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Foraging habits of reef fishes associated with mangroves and seagrass beds in a
Caribbean lagoon: A stable isotope approach
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ABSTRACT. Mangroves and seagrass beds represent suitable fish habitats as nurseries or feeding areas. This study was conducted in a
Caribbean lagoon to assess the foraging habits of juvenile transient reef fishes in these two habitats. Twelve fish species were sampled in
coastal mangroves, an offshore mangrove islet, and a seagrass bed site, and stable isotope analyses were performed on fishes and their prey
items. The SIAR mixing model indicated that transient fishes from both mangroves and seagrass beds derived most of their food from seagrass
beds and their associated epiphytic community. Only a few species including planktivores (Harengula clupeola, Anchoa lyolepis) and
carnivores (Centropomus undecimalis and small specimens of Ocyurus chrysurus) presented depleted carbon values, showing reliance on
mangrove prey in their diets. Mangrove-derived organic matter contributed marginally to the diet of transient fishes, which relied more on
seagrass food sources. Thus, mangroves seem to function more as refuge than feeding habitats for juvenile transient fishes.

Keys words: mangrove, seagrass, fish, stable isotopes, SIAR.

RESUMEN. Los manglares y las praderas de pastos marinos son habitats adecuados para la reproduccion y alimentacion de peces. En este
estudio se evaluaron los habitos alimentarios de peces arrecifales juveniles que transitan por estos dos tipos de habitat en una laguna del Caribe.
Se recolectaron 12 especies de peces en los manglares costeros, un islote de manglares y un sitio de praderas de pastos marinos, y se realizaron
analisis de isotopos estables en los peces y sus presas. El modelo SIAR indico que los peces transetntes se alimentaron principalmente de los
pastos marinos y su comunidad epifita asociada. Solo unas cuantas especies incluyendo peces planctivoros (Harengula clupeola, Anchoa
lyolepis) y carnivoros (Centropomus undecimalis y pequefios ejemplares de Ocyurus chrysurus) presentaron valores de carbono empobrecidos,
lo que indica una dependencia de las presas de manglares para sus dietas. La materia organica producida en el manglar contribuyé poco a la
dieta de los peces transetntes, los cuales dependieron mas de fuentes provenientes de los pastos marinos. Por lo tanto, los peces juveniles
transeuntes usan los manglares mas como refugio que como habitat de alimentacion.

Palabras clave: manglares, pastos marinos, peces, is6topos estables, modelo SIAR.

INTRODUCTION INTRODUCCION

Mangroves and seagrass beds constitute highly produc- Los manglares y las praderas de pastos marinos son eco-
tive ecosystems that are known to represent suitable fish sistemas altamente productivos asi como habitats adecuados
habitats, acting as shelters, nurseries or foraging areas (Beck para el refugio, la crianza y la alimentacion de peces (Beck
et al. 2001, Nagelkerken et al. 2008). The protection against etal. 2001, Nagelkerken et al. 2008). La proteccion contra
predation, the interception of planktonic fish larvae, and the depredadores, la interceptacion de larvas planctonicas de
abundance of food sources are among the main assumptions peces y la abundancia de fuentes de alimento son algunas de
explaining the high abundance of juvenile reef fishes in these las principales hipotesis que explican la gran abundancia de
habitats (Beck et al. 2001, Laegdsgaard and Johnson 2001). individuos juveniles de peces arrecifales en estos habitats
In the Caribbean, mangroves are often interlinked with sea- (Beck et al. 2001, Laegdsgaard y Johnson 2001). En el
grass beds and the low tidal influence enables permanent Caribe, los manglares frencuentemente se interrelacion con
exchanges between these habitats through diurnal or noctur- las praderas de pastos marinos y la poca influencia de
nal fish migrations (Nagelkerken et al. 2000, Kopp et al. las mareas permite un intercambio permanente entre estos
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2007). Mangrove ecosystems can be classified into several
categories including fringing mangroves that occur along
sheltered coastlines or mangrove islets (Gilmore and
Snedaker 1993, Ewel et al. 1998). The configuration and
structure of these fringing mangroves can vary substantially
among locations and have a direct influence on the function
and role of these coastal habitats (Ewel et al. 1998, Heithaus
etal. 2011).

Feeding activities of transient fishes, comprising species
that are present in mangroves during their juvenile life stages,
can represent linkages between mangroves and adjacent
coastal habitats (Heithaus et al. 2011). Many fish species are
characterized as opportunistic species because their diets may
change according to the availability and abundance of prey
items (Laegdsgaard and Johnson 2001).

Stable isotopes have been used as proxies for contribu-
tions of mangrove and seagrass prey to fish diets and have
shown marginal contribution of mangrove-derived organic
matter (Nagelkerken et al. 2008). Transient fishes in
mangroves primarily feed on allochthonous organic matter
derived from plankton, algae, or seagrass beds (Marguillier
et al. 1997, Kieckbusch et al. 2004, Nyunja et al. 2009). Yet,
mangrove and seagrass food source contributions to fish diets
seem to be site-specific and depend on hydrological proc-
esses, including tides and currents, or habitat structure
(Lugendo et al. 2007, Granek et al. 2009, Vaslet et al. 2012).
In Tanzania, Lugendo et al. (2007) found that fishes remain-
ing in enclosed mangrove ponds during low tides derived
most of their food from this habitat, whereas fishes from
open fringing mangroves migrated and fed in adjacent inun-
dated seagrass beds. Tidal range is therefore an important
factor in the Indo-Pacific area because it drives trophic
migration of fish species from subtidal habitats to inundated
mangroves (Sheaves and Molony 2000, Lugendo et al.
2007). However, this environmental descriptor is less rele-
vant in the Lesser Antilles region, where tides are generally
lower than 1 m and mangroves are continuously flooded
(Nagelkerken et al. 2008). Therefore, spatial structure (in
terms of location and landscape characteristics of mangrove
sites) may be of primary importance while assessing the
origin of carbon sources assimilated by fishes (Vaslet et al.
2012).

This study considered different fringing mangroves (i.c.,
offshore mangrove islet, coastal mangroves) in a Caribbean
lagoon and investigated the primary food sources of transient
juvenile fishes. We examined the influence of mangrove
location and habitat structure on the feeding behavior of
12 juvenile transient fishes by analyzing spatial patterns of
stable isotopes. Carbon and nitrogen isotopic compositions
provide good insights into the main food sources assimilated
by fishes the preceding weeks (Gearing 1991). As a result of
different inorganic carbon sources and photosynthesis, car-
bon isotopic fingerprints of mangroves are on average more
depleted in '*C than are those of seagrass beds (Hemminga
and Mateo 1996, Nagelkerken and van der Velde 2004a).
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habitats mediante las migraciones diurnas y nocturnas de
peces (Nagelkerken et al. 2000, Kopp et al. 2007). Existen
diferentes tipos de manglares entre ellos los manglares de
borde que se desarrollan a lo largo de los margenes de costas
protegidas o islotes de manglares (Gilmore y Snedaker 1993,
Ewel et al. 1998). La configuracion y estructura de estos
manglares de borde puede variar considerablemente entre
localidades y tener una influencia directa en la funcién y
papel de estos habitats costeros (Ewel et al. 1998, Heithaus
etal. 2011).

Las actividades de alimentacion de peces transeuntes,
esto es, especies que se encuentran en manglares durante su
etapa juvenil, pueden representar un vinculo entre los man-
glares y los habitats costeros adyacentes (Heithaus et al.
2011). Varias especies de peces se caracterizan como espe-
cies oportunistas ya que su dieta puede cambiar segtin la dis-
ponibilidad y abundancia de presas (Lacgdsgaard y Johnson
2001).

Los isotopos estables han sido usados como marcadores
de las contribuciones de las presas procedentes de manglares
y pastos marinos a las dietas de peces y han mostrado una
contribucion marginal de la materia organica proveniente de
manglares (Nagelkerken et al. 2008). Los peces que transitan
por los manglares se alimentan principalmente de materia
organica aldctona derivada de plancton, algas o pastos
marinos (Marguillier et al. 1997, Kieckbusch et al. 2004,
Nyunja et al. 2009). No obstante, las contribuciones de las
fuentes de alimento de manglares y pastos marinos parece
depender del sitio asi como de la estructura del habitat o de
procesos hidroldgicos, incluyendo las mareas y corrientes
(Lugendo et al. 2007, Granek et al. 2009, Vaslet et al. 2012).
En Tanzania, Lugendo et al. (2007) encontraron que los
peces que permanecian en manglares encerrados durante la
marea baja obtenian la mayor parte de su alimento en este
habitat, mientras que los peces de manglares de bordo
abiertos migraban y se alimentaban en las praderas de pastos
marinos inundados. Por lo tanto, el intervalo de marea es
un factor importante en la region indo-pacifica ya que influye
en la migracion trofica de especies de peces de habitats
submareales a manglares inundados (Sheaves y Molony
2000, Lugendo et al. 2007). En las Antillas Menores, sin
embargo, donde las mareas generalmente son <l m y los
manglares se encuentran continuamente inundados, este
descriptor ambiental es menos relevante (Nagelkerken et al.
2008), y la estructura espacial (en términos de ubicacién y las
caracteristicas fisiograficas de los manglares) podria resultar
de gran importancia en la evaluacion del origen de las fuentes
de carbono que asimilan los peces (Vaslet et al. 2012).

En este trabajo se estudiaron diferentes manglares de
borde (i.e., un islote de manglares y manglares costeros) en
una laguna del Caribe y se analizaron las principales fuentes
de alimento de los peces juveniles transetuntes. Se examiné la
influencia de la ubicacion de los manglares y la estructura del
habitat en el comportamiento alimentario de 12 peces juveni-
les transetintes mediante los patrones espaciales de is6topos
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Carbon isotopes can thus be used as proxies to investigate the
habitat from which fish species derive their diet. Trophic
levels of consumers in food webs are revealed by nitrogen
values (Peterson and Fry 1987). Consequently, stable isotope
analyses enable tracing mangrove- and seagrass-derived
organic matter in coastal food webs and assessment of
trophic linkages between these habitats.

The objectives of the present study were (1) to investigate
the influence of habitat structure on the feeding behavior of
juvenile transient fishes and (2) to examine potential varia-
tions in fish feeding behavior regarding their feeding strategy
(i.e., trophic category) and life stage (i.e., juveniles, adults).

MATERIALS AND METHODS
Study location

The study was carried out in Grand Cul-de-Sac Marin
(GCSM), a bay on Guadeloupe Island (Lesser Antilles)
(fig. 1). A barrier reef encloses this bay and delimits a lagoon
of 11,000 ha. The shoreline is fringed by Rhizophora mangle
(Linnaeus 1753) mangroves with prop-roots always inun-
dated. The GCSM lagoon presents large areas of seagrass
beds, mainly composed of Thalassia testudinum Banks and
Soland ex Konig, 1805 and Syringodium filiforme (Kiitz
1860), covering about 8200 ha (Chauvaud et al. 2001). With
the low tidal amplitude (0.5 to 0.6 m) occurring in the area
(Assor 1988), mangroves are permanently flooded. Water
depth varies from a few decimeters on shallows and coral
keys to 30 m in reef passes. Salinity in the GCSM lagoon
varies between 20.1 near river mouths to 36.5 around man-
grove islets close to the barrier reef (Fajou and Carenage off-
shore islets; Vaslet et al. 2010). Three sites were studied
between September and December 2007: Fajou offshore
mangrove islet located near the barrier reef (site F), coastal
fringing mangroves located close to the mouth of Grande
Riviére a Goyaves (site G), and a seagrass bed in the middle
of the GCSM lagoon (site S) (fig. 1). The mangrove forest is
more developed at site G than at site F, with a forest width of
1.2 km and 760 m, respectively (Vaslet et al. 2010).

Study design

Fishes were collected from mangroves using fish traps
(see description in Vaslet et al. 2010) and from seagrass beds
with a seine net, composed of a bag (3 m long, 2 m high) with
two wings (23 m long, 2 m high) (Bouchon-Navaro et al.
1992). Twelve transient fish species of similar size ranges
were collected at the three sites. The fish species Bairdiella
ronchus (Cuvier 1830) was also sampled to examine food
source contributions to the diet of this resident species that
spends its entire life cycle in mangroves (Louis 1985).

Fish species were assigned to four trophic guilds based on
dietary analyses of fish gut contents (table 1) and a review of
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estables. La composicion isotopica del carbono y el nitrogeno
proporciona informacion de las principales fuentes del ali-
mento consumido por los peces en las semanas anteriores
(Gearing 1991). Como resultado de diferentes fuentes de
carbono inorganico y la fotosintesis, las huellas isotopicas del
carbono de los manglares en comparacion con los pastos
marinos se hallan en promedio mas empobrecidos en 3C
(Hemminga y Mateo 1996, Nagelkerken y van der Velde
2004a). Por lo tanto, los is6topos del carbono pueden usarse
como marcadores para estudiar el habitat en donde las espe-
cies de peces se alimentan. Los valores de nitrégeno mues-
tran los niveles troficos de los consumidores en las cadenas
alimentarias (Peterson y Fry 1987). Por consiguiente, el
analisis de isOtopos estables permite rastrear la materia
organica procedente de manglares y pastos marinos en las
cadenas alimentarias en zonas costeras y evaluar los vinculos
troficos entre estos habitats.

Los objetivos del presente estudio fueron (1) investigar la
influencia de la estructura del habitat en el comportamiento
alimentario de peces juveniles transetntes y (2) analizar las
variaciones potenciales en el comportamiento alimentario de
peces en cuanto a su estrategia de alimentacion (i.e., catego-
ria trofica) y etapa de vida (i.e., juveniles, adultos).

MATERIALES Y METODOS
Area de estudio

El estudio se realizd en una bahia, Grand Cul-de-Sac
Marin (GCSM), de la isla de Guadalupe (Antillas Menores)
(fig. 1). Un arrecife encierra esta bahia y delimita una laguna
de 11,000 ha. La costa estd bordeada por el mangle rojo,
Rhizophora mangle (Linnaeus 1753), cuyas raices siempre se
encuentran inundadas. La laguna de GCSM presenta areas
grandes de praderas de pastos marinos, compuestas principal-
mente por Thalassia testudinum Banks y Soland ex Kénig,
1805 y Syringodium filiforme (Kiitz 1860), que cubren alre-
dedor de 8200 ha (Chauvaud et al. 2001). Debido a la baja
amplitud mareal (0.5 a 0.6 m) en la zona (Assor 1988), los
manglares siempre estan inundados. La profundidad del agua
varia desde unos cuantos decimetros en los bajos y cayos
coralinos hasta 30 m en los canales arrecifales. La salinidad
en la laguna de GCSM varia entre 20.1 cerca de las desembo-
caduras de rios y 36.5 alrededor de los islotes de manglares
(islotes Fajour y Carenage) cerca de la barrera de coral
(Vaslet et al. 2010). Se estudiaron tres sitios entre septiembre
y diciembre de 2007: el islote de Fajou cerca de la barrera
arrecifal (sitio F), manglares de borde cerca de la boca de
Grande Riviére a Goyaves (sitio G), y un sitio de praderas de
pastos marinos en medio de la laguna de GCSM (sitio S)
(fig. 1). El bosque de mangles del sitio G (1.2 km de ancho)
es mas grande que el del sitio F (760 m de ancho) (Vaslet
etal. 2010).
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Figure 1. Location of Guadeloupe (GW) in the Caribbean. Location of the three study sites in Grand Cul-de-Sac Marin (GCSM): offshore
mangrove islet of Fajou (F), coastal mangroves near Grande Riviére a Goyaves river mouth (G), and a seagrass bed site (S).

Figura 1. Ubicacion de la isla de Guadalupe (GW) en el Caribe. Ubicacion de los tres sitios de estudio en la bahia llamada Grand Cul-de-Sac
Marin (GCSM): islote de Fajou (F), manglares costeros cerca de la desembocadura de Grande Riviere a Goyaves (G) y un sitio de praderas de

pastos marinos (S).

literature on fish diets (Randall 1967, Austin and Austin
1971, Aguirre-Ledn and Yafiez-Arancibia 1984, Bouchon-
Navaro et al. 1992, Sierra et al. 1994, Nagelkerken et al.
2006, Chiaverini 2008): herbivores consuming algae, sea-
grass leaves, and their epiphytic algae; omnivores feeding on
invertebrates and at least 10% of algae; planktivores consum-
ing zooplankton; and carnivores ingesting benthic inverte-
brates and some fish species.

The following fish prey were collected in mangroves and
seagrass beds: mangrove litter, seagrass leaves, epiphytes
scraped from seagrass leaves, algae, annelids, gastropods,
amphipods, crabs, and shrimps. Samples of seston were
collected above the seagrass site and between 10 and 20 m
from mangrove fringes by towing a plankton net (100 pm
mesh size) at 0.5 m below the water surface during 5 min.
Zooplankton (dominated by copepods) was sorted from dead
suspended materials at the laboratory.

Diseiio del estudio

En los manglares los peces se recolectaron con trampas
(ver descripcion en Vaslet et al. 2010) y en las praderas de
pastos marinos se recolectaron con una red de cerco, que con-
sistié de una bolsa (3 m de largo, 2 m de alto) con dos alas
(23 m de largo, 2 m de alto) (Bouchon-Navaro et al. 1992).
Se recolectaron 12 especies de peces transeuntes de tamafio
similar en los tres sitios. También se capturd el pez Bairdiella
ronchus para analizar las fuentes de alimento que forman la
dieta de esta especie residente que permanece todo su ciclo
de vida en los manglares (Louis 1985).

Las especies de peces se asignaron a cuatro gremios
troficos con base en el andlisis de su contenido estomacal
(tabla 1) y una revision de la literatura de dietas de peces
(Randall 1967, Austin y Austin 1971, Aguirre-Le6n y Yaiez-
Arancibia 1984, Bouchon-Navaro et al. 1992, Sierra et al.
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Stable isotope analyses and mixing models

Muscle tissues of fish, decapods, and molluscs, and other
whole prey were oven dried at 50 °C and ground to powder.
As carbonate can interfere with organic carbon values
(Bosley and Wainright 1999), calcified samples (i.e., algae,
crustaceans) were decalcified with 10% HCI. As acid treat-
ments have been reported to affect 3'°N values, subsamples
dedicated to 8'°N analyses were not acidified (Sweeting et al.
2006). Stable isotope analyses of carbon and nitrogen were
performed with a mass spectrometer (Optima; Isoprime, UK)
coupled to a CNS elemental analyser (NA1200,
ThermoScientific, European Union) at MARE Center, Liege
University (Belgium). Isotopic ratios of carbon (3'°C) and
nitrogen (8'°N) were expressed as the relative per mil (%o)
difference between samples and standards (Vienna PDB for
carbon, atmospheric N for nitrogen). Average reproductibili-
ties based on replicate measurements were 0.19%o for §'3C
and 0.15%o for 6'5N. Variation in lipid content among organ-
isms can affect the 6'3C values and consequently the ecologi-
cal interpretations (Post et al. 2007). Thus, the mathematical
normalization outlined by Post et al. (2007) for aquatic
organisms was used to standardize for lipid content:
OBC ommatized = 01°C 3.32 + 0.99 x C:N. Normalization
of 613C values was based on C:N values (i.e., C:N ratios > 3.5
for lipid-rich tissue) and they were calculated for gastropods,
amphipods, annelids, and Majidae crabs (table 2).

The SIAR (stable isotope analysis in R) mixing model
was used to determine the relative contribution of prey from
mangroves and seagrass beds to the fish diets (Parnell et al.
2010). This model has the advantage of taking into account
uncertainties associated with isotopic values of consumers
and prey and trophic enrichment (Parnell et al. 2010).
The SIAR mixing model allows considering the relative
contribution of groups of prey a posteriori. In this model,
fish isotopic values were corrected for trophic enrichment:
AC = 1.0 £ 0.3%0 and AN = 2.2 £+ 0.3%o for planktivores,
herbivores, and omnivores, and AC = 0.5 = 0.1%0 and AN =
3.4 £ 0.2%o for carnivores (Vander Zanden and Rasmussen
2001, McCutchan et al. 2003).

untreated

Statistical analyses

Statistical differences in 6'3C and 8N values were
tested using nonparametric tests (Mann—Whitney and
Kruskal-Wallis tests) to overcome assumptions for normality
and homogeneity of variance (Legendre and Legendre 1998).
Spearman rank correlation coefficients between 6N and
total length were computed using data from fish species in
order to observe whether ontogenetic changes in diet could
be detected. A significance level of P < 0.05 was used in all
analyses. Statistical analyses were performed using XL-
STAT and the SIAR package was run in R2.15.0 (R Develop-
ment Core Team 2012).
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1994, Nagelkerken et al. 2006, Chiaverini 2008): herbivoros
que consumen algas y hojas de pastos marinos y sus algas
epifitas; omnivoros que consumen invertebrados y por lo
menos 10% de algas; planctivoros que consumen
zooplancton; y carnivoros que consumen invertebrados ben-
tonicos y algunas especies de peces.

En los manglares y pastos marinos se recolectaron
muestras de las siguientes fuentes de alimento de los peces:
hojarasca de manglar, hojas de pastos marinos, epifitas raspa-
das de las hojas de pastos marinos, anélidos, gasteropodos,
anfipodos, cangrejos y camarones. Se recolectaron muestras
de seston sobre las praderas de pastos marinos y de 10 a 20 m
de los bordes del manglar mediante el arrastre de una red de
plancton (100 um de tamafio de malla) a 0.5 m por debajo de
la superficie del agua durante 5 min. En el laboratorio, el zoo-
plancton (dominado por copépodos) se separd de la materia
muerta suspendida.

Analisis de isétopos estables y modelos de mezcla

El tejido muscular de peces, decapodos y moluscos y
otras presas enteras se secaron en un horno a 50°C y se
pulverizaron. Ya que el carbonato puede interferir con los
valores del carbono organico (Bosley y Wainright 1999), las
muestras calcificadas (i.e., algas, crustaceos) fueron decalci-
ficadas con HCl al 10%. En vista de que se ha documentado
que los tratamientos con acido afectan los valores de 8N, no
se acidificaron las submuestras dedicadas al analisis de 3"°N
(Sweeting et al. 2006). El andlisis de is6topos estables del
carbono y el nitrégeno se realizé con un espectrometro de
masas (Optima; Isoprime, RU) junto con un analizador ele-
mental CNS (NA1200, ThermoScientific, Union Europea) en
el Centro MARE de la Universidad de Lieja (Bélgica). Las
razones isotopicas de carbono (8'3C) y nitrogeno (6'°N) se
expresaron como la diferencia en partes por mil (%o) entre las
muestras y los estindares (Viena PDB para carbono y N
atmosférico para nitrégeno). La reproductibilidad promedio
con base en mediciones replicadas fue de 0.19%o para 6'3C y
0.15%o para 8"°N. Una variacion en el contenido de lipidos
entre organismos puede afectar los valores de 6'*C y, conse-
cuentemente, las interpretaciones ecologicas (Post et al.
2007). Por lo tanto, se uso6 la normalizacion matematica pro-
puesta por Post et al. (2007) para organismos acuaticos para
estandarizar el contenido lipidico: 8"C ymatizado = 0 Cho tratado —
3.32 4+ 0.99 x C:N. La normalizacion de los valores de 6'3C se
basoé en los valores de C:N (i.e., razones C:N > 3.5 para tejido
rico en lipidos) y se calcularon para gasteropodos, anfipodos,
anélidos y cangrejos de la familia Majidae (tabla 2).

Se usd el modelo de mezcla SIAR (analisis de is6topos
estables en R) para determinar la contribucion relativa de las
presas procedentes de los manglares y pastos marinos a la
dieta de los peces (Parnell et al. 2010). Este modelo tiene la
ventaja de que toma en cuenta las incertidumbres asociadas
con los valores isotopicos de consumidores y presas y el enri-
quecimiento trofico (Parnell et al. 2010). El modelo STAR
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Table 2. Mean §'3C and 8!°N values (+ standard deviation) and C:N ratios of prey items sampled in mangroves and seagrass beds (n, number
of samples). See figure 1 for location of sampling sites.

Tabla 2. Valores medios de §'°C y §' N (+ desviacion estandar) y razones C:N de las fuentes de alimento de peces provenientes de manglares
y pastos marinos (N, nimero de muestras). Ver la figura 1 para la ubicacion de los sitios de muestreo.

Sample n 313C (%) SN (%o) CN
Offshore mangrove islet: Fajou islet (site F)

Mangrove litter 2 -30.0+0.2 -1.3+0.3 2127
Zooplankton 2 -17.7+0.1 6.6 +0.05 5.6
Algae

Rhodophyceae: Spyridia filamentosa 3 -27.8+0.6 -0.2+0.2 58.7
Annelids: Polychaetes 3 -16.2+0.6 74+02 35
Molluscs: Gastropods

Littorinidae: Littoraria cf nebulosa 6 -224+1.1 0.03+1.2 42
Amphipods 5 -17.0+0.5 4.8+0.2 2.8
Decapods

Palaemonidae: Palemon cf northropi 5 -18.6+1.8 6.1+£0.2 32

Coastal mangroves: Grande Riviére a Goyaves (site G)

Mangrove litter 3 -29.6+0.8 -1.6+0.6 149.1
Suspended material 3 -17.2+£09 1.6£0.7 18.6
Zooplankton 3 -20.1+0.3 7.6+0.2 4.8
Annelids: Polychaetes 3 -16.8+0.9 62+1.1 3.9
Molluscs: Gastropods

Littorinidae: Littoraria cf nebulosa 6 -22.1+1.1 0.05+1.9 4.1
Amphipods -19.6 0.8 43+04 2.5
Decapods

Xanthidae: Eurytium limosum 3 -15.8+0.3 8.3+0.06 34

Porcellanidae: Petrolisthes armatus 4 -16.0+0.1 6.4+0.1 3.4

Portunidae: Callinectes sapidus 3 -233+1.1 5.8+0.3 32

Seagrass beds (site S)

Suspended material 3 —133+1.2 0.8+1.5 37.3
Zooplankton 6 -13.7+ 1.1 62+12 43
Algae

Chlorophceae: Bryopsis cf ramulosa 5 -12.1+£0.5 3.1+0.9 16.4

Pheophyceae: Dictyota cf pulchella 6 -159+0.2 52+0.6 18.3
Seagrass leaves

Thalassia testudinum 7 -10.4+0.2 28+1.1 18.9

Syringodium filiforme 4 -109+04 3.0+£0.6 23.0

Epiphytes from seagrass leaves 6 -11.6 £ 0.5 22403 24.1
Annelids: Polychaetes 3 -12.7+0.2 6.3+0.1 4.4
Molluscs: Gastropods

Cerithidae: Cerithium litteratum 5 -10.5+0.9 6.7+0.1 3.6
Amphipods 6 -14.4+0.2 6.3+0.1 4.4
Decapods

Penacidae: Penaeus cf similis -14.0+0.7 7.2+0.1 3.1

Xanthidae -122+09 7.7+0.8 3.6

Portunidae: Portunus sebae 3 -13.2+0.1 5.8+0.1 3.4
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RESULTS

The prey collected from magroves were more depleted in
BC (81Cean = —20.4 £ 1.2%0) than those collected from sea-
grass beds (8"C e = —12.7 £ 0.5%0) (Mann—Whitney test,
P <0.001) (table 2; figs. 2, 3). Mangrove invertebrates pre-
sented 6'3C values varying between —25.1%o (Littorinidae
gastropods) and —15.5%o (amphipods) (table 2; figs. 2, 3). On
average, the mangrove invertebrates that were the most
depleted in C were Portunidae crabs and Littorinidae
gastropods (mean 8C values of —23.3%0 and —22.3%o,
respectively; table 2).

Mean 65N values were lowest for primary producers,
such as mangrove litter, algae, seagrasses, and epiphytic
algae (—1.5%o to 5.2%o); intermediate (4.5%o0 to 6.3%o0) for
amphipods; and higher (5.8%o0 to 8.3%o) for other inverte-
brates, such as zooplankton, annelids, molluscs, and deca-
pods (table 2). Littorinidae gastropods from mangroves were
characterized by much lower mean &'°N values (0.04%o)
compared to other invertebrates (table 2). Elemental ratios
(C:N, w:w), which are indicative of prey nutritional values in
terms of digestibility, presented lower values in animal food
sources (C:Nyn = 3.9 £ 0.1) than in plant items (C:Npyeqn
43.3 £ 16.3), testifying the high nutritive quality of the
former (Mann—Whitney test, P < 0.001) (table 2).

Mean 6"3C values for the 12 transient fish species col-
lected in mangroves and seagrass beds ranged from —18.7 +
1.2%o for the snook Centropomus undecimalis (site G) to
—12.0 £ 0.3%0 for the snapper Lutjanus apodus (site S)
(table 3). On average, fish species collected in seagrass beds
(site S) were more enriched in 3C (83C,, .., = —13.0 = 0.3%0)
than species from the mangrove sites (sites F and G, —14.9 +
0.4%0 and —14.7 £ 0.5%o, respectively) (table 3). The 6'SN
values were lower for herbivores; intermediate for plankti-
vores, omnivores, and carnivores foraging exclusively on
invertebrates; and higher for carnivores consuming both
invertebrates and fishes (table 3).

As 06BC wvalues significantly differed between food
sources from mangroves and seagrass beds, the relative
importance of these prey items in the fish diets could be
assessed. Three out of 12 fish species had depleted 8'3C
values that are closer to those of mangrove prey: the plankti-
vores Anchoa lyolepis (sites F, G) and Harengula clupeola
(sites F, G), and the carnivore C. undecimalis (site G). Speci-
mens of L. apodus from all sites had C signatures closer to
those of prey from seagrass beds (fig. 3). The values of both
d13C and 8N for Ocyurus chrysurus increased between
small (6 cm) and large specimens (12 cm; Spearman rank
correlation, P < 0.0001) (table 3; fig. 3b), suggesting differ-
ent diets for this fish species depending on specimen sizes
(fig. 3).

The SIAR mixing models showed that the two plankti-
vores A. lyolepis and H. clupeola presented higher mean
contributions (95% Bayesian confidence intervals [BCI]) of
mangrove food sources in their diets (78-83%) than the
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considerar la contribucion relativa de grupos de presas a
posteriori. En este modelo, se corrigieron los valores isotopi-
cos de los peces para enriquecimiento trofico: AC = 1.0 £
0.3%0 y AN = 2.2 + 0.3%o para planctivoros, herbivoros y
omnivoros, y AC = 0.5 £ 0.1%0 y AN = 3.4 £+ 0.2%o para car-
nivoros (Vander Zanden y Rasmussen 2001, McCutchan
et al. 2003).

Analisis estadisticos

Se determinaron las diferencias estadisticas entre los
valores de 6'3C y 8N mediante pruebas no paramétricas
(pruebas de Mann—Whitney y Kruskal-Wallis) para compro-
bar los supuestos de normalidad y homogeneidad de varianza
(Legendre y Legendre 1998). Se calcularon los coeficientes
de correlacion por rangos de Spearman entre 3N y la longi-
tud total con datos de las especies de peces para determinar si
se podian detectar cambios ontogenéticos en la dieta. Se uso
un nivel de significacion de P < 0.05 en todos los analisis.
Los andlisis estadisticos se realizaron con XL-STAT vy el pro-
grama SIAR se corrié en R2.15.0 (R Development Core
Team 2012).

RESULTADOS

Las presas provenientes de los manglares presentaron
valores mas empobrecidos en *C (8"3C, .4, = —20.4 £ 1.2%0)
que las presas de los pastos marinos (8"C,.q4, = —12.7 £
0.5%0) (prueba de Mann—Whitney, P < 0.001) (tabla 2;
figs. 2, 3). Los valores de 6'*C de los invertebrados recolecta-
dos en los manglares variaron entre —25.1%o (gasteropodos
de Littorinidae) y —15.5%o (anfipodos) (tabla 2; figs. 2, 3). En
promedio, los invertebrados de los manglares mas empobre-
cidos en 3C fueron cangrejos de la familia Portunidae y
gasteropodos de la familia Littorinidae (valores medios de
O1C de —23.3%0 y —22.3%o, respectivamente; tabla 2).

Los valores medios de 6N fueron menores (—1.5%o a
5.2%o0) para los productores primarios como hojarasca de
manglar, algas, pastos marinos y algas epifitas; intermedios
(4.5%0 a 6.3%0) para anfipodos; y mayores (5.8%o a 8.3%o)
para otros invertebrados como zooplancton, anélidos,
molascos y decapodos (tabla 2). Los valores medios de §'°N
para los gasteropodos de la familia Littorinidae (0.04%o)
fueron mucho menores que los de otros invertebrados
(tabla 2). Las razones elementales (C:N, p:p), las cuales son
indicativas del valor nutricional de las presas en cuanto a
digestibilidad, fueron menores para alimentos de origen
animal (C:N,,.qi, = 3.9 £ 0.1) que para componentes vegetales
(C:N,edia = 43.3 £ 16.3), lo que demuestra la alta calidad

nutritiva de los primeros (prueba de Mann—Whitney, P <
0.001) (tabla 2).

Los valores medios de 6!*C para las 12 especies de peces
transeuntes capturadas en los manglares y pastos marinos
variaron entre —18.7 £ 1.2%o para el rdobalo comin
Centropomus undecimalis (sitio G) y —12.0 + 0.3%o para
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Figure 2. Mean 8'3C and 8'N values (+ standard deviation) of (a) planktivorous and herbivorous fishes and (b) omnivorous fishes (grey
areas) and their prey sampled in mangroves and seagrass beds. The asterisks indicate potential prey of planktivorous fishes.

Figura 2. Valores medios (£ desviacion estindar) de §'°C y 8'°N de (@) peces planctivoros y herbivoros y (b) peces omnivoros (zonas grises)
y sus presas provenientes de manglares y pastos marinos. Los asteriscos indican las presas potenciales de los peces planctivoros.
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Figure 3. Mean 813C and 8!°N values (+ standard deviation) of the carnivorous fishes (a) Eugerres plumieri and Eucinostomus gula and
(b) Lutjanus apodus, Ocyurus chrysurus, Centropomus undecimalis, and Bairdiella ronchus (grey areas) and their prey items sampled in

mangroves and seagrass beds.

Figura 3. Valores medios (+ desviacion estandar) de 8'°C y 8'5N de los peces carnivoros (a) Eugerres plumieri y Eucinostomus gula y
(b) Lutjanus apodus, Ocyurus chrysurus, Centropomus undecimalis y Bairdiella ronchus (zonas grises) y sus presas provenientes de

manglares y pastos marinos.

other two planktivorous species, Harengula humeralis and
Atherinomorus stipes, which relied equally on mangrove
and seagrass bed food sources (table 4). The carnivores
C.undecimalis and the mangrove resident fish species
B. ronchus presented mangrove prey mean contributions
(95% BCI) of 61.3% (40.7-83.1%) and 42.3% (29.3-55.3%)),
respectively (table 4). In contrast, the herbivore Scarus iseri,
the omnivores Archosargus rhomboidalis and Diapterus
rhombeus, and the carnivores Eucinostomus gula, L. apodus,
and the large-sized juveniles of O. chrysurus relied more on
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el pargo amarillo Lutjanus apodus (sitio S) (tabla 3). En
promedio, las especies de peces recolectadas en los pastos
marinos (sitio S) presentaron mayor enriquecimiento en 3C
(083Cedia = —13.0 £ 0.3%0) que las especies provenientes de
los manglares (sitios F y G, —14.9 + 0.4%0 y —14.7 £ 0.5%o,
respectivamente) (tabla 3). Los valores de 8'°N fueron meno-
res para los herbivoros; intermedios para los planctivoros,
omnivoros y carnivoros que se alimentan exclusivamente de
invertebrados; y mayores para los carnivoros que consumen
tanto invertebrados como peces (tabla 3).
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Table 3. Mean 3'3C and 3'°N values (+ standard deviation) and C:N ratios of fish species sampled in mangroves and seagrass beds (see fig. 1
for location). Abbreviations: n, number of samples; TL, total length; A/J, adult or juvenile specimens. Fish diets are indicated after the name of
the species: P, plant material; Z, zooplankton; I, invertebrates; F, fish.

Tabla 3. Valores medios de §'3C y §'°N (& desviacion estandar) y razones C:N de las especies de peces recolectadas en manglares y pastos
marinos (ver fig. 1 para su ubicacién). Abreviaciones: n, nimero de muestras; TL, longitud total; A/J, especimenes adultos o juveniles. La
dieta de los peces se muestra después del nombre de la especie: P, material vegetal; Z, zooplancton; I, invertebrados; F, peces.

Fish species n TL (cm) A/l S13C (%o) SN (%o) C:N
Offshore mangrove islet: Fajou islet (site F)
Planktivores
Harengula clupeola (Z) 6 4-9 J -16.2+0.5 73+£0.2 32
Harengula humeralis (Z) 4 6-7 J -13.9+04 7.6+0.2 32
Anchoa lyolepis (Z) 6 8 J -16.0+0.6 7.5+0.2 33
Atherinomorus stipes 6 6.5-8 A -133+£03 8.7+ 0.07 1.4
Herbivores
Scarus iseri (P) 6 4-7 J -13.8+0.7 6.3+0.6 32
Omnivores
Archosargus rhomboidalis (P, I) 6 10-17 A -153+04 8.1+0.5 3.1
Carnivores
Eucinostomus gula (T) 6 10 A -14.0+0.9 6.9+0.3 3.1
Lutjanus apodus (I, F) 3 8-9 J -164+1.1 85+0.2 32
Ocyurus chrysurus (T) 6 10-13 J -13.6+0.5 8.0+£0.4 32
Coastal mangroves: Grande Riviére a Goyaves (site G)
Planktivores
Harengula clupeola (Z) 6 J -16.0+0.2 8.8+0.3 32
Harengula humeralis (Z) 6 J -13.5+0.1 8.6+0.2 32
Anchoa lyolepis (Z) 6 J -16.4+0.3 9.8+0.3 3.1
Atherinomorus stipes 6 6.5 A -14.0+0.2 10.1£0.2 32
Omnivores
Archosargus rhomboidalis (P, I) 6 10-14 A -14.1+£0.3 9.7+0.7 3.1
Diapterus rhombeus (P, I) 3 13 J -13.4+04 9.5+£03 3.1
Carnivores
Eucinostomus gula (T) 6 8-10 A -13.1+£0.5 10.9+0.2 32
Eugerres plumieri (I) 6 25-32 A -17.0+ 1.5 10404 32
Lutjanus apodus (I, F) 6 8-9 J -12.7+0.1 10.6 £0.2 32
Ocyurus chrysurus (T) 6 6 J -13.9+0.7 9.9+0.1 32
Ocyurus chrysurus (I, F) 6 12 J -12.8+0.7 10.7£0.1 3.1
Centropomus undecimalis (F) 6 25-34 J -18.7+12 10.7+1.3 3.1
Bairdiella ronchus (I, F) 6 18 A -145+1.0 10.6 £0.2 3.1
Seagrass beds (site S)
Herbivores
Scarus iseri (P) 6 7 J -133+0.6 70+1.8 0.9
Omnivores
Archosargus rhomboidalis (P, I) 6 11-14 A -13.8+£0.8 10.7+0.4 2.6
Diapterus rhombeus (P, I) 3 13 J -12.5+0.6 8.8+0.1 3.1
Carnivores
Eucinostomus gula (T) 6 10 A -122+0.2 11.2+0.2 3.1
Lutjanus apodus (I, F) 6 8-14 J -12.0+0.3 11.7+0.2 3.1
Ocyurus chrysurus (T) 6 4-6 J -14.2+0.7 9.9+0.4 32
Ocyurus chrysurus (I, F) 6 12 J -12.6+04 11.1+£0.1 3.1
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seagrass prey than on mangrove prey, regardless of the
sampling site (table 4). However, the low contribution per-
centages obtained for the omnivores and the resident carni-
vore B. ronchus indicated that some additional prey were
missing in the model. A slight increase in the proportion of
seagrass prey items in the diet of O. chrysurus was observed
from small specimens (95% BCI of seagrass prey varying
between 29.6% and 62.1%) to larger ones (95% BCI of
seagrass prey varying between 29.1% and 85.6%) (table 4).

DISCUSSION

Prey from mangroves are more depleted in '*C compared
to those from seagrass beds (Kieckbusch et al. 2004,
Nagelkerken et al. 2006, Lugendo et al. 2007), which allows
assessing their relative importance in fish diets. The varia-
tions in carbon isotope values is due to different photosyn-
thetic pathways and the different isotopic compositions in
inorganic carbon used by primary producers (i.e., mangroves
and seagrass beds) (Hemminga and Mateo 1996, Raven et al.
2002, Bouillon et al. 2008). This depletion in 3C is also
observed for some invertebrates (e.g., annelids, amphipods,
crabs) suggesting that they forage on mangrove resources
(Christensen et al. 2001, Bouillon et al. 2002, Nagelkerken
and van der Velde 2004b). Mangrove Littorinidae are charac-
terized by low nitrogen values (Christensen et al. 2001, this
study). This pattern could be due to the consumption of
emerged epiphytes particularly depleted in N (Christensen
et al. 2001, Bouillon et al. 2004). These epiphytes incorpo-
rate depleted nitrogen sources, such as N, or volatilized
ammonia coming from mangrove material remineralization
(Bouillon et al. 2004, Fogel et al. 2008).

Two groups of transient fishes were distinguished in
GCSM according to their 8"°C: most of the fishes had
enriched carbon values close to those of seagrass food
sources and only a few specimens of transient fishes had rela-
tively depleted carbon values, suggesting that these speci-
mens complemented their diets with mangrove prey items.
Mangrove food resources were consumed by mangrove resi-
dent species, such as B. ronchus, or by species that tolerate
freshwater inputs and turbid waters, such as C. undecimalis
(Louis 1985, Aguirre-Leén and Diaz-Ruiz 2000). Nutrient
inputs and the abundance of mangrove infauna can explain
the importance of mangrove prey in the diet of some transient
fishes (Rodelli et al. 1984, Lugendo et al. 2007, Thollot et al.
1999).

For most juvenile transient fishes, seagrass beds repre-
sented their main feeding habitat even if the fishes sheltered
in mangroves. These results concur with findings from stud-
ies performed in the Caribbean region highlighting that juve-
nile parrotfishes (Scaridae) shelter in mangroves and forage
on epiphytic algae growing on seagrass leaves (Moncreiff
and Sullivan 2001, Cocheret de la Moriniére et al. 2003a,
Nagelkerken et al. 2006). This feeding behavior could be due
to high nutritional value and high productivity of epiphytic
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Como los valores de 8!*C difirieron significativamente
entre las fuentes de alimento provenientes de los manglares y
pastos marinos, fue posible evaluar la importancia relativa de
estos componentes en la dieta de los peces. Tres de las 12
especies de peces presentaron valores de 6'3C empobrecidos
que se asemejan mas a los de las presas de los manglares: los
planctivoros Anchoa lyolepis (sitios F, G) y Harengula
clupeola (sitios F, G), y el carnivoro C. undecimalis (sitio G).
Los especimenes de L. apodus de los tres sitios presentaron
huellas de C similares a los de las presas provenientes de los
pastos marinos (fig. 3). Los valores de tanto 3'*C como §'°N
para Ocyurus chrysurus aumentaron entre los especimenes
pequefios (6 cm) y grandes (12 cm; correlacion de Spearman,
P <0.0001) (tabla 3; fig. 3b), lo que sugiere diferentes dietas
para esta especie segun su tamaiio (fig. 3).

El modelo de mezcla SIAR mostr6 que las contribuciones
medias (intervalo de confianza bayesiano [ICB] al 95%) de
las fuentes de alimento provenientes de los manglares fueron
mayores en las dietas de los planctivoros A. lyolepis y
H. clupeola (78-83%) que en las dietas de las otras dos espe-
cies de planctivoros, Harengula humeralis y Atherinomorus
stipes, las cuales dependieron igualmente de las fuentes
provenientes de los manglares y pastos marinos (tabla 4). Las
contribuciones medias (ICB al 95%) de las fuentes de
alimento provenientes de los manglares a las dietas de los
carnivoros C. undecimalis y B. ronchus (pez residente de
los manglares) fueron 61.3% (40.7-83.1%) y 42.3%
(29.3-55.3%), respectivamente (tabla 4). En contraste, el her-
bivoro Scarus iseri, los omnivoros Archosargus rhomboidalis
y Diapterus rhombeus, y los carnivoros Eucinostomus gula,
L. apodus y los juveniles de talla grande de O. chrysurus
dependieron mas del alimento proveniente de los pastos
marinos que de los manglares, independientemente del sitio
de muestreo (tabla 4). No obstante, los bajos porcentajes de
contribucion obtenidos para los omnivoros y el carnivoro
residente B. ronchus indicaron que faltaban algunas presas
adicionales en el modelo. En la dieta de O. chrysurus se
observo un ligero incremento en la proporcion de componen-
tes provenientes de los pastos marinos entre los especimenes
pequefios (ICB al 95% de presas oscilando entre 29.6% vy
62.1%) y los de mayor tamaifio (ICB al 95% de presas osci-
lando entre 29.1% y 85.6%) (tabla 4).

DISCUSION

Las fuentes de alimento provenientes de los manglares
estan mas empobrecidas en '*C que las de praderas de pastos
marinos (Kieckbusch et al. 2004, Nagelkerken et al. 2006,
Lugendo et al. 2007), lo que permite evaluar su importancia
relativa en las dietas de los peces. Las variaciones de los
valores del is6topo de carbono se atribuyen a las diferentes
rutas fotosintéticas y a la diferencia de la composicion
isotopica del carbono inorganico usado por los productores
primarios (i.e., manglares y pastos marinos) (Hemminga y
Mateo 1996, Raven et al. 2002, Bouillon et al. 2008).
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Table 4. Mean contributions (95% Bayesian confidence intervals [BCI]) of food sources from mangroves and seagrass beds in the fish diets.
Bold numbers indicate the highest contributions of food sources. Sites: offshore mangrove islet (Fajou, F), coastal mangroves (Grande Riviére

a Goyaves, G), and seagrass beds (S).

Tabla 4. Contribuciones medias (intervalos de confianza bayesianos [BCI] al 95%) de las fuentes de alimento provenientes de manglares y
pastos marinos en la dieta de los peces. Los niumeros en negritas indican las mayores contribuciones de las fuentes de alimento. Sitios: islote de
manglares (Fajou, F), manglares costeros (Grande Riviére a Goyaves, G) y praderas de pastos marinos (S).

Mean (95 BCI) (%)

Fish species Site Mangrove prey: site F Mangrove prey: site G Seagrass prey
Planktivores
Harengula clupeola F 80.4 (67.7-94.4) 19.5 (5.6-32.3)
G 80.1 (68.6-91.2) 19.8 (8.0-31.3)
Harengula humeralis F 48.2 (32.4-63.4) 51.8 (36.6-67.6)
G 42.8 (26.4-57.8) 57.2 (42.1-73.5)
Anchoa lyopelis F 77.9 (64.3-92.7) 22.0(7.3-35.7)
G 82.6 (70.7-94.9) 17.4 (5.0-29.2)
Atherinomorus stipes F 45.3 (22.9-69.3) 54.6 (30.6-77.0)
G 51.5(33.9-67.5) 48.4 (32.4-66.0)
Herbivores
Scarus iseri F 20.7 (15.0-26.0) 79.3 (73.9-84.9)
G 14.5 (8.7-20.4) 85.4 (79.6-91.3)
Omnivores
Archosargus rhomboidalis G 27.2 (12.6-45.3) 49.3 (34.3-604.9)
F 29.2 (14.8-39.4) 40.9 (26.5-55.3)
S 22.7 (9.2-35.3) 47.3 (30.7-64.0)
Diapterus rhombeus G 29.3 (13.6-44.5) 46.2 (30.2-62.4)
S 29.5 (14.2-44.3) 42.9 (25.0-61.2)
Carnivores
Eucinostomus gula G 26.4 (12.7-39.6 52.8 (38.8-67.0)
F 31.9 (18.0-45.4) 36.1 (21.6-50.5)
S 17.4 (4.9-30.2) 60.8 (38.2-80.1)
Eugerres plumieri G 25.5(10.8-39.7) 35.4 (19.7-50.5)
Centropomus undecimalis G 61.3 (40.7-83.1) 38.7 (16.9-59.3)
Lutjanus apodus G 23.6 (12.1-35.2) 76.4 (64.8-87.8)
F 43.1 (18.5-66.2) 56.8 (33.7-81.4)
S 17.6 (3.9-34.8) 82.3 (65.1-96.1)
Ocyurus chrysurus G: 6 cm 51.4 (33.7-68.8) 48.6 (31.1-66.2)
S: 6 cm 54.3 (37.9-70.4) 45.7 (29.6-62.1)
G: 12 cm 31.7 (14.3-52.6) 68.3 (47.3-85.6)
S: 12 cm 36.9 (15.1-63.3) 63.0 (36.7-84.9)
F: 12 cm 50.5 (30.1-70.9) 49.4 (29.1-69.8)
Bairdiella ronchus G 42.3 (29.3-55.3) 22.7 (10.6-34.6)

algae enhancing the vegetal food available to herbivores in
seagrass beds (Montgomery and Gerking 1980, Moncreiff
and Sullivan 2001).

Some transient fishes had different feeding habits accord-
ing to the location of the mangrove site (offshore mangrove
islet or coastal fringing mangroves). This can be due to day-
night migrations during which fish species (such as
Lutjanidae) forage in mangroves during the day and in
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Este empobrecimiento en '3C también ha sido observado
en algunos invertebrados (e.g., anélidos, anfipodos, cangre-
jos), lo que sugiere que sus fuentes de alimento provienen
de los manglares (Christensen et al. 2001, Bouillon et al.
2002, Nagelkerken y van der Velde 2004b). Las especies
de la familia Littorinidae se caracterizan por presentar
valores bajos de nitrogeno (Christensen et al. 2001, este
estudio). Este patron se podria deber al consumo de epifitas
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seagrass beds at night (Nagelkerken and van der Velde
2004b, Nagelkerken et al. 2006). However, this does not
seem to be the case in GCSM as few nocturnal migrations of
fishes occur between mangroves and seagrass beds (Kopp et
al. 2007), which concurs with the low contribution of man-
grove prey to the diet of L. apodus (this study). Coastal man-
groves can be considered open systems where the availability
and exchange of allochthonous sources from seagrass beds,
rivers, coral reefs or the lagoon in general can reduce the
consumption of autochthonous food resources by transient
species (Thimdee et al. 2004, Bouillon et al. 2008, Nyunja et
al. 2009). However, it would be interesting to consider other
sampling sites in fringing mangroves far from the river
mouth to confirm this hypothesis.

Fishes can experience a change in diet during ontogenetic
migrations between mangroves and seagrass beds
(Nagelkerken and van der Velde 2004b, Lugendo et al.
2006). That was observed in the present study for
O. chrysurus, with a slight decrease in mangrove food
sources in the diets of large juveniles. Small juveniles of
O. chrysurus foraged on zooplankton while larger juveniles
consumed larger prey such as crabs and fishes (Cocheret de
la Moriniére et al. 2003b). This ontogenetic shift in the diet
of O. chrysurus is confirmed by an increasing gradient in
SN values, reflecting a variation of the trophic level of this
fish species during its life-cycle migration (Cocheret de la
Moriniére et al. 2003b, present study), as commonly
observed in previous studies (Frédérich et al. 2010).

This study revealed that juvenile transient fishes in
mangroves mostly foraged in adjacent seagrass beds. Thus,
mangroves act more as shelters than feeding grounds. These
findings coincide with those of Thimdee et al. (2004),
Lugendo et al. (2007) and Vaslet et al. (2012), who showed
that mangrove fishes can adopt different feeding behaviors
related to mangrove settings (i.e., shoreline mangrove,
enclosed mangrove lagoons, and ponds) and prey availability.
As mangroves and seagrass beds constitute important ecolog-
ical fish habitats by acting as either shelters, nurseries or
feeding areas, it is of primary importance to preserve these
interlinked ecosystems to sustain coastal fisheries.
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