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ABSTRACT: Little evidence is available on how juvenile fishes utilise seagrass beds and adjacent
mangroves as feeding habitats. In this study we tested the degree to which Caribbean mangroves are
utilised as feeding grounds by the fish community from adjacent seagrass beds. Stable carbon and
nitrogen isotope analyses were performed on several potential food items from seagrass beds and
adjacent mangroves, on muscle tissue of 23 fish species from seagrass beds on a Caribbean island
(Curacao, Netherlands Antilles), and on juveniles of 2 common reef fish species, Haemulon flavo-
lineatum and Ocyurus chrysurus, from seagrass beds in 7 bays on 5 Caribbean islands. Only the
herbivore Acanthurus chirurgus and the carnivore Haemulon chrysargyreum appeared to feed
predominantly in the mangrove habitat, whereas the carnivores Mulloidichthys martinicus and O.
chrysurus (only on 2 islands) showed a stable carbon signature suggestive of food intake from the
mangrove as well as the seagrass habitat. The piscivore Sphyraena barracuda foraged on fish school-
ing at the mangrove/seagrass interface. For the other 18 seagrass fish species, which contributed
86 % of the total seagrass fish density, the contribution of food sources from the mangroves was minor
to negligible. The same was true for H. flavolineatum and O. chrysurus on most of the other
Caribbean islands. The results contrast with the situation in the Indo-Pacific, where intertidal
mangroves serve as important feeding habitats for fishes from adjacent systems during high tide. This
difference is most probably explained by both the absence of large tidal differences on Caribbean
islands and the greater food abundance in seagrass beds than in mangroves.
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INTRODUCTION

Stable isotope analyses have been used to test
whether mangrove faunal communities are detritus-
based. Several studies have shown that outwelling of
mangrove carbon (as POC, DOC, DIC, detritus or
leaves) can occur to adjacent systems up to a few kilo-
metres away (Rodelli et al. 1984, Hemminga et al.
1994, Newel et al. 1995). Furthermore, seagrasses,
invertebrates and fishes often show an enrichment in
stable carbon isotope ratio with increasing distance to
the mangroves (Lin et al. 1991, Marguillier et al. 1997,
Lee 2000, Chong et al. 2001, Bouillon et al. 2002). It
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was therefore well accepted that mangrove carbon sig-
nificantly fuelled food webs of adjacent coastal habi-
tats (Mann 1972, Odum & Heald 1975). Recent stable
isotope studies have shown, however, that these food
webs are mostly based on phytoplankton or benthic
algae (Stoner & Zimmerman 1988, Primavera 1996,
Bouillon et al. 2002). In the case of Rhizophora man-
groves bordering seagrass beds, the mangroves can
also be the recipients of carbon and nutrients from the
seagrass litter (Hemminga et al. 1994, Slim et al. 1996).

Irrespective of the degree to which different primary
sources contribute to the mangrove food web, man-
grove invertebrates such as crabs and shrimps show
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stable carbon values which are significantly depleted
compared to those from seagrass beds (Fry et al. 1982,
1983, Kitting et al. 1984, Rodelli et al. 1984, Stoner &
Zimmerman 1988, Harrigan et al. 1989, Fleming et al.
1990, Primavera 1996, Marguillier et al. 1997, Lee 2000,
Schwamborn et al. 2002). The few stable isotope stud-
ies done on fishes in mangrove-lined estuaries or bays
also show depleted carbon signatures in mangroves
(Rodelli et al. 1984, Marguillier et al. 1997, Lee 2000,
Sheaves & Molony 2000). The latter studies were all
done in the Indo-Pacific, where carnivorous fishes from
adjacent ecosystems, such as seagrass beds and sand
flats, are known to migrate into inundated mangroves
at high tide to feed on macro-invertebrates (Sasekumar
et al. 1984, Robertson & Duke 1990, Vance et al. 1996).
Sheaves & Molony (2000) showed that this resulted in a
short-cut of carbon pathways (i.e. shortening of the food
chain) in the mangrove food web, as a result of which
these carnivorous fish showed stable carbon signatures
close to those of the mangrove macrofauna.

In contrast to many mangrove forests in the Indo-
Pacific, the prop-root system of Caribbean mangroves
along the water's edge are often continuously inun-
dated and are subject to small tidal differences of only
about 30 to 60 cm (de Haan & Zaneveld 1959, see also
http://co-ops.nos.noaa.gov/tides03/tpred2.html). As a
result, high densities of nocturnally active carnivorous
fish seek shelter in the mangrove prop-roots during the
daytime and migrate to adjacent seagrass beds and
algal muddy/sandy seabeds at night to feed (Rooker &
Dennis 1991, Nagelkerken et al. 2000a). Fishes of the
same nocturnally active species, although smaller in
size, seek shelter in adjacent seagrass beds during the
daytime (Cocheret de la Moriniéere et al. 2002). These
seagrass beds also contain many diurnally active fish
species. Little is known, however, about the impor-
tance of mangroves in the Caribbean as a feeding
habitat for diurnally and nocturnally active fish species
found in seagrass beds during the daytime. Many
Caribbean studies have focussed on the feeding of
fishes which are resident in mangroves, but do not
study the interaction with adjacent habitats such as
seagrass beds (e.g. Odum & Heald 1975, Ley et al.
1994, Rooker 1995).

Since the mangroves on Caribbean islands are con-
tinuously inundated and accessible to fishes from adja-
cent seagrass beds, and probably offer better protec-
tion against predation by piscivores (Cocheret de la
Moriniere et al. 2004), we hypothesised that, even
though large tidal differences such as in the Pacific are
lacking, mangroves would form an additional feeding
ground for fishes resident on adjacent seagrass beds.
In the present study, we tested this hypothesis for 23
species of Caribbean reef fish, using stable carbon and
nitrogen isotope analyses.

MATERIALS AND METHODS

Study areas. The study was mainly carried out in
Spanish Water Bay on the Caribbean island of
Curacao, Netherlands Antilles. This bay has a maple-
leaf shape, a total surface area of approx. 3 km?, and is
mostly <6 m deep (Fig. 1). The shoreline of the bay is
fringed by Rhizophora mangle mangrove trees, whose
prop-roots are always inundated. Monospecific Tha-
lassia testudinum seagrass beds are located in front of
the mangroves at depths of 0.4 to 3 m. Mean seagrass
cover (+SD) in the bay was 81 + 12 %, while the height
of the seagrass canopy above the substratum was 22 +
8 cm and the seagrass shoot density was 143 + 66 m™2
(Nagelkerken et al. 2000b). At depths between about
3 and 6 m, the bay consists of subtidal muddy/sandy
seabeds with some degree of algal cover (<20%) of
Halimeda opuntia, H. incrassata, Cladophora sp. and
Caulerpa verticillata (Kuenen & Debrot 1995), fol-
lowed at 6 m by a deep channel (max. 11 to 18 m deep)
in the central parts of the bay. The other study sites
(see Fig. 1) were located in Fuik Bay and St. Joris Bay
on Curacao, at Mangel Alto within the lagoon along
the SW coast of Aruba, in Lac Bay on Bonaire, in Scot-
land Bay on Trinidad and in Well Bay on Tortola. All
these bays, except Scotland Bay, were dominated by T.
testudinum seagrass beds adjacent to R. mangle man-
groves. In Scotland Bay, seagrass beds consisted of
Halophila decipiens adjacent to R. mangle.

The mangrove and seagrass habitats were clearly
separated. The mangrove habitat extended to the
outer fringe of the mangrove canopy, and was a dark
environment with no vegetation growing on the
muddy substrate, which was covered by dark-coloured
mangrove detritus. From the fringe of the mangroves
outward, seagrass and benthic algae covered the
lightly coloured sandy substratum. Seagrass leaves
were not encountered in the mangrove habitat, and
vice-versa, indicating little exchange of large particu-
late organic material between habitats.

All bays were marine with no river influence, and
with small tidal differences (<50 cm, de Haan &
Zaneveld 1959). In Spanish Water Bay, mean (+SD)
water temperature and salinity on the seagrass beds
were 28.3 + 0.2°C and 35.4 + 0.2 psu, respectively.
This bay has relatively clear water with an average
horizontal Secchi disk visibility of 6.2 + 2.1 m. Details
of Fuik Bay and St. Joris Bay can be found in Nagel-
kerken et al. (2001a), those of Lac Bay in Nagelkerken
et al. (2000c).

Study design. Fishes (predominantly juvenile coral
reef fish, see Table 1) were collected during the day-
time between May and September 1998 from various
seagrass localities in Spanish Water Bay, close (0 to
50 m) to the mangrove fringe (Fig. 1), using a beach
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seine net. At the same localities, potential food items
from the seagrass beds and mangroves were collected
between May and September 1998 and in July 2003.
Macroalgae were represented by fleshy green and
brown algae, and Echinoidea by sea urchins. Shrimps
were not encountered in the mangroves and did not
occur in the bay at the high densities typical for many
tropical estuaries. Furthermore, the shrimps collected
from the seagrass beds were benthic shrimps (50 %
Alpheus sp.) and not free-swimming Penaeidae. The
study was extended to other bays for 2 very common
juvenile fish species, Haemulon flavolineatum and
Ocyurus chrysurus, which were collected with a beach
seine net or with hook and line during the daytime
from seagrass beds adjacent to mangroves. During
June and July 1998, 6 to 7 individuals of each species
were caught in Fuik Bay as well as in St. Joris Bay
on Curacao (Fig. 1), and in July 2001 and July 2002,

7 to 10 individuals of each species were caught at
each of the 4 other islands.

Fish tissues and the potential food items were dried
for 48 h at 70°C, and ground to a fine powder using a
mortar, pestle and liquid nitrogen. For fishes, only
muscle tissue was used because of its slow turnover
rate, resulting in a history of food assimilation over
periods of months and excluding short-term variability
(Gearing 1991). For mangroves, the first leaves follow-
ing the terminal bud were used, whereas for sea-
grasses all green leaves of the entire plant were used,
since no variation has been found between young and
old leaves or between the tip and base of the leaf (Lin
et al. 1991). Food items containing calcium carbonate
were decalcified to allow us to focus solely on organic
carbon (Nieuwenhuize et al. 1994); this was not done
for the nitrogen isotope analysis, since nitrogen con-
tent is affected by acid washing (Bunn et al. 1995). Car-
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Fig. 1. Map showing the Caribbean islands sampled (A = Aruba, C = Curacao, B = Bonaire, Tr = Trinidad, To = Tortola), the 3 bays
sampled in Curacao, and the location of the seagrass beds and sites of fish collection (marked 'X') in Spanish Water Bay
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bon and nitrogen stable isotope compositions were
measured with a Carlo Erba NA 1500 elemental
analyser coupled online via a Finnigan Conflo III
interface with a ThermoFinnigan DeltaPlus mass-
spectrometer. Carbon and nitrogen isotope ratios are
expressed in the delta notation (3'3C, §'°N) relative
to Vienna PDB and atmospheric nitrogen. Average
reproducibilities based on replicate measurements of
standards for 8'3C and §'°N were about 0.15 %o.

Diet composition was determined for the fishes
caught in Spanish Water Bay. All fishes caught were
immediately put on ice to avoid further food digestion.
The entire digestive tract of each fish was removed
and food items were quantified for the groups
Nematoda, Bivalvia, Copepoda, Echinoidea, Gastro-
poda, Polychaeta, Oligochaeta, Osteichthyes, Ostra-
coda, Amphipoda, Decapoda, Foraminiferida, Isopoda,
Mysidacea, Tanaidacea, seagrass, algae (unicellular,
filamentous, calcareous, macro), sediment, or other.
Diet composition was determined by estimating the
relative volumetric quantity of food items, using a
stereomicroscope (Nielsen & Johnson 1992).

RESULTS AND DISCUSSION

The 8'3C values of potential fish food items from the
mangroves and seagrass beds in Spanish Water Bay
ranged between -27.0 and -10.5%. (Fig. 2). The vari-
ous primary producers and macroinvertebrates all
showed different stable carbon signatures, but could
be divided into a group associated with the mangroves
(range: —27.0 to —14.1%.) and a group associated with
the seagrass beds (-15.4 to —-10.5%0). Other studies
have shown a similar range of 8'3C values for various
types of algae and macroinvertebrates from man-
groves (+ —29 to —15%o; Rodelli et al. 1984, Stoner &
Zimmerman 1988, Primavera 1996, Marguillier et al.
1997, Lee 2000, Schwamborn et al. 2002) and from sea-
grass beds (+ —16 to —6 %o; Fry et al. 1982, 1983, Kitting
et al. 1984, Harrigan et al. 1989, Fleming et al. 1990).

Stable isotope ratios in animals reflect those of their
diet, with an average of 1%. carbon enrichment and
3%o nitrogen enrichment, although nitrogen enrich-
ment can vary between approximately 2 and 5%o
(DeNiro & Epstein 1978, Fry & Arnold 1982, Rau et
al. 1983, Minagawa & Wada 1984, Fry 1988, Cabana
& Rasmussen 1994). The 3 herbivorous fish species

Acanthurus bahianus, Scarus iserti and Sparisoma
chrysopterum collected from the seagrass beds
showed stable carbon and nitrogen ratios indicative of
feeding on the seagrass bed (Fig. 2a), with a diet con-
sisting primarily of seagrass epiphytes (filamentous
algae) or leaves (Table 1). For Acanthurus chirurgus,
which feeds mainly on macroalgae (Table 1), the data
suggest a diet consisting of a mixture of mangrove and
seagrass macroalgae. Using a simple 2-end mixing
model for mixed diets (e.g. Phillips & Gregg 2001),
the data suggest that the average contribution of
mangrove macroalgae to its diet was 55 %.

Of the 15 carnivorous fish species collected from the
seagrass bed, the only piscivorous species, Sphyraena
barracuda, feeds mainly on silversides, herrings and
anchovies in Spanish Water Bay (Nagelkerken et al.
2001b). This is borne out by the §'*C value of —14.2 %o
for the common silverside Atherinomorus stipes
(Nagelkerken et al. unpubl.), compared to —13.6 %o for
S. barracuda (Fig. 2b). These fish species mostly seek
shelter in schools at or near the mangrove/seagrass
interface, where S. barracuda is often observed feed-
ing on them. This suggests that although S. barracuda
does not feed in the actual mangroves, its feeding
behaviour is often associated with the presence of
mangroves.

All of the remaining 14 carnivorous species, except
Haemulon chrysargyreum and Mulloidichthys martini-
cus, showed 8'3C values indicating a diet consisting of
seagrass macroinvertebrates (Fig. 2b). In their juvenile
stage, species of the genera Eucinostomus, Gerres,
Haemulon and Lutjanus feed largely on Tanaidacea,
and secondarily on Decapoda in Spanish Water Bay
(Nagelkerken et al. 2000a, unpubl.), which is in con-
trast to fishes from other Caribbean mangroves where
shrimps and Amphipoda are an important food source
(e.g. Thayer et al. 1987, Rooker 1995). The mean
313C values and standard error for Tanaidacea and
Decapoda (shrimps and crabs) in the mangrove and
the seagrass beds clearly show that the fish species of
these 4 genera (excluding H. chrysargyreum) obtain
these food items primarily from the seagrass bed
(Fig. 2b). If we assume that these fish species only con-
sume Tanaidacea and if we ignore the range in §3C
values for seagrass Tanaidacea, a simple 2-end mixing
model (e.g. Phillips & Gregg 2001) suggests that the
contribution of mangrove Tanaidacea to their diet
would be at most 29 % (in the case of H. flavolineatum),

T
»

Fig. 2. (Facing page.) Mean (+SE) §'°N and §'*C values of potential fish food collected from mangroves (filled circles) and sea-

grass beds (open circles) and of 23 fish species collected from seagrass beds (filled squares) for (a) primary producers and her-

bivorous fish, (b) macrofauna and carnivorous fish, (c) macrofauna and omnivorous fish from Spanish Water Bay, and (d) 2 fish

species collected from seagrass beds in 2 other Curacao bays (St. Joris Bay and Fuik Bay) and from seagrass beds at 4 other
Caribbean islands (Aruba, Bonaire, Trinidad, Tortola). See Table 1 for full genus names
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Fig. 3. Frequency distribution of 8'3C values of all fishes (N = 291) from the

seagrass beds of Spanish Water Bay

macroinvertebrates (Fig. 2c). Archosargus rhomboi-
dalis forages on macroinvertebrates as well as seagrass
(Table 1). A contribution of seagrass to its diet may
thus explain the lower 8'°N value compared to that of
the other 3 omnivorous species.

In summary, the data show that of the 23 species col-
lected from the seagrass bed, 18 (relative abundance =
85.7% of the total seagrass fish community, see
Table 1) obtained their food primarily from the sea-
grass beds, even though they were caught at distances
of less than 50 m from the mangrove fringe. For the
species Acanthurus bahianus, Ocyurus chrysurus,
Haemulon chrysargyreum and Mulloidichthys martini-
cus, the data suggest a diet composed either partly
or completely of food items from the mangrove.
Sphyraena barracuda does not obtain its food from the
mangroves, but feeds at the mangrove/seagrass inter-
face. Hence, the mangroves do not appear to be a
major source of food for the majority of the fish species
and individuals on seagrass beds adjacent to man-
groves. This conclusion is also supported by the fre-
quency distribution of §!3C values of individual fishes,
which shows that most fishes had a signature which
fell within the range of seagrass food items (Fig. 3).

The relatively minor importance of the studied
Caribbean mangroves as feeding grounds for most
fishes from adjacent systems seems to contrast with the
situation in the Indo-Pacific, where many estuarine
and juvenile marine fishes have been observed to
migrate into inundated mangroves at high tide to feed
(Sasekumar et al. 1984, Chong et al. 1990, Robertson &
Duke 1990, Vance et al. 1996). Stable isotope studies
have confirmed that these fishes do indeed feed in
the mangroves. Rodelli et al. (1984) concluded that
approximately 14 fish species (813C = -27 to —16%o)
caught in a Malaysian mangrove ecosystem derived
about 60% of their carbon from mangrove swamps,
while Sheaves & Molony (2000) showed that 5 fish
species (33C = -23 to —21 %o) caught in Australian estu-

aries fed on sesarmid crabs in adjacent
mangroves during high tide. In a marine
bay in Kenya, Marguillier et al. (1997)
found that 3 fish species (8°C = -21 to
—19%0) from adjacent seagrass beds de-
pended on mangrove carbon. Fishes
caught from a mangrove estuary in China
showed similar §'*C values (around —20 %o,
Lee 2000). In Florida, fishes collected from
intertidal mangroves showed depleted
313C values (-24 to —22%.) compared to
those caught from distant seagrass beds
(=15 to —13%o) (Harrigan et al. 1989, Flem-
ing et al. 1990). Also in the Caribbean a
wide variety of studies have shown that
mangroves are an important feeding habi-
tat for fishes (Odum & Heald 1975, Thayer et al. 1987,
Ley et al. 1994, Rooker 1995). However, these studies
were done on fishes resident in large mangrove
swamps, and hence no insight has been obtained into
the degree to which these mangroves are used as
feeding sites by fishes from adjacent habitats.

The absence of large tidal differences on Caribbean
islands may be the primary cause of the minor impor-
tance of the mangroves as a feeding habitat for sea-
grass fishes. Quinn & Kojis (1987) postulated that in
estuaries with a tidal range less than 1 m, tidal currents
have little effect on fish distribution. Secondly, the
fringing mangroves in the marine bays and lagoons of
many Caribbean islands are much smaller in surface
area than the mangroves forests in estuaries, while
seagrass beds contain higher densities of food than the
mangroves (Nagelkerken et al. 2000a). Finally, the
difference between the Caribbean and Indo-Pacific
may be explained by differences in the diversity and
structure of mangroves and seagrass beds. Mangrove
and seagrass species richness is greater in the Indo-
Pacific, which may cause differences in structural com-
plexity, food abundance and hydrological factors in
these habitats, affecting their utilisation as feeding
habitats by fishes.

It can be concluded that the degree to which man-
groves are utilised as a feeding ground by fishes from
adjacent habitats may be primarily related to the tidal
regime. On Caribbean islands with small tidal differ-
ences, the continuously inundated mangrove prop-
roots do not play a primary role as a feeding habitat
for most fishes from adjacent seagrass beds, except
for Acanthurus chirurgus, Haemulon chrysargyreum,
Mulloidichthys martinicus and Ocyurus chrysurus. The
question remains whether fish species sheltering in the
mangroves during the daytime (see Nagelkerken et
al. 2000a) do not use the mangroves as an important
feeding habitat either. This question is addressed in
Nagelkerken & van der Velde (2004, this issue).
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