages was calculated. The WL
relationship of captured fish is often used to assess
growth (e.g. Keys 1928). Mean growth in length and
weight and mean WL ratio per habitat were calculated
by pooling all individual fish per habitat for each island
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and testing for statistical differences among habitats
using 1-way ANOVAs. Homogeneity of variances was
tested with a Levene’s test. Multiple comparisons of
means among the 3 different habitats were done using
a Hochberg post hoc test. One cage on the reef of
Curaçao and 2 cages on the reef of Aruba were not
included in the analysis, because these cages were
destroyed and all juveniles escaped.

The total number of individuals of all taxa found in
the plankton samples was pooled per habitat and
expressed per m3. Independent t-tests were used to
test whether there was a significant difference in the
number of Copepoda (the main food source of juvenile
Haemulon flavolineatum) in the plankton samples
between the inside and outside of the cages for the
3 habitats separately per island. Copepoda densities
in the plankton were compared among the 3 habitats
(separately for inside and outside the cages) using a
1-way ANOVA after log (x + 1) data transformation.
Homogeneity of variances was tested with a Levene’s
test, and multiple comparisons in densities between
habitats were analysed using a Tukey HSD post hoc
test.

The number of food items of all taxa found in the
entire digestive tract of a juvenile were quantified by
eye and calculated as percentages of the total number
found per taxa.

Data were analysed separately for each island, and
all statistical analyses were performed using SPSS
(version 14.5). Differences were significant if p-values
were ≤ 0.050.

RESULTS

On Aruba, a significantly higher mean GL and GW
of Haemulon flavolineatum was found on the coral
reef compared to the mangrove/seagrass habitats
(Fig. 2a,b, Tables 2 & 3). The mean GL and GW of fish

in Curaçao were highest on the reef, although no sig-
nificant difference was found among the 3 habitat
types. At both islands, the mean WL ratio was signifi-
cantly higher on the coral reef than on the seagrass
beds (Fig. 2c, Tables 2 & 3). In addition, WL ratios were
significantly higher on the reef than in the mangroves
on Aruba. GL, GW and WL ratios did not differ signifi-
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Fig. 2. (a) Mean growth in length (GL), (b) mean growth in
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Haemulon flavolineatum kept in experimental cages in man-
groves (MG), seagrass beds (SG) and coral reefs (REEF) in
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Table 2. Results of 1-way ANOVA on mean growth in length
(GL), mean growth in weight (GW) and mean weight–length
(WL) ratio of juvenile Haemulon flavolineatum comparing the
3 habitat types mangroves, seagrass beds and the coral reef 

for Curaçao and Aruba

Island Variable p-value df F

Curaçao GL 0.179 2 1.75
GW 0.062 2 2.91

WL ratio 0.018 2 4.20

Aruba GL <0.001 2 11.21
GW <0.001 2 32.95

WL ratio <0.001 2 30.93
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cantly between mangroves and seagrass beds at either
of the islands.

Juvenile Haemulon flavolineatum growth rates
ranged from –0.2 to 0.7 mm d–1 and from –10.0 to
60.0 mg d–1, while the WL ratio at the end of the exper-
iment ranged from 5.1 to 50.0 mg mm–1 (Fig. 3). On
Aruba, the mode of the frequency distribution of all
3 variables on the reef was skewed to the larger
growth classes compared to that of mangroves/sea-
grass beds, whereas in Curaçao the mode was more
similar among habitats. In Curaçao, the 3 variables all
showed a small peak for the larger growth classes.

In total, 80 juvenile Haemulon flavolineatum were
introduced in the experimental growth cages per habi-
tat type per island. In Curaçao, 43% of the fishes were
recovered from the mangrove cages, 50% from the
seagrass cages and 24% from the reef cages, while on
Aruba 38, 54 and 19% were recovered from the man-
grove, seagrass and reef cages, respectively.

Gut content analysis showed that the diet of juvenile
Haemulon flavolineatum mainly consisted of Cope-
poda (mean range 48 to 82%, Table 4). Tanaidacea
(0 to 25%) and Ostracoda (2 to 21%) formed a less
important component of their diet. On the coral reef at
both islands, juveniles consumed more Copepoda
(>75%) than in the mangroves and seagrass beds,
while the contribution of Tanaidacea and Ostracoda to
the diet was larger in the latter 2 habitats than on the
coral reef.

Copepoda, the main food source of juvenile Haemu-
lon flavolineatum, showed no significant difference in
density between the plankton samples collected inside
and outside the cages in any of the 3 habitat types of
either island, except for the mangrove cages in Cura-

çao where a significantly higher number of Copepoda
was found outside the experimental growth cages
(Table 5). In Curaçao, the total density of Copepoda
was always significantly higher on the coral reef com-
pared to mangroves and seagrass beds, inside as well
as outside the cages (Fig. 4, Tables 5 & 6). On Aruba,
Copepoda densities did not differ significantly among
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Fig. 3. Frequency distributions of (a) growth rate in length, 
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for Haemulon flavolineatum juveniles recovered from the ex-
perimental growth cages in mangroves (MG), seagrass beds
(SG) and on the coral reef (REEF) at the end of the experiment 

in Curaçao and Aruba

Table 3. p-values of multiple post hoc comparisons (Hoch-
berg’s test) among the 3 habitat types mangroves, seagrass
beds and coral reef, separately for growth in length (GL),
growth in weight (GW) and weight–length (WL) ratio, for 

Curaçao and Aruba

Island Variable Habitat Mangroves Seagrass 
beds

Curaçao GL Seagrass beds 0.511
Coral reef 0.864 0.222

GW Seagrass beds 0.557
Coral reef 0.397 0.058

WL ratio Seagrass beds 0.471
Coral reef 0.232 0.014

Aruba GL Seagrass beds 0.151
Coral reef <0.001 0.003

GW Seagrass beds 0.172
Coral reef <0.001 <0.0010

WL ratio Seagrass beds 0.999
Coral reef <0.001 <0.0010
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habitats inside the cages (although there was a trend of
higher densities on the reef), and outside the cages the
reef only harboured a significantly higher Copepoda
density than the mangroves.

DISCUSSION

The results from the present study show that the
mean growth of early juvenile Haemulon flavolinea-
tum is not significantly higher within mangrove and
seagrass nurseries as hypothesized earlier, but that on
Aruba, instead, the fastest GL and GW, and highest
WL ratios were found on the coral reef. A trend of a
higher GW and GL on the reef was visible in Curaçao,
while the WL ratio was significantly higher on the reef
than on the seagrass beds. Individual growth of fish
depends on several factors, such as food availability,
food consumption, fish condition, predator pressure,
competition and abiotic variables such as water tem-
perature and salinity (e.g. Baltz et al. 1998, Connell
1998, McCormick 1998, Boeuf & Payan 2001). The
most likely factor explaining the differences in growth
rates among habitat types in this experiment is food
abundance; most other factors can be excluded here as
discussed farther below.

Recently settled larvae and juvenile
Haemulon flavolineatum are diurnal
planktivores (Ogden & Ehrlich 1977)
up to ca. 5 cm in length (Verweij et al.
2006). At the end of the experiment,
caged fishes in our experiment aver-
aged between 4.3 and 4.9 cm in length
among habitats on both islands, and
they were still diurnal planktivores
(authors’ pers. obs.). Gut content ana-
lysis of the caged fishes showed that
they primarily consumed Copepoda,
with some additional feeding on
Tanaidacea and Ostracoda in man-
groves and seagrass beds. The diet
composition of uncaged juvenile H. fla-

volineatum between 2.5 and 5.0 cm in length in Span-
ish Water Bay showed a similar result, in which mainly
Copepoda (>83%) and some Tanaidacea (12%) were
found in their digestive tracts (Cocheret de la Mori-
nière et al. 2003). Also in an embayment in Bermuda
fish of the genus Haemulon, including H. flavolinea-
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Table 4. Gut contents of juvenile Haemulon flavolineatum recovered from experimental growth cages in mangroves, seagrass beds
and coral reef in Curaçao and on Aruba. The mean (±SD) length and weight of the recovered fishes (N) and the mean percentage
of Copepoda, Tanaidacea, Ostracoda and Rest group (all other less-common food species pooled) in the entire digestive tract

Island Habitat N Length Weight Copepoda Tanaidacea Ostracoda Rest group 
(cm) (g) (%) (%) (%) (%)

Curaçao Mangroves 13 4.9 ± 0.6 0.9 ± 0.3 63 ± 19 16 ± 14 13 ± 11 08 ± 70
Seagrass beds 13 4.5 ± 0.5 0.8 ± 0.5 48 ± 16 25 ± 27 18 ± 21 10 ± 90
Coral reef 13 4.3 ± 0.2 0.7 ± 0.2 76 ± 19 00 ± 00 02 ± 50 23 ± 20

Aruba Mangroves 13 4.3 ± 0.5 1.0 ± 0.4 50 ± 20 17 ± 14 11 ± 15 21 ± 21
Seagrass beds 13 4.5 ± 0.4 1.1 ± 0.2 53 ± 30 19 ± 18 21 ± 23 07 ± 80
Coral reef 15 4.9 ± 0.4 1.7 ± 0.4 82 ± 13 04 ± 50 04 ± 70 10 ± 80

Table 5. Results of independent t-tests on total Copepoda density in the plank-
ton comparing the density inside and outside the experimental growth cages
(within habitats), and results of 1-way ANOVAs on total Copepoda density in
the plankton comparing the 3 habitat types mangroves, seagrass beds and coral
reef for Curaçao and Aruba, inside (In) and outside (Out) the experimental 

growth cages

Island Habitat p-value df F In/out p-value df F
t-test cage ANOVA

Curaçao Mangroves 0.012 14 5.50 in <0.001< 2 16.54
Seagrass beds 0.573 14 1.08 Out 0.002 2 8.08
Coral reef 0.234 14 2.61

Aruba Mangroves 0.510 14 0.05 In 0.096 2 2.64
Seagrass beds 0.128 14 0.38 Out 0.055 2 3.35
Coral reef 0.338 13 4.67
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tum, showed a strong selection for harpacticoids, an
order of the subclass Copepoda (Alheit & Scheibel
1982). Hence, it is clear that small-sized juvenile
H. flavolineatum typically feed on Copepoda under
natural conditions.

Cage experiments were used in the present study to
follow growth of juvenile fish in the field under practi-
cally natural environmental and habitat conditions.
Cages did not affect the food availability, since the
commonly consumed food type (Copepoda) in the
plankton inside and outside the cages did not show a
significant difference in density in the 3 habitat types
of the 2 islands, except for the mangrove cages in
Curaçao where somewhat more food was available
outside the cages. In all plankton samples in the
3 habitat types Copepoda showed the highest abun-
dance, while all other taxa were less common or com-
pletely absent. A higher number of Copepoda was
found on the coral reef compared to the seagrass beds
and mangroves. Also growth rates for small juvenile
Haemulon flavolineatum were highest on the coral
reef of Aruba compared to the mangrove and seagrass
nurseries, while such a trend was also present for
Curaçao. This suggests that if all other factors are
excluded, a higher availability of food on the coral reef
could have resulted in the higher growth rates of small
juvenile H. flavolineatum on the reef of Aruba and
possibly also in Curaçao. This would only be true, how-
ever, if food is limiting in these 2 bay habitats. Never-
theless, many studies have found much higher juvenile
fish densities within the mangrove and seagrass beds
compared to the coral reef, including for H. flavolinea-
tum (Nagelkerken et al. 2000a, Eggleston et al. 2004).
This indicates that not only food availability is an
important factor for juvenile fish when selecting a
settlement habitat and raises the question: Why do

recruits not settle massively on the coral reef where
food availability can be higher?

Habitat selection and use by fishes are based on a
strategy which maximises feeding and growth rates
and minimises mortality risk by avoiding predation
(Werner et al. 1983, Werner & Hall 1988, Dahlgren &
Eggleston 2000). Therefore, it is assumed that fish shift
habitats so that the ratio of mortality risk to growth
rate is minimised. In vegetated habitats an increased
amount of food, which can indirectly increase growth
rates, and an increased refuge from predators are
advantages for juvenile fishes (Sogard 1992). How-
ever, often a habitat which contains more food is also a
habitat in which fishes experience a higher predation
risk (Werner et al. 1983, Werner & Hall 1988).

In the present study, a higher amount of food and
higher growth rates (significant for Aruba, a trend in
Curaçao) were found on the reefs of both islands com-
pared to the mangrove and seagrass beds, but accord-
ing to other studies a higher predation risk is also
found on the reef compared to back-reef habitats
(Shulman 1985, Chittaro et al. 2005). This was also
true for predation on juvenile Haemulon flavolinea-
tum (ranging from 3.1 to 4.5 cm TL) in a tethering
experiment in the same 3 habitat types at Spanish
Water during the same time period, where survival
after 90 min of tethering was 0% on the coral reef ver-
sus 10 to 80% in mangroves and seagrass beds
(depending on the distance to the reef) (M. Doren-
bosch et al. unpubl. data). It thus appears that for min-
imisation of mortality rates, mangrove and seagrass
beds are more attractive than the coral reef, while for
maximisation of growth rates the reef is often more
suitable. Juveniles therefore possibly have to make a
decision between living on the reef, with higher food
abundances but more predation risk, or living in safer
lagoonal environments with less food; i.e. there
appears to be a tradeoff between food/growth rates
and predation/mortality risk. The higher abundances
of early juvenile H. flavolineatum in mangroves or
seagrass beds than on the reef thus suggests that a
habitat with reduced predation risk is apparently
more attractive than a habitat with higher food abun-
dances.

Besides food availability and predation risk, various
other factors can influence growth rates of fish, but
they are assumed to be negligible in the present
study. Mortality of caged juveniles during the experi-
ments could hypothetically have affected growth
rates by reducing the total number of fish per cage
and leaving more space and food for the surviving
fish. However, most juveniles disappeared late in the
second half of the experiment, which suggests that
mortality did not affect growth. Other studies also
demonstrated that growth rates of juveniles were not
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Table 6. p-values of multiple post hoc comparisons (Tukey
HSD) among the 3 habitat types mangroves, seagrass beds
and  coral reef separately for the Copepoda densities in the
plankton inside (in) and outside (out) the experimental 

growth cages, for Curaçao and Aruba

Island In/out Habitat Mangroves Seagrass 
cage beds

Curaçao In Seagrass beds 0.042
Coral reef <0.001 0.013

Out Seagrass beds 0.912
Coral reef 0.010 0.004

Aruba In Seagrass beds 0.227
Coral reef 0.101 0.862

Out Seagrass beds 0.676
Coral reef 0.048 0.2320
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significantly related to the density of fishes in a cage
(Sogard 1992). Water depth of the cages, water tem-
perature and salinity were equal among the habitats
and could thus not have affected growth. Water clar-
ity could potentially play an indirect role in fish
growth, since a high water turbidity could result in a
lower visual foraging efficiency and reduce feeding
success, which could decrease growth rates (Grecay
& Targett 1996). The mangroves and seagrass beds in
the present study indeed showed a much lower water
clarity compared to the reef, which could indicate
that juveniles on the reef fed more efficiently and
therefore grew faster there compared to the man-
grove/seagrass nurseries. However, all fishes were
caged and could only forage within the boundaries of
the cages, which were much smaller than the mini-
mum water clarity. Therefore, water clarity did prob-
ably not contribute to differences in growth rates
among habitats.

The present study shows that caged juvenile
Haemulon flavolineatum at 2 Caribbean islands on
average grew faster on the coral reef on Aruba com-
pared to the putative mangrove and seagrass nursery
habitats, while such a trend was also visible for
Curaçao. A lower growth rate in these potential nurs-
eries is possibly the result of a lower Copepoda abun-
dance in the water layer, the food source which is most
consumed by small juvenile H. flavolineatum accord-
ing to the analysed gut contents and other published
studies (Alheit & Scheibel 1982, Cocheret de la Mori-
nière et al. 2003). These results suggest that the coral
reef serves as a more suitable habitat in some areas for
small juvenile H. flavolineatum, in terms of growth and
food availability. This contrasts with the nursery-role
hypothesis as formulated by Beck et al. (2001). Proba-
bly due to the high predation pressure on the reef,
juvenile densities are higher in mangroves and sea-
grass beds. It should be noted, however, that in the
present study small juveniles were used and that these
tradeoffs may change with ontogeny of the fishes,
where mangroves and seagrass beds may become
more important than the reef in terms of benthic food
abundance for large juvenile H. flavolineatum, which
turn to nocturnal benthic feeding.
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