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SUMMARY 
The coast of the North Brazilian states Pará and Maranhão States houses the second largest 
continuous mangrove area of the world (approx. 7,000 km2). Although this area is relatively 
undisturbed, uncontrolled population growth on this northern coastline of Brazil and inefficient 
management of the natural resources poses a threat to the conservation of this unique mangrove 
ecosystem. 
The purpose of this thesis is to assess the use of the intertidal mangrove habitats by fishes in the 
northern Brazilian coast in order to support, with biological data, the conservation and 
sustainable management of this ecosystem. The present study was carried out in the 
conservation unit of the Curuçá estuary located at the eastern tip of the mouth of the southern 
channel of the Amazon delta (Pará River). The Curuçá estuary is a marine-dominated system 
with macrotidal regime. It is covered by approximately 116 km2 of undisturbed mangrove forest 
dominated by Rhizophora mangle mixed with Avicennia germinans.  
To better understand medium scale (4 km) differences in juvenile fish habitat use, the fish 
assemblages of four intertidal mangrove creeks located in the same salinity zone were studied. 
Fish were sampled bimonthly from September 2003 to July 2004 at ebb tides day during the 
waxing of the moon (neap tide), with a fyke net. 
A total of 56,090 fish, representing 29 families and 65 species, were collected, 90% being 
juveniles, with a mean fish biomass and density of 6.0 g m-2 and 0.3 fish m-2, respectively. The 
fish fauna was dominated in weight by benthophage, estuarine resident species. Analysis of the 
catch data showed that in all creeks temporal patterns in fish fauna composition occurred 
cyclically according to seasonal changes in salinity. However, throughout the year total biomass 
and total density of juvenile fishes were significantly higher in the two middle estuarine creeks 
than in the two inner estuarine creeks suggesting that these habitats have different nursery 
values, being mainly attributed to relative estuarine location and landscape features. Similar 
results were found for the most abundant fish species, Anchovia clupeoides that showed a 
confinement of individuals to specific creeks according to their body size. A predominance of 
smaller individuals was observed in creeks characterized by shallow waters with little currents, 
while bigger individuals occurred in deeper and more exposed environments. 
The biological data of the intertidal mangrove fish fauna from Curuçá estuary were compared 
for the first time with previous data collected with similar fishing gear from two other estuaries 
of the North Brazilian coast (Caeté estuary and São Luis Island system/Maranhão). A total of 
115 fish species were recorded in the three estuaries. Cluster analysis based on presence/absence 
of all fish species recorded from all intertidal creek fish surveys showed two separate groups: (i) 
Pará coast (Curuçá and Caeté estuary), and (ii) São Luis Island system/Maranhão. This suggests 
that geographical proximity between the study sites is an important factor determining 
differences in the ichthyofauna. The high number of exclusive species and the strong 
geographical differences in catch of ubiquitous fish families emphasized that the intertidal fish 
assemblage is heterogeneous both in terms of species composition and trophic structures.  
The examination of the temporal patterns in recruitment of the eight most abundant fish species 
showed that juveniles occurred year-round suggesting that temporal closures in tropical regions 
are inappropriate management strategies. The most intense recruitment period was observed 
during the wet/dry season transition for A. clupeoides, Cetengraulis edentulus, Rhinosardinia 
amazonica and Mugil sp. Recruitment was continuous in Colomesus psittacus and Anchoa 
hepsetus. Sciades herzbergii displayed two recruitment peaks (wet and dry season) while 
Cathorops sp. had only one (wet season).  
A study on the feeding ecology of two important fish species for the regional fishery, the 
pemecou sea catfish, S. herzbergii, and dog snapper Lutjanus jocu, showed that the intertidal 
mangrove creeks are important feeding grounds. The diet of both species consisted of a wide 
variety of benthic invertebrates. The most important prey for the pemecou sea catfish were 
Brachyuran crabs (mainly Ocypodidae and Grapsidae), whereas the dog snapper preferred 
Penaeidae shrimps. The comparison of feeding strategies within both fish populations indicated 
seasonal differences. These temporal diet shifts may be related to variations in food availability 
and environmental variations in the intertidal mangrove creek habitat. 
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Biological information on weight-length relationships (WLR) and consumption are presented 
for the most abundant fish species of the Curuçá estuary to provide a basis for assessing the 
status of the stocks and to contribute to mass balanced trophic models construction. The 
estimates for the allometric coefficient b of the WLR (W = aLb) ranged from 2.7 to 3.6 and the 
median value was 3.1. The comparison of growth forms suggested similarity between species of 
the same family. The estimates of annual food consumption/biomass ratio (Q/B) calculated with 
an empirical model varied between 2.3 for Epinephelus itajara to 67.4 for C. edentulus. The 
data of WLR and Q/B ratio are presented here for the first time for 28 and 29 fish species, 
respectively. 
A pioneer study with analysis of stable isotopes revealed that there is a food web segregation, 
thus, different carbon sources have an importance in the intertidal mangrove food web. The 
trophic function of the ecosystem is structured into three relatively distinct food webs: (i) 
mangrove food web where vascular plants contribute indirectly to consumers via suspended 
particulate organic matter (POM); (ii) algal food web where benthic algae and the chlorophyte 
Enteromorpha sp. are eaten directly by some consumers; (iii) mixed food web where the 
consumers use the carbon from different primary sources.  
In conclusion the results of this thesis should be considered to define new methodologies in the 
identification of location and extent of conservation units in the future. The importance of the 
mangrove and its epiphytic and benthic algae to the food web reinforces the need to promote 
more efficient sustainable management strategies to conserve and protect mangrove ecosystems 
from anthropogenic impact.  
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RESUMO 
A costa do estado do Pará e Maranhão faz parte da segunda maior área contínua de manguezais 
do mundo, cobrindo uma área de aproximadamente 7.000 km2 de florestas. Apesar do grande 
valor ecológico desta região, o rápido crescimento da população na costa Norte do Brasil, 
associado a uma incontrolada ocupação ao longo do litoral e um desordenado uso e apropriação 
de recursos naturais, ameaçam a conservação deste ecossistema único.  
A presente tese pretende investigar o uso dos canais de maré com vegetação de mangue pela 
ictiofauna, com a finalidade de fornecer subsídios para a conservação e manejo sustentável dos 
manguezais da costa norte do Brasil. O estudo foi realizado na reserva extrativista do estuário 
do rio Curuçá situada no lado oriental da boca do canal sul do delta do rio Amazonas (Baía de 
Marajó). O estuário do rio Curuçá apresenta uma forte influência marinha e é dominado por 
macromarés semidiurnas. A planície de maré do estuário é coberta por aproximadamente 116 
km2 de bosque de mangue dominados por Rhizophora mangle e Avicennia germinans. 
Com objetivo de compreender melhor o uso das áreas de entremarés pelos peixes em fase 
juvenil, quatro canais de maré com vegetação de mangue distanciados 4 km entre si e 
localizados em um setor do estuário com salinidade homogênea foram amostrados 
bimestralmente entre setembro 2003 e julho de 2004, utilizando-se uma rede tipo “fyke”. Foi 
capturado um total de 56.090 indivíduos pertencentes a 29 famílias e 65 espécies, sendo 90% 
juvenis com uma biomassa e densidade de 6,0 g m-2 e 0,3 peixes m-2, respectivamente. A 
ictiofauna foi dominada, em peso, por espécies bentofagas e estuarinas residentes. A análise das 
variações temporais das capturas mostrou que a composição da ictiofauna muda ciclicamente 
em todos os canais de maré de acordo com as variações sazonais da salinidade. Entretanto, a 
biomassa e densidade total dos peixes juvenis foram significativamente maiores nos canais 
localizados no estuário médio que nos canais do estuário superior, sugerindo que estes habitats 
apresentam diferentes valores de berçário sendo atribuíveis a localização no estuário e a 
características da paisagem. Resultados similares foram encontrados para a mais abundante 
espécie, Anchovia clupeoides, que apresentou um confinamento dos indivíduos em específicos 
canais de maré de acordo com o tamanho corporal. A dominância de espécimes menores foi 
observada nos canais caracterizados por águas rasas com reduzidas correntes, enquanto 
espécimes maiores foram encontrados nos locais mais profundos e com condições ambientais 
mais expostas. 
Os dados biológicos da ictiofauna intertidal do estuário do rio Curuçá foram comparados, pela 
primeira vez, com dados pretéritos obtidos com apetrechos de pesca similares em dois outros 
estuários da costa norte do Brasil (estuário do rio Caeté e sistema estuarino da ilha de São Luis - 
Maranhão). Um total de 115 espécies de peixes foi registrado nos três estuários. A análise de 
agrupamento baseada na presença / ausência de todas as espécies registradas nos levantamentos 
separou dois principais grupos: (i) costa do Pará (estuário do rio Curuçá e Caeté), e (ii) sistema 
estuarino da ilha de São Luis. Este resultado sugere que a proximidade geográfica entre os 
locais estudados é um importante fator na composição da ictiofauna. O elevado número de 
espécies exclusivas e as evidentes diferenças geográficas nas capturas das famílias de peixes 
ubiquitarias, enfatiza que a assembléia de peixes das áreas de entremarés é heterogênea, seja na 
composição das espécies seja na estrutura trófica. 
A análise dos padrões temporais em recrutamento das oito espécies de peixes mais abundantes 
nos canais de maré com vegetação de mangue, revelou que os juvenis ocorrem o ano todo. Isso 
implica que o manejo da pesca em regiões tropicais com vegetação de mangue deveria se basear 
em definir grandes áreas de proteção inves de definir épocas de defeso. O período com uma 
maior intensidade de recrutamento, foi observado na transição da estação chuvosa para a seca 
para A. clupeoides, Cetengraulis edentulus, Rhinosardinia amazonica e Mugil sp. O 
recrutamento foi contínuo para Colomesus psittacus e Anchoa hepsetus. Sciades herzbergii 
apresentou dois picos de recrutamento (estação chuvosa e seca), entretanto Cathorops sp. teve 
somente um (estação chuvosa).  
O estudo da ecologia alimentar do bagre S. Herzbergii e da carapitanga Lutjanus jocu, duas 
importantes espécies de peixes pela pesca regional, mostrou que os canais de maré são 
importantes locais de alimentação. A dieta das duas espécies foi representada por uma variedade 
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de invertebrados bentônicos. As principais presas para o bagre e a carapitanga foram os 
caranguejos braquiúros (Ocypodidae e Grapsidae) e os camarões Penaeidae, respectivamente. 
As duas espécies apresentaram uma diferente estratégia alimentar em relação as estações do 
ano. Estas mudanças temporais na dieta podem ser relacionadas com a disponibilidade do 
alimento e com as variações sazonais dos parâmetros ambientais nos canais de maré. 
Informações biológicas sobre relações peso comprimento e taxas de consumo foram 
determinadas para as espécies mais abundantes do estuário do rio Curuçá com o objetivo de 
avaliar o estado dos estoques, mas também contribuir na elaboração de modelos tróficos. As 
estimativas do coeficiente alométrico b da relação peso comprimento (W = aLb) variaram entre 
2,7 e 3,6 e o valor da mediana foi 3,1. A comparação no tipo de crescimento para as espécies 
estudadas sugeriu similaridade entre as espécies da mesma família. As estimativas de consumo 
por unidade de biomassa (Q/B) determinadas com um modelo empírico variaram entre 2,3 para 
Epinephelus itajara e 67,4 para C. edentulus. Estas estimativas da relação peso/comprimento e 
Q/B são a primeira contribuição para 28 e 29 espécies de peixes, respectivamente. 
Um estudo pioneiro com a análise dos isótopos estáveis revelou que existe uma segregação da 
cadeia trófica e, portanto diferentes fontes de carbono têm importância para os consumidores 
que usam as áreas de entremaré vegetadas com mangue. A função trófica do ecossistema é 
estruturada em três relativamente distintas cadeias tróficas: (i) cadeia trófica do manguezal na 
qual as plantas vasculares contribuem indiretamente para os consumidores através da matéria 
orgânica particulada (POM); (ii) cadeia trófica das algas na qual as algas bentônicas e a 
cloroficea Enteromorpha sp. são consumidas diretamente por alguns animais; e (iii) cadeia 
trófica mista na qual os consumidores usam o carbono de diferentes fontes primárias.  
Em conclusão, os resultados da presente tese são sugeridos como instrumento importante e 
fonte de informação para a elaboração de novas metodologias na identificação, e delimitação de 
unidades de conservação. A importância trófica do mangue e das algas associadas reforça a 
necessidade em promover estratégias de manejo sustentável mais eficientes para conservar e 
proteger os manguezais dos impactos antrópicos. 
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INTRODUCTION 

 

Global overview  

Mangrove wetlands are considered to be highly productive tropical ecosystems 

(Twilley, 1988), that occur world wide on tropical and sub-tropical coastlines 

(Chapman, 1976; Tomlinson, 1986). Despite the physical and biological fragility of 

these coastal ecosystems, they provide numerous environmental benefits such as: (i) 

protect shorelines from erosion; (ii) maintain biodiversity and genetic resources; (iii) 

provide feeding, reproductive, shelter and nursery sites to several terrestrial and aquatic 

species; (iv) regulate important processes of estuarine chemical cycles; (v) filter and 

assimilate pollutants and (vi) capture carbon dioxide. 

Mangroves formerly occupied up to 198,000 km2 of tropical coasts and inlets, but in 

recent decades many mangrove areas have come under intense anthropogenic pressure, 

decreasing world mangrove area coverage to less than 150,000 km2 (FAO, 2003). More 

than 50% of the loss in mangrove area can be attributed to conversion into shrimp pond 

aquaculture (Valiela et al., 2001). Other factors influencing the global decline of 

mangrove systems are widespread urban, agricultural, and industrial development, as 

well as pollution and overfishing. 

 

Regional overview 

Brazil’s mangrove ecosystems cover an estimated 13,800 km2 (Aizpuru et al., 2000) 

representing 11% of the world’s mangroves, and are spread along 80 to 93% of Brazil’s 

coastline from the Oiapoque River mouth in the state of Amapá in the north, to the 

Laguna Jaguaruna border in the state of Santa Catarina (Schaeffer-Novelli et al., 1990). 

The coast of the north Brazilian states Pará and Maranhão houses the second largest 

continuous mangrove area of the world (ca. 7,000 km2) (Lacerda et al., 2000). Although 

large tracts of this area currently remain undisturbed, uncontrolled population growth on 

this northern coastline of Brazil and inefficient management of the natural resources, 

compounded by a lack of governance among environmental institutions, poses a threat 

to the conservation of this unique mangrove ecosystem (Szlafsztein, 2003). 

To arrest and reverse the recent and rapid destruction of mangrove ecosystems, the 

Brazilian Institute of the Environment and Natural Renewable Resources (IBAMA) 

plans to develop and implement a large ecological corridor linking the Environmental 

Protection Area (APA) with the Marine Extractive Reserves (RESEX) of the coast of 
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Pará. Yet despite public acceptance of this proposal for the conservation of local 

biodiversity, implementation of the project is being hampered by a general lack of 

knowledge of pertinent biological and ecological data from the region. The northern 

Brazilian coast has been recognized as a geographical area that requires biological 

inventories and broad ecological studies to enable the appropriate and a sustainable 

conservation and management of the mangrove resources (MMA, 2002). 

Despite considerable research thus far including the projects MADAM, Milênio - 

RECOS, Milênio - Núcleo de Estudos Costeiros, which have improved the scientific 

data on the natural resources of the northern Brazilian coast, this information remains 

limited and has not always been useful to provide regional guidance for the elaboration 

of management plan. 

 

Fish and fisheries in intertidal mangrove areas 

The intertidal mangrove areas are considered essential nursery ground habitats for fish 

fauna often including commercially important species (Morton, 1990; Laegdsgaard and 

Johnson, 1995). In the mangroves, the structural complexity, shallowness, and high 

turbidity provide shelter, food and shadow for juvenile fishes (e.g. Laegdsgaard and 

Johnson, 1995; 2001). 

In the northern Brazilian mangrove belt, a complex network of branching intertidal 

mangrove creeks is flooded twice daily by macrotides (2-5m tidal range). Many fish 

species use the intertidal creeks for tidal migrations between the richly productive 

mangrove habitat and the subtidal areas where they reside during the low tides (e.g. 

Krumme, 2003). 

The artisanal fishermen take advantage of these voluntary movements of the fish, 

setting passive fishing gear in the intertidal areas which cross the migrations routes of 

the fish. Common large intertidal fish weirs (“currais”) are placed in the mudflats and 

sandbanks, while temporary net barriers (“tapagem” – block net) are used on mangrove 

creeks (Isaac and Barthem, 1995; Furtado, 1987; Barletta et al., 1998). Although the 

block nets are bound by a minimum mesh size of 80 mm and the fixed fishing 

techniques such as fish weirs are completely prohibited (SUDEPE, 1988), the fishermen 

ignore these laws due to the lack of supervision from the environmental authorities. The 

increase in use of intertidal fish weirs (Giarrizzo unpub. data) and block nets with small 

mesh size (< 2 cm) sometimes associated with the ichthyotoxic plant, can have adverse 
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effects on the environment and fish recruitment due to their non-selectivity (Barletta et 

al., 1998; Barletta, 1999). 

In order to protect these natural resources the Brazilian government established the 

National System of Conservation Units (SNUC – law number 9,985 18/07/2000), 

responsible for planning and implementing the National Policy for Protected Areas 

administrated by Ministry of Environmental. Yet although several conservation units 

(CU) have been created in recent years, the SNUC has not been able to fulfill its 

conservation objectives. The principle obstacles to an effective implementation of 

SNUC laws have been: (i) insufficient public resources allocated to coastal management 

(ii) limited participation by the local populations in public decision-making regarding 

management; (iii) political instability (iv) lack of supervision from the environmental 

authorities and (v) a serious lack in biological data. 

South of the mouth of the Amazon river, more than 30 estuaries fringe approximately 

650 km of mangrove-dominated coastline. So far, published information on mangrove 

creek fish fauna is available only from two mangrove systems: the Caeté estuary near 

Bragança, Pará (200 km from the Amazon mouth) (Barletta et al., 2003; Krumme et al., 

2004) and the Tibiri and Paciença estuaries on the São Luis island, Maranhão (550 km 

from the Amazon mouth) [Batista and Rêgo (1996) and Castro (2001), respectively] 

(Fig. 2a). No fish fauna studies from mangrove creeks of the Amapá coast, north of the 

Amazon delta, have been published thus far. 

In the Caeté system, Barletta-Bergan et al. (2002) and Barletta et al. (2003) studied the 

annual cycle of fishes in three 1st order mangrove creeks. The smallest creek had 

significantly lower fish densities (Barletta-Bergan et al., 2002). Krumme et al. (2004) 

have investigated the tidal and diel changes in nekton fauna composition in two 2nd 

order mangrove creeks. There were no significant spatial differences. On the São Luis 

island, Batista and Rêgo (1996) pooled the catches from four 1st order creeks to study 

an annual cycle in fish fauna changes; Castro (2001) compared the annual cycle of the 

fish fauna in three 1st order creeks, however catch data were not standardized to 

biomass or density. 

These surveys have highlighted the important ecological role of intertidal mangrove 

creeks, in particular for juvenile populations, yet an application of this knowledge 

towards conservation effort has not yet occurred. 
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Objectives 

To address this significant lack of biological data, the present study aims to assess the 

use of the intertidal mangrove habitats by fishes in the northern Brazilian coast (Fig. 1). 

The results should be useful for a more practical and efficient approach to sustainable 

management of the regional fishery resources, supporting key management and 

conservation goals as laid out by the “Principles for a Code of Conduct for the 

Management and Sustainable Use of Mangrove Ecosystems” (Macintosh and Ashton, 

2005). 

The key objectives of this study are: 

 

1. to understand inter-creek variability in fish habitat use in a medium spatial scale 

(Chapter II; V) 

Studies on spatial variation in tropical intertidal fish assemblages are rare and 

either focus on differences on small (<2 km) or large scales (>20 km). 

Investigations on large scale distribution of fish assemblages in estuaries along 

salinity gradient can mask differences related to other larger-scale estuarine 

gradients such as waterbed topography, tidal current strength or even to 

biological parameters (e.g. plankton and benthos productivity or predator 

abundance). To overcome the uncertainty in large spatial scale analysis and to 

elucidate possible inter-creek variability in fish habitat use, Chapters II and V 

focus on a medium spatial scale analysis of the spatial and temporal patterns of 

fish sampled in four intertidal mangrove creeks separated by just 4 km and 

located in the same salinity zone. 

 

2. to allows a large-scale comparison of the intertidal mangrove fish fauna caught 

with similar fishing gear in the second largest contiguous mangrove area of the world 

(Chapter III) 

Chapter III presents the first comparison of the composition of the fish 

assemblages in intertidal mangrove creeks from the Curuçá estuary with 

previous surveys in the Caeté estuary (Barletta et al., 2003; Krumme et al., 

2004) and Tibiri and Paciência estuaries located in São Luis island – Maranhão 

State (Batista and Rego, 1996; Castro, 2001). The fish fauna was caught in the 

same intertidal habitat (mangrove creeks) using the same sampling methodology 
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(block net). Geographical differences in ecological index and catch weight of 

dominant families are discussed. 

 

3. to investigate the temporal variation in the occurrence of juveniles of eight 

abundant fish species from intertidal mangrove creeks of the Curuçá estuary (Chapter 

IV) 

Recruitment is an important component of the life history of marine organisms, 

because the survival of juveniles is linked to adult populations. Studies on the 

biological cycles of fish are essentially limited to the south of Brazil (Camargo 

and Isaac, 2005) and management actions have been implemented which only 

define closure periods for some commercially important tropical stocks (e.g. 

Lutjanus purpureus). Chapter IV examines the temporal patterns in recruitment 

of eight abundant fish species collected between September 2003 and July 2004 

from intertidal mangrove creeks in the Curuçá estuary, Pará, north Brazil. The 

use of closure periods and marine protected areas are discussed as fishery 

management tools for the north Brazilian coast.  

 

4. to describe the feeding ecology of two important fish species in macrotidal 

mangrove creeks in Curuçá estuary (Chapter VI; VII) 

Chapters VI and VII present a study on the feeding ecology of the pemecou sea 

catfish Sciades herzbergii, and the dog snapper Lutjanus jocu, respectively. 

Although these fish species are an important resource for the fishery along the 

Brazilian coast, information on the biology and ecology of these species is not 

available. The seasonal shift in diet of both species is examined and 

recommendations for sustainable development and exploitation of these fishery 

resources are discussed. 

 

5. to compile basic biological information in order to contribute to fisheries 

management (Chapter V; VIII; IX) 

Biological information for each fish species on consumption, growth, age, 

maturity and weight-length relationships is considered necessary not only to 

provide a reliable basis for assessing the status of the stocks but also to 

contribute to mass balanced trophic models construction, which have important 

implications for fisheries management. In the north Brazilian Coast there is an 
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extreme paucity of information on biological data of estuarine fishes. Regarding 

the Pará coast only Camargo and Isaac (1998; 2004; 2005) have provided 

detailed biological information about some Sciaenidae fish species. To address 

this gap in data, Chapters VIII and IX compile the weight/ length relationships 

and estimates of annual food consumption/biomass ratio (Q/B) for the most 

abundant fish species collected in the Curuçá estuary. In addition Chapter V 

studies the population dynamics of the zabaleta anchovy, Anchovia clupeoides, 

the most abundant fish species in the intertidal mangrove creeks in the Curuçá 

estuary. 

 

6. to investigate autotrophic sources for an Amazonian mangrove food web (Chapter 

X) 

Mangroves have long been recognized as important nursery grounds for several 

fish, although the trophic function of these ecosystems remains unclear. Up to 

now studies on the contribution of autotrophic sources for consumers in 

mangrove habitats have focused on the importance of the most abundant primary 

sources for few consumers (e.g. Lee et al., 2001; Melville and Connolly, 2003) 

and/or assessing the feeding connectivity for some consumers between different 

habitats (e.g. mangroves and seagrass beds, Nagelkerken and van der Velde, 

2004). In Chapter X an overview of the different contributions of autotrophic 

producers to several consumers found in an intertidal mangrove creek was 

determined with stable isotope analysis and by mixing model calculations 

(IsoError and IsoSource) (Phillips and Gregg, 2001; Phillips and Gregg, 2003.). 

The use of stable isotopes as tracers of the origin and assimilation of organic 

matter by faunal communities is based on the assumptions that (i) different 

sources have different δ13C and δ15N signatures, and (ii) transfer of carbon and 

nitrogen through the food web suffer expected variations in isotope ratios due to 

metabolic isotopic fractionation (e.g. McCutchan et al., 2003). 
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Figure 1. Set-up of the thesis. The contents of the chapters are referred to by Roman 

numerals (II – X). 

 

STUDY AREA 

 

The study area is located in the estuary of the Curuçá River near the city of Curuçá (0° 

10´S, 47° 50´W) and Abade (23,000 and 4,600 inhabitants, respectively), Pará, north 

Brazil, approximately 160 km north-east of the state capital Belém (Fig. 2). The Curuçá 
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estuary is located at the eastern tip of the mouth of the southern channel of the Amazon 

delta (Pará River) (Fig. 2a).  

The Curuçá estuary is formed by the confluence of the Curuçá River and the Muriá 

channel, a natural tidal connection with the São Caetano de Odivelas estuary to the west 

(Fig. 2b). The Curuçá estuary is a marine dominated system with little freshwater input. 

There is a great mixture of geologic formations in the estuary. The quaternary deposits 

(sand-mud and mud sediments) of the coastal plain are intermixed with tertiary deposits 

(carbonatic sediments) of the Barriers Group (Rosetti, 2001) that form a heterogeneous 

landscape with rock banks, mud flats and sand banks. For instance, the Muriá channel is 

characterized by rock banks while the muddy Curuçá main channel is bordered by 

extensive sand banks (Fig. 1b). 

The perimeter, length and area of the Curuçá estuary is 73 km, 21 km and 200 km2, 

respectively. It is covered by approximately 116 km2 of mangrove forest dominated by 

Rhizophora mangle L. mixed with Avicennia germinans (L.) on the more elevated sites. 

Laguncularia racemosa (L.) is rare. A total of 3 km2 of cordgrass (Spartina spp.) occurs 

in patches within the mangrove belt, especially in the lower estuary. No coral reefs or 

seagrass meadows exist in the vicinity of the Curuçá estuary. 

The mangrove estuary is comparatively undisturbed and has been designated as a 

conservation unit (RESEX) by the Brazilian Ministry of the Environment in 2002. The 

climate is hot and humid (mean air temperature: 27ºC) with a dry season from July to 

December and a wet season from January to June. The trade winds are strongest in the 

dry season. The mean annual rainfall is 2,526 mm (ANA, 2005; n = 16 years, range: 

1,085 – 3,647 mm). The mean depth of the estuary at slack low water is 3 m, with 

depressions of up to 8 m near Abade. The tidal range is 3 - 4 m at neap tides and 4 - 5 m 

at spring tides. The tide is asymmetric; flood and ebb tide last 7 and 5 hours, 

respectively. Due to its high elevation, the mangrove plateau is fully inundated only 

during spring tides. At low tide, the forest, the creeks and the muddy slopes of the main 

channels are exposed to the air. 
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Figure 2. (a) Coast of Para and Maranhão states covering the 2nd largest mangrove area 

of the world, north Brazil, and location of the Curuçá estuary on the southern edge of 

the Pará River mouth (southern edge of the Amazon mouth). (b) Location of the four 1st 

order intertidal mangrove creeks (c-f) in the Curuçá estuary. 

 

METHODS OVERVIEW 

 

Sampling method 

The study was done in four intertidal 1st order mangrove creeks in the upper and middle 

reaches of the Curuçá estuary: (1) the Muriá channel near Abade, (2) the western side of 

the middle estuary, (3) the eastern side of the middle estuary where the Curuçá River 

meets the bay, and (4) the uppermost creek in the study, close to Curuçá (Fig. 2d-f). The 

four creeks were sampled bimonthly between September 2003 and July 2004 at four 

consecutive days in the waxing of the moon (neap tide) with a fyke net, yielding a total 

of 24 samples. The fyke net was set at the mouth of the creeks and lifted at daytime 

slack high water (HW). It consisted of two wings (20 × 6 m, 20 mm stretched mesh 
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size) and a fyke net body (seven circular stainless steel hoops with 100, 100, 90, 80, 80, 

60, 60 cm diameter from the outer to the inner hoop, respectively; total length: 7.5 m; 

13 mm stretched meshed size until the first 80 cm hoop, 5 mm from the first 80 cm to 

the innermost hoop) connected by an inlet funnel (mouth opening: 5 m width, 4.5 m 

height; length 9 m; 13 mm stretched meshed size) (Fig. 3). The bottom line of the wings 

and the inlet funnel was pushed into the mud and the headline was fixed about one 

meter above HW level using poles of mangrove. The four creeks were all dead-ending 

and had no hydrologic connection to other creek systems at neap tide.  

 

 
Figure 3. Schematic view of fyke net set-up at the mouth of an intertidal mangrove 

creek. a: fyke net body, b: inlet funnel, c: wing, d: mangrove poles, e: bottom line, f: 

buoyed head line (Figure produced by A. Jesus). 

 

Fyke nets have been successfully used to study the fish fauna of subtropical and tropical 

mangrove estuaries (Lin and Shao, 1999; Clynick and Chapman, 2002; Hindell and 

Jenkins, 2004; Spach et al., 2004; Vidy et al., 2004) and of salt marshes (Lafaille et al., 

1998; Connolly, 1999). Both, fyke and block nets are efficient fishing techniques (e.g. 

Clynick and Chapman, 2002). However, there are some characteristics that render fyke 

nets superior to block nets, which can only integrate the information during the ebb tide 

f 

e 
c 

d 
a 

b
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emigration of the fishes. The advantages of a fyke net are: (i) the funnel of the fyke net 

is less perceived as an obstacle and almost all nekton species will enter the net with 

minimum disturbance, (ii) this allows to track emigration patterns such as species 

succession and feeding status (Giarrizzo, unpub. data), (iii) frequent lifting of the cod 

end gradually removes emigrating fish reduces the incident of predatory interactions 

that can occur during the end of the ebb tide (Krumme et al., 2007). 

 

Laboratory and data analysis 

Spatial and temporal change in fish fauna (Chapter II - V) 

Fish abundance and weight were standardized as density and biomass, respectively. The 

fish community was analysed both for its taxonomic and functional composition by 

making use of five ecological guilds proposed by McHugh (1967) and six dietary 

preference categories according to published literature and stomach content inspections. 

Gonad inspection was used to distinguish juveniles from adult fish. Periods of 

recruitment to the intertidal mangrove creeks were inferred from changes in density and 

mean length of juveniles. The relationships between the spatial and temporal differences 

in fish fauna and the principal environmental parameters were assessed using univariate 

and multivariate analysis. 

 

Feeding ecology (Chapter VI; VII) 

For the investigation of feeding activity, data on number of empty stomachs (vacuity 

index) and wet mass of the stomach content expressed as a percentage of the total body 

mass (fullness index) were used. The main food items were identified using the index of 

relative importance (IRI) of Pinkas et al. (1971), as modified by Hacunda (1981). In 

order to describe temporal (Chapter VI; VII) and ontogenetic (Chapter VI) changes in 

feeding habitats, cluster analysis was applied on a data matrix of IRI values of diet 

components. Feeding strategies were analyzed following the graphical method of 

Costello (1990), modified by Amundsen et al. (1996). 

 

Biological information (Chapter V; VIII; IX) 

Mathematical models were used for the calculations of weight length relationships 

(WLR) (Chapter VIII) and estimates of annual food consumption/biomass ratio (Q/B) 

(Chapter IX) of the most abundant fish species from Curuçá estuary. With the aim to 
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verify the existence of spatial variation in WLR and Q/B, the values calculated for the 

species appearing both in this study and in other geographical areas were compared. 

In order to assess the annual growth rate and define the yearly cohort(s), was used the 

computer-based method ELEFAN I, which estimates growth parameters using length-

frequency analysis (Pauly and David, 1981) based on the von Bertalanffy growth 

function (von Bertalanffy, 1934, cited in Sparre et al., 1989) (Chapter V). 

 

Autotrophic sources for consumers (Chapter X) 

Samples for isotopic analysis of primary producers (mangrove leaves, epiphytic 

macroalgae and benthic microalgae), particulate (POM) and sediment organic matter 

(SOM), and 55 consumers (28 fish species, 3 shrimps species, 18 benthic invertebrate, 3 

zooplankton groups, 1 aquatic insect, 1 fishing bat and 1 bird) were collected in May 

2004 (wet season) in a macrotidal mangrove creek of Curuçá estuary.  

Carbon and nitrogen isotope ratios were determined using a CN analyzer 

(ThermoFinnigan 1112 Series – Flash EA) interfaced with a mass spectrometer 

(ThermoFinnigan MAT Deltaplus) at the Center for Marine Tropical Ecology (ZMT) in 

Bremen, Germany. Stable isotope ratios are reported with the delta (δ) symbol, defined 

as the parts per thousand (‰) deviation from a standard material. 

Mathematical mixing models were used to estimate the contribution of primary 

producers to consumers. δ15N values are not included in the mixing models because the 

enrichment (Fδ15N) between trophic levels can be highly variable among the consumers. 

Prior to use in the models, the δ13C values of consumers were corrected for fractionation 

rate (Fδ13C) resulting from trophic transfers between diet and consumer (Phillips and 

Gregg, 2003). Given that no specific Fδ13C values were available for consumers, the 

models were run twice assuming (i) no adjustment for this element (Peterson and Fry, 

1987) and (ii) a fractionation rate for a single trophic level of 1.6‰ representing the 

slope of regression between trophic level (TL) vs. δ13C of consumers sampled. 

 

RESULTS AND DISCUSSION SUMMARY 

 

Inter-creek variability in fish habitat use on a medium spatial scale  

A total of 56,090 fishes, representing 29 families and 65 species were collected, 90% 

being juveniles, with a mean fish biomass and density of 6.0 g m-2 and 0.3 fish m-2, 
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respectively (Chapter II). The fish fauna of the Curuçá estuary was dominated by 

benthophage, estuarine species, a typical pattern found throughout tropical and 

subtropical mangrove creeks (Blaber, 1997; Albaret, 1999; Barletta et al., 2003; 

Krumme et al., 2004; Spach et al., 2004; Vidy et al., 2004). 

In all creeks temporal patterns in fish fauna composition occurred cyclically according 

to seasonal changes in salinity, but overall density and biomass did not differ 

throughout the year. This suggests that positive fluctuations in abundance or weight in 

some species are compensated for negative fluctuations in other species. This would 

imply an optimized use of the intertidal creek habitat over time by the fishes since 

similar numbers and standing stock were apparently maintained all year round. A 

similar conclusion was drawn by Louis et al. (1995) in Martinique. 

Biomass and density of juvenile fishes were significantly higher in the two middle 

estuarine creeks than in the two inner estuarine creeks throughout the year suggesting 

that they are per se important juvenile fish habitats. The results showed that the nursery 

value of mangrove creeks varied on a scale of 4 km suggesting high habitat diversity, 

being mainly attributable to relative estuarine location and landscape features.  

The spatial heterogeneity in fish habitat use was observed also in relation to changes in 

body size of A. clupeoides found in intertidal mangrove creeks (Chapter V). Early life 

stages of A. clupeoides dominated in creeks 3 and 4, in the Curuçá River where 

landscape conditions are more hospitable. This spatial segregation can be related to 

predation pressure and the availability in shelter suitable for the species. 

 

Large-scale comparison of the intertidal mangrove fish fauna 

The large scale comparison of three estuaries showed that the geographical proximity 

between the sites is an important factor determining differences in the intertidal fish 

fauna (Chapter III). At least 115 fish species use the intertidal mangrove creeks. The 

substantial number of exclusive species in each previous survey suggests that further 

sample locations should be required to reach the asymptotic richness of fish species 

caught in intertidal mangrove creeks along the north Brazilian coast. 

All creek systems were dominated by the same fish families but spatial differences in 

their relative contributions in weight were found. There was a decrease in biomass of 

Sciaenidae and Mugilidae and an increase of Tetraodontidae and Engraulidae towards 

the Amazon mouth. This suggests dissimilar trophic structures in the mangrove 

estuaries despite the homogeneity of the mangrove area (only three tree species). 
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According to these observations, important factors can be responsible for the 

heterogeneity among the north Brazilian estuaries, including proximity to the plume of 

the Amazon River, freshwater and nutrient input vs. marine influence, tidal range, and 

morphology of the estuary. 

 

Temporal variation in the occurrence of juveniles fishes 

Juveniles occurred year-round with the most intense recruitment periods occurring 

during the wet/dry season transition (A. clupeoides, Cetengraulis edentulus, 

Rhinosardinia amazonica, Mugil sp.) (Chapter IV). S. herzbergii displayed two 

recruitment peaks (wet and dry season) while Cathorops sp. had only one (wet season). 

In the creeks the mean size of juvenile A. hepsetus and C. psittacus did not change 

during the year suggesting that, (i) a particular size- (or age-) specific subgroup of the 

populations is continuously using the intertidal mangrove creeks, (ii) the juvenile 

recruitment and consequently the reproductive activity of the adults must be continuous. 

 

Feeding ecology of two important fish species 

The specimens of S. herzbergii and L. jocu left the intertidal mangrove creek with an 

average of 2.2% and 3.0% of their body weight in prey, respectively, emphasizing the 

importance of this habitat as a feeding ground (Chapters VI; VII).  

The diet of both species consisted of a wide variety of benthic invertebrates. The most 

important prey for the pemecou sea catfish and dog snapper was Brachyuran crabs 

(mainly Ocypodidae and Grapsidae) and Penaeidae, respectively. The abundance of 

these food items ingested by both species presumably reflects the large number of these 

crustaceans within the intertidal region. 

The comparison of feeding strategies within both fish species indicated a mixed feeding 

strategy, with varying degrees of specialization and generalization for different prey 

types. During the dry season, the pemecou sea catfish preyed upon four food items 

(Ocypodidae, Grapsidae, Capitellidae and Anphipoda) indicating a generalized feeding 

strategy, whereas, in the wet season Grapsidae and Ocypodidae were the predominant 

prey, suggesting different degrees of specialization. In contrast, dog snapper specimens 

from the dry season (September and November) and the dry wet season transition 

(January), were specialists feeding exclusively on Penaeidae. However, the specimens 

from the wet season (March and May) and wet dry season transition (July) that 

consumed mainly Grapsidae, Penaeidae, Porcellanidae, were generalists. 
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Basic biological information 

Chapter VIII describes the weight-length relationships (WLR) of 40 different fish 

species belonging to 21 families. The best-represented species was A. clupeoides (5,482 

fish), followed by S. herzbergii (2,699), Cetengraulis edentulus (2,424) and 

Rhinosardinia amazonica (1,093). The estimates for the parameter b of the WLR (W = 

aLb) ranged from 2.66 to 3.59 and the median value was 3.08, whereas 50% of the 

values ranged between 2.94 and 3.26. Only 9 of the species (9%) showed an isometric 

growth (b = 3), 10 species (27%) revealed negative allometries (b < 3) and 21 species 

(51%) showed positive allometries (b > 3). The comparison of kind of growth for the 

species suggested similarities between species of the same family. Centropomidae, 

Mugilidae and Tetraodontidae show a consistent negative allometric growth, however, 

Ariidae demonstrate a positive allometric growth.  

Chapter IX shows estimates of annual food consumption/biomass ratios (Q/B) compiled 

for 37 selected fish species of the Curuçá Estuary. These species constitute up to 95% in 

terms of both total catch weight and abundance in the studied area. The Q/B varied 

between 2.3 for Epinephelus itajara to 67.4 for C. edentulus. Mean Q/B values (±SD) of 

herbivorous and carnivorous fish was 48.6 ± 13.3, and 13.1 ± 5.6, respectively, showing 

that species with a higher proportion of plants in their diet tend to have higher estimated 

Q/B values (Garcia and Duarte, 2002). 

Whenever possible the b and Q/B values for the species obtained from this study, the 

literature, and from databases such as Fishbase (Froese and Pauly, 2004), were 

compared, showing the existence of spatial variation. The observed differences could be 

due to variation in environmental or habitat factors, or sampling procedures (e.g. 

different size and length range). 

The data of WLR and Q/B ratio presented in Chapters VIII and IX are the first 

contribution for 28 and 29 fish species, respectively. 

The length-frequency analysis of A. clupeoides (Chapter V) suggested the presence of 

two annual cohorts characterized by a main spawning event in July and a minor one in 

December / January. The uniform values throughout the year of monthly condition 

factors can be related to homogeneous environmental conditions in time and space 

besides salinity changes, pointing to a relative plasticity in the individuals’ physiology. 
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Autotrophic sources for consumers 

The main primary producers were characterised by δ13C and δ15N values. δ13C vaules 

were reasonably distinct, allowing their use to infer the primary sources for several 

consumers, while δ15N values was used to asses their trophic levels (Chapter X). 

However, the δ13C values of the rhodophyte Bostrychia sp. overlapped with the δ13C 

range of mangrove leaves, therefore this epiphytic macroalgae was not included in the 

identifications of the origin and assimilation of organic matter by faunal communities.  

δ13C values of suspended POM and SOM were close to that of mangrove leaves, 

suggesting that mangroves are the main source of these components in the intertidal 

mangrove creeks. 

The wide range of the isotopic composition of carbon of consumers (-28.6 to -15.3‰) 

indicated that different carbon sources have importance in the intertidal mangrove food 

web. The most depleted consumers (e.g. calanoid copepods, Chaetognatha and 

zooplanctivorous Engraulidae fishes) showed an indirect trophic linkage with 

mangroves, since the carbon from this primary producer enters in the food web as 

suspended POM by the feeding activity of calanoid copepods. 

Unlike the mangrove source, the carbon of benthic algae and chlorophyte Enteromorpha 

sp. enters directly into the food web by the grazing activity of some polychaetes, Uca 

maracoani, herbivorous fishes (e.g. Mugil spp.) and the omnivorous Anableps anableps. 

These algae have potentially high palatability with fast digestibility and high nutritional 

value.  

For several consumers (mainly benthophagous and bentho-ichthyophagous fishes) no 

evident overlapping was observed with the δ13C values of primary producers. Assuming 

that all relevant producer groups have been identified and sampled, these consumers 

could be linked to a mixed contribution of sources. 

Results from single-element mixing models should be interpreted with caution. The 

IsoSource model was not helpful to estimate the potential contribution of autotrophs 

(mangrove, Catenella sp., benthic algae and Enteromorpha sp.) to the consumers since 

model outputs were extremely sensitive to the magnitude of Fδ13C. The IsoError model 

also showed a considerable sensibility to F but, the simplification of the system by a 

priori aggregation of primary producers (mangrove vs. algae) allowed more 

interpretable results for several taxa showing a segregation into different food webs. 
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CONCLUDING REMARKS, MANAGEMENT IMPLICATIONS AND RESEARCH 

PERSPECTIVES 

 

Understanding the variations in fish fauna on different spatial and temporal scales can 

provide valuable insights for management and conservation. Previous studies have 

generally been confined to inter-estuarine habitat comparisons (e.g. mangrove vs. 

seagrass, mangrove vs. coral reef) or inter-creek variability in fish habitat use on a small 

and large spatial scale. Standardized inter-mangrove creek comparisons in tropical fish 

habitat use on a medium spatial scale (2-20 km) are unprecedented in the existing 

literature. Moreover, several studies have simply assumed that estuary sectors with the 

same salinity are homogeneous in structure and composition of the fish fauna, believing 

that this environmental parameter is the main factor in structuring the fish assemblages 

in tropical estuaries (e.g. Barletta, 1999). 

However, the results from the present thesis concluded that in an estuarine zone 

homogeneous in salinity as well as in the other environmental parameters, different 

creeks may have different nursery values. Consequently, differences in landscape 

features are often more important for spatial changes in intertidal fish assemblage than 

variations in salinity (Paterson and Whitfield, 2003), especially given the euryhalinity of 

most tropical estuarine fishes (Blaber, 1997). 

 

The geographical comparison of the intertidal fish fauna between three estuaries along 

the continuous mangrove belt south of the Amazon mouth has shown that the 

assemblage is heterogeneous in terms of species composition, dominance of fish 

families and contribution of functional and ecological guilds. Although these findings 

were determined from only four previous studies, the comparisons provide enough data 

to recognize the absolute necessity for conservation in the region (i.e. high species 

richness, numerous rare species). Given the high spatial heterogeneity compositions of 

the fish fauna assemblages both in creeks of the same salinity zone and between 

estuaries, a preliminary habitat classification of mangrove landscape features employing 

readily obtainable quantitative data for geophysical and oceanographic characteristics 

seems necessary (sensu Valesini et al., 2003). This categorization could provide data on 

e.g. how many similar types of intertidal mangrove creeks and estuaries exist in an area, 

which fish fauna or key species are associated to specific estuaries or costal sectors, etc. 
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This would offer a key aid to the regional management systems towards improving the 

efforts in research, monitoring and conservation of this unique mangrove ecosystem. 

 

Juveniles of most fish species are present year round, indicating that there is no well-

defined period of juvenile recruitment in the mangrove area. The absence in the catch of 

both the earliest life stages and large adult individuals and/or the different use of the 

intertidal mangrove creeks according to the body size, highlight that the species make 

regular tidal and/or ontogenetic movements between different estuarine habitats 

(Sheaves, 2005). Therefore, the “whole-estuary approach” is the most appropriate 

management tool to protect the habitat requirements of a species throughout its life 

cycle. 

 

The results from the studies of feeding ecology demonstrate that the intertidal mangrove 

creeks are important temporary foraging grounds for L. jocu and S. herzbergii during 

their intertidal migration. Both species are benthophage fish that have different feeding 

strategies with respect to the season. These temporal diet shifts may be related to 

variations in food availability and environmental variations in the intertidal mangrove 

creek habitat (e.g. tidal range, water transparency). 

 

The biological findings from this study provide baseline information on fish 

assemblages that will aid managers making comparisons with other similar estuarine 

ecosystems to measure changes in fish populations or ecological conditions. The weight 

length relationships will be useful in fishery management to: (i) estimate weight from 

length observations; (ii) calculate production and biomass of a fish population; (iii) 

provide information on stocks or organism condition at the corporal level and (iv) 

compare growth studies. The QB values will be required for the construction of Ecopath 

(trophic) models (Christensen and Pauly 1993). 

 

The isotope study reveled that the trophic function of the ecosystem is structured into 

three relatively distinct food webs: (i) mangrove food web where vascular plants 

contribute indirectly to consumers via POM; (ii) algal food web where benthic algae 

and Enteromorpha sp. are eaten directly by some consumers; (iii) mixed food web 

where the consumers use the carbon from different primary sources. This segregation in 

resource use could explain the coexistence of many consumers that temporally colonize 
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the intertidal mangrove habitat partitioning the different food types to reduce the 

interspecific competition. Therefore, the importance of the mangrove and its epiphytic 

and benthic algae to the food web reinforces the need to promote more efficient 

sustainable management strategies to conserve and protect mangrove ecosystems from 

anthropogenic impact. 

 

On the northern Brazilian coast the IBAMA has implemented only sustainable units 

(RESEX and APA) which are not sufficient for a total protection of the ecosystem there, 

as these CUs are designated for the conservation and sustainable management of natural 

resources by the traditional communities inhabiting them. So far, the designation of 

RESEX has been opportunistic and the geographic boundaries of these conservation 

units have been selected based on non-ecological considerations, e.g. according to the 

social/economic interests of local governments (prefeituras) and/or community 

organizations (e.g. associações de pescadores). The results from this thesis highlight the 

need for more biological studies to obtain data (e.g on nursery ground value and habitat 

connectivity) not only to implement the management plan of the UC but also to identify 

the location and extent of conservation units in the future. 

 

The conclusions reached by this thesis highlight the present and urgent challenges, 

which will be to understand more fully (i) how spatial patterns in fish habitat use are 

related to landscape features; (ii) how the biological connectivity is realized in 

mangrove ecosystems and what is the ecological role of each habitat; (iii) how the 

temporal and spatial change in benthic invertebrates affect the feeding ecology of the 

intertidal mangrove fish; (iv) how the contribution of the autotrophic sources to 

consumers changes along an estuarine gradient and in relation to seasonal variation, and 

(v) what are the direct and indirect effects of the commercial fishing activities on the 

intertidal habitat.  
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INTRODUCTION 

 

Intertidal creeks are vital component of the mangrove forest. They serve as hydrological 

connectors between the subtidal area and the mangrove interior and provide important 

temporary foraging grounds for juvenile fishes. In the large estuarine mangrove areas of 

the tropics, intertidal creeks can be found in different zones of salinity ranging from low 

salinity environments at the head, to high salinity environments at the mouth of the 

estuary. Mangrove creeks in different estuarine salinity zones may vary in their 

importance as nurseries for juvenile fishes. To test for such a longitudinal relationship, 

however, variability in fish habitat use in intertidal creeks located in the same salinity 

zone must be better understood to avoid attributing creek variations to salinity 

dynamics. 

Typically, most fish fauna studies from tropical intertidal mangrove creeks compare this 

habitat with other estuarine habitats (e.g. Blaber et al., 1989; Robertson and Duke, 

1990; Leh and Sasekumar, 1991; Sasekumar et al., 1992; Ikejima et al., 2003), or only 
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analyze temporal patterns (e.g. Wright, 1986; Batista and Rêgo, 1996; Laroche et al., 

1997).  

Studies on spatial variation of tropical intertidal fish assemblages are less common and 

have been usually either carried out on a small scale [<2 km between sites, e.g. Barletta 

et al. (2003) and Krumme et al. (2004)], or on a large scale [e.g. about 20 km between 

sites, Vidy et al. (2004)]. Information is lacking on the inter-creek variability of fish 

habitat use on a medium spatial scale (2-20 km), where the estuarine salinity zones are 

usually located. 

To better understand medium scale differences in juvenile fish habitat use, we studied 

the fish assemblages of four intertidal mangrove creeks separated by just 4 km and 

located in the same salinity zone. The study was carried out in the macrotidal Curuçá 

estuary, a conservation unit located close (50 km) to the southern channel of the 

Amazon mouth (Fig. 1). The specific objectives of our study were to (1) describe the 

composition and seasonal changes of the intertidal fish assemblages, and (2) compare 

density and biomass of juvenile fishes (as a measure of habitat quality) between the four 

creeks located in the same salinity zone. 

 

MATERIAL AND METHODS 

 

Study Area 

The study area is located in the estuary of the Curuçá River near the city of Curuçá (0° 

10´S, 47° 50´W) and town of Abade, in Pará, north Brazil (Fig. 1), and is part of the 

second largest continuous mangrove area of the world. The Curuçá estuary is a marine-

dominated system formed by the confluence of the Curuçá River and the Muriá channel, 

a natural tidal connection with the São Caetano de Odivelas estuary to the west (Fig. 1). 

The perimeter, length and area of the Curuçá estuary is 73 km, 21 km and 200 km2, 

respectively. It is covered by approximately 116 km2 of mangrove forest dominated by 

Rhizophora mangle L. mixed with Avicennia germinans (L.). 

Mean air temperature is 27ºC. There is a dry season from July to December and a wet 

season from January to June. Mean annual rainfall is 2,526 mm (ANA, 2005; n = 16 yr, 

range: 1,085–3,647 mm). The mean depth of the estuary at slack low water is 3 m, with 

depressions of up to 8 m near Abade. A complex network of branching intertidal 

mangrove creeks is flooded twice daily by the semidiurnal tide. The tidal range is 3-4 m 

at neap tides and 4-5 m at spring tides.  
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Figure 1. (a) Coast of Pará and Maranhão states covering the 2nd largest mangrove area 

of the world, north Brazil, and location of the Curuçá estuary at the eastern tip of the 

mouth of the southern channel of the Amazon delta (Pará River); (b) Location of the 

four 1st order intertidal mangrove creeks (c-f) in the Curuçá estuary. 

 

Sampling and catch analysis 

The study was conducted in four intertidal 1st order mangrove creeks in the upper and 

middle reaches of the Curuçá estuary: (1) the Muriá channel near Abade, (2) the western 

side of the middle estuary, (3) the eastern side of the middle estuary where the Curuçá 

River meets the bay, and (4) the uppermost creek in the study, close to Curuçá (Fig. 1). 

We define the stream order as follows: no order is assigned to the subtidal section, 

intertidal creeks draining into the subtidal section are 1st order creeks. The four creeks 

were all dead-ending and had no connection to other creek systems at neap tide. These 

creeks were sampled every second month between September 2003 and July 2004 

during the waxing of the moon (neap tide), with a fyke net. Over a sampling period of 

four consecutive days each second month, each creek was sampled once. This yielded a 

total of 24 samples (6 samples from each creek). 
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The fyke net was set at the mouth of the creeks at daytime slack high water (HW). It 

consisted of two wings (20 × 6 m, 20 mm stretched mesh size) and a fyke net body 

(seven circular stainless steel hoops; total length: 7.5 m; 13 mm stretched meshed size 

until the 3rd hoop, 5 mm from the 3rd to the innermost hoop) connected by an inlet 

funnel. The bottom line of the wings and the inlet funnel was pushed into the mud and 

the headline was fixed about one meter above HW level using poles of mangrove. The 

fish were collected from the fyke net body during ebb tide until total drainage of the 

creek. Fish were kept on ice and transported to the laboratory. Specimens were 

identified to the lowest possible taxonomic level. Fish taxa were assigned to 5 

ecological guilds following McHugh (1967) and to 6 feeding categories according to 

published literature and our own stomach content inspections (see Table 2). Gonad 

inspection was used to distinguish juveniles from adults.  

The topography of the creeks was surveyed (GPS, compass, tape measure) and a GIS 

map for each creek was generated (Fig. 1c-f). Several physical characteristics of the 

four creeks are given in Table 1. The inundated area (m2) for a medium neap tide event 

was quantified for each creek using ArcGIS. Thus, catch weights and abundance were 

standardized to density (fish m-2) and biomass (g m-2), respectively. For each sampling 

event, water surface salinity, temperature, pH, Secchi depth, seston and dissolved 

oxygen concentrations were recorded.  

 

Table 1. Summary of landscape features of the four 1st order intertidal mangrove creeks 

in the Curuçá estuary, Pará, north Brazil, at neap tides. The presence of different creek 

features is described subjectively using: blank = absence, + = low, ++ = medium, +++ = 

high. 

Creek Physical features 
1 2 3 4 

Inundated area (m2) 9224 4685 2598 20000 
Perimeter of inundated area (m) 978 795 460 777 
Creek length (m) 263 336 157 277 
Width at the mouth at slack HW (m) 17 17 18 20 
Subtidal low tide depth near the creek (m) 8 3 2.5 1.3 
Outcropping bedrock ++   ++ 
Soft, muddy substrate ++ +++ ++ + 
Silt bank in front of the creeks’ mouth ++  +  
Branches of fallen trees in the creek ++ ++ +++ + 
Scarps +  +++  
Habitat complexity + + ++ ++ 
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Data analysis 

Differences in environmental parameters (see above) and fish assemblage variables 

[species richness, species/family (S/F) ratio, Shannon-Weaver diversity H’ (log10), 

evenness (J'), density and biomass] were compared using 2-factor analyses of variance 

(ANOVA). On the species level, only fishes with 100% frequency of occurrence or n ≥ 

850 were analyzed. The experimentwise error was set to 0.05 using the Bonferroni 

approach. Season (dry season: September and November 2003 and July 2004; wet 

season: January, March and May 2004) and site (creek 1, 2, 3, 4) were treated as fixed 

factors. Each treatment combination had three pseudoreplicates (e.g. dry season-creek 1: 

September and November 2003 and July 2004 samples from creek 1). If necessary, 

log(x+1) or fourth root transformations were performed to fulfill the ANOVA 

assumptions of normal distribution (Kolmogorov-Smirnov test) and homoscedasticity 

(Cochran test). When a significant difference for main effects was detected (p < 0.05), 

Tukey’s multiple comparison test was used to identify individual group differences. 

Variables that did not meet the assumptions were tested using the non-parametric 

Kruskal–Wallis test (K-W).  

The similarities in fish species composition between the samples were assessed using 

cluster analysis (complete linkage) and non-metric multidimensional scaling (MDS) 

(PRIMER package; Clarke and Warwick, 1994). The original data matrix containing the 

total catch weight per sample and of all species was square root transformed to generate 

the Bray-Curtis similarity matrix. The density of the dominant fish families was 

superimposed on the MDS. Two-way crossed analysis of similarities (ANOSIM) 

(Clarke, 1993) was used to test whether the species compositions differed significantly 

between season (dry and wet season) and site (creeks 1-4). Multivariate dispersion 

(MVDISP) was used to describe the relative multivariate variability on the MDS plot 

between dry and wet season and between the four creeks (Clarke and Warwick, 1994). 

The RELATE routine was used to test whether bimonthly changes in the ichthyofauna 

composition were related to a seasonal cycle, i.e. if the assemblage returned to the initial 

structure.  
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RESULTS 

 
Environmental Parameters 

Site had no significant effect on any of the environmental parameters (Fig. 2). Seasonal 

effects were detected for salinity (K-W, p < 0.001), water temperature (K-W, p < 0.01) 

and pH (ANOVA, p < 0.001) (Fig. 2A-C). The sampling area was hypersaline in 

November 2003 (40.8; dry season). Throughout the wet season (January - May), 

salinities were < 15 (minimum: 6.1).  

 

 
 

Figure 2. Bimonthly variation in environmental parameters in four intertidal 1st order 

mangrove creeks of the Curuçá estuary, north Brazil, in 2003/2004. Creek location: 

refer to Fig. 1. 
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Fish Fauna Composition 

A total of 56,090 individuals (745.4 kg) belonging to 65 species of 29 families were 

caught (Table 2). The dominant families in terms of total catch weight were 

Tetraodontidae (52%), Ariidae (19%) and Engraulidae (13%). Six species accounted for 

84% of the total catch weight: Colomesus psittacus (51%), Sciades herzbergii (14%), 

Anchovia clupeoides (7%), Cathorops sp. (5%), Cetengraulis edentulus (4%) and Mugil 

curema (3%). Mean fish density and biomass of all species (± SD) were 0.3 fish m-2 ± 

0.3 (range: 0.1-1.0) and 6.0 g m-2 ± 7.1 (range: 0.8-25.0), respectively. Ninety percent of 

all fish caught were juveniles. Thirty-one species (48% of all species) were represented 

only by juveniles, 30 species (46%) by both juveniles and adults, and four species (6%) 

by adults only (Astianax sp., Cathorops spixii, Myrophis punctatus and T. gracilis). 

Mean fish length was 7.4 cm ± 4.5 SD. Mean fish weight was 13.3 g ± 37.7 SD. In 

terms of catch weight, the ecological guilds were dominated by estuarine species (82%) 

(Table 2). Marine species, estuarine-marine species, freshwater fishes and occasional 

marine visitors accounted for 9, 8, <1 and <0.1%, respectively. The feeding categories 

were dominated by benthophage fishes (77%). Herbivorous, benthoichthyophage, 

zooplanktivorous, lepidophage, and ichthyophage species accounted for 18, 3, 1, 0.7, 

and 0.3%, respectively. 

 

Spatio-Temporal Patterns in Fish Fauna Composition 

The results of univariate analysis on spatio-temporal changes in the fish fauna are 

shown in Table 3. The number of fish species (mean: 26 ± 4 SD) and the S/F ratio 

(mean: 1.8 ± 0.2 SD) were not influenced by either season or site. H’ and J’ were 

significantly higher in the wet season but did not differ between sites. The most 

important result was that fish density and biomass did not differ significantly between 

seasons, but between sites, with 2.0 and 3.7 times higher values in creeks 2 and 3 than 

in creeks 1 and 4, respectively (Fig. a, b). Creeks 1 and 4 were several times larger in 

size than creeks 2 and 3 (Table 1) but had lower density and biomass. Consequently, 

fish density and biomass were not proportional to creek size.  

 On the species level, significantly higher values in the wet than in the dry season were 

recorded for density of Cathorops sp. and S. herzbergii (Table 3). In contrast, higher dry 

season values were found for density of Mugil sp. Differences between sites were 

statistically significant for density of C. psittacus, G. luteus and O. saurus with higher 

values in the outer creeks 2 and 3.  
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Table 2. Rank by biomass (Rk), mean biomass (BM, g ha-1), mean density (D, fish ha-1) of all fish species collected with a fyke net from 

four intertidal 1st order mangrove creeks at diurnal neap tides between September 2003 and July 2004 in the Curuçá estuary, Pará, north 

Brazil. Ecological guild (EG) according to McHugh (1967): truly estuarine resident species (TE), marine occasional visitors (MO), marine 

species (M), and own stomach inspections: B: benthophage, H: herbivorous, I: ichthyophage, B/I: benthophage-ichthyophage, Z: 

zooplanktivorous, L: lepidophage. Mean total length (TL) (cm) and the size range is given for each species. 

Species EG TC Creek 1  Creek 2  Creek 3  Creek 4 TL 
      Rk BM D  Rk BM D  Rk BM D  Rk BM D   
Colomesus psittacus (Bloch & Schneider, 1801) TE B 1 10,055.8 181.6 1 72,071.4 1320.0 1 47,789.9 1,086.9 1 3,891.3 76.5 10.7 (0.4-32.6) 
Sciades herzbergii (Bloch, 1794) TE B 2 4,454.2 144.0 4 6,111.1 224.1 2 16,969.7 359.9 2 3,058.0 130.8 13.3(2.7-35.1) 
Anchovia clupeoides (Swainson, 1839) TE H 3 1,521.7 214.8 2 8,347.9 1,769.7 3 3,227.6 1,097.1 3 1,517.3 862.3 6.0(1.58-17.3) 
Mugil curema Valenciennes, 1836 M H 4 1,065.5 11.7 7 3,127.7 47.7 4 2,973.0 39.1 8 277.5 7.5 15.6(3-33.1) 
Stellifer naso (Jordan, 1889) TE B 5 973.5 44.3 9 1,266.1 55.9 15 433.7 26.9 12 146.2 9.2 12.0(4.3-17.6) 
Cathorops sp. TE B 6 801.8 22.0 5 4,707.6 103.9 8 941.0 28.9 4 1,253.7 32.6 15.8(1.7-26.5) 
Rhinosardinia amazonica (Steindachner, 1879) F Z 7 590.4 165.5 22 245 590.4 20 287.4 426.0 16 66.6 145.1 4.5(2-15.6) 
Mugil sp. M H 8 554.1 29.3 6 3,194.5 360.4 23 216.0 38.2 15 83.5 18.3 8.2 (2.3-23.5) 
Stellifer microps (Steindachner, 1864) TE B 9 470.1 74.5 14 834.8 23.5 6 1,625.1 521.5 9 274.5 21.5 10.5 (3.0-18.8) 
Anableps anableps (Linnaeus, 1758) TE H 10 366.0 12.5 18 463.9 17.4 18 388.7 183.0 14 123.2 10.3 11.4(3.0-24.6) 
Genyatremus luteus (Bloch, 1790) EM B 11 312.0 14.5 8 2,559.4 137.3 7 1,415.8 99.4 11 158.0 17.0 8.4(2.1-23.3) 
Lutjanus jocu (Bloch & Schneider, 1801) EM B/I 12 296.3 4.9 10 1,258.3 8.5 10 708.6 7.7 13 127.8 2.2 14.8(2.9-31.5) 
Cynoscion acoupa (Lacepède, 1801) EM B/I 13 263.7 10.1 19 313.7 23.8 21 273.9 12.2 18 60.4 6.3 10.6 (2.6-27.5) 
Centropomus pectinatus Poey, 1860 EM B/I 14 255.4 5.8 16 593.4 61.9 14 452.1 25.0 24 27.3 3.0 10.0 (2.3-20.4) 
Pterengraulis atherinoides (Linnaeus, 1766) TE B/I 15 255.3 14.6 17 582.2 34.9 25 127.0 6.4 21 39.2 3.1 12.6(3.4-21.6) 
Mugil incilis Hancock, 1830 M H 16 226.5 0.7 11 1,158.7 5.3 22 271.6 1.3 28 6.2 0.3 24.8 (4.8-38.5) 
Sphoeroides testudineus (Linnaeus, 1758) EM B 17 138.2 5.1 13 1,012.7 25.1 11 589.1 16.0 7 361.4 16.8 9.8 (2.2-18.3) 
Diapterus auratus Ranzani, 1842 EM B 18 123.0 2.9 12 1,146.9 70.1 35 10.61 0.6 10 220.2 21.8 8.7 (2.7-17.5) 
Centropomus undecimalis (Bloch, 1792) EM B/I 19 70.3 0.7 20 257.3 3.2 9 775.4 8.3 26 16.6 0.6 18.8 (4.1-36.5) 
Lycengraulis grossidens (Agassiz, 1829) TE Z 20 65.6 24.8 25 180.4 79.0 32 37.1 13.5 20 43.7 21.9 5.9 (2.4-18.2) 
Cetengraulis edentulus (Cuvier, 1829) M H 21 54.6 16.1 3 6,445.8 768.8 5 2,564.6 394.6 6 378.3 188.7 7.7 (2.7-26) 
Anchoviella lepidentostole (Fowler, 1911) M H 22 47.1 17.9 44 1.8 0.4 24 211.7 45.6 25 21.9 3.9 7.4 (2.2-13.8) 
Oligoplites saurus (Bloch & Schneider, 1801) EM L 23 43.9 11.9 15 606.8 112.1 13 498.0 75.7 17 63.3 26.8 6.2(1.1-19.6) 
Anchoa hepsetus (Linnaeus, 1758) EM Z 24 36.2 36.5 24 205.4 477.1 19 296.6 54.1 5 426.2 599.5 4.1 (2.0-15) 
Strongylura timucu (Walbaum, 1792) M I 25 31.9 0.2 21 247.0 4.6 29 57.6 0.6   30.0 (3.3-49.2) 
Eucinostomus melanopterus (Bleeker, 1863) EM B 26 18.7 2.0 28 98.4 6.8 27 90.3 6.4 19 51.0 5.1 8.8(3-15.1) 
Batrachoides surinamensis (Bloch & Schneider, 1801) TE B/l 27 16.7 0.5 23 238.6 1.1 12 513.3 0.6 22 33.3 0.1 21.7 (9.5-37.8) 
Cynoscion microlepidotus (Cuvier, 1830) EM B/I 28 16.2 0.2 33 27.5 0.4 33 28.5 0.6   19.9(16.6-22.1) 
Citharichthys spilopterus Günther, 1862 TE B 29 15.5 3.8 36 13.2 5.7 45 0.5 1.3 39 0.5 0.3 6.5 (3.0-10.2) 
Stellifer sp. TE B 30 9.7 0.2 32 29.7 1.8  37 0.8 0.3 9.6 (6.2-16.2) 
Pseudauchenipterus nodosus (Bloch, 1794) F B 31 8.5 0.4 48 0.1 0.4 36 11.3 0.6 33 2.8 0.3 10.1 (3.2-15.5) 
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Table 2. Continued.       
Species EG TC Creek 1  Creek 2  Creek 3  Creek 4 TL 
      Rk BM D  Rk BM D  Rk BM D  Rk BM D   
Hyporhamphus roberti (Valenciennes, 1847) EM Z 32 7.4 2.3 38 12.0 3.6 38 6.0 16.0 32 3.4 1.1 7.9(3.0-13.1) 
Astianax sp. F Z 33 7.1 0.4     10.9(10.5-11.2) 
Chaetodipterus faber (Broussonet, 1782) EM B 34 2.9 0.2 39 6.6 0.4 37 8.9 0.6 38 0.8 0.1 7.2 (6.2-7.8) 
Lycengraulis batesii (Günther, 1868) F Z 35 2.0 0.2   30 4.9 0.2 15.2 (12.5-17.3) 
Cynoscion jamaicensis (Vaillant & Bocourt, 1883) EM B/I 36 1.6 0.5 40 6.3 0.4 28 62.8 9.6 31 4.2 1.7 7.0(1.9-15.7) 
Echeneis naucrates Linnaeus, 1758 EM B/I 37 0.6 0.2     10.9 
Myrophis punctatus Lütken, 1852 TE B 38 0.6 0.2     18.9 
Selene vomer (Linnaeus, 1758) EM Z 39 0.5 0.2 30 43.8 3.9 44 0.8 0.6 27 10.8 1.1 6.7 (2.7-15.2) 
Chloroscombrus chrysurus (Linnaeus, 1766) EM Z 40 0.1 0.2 45 10.2 1.8 40 4.5 4.5   4.4 (3.7-5) 
Epinephelus itajara (Lichtenstein, 1822) EM B/I     26 179.5 1.1 17 402.0 1.3   18.9(4.5-32.1) 
Achirus lineatus (Linnaeus, 1758) TE B     27 157.1 1.4 30 52.0 1.9   14.7(8.2-24.1) 
Ophichthus cylindroideus (Ranzani, 1840) TE I     29 49.3 0.4  45 <0.1 0.1 27.1 (3.1-51.0) 
Cathorops spixii (Agassiz, 1829) TE B     31 34.3 1.4 26 117.4 5.8   12.7 (11.2-15) 
Atherinella brasiliensis (Quoy & Gaimard, 1825) TE Z     34 18.6 6.8  41 0.2 0.1 5.4 (2.2-14.5) 
Lagocephalus laevigatus (Linnaeus, 1766) MO B     35 17.9 0.4    13.2 
Achirus achirus (Linnaeus, 1758) TE B     37 12.9 0.4    12.8 
Ctenogobius smaragdus (Valenciennes, 1837) TE B     41 4.9 3.6  40 0.2 0.1 6.4 (3.2-9.3) 
Poecilia vivípara Bloch & Schneider, 1801 F Z     42 3.5 5.3 31 40.0 121.3   2.9(1.2-5.2) 
Thalassophryne nattereri Steindachner, 1876 TE B/I     43 2.0 0.4    7.6 
Stellifer stellifer (Bloch, 1790) TE B/I     46 0.4 0.4 41 1.8 3.8   4.3 (3.0-5.5) 
Tomeurus gracilis Eigenmann, 1909 F H     47 0.2 19.9 49 <0.1 2.6   2.2(1.6-2.6) 
Aspredinichthys tibicen (Valenciennes, 1840) TE B     49 0.1 0.4    5.8 
Anchoviella guianensis (Eigenmann, 1912) F H     50 0.1 0.4 42 1.7 1.3 36 1.9 3.9 4.2 (3.2-5.8) 
Gobiosoma hemigymnum (Eigenmann & Eigenmann, 1888) TE B     51 <0.1 0.4    2.4 
Hypostomus plecostomus (Linnaeus, 1758) F B         16 409.3 3.2   23.3(19.0-34.5) 
Cynoscion leiarchus (Cuvier, 1830) EM B/I         34 21.4 2.6 34 2.5 0.3 9.3(7-12) 
Stellifer rastrifer (Jordan, 1889) TE B         39 4.6 5.8   4.9 (4.4-5.9) 
Odontognathus mucronatus Lacepède, 1800 EM Z         43 0.9 0.6 42 0.2 0.1 7.8 (7.0-8.5) 
Oligoplites palometa (Cuvier, 1832) EM L         46 0.2 0.6 44 <0.1 0.1 3.6 (3.4-3.7) 
Gobionellus oceanicus (Pallas, 1770) TE B         47 0.1 0.6 35 2.1 0.1 9.6 (2.7-16.5) 
Ctenogobius sp. TE B         48 0.1 0.6   3.3 
Caranx latus Agassiz, 1831 EM B             29 4.9 0.3 9.7 (4.5-14.2) 
Symphurus plagusia (Bloch & Schneider, 1801) EM B             43 0.1 0.1 5.0 
Trichiurus lepturus Linnaeus, 1758 M I             23 29.9 0.3 49.6 (38.5-68.0) 
Number of species    40    51    49    45   
Number of families    21    25    23    22   
Total catch weight (kg)    128.3    331.3    132.4    153.6   
Total number of individuals    5,635    16,455    7,150    26,895   
Overall BM (g ha-1)    23,180.8    117,898.9    84,927.0    12,796.6   
Overall D (fish ha-1)       1,018.2      5,854.4      4,541.2      2,241.2     
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Figure 3. Mean density (A) and biomass (B) (± SD) of the intertidal mangrove fish 

fauna captured at diurnal neap tides between September 2003 and July 2004 from four 

intertidal mangrove creeks at slack high water, Curuçá estuary, Pará. Bimonthly 

sampling yielded n = 6 samples per creek.  

 

Table 3. Summary of results of two-factor analysis of variance (site and season) and 

Kruskal-Wallis tests for 6 fish assemblage variables and 10 fish species collected in four 

1st order intertidal mangrove creeks in the Curuçá estuary, Pará, north Brazil, using a 

fyke net. The experimentwise error was set to 0.05 using the Bonferroni approach. 

Significant critical values (F-values in case of ANOVA; H in case of Kruskal-Wallis 

test) are indicated by an asterisk. W: wet season; D: dry season. d.f.: degrees of 

freedom. In multiple post-hoc comparisons (Tukey’s honest significant difference 

(HSD) method) significantly different pairs are indicated by the same font style. 

 

 Variable Main effect Interaction Tukey HSD test 
 Creek (1) Season (2) (1) x (2) 
  (d.f. 3, 16)  (d.f. 1, 16) (d.f. 3, 16) 

(1) (2) (1) x (2) 

Species richnessa 0.85 1.94 1.38    
Species/Familya 2.16 5.14 2.98    
Diversity H' (log10)a 3.84 25.08* 4.10  W>D  
Evenness J'a 5.47 19.17* 4.57  W>D  
Density (fish m-2)b 8.29* 3.78 1.23 2>3>4>1   
Biomass (g m-2)c 13.13* 3.20        
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Table 3. continued      
 Variable Main effect Interaction Tukey HSD test 
 Creek (1) Season (2) (1) x (2) 
  (d.f. 3, 16)  (d.f. 1, 16) (d.f. 3, 16) 

(1) (2) (1) x (2) 

DENSITY       
A. hepsetusc 3.33 3.13     
A. clupeoidesc 5.91 3.41     
Cathorops sp.b 0.59 33.44* 0.27  W>D  
C. edentulusc 2.12 1.60     
C. psittacusb 13.41* 0.29 0.39 2>(3)>1>(4)   
G. luteusb 8.65* 3.6 0.34 2>(3)>(4)>1   
S. herzbergiib 0.75 10.63* 2.29  W>D  
Mugil sp..b 3.55 13.18* 0.18 2>3>1>4 D>W  
O. saurusc 13.08* 0.36     
R. amazonicac 2.05 3.43     

a: Two-way ANOVA, log(x+1) transformation 
b: Two-way ANOVA, fourth root transformation 
c: Kruskal-Wallis test 

 

Cluster analysis separated the samples into four groups according to an interaction of 

the factors season and site (A-D in Fig. 4A). Group A contained only two dry season 

samples in the outer creek 3. Group B consisted of dry season samples, primarily from 

the creeks 1 and 2. Group C was comprised of wet season samples of the outer creeks 

(creeks 2 and 3). The largest group D contained mainly wet season samples, especially 

from the innermost creek 4. The combination of season and site had a significant effect 

on changes in the structure of the fish fauna compositions in the intertidal mangrove 

creeks (two-way cross-ANOSIM; season: global R = 0.30, p < 0.05; creek: global R = 

0.22, p < 0.05) as displayed in the MDS ordination (Fig. 4B). There was a diagonal 

gradient in Fig. 4B regarding the catch weights, with the highest values on the lower left 

(group C: wet season, outer creek) and lowest values on the upper right of the MDS plot 

(group A/B: dry season). Wet season samples had a lower dispersion value than dry 

season samples (MVDISP: 0.756 vs. 1.244). Wet season samples were more tightly 

clustered, indicating more uniform fish fauna assemblages whereas dry season samples 

formed a widely dispersed group in the upper region of the plot, pointing to more 

distinct fish fauna compositions between the creeks, especially in September (Fig. 4B). 

Superimposing of the main fish family densities on Fig. 4B showed that the MDS group 

C (outer creeks, wet season, highest catch weights) was characterized by highest 
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densities of Tetraodontidae, Ariidae, Sciaenidae (Fig. 4C-E) and Haemulidae (not 

shown). The MDS group A/B (dry season, lowest catch weights) was typified by 

highest densities of Engraulidae that occurred mainly in September (Fig. 4E). However, 

while fish densities of the September samples in the outer creeks 2 and 3 were 

dominated by juveniles of A. clupeoides (Sep2 and Sep3), A. hepsetus dominated in the 

innermost creek 4 (Sep4). The high density in May and July in creek 2 was due to adult 

C. edentulus and juvenile A. hepsetus, respectively. Furthermore, it can be noted that 

Engraulidae occurred in the inner creek 1 only with lowest densities. The group D was 

intermediate because none of the dominant fish families had their density or biomass 

peak in these samples. Superimposing of salinity (not shown) confirmed the dry-wet 

season alternation but did not help to explain the spatial patterns.  

 

 
Figure 4. Ordination of total catch weight data for all fish species collected bimonthly 

between September 2003 and July 2004 from four intertidal mangrove creeks. (A) 

Cluster dendrogram, (B) MDS plot. Open symbols: dry season. Black symbols: wet 

season. The number inside the symbol in the MDS plot refers to the month sampled. (C-

F) The same MDS as in (B), but with superimposed circles, sized according to changes 

in density of four dominant fish families. 
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The results of the RELATE routine showed that bimonthly changes in the fish fauna 

composition, of all samples, followed a cyclical (annual) pattern (sample statistic: 0.1, p 

< 0.01). To track the site-specific changes in the fish fauna throughout the year, the 

samples were ordinated separately for each creek (Fig. 5). Starting with September 

2003, the samples followed a cyclic change, anticlockwise in creeks 1 and 3 (Fig. 5A, 

C) and clockwise in creek 2 (Fig. 5B). In the innermost creek 4 with the lowest 

dispersion value, all except the September sample clustered together, however, the 

January to July samples still followed a cyclic pattern (Fig. 5D).  

 

 
Figure 5. MDS plot of samples for each creek (A-D). Dispersion values (MVDISP) are 

shown. 

 

DISCUSSION 

 

Temporal patterns 

Similar seasonal changes in fish assemblages occurred in all creeks. The cyclic changes 

in the intertidal fish fauna compositions did not affect overall density and biomass 

throughout the year. Similar numbers and standing stock were apparently maintained all 

year round. This suggests that increases in abundance or weight in some species were 

compensated by reductions in others. For instance, Mugil sp. dominated both in density 

and biomass in the dry season while Ariidae dominated in the wet season (Table 3). 
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Spatial Patterns 

The outer creeks 2 and 3 had higher fish biomass and density year-round without a site 

× season interaction. This pattern was driven by four dominant fish families (Fig. 4C-

E). Consequently, the two outer creeks per se were associated with higher abundances 

of juvenile fishes per unit of area. The creeks were located in a zone of homogenous 

salinity and none of the environmental parameters recorded could explain spatial 

differences between the creeks’ fish assemblages. Creek size is another possible factor 

as suggested by results of Barletta et al. (2003), Barletta-Bergan et al. (2002) and 

Paterson and Whitfield (2003). However, differences between our creeks were not 

related to creek size because the largest creek 4 (2-8 times larger than the other creeks; 

Table 1) did not have the highest densities. Thus, it seems other factors might have a 

role in the significant differences between the fish fauna compositions of intertidal 

mangrove creeks. Paterson and Whitfield (2003) have suggested that topographical 

characteristics and not physico-chemical variables (temperature, salinity, turbidity) 

explain the distribution patterns of fish in three intertidal salt marsh creeks in a South 

African estuary. We propose that landscape factors may be important in structuring 

intertidal fish assemblages of mangrove creeks. In our system, landscape features that 

likely play an important role are the relative position to the sea or to the mainland 

irrespective of salinity (e.g. location at the edge or in the center of a mangrove area); 

proximity to an extensive subtidal resting area where the intertidal fishes may spend the 

low tide period; topography at the mouth of a creek that allows the unrestricted inflow 

of the flood tide and the immigration of fish species; and structural complexity and 

topography (e.g. canopy cover, ramifications, inundation period). For example, creeks 1 

and 4 were characterized by natural obstacles at the mouth (extensive sand bank and 

rocks, respectively), and closer proximity to the mainland. Moreover, the subtidal area 

in front of creek 1 was characterized by a deep depression (8 m at low tide) and bedrock 

as bottom substrate (Table 1). Fishermen reported that adult predatory fishes can be 

caught in the Muriá channel close to the entrance of creek 1.  

Where mangrove, seagrass and coral reef biotopes co-occur, strong connectedness of 

their fish fauna often exists. Many studies compare samples from different biotopes 

under the assumption that they are representative for the particular shallow-water 

biotope (e.g. Nagelkerken et al., 2000). However, prior to this type of comparison, a 

proper understanding of the habitat variability within a biotope is required. Our results 
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from one mangrove biotope emphasize that, prior to any inter-biotope comparison, it is 

essential to elucidate intra-biotope variability. 

Our findings from the Curuçá estuary suggest that spatial differences in the composition 

of the intertidal fish fauna within a zone of homogenous salinity are dependent on 

landscape features. However, there is still not enough information to precisely 

determine general spatial relationships between mangrove creek features and fish 

assemblage structure. Due to the uniqueness of each creek, it is difficult to define a 

minimum number of intertidal creeks that must be sampled in order to provide a 

representative picture of the spatial variation within a salinity zone. Given the spatial 

heterogeneity encountered in fish assemblages among creeks of the same salinity zone, 

however, a preliminary classification of mangrove habitat landscape features seems 

necessary (sensu Valesini et al., 2003) to establish e.g. how many similar types of 

intertidal mangrove creeks exist in an area. Only then can different types of creeks be 

reasonably related to spatial differences in fish habitat use.  
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ABSTRACT 

 

The first comparison of the intertidal fish fauna from three estuaries along the longest 

contiguous mangrove area of the world in North Brazil revealed a significant 

heterogeneity in the species composition and functional and ecological guilds with an 

increase of Tetraodontidae and Engraulidae and a decrease of Sciaenidae and Mugilidae 

towards the Amazon mouth. A classification of the mangrove estuaries is urgently 

required to identify types of estuaries and/or coastal sectors.  

 

KEY WORDS: fish assemblages; intertidal mangrove creek; block net; tropical estuary; 

North Brazilian coast 

 

While there is already a comprehensive understanding of the processes operating at 

regional and large biogeographical scales for fishes of coral reefs (e.g. Floeter et al., 

2001; Bellwood & Wainwright, 2006), of seagrass meadows (e.g. Pollard, 1984) and 

saltmarshes (e.g. Mathieson et al., 2000), large scale comparisons of mangrove fish 

faunas are limited to a few studies from Australia (Robertson & Duke, 1990; Robertson 

& Blaber, 1992, p. 201-206; Blaber, 2002; Ley, 2005). These studies, however, 
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compare mangrove creek fish faunas from different regions with discrete mangrove 

vegetation or use results gathered with different fishing methods. Although many 

mangrove areas cover extensive coastal stretches, no large-scale comparisons of fish 

fauna, from different sites within a single mangrove habitat located in a larger 

contiguous mangrove area, have been carried out. 

We analyzed the intertidal mangrove creek fish fauna from three estuaries along the 

longest contiguous mangrove area of the world (ca. 650 km), covering ca. 7.000 km2 of 

the coastal area of the north Brazilian states Pará (PA) and Maranhão (MA) (Kjerfve & 

Lacerda, 1993). This mangrove environment is characterized by estuarization of inshore 

waters and by a broad annual salinity range. The macrotides in the area are semi-

diurnal. The mangrove area is comprised of more than 30 larger estuaries and coves, 

most in a relatively undisturbed state (Lacerda et al., 2000). It is characterized by a 

homogenous vegetation dominated by only two tree species: Rhizophora mangle L. 

mixed with Avicennia germinans (L.). Laguncularia racemosa (L.) also occurs but is 

rare. The annual rainfall is on average 2,500 mm in PA and gradually decreases to the 

south-east with less than 2,000 mm in MA. 

Data based on intensive sampling campaigns are available from the Curuçá estuary 

(Giarrizzo & Krumme, 2007), the Caeté estuary (Barletta et al., 2003; Krumme et al., 

2004) and the São Luis Island system (Batista & Rêgo, 1996; Castro, 2001), 

approximately 50 km, 200 km and 500 km away from the eastern tip of the mouth of the 

southern channel of the Amazon delta (Pará River), respectively (Fig. 1). These studies 

provide a unique opportunity to compare the fish fauna because all used the same 

methodology (block nets set at creek mouths at slack high tide) and all were conducted 

in the same habitat (intertidal mangrove creek). We tested the hypothesis that there are 

no differences in the fish fauna of intertidal creeks between the estuaries along the 

homogenous mangrove coastline. 

Table 1 summarizes the results of the five fish surveys carried out in PA and MA. The 

total number of species, the species/family ratio and the species diversity H′ were 

similar between the studies (Barletta et al., 2003). However, the species composition 

differed. Thirty species occurred in all estuaries, 29 in only two estuaries and 18, 8, and 

30 species were exclusively captured in the Curuçá creeks, the Caeté creeks and São 

Luis Island, respectively. The number of exclusive species highlights that more samples 

are required to reach the asymptote of a species-accumulation curve for fish species 

from intertidal mangrove creeks along the north Brazilian coast. Until now a total of at 
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least 115 fish species was recorded from the intertidal mangrove creek habitat in north 

Brazil. 

 
Figure 1. The longest contiguous mangrove area of the world (black) in North Brazil. 

Superimposed is the cluster of presence/absence data of all fish species from the five 

surveys (a-e; see Table 1) conducted in three estuaries (indicated by arrows). 

 

All creek systems were dominated by the same fish families (Table 1). However, there 

was a gradient in the contribution of Tetraodontidae [almost exclusively Colomesus 

psittacus (Bloch & Schneider, 1801)] and Engraulidae (nine species) with increasing 

weight proportions towards the Amazon mouth and decreasing weight proportions for 

Sciaenidae (up to ten species), Mugilidae (at least three species) and Haemulidae 

[mainly Genyatremus luteus (Bloch, 1790)]. Ariidae (essentially Cathorops sp. and 

Sciades herzbergii (Bloch, 1794)) were more abundant in the Caeté than in the Curuçá 

system. In São Luis, the relative abundance of Ariidae was inconsistent with these 

trends.  
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Table 1. Comparison of the five intertidal creek fish surveys from the mangrove coast of 

the north Brazilian states Pará (PA) and Maranhão (MA). 

Geographical location of estuary  
Curuçá (PA)a Caeté (PA)b Caeté (PA)c  Paciência (MA)d Tibiri (MA)e

Linear distance from Amazon mouth (km) 50 200 200 550 550
Fishing method Fyke net Block net Block net Block net Block net
Number and order of intertidal creeks 4 x 1st 3 x 1st 2 x 2nd 3 x 1st 4 x 1st

Maximum distance between creeks sampled (km) 4•0 0•5 0•05 1•5 1•3
Time period covered (months) 12 12 2 12 12
Salinity range 6 - 41 6 - 35 8 - 30 3 - 38 9 - 28
No. of fish species 65 49 40 75 34
No. of species exclusively caught in the study 18 6 1 23 2
Diversity H' (log10) range 0•6 – 1•1 0•5 – 0•8 0•8 - 1•0 1•3 0•6 - 0•7
Species/family ratio 2•2 1•9 1•5 2•3 1•5
Relative abundance of juveniles (%) 90 80 87 - -
Density (fish m-2) 0•34 0•11 0•10 - -
Biomass (g m-2) 6•0 2•1 1•4 - -
DOMINANT FAMILIES IN TERMS OF TOTAL CATCH WEIGHT (%)  
Tetraodontidae 52•1 27•2 19•3 4•1 2•3
Engraulidae 12•7 14•5 8•1 1•2 2•1
Sciaenidae 3•5 3•5 6•7 18 29•7
Mugilidae 5•5 1•0 4•2 26•8 6•1
Haemulidae 1•7 1•7 0•5 8•2 2•9
Ariidae 18•7 42•1 47•8 13•6 42•8
TROPHIC GUILDS(1) IN TERMS OF TOTAL CATCH WEIGHT (%)  
B 77•0 78•8 77•3 43•1 63•5
B/I 3•0 6•3 5•0 24•2 25•4
H 18•0 5•1 13•0 29•3 10•3
I 0•3 0•3 0•4 0•5 <0•1
L 0•7 0•3 0•3 1•6 0•1
Z 1•0 9•2 4•0 1•3 0•7
ECOLOGICAL GUILDS(2) IN TERMS OF TOTAL CATCH WEIGHT (%)  
EM 8•0 5•0 <0•1 37•2 34•6
F 1•0 2•3 1•0 0•5 1•1
M 9•0 3•2 14•0 33•0 10•3
TE 82•0 89•5 85•0 29•3 54•0

 
a: Giarrizzo & Krumme (2007), b: Barletta et al. (2003), c: Krumme et al. (2004), d: 

Castro (2001), e: Batista & Rêgo (1996). (1): Trophic guild according to Krumme et al. 

(2004), Froese & Pauly (2007) and own stomach inspections: B: benthophage, B/I: 

benthophageichthyophage, H: herbivorous, I: ichthyophage, L: lepidophage, Z: 

zooplanktivorous; (2): Ecological guild according to McHugh (1967): EM: estuarine-

marine species, F: freshwater fishes, M: marine species, TE: truly estuarine resident 

species. 
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The main reason for the low weight proportion of Tetraodontidae in São Luis Island is 

still unknown. It may be related to the stronger marine influence and the larger tidal 

range (ca. 7 m) in the São Marcos Bay, along with the southern distributional edge of C. 

psittacus. The greater abundance of Engraulidae in the PA estuaries is likely related to a 

greater phytoplankton production towards the mouth of the Amazon River (DeMaster & 

Pope, 1996). 

High abundances of Sciaenidae, Mugilidae and Haemulidae in São Luis Island are 

likely due to a stronger marine influence. Sciaenidae tend to dominate the fish fauna of 

the inshore grounds of the tropical Western Atlantic (Longhurst & Pauly, 1987, p. 148). 

A higher abundance of Ariidae in the Caeté system when compared to Curuçá can be 

associated with a higher riverine input in the Caeté system and hence, a higher sediment 

load that may promote a richer benthic fauna (e.g. polychaetes, fiddler crabs).  

 

A cluster analysis, based on the presence/absence of a species (Jaccard index), separated 

the five intertidal fish surveys in PA and MA into two groups according to the 

geographical proximity between the estuaries (Fig. 1): (A) coast of PA (Curuçá and 

Caeté estuary), and (B) São Marcos Bay/MA (São Luis Island). 

The differences in the composition of the intertidal fish assemblages between PA and 

MA are also reflected in differences in the composition of the functional (Krumme et 

al., 2004; Froese & Pauly, 2007) and ecological guilds (McHugh, 1967). The problem 

of splitting taxonomic groups into different guilds did not occur in our data set because 

the single families were fully assorted to single guilds. 

Differences in the trophic structure between PA and MA were apparent despite the 

homogeneity of the mangrove belt. In the MA creeks the weight contribution of bentho-

ichthyophage species was approximately five times higher than in the PA creeks (Table 

1). This is mainly due a higher portion of Sciaenidae in MA. The weight contribution of 

benthophage species was 14 – 35 % lower in the MA than in the PA creeks (Table 1) 

which is mainly due to less Tetraodontidae in MA. It is still unknown to what extent 

regional differences in food resource distribution are related to the different trophic 

structure of their intertidal creek fish assemblages in PA and MA. 

The very low representation of piscivores in all sites and the high proportion of 

juveniles (Table 1) emphasize that the intertidal mangrove creek habitat may provide 

important nursery areas for many fish populations along the north Brazilian coast 

(Barletta-Bergan et al., 2002).  
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Estuarine-marine and marine species contributed more than one third to the catch 

weights in the MA creeks. True estuarine species dominate the catches in the PA creeks, 

but they contribute only 29 % to 54 % of the catches in the MA creeks. This is likely 

due to the minor influence of freshwater run-off in the MA creeks. The intertidal fish 

fauna of the PA coast was dominated by benthophage and estuarine resident species 

suggesting that most energy taken up by intertidal mangrove fish remains in the 

estuarine system. This is similar to other tropical mangrove estuaries (Blaber, 1997; 

Albaret, 1999; Spach et al., 2004; Vidy et al., 2004). In São Luis Island estuarine-

marine and estuarine species were more important than in the PA creeks, suggesting a 

greater export of material from the mangrove system due to fish migration. 

In conclusion, the intertidal fish fauna was far more heterogeneous in terms of species 

composition, dominance of fish families, and contribution of functional and ecological 

guilds than a homogenous mangrove belt dominated by only two tree species would 

suggest. 

This is the first large-scale comparison of the aquatic fauna composition in the 

mangrove area of north Brazil. It remains unknown whether similar distributional 

gradients also exist in other aquatic groups. The results are still preliminary because the 

analysis covers less than 10 % (3 out of >30) of the estuaries comprising the second 

largest continuous mangrove area of the world. However, the fact that there is a clear 

gradient in the fish fauna of a homogeneous mangrove area already provides important 

implications for research and conservation. Results from one mangrove site cannot be 

readily considered representative for the entire mangrove area. On a larger spatial scale, 

the diversity and structure of the aquatic fauna in mangroves seem to be primarily 

influenced by the estuarine-marine and are not significantly affected by diversity in the 

mangrove forest proper. From our observations, the important factors contributing to the 

heterogeneity among the north Brazilian estuaries in terms of their ichthyofauna include 

proximity to the plume of the Amazon River, freshwater and nutrient input vs. marine 

influence, tidal range, and landscape features of the estuary (Giarrizzo & Krumme, 

2007).  

A classification of the mangrove estuaries based on abiotic and biological parameters is 

urgently required to identify types of estuaries and/or coastal sectors. This classification 

will be used to optimize efforts in research, monitoring and conservation of this unique 

mangrove ecosystem before more serious environmental degradation from human 

activity occurs. 
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ABSTRACT 

 
To examine the temporal patterns in recruitment of a tropical ichthyofauna, fisheries-

independent samples were collected between September 2003 and July 2004 from 

intertidal mangrove creeks in the Curuçá estuary, Pará, north Brazil. Juveniles occurred 

year-round with the most intense recruitment periods during the wet/dry season 

transition (Anchovia clupeoides, Cetengraulis edentulus, Rhinosardinia amazonica, 

Mugil sp.). Recruitment of Colomesus psittacus and Anchoa hepsetus was continuous. 

Sciades herzbergii displayed two recruitment peaks (wet and dry seasons) while 

Cathorops sp. peaked only in the wet season. The continuous presence of juveniles in 

tropical mangroves suggests that fisheries management should be based on large no-

take areas rather than closed seasons. 

 

KEY WORDS: fish recruitment, juvenile fish, mangrove estuary, tropical fisheries 

management, Curuçá, Brazilian Amazon 
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INTRODUCTION 

 

20% of the total fisheries landings of Brazil come from the marine and estuarine 

fisheries of the northern states Amapá and Pará (IBAMA, 2004; Isaac et al., 2006). Fish 

account for 89% of the catches in north Brazil and are the most important resource in 

this region (IBAMA, 2004). Despite the economic importance of the coastal-marine 

fisheries north and south of the mouth of the Amazon River, its management is 

precarious. Increasing fishing pressure on estuarine and associated mangrove 

ecosystems and forms of illegal fishing are posing serious threats to some species and 

ecosystem biodiversity.  

Fisheries management is in part based on non-ecological considerations. Yet many 

management decisions are made without the vital biological data on the diverse tropical 

ichthyofauna and its economically important fish species in north Brazil. Important 

basic information, such as the temporal patterns in juvenile recruitment of many fish 

species, has thus far not been investigated. We use the term "recruitment" as the 

appearance of juvenile fish in the mangrove habitat.  

Studies on habitat use and the biological cycles of fish are essentially limited to the 

south of Brazil. Moreover, Brazilian fisheries legislation defines closure periods only 

for commercially important tropical stocks in north Brazil (e.g. Lutjanus purpureus), 

however, no management actions have been implemented to protect juveniles, spawning 

grounds or spawning seasons of non-commercial fishes. These fish species account for 

the broad ichthyofaunal diversity in the region and are targeted by the subsistence and 

the artisanal fisheries. 

A survey in 2003 showed that from the total fish landings in north Brazil, 90% come 

from the artisanal fisheries (IBAMA, 2004; Isaac et al., 2006). Despite the paucity of 

statistical data on fisheries production in the Brazilian mangrove areas, estimates 

indicate that, in some states, mangrove ecosystems contribute up to 50% of total 

artisanal fisheries production. A survey of the artisanal fishery landings in 2000/2001 in 

Bragança, the third largest landing site in Pará, revealed that the intertidal fisheries 

contributed 46% to the total landings (Espírito Santo, 2002). 

Macrotides (2-7 m tidal range) along the north Brazilian coast expose extensive 

mudflats and sandbanks to the air each tide. The high intertidal zone of the states of 

Pará and Maranhão is covered by approximately 7,000 km2 of almost undisturbed 

mangrove forests (Kjerfve and Lacerda, 1993) - the second largest contiguous mangrove 
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area of the world. Due to the structural complexity, shallowness and high turbidity, 

mangroves provide shelter, food and shadow for juvenile fishes and shrimps and are, 

therefore, considered important nursery grounds worldwide (e.g. Laegdsgaard and 

Johnson, 1995; 2001; Vendel et al., 2002). Many fish directly use the mangrove at least 

during some period of their life cycle, or may indirectly rely on resources derived from 

it. 

The mangrove areas connect the high intertidal zone where many fish forage during 

high tides, with the subtidal areas where the fish reside during the low water period. 

Common artisanal fishing methods take advantage of the regular tidal migrations 

connecting different intertidal fish habitats and consequently, target fishes in their 

nursery environment. For instance, block nets are set inside the mangrove area while 

large intertidal fish weirs are constructed on sand banks (Isaac and Barthem, 1995; 

Barletta et al., 1998). While a minimum mesh size of 80 mm is defined for block nets, 

fixed fishing techniques such as fish weirs are completely prohibited (SUDEPE, 1988). 

Nevertheless, hundreds of fish weirs are installed along the coast of Pará. Around 30% 

of the total catch weight is discarded as by-catch (Schaub, 2000) which often includes 

juvenile stages of several commercial species, thus having adverse effects on the adult 

stock and their fisheries.  

To provide more scientific information on the fish fauna in north Brazil, this study 

analyzed the temporal variation in the occurrence of juveniles of eight abundant fish 

species from the intertidal mangrove creeks of the Curuçá estuary, a marine 

conservation unit (marine extractive reserve) on the eastern tip of the Pará River mouth 

(Fig. 1). The species were members of the families Engraulidae (Anchoa hepsetus, 

Anchovia clupeoides, Cetengraulis edentulus), Clupeidae (Rhinosardinia amazonica), 

Tetraodontidae (Colomesus psittacus), Ariidae (Cathorops sp., Sciades herzbergii) and 

Mugilidae (Mugil sp.). Except for Ariidae and Mugilidae, the species studied here are 

not of economic importance. Nevertheless, they are linked to higher trophic levels via 

the food web.  

The year-round high proportion of juvenile fishes in the creeks (80-90%) suggests that 

(1) intertidal mangrove creeks generally deserve a high conservation status; (2) 

temporal closures are inappropriate; and (3) instead, spatial closures are most suitable 

for these tropical fish stocks. Given the increasing fishing pressure, large no-take areas 

(Marine Protected Areas) using a “whole-estuary” approach are likely most appropriate 

for a sustainable management of these valuable fisheries resources. 
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MATERIAL AND METHODS 

 

Study area 

The study was carried out in four intertidal mangrove creeks in the upper and middle 

reaches of the Curuçá estuary (0° 10´S, 47° 50´W) (Fig. 1). The Curuçá estuary is a 

marine-dominated system with little freshwater input. It is covered by approximately 

116 km2 of mangrove forest dominated by Rhizophora mangle L. mixed with Avicennia 

germinans (L.) on the more elevated sites. The creeks (approximately 4 km apart) are 

located within a zone of homogeneous salinity. Also in this zone temperature, pH, 

turbidity, oxygen content and biological oxygen demand displayed no significant spatial 

differences (for details see Giarrizzo and Krumme, 2007). There is a dry season from 

July to December (salinities > 25) and a wet season from January to June (salinities < 

15). The mean annual rainfall is 2,526 mm. The semidiurnal tide ranges between 3-4 m 

at neap tides and 4-5 m at spring tides.  

 
Figure 1. (a) Coast of the states Pará and Maranhão, north Brazil, covered by the 2nd 

largest mangrove area of the world; (b) location of the Curuçá estuary on the southern 

edge of the Pará River mouth. 
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Fish collection 

The four creeks were sampled bimonthly between September 2003 and July 2004 at 

four consecutive days during waxing of the moon (neap tide) with a fyke net (two 

wings, 20 × 6 m, and a hoop-net with 20 mm and 13 mm stretched mesh size, 

respectively), yielding a total of 24 samples. The fyke net was set at the mouth of the 

creeks at daytime slack high water (HW). During ebb tide the fish were collected until 

total drainage of the creek and kept on ice. 

 

Catch analysis 

For the eight most abundant species total length (TL) was measured (± 1 mm) and wet-

weight was determined (± 0.01 g). Each creek was surveyed to generate an estimate of 

the inundated area (m2) for a medium neap tide event using ArcGIS. Fish abundance 

was standardized to density (fish m-2). 

We use Cathorops sp. (Ariidae) for a catfish locally called “Uricica branca” (Krumme 

et al., 2004). We use Mugil sp. for a species identified as Mugil gaimardianus because 

the original description does not clearly define the species and M. gaimardianus is an 

invalid name (I. Harrison, American Museum of Natural History, pers. comm.). Gonad 

inspection was used to distinguish juveniles from adult fish. 90% of all fish caught were 

juveniles (Giarrizzo and Krumme, 2007). Since adults use the intertidal creeks only 

occasionally, we excluded them from the temporal analysis. 

 

Data analysis 

For each month, the catches from the four creeks were pooled. Periods of recruitment to 

the intertidal mangrove creeks were inferred from changes in density and mean length 

of juveniles. Kruskal-Wallis test was used to ascertain whether density of juveniles 

changed between months. The Nemenyi test was used for post-hoc analysis.  

Temporal similarities in the density of the species was assessed using cluster analysis 

(complete linkage) based on Bray-Curtis similarity measures (Primer 5; Clarke and 

Warwick, 1994). As abundances between species differed by two orders of magnitude, 

data were log (x+1)-transformed. 
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RESULTS AND DISCUSSION 

 

Juveniles of A. clupeoides, A. hepsetus, C. psittacus, C. edentulus, R. amazonica, S. 

herzbergii, Mugil sp., and Cathorops sp. accounted for 38.8%, 20.4%, 12.2%, 11.3%, 

7.2%, 6.4%, 3.3% and 0.4% of a total of 45,314 fish collected, respectively.  

Densities of juvenile C. edentulus, Cathorops sp. and Mugil sp. changed significantly 

between months (KW test, p < 0.05) (Fig. 2e,f,a). 

 

 
Figure 2. Mean density (juvenile fish m-2 ± 1SE) of the eight most abundant fish species 

collected bimonthly from four intertidal mangrove creeks in the Curuçá estuary, Pará, 

north Brazil, between September 2003 and July 2004. 
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Densities of C. edentulus were significantly higher in May than in March and 

November (Nemenyi test, p < 0.01). Densities of Cathorops sp. were significantly 

higher in May than in January, September and November (Nemenyi test, p < 0.1). No 

significant post-hoc differences were detected for Mugil sp., likely due to the large 

variations in density. In R. amazonica, there was a trend for higher densities in 

September than in May (Fig. 2b). There were no significant differences in densities of 

juveniles of A. clupeoides, A. hepsetus, S. herzbergii, and C. psittacus (Fig. 2c,d,g,h). 

The cluster analysis separated two groups (Fig. 3) at a similarity of 38%. Group I 

consisted of four fish species with higher densities during the wet season. Group II 

consisted of four fish species with higher densities during the dry season. 

 

 
Figure 3. Dendrogram showing the clustering results of the density of the juveniles of 

the eight most abundant fish species collected from intertidal mangrove creeks in the 

Curuçá estuary (north Brazil) between September 2003 and July 2004. Two groups 

were separated at 38% similarity. 

 

Fig. 4 shows the months when the smallest or largest juveniles were found in the creeks. 

The temporal pattern was clearest in the dry season group (Fig. 4a-d) and is therefore 

discussed first. The smallest juveniles occurred in September and July during the dry 

season while the largest juveniles occurred usually in March (wet season). In these 

species, the highest juvenile densities coincided with the smallest mean fish sizes. 
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Figure 4. Changes in total length (mean and 95% confidence interval) of juveniles of the 

eight most abundant fish species collected bimonthly from intertidal mangrove creeks in 

the Curuçá estuary (north Brazil) between September 2003 and July 2004. 

 

On the species level the temporal patterns from the dry season group were as follows: 

Mugil sp.: The average length of young-of-the-year mullets increased slightly from 

May to September (Fig. 4a), indicating an extended period of juvenile recruitment 

during the wet/dry season transition period and growth of the cohort during the dry 

season. The high densities in September 2003 can be attributed to the schooling 
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behavior of juvenile Mugil sp. and the random capture of some schools in the creeks. 

Sikoki et al. (1998) showed a similar temporal pattern for M. cephalus in Nigeria with a 

protracted spawning period between September and December from the late rainy 

season to early dry season.  

The only area that can be used for comparison is the Caeté estuary (Fig. 1a) located ca. 

150 km east of the Curuçá estuary. Ichtyoplankton samples taken in the main channel 

and in the intertidal mangrove creeks there (Barletta-Bergan et al., 2002a,b) did not 

catch larvae of mullets, indicating that spawning may occur along the coast and the 

juveniles use the mangrove habitat as nursery grounds. A similar breeding cycle was 

found for Mugilidae in the coastal waters of the Indo-West Pacific (Blaber, 1987).  

Rhinosardinia amazonica: The lack of significant changes in the length of R. 

amazonica between September, November and also in July (Fig. 4b) suggest an 

extended recruitment of young-of-the-year during the wet/dry season transition and in 

the late dry season. Estuarine spawning occurs primarily in the dry season as indicated 

by the high abundances of yolk-sac larvae of R. amazonica in the Caeté estuary 

(Barletta-Bergan, 1999, p. 71).  

Anchovia clupeoides: The smallest juvenile A. clupeoides were caught between 

September, November and July (Fig. 4c) suggesting the extended occurrence of one 

major cohort per year with a spawning peak during the wet/dry season transition in 

June/July. Likewise in the Caeté system, peak spawning activities occurred during the 

early wet season in the upper estuary; spawning seemed to occur pelagically in the 

estuarine bay and eggs were poorly represented in the mangrove creeks (Barletta-

Bergan et al., 2002a,b).  

Anchoa hepsetus: In the creeks the mean size of juvenile A. hepsetus did not change 

during the year (Fig. 4d). This suggests that, first, a particular size- (or age-) specific 

subgroup of the population is continuously using the intertidal mangrove creeks. 50% of 

the A. hepsetus caught measured between 3.3 to 4.4 cm TL. Thus A. hepsetus use 

different estuarine habitats at different points in their life cycle, changing to another 

habitat at a certain size. Second, the juvenile recruitment must be continuous. Third, the 

reproductive activity of the adults is also continuous. In Mexico the reproductive season 

of A. hepsetus extends throughout the year (Valencia et al., 1998). Higher densities in 

September and July suggest that the early dry season is an important period for juvenile 

recruitment. 
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The temporal pattern of the wet season group was more complex (Fig. 4e-h). Except for 

Cathorops sp. (see below), the juveniles of all species used the intertidal mangrove 

creeks throughout the year. On the species level the temporal patterns from the wet 

season group were as follows: 

Cetengraulis edentulus: The mean size of juvenile C. edentulus increased from 

September to May suggesting that a single cohort is using the intertidal creeks during 

most of the year (Fig. 4e). If we assume a growth rate of 13.3 mm month-1 (Sergipense 

and Sazima, 1995) and count back from September, the major reproductive period likely 

occurs in the wet/dry season transition in about May. Both specimens < 5 cm and > 12 

cm TL were essentially absent from the creeks in Curuçá. The fyke net captured fish of 

only 2 cm TL. That C. edentulus < 5 cm were not found reflects their absence from the 

entire creek habitat. Barletta-Bergan et al. (2002a,b) caught insignificant numbers of 

larvae of C. edentulus, both in mangrove creeks and in the Caeté Bay. Consequently, 

there are significant ontogenetic changes in habitat use and different coastal estuarine 

habitats which must be interlinked by active movements of the size classes. In 

Venezuela C. edentulus spawned near the coast in the wet season at night (Simpson, 

1985). Hence, eggs and the early life stages likely occur along the coast. Juveniles and 

subadults use the intertidal creeks as important feeding grounds (Keuthen, 1998) while 

adults that were rarely caught in the intertidal creeks (Barletta et al., 2003), are found 

again in coastal waters.  

Cathorops sp.: Unlike the year-round dominance of Cathorops sp. in block net samples 

from intertidal mangrove creeks in the Caeté system (Barletta et al., 2003), juveniles 

occurred in the creeks of the Curuçá system only in the wet season where they displayed 

a minor size increase from March to July (Fig. 4f). The absence of Cathorops sp in the 

dry season may be linked to a longitudinal shift in the estuarine distribution. Cathorops 

sp. is described as withdrawing to the lower salinity regions during the dry season (pers. 

comm. with fishermen). In the main channel of the Curuçá estuary, trawl samples 

showed that Cathorops sp. have one clear peak in gonadal maturity during the dry/wet 

season transition (December/January) (Giarrizzo, unpubl. data). In the Caeté system, 

mouth-breeding males of Cathorops sp. were absent from the dry season lift net catches 

while the gonadosomatic index of females increased towards the end of the dry season 

(Leal-Florez, 2001). During the wet season, male Cathorops sp. were incubating 

embryos (Barletta et al., 2003, Krumme et al., 2004). The reproductive activity during 

the wet season coincided with greatest biomass and density (Barletta et al., 2003, 
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Giarrizzo and Krumme, 2007), emphasizing the importance of the intertidal mangrove 

creeks for the reproductive period of Cathorops sp.  

Sciades herzbergii: The smallest juvenile S. herzbergii were caught in September 

suggesting occurrence of a new cohort in the early dry season (Fig. 4g). In March, there 

was another decrease in mean LT, though less pronounced, suggesting the occurrence of 

a second cohort in the wet season. Cohort analysis of catches from Curucá showed that 

S. herzbergii exhibited a spawning period in January and probably also in August 

(Giarrizzo and Saint-Paul submitted to Revista de Biología Tropical). The brief time 

period between spawning and the occurrence of the cohort accords with the time 

necessary to release fully functional juveniles [10-12 days for oral incubation by the 

males and 50-60 days until release of the juveniles (Chacon et al., 1994)]. In Ceará 

(Chacon et al., 1994) and French-Guyana (Le Bail et al., 2000) S. herzbergii were found 

to have two reproduction cycles per year. The S. herzbergii example demonstrates that a 

bimonthly sampling, when there are two reproduction periods per year, may not be 

precise in tracking temporal changes in the occurrence of new cohorts. 

Colomesus psittacus: In the creeks there were no major changes in the mean size of 

juvenile C. psittacus during the year (Fig. 4h). This suggests that, first, a size- (or age-) 

specific subgroup of the resident population is continuously using the intertidal 

mangrove creeks. 50% of the C. psittacus caught measured 7 to 13 cm TL. Second, the 

juvenile recruitment must be continuous. Third, the reproductive activity of the adults 

must also be continuous. Larvae of C. psittacus were rare both in the creeks and in the 

Caeté Bay (Barletta-Bergan et al., 2002a,b). Scientific beach seine catches in the Caeté 

system (Krumme et al., 2004) and in Curuçá (Giarrizzo, unpubl. data) found that the 

shallow unvegetated mud flats fronting the mangrove forest are an important habitat for 

juvenile C. psittacus with a mean size of only 2-3 cm TL. The minimal numbers of 

large adults in the creeks suggest that other estuarine habitats, such as the deeper waters 

characteristic of the open bay, are more important. This is supported by the regular 

occurrence of adult C. psittacus in the intertidal fish weirs (Schaub, 2000). The different 

estuarine habitats that are being used by different size classes of resident C. psittacus 

are likely connected by regular tidal migrations.  
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CONCLUSIONS AND IMPLICATIONS FOR FISHERIES MANAGEMENT 

 
The analysis of temporal changes in density and mean length of juveniles was a useful 

approach to derive patterns in recruitment of abundant mangrove fishes. Although the 

samples were taken only bimonthly, the sample sizes were sufficiently high to analyze 

changes in times. Monthly samples would provide more detailed results, e.g. linked to 

cohort analysis, but this will require greater investigative effort in both sampling and 

analysis. 

The juvenile recruitment was most intense during the wet/dry season transition (four 

species). Two species displayed a continuous recruitment of juveniles (C. psittacus, A. 

hepsetus). S. herzbergii displayed two recruitment peaks (wet and dry season) while 

Cathorops sp. peaked only in the wet season. Considering only the eight species studied 

here, it is evident that there is no single well-defined period of juvenile recruitment 

characteristic of the mangrove area. Juveniles of most species are present year round as 

was also shown by Barletta et al. (2003). This is a common pattern in tropical coastal 

fish communities and in contrast to the recruitment patterns of temperate zones which 

are mostly related to seasonal changes in temperature or day length (Longhurst and 

Pauly, 1987). The wide array of reproductive strategies of tropical estuarine fishes 

suggests that temporal closures in tropical regions are inappropriate. 

The almost exclusive use of intertidal mangrove creeks by only the juvenile size classes 

and the absence of fish in the earliest phase of life as well as mature adulthood indicate 

that these fish rely on different estuarine habitats during their life cycle. These habitats 

are interconnected by regular tidal or ontogenetic movements of the fishes (Sheaves, 

2005). The identification of key nursery areas may be useful to protect a particular size 

class, yet on the other hand it is not possible to protect the habitat requirements of a 

species throughout its life cycle. It therefore can be suggested that the “whole-estuary 

approach” may be the most appropriate management unit. The establishment of marine 

protected areas (MPAs) can be a useful tool in the management of living coastal 

resources (e.g. Salm et al., 2000). 

Along the coast of Pará and Maranhão there are more than thirty mangrove estuaries 

which remain relatively undisturbed. Nine have been declared as marine extractive 

reserves. Yet thus far attempts at a broadbased ecology preservation have been premised 

on non-ecological considerations due to the lack of relevant biological knowledge of the 

fisheries resources of the north Brazilian coast, i.e. conservation legislation has focused 
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on the social interests of local governments (prefeituras) and/or community 

organizations (e.g. associações de pescadores). Our results highlight the urgent need for 

further and expanded investigation, to obtain results (e.g. on vital nursery areas and 

habitat connectivity) which will help identify the locations and requirements of 

conservation necessary to preserve these important habitats in the future.  
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RESUMO 

 

Com o objetivo de examinar padrões temporais em recrutamento de uma ictiofauna 

tropical, pescarias experimentais foram realizadas entre setembro 2003 e Julio 2004 em 

canais de maré com vegetação de mangue no estuário do rio Curuçá, Pará, Norte do 

Brasil. Juvenis ocorreram durante todo o ano, entretanto com maior intensidade no 

período de recrutamento, durante a transição da estação chuvosa para a seca (Anchovia 

clupeoides, Cetengraulis edentulus, Rhinosardinia amazonica, Mugil sp.). O 

recrutamento foi continuo para Colomesus psittacus e Anchoa hepsetus. Sciades 

herzbergii apresentou dois picos de recrutamento (estação chuvosa e seca), entretanto 

Cathorops sp. teve somente um (estação chuvosa). A presença contínua de juvenis nos 

manguezais sugere que o manejo da pesca em regiões tropicais com vegetação de 
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mangue deveria se direcionar em definir grandes áreas de proteção ao lugar de épocas 

de defeso. 
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ABSTRACT 

 
Cohort analysis, condition factor and spatial distribution of Anchovia clupeoides were 

studied based on 18221 specimens captured in four intertidal mangrove creeks of the 

Curuçá estuary (North Brazil) from September 2003 to July 2004. Fish size ranged from 

1.6 to 18.0 cm total length. The condition factor averaged 0.72. The restructed length-

frequency generated by the ELEFAN I suggested the presence of two annual cohorts, 

indicating a main spawning event in July (post wet season) and a minor one in 

December / January (start of the wet season). The spatial distribution of juveniles A. 

clupeoides indicated a predominance of smaller individuals in the two shallowest creeks 

characterized by weak currents, while larger individuals were present in the deeper 

creeks with stronger currents. 

 

INTRODUCTION 

 
The zabaleta anchovy Anchovia clupeoides (Swainson 1839) is an abundant engraulid 

found along the western Atlantic tropical coastal line, from Cuba to Rio de Janeiro in 

Brazil (Whitehead et al., 1988). This relatively small, short-lived, euryhaline engraulid 

fish is commonly encountered in inshore waters, estuaries and lagoons where they feed 

mainly on copepods (Duque and Acero, 2003a, b). Although this species does not have 

74
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any commercial value, its participation in the food chain is valuable through the 

conversion of planktonic biomass into forage for piscivorous species (Baird and 

Ulanowicz, 1989). 

On the North Brazilian coast, juveniles of A. clupeoides are particularly abundant in 

intertidal mangrove environments (Barletta-Bergan et al., 2002a; Krumme et al., 2004), 

where they can represent up to 32% of the total fish catch, as for example in the Curuçá 

estuary located at the mouth of the Amazon delta (Giarrizzo and Krumme, 2007a). 

Despite its abundance and important ecological role, research on this species is scarce 

and documents primarily its feeding behaviour (Duque and Acero, 2003a, b), weight-

length relationships (Giarrizzo et al. 2006), and life history of individuals in the 

Colombian Caribbean region (Caselles-Osorio and Acero, 1996) and North Brazilian 

coast (Giarrizzo and Krumme, 2007b). 

This paper aims to provide further information on this species biology and ecology 

through the investigation of individuals’ growth and spatial distribution in four intertidal 

mangrove creeks of juveniles of A. clupeoides in the Curuçá estuary. 

 

MATERIALS AND METHODS 

 
Study area 

The present study was carried out in four intertidal mangrove creeks of the Curuçá 

estuary, North Brazil (0° 10’S, 47° 50’W) (Fig. 1). This area is characterized by 

mangrove forests dominated by Rhizophora mangle L. and Avicennia germinans (L.). 

The estuary is formed by the confluence of the Curuçá River and the Muriá channel. 

The latter is relatively deep (mean depth of 5 m at slack low water) with rocky banks 

while the Curuçá channel is muddy, shallow (mean depth of 2.5 m at slack low water), 

and bordered by extensive sand banks. The tides are semidiurnal, with a tidal range of 3 

- 4 m. Rainfalls average 2526 mm per year (ANA, 2006) and define a wet season from 

January to June when salinities can drop below 5, and a dry season from July to 

December when salinities can exceed 30. For further details on water quality 

parameters, see Giarrizzo and Krumme (2007a). 
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Figure 1. (a) Coastal lines of the Pará and Maranhão States, North Brazil; (b) location of 

the Curuçá estuary at the southern edge of the Pará River mouth. 

 

Fish collection 

Sampling took place on a bimonthly basis and at neap tide-day (waxing of the moon) 

from September 2003 to July 2004 using a fyke net composed of two wings (20 m long, 

6 m deep, 20 mm mesh size) and a hoop-net (13 mm mesh size). The net blocked the 

mouth of the creek at slack high water and was operated until total drainage of the 

creek. Once the sampling process was over, the net was taken out and the whole 

operation was repeated in another creek. Captured individuals were preserved on ice. 

The fish were identified, measured (total length, TL, ± 1.0 mm) and weighed (± 0.01 g). 

Juveniles and adult A. clupeoides were distinguished by visual observation of the 

gonads. Creek topography was surveyed through GPS data, compass, and tape 

measurements. A GIS map was drawn for each creek. These maps were used to estimate 

the inundated area (m2) at a mean neap tide inundation, thus allowing a standardization 

of the catches to biomass (g m-2) and density (fish m-2). 
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Data analysis 

The energy storage was assessed using the Fulton’s condition factor (K) following the 

equation: K = 100 (W × TL-3) (Ricker, 1975). 

A. clupeoides captured every two months were grouped on a 1.0 cm length class 

interval. Length-frequency distribution was used to estimate the species’ growth based 

on von Bertalanffy growth function (VBGF): Lt = L∞ [1 – e–K (t-t0)], where Lt is the 

estimated length in cm at age t, L∞ is the asymptotic fish length in cm, K is the growth 

coefficient, t is the fish age (year), t0 is the hypothetical age at which the length of the 

fish is zero (von Bertalanffy, 1934, cited in Sparre et al., 1989). In the present case, L∞ 

was estimated using the equation: L∞  = 10 exp [(0.044 + 0.9841 × log10 (Lmax)] (Froese 

and Binohlan, 2000), where Lmax corresponded to the maximum total length captured. A 

zero value was used for both WP (winter point) and C (amplitude of growth rate 

oscillation between seasons) parameters, as no true winter and small monthly 

temperature fluctuations characterize equatorial regions. The goodness of fit between 

the growth curves and the set of length-frequency data was assessed through the Rn 

value (Gayanilo and Pauly, 1997). 

Spatial variations in density, biomass and TL were assessed using the Kruskal-Wallis 

test (KW test). The Dunn test (D test) was used for post-hoc analysis (Zar 1999). 

Juveniles’ population size-frequency was compared between creeks using the 

Kolmogorov-Smirnov two-samples test (KS test) based on cumulative size frequency 

and conducted on 1.0 cm- size-class intervals. 

 

RESULTS AND DISCUSSION 

 
Population 

A total of 18221 specimens of A. clupeoides were caught. The mean size was 6.0 ± 2.9 

SD (range: 1.6 – 18.0 cm) and the mean weight 3.0 ± 5.1 SD (range: <0.1 – 46.5 g). 

Mean density and biomass (± SD) were of 0.1 ± 0.13 fish m-2 and 0.37 ± 0.51 g m-2, 

respectively. Almost all individuals (97 %) were juveniles, indicating the importance of 

mangrove creeks as nursery areas for this species, as documented by Barletta Bergan et 

al. (2002a, b) based on juvenile and larvae samplings. In their research, these authors 

also showed that yolk-sac larvae of A. clupeoides constituted 21 % of the total catch in 

the main channel of the Caeté estuary but were rare in mangrove creek habitats. Hence 

neither this study, as indicated by the absence of mature adult specimens, nor the study 
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of Barletta-Bergan et al. (2002a) infer that spawning occurs in the creeks. It is supposed 

that spawning takes place essentially in the main channel and/or estuarine bay and is 

followed by a drift of the yolk-sac larvae into the creeks where individuals are found in 

abundance until the end of the juvenile stage (Barletta-Bergan, 1999).  

The monthly condition factors ranged between 0.61 (July 2004) and 0.81 (March 2004) 

with an annual mean of 0.72 (± 0.25 SD). Similar results of homogenous values 

throughout the year were reported in the Colombian Caribbean region (Caselles-Osorio 

and Acero, 1996) and are explained by the relative stability of food sources and 

temperature through time and space.  

 

Growth analysis 

The Froese and Binolhan’s (2000) equation defined an L∞  equal to 19 cm. Results of 

the electronic length frequency analysis (ELEFAN I) suggest the presence of two annual 

cohorts (Fig. 2). The largest cohort pointed to a main spawning event in July, as already 

documented by Giarrizzo and Krumme (2007b), and was characterized by a growth 

coefficient K of 1.49 and an Rn value of 0.233. The second, minor cohort, resulting 

from a December/January spawning peak, presented a lower K and Rn values, equal to 

1.29 and 0.125, respectively. The non-documentation of this cohort by Giarrizzo and 

Krumme (2007b) who worked in the same area / data sources, was attributed to the use 

of a more refined statistical approach enabling the detection of this minor spawning 

event in the present study. 

However, the constant presence of most size classes defines A clupeides species as a 

continuous spawner with peaks of intensity, as commonly reported for engraulids and 

clupeids in tropical regions (Caselles-Osorio and Acero, 1996). The growth factor K 

determined by the von Bertalanffy equation for both cohorts were within the range of 

those reported in the literature for fast growing species of similar L∞ (e.g. Hoedt, 1992). 
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Figure 2. Von Bartalanffy growth curves for A. clupeoides captured bimonthly from September 2003 to July 2004 in four intertidal 

mangrove creeks of the Curuçá estuary. 
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Spatial variations in density, biomass and size distribution 

The bimonthly densities were homogeneous between creeks (KW test, P > 0.05) but fish 

biomasses differed, with creeks 1 and 2 presenting larger and heavier individuals 

compared to creeks 3 and 4 (D test, P < 0.01). Additionally, Fig. 3 shows that larger 

individuals were more abundant in creeks 1 and 2 and smaller individuals in creeks 3 

and 4 (KW Test, P < 0.001). 

 

 
 

Figure 3. Changes in total length (cm) (mean ± SD) of A. clupeoides collected 

bimonthly in four intertidal mangrove creeks of the Curuçá estuary (North Brazil) 

between September 2003 and July 2004. 

 

The spatial segregation of juveniles according to their body size indicates different 

ecological requirements throughout individuals’ ontogeny. According to Giarrizzo and 

Krumme (2007a) the high overall fish biomass and density observed in the creeks are 

related to landscape features and distance to the sea (Giarrizzo and Krumme, 2007a). 

The present approach, restricted to a single species and based on individuals´ body size, 

indicates that hydrodynamic is another parameter influencing fish spatial distribution, as 
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already documented by Sunardi et al. (2006). Hence, the deeper water and stronger 

currents recorded in creeks 1 and 2 are other abiotic parameters that can explain 

juveniles A. clupeoides segregation in function of their size. 

The discrepancy between creek juvenile populations was strengthened by the KS test 

results that indicated statistical differences (P < 0.01) between fish size-frequency 

among the creeks. A graphic representation of the relative abundance of each size-class 

in each creek (Fig. 4) pointed to, in all cases, the presence of two main size-classes, one 

of 3.0 – 4.0 cm TL and a second one of 9.0 to 12.0 cm TL. 

 

 
Figure 4. Length-frequency distribution of A. clupeoides within four intertidal 

mangrove creeks of the Curuçá estuary, North Brazil, captured with a fyke net between 

September 2003 and July 2004. 

 

The scarcity of 4.0 cm to 9.0 cm TL individuals suggests that this size class uses 

different estuarine habitats. Similar behavior was observed in the main channel of Caeté 

estuary (Barletta-Bergan et al., 2002b) where ontogenetic changes in fish larvae habitat 

use were documented within the estuary.  

 

ACKNOWLEDGEMENTS 

 
We would like to thank A. Jesus, E. Lameira and B. Almeida for their assistance in the 

field and laboratory analyses. We are very grateful to V. Isaac and U. Krumme for 



Cohort analysis of Anchovia clupeoides 

 82

helpful comments on an earlier version of this manuscript. This project was funded by 

the Millennium Initiative Project Coastal Resources (www.mileniodomar.org.br) from 

the Brazilian Ministry of Science and Technology, and by the project MADAM 

(Mangrove Dynamics and Management) a cooperation between the Center for Tropical 

Marine Ecology (ZMT), Bremen, Germany, and the Universidade Federal do Pará 

(UFPA), Belém, Brazil. T. Giarrizzo acknowledges financial support by the CNPq grant 

303958/2003-0. 

 

REFERENCES 

 

ANA: Agência Nacional das Águas, 2006: World Wide Web Electronic Publications. 

URL: http://www.ana.gov.br. (accessed 30 January, 2006). 

Baird, D.; Ulanowicz, R. E., 1989: The seasonal dynamics of the Chesapeake Bay. Ecol. 

Mon. 59, 329–364. 

Barletta-Bergan, A., 1999: Structure and seasonal dynamics of larval and juvenile fish 

in the mangrove-fringed estuary of the Rio Caeté in North Brazil. Diss., Zentrum 

für Marine Tropenökologie, ZMT contribution 8, Bremen, 220 pp. 

Barletta-Bergan, A.; Barletta, M.; Saint-Paul, U., 2002a: Community structure and 

temporal variability of ichthyoplankton in North Brazilian mangrove creeks. J. 

Fish. Biol. 61, 33–51. 

Barletta-Bergan, A.; Barletta, M.; Saint-Paul, U., 2002b: Structure and seasonal 

dynamics of larval fish in the Caeté River Estuary in North Brazil. Estuar. Coast. 

Shelf Sci. 54, 193–206. 

Caselles-Osorio, A.; Acero, A., 1996: Reproducción de Anchovia clupeoides y Anchoa 

parva (Pisces: Engraulidae) en dos ciénagas del Caribe colombiano. Rev. Biol. 

Trop. 44, 781–793. 

Duque, G.; Acero, A. P., 2003a: Food habits of Anchovia clupeoides (Pisces: 

Engraulidae) in the Cienaga Grande de Santa Marta, Colombian Caribbean. Gulf 

Mex. Sci. 21, 1–9. 

Duque, G.; Acero, A. P., 2003b. Feeding selectivity of Anchovia clupeioides (Pisces: 

Engraulidae) in the Ciénaga Grande de Santa Marta, Colombian Caribbean. Gulf 

Caribb. Res. 15, 21–26. 



Giarrizzo and Sarpedonti 

 83

Froese, R.; Binohlan, C., 2000. Empirical relationships to estimate asymptotic length, 

length at first maturity and length at maximum yield per recruit in fishes, with a 

simple method to evaluate length frequency data. J. Fish Biol. 56, 758–773. 

Gayanilo, F. C.; Pauly, D., 1997: FAO-ICLARM stock assessment tools (FISAT), 

reference manual. FAO computerized information series (Fisheries) No. 8. FAO, 

Rome, 265 pp. 

Giarrizzo, T.; Krumme, U., 2007a: Spatial differences and seasonal cyclicity in the 

intertidal fish fauna from four mangrove creeks in a salinity zone of the Curuçá 

estuary, North Brazil. Bull. Mar. Sci. 80, xxx–xxx (in press). 

Giarrizzo, T.; Krumme, U., 2007b: Temporal patterns in recruitment of selected tropical 

fish to the mangrove creeks: implication for fisheries management in North 

Brazil. Braz. Arch. Biol. Technol. (in press) 

Giarrizzo, T.; Silva de Jesus, A. J.; Lameira, E. C.; Araújo de Almeida, J. B.; Isaac, V.; 

Saint-Paul, U., 2006: Weight-length relationships for intertidal fish fauna in a 

mangrove estuary in Northern Brazil. J. Appl. Ichthyol. 22, 325–327. 

Hoedt, F. E., 1992: Growth of the tropical anchovy, Stolephorus nelsoni, in Northern 

Australia. In: Tuna Baitfish in the Indo-Pacific Region S. J. M. Blaber and J. W. 

Copland (Eds). ACIAR proceedings 30, 148–151. 

Krumme, U.; Saint-Paul, U.; Rosenthal, H., 2004: Tidal and diel changes in the 

structure of a nekton assemblage in small intertidal mangrove creeks in northern 

Brazil. Aquat. Living Resour. 17, 215–229. 

Ricker, W. E., 1975: Computation and interpretation of biological statistics of fish 

populations. Bull. Fish. Res. Board Can. 191, 382 pp. 

Sparre, P.; Ursin, E.; Venema, S. C., 1989: Introduction to tropical fish stock 

assessment-Part 1-Manual. FAO Fisheries Technical Paper 306/1, 337 pp. 

Sunardi;Takashi Asaeda; Jagath Manatunge, 2006: Physiological responses of topmouth 

gudgeon, Pseudorasbora parva, to predator cues and variation of current 

velocity. Aquat Ecol 41: 111-118. 

Whitehead, P. J. P.; Nelson, G. J.; Wongratana, T., 1988: FAO species catalogue. Vol. 

7. Clupeoid fishes of the world (Suborder Clupeoidei). An annotated and 

illustrated catalogue of the herrings, sardines, pilchards, sprats, shads, anchovies 

and wolfherrings. Part 2 - Engraulididae. FAO Fish. Synop. 7 (125), 579 pp. 

Zar, J. H., 1999: Biostatistical analysis. Prentice Hall, New Jersey, 663 pp. 

 



Cohort analysis of Anchovia clupeoides 

 84

 

 

 

 

 

 

 

 



 

 85

 

 

 

 

 
 

 

 

CHAPTER VI 
 
 
 

ONTOGENETIC AND SEASONAL SHIFTS IN THE DIET OF 
PEMECOU SEA CATFISH SCIADES HERZBERGII (SILURIFORMES: 

ARIIDAE) FROM A MACROTIDAL MANGROVE CREEK IN THE 
CURUÇÁ ESTUARY (NORTH BRAZIL) 

 

Tommaso Giarrizzo and Ulrich Saint-Paul  

Revista de Biologia Tropical (submitted)



 

Ontogenetic and seasonal shifts in the diet of pemecou sea catfish 

Sciades herzbergii (Siluriformes: Ariidae) from a macrotidal mangrove 

creek in the Curuçá estuary (North Brazil) 
 

 

 

Tommaso Giarrizzo1, 2 and Ulrich Saint-Paul2 

 
1 Laboratório de Biologia Pesqueira - Manejo dos Recursos Aquáticos, Universidade 

Federal do Pará (UFPA), Av. Perimetral 2651, Terra Firme, 66040170 Belém, PA - 

Brazil; tgiarrizzo@yahoo.it 
2 Center for Tropical Marine Ecology (ZMT), Fahrenheitstr. 6, 28359 Bremen, 

Germany; ulrich.saint-paul@zmt.uni-bremen.de 

 

ABSTRACT 

 
The feeding ecology of pemecou sea catfish (Sciades herzbergii) was studied bimonthly 

from September 2003 to July 2004 in a macrotidal mangrove creek in the Curuçá 

estuary. Of the total 1 820 specimens of S. herzbergii caught, the feeding activity and 

relative importance of prey groups were assessed using stomach contents from 528 and 

226 specimens, respectively. S. herzbergii left the mangrove creek with an average of 

2.2 % of their body weight in prey. Feeding activity was lower in the dry season 

(September and November 2003) than in the rainy season (January to May 2004). 

Analysis of the stomach contents of 226 individuals (6.2 to 36.0 cm total length) 

showed a diet dominated by Ocypodidae and Grapsidae. Feeding strategies of the 

pemecou sea catfish indicated a slight variation between the diets of adults and 

juveniles, however the main factor leading to diversification in the diet were the 

seasons. Opportunistic feeding behavior was observed in the dry season, shifting to 

more specialized feeding in the wet season. This temporal diet shift may be explained 

by the environmental seasonal variations in the intertidal mangrove creek habitat. 

 

KEYWORDS: Sciades herzbergii, feeding strategy, Ariidae, mangrove, stomach 

contents, Ocypodidae, Grapsidae. 
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INTRODUCTION 

 

Ariid catfish are a medium to larger-sized demersal fish, mostly inhabiting freshwater, 

estuarine and marine environments in tropical and sub-tropical regions (Burgess 1989), 

and are an important component of many tropical fisheries (Darracott 1977, Tobor 

1978, Vasudevappa and James 1980, Conand et al. 1995). The Pemecou sea catfish, 

Sciades herzbergii (Bloch 1794), are distributed along the Atlantic coast from the Gulf 

of Paria (East Venezuela) to Sergipe (Northeast Brazilian coast) (Oliveira 1976, Froese 

and Pauly 2007). They inhabit the brackish turbid waters of estuaries (Le Bail et al. 

2000). On the northern coast of Brazil, S. herzbergii is an abundant species in the 

intertidal mangrove habitat (Barletta et al. 2003; Krumme et al. 2004; Giarrizzo and 

Krumme 2007a) and is an important resource both for the subsistence and the economy 

of the local population. Usually the artisanal fishermen capture pemecou sea catfish in 

first order intertidal mangrove creeks using non-selective fishing methods such as block 

nets (mesh size 3 cm) or fish trappings, thereby having an adverse effect on fish 

recruitment (Giarrizzo and Krumme 2007b).  

Although pemecou sea catfish is an important fishery resource along the Brazilian coast, 

information on its biology and ecology is still lacking. The purpose of the present study 

is to describe the feeding ecology of pemecou sea catfish, examining the ontogenetic 

and seasonal shift in diet in a macrotidal mangrove creek in the Curuçá estuary. 

 

MATERIAL AND METHODS 

 

Study area 

The present study was carried out in a mangrove tidal creek in the Curuçá Estuary, 

approximately 160 km northeast of Belém, the capital of Pará, North Brazil (0°10´ S, 

47°50` W). This estuary has been designated by the Ministry of the Environment as a 

conservation unit and is relatively undisturbed. The area is characterized by well-

developed mangrove forests dominated by Rhizophora mangle L., Avicennia germinans 

(L.), and fewer Laguncularia racemosa (L.). 

Average precipitation on the estuary is 2 526 mm (ANA 2006; n = 16 years, range: 1 

085–3 647 mm). Tides are semidiurnal and tidal amplitude in the estuary is about 4 m. 

The whole mangrove swamp is inundated at high tide for only a few hours during spring 

tide. Samples were collected in a first order tidal creek located in the upper estuary at 
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1.2 km from Curuçá city. The perimeter, length and area of this creek is 777 m, 277 m 

and 20 000 m2 respectively. The surface sediment of the inundated area is composed 

mostly of clay and silt, but there is bedrock in the mouth of the creek. 

 
Fish sampling 

Samples were taken bimonthly between September 2003 and July 2004 from a tidal 

creek during the first quarter lunar phase, using a fyke net. This fishing gear is a passive 

sampler composed of two wings (20 m long, 6 m deep, with 20 mm stretch-mesh) and a 

hoop-net (with 13 mm stretch-mesh). The fyke net was set at the mouth of the creek at 

daytime slack high water (HW). In order to limit the regurgitation and digestion rates, 

during the tidal reflux (6 hours on average), every 15 minutes the fyke net was lifted to 

collect fish.  

For each sampling event, salinity (salinity refractometer) and water transparency 

(Secchi disc) were recorded every 30 minutes in the mouth of the intertidal creek during 

ebb tide. The high water level was measured with a ruled stake placed in the thalweg of 

the creek downstream close to the net. The topography of the creek was surveyed (GPS, 

compass, tape measure) and a GIS map was generated. The inundated area (m2) for a 

medium neap tide event was quantified for the creek using ArcGIS. Thus, catch weights 

and abundance were standardized to biomass (g m-2) and density (fish m-2), respectively. 

 

Diet analysis 

All specimens were measured to the nearest 0.1 cm total length (TL), and weighed to 

the nearest 0.01 g wet body weight (BW). The catalogue number of voucher specimens 

is MPEG12653. At least 60 individuals were randomly taken from the total bimonthly 

catch to assess feeding activity. Subsequently, a minimum of 20 specimens with food in 

the stomach were picked for stomach content analysis. After dissection, the stomach 

contents of each fish were weighed to the nearest 0.01 g (stomach content fresh weight, 

FW). To measure which proportion of the fish weight was actual food consumed, the 

fullness index (%FI) was established following the formula defined by Hynes (1950): 

%FI = (FW / BW) × 100 

The number of empty stomachs was counted and the vacuity index (%VI) was 

calculated: 

%VI = (Total of empty stomachs / Total amount of stomachs analyzed) × 100 
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As an indicator of energy storage, the Fulton’s condition factor (K) of each specimen (n 

= 528) was calculated from the relationship:  

K = (EW × TL-3) × 100 

where EW is the eviscerated wet body weight (g). 

Stomach contents were preserved in 70 % ethanol solution and were examined under a 

binocular microscope. Prey found in the mouth cavity and the esophagus were excluded 

from the analysis because ingestion may have occurred in the net. Food items were 

identified to the lowest taxon possible using standard taxonomic keys (Melo 1996, 

1999, Boltovskoy 1999). Number and wet weight of food items were registered to the 

nearest 0.0001 g, after removal of surface water by blotting on absorbent paper. The 

contribution of each prey to the diet was assessed through three indices: (i) percentage 

frequency of occurrence (F) represents the number of stomachs in which a food item 

was found, expressed as the percentage of total number of non-empty stomachs; (ii) 

percentage numerical abundance (N) considers the number of individuals in each food 

category expressed as a percentage of the total individuals in all food categories; (iii) 

percentage gravimetric composition (W) represents the total wet weight of a food 

category expressed as a percentage of the overall weight of stomach contents. In order 

to synthesize these three indices, the Index of Relative Importance (IRI) of Pinkas et al. 

(1971), as modified by Hacunda (1981), was performed: 

IRI = (N + W) × F 

The index was expressed as a percentage for each prey item: 

%IRI = (IRI / ΣIRI) × 100 

To assess for possible changes in diet with respect to size, fish were divided into two 

size-classes: juveniles (TL < 16 cm) and adults (TL ≥ 16 cm). Feeding strategies 

between seasons (dry and wet) and size classes were analyzed following the graphical 

method of Costello (1990), modified by Amundsen et al. (1996). In this method, the 

prey-specific abundance (Pi), defined as the average gravimetric contribution of a food 

item, determined only for pemecou sea catfish that had this food item in their stomach, 

was plotted against the frequency of occurrence (F). 

 

Statistical analysis 

Bimonthly length frequency distributions were compared using a two-sample 

Kolmogorov-Smirnov test (KS). The bimonthly variation of %FI was tested by the non-
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parametric Kruskal–Wallis test (KW) followed by Dunn’s (D) non-parametric 

procedure for a simultaneous post-hoc comparison (Sokal and Rohlf 1995). Pearson’s 

product-moment-correlation analysis was performed with environmental parameters 

(salinity, water transparency and level at high water) and mean data of %FI and K. The 

data matrix of IRI values of family diet components for sample and size classes were 

square root transformed (Platell and Potter 2001) and the similarity was calculated using 

the Bry-Curtis similarity (Marshall and Elliott 1997). A hierarchical agglomerative 

cluster analysis (using complete linkage) was performed to describe similarities in 

feeding habitats with regard to size classes and between months. The null hypothesis 

that there are no differences between the seasons and the size classes in composition of 

the diet was tested using a non-parametric ‘permutation’ (two-way crossed analysis of 

similarities - ANOSIM) (Clarke and Green 1988). Multivariate analyses were 

performed using the statistical package PRIMER (Clarke and Warwick 1994). 

 

RESULTS 

 

Environmental parameters 

There were notable seasonal patterns in average environmental conditions among the 

sampling months (Fig. 1). In the rainy season, from January to May, the salinity 

averaged 13.9 (SD= 7.4) and in the dry season, from July to November, salinity 

increased to 27.2 (SD= 3.1) (Fig. 1a). Depth at high water was lowest in the dry season 

(min: 3.1 m in November) and highest in the wet season (max: 3.6 m in January) (Fig. 

1b), according to the increasing runoff of precipitation. Mean water transparency was 

highest in the dry season (max: 0.8 m in November) and in the early wet season 

(January), and lowest in the wet season (min: 0.4 m in March) and early dry season 

(July) (Fig. 1c). 

 

Population 

A total of 1 820 specimens of S. herzbergii were caught. Mean fish density and biomass 

(± SD) of S. herzbergii was 0.02 ± 0.01 fish m-2 (range: 0.01 to 0.03) and 0.48 ± 0.41 g 

m-2 (range: 0.01 to 1.01), respectively. The abundance was highest in the early dry 

season July 2004 (N= 613) and lowest in November 2003 (N= 162). Total lengths 

ranged from 2.7 cm to 36.0 cm. Significant differences were found in the TL of 

individuals between different months (KS test, p<0.01) (Fig. 2). In September and 
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March the recruitment of young occurred and, in the beginning of the rainy season 

(January), with low levels of salinity, larger individuals (TL mean ± SD: 21.1 ± 5.7 cm) 

post spawning colonized the creek. 

 

 
 
Figure 1. Bimonthly variation of mean surface salinity (A.), deep at high water (B.) and 

mean of water transparency (C.) in a macrotidal mangrove creek in the Curuçá estuary 

(north Brazil) from September 2003 to July 2004. Vertical bars show ± 95 % confidence 

interval. 
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Figure 2. Bimonthly variation in length frequency distribution of S. herzbergii (N = 1 

820) caught in a macrotidal mangrove creek in the Curuçá estuary (north Brazil) from 

September 2003 to July 2004. 
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Feeding activity 

Of the 528 stomachs examined, 72 (13.6 %) were empty. The vacuity index was higher 

in the dry season (September and November 2003) than in the rainy season (January to 

May 2004) (Fig. 3). The %FI follows an inverse trend to %VI. The minimal quantity of 

ingested food occurred in November (mean %FI ± SD= 1.5 % ± 1.6) and the maximum 

in March (mean %FI ± SD= 3.2 % ± 2.2) (Fig. 3). The specimens of S. herzbergii left 

the mangrove creek with an average of 2.2 % (SD= 2.4) of their body weight in prey. 

The fullness index was significantly different between the months (KW test, p<0.001). 

The specimens collected in September and November showed %FI values significantly 

lower than in the remaining months (Dunn test, p<0.05). Furthermore %FI was 

significantly greater in March than in July (Dunn test, p<0.05). 

The bimonthly mean %FI values were inversely correlated with water transparency (r2= 

0.89, p<0.01), but independent from salinity and depth at high water (r2<0.64, p>0.05).  

 

 
Figure 3. Bimonthly variation in fullness index (%FI) (●) and vacuity index (%VI) (▲) 

of S. herzbergii (N = 528) caught in a macrotidal mangrove creek in the Curuçá estuary 

(north Brazil) from September 2003 to July 2004. Vertical bars show ± 95 % confidence 

interval. 

 

The average Fulton’s condition factor (± SD) of S. herzbergii was 0.77 (± 0.11). The 

bimonthly fluctuation in mean K-values showed a clear seasonal pattern with highest 
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values in the wet season and the lowest in the dry season (Fig. 4). No significant 

correlations were observed between the K and the environmental parameters (r2<0.63, 

p>0.05). 

 

 
 

Figure 4. Bimonthly variation of mean (± 95 %confidence interval) Fulton condition 

factor (K) of 528 specimens of S. herzbergii caught in a macrotidal mangrove creek in 

the Curuçá estuary (north Brazil) from September 2003 to July 2004. 

 

Composition of the diet 

The stomachs of the 226 pemecou sea catfish contained 1 343 identifiable individual 

prey items. The mean number (± SD) of prey per stomach was 5.9 (± 11.4) and the 

mean prey weight (± SD) per stomach was 0.69 g (± 1.35). In the stomach contents, a 

total of 41 diet components were observed, of which 27 were present in 5 % of the 

stomachs. The diet of S. herzbergii consisted primarily of benthic crustaceans (mainly 

Ocypodidae and Grapsidae crabs and gammarid amphipods), polychaetes (mostly 

Capitellidae) and insects (mainly unidentified insecta larvae). The remainder of the diet 

was composed of a variety of crabs (Porcellanidae, Portunidae and Goneplacidae), 

shrimps (Palaemonidae, Penaeidae and Alpheidae), mollusk (Mytelidae and 

Littorinidae), Teleostei and vegetal material. 
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Frequency, abundance, biomass and IRI values of different prey items found in the 

stomachs are shown in Table 1. The most frequent (F) prey ingested were Ocypodidae 

(67.3 %), Grapsidae (59.7 %), Gammaridae (15.9 %), and insecta larvae (10.6 %). 

Ocypodidae and Grapsidae were the most abundant (N) prey (26.6 % and 22.7 % 

respectively) followed by Capitellidae (19.7 %) and Gammaridae (10.6 %). The major 

contributions in terms of biomass (W) were attributed to the families Grapsidae (56.8 

%) and Ocypodidae (27.7 %). Using percentage of the index of relative importance 

(%IRI), we found only two items representing more than 80 % of the diet: Ocypodidae 

(44.2 %) and Grapsidae (39.7 %). The most important Ocypodidae and Grapsidae 

species were Uca cumulanta Crane 1943 (%IRI= 27.4 %) and Aratus pisonii Milne 

Edwards 1837 (%IRI= 9.4 %), respectively. 

 

Table 1. Frequency of occurrence (F), numerical abundance (N), gravimetric 

composition (W) and Index of Relative Importance (IRI) of the stomach contents of 226 

pemecou sea catfish. The fish were collected bimonthly between September 2003 and 

July 2004 in a macrotidal creek of the Curuçá estuary. Abbreviations for major 

categories of food items are shown in brackets. 

 
Item F(%) N(%) W(%) IRI IRI%
ANELLIDA      
Polychaeta [Pol]      
    Capitellidae n.i. 8.85 19.73 0.10 175.54 5.43
    Nereidae n.i. 5.75 6.25 < 0.01 35.99 1.11
ARANAE [Ara] 0.44 0.07 0.01 0.04 < 0.01
CRUSTACEA      
Amphipoda [Amp]      
    Gammaridae n.i. 15.93 10.57 < 0.01 168.50 5.21
    Amphipoda n.i. 2.21 1.56 < 0.01 2.47 0.08
Copepoda [Cop] 2.21 1.49 0.03 3.37 0.10
Decapoda      
    Alpheidae [Alp]      
       Alpheus sp. 0.88 0.15 0.23 0.33 0.01
    Goneplacidae [O.Bra]      
       Acidops cessacii 0.44 0.07 0.25 0.15 < 0.01
    Grapsidae [Gra]      
       Aratus pisonii 16.37 4.39 14.12 303.07 9.37
       Goniopsis cruentata 11.95 5.36 19.96 302.51 9.35
       Sesarma rectum 5.31 2.08 8.43 55.82 1.73
       Pachygrapsus gracilis 5.31 1.41 3.57 26.48 0.82
       Metasesarma rubripes 0.44 0.22 1.23 0.64 0.02
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Table 1. Continued.   
Item F(%) N(%) W(%) IRI IRI% 
       Armases benedicti 0.44 0.07 0.14 0.10 < 0.01 
      Grapsidae n.i. 32.30 9.16 9.26 594.79 18.38 
    Ocypodidae [Ocy]      
       Uca cumulanta 31.42 14.37 13.80 885.11 27.36 
       Ucides cordatus 7.08 1.19 3.05 30.01 0.93 
       Uca vocator 5.75 1.71 1.75 19.94 0.62 
       Uca rapax 0.44 0.89 0.96 0.82 0.03 
       Uca maracoani 0.44 0.07 0.25 0.14 < 0.01 
       Uca mordax 0.44 0.07 0.10 0.08 < 0.01 
       Uca n.i. 30.53 8.34 7.80 492.74 15.23 
    Palaemonidae [Pal]      
       Macrobrachium n.i. 2.21 0.45 1.71 4.78 0.15 
    Penaeidae [Pen]      
       Farfantepenaeus subtilis 0.88 0.15 0.16 0.27 0.01 
       Penaeidae n.i 2.65 0.45 0.37 2.16 0.07 
    Porcellanidae [O.Bra]      
       Petrolisthes armatus 3.98 0.82 2.20 12.01 0.37 
    Portunidae [O.Bra]      
       Callinectes sp. 3.54 0.60 0.18 2.73 0.08 
       Callinectes sapidus 1.77 0.30 1.66 3.47 0.11 
    Squillidae [Squ]      
       Squilla sp. 0.44 0.07 0.17 0.11 < 0.01 
    Xanthidae [O.Bra]      
       Eurytium limosum 7.96 1.71 5.96 61.09 1.89 
Isopoda [Iso]      
    Sphaeromidae n.i. 2.21 0.37 0.05 0.94 0.03 
    Isopoda n.i. 2.21 0.97 0.23 2.64 0.08 
INSECTA [Ins]      
Coleoptera n.i. 2.21 0.45 0.48 2.06 0.06 
Himenoptera n.i. 3.10 0.52 0.06 1.81 0.06 
Ortoptera n.i. 0.44 0.07 0.19 0.12 0.00 
Unidentified larvae 10.62 2.61 1.17 40.12 1.24 
MOLLUSCA [Mol]      
Bivalvia      
    Mytelidae n.i. 0.88 0.15 < 0.01 0.13 < 0.01 
Gastropoda      
    Littorinidae      
       Littorina n.i. 1.77 0.45 < 0.01 0.80 0.02 
TELEOSTEI [Tel]      
Clupeiformes      
    Engraulidae n.i. 0.44 0.07 0.04 0.05 < 0.01 
Teleostei n.i 1.77 0.37 0.28 1.15 0.04 
Vegetal material [Veg] 0.88 0.15 0.03 0.16 < 0.01 
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Ontogenetic and temporal shift in diet 

The hierarchical agglomerative cluster analysis of IRI matrix differentiated, with a 

similarity of 65 %, four main groups (Fig. 5A). Group A was composed of the adult 

specimens taken in the dry season (September and November); group B by specimens 

taken in the wet season (January, March and May) of both class sizes; group C by 

specimens taken from the early dry season (July) of both class sizes; and group D by 

juvenile specimens taken from the dry (September and November) and wet (May) 

seasons. 

 

 
 

Figure 5. (A) Dendrogram of cluster analysis of diet similarities among months and 

between small (J) and large (A.) size classes of S. herzbergii collected between 

September 2003 and July 2004 in a macrotidal mangrove creek in the Curuçá estuary 

(north Brazil). (B.) Percent of the index of relative importance (%IRI) of main prey 

items.  

 

The most important prey taxa (mean %IRI ± SE) of group A were Grapsidae (47.9 % ± 

1.2), and Ocypodidae (34.6 % ± 7.4) (Fig. 5B). A strong specialization was found in 

group B where Grapsidae accounted for 71.7 % ± 5.0. However, a diet switch was 

observed in July (group C) through an increase in prey diversity and dominance by 
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Amphipods (34.8 % ± 10.6). The high contribution of Ocypodidae (67.8 % ± 3.5) in the 

diet of the juvenile fish of group D showed differences in relation to all the other 

groups. 

Two-way ANOSIM detected significant differences in the composition of diet between 

seasons (Global R-statistic value= 0.67, p<0.05), but not between size classes (Global 

R-statistic value= 0.09, p>0.05). 

 

Feeding strategy 

The comparison of feeding strategies within the S. herzbergii population indicated a 

mixed feeding strategy, with varying degrees of specialization and generalization for 

different prey types (Fig. 6). The adult fish collected during the dry season showed a 

specialized feeding behavior dominated by Grapsidae (Pi= 91 %, F= 47 %) and different 

Brachyuran crabs (Pi= 75 %, F= 32 %) (Fig. 6A). The high occurrence and lower 

average contribution to the stomach contents for Ocypodidae, showed a relatively high 

within-phenotype component, indicating a generalized feeding strategy. In the adults 

from the wet season, Grapsidae and Ocypodidae were the most frequent food item (Fig. 

6B). They were ingested in 94 % and 71 % of stomachs, respectively and they 

accounted for 62 % and 29 % of the average contribution to the stomach weight, 

respectively. All other prey taxa constituted a small fraction of the weight of few 

stomachs (F< 25 %).  

During the dry season the juvenile fish displayed a range of feeding strategies. 

Palemonidae and Penaeidae shrimps and different Brachyuran crabs presented a low 

frequency of occurrence and a high average contribution to the stomach weight, 

indicating a strong individual specialization (Fig. 6C). At the same time, more than 40 

% of the analyzed fish fed mainly on Grapsidae and Ocypodidae crabs, showing a 

tendency for specialization. On the other hand, low average contribution to the stomach 

weight for some prey taxa (Amphipoda, Polychaeta, Insecta) indicated a generalized 

feeding strategy. For the juveniles in the wet season, numerous rare prey taxa ingested 

in less than 15 % of analyzed individuals indicated an opportunistic feeding behavior 

(Fig. 6D). However, the Ocypodidae and Grapsidae crabs found in 57 % and 59 % of 

stomachs respectively suggested different degrees of specialization, justified by the 

average contribution to the stomach weight of 42 % and 77 % respectively.  
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Figure 6. Seasonal and ontogenetic variation of feeding strategy of S. herzbergii 

analysed by the graphic method of Amundsen et al. (1996). See Table 1 for 

abbreviations of major food categories. 

 

DISCUSSION 

 

Population characteristics 

Pemecou sea catfish is a species well adapted to the mangrove ecosystem. The 

elongated body shape, short pair fins and a convex caudal fin with high aspect ratio 

indicate active swimming behavior (Giarrizzo unpubl. data). In the turbid waters, the 

sensorial barbells of S. herzbergii are used to detect the food prey (Blaber et al. 1994, 

Sakata et al. 2001) through the narrow passageways in the structural complex of 

mangrove roots.  

The higher density of pemecou sea catfish found in the area of this study in comparison 

to the adjacent main channel area (Giarrizzo unpubl. data), suggest that intertidal 

mangrove creeks are breeding, nursery, and feeding ground habitats for S. herzbergii. 
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This is mainly attributable to: the high productivity of the system (Clough 1998, 

Dittmar and Lara 2001), accumulation of invertebrates (Robertson 1984, Laegdsgaard 

and Johnson 1995, Koch 1999), the lower risk of predation due to the structural 

heterogeneity of mangrove habitats (Thayer et al. 1987, Laegdsgaard and Johnson 

1995), and the high turbidity of water (Cyrus and Blaber 1987, Krumme et al. 2004). 

Juveniles of S. herzbergii are present here throughout the year with recruitment in 

September and March, emphasizing the existence of two reproduction cycles per year. 

Similar patterns have been found in French-Guyana (Le Bail et al. 2000) and Ceará 

(Chacon et al. 1994). In November, with the rapid increase in salinity (average 30.5), 

there is a reduction of population density attributed to migration toward the upper 

estuary where there is some input of marine waters (pers. comm. with fishermen).  

 

Feeding activity 

The fullness index with a high average value suggests that feeding is a determining 

factor controlling S. herzbergii tidal migration into the mangrove. This is consistent 

with previous results from the Caeté estuary (Krumme et al. 2004).  

Bimonthly variations in feeding activity show an increase in the fullness index during 

the wet season and a decrease in the dry season. Similar trends are observed in the 

temporal variation of Fulton´s condition factor, indicating that the wet season provides 

better conditions for feeding and increasing energy reserves. Considering that total 

epifaunal crustacean production remains approximately constant between the seasons 

(Koch 1999), the oscillation of feeding activity can be explained by changes in 

environmental factors. The increase in the transparency of the water in the dry season is 

primarily responsible for improving the visibility of Brachyuran crabs and optimizing 

the antipredator defenses, causing a decrease in the feeding activity of S. herzbergii. 

Another possible explanation is that prey are more available during the wet season when 

the tide is higher, increasing the inundation area accessible for intertidal fish. A similar 

pattern has been observed for other bentofages fish species in the same habitat [e.g. 

Centropomus pectinatus Poey 1860, Colomesus psittacus (Bloch and Schneider 1801): 

Giarrizzo unpubl. data] and for Periophthalmus sobrinus Eggert 1935 in a Kenyan 

mangrove (Colombini et al. 1996). 
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Diet and feeding strategy 

Similarly to other Ariidae, pemecou sea catfish ingest prey whole, do not have a nipping 

feeding behavior, and feed mainly on crustaceans (Harris and Rose 1968, Carranza 

1970). Krumme et al. (2004) reported that S. herzbergii is a mostly diurnal forager that 

preys on small brachyuran crabs and polychaetes. The mouth of S. herzbergii is sub-

terminal, allowing it to select food consisting mainly of benthic invertebrates. The large 

contribution in number, biomass and IRI of brachyuran crabs suggests that S. herzbergii 

is an active benthic feeder that attacks its prey mainly in the soft bottom of the creek. 

This hypothesis is confirmed by characteristic marks that are observed at low tide in the 

mud of intertidal bank of creeks (own obs.) indicating predation of Ocypodidae crabs. 

The dominance of Ocypodidae and Grapsidae crabs ingested by S. herzbergii 

presumably reflects the large number of these crustaceans within the intertidal region. 

According to Koch (1999) the Ocypodidae crabs represent more than 90% of biomass 

and abundance of epifaunal species in the intertidal mangrove habitat. 

The ingestion of semi-terrestrial crabs [e.g. Uca vocator (Herbst 1804) and Uca rapax 

(Smith 1870)], restricted to elevated forest areas (Koch 1999), also suggests that feeding 

activity of S. herzbergii occurs with the high tide, when this habitat is more accessible. 

The high predation of S. herzbergii on tree–climbing crabs (e.g. A. pisonii) can be 

explained by the large numbers of these crabs in the R. mangle stilt roots during the 

hottest hours of the day, when slack high water occurs. The tree–climbing crabs 

frequently drop into the water to protect themselves from desiccation, thereby 

increasing the predation risk by S. herzbergii. 

All methods of analysis of the dietary data of S. herzbergii [cluster analysis, ANOSIM, 

graphic method of Amundsen et al. (1996)] show seasonal shifts from generalist to 

specialist. The hierarchical agglomerative classification indicates a slight variation in 

the diet of adult and immature individuals. This feeding overlapping suggests that both 

these size classes share the abundant food resources (brachyuran crabs) without 

competition (Murie 1995). However, the ANOSIM indicates that the principle factor 

responsible for diversification of the diet is seasonal variation. For instance, in the wet 

season S. herzbergii mainly consume brachyuran crabs. The high water turbidity favors 

this species hunting through the use of their sensorial barbells, particularly efficient to 

locate prey in muddy waters. 
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Future research directions 

Given the significant social - economic value of pemecou sea catfish for the local 

people and when considering the spawning, nursery, and feeding functions of the 

intertidal mangrove creeks, caution should be exercised in developing block net 

fisheries in this region. Inappropriate fishing practices could lead to local depletions of 

this fish.  

The findings of this study are a fundamental step in the development of multi-species 

assessment approaches, which are of urgent importance in the implementation of 

management strategies for the preservation of these natural habitats, and the promotion 

of sustainable fishing practices. Further research is needed in the investigation of the 

feeding activities of S. herzbergii in these habitats under different conditions, ie. time of 

day (day/night), tide (spring/neap tide) and tidal cycle (flood/ebb tide) while 

considering correlations to the availability of benthic invertebrates. 
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RESUMEN 

 
Estudios realizados con periodicidad bimestral de la ecología trófica del bagre marino 

Sciades herzbergii ocurrieron desde septiembre de 2003 a Julio de 2004 en un canal de 

marea del estuario del río Curuçá. Para 1820 ejemplares capturados, se estudio la 

actividad alimentaría y la importancia de las diferentes fuentes de alimento por 

evaluación de los contenidos estomacales de 528 y 226 ejemplares respectivamente. S. 

herzbergii sale del canal de marea con un valor medio de 2,2 % adicional al de su peso 

corporal que correspondió al alimento. Comparaciones del ritmo alimentario entre los 
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dos periodos estacionales mostraron que fue menor durante el período seco (septiembre 

e noviembre de 2003) en relación al período lluvioso (enero a mayo de 2004). Los 

análisis de los contenidos estomacales de 226 ejemplares (6,2 a 36,0cm de tamaño total) 

indicaron una dieta con predominio de Ocypodidae y Grapsidae. Las estrategias 

alimentarías de S. herzbergii mostraron pequeñas diferencias entre las dietas de los 

adultos y de los juveniles, pero la variación estacional fue el factor que mejor definió la 

diversificación de la dieta. Un comportamiento oportunista en la alimentación se 

observo durante el período seco, al cambiar por una dieta mas especializada durante el 

período lluvioso. Esta variación temporal en la dieta se puede explicar a través de la 

variación estacional en los habitas del canal de marea 

 

PALABRAS CLAVE: Sciades herzbergii, estrategia alimentaria, Ariidae, manglar, 

contenidos estomacales, Ocypodidae, Grapsidae. 
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ABSTRACT 

 

The diet and feeding ecology of juvenile dog snapper (Lutjanus jocu) were investigated 

in 92 specimens collected in four intertidal mangrove creeks of Curuçá estuary, 

Northern Brazil, between September 2003 and July 2004. No significant differences in 

total length were found between sampling months. Feeding intensity was high as 

indicated by high stomach fullness index and low vacuity index. The most important 

prey was Penaeidae, followed by Grapsidae and Porcellanidae. The diet of juvenile dog 

snapper showed clear seasonal differences. Specimens from dry season (September and 

November) and dry / wet season transition (January), were specialists feeding 

exclusively on Penaeidae. However, the specimens from wet season (March and May) 

and wet /dry season transition (July), that consumed mainly Grapsidae, Penaeidae and 

Porcellanidae were generalist. These seasonal changes in diet may be related to 

variations in food availability. Recommendations for sustainable development and 

exploitation of the dog snapper fishery resource are discussed. 

 

KEY WORDS: estuary; feeding habits; feeding strategy; juvenile fish; Lutjanus jocu; 

intertidal mangrove creek 
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INTRODUCTION 

 

Mangroves are widely considered to be an important habitat for fishes, including 

juveniles of commercially important species (e.g. Morton, 1990; Laegdsgaard and 

Johnson, 1995). This habitat is thought to provide excellent shelter against predators due 

to water turbidity, the structural complexity of these biotopes (Parrish, 1989; Robertson 

and Blaber, 1992), as well as provide high food availability for the high productivity of 

the mangroves and the associated epi and benthic fauna (Odum and Heald, 1972; 

Laegdsgaard and Johnson, 2001).  

The Lutjanidae family comprises medium to large sized demersal predacious fishes 

which inhabiting mangroves and seagrass beds during their juvenile and sub-adult 

stages and when adults they migrate to rocky or coral reefs to take up permanent 

residence there (Druzhinin, 1970; Cervigón, 1993; Cocheret et al., 2003).  

The snappers have high market values and are commercially exploited in the tropical 

and subtropical coastal waters (e.g. Serrano-Pinto and Caraveo-Patiño, 1999; Luckhurst 

et al., 2000; Sheaves and Molony, 2001; Kiso and Mahyam, 2003; Miranda et al., 2003; 

Kamukuru and Mgaya, 2004; Rezende and Ferreira, 2004; Rojas et al., 2004). 

The dog snapper, Lutjanus jocu, is one of the Lutjanidae species targeted by artisanal, 

small and medium scale fisheries in the Brazilian coastal waters (Rezende et al., 2003). 

Its distribution extends along the western Atlantic Ocean, from Massachusetts (USA) to 

the southern Brazilian coast, including Gulf of Mexico and Caribbean Sea (Froese and 

Pauly, 2006). In spite of its relative abundance and importance to fisheries, few 

information on biology and ecology of this species are available. In order to understand 

the role that L. jocu plays in the trophic food web and to outline desirable management 

measures for the species, the present study has examined the feeding ecology of the 

juvenile dog snapper in the intertidal mangrove creeks of Curuçá estuary. Emphasis was 

placed on the assessment of season-related feeding habits, as well as feeding strategy. 

 

MATERIAL AND METHODS 

 
Study area 

Sampling was carried out in four intertidal mangrove creeks located in the estuary of the 

Curuçá River near the city of Curuçá (0° 10´S, 47° 50´W), Pará, Northern Brazil, 

approximately 160 km north-east of the state capital Belém (Fig. 1). The estuary is a 
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well preserved environment and has been designated by the Ministry of the 

Environment as a conservation unit (“Reserva Extrativista”). The climate is hot and 

humid with mean annual rainfall of 2,526 mm (ANA, 2005; n = 16 years, range: 1,085 – 

3,647 mm). Salinity changes according to the season, being low during the rainy season, 

in the first half of the year and attaining values of marine water during the dry season. 

Tides in the region are characterized by a semi-diurnal pattern with tidal range between 

4 and 5 m.  

 
 

Figure 1. (a) Coast of the states Pará and Maranhão, north Brazil; (b) location of the 

Curuçá estuary on the southern edge of the Pará River mouth. 

 

Fish sampling 

Bimonthly samples of L. jocu were obtained using a fyke net in four creeks from 

September 2003 to July 2004 on four consecutive days, yielding a total of 24 samples. 

The net was composed by two wings (20 m long, 6 m deep, with 20 mm stretch-mesh) 

and a hoop-net (with 13 mm stretch-mesh). The fyke net was set at the mouth of the 

creeks at daytime slack high water (HW) in the waxing of the moon (neap tide). During 

ebb tide the fish were collected until total drainage of the creek and kept on ice. 
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Laboratory analysis 

Each fish examined was measured to the nearest 0.1 cm of total length (TL) and 

weighed to the nearest <0.11 g of wet body weight (WT). Gonadal stages were recorded 

according to Vazzoler (1996) and stomach contents were dissected out. The relative 

contribution of the number of empty stomachs was recorded (vacuity index). Stomach 

contents were identified to the lowest possible taxon (Figueiredo and Menezes, 1978; 

Menezes and Figueiredo, 1980; 1985; Cervigón et al., 1992; Melo, 1996; 1999). Prey 

items were counted and weighed to the nearest 0.0001 g after removing the surface 

water by blotting on tissue paper. 

 

Diet analysis 

The feeding activity of fish was evaluated by fullness index (%FI): 

%FI = (Wcont / WT) × 100 

Where Wcont is the weight of stomach contents calculated from the difference between 

the weights of pre-washed and washed empty stomachs. 

For the qualitative and quantitative analysis of dietary composition we used: 

- Frequency of occurrence (F): represents the number of stomachs in which a food item 

was found, expressed as the percentage of total number of non-empty stomachs. 

- Percentage numerical abundance (N): considers the number of individuals in each food 

category expressed as a percentage of the total individuals in all food categories. 

- Percentage gravimetric composition (W) represents the total wet weight of a food 

category expressed as a percentage of the overall weight of stomach contents.  

The main food items were identified using the index of relative importance (IRI) of 

Pinkas et al. (1971), as modified by Hacunda (1981):  

IRI = F × (N + W) 

This index has been expressed as:  

%IRI = (IRI / Σ IRI) × 100 

To assess the feeding strategy along the annual cycle studied, the modified Costello 

(1990) graphical method (Amundsen et al., 1996) was used. In this method, the prey-

specific abundance (%Pi) (y – axis) was plotted against the frequency of occurrence (F) 

(x - axis). The prey-specific abundance (Pi) has been expressed as: 

%Pi = (∑ Si / ∑ Sti) × 100  

Where Si is the number of prey i and Sti is the total number of prey in the stomachs 

containing prey i. 
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To assess the bimonthly changes in diet breadth of L. jocu we used the Levins’ 

standardized index (Bi) (Hurlbert, 1978; Krebs, 1989): 

Bi = (1/n – 1) × ( 1/∑ jP2
ij -1) 

where Bi is the Levins’ standardized index for predator i; Pij is proportion of diet of 

predator i that is made up of prey j, and n is number of prey categories. 

This index ranges from 0 to 1; low values indicate diets dominated by few prey items 

(specialist predators), high values indicate generalist diets (Krebs, 1989). 

 

Statistical analysis 

The bimonthly variation of TL and %FI were tested using a one-way analysis of 

variance (ANOVA) (Underwood, 1997). ANOVA assumptions of normality 

(Kolmogorov-Smirnov test) and homoscedasticity (Cochran test) were previously 

tested. 

The data matrix of bimonthly IRI values of family diet components, were square root 

transformed (Platell and Potter, 2001) and the similarity was calculated using Bry-

Curtis similarity (Marshall and Elliott, 1997). A hierarchical agglomerative cluster 

analysis (using complete linkage) was performed to describe similarity in feeding 

habitat among the months. 

 

RESULTS 

 
Sample characterization 

A total of 92 individuals of L. jocu was captured between September 2003 and July 

2004. Catch was highest in July (n = 27) and lowest in March (n = 4). The dog snapper 

ranged in size from 8.4 to 31.0 cm TL, with a mean value (± SD) of 16.5 cm (± 4.5). 

Total length did not change significantly over the months (ANOVA: F = 1.53, p > 0.05), 

though mean TL value in March (21.5 ± 2.2 cm) was higher than May value (15.2 ± 5.1 

cm). All catch was represented only by juveniles.  

 

Feeding activity 

Of the 92 stomachs analyzed, 4 (4.3%) were empty. The fullness index (%FI) ranged 

from 0 to 6% with a mean value (± SD) of 3% (± 1.6%). The values of %FI were not 

influenced by months sampled (ANOVA, F = 1.31, p > 0.05). However, lowest and 

highest values occurred in July (2.0 ± 1.7%) and May (3.5 ± 1.8%), respectively. 
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Overall composition of the diet 

A total of 732 prey belonging to 44 taxa were identified, with a average number of prey 

per stomach of 8.3. Identification to species level was possible in several cases, due to 

the limited stage of digestion of prey. Frequency of occurrence, percentage of numerical 

abundance, gravimetric composition and index of relative importance values of different 

groups, genera and species of prey organisms found in the stomachs are shown in Table 

1. Penaeidae and Grapsidae were present in greatest abundance (N: 37.8% and 17.8%, 

respectively) and also had the highest frequency of occurrence (F: 61.4% and 60.2%, 

respectively) in the dog snapper stomachs. In spite of the numerous Penaeidae ingested, 

they only represented 15.2% of percentage gravimetric composition. Grapsidae and 

Porcellanidae dominated in biomass (W: 22.1% and 16.2%, respectively). According to 

percentage of index of relative importance (%IRI), the most important prey was 

Penaeidae (36.5%), followed by Grapsidae (27.0%) and Porcellanidae (21.4%). 

 

Table 1. Frequency of occurrence (F), numerical abundance (N), gravimetric 

composition (W) and Index of Relative Importance (IRI) of the stomach contents of 88 

juvenile dog snapper collected bimonthly between September 2003 and July 2004 in 

four macrotidal creeks of the Curuçá estuary. Abbreviations for major categories of 

food items are shown in brackets. 

Prey item F (%) N (%) W (%) IRI%
CRUSTACEA   
   Decapoda   
     Alpheidae [Alp] 15.9 2.3 8.6 3.1 
        Alpheus sp. 15.9 2.3 8.6 3.1 
     Diogenidae [Dio] 1.1 0.1 0.1 <0.1
        Clibanarius sp. 1.1 0.1 0.1 <0.1
     Goneplacidae [Gon]  6.8 1.0 0.8 0.1 
        Nanoplax xanthiformis 8.0 0.1 0.9 0.3 
     Grapsidae [Gra] 60.2 17.8 22.1 27.0
        Aratus pisonii 10.2 1.8 1.5 0.6 
        Goniopsis cruentata 14.8 4.0 3.8 2.0 
        Pachygrapsus gracilis 45.5 11.1 16.5 22.0
        Grapsidae n.i. 4.5 1.0 0.3 0.1 
     Ocypodidae [Ocy]  22.7 3.0 1.6 1.2 
        Uca cumulanta 11.4 1.4 1.0 0.5 
        Uca mordax 1.1 0.1 <0.1 <0.1
        Uca rapax 4.5 0.8 0.2 0.1 
        Uca n.i. 5.7 0.7 0.4 0.1 
     Palaemonidae [Pal]  8.0 1.6 2.8 0.4 
        Macrobrachium amazonicum 1.1 0.1 0.3 <0.1
        Macrobrachium surinamicum 5.7 1.4 1.5 0.3 
        Macrobrachium n.i. 1.1 0.1 1.0 <0.1
     Penaeidae [Pen] 61.4 37.8 15.2 36.5

        Farfantepenaeus subtilis 19.3 13.9 8.6 7.7 
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Table 1. Continued.  
Prey item F (%) N (%) W (%) IRI% 
        Litopenaeus schmitti 6.8 2.3 2.3 0.5 
        Penaeidae n.i. 45.5 21.6 4.3 20.7 
     Porcellanidae [Por]  60.2 15.4 16.2 21.4 
        Petrolisthes armatus 60.2 15.4 16.2 33.6 
     Portunidae [Port]  38.6 8.6 9.2 7.7 
        Callinectes bocourti 18.2 4.4 5.4 3.1 
        Callinectes danae 3.4 1.0 0.5 0.1 
        Callinectes n.i 17.0 3.1 3.2 1.9 
        Portunus rufiremus 1.1 0.1 <0.1 <0.1 
     Xanthidae [Xan]  22.7 4.4 4.0 2.1 
        Eurytium limosum 17.0 3.0 3.5 2.0 
        Pilumnus quoyi 2.3 0.3 0.1 <0.1 
        Xanthidae n.i. 5.7 1.1 0.3 0.1 
   Isopoda   
     Sphaeromidae [Sph]  5.7 1.4 <0.1 0.1 
MOLLUSCA  
   Gastropoda  
     Nassaridae [Nas]  2.3 0.3 0.4 <0.1 
        Nassarius n.i. 2.3 0.3 0.4 <0.1 
TELEOSTEI  
   Batrachoidiformes  
     Batrachoididae [Bat]  1.1 0.1 0.4 <0.1 
        Thalassophryne nattereri 1.1 0.1 0.4 <0.1 
   Clupeiformes  
     Engraulidae [Eng]  9.1 2.5 3.5 0.6 
        Anchovia clupeoides 2.3 1.0 2.6 0.1 
        Engraulidae n.i. 6.8 1.5 0.9 0.3 
   Cyprinodontiformes  
     Poecilidae [Poe]  2.3 0.4 0.9 <0.1 
        Poecilia vivipara 2.3 0.4 0.9 0.1 
   Perciformes  
     Carangidae [Car]  2.3 0.3 2.9 0.1 
        Oligoplites saurus 2.3 0.3 2.9 0.1 
     Gobiidae [Gob]  6.8 1.4 6.5 <0.1 
        Ctenobius smaragdus 1.1 0.1 0.8 <0.1 
        Gobionellus oceanicus 2.3 0.3 4.2 0.2 
        Gobionellus sp. 1.1 0.1 0.1 <0.1 
        Gobiidae n.i. 4.5 0.8 1.3 0.2 
     Haemulidae [Hae]  2.3 0.3 0.9 <0.1 
        Genyatremus luteus 2.3 0.3 0.9 <0.1 
     Sciaenidae [Sci]  1.1 0.1 0.2 <0.1 
        Cynoscion n.i. 1.1 0.1 0.2 <0.1 
   Pleuronectiformes  
     Paralichthyidae [Par]  1.1 0.1 0.8 <0.1 
        Citharichthys spilopterus 1.1 0.1 0.8 <0.1 
   Siluriformes  
     Ariidae [Ari]  3.4 0.8 3.0 0.1 
        Cathorops sp. 2.3 0.5 2.9 0.1 
        Ariidae n.i. 1.1 0.3 0.1 <0.1 
Unidentified vegetal material [Veg] 1.1 0.1 <0.1 <0.1 
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Temporal variation of the diet and feeding strategy 

Cluster analysis carried out on IRI data differentiated two groups at a similarity of 55% 

(Fig. 2a). The first group (A) was composed of specimens from dry season (September 

and November) and dry / wet season transition (January), with their diet dominated by 

Penaeidae (Fig. 2b). The second (group B) contained specimens from the wet season 

(March and May) and wet / dry season transition (July) that consumed mainly 

Grapsidae, Penaeidae and Porcellanidae (Fig. 2b). 

 

 
 

Figure 2. (a) Dendrogram of cluster analysis of similarity in feeding habitat among the 

months of L. jocu collected between September 2003 and July 2004 in four macrotidal 

mangrove creeks in the Curuçá estuary (north Brazil). (b) Percent of the index of 

relative importance (%IRI) of main prey items. 

 

The interpretation of the diagrams of the modified Costello graphical method 

(Amundsen et al., 1996) is shown in Figure 3a.  
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Figure 3. (a) Explanatory diagram of the modified Costello method (BPC: between-

phenotype component; WPC: within phenotype component). (b)Variation of feeding 

strategy of L. jocu analysed for all months; (c) cluster group A; (d) cluster group B. 

Refer to Table 1 for abbreviations of major food categories. 

 

The plot of prey-specific abundance (%Pi) and frequency of occurrence (F) of the main 

components of the diet between September 2003 and July 2004, showed a strong 

specialization towards Penaeidae to have been eaten by more than half the individuals 

(F = 61%) and to have high contribution in specific abundance (Pi = 54%) (Fig. 3b). 

However, some teleost prey (e.g. Sciaenidae, Poecilidae, Haemulidae, Ariidae and 

Carangidae) presented a low F and a low Pi (lower left quadrant), displaying evidence of 

a generalist strategy.  

The independent analysis of feeding strategy between the temporal groups identified by 

cluster analysis showed for the group A a similar tendency to that observed in the total 

population being Penaeidae the dominant prey component (Pi = 62% e F = 80%) (Fig. 

3c). The dog snappers of group B (March, May and July) presented most prey with 
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lower contribution in abundance, indicating a generalized feeding strategy (Fig. 3d). 

The most representative prey families were Grapsidae (Pi = 31% and F = 83%), 

Penaeidae (Pi = 42% and F = 55%) and Porcellanidae (Pi = 23% and F =58%). 

The Levins’ standardized index (Bi) was lower in September (Bi = 0.1) and November 

(Bi = 0.2) indicating a selective diet and narrow niche width (Fig. 4). A higher value of 

Bi  recorded in March (Bi = 0.7) showed a wide trophic niche. 

 

 
 

Figure 4. Bimonthly values of Levins’ standardised index (Bi) for L. jocu collected 

between September 2003 and July 2004 in four macrotidal mangrove creeks in the 

Curuçá estuary (north Brazil). 

 

DISCUSSION 

 

Population characteristics 

The small size of L. jocu specimens caught in intertidal mangrove creeks of Curuçá 

estuary supported the hypothesis that the mangroves are a nursery ground habitat for 

juveniles and sub-adults snapper species (Sheaves, 1995; Nagelkerken et al., 2000; 

Cocheret de la Moriniére et al., 2003). The highest abundances of dog snapper in dry 

season suggested that the salinity variations and the hydrodynamic regime established 

by the seasonal changes in freshwater runoff, have been important control factors in the 

use of mangrove habitat by this species. 
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Feeding activity 

Juvenile dog snapper showed a feeding activity similar to other estuarine fishes 

(Krumme et al., 2005; Giarrizzo, unpublished data). The high %FI and the limited stage 

of digestion of prey indicate that the feeding activity starts at high tide. The low vacuity 

index and the no significant changes in %FI during the year emphasized the importance 

of the intertidal zone as a feeding ground for dog snapper.  

 

Diet 

Several studies have been carried out on the dietary habits of snappers (e.g. Hiatt and 

Strasburg, 1960; Guevara et al., 1994; Rooker, 1995; Kiso and Mahyam, 2003; 

Kamukuru and Mgaya, 2004; Szedlmayer and Lee, 2004). These studies suggest that 

Lutjanidae species are demersal predacious fishes with a broad diet dominated by crabs, 

shrimps, stomatopods, fish and other motile invertebrates.  

According to the obtained data, the diet of L. jocu includes a wide range of prey taxa 

related to the high diversity and abundance of food sources in the intertidal mangrove 

habitat. Similar results were reported for L. johnii (Bloch, 1792) in the Matang 

mangrove estuary (Malaysia) by Kiso and Mahyam (2003) and for L. campechanus 

(Poey, 1860) in Gulf of Mexico (USA) by Szedlmayer and Lee (2004).  

According to Kamukuru and Mgaya (2004), while the range of prey consumed by L. 

jocu was large, comparatively few prey items dominated the diet. In our study the 

analysis of stomach contents showed that the most frequent and dominant item was 

Penaeidae. In terms of biomass, the Grapsidae crabs presented a significant contribution 

in diet given the higher body mass. Our data are in agreement with the finding of Stark 

(1971) where juveniles of L. griseus (Linnaeus, 1758) from Florida, displayed a diet 

dominated by crustacea mainly crabs and shrimps (Penaeidae). 

According to the %IRI values, Penaeidae, Grapsidae and Porcellanidae were the most 

important prey families of the juvenile dog snapper diet. Similar findings were reported 

for congeneric species such as the sub-adult of L. fulviflama (Forsskal, 1775) from 

Tanzânia showing a diet dominated by crustacea, with shrimps accounting for 40% of 

%IRI (Kamukuru and Mgaya, 2004). 

During the sampling period, clear changes were observed in the diet composition of L. 

jocu. Dog snapper, reflected in the dried months a specialist diet, mainly consuming 

Penaeidae shirmps, and in the wetted months a generalist diet displaying a widening of 
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the trophic spectrum consuming Grapsidae, Porcellanidae, Portunidae, Penaeidae and 

Xanthidae. Nevertheless, the occurrence of several prey items with lower contribution 

in abundance indicated that L. jocu is also an opportunistic predator. A possible cause 

for the observed intra-annual difference in diet of the juvenile dog snapper can be 

related to the distribution, abundance and availability of prey in each season (Guevara et 

al., 1994, Rooker, 1995, Sierra and Popova, 1997).  

 

Management implication 

Over the last decades, fishery pressures on the snapper species have alarmed the 

governmental authorities responsible for the conservation and management of target fish 

stocks. Along the North and Northeast Brazilian coast the artisanal and industrial 

fishermen catch snappers with traps and line and hook gear in depths from 20 - 120 m 

(Frédou and Ferreira, 2005; Isaac, 2006). Around 1978 the collapse of the red snapper 

fishery in northeast Brazil motivated the migration of numerous fishermen to the less 

exploited areas of the Pará coast. As a consequence, this region quickly started to 

present signs of stock decline (Souza, 2002).  

L. jocu is considered to be particularly sensitive to exploitation pressure given the low 

rates of natural mortality, low growth potential, extended longevity and a late maturity 

(Rezende and Ferreira, 2004). Besides the snapper fishery, in Northern Brazil, the 

artisanal fishermen use tidal traps or block nets to capture Ariidae [e.g. Sciades 

herzbergii (Bloch, 1794)], Sciaenidae [e.g. Macrodon ancylodon (Bloch & Schneider, 

1801)] and shrimps. Along with these practices, the smallest juveniles of important 

fishes [e.g. L. jocu; Epinephelus itajara (Lichtenstein, 1822)] can be caught 

unintentionally by these fishing gears, which could have an adverse effect on the 

successful recruitment of sub-adults into the fishery. The dependence of juveniles of L. 

jocu on the intertidal mangrove area suggests that a total protection of this habitat would 

be more appropriate for proper conservation of this important commercial fish species. 
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RESUMO 

 

A dieta e a ecologia alimentar de juvenis de Lutjanus jocu foram verificada em 92 

espécimes coletados em quatro canais de maré do estuário do rio Curuçá, Norte do 

Brasil, entre setembro de 2003 e julho de 2004. O comprimento total dos peixes 

coletados não apresentou diferenças significativas entre os meses amostrados. A 

intensidade alimentar foi elevada conforme indicado pelos altos valores do índice de 

repleção estomacal e os baixos valores do índice de vacuidade. A presa mais importante 

foi Penaeidae, seguida por Grapsidae e Porcellanidae. A dieta de juvenis de L. jocu 

apresentou diferenças sazonais evidentes. Os espécimes da estação seca (setembro e 

novembro) e transição seca/chuvosa (janeiro) foram considerados especialistas 

alimentando-se exclusivamente de Penaeidae. No entanto, os espécimes da estação 

chuvosa (março e maio) e da transição chuvosa/seca (julho), que alimentaram-se 

principalmente de Grapsidae, Penaeidae e Porcellanidae, foram considerados 

generalistas. Esta mudança sazonal na dieta poderia estar relacionada com a 

disponibilidade do alimento. Algumas recomendações para o desenvolvimento 

sustentável e a explotação do L. jocu como recurso pesqueiro estão discutidas nesse 

trabalho. 
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ABSTRACT 

Weight-length relationships (WLR) are presented for 40 fish species inhabiting the 

mangrove creeks in the Curuçá Estuary in Northern Brazil. Samples were taken 

bimonthly between July 2003 and 2004 with a fyke net. This study represents the first 

reference available on WLR for 28 fish species.  

INTRODUCTION 

 
Growth of fish may be described in terms of changes in length, width or any other linear 

dimensions as well as by weight (King, 1995). In sampling programs length is often 

used because it is easier to measure in the field (Martin-Smith, 1996; Morey et al., 

2003). Standing stock, yield and biomass are frequently estimated from weight-length 

relationships (WLR) (Froese, 1998). WLR data are available for most European and 

North American estuarine fishes, but are lacking for most tropical fish species. The 

present paper describes the WLR for 40 fish species caught in the tidal creeks in the 
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mangrove estuary of Curuçá River, Northern Brazil. This study represents the first 

reference available on WLR for 28 fish species. 

 

MATERIAL AND METHODS 

 
Samples were taken bimonthly between July 2003 and 2004 from four tidal creeks in 

the Curuçá Estuary in NE Pará, Brazil (0°10'S, 47°50'W). The vegetation, dominated by 

Rhizophora mangle and Avicennia germinans, is partially flooded at high tide. The 

estuary is subjected to semidiurnal tides with a tidal range of 4–5 m. Fish were collected 

at the mouth of the main water drainage creek of the mangrove swamps. Samples were 

always collected during the first quarter lunar phase, at high tide in the daytime using a 

fyke net. This fishing gear is a passive sampler composed of two fence nets (20 m long, 

6 m deep, with 20 mm stretch-mesh) and a hoop-net (with 8 mm stretch-mesh). During 

the tidal reflux (6 h on average), every 15 min the fyke net was taken up to collect fish. 

Specimens caught were preserved in ice for transport to the laboratory where they were 

identified, total length measured to the nearest mm with an ichthyometer and weighed 

to the nearest 0.01 g using a Sartorius balance (PT 310, Germany). The weight-length 

relationship was calculated using the equation W = aLb (Pauly, 1984), and 

logarithmically transformed into: log W = log a + b log L where W is the weight of the 

fish in grams and L is the length of the fish measured in centimeters. In order to verify if 

b was significantly different from the isometric value (b = 3), the Student's t-test (H0: b 

= 3) with a confidence level of ±95% (α = 0.05) was employed (Sokal and Rohlf, 1987). 

With the aim to verify the existence of spatial variation in WLR, the slope values for the 

species appearing both in this study and in other geographical areas were compared 

(Froese and Pauly, 2004). 

 

RESULTS AND DISCUSSION 

 
Overall, 19,468 specimens representing 40 different fish species belonging to 21 

families were analyzed. The species, taxonomic authority, sample size (N), range of 

length and weight, weight-length parameters (a, b), coefficient of determination (r2), 

standard error of slope (b) and the kind of growth (isometric or allometric) are presented 

in Table 1.  
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Almost 90% of all fish collected were juveniles of larger species or adults of small 

species. Due to the nursery function of the sampled mangrove area, some of the 

allometry results, biased by inclusion of small specimens, should be used with caution. 

As pointed out by Petrakis and Stergiou (1995), the application of these WLR should be 

limited to the size ranges used to estimate the parameters. 

The comparison of kind of growth for the species suggested similarity between species 

of the same family. The species of the family Carangidae, Mugilidae and 

Tetraodontidae show a consistently negative allometric growth; however, Ariidae 

demonstrate a positive allometric growth. 

Of the 40 species, the length-weight relationship in the Fish Base database (Froese and 

Pauly, 2004) was available for only 12 species. Comparisons with previous studies 

carried out in southern Brazil (Haimovici and Velasco, 2000; Gomes and Araújo, 2004), 

Central America (Dawson, 1965; Colmenero et al., 1982; Gallo, 1993; González Acosta 

et al., 2004) and the Senegal coast (King, 1996) suggest that our estimates of b are 

particularly high for Achirus lineatus, Cathorops spixii, Anchoa hepsetus and 

Lycengraulis grossidens, but lower for Sphoeroides tesudineus. The observed 

differences among localities could be explained by a number of factors including 

season, temperature, salinity, food availability, number of specimens, and the variations 

in the range of length of the sample populations (Pauly, 1984; Weatherley and Gill, 

1987). 
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Table 1. Length-weight relationships for 40 species inhabiting the mangrove creeks in the Curuçá Estuary, Northern Brazil 

    Length (cm) Weight (g)           
Family / species N Minimum Maximum Minimum Maximum a b r2 value S.E. (b) Growth type 
Achiridae                     
Achirus lineatus (Linnaeus, 1758) 50 3.7 16.0 0.4 72.0 0.0068 3.36 0.978 0.072  + Allometry 
           
Anablepidae           
Anableps anableps (Linnaeus, 1758) 245 5.7 26.4 1.3 175.6 0.0060 3.12 0.988 0.022 + Allometry 
           
Ariidae           
Cathorops spixii (Spix & Agassiz, 1829)  22 11.3 19.0 10.5 59.6 0.0042 3.23 0.975 0.115 + Allometry 
Cathorops agassizii (Eigenmann & Eigenmann, 1888)  388 6.2 22.5 1.5 126.4 0.0076 3.08 0.957 0.033 + Allometry 
Hexanematichthys herzbergii (Bloch, 1794)  2699 5.3 35.1 1.1 400.0 0.0064 3.08 0.979 0.008 + Allometry 
           
Atherinopsidae           
Atherinella brasiliensis (Quoy & Gaimard, 1825) 15 6.1 11.4 1.5 10.9 0.0036 3.31 0.993 0.074 + Allometry 
           
Auchenipteridae           
Pseudauchenipterus nodosus (Bloch, 1794) 53 7.8 11.2 5.0 14.1 0.0092 3.05 0.892 0.148 Isometry 
           
Batrachoididae           
Batrachoides surinamensis (Bloch & Schneider, 1801)  15 8.9 37.8 5.7 800.0 0.0031 3.47 0.992 0.085 + Allometry 
           
Belonidae           
Strongylura timucu (Walbaum, 1792) 15 5.5 49.2 0.1 176.5 0.0005 3.25 0.997 0.053 + Allometry 
           
Carangidae           
Oligoplites saurus (Bloch & Schneider, 1801) 435 3.2 20.8 0.2 77.3 0.0184 2.661 0.977 0.019 - Allometry 
Selene vomer (Linnaeus, 1758) 20 4.0 15.2 1.2 49.3 0.0249 2.80 0.989 0.067 - Allometry 
           
Centropomidae           
Centropomus pectinatus Poey, 1860 167 3.1 20.4 0.3 95.1 0.0106 2.98 0.997 0.014 Isometry 
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Table 1. Continued.           
    Length (cm) Weight (g)           
Family / species N Minimum Maximum Minimum Maximum a b r2 value S.E. (b) Growth type 
Centropomus undecimalis (Bloch, 1792) 30 7.3 36.5 3.2 389.2 0.0104 2.91 0.992 0.050 - Allometry 
           
Clupeidae           
Rhinosardinia amazonica (Steindachner, 1879) 1093 2.2 10.5 0.1 10.8 0.0070 3.03 0.952 0.021 Isometry 
           
Engraulidae           
Anchovia clupeoides (Swainson, 1839) 5482 2.7 17.3 0.1 19.9 0.0056 3.12 0.989 0.004 + Allometry 
Anchoa hepsetus (Linnaeus, 1758) 1059 2.0 7.2 0.1 3.0 0.0060 3.09 0.939 0.024 + Allometry 
Anchoviella guianensis (Eigenmann, 1912)  33 3.2 5.8 0.1 1.6 0.0029 3.59 0.858 0.262 + Allometry 
Anchoviella lepidentostole (Fowler, 1911) 193 2.0 13.1 0.1 19.9 0.0055 3.11 0.983 0.030 + Allometry 
Cetengraulis edentulus (Cuvier, 1829) 2424 2.8 18.2 0.1 53.5 0.0029 3.48 0.976 0.011 + Allometry 
Lycengraulis grossidens (Agassiz, 1829) 434 2.8 18.2 0.1 54.3 0.0081 2.97 0.950 0.033 Isometry 
Pterengraulis atherinoides (Linnaeus, 1766) 200 5.2 21.6 1.4 74.2 0.0049 3.12 0.977 0.034 + Allometry 
           
Gerreidae           
Diapterus auratus Ranzani, 1842 437 2.3 17.7 0.2 84.1 0.0128 3.04 0.991 0.014 + Allometry 
Eucinostomus melanopterus (Bleeker, 1863)  104 3.3 14.7 0.6 40.4 0.0162 2.92 0.983 0.038 - Allometry 
           
Gobiidae            
Ctenogobius smaragdus (Valenciennes, 1837)  12 3.2 9.3 0.1 3.6 0.0040 3.08 0.957 0.206 Isometry 
           
Haemulidae           
Genyatremus luteus (Bloch, 1790) 714 3.8 24.9 1.0 284.3 0.0264 2.86 0.980 0.015 - Allometry 
           
Hemiramphidae           
Hyporhamphus roberti (Valenciennes, 1847) 94 7.0 17.2 0.5 13.2 0.0006 3.54 0.967 0.068 + Allometry 
           
Lutjanidae           
Lutjanus jocu (Bloch & Schneider, 1801) 89 8.5 31.5 11.5 720.0 0.0198 2.96 0.993 0.028 Isometry 
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Table 1. Continued.           
    Length (cm) Weight (g)           
Family / species N Minimum Maximum Minimum Maximum a b r2 value S.E. (b) Growth type 
Mugilidae           
Mugil curema Valenciennes, 1836 289 4.2 27.8 1.2 262.0 0.0190 2.80 0.993 0.013 - Allometry 
Mugil gaimardianus Desmarest, 1831 456 3.6 23.5 0.4 121.5 0.0138 2.90 0.990 0.014 - Allometry 
Mugil incilis Hancock, 1830  25 11.1 38.5 14.9 259.2 0.0151 2.87 0.986 0.070 - Allometry 
           
Paralichthyidae           
Citharichthys spilopterus Günther, 1862 40 2.7 9.8 0.2 10.2 0.0105 2.95 0.988 0.054 Isometry 
           
Poeciliidae           
Poecilia vivipara Bloch & Schneider, 1801 199 1.2 5.2 0.1 2.2 0.0065 3.55 0.897 0.086 + Allometry 
           
Sciaenidae           
Cynoscion acoupa (Lacepède, 1801) 131 4.9 27.0 1.1 139.5 0.0081 2.99 0.991 0.025 Isometry 
Cynoscion jamaicensis (Vaillant & Bocourt, 1883) 16 4.0 15.7 0.6 33.4 0.0089 2.96 0.992 0.069 Isometry 
Stellifer naso (Jordan, 1889) 350 5.7 20.0 1.9 119.2 0.0053 3.28 0.971 0.030 + Allometry 
Stellifer microps (Steindachner, 1846) 379 4.2 18.8 0.9 98.6 0.0076 3.22 0.993 0.013 + Allometry 
Stellifer rastrifer (Jordan, 1889) 24 2.7 14.1 0.2 35.0 0.0050 3.40 0.981 0.101 + Allometry 
Stellifer stellifer (Bloch, 1790) 14 3.0 14.6 0.1 2.0 0.0035 3.46 0.963 0.197 + Allometry 
           
Tetraodontidae           
Colomesus psittacus (Bloch & Schneider, 1801) 787 4.4 29.3 2.1 670.0 0.0290 2.91 0.982 0.014 - Allometry 
Sphoeroides testudineus (Linnaeus, 1758) 236 2.2 18.3 0.5 181.7 0.0467 2.71 0.942 0.044 - Allometry 
Species in bold have weight–length relationships estimates included in FishBase database (Froese and Pauly, 2004). 
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ABSTRACT 

 
To contribute to mass balanced trophic model construction, estimates of annual food 

consumption/biomass ratio (Q/B) were compiled for 37 selected fish species of the 

Curuçá estuary in northern Brazil using an empirical model. Samples were taken 

bimonthly between July 2003 and July 2004 in the main channel and intertidal creeks 

using an otter trawl and a fyke net, respectively. The aspect ratio of the caudal fin varied 

between 0.8 for Poecilia vivipara and 4.6 for Sciades herzbergii and the Q/B ranged 

from 2.3 for Epinephelus itajara to 67.4 for Cetengraulis edentulus. This study 

represents the first reference available on Q/B values of 29 fish species. 

 

INTRODUCTION 

 
One of the most important aspects of ecological studies lies in understanding the 

ecosystems through their trophic fluxes with regards to energy assimilation, transfer and 

dissipation (Baird and Ulanowicz, 1993). 

During the last 50 years, indiscriminate fishing gear and unsustainable fishing practices 

have led to significant and stead decline in the mean trophic levels of fishery landings 

(Pauly et al., 2000). The overall worldwide fishery collapse was observed over the last 

decades and its highly complex impacts on ecosystems have contributed to the 

substitution of the traditional single-species assessments for a more holistic approach: 
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the “ecosystem-based management” (e.g. Jennings and Polunin, 1996; Pauly et al., 

1998; Charles, 2001; Jackson et al., 2001). 

The Ecopath software (Polovina, 1984) has been widely used to describe trophic 

relationships in aquatic ecosystems on quantitative bases (Pauly et al., 2000). 

Information about feeding ecology and food consumption of the major functional 

groups of an ecosystem are necessary to construct mass and energy flow models 

(Christensen and Pauly, 1993). The food consumption per unit biomass (Q/B) indicates 

the number of times that a given population consumes its own weight per year (Pauly, 

1986). However, estimates of Q/B ratio are lacking for most tropical fish species. 

Therefore, this study compiled food-consumption estimates (Q/B) of 37 fish species 

caught in a macrotidal mangrove estuary in North Brazil, with the aim to contribute to 

mass balanced trophic models’ construction in similar ecosystems. These species 

constitute up to 95 % in terms of both total catch weight and abundance in the studied 

area (Giarrizzo and Krumme, 2007). This study represents the first reference available 

on Q/B for 29 fish species. 

 

STUDY AREA 

 
Sampling was carried out in the estuary of the Curuçá River, Pará, North Brazil, located 

at the eastern tip of the mouth of the southern channel of the Amazon delta (Marajó 

Bay) (0° 10'S, 47° 50'W) (Fig. 1). Local climate is tropical characterized by 

megathermy and high humidity (Allaby, 2002). Water temperature is constantly high 

with an average value of 26.75 °C. Salinity changes according to the season, being low 

during the rainy season, in the first half of the year and attaining values of marine water 

during the dry season. Like in the whole Northern Brazilian coast, the Curuçá estuary is 

fringed by mangrove forests composed of Rhizophora mangle L., Avicennia germinans 

(L.) and Laguncularia racemosa (L.). Tides in the region are characterized by a semi-

diurnal pattern with a tidal range of 3 - 4 m at neap tides and 4 - 5 m at spring tides.  
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Figure 1. Location of the Curuçá estuary (b) on the southern edge of the Pará River 

mouth (a). 

 

MATERIAL AND METHODS 

 
Samples were taken bimonthly between July 2003 and July 2004 in neap tide day in the 

middle and upper estuary. To collect fishes from the main channel (3-7 m deep at low 

tide), 112 samples, distributed between eight sites (Fig. 1), were taken with an otter 

trawl of 8.62 m width and 13 mm stretched mesh size. In addition, the intertidal fish 

fauna was collected using a fyke net, consisting of two wings (20 m width, 6 m deep, 

and 20 mm stretched mesh size) and a net body (mouth opening: 5 m width, 4.5 m deep, 

length 9 m and a stretched mesh size decreasing from 13 mm at the mouth to 2 mm at 

the tip end), placed at the mouth of four tidal creeks yielding a total of 28 samples (Fig. 

1). 

After collection, the fish were preserved in ice up to the laboratory where they were 

identified, total length measured to the nearest mm with an ichthyometer and weighed 

to the nearest 0.01 g.  
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Q/B values for each fish population were estimated using the empirical model of 

Palomares and Pauly (1998): 

Q/B = 10 (7.964 - 0.204 log w∞ - 1.965T + 0.083A + 0.532h + 0.398d) 

Where: Q/B is the annual food consumption/biomass ratio; W∞ is the asymptotic wet 

weight in g of the population calculated according to the relationship (Pauly 1984): W∞ 

= Wmax / 0.86, where Wmax is the weight of maximum sizes fish caught (g); T is the mean 

habitat temperature expressed as 1000 / [T(°C) + 273.1]; A is the aspect ratio of the 

population caudal fin, defined by the ratio: A = h2 / S, where, h and S are the height and 

surface area of caudal fin, respectively; h and d represent the feeding type (h = 1 and d = 

0 for herbivores; h = 0 and d = 1 for detritivores; h = 0 and d = 0 for carnivores). 

For each fish species, a random sub-sample of at least 50 fish was pooled to estimate the 

caudal fin aspect ratio. The software Scion Image Beta 4.02 (www.scioncorp.com) was 

used to capture, display and analyze the drawings and subsequently measure with 

graphical interface, the height and the surface area of caudal fin. 

The Q/B ratio for those fish species that occurred exclusively as juveniles were 

estimated using the Wmax available in FishBase (Froese and Pauly, 2006). When only 

the maximum total length (TLmax) was available in FishBase, the Wmax was estimated 

using weight-length relationships according to Giarrizzo et al. (2006). 

 

RESULTS AND DISCUSSION 

 
A total of 1877 specimens representing 37 species belonging to 21 families were 

analyzed. Table 1 shows, for each species, the taxonomic authority, the sample size (N), 

the maximum total length (TLmax), the maximum weight (Wmax), the asymptotic wet 

weight (W∞), the feeding type (h and d), the aspect ratio of the caudal fin (A) and the 

estimation of the annual food consumption/biomass ratio (Q/B). 

The caudal fin aspect ratio values ranged from 0.8 for Poecilia vivipara (Bloch and 

Schneider, 1801) to 4.6 for Sciades herzbergii (Bloch, 1794). According to Palomares 

and Pauly (1989) fish species with a high swimming activity and consequently, high 

metabolic rates, frequently have caudal fins with higher A values, while sedentary fish, 

that presumably have a relatively lower food intake, are characterized by caudal fins 

with low values of A. For instance, S. herzbergii with an elongated body shape, short 

paired fins and a convex caudal fin is an active benthic feeder that needs a high 

swimming speed to attack especially soft bottom preys. On the other hand, P. vivipara, 
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a sedentary benthopelagic fish with a sub cylindrical body shape and a round caudal fin, 

is a zooplanctivorous species that does not require much energy to feed. According to 

Isaac and Moura (1998) fish caudal fin shape is strongly related to swimming ability 

and metabolic needs. 

The annual food consumption/biomass ratio (Q/B) of 37 fish species collected in the 

macrotidal mangrove estuary of the Curuçá River varied between 2.3 for Epinephelus 

itajara (Lichtenstein 1822) to 67.4 for Cetengraulis edentulus (Cuvier, 1829). The 

proportion of plants in the diet directly influences the food consumption (Garcia and 

Duarte 2002). Mean Q/B values (± S.D.) of herbivorous and carnivorous was 48.6 ± 

13.3 (range: 32.1 – 67.3), and 13.1 ± 5.6 (range: 2.3 – 24.4), respectively. 

 

Table 1. Estimates of the annual food consumption/biomass ratio (Q/B) of 37 fish 

species collected in macrotidal mangrove estuary of the Curuçá River, Pará, North 

Brazil. For the fish species that occurred in only juvenile stages, the literature values of 

maximum total length (TLmax) and maximum weight (Wmax) of adult populations are 

indicated between parentheses. N is the sample size; A is the aspect ratio of the caudal 

fin; h and d are the feeding type according to the empirical model of Palomares and 

Pauly (1998). 

 
Family / species N TLmax (cm) Wmax (g) W∞ (g) h d A Q/B 
Achiridae         
Achirus lineatus (Linnaeus,1758) 50 24.1 239.7 278.7 0 0 1.2 10.3 
            
Anablepidae            
Anableps anableps (Linnaeus, 1758) 50 26.4 175.6 204.2 1 0 1.3 38.0 
         
Ariidae            
Cathorops agassizii  
(Eigenmann & Eigenmann, 1888) 

50 26.5 (32.0) 
 

134.5 (328.6*) 382.1 
 

0 
 

0 
 

3.0 
 

13.6 
 

Cathorops spixii (Agassiz, 1829) 53 19.0 (30.0) 59.6 (247.9*) 288.3 0 0 2.8 13.8 

Sciades herzbergii (Bloch, 1794) 
52 35.1 (54.0) 

 
410.0 (1500.0) 1744.2 

 
0 
 

0 
 

4.6 
 

13.5 
 

            
Atherinopsidae            
Atherinella brasiliensis  
(Quoy & Gaimard, 1825) 

53 14.5  
 

25.4 29.5  
 

1 
 

0 
 

1.7 
 

60.8 
 

            
Auchenipteridae            
Pseudauchenipterus nodosus (Bloch, 
1794)  

53 15.5 (22.0) 
 

39.3 (114.3*) 132.9 
 

0 
 

0 
 

3.7 
 

19.3 
 

            
Bathrachoididae            
Batrachoides surinamensis 
 (Bloch & Schneider, 1801) 

50 37.8 (57.0) 
 

800.0 (2300.0) 2674.4 
 

0 
 

0 
 

1.2 
 

6.5 
 

            



Ferraz et al. 

 141

Table 1. Continued.          
Family / species N TLmax (cm) Wmax (g) W∞ (g) h d A Q/B 
Carangidae            
Chloroscombrus chrysurus 
(Linnaeus, 1766) 

50 15.2 (42.5) 
 

37.6 (590.0) 686.0 
 

0 
 

0 
 

3.5 
 

13.3 
 

Oligoplites saurus  
(Bloch & Schneider, 1801) 

50 20.8 (35.0) 
 

62.6 (287.0) 333.7 
 

0 
 

0 
 

3.4 
 

15.1 
 

            
Centropomidae            
Centropomus pectinatus (Poey, 1860) 52 20.4 (56.0) 95.1 (1507.0) 1752.3 0 0 2.4 8.9 
Centropomus undecimalis (Bloch, 
1792)  

50 36.5 (140.0) 
 

389.2 (24300.0) 28255.8 
 

0 
 

0 
 

2.4 
 

5.0 
 

            
Clupeidae            
Odontognathus mucronatus  
(Lacepède, 1800) 

50 14.3 
 

9.9 11.5 
 

0 
 

0 
 

2.2 
 

23.8 
 

Rhinosardinia amazonica  
(Steindachner, 1879) 

50 15.6 
 

32.2 37.4 
 

0 
 

0 
 

3.6 
 

24.5 
 

            
Cynoglossidae             
Symphurus plagusia 
 (Bloch & Schneider, 1801)  

50 25.0 
 

93.9  109.2 
 

0 
 

0 
 

1.0 
 

12.0 
 

            
Engraulidae            
Anchoa hepsetus (Linnaeus, 1758) 50 15.0 29.5 34.3 0 0 2.1 18.7 
Anchovia clupeoides (Swainson, 
1839) 

50 17.3 (30.0) 
 

46.5 (227.4*) 264.4 
 

0 
 

0 
 

4.2 
 

18.4 
 

Cetengraulis edentulus (Cuvier, 1829) 50 26.0 90.6 105.3 1 0 3.6 67.4 
Lycengraulis grossidens (Agassiz, 
1829)  

50 18.2 (23.5) 
 

54.3 (95.6*) 111.2 
 

0 
 

0 
 

2.8 
 

16.8 
 

Pterengraulis atherinoides (Linnaeus, 
1766)  

51 21.6 (30.0) 
 

74.2 (199.0*) 231.4 
 

0 
 

0 
 

3.4 
 

16.2 
 

            
Gerreidae            
Diapterus auratus (Ranzani, 1842) 52 17.7 (34.0) 87.5 (680.0) 790.7 0 0 3.7 13.4 
            
Haemulidae            
Genyatremus luteus (Bloch, 1790) 50 24.9 (37.0) 284.3 (800.0) 930.2 0 0 2.3 9.9 
            
Hemirhamphidae            
Hyporhamphus roberti (Valenciennes, 
1847) 

51 13.1 (32.0) 
 

5.6 (127.8*) 148.6 
 

0 
 

0 
 

1.5 
 

12.4 
 

            
Lutjanidae            
Lutjanus jocu (Bloch & Schneider, 
1801) 

51 31.5 (128.0) 
 

720.0 (28600.0) 33255.8 
 

0 
 

0 
 

2.0 
 

4.5 
 

            
Mugilidae            
Mugil curema Valenciennes, 1836 50 33.1 577.1 671.0 1 0 2.8 39.7 
Mugil gaimardianus (Desmarest, 
1831) 

50 23.5 
 

121.5 141.3 
 

1 
 

0 
 

2.3 
 

49.5 
 

Mugil incilis Hancock, 1830  50 38.5 529.2 615.4 1 0 3.1 42.8 
            
Paralichthyidae             
Citharichthys spilopterus Günther, 
1862  

50 12.0 (20.0) 
 

10.2 (72.3*) 84.1 
 

0 
 

0 
 

1.2 
 

13.1 
 

            
Poeciliidae            
Poecilia vivipara (Bloch & Schneider, 
1801) 

54 5.4 
 

2.6 3.0 
 

0 
 

0 
 

0.8 
 

24.0 
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Table 1. Continued.          
Family / species N TLmax (cm) Wmax (g) W∞ (g) h d A Q/B 
Sciaenidae            
Cynoscion acoupa (Lacepède, 1801) 50 27.0 (110.0) 175.4 (17000.0) 19767.4 0 0 1.3 4.4 
Stellifer microps (Steindachner, 1864) 52 18.8 105.8 123.0 0 0 1.5 12.8 
Stellifer naso (Jordan, 1889) 52 20.0 119.2 138.6 0 0 1.6 12.8 
Stellifer rastrifer (Jordan, 1889) 51 20.0 142.3 165.5 0 0 1.3 11.6 
Stellifer stellifer (Bloch, 1790) 50 14.6 56.7 65.9 0 0 1.5 14.6 
            
Serranidae            
Epinephelus itajara (Lichtenstein, 
1822) 

50 32.1 (250.0) 
 

625.9 (455000.0) 529069.8 
 

0 
 

0 
 

1.5 
 

2.3 
 

            
Tetraodontidae            
Colomesus psittacus  
(Bloch & Schneider, 1801) 

50 32.6 
 

955.3 1110.8 
 

0 
 

0 
 

1.9 
 

8.9 
 

Sphoeroides testudineus (Linnaeus, 
1758) 

50 18.3 (38.8) 
 

181.6 (400.0) 465.1 
 

0 
 

0 
 

1.8 
 

10.4 
 

Species in bold have annual food consumption/biomass ratio (Q/B) estimated in 
previous studies. 
* Estimation of Wmax from literature value of TLmax, using the weight-length 
relationship available for the same estuary (Giarrizzo et al., 2006) 
 

 

The trophic level of fishes usually tends to reflect different energy requirements to 

obtain food. Detritivorous and planktivorous fish such as engraulids have a low energy 

intake and high Q/B ratios while ichthyophage and benthophage fish have high energy 

requirements and low Q/B ratios, for example species like E. itajara. Therefore, an 

inverse relationship was observed between the energy intake and its transformation in 

biomass. 

Values of A, temperature, asymptotic wet weight and Q/B calculated according to the 

empirical model of Palomares and Pauly (1998), are shown in Table 2 in order to allow 

results comparison with other studies. The observed differences among localities could 

be explained by a number of factors including temperature, environmental conditions 

and methods used to measure the height and surface area for the calculation of A. 
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Table 2. Annual food consumption/biomass ratio (Q/B) for those species available in 

the literature. 

Family / species A T (°C) W∞ (g) Q/B Source 
Achiridae      
Achirus lineatus 1.5 27.2 87.2 14.2 Garcia and Duarte (2002) 
      
Ariidae      
Cathorops spixii 1.5 28.8 314.0 11.9 Isaac and Moura (1998) 
 2.4 25.7 233.5 12.7 Garcia and Duarte (2002) 
      
Carangidae      
Chloroscombrus chrysurus 4.1 26.4 388.4 16.4 Garcia and Duarte (2002) 
Oligoplites saurus 3.4 26.0 287.0 15.0 Abarca-Arenas and Valero-Pacheco (1993)
      
Gerreidae      
Diapterus auratus 3.2 27.6 581.4 13.6 Garcia and Duarte (2002) 
      
Lutjanidae      
Lutjanus jocu 1.4 26.9 7441.9 5.5 Garcia and Duarte (2002) 
      
Sciaenidae      
Stellifer rastrifer 1.1 28.8 162.0 12.5 Isaac and Moura (1998) 
      
Serranidae      
Epinephelus itajara 1.1 28.0 814.0 8.6 Garcia and Duarte (2002) 
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ABSTRACT 

 

Carbon and nitrogen stable isotope (δ13C and δ15N, respectively) analyses were used to 

assess the contribution of autotrophic sources (mangroves, benthic microalgae and 

epiphytic macroalgae) to 55 consumers in an intertidal mangrove creek of the Curuçá 

estuary, northern Brazil. Additionally, we tested whether mixing models are useful to 

study trophic relationships in mangrove ecosystems considering the multiplicity of 

sources, the effect of lipid content (assessed by C/N ratios), error propagation in mixing 

models, and the effect of isotopic fractionation (F). Primary producers showed δ13C 

signatures ranging between -29.2 and -19.5‰ and δ15N from 3.0 to 6.3‰. δ13C values 

of suspended particulate organic matter (POM) and sediment organic matter SOM were 

close to those of mangrove leaves suggesting that mangroves are the main source of 

these components in the intertidal mangrove creeks. The wide range of the isotopic 

composition of carbon of consumers (-28.6 to -15.3‰) indicated that different 

autotrophic sources have importance in the intertidal mangrove food webs. Our findings 

suggests that food web segregation structures the ecosystem into three relatively distinct 

food webs: (i) mangrove food web, where vascular plants contribute directly or 

indirectly via POM to the most 13C-depleted consumers (e.g. Ucides cordatus, calanoid 

copepods, and zooplanktivorous food chains, including most small pelagic fish species); 
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(ii) algal food web, where benthic algae and the chlorophyte Enteromorpha sp. are eaten 

directly by some consumer (e.g. Uca maracoani, mullets, polychaetes, several fish 

species); (iii) mixed food web where the consumers use the carbon from different 

primary sources (mainly benthophagous fishes). The IsoSource model was not helpful 

to estimate the potential contribution of autotrophs (mangrove, Catenella sp., benthic 

algae and Enteromorpha sp.) to the consumers. The variations of IsoSource and 

IsoError mixing model outputs were very sensitive to the magnitude of F. Nevertheless, 

the simplification of the system by a priori aggregation of primary producers (mangrove 

vs. algae) in the IsoError model allowed interpretable results for several taxa 

emphasizing the segregation into different food webs. 

 

KEY WORDS: δ13C · δ15N · mangrove food webs · Northern Brazil · mixing models 

 

INTRODUCTION 

 

The knowledge of the importance of the autotrophic sources in estuarine food webs is 

fundamental for both theoretical and practical reasons. First, such information is 

essential for understanding the relationship between fauna and flora of different 

environments. Second, the identification of which autotrophic sources sustain the 

secondary production is often vital for the development of conservation priorities and 

effective management policies of estuarine ecosystems (e.g. Connolly et al. 2005). The 

traditional trophic studies based on gut content analysis and visual observation offer 

only a snapshot of feeding habits at a particular time and do not provide evidence that 

ingested food is also assimilated. Thus, traditional methods do not always elucidate the 

ultimate source of primary production that supports the consumers, especially when 

detritus consumption is important in the food web (Gearing 1991; Polis and Strong 

1996). Unlike information obtained from conventional methods, in the last decades the 

combined analysis of carbon and nitrogen stable isotopes has been considered a 

powerful tool for tracing energy transfer from autotrophs to consumers if different food 

sources are isotopically distinct (e.g. Fry and Sherr 1984).  

On the other hand, this approach has several limitations and pitfalls (Michener and 

Schell 1994; Schmidt et al. 2003). One problem is that the major biochemical 

components (lipids, proteins, carbohydrates) differ in δ13C signatures. In particular, 

variation in lipid contents can mask the trophic interpretations based on δ13C signatures, 
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since lipids are generally depleted in δ13C (DeNiro and Epstein 1977, 1978; Griffiths 

1991; Focken and Becker 1998; Bodin et al. 2007). Another limitation is that the 

transfer of carbon and nitrogen through the food web results in variations in isotope 

ratios due to metabolic isotopic fractionation, with a trophic enrichment in δ13C and 

δ15N of about 0 to 2‰ and 0 to4 ‰, respectively (De Niro and Epstein 1978, 1981; Post 

2002; Schwamborn et al. 2002). For several groups, there are still few or ambiguous 

data on trophic shifts (Gannes et al. 1997; McCutchan et al 2003; Vanderklift and 

Ponsard 2003). Furthermore, there are usually several groups of primary sources (e.g. 

species of micro- and macroalgae, phytoplankton, mangroves and their epiphytes) in 

such systems and only two sources or endmembers could be considered in the mixing 

models derived from isotope data. Often, less conspicuous primary producers (e.g. 

bacteria, microalgae and small filamentous green algae) that have low biomass, but high 

turnover rates and palatability may be more important in the food web than evident 

large macrophytes (Widemeyer and Schwamborn 1996; Lepoint et al. 2000; Bouillon et 

al. 2002; Alfaro at al. 2006). Few studies have investigated the effect microhabitat 

structure (Kon et al. 2007), the number of potential sources considered (Benstead et al. 

2006) and the often large isotopic variability within sources and consumers (Phillips 

and Gregg 2001) on the reliability of isotope-based assessments of source contributions 

to consumers. Only recently, statistical tools to assess the effect of multiple sources and 

error propagation have been developed (Phillips and Gregg 2001; Benstead et al. 2006). 

Mangroves have long been recognized as important nursery grounds for several fish and 

penaeid shrimp, although the trophic function of these ecosystems remains unclear. 

While early investigations based on conventional methods (Odum and Heald 1972) 

concluded that mangrove detrital material constitutes an important food source for many 

aquatic organisms, more recent isotopic studies have questioned these results showing 

that ingested mangrove material was not always assimilated by the consumers and that 

other primary producers such as phytoplankton and microphytobenthos are important 

source for consumers (e.g. Stoner and Zimmerman 1988; Newell et al. 1995; Primavera 

1996; Christensen et al. 2001; Bouillon et al. 2002). Most studies have focused on the 

contribution of few primary sources for one species (Slim 1997) or few taxonomic 

groups (Melville and Connolly 2003). Moreover, many studies analysed the 

contribution of autotrophic sources for consumers in mangrove areas associated to 

adjacent ecosystems (e.g. mangroves and seagrass beds, Nagelkerken and van der Velde 

2004) assessing the feeding connectivity for some consumers between different habitats. 
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In contrast to many mangrove forests in the Indo-Pacific, Caribbean, and the semi-arid 

northeastern Brazil, the north Brazilian coast is covered by vast undisturbed mangrove 

forests without connection to other nearshore macrophytic habitats (e.g. seagrass beds, 

salt marshes or macroalgae beds).  

Brazil has one of the largest mangrove areas of the world (Aizpuru et al. 2000). Within 

Brazil, the largest mangrove areas and maximum tree heights are concentrated in the 

humid climate in the northern part of the country, at the mouth of the Amazon and 

adjacent macrotidal coastal regions (Schaeffer-Novelli et al. 1990). Although there are 

already several published studies on stable isotope signatures of upland rainforests in 

the Amazon region (e.g. Medina and Minchin 1980; Benedito Cecilio et al. 2000; Leite 

et al. 2002; Ometto et al. 2006), there are still no data on stable isotope signatures of 

food webs in Amazonian mangrove forests, in spite of their biogeochemical, ecological, 

and socio-economic importance. Mangrove fish and invertebrates (e.g. crabs and 

shrimps) are of central socio-economic importance for local people in northern 

Brazilian coastal areas (Glaser and Grasso 1998; Glaser 2003). Although some studies 

have been conducted in this region on dietary composition of intertidal mangrove 

consumers (Krumme et al. 2005; Krumme et al. 2007; Nordhaus et al. 2006), the whole 

trophic function and the contribution of the primary sources of materials for their 

subsistence have not yet been considered.  

The main objective of this study is to determine the contribution of multiple autotrophic 

sources for consumers in an intertidal creek in the Curuçá estuary (Amazon region, 

northern Brazil) through stable isotope analysis. This is intended as a baseline for future 

studies assessing the spatial and temporal changes in food web relationships. 

Furthermore, this work evaluates the effect of fractionation, lipid content (assessed 

through C/N ratios), multiplicity of primary sources, and error propagation in the 

potential source contributions to consumers estimated by recently developed mixing 

models (IsoError and IsoSource) (Phillips and Gregg 2001; Phillips and Gregg 2003). 

The final purpose is to test the usefulness and limits of stable isotope mixing models for 

such ecosystems. 
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MATERIAL AND METHODS 

 

Study Area 

This study was carried out in an intertidal mangrove creek located in the inner part of 

the Curuçá estuary, approximately 160 km northeast of Belém, the capital of Pará State, 

Northern Brazil (0° 10´S, 47° 50`W) (Fig. 1). The Curuçá estuary is part of the larger-

scale Amazon Estuarine Complex and is located immediately adjacent to the south of 

the mouth of the Amazon. The Curuçá estuary is surrounded by extensive mangrove 

forests (116 km2) divided by a complex network of branching intertidal creeks. The 

mangroves are flooded twice daily by semidiurnal tides with an amplitude of up to 5 m. 

The estuary is highly turbid and shallow, particularly in the upper region (< 1.0 m at 

low tide). 

At neap tide, the sampled creek floods and drains a mangrove surface of approximately 

20,000 m2, dominated by Rhizophora mangle and Avicennia germinans. Perimeter and 

length of the inundated creek area is 777 m and 277 m, respectively. The surface 

sediment of the inundated area is represented mostly by clay and silt, but at the mouth 

of the creek the bottom is covered by bedrock. There is no connection of any other 

major creek in the mangrove, and there are no freshwater inputs to this creek other than 

direct rainfall. Mean (± standard deviation) salinity, water temperature and Secchi depth 

in the creek during the sampling period in the rainy season were 12.0 ± 3.7, 25.9 ± 0.7 

°C and 0.47 ± 0.23 m, respectively. Rainfall in this area is among the highest recorded 

in the tropics, with more than 2,500 mm annual rainfall (Leopoldo 1983) and up to more 

than 300 mm per month in peak rainy season months (Jannuary to June). 
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Figure 1. Curuçá estuary (b) study area in northern Brazil (a) showing the sample site 

(○): a macrotidal creek (c). 

 

Sampling strategy 

Potential food sources and consumers were collected in May 2004 (rainy season) in a 

macrotidal mangrove creek. The sampling effort was concentrated in one week to 

reduce changes in environmental conditions because variations in the isotopic 

signatures of primary producers could potentially lead to misinterpretation of 

contribution of the major autotrophic sources to consumers (Boon and Bunn 1994). 

Generally, each biological sample was composed of a pool of several specimens of the 

same species of about the same length. Pooling has the advantage of reducing the 

intraspecific variability in the isotopic signal which is especially useful in food web 

studies (Montague et al. 1981; Newell et al. 1995). Three samples were taken for each 

autotrophic source and most consumers. 
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Sample collection and treatment 

Primary producers 

Samples of fresh live (green) and senescent (yellow) mangrove leaves were collected 

from representative trees of the two most abundant mangrove species (R. mangle and A. 

germinans). Samples of epiphytic macroalgae (Bostrychia sp., Catenella sp. and 

Enteromorpha sp.) were sampled at low tide by scrapping the trunks and roots of R. 

mangle using scissors and pincers. These samples were cleaned and rinsed with 

deionized water to remove any attached debris, dried in an air-circulating oven at 60°C 

to constant weight, pulverized to a fine homogeneous powder using ball mill grinder 

(Vibratory mill pulverisette 3) and stored in clean precombusted (450°C, 4 h) glass vials 

and held in a desiccator prior to isotopic analysis. 

Benthic microalgae were collected at low tide by gently scraping the visible mats of 

benthic diatoms on the sediment surface, where they formed a conspicuous greenish-

brown layer. The microalgae were then filtered onto precombusted Whatmann GF/F 

glass-fibre filters (0.7 µm nominal pore size), briefly rinsed with distilled water, then 

freeze-dried and stored in clean glass vials. Light microscopic analysis showed that the 

benthic microalgae were mainly diatoms (Navicula sp., Cylinderutheca closterium and 

Pleurosigma angulatum). 

 

Particulate and sediment organic matter 

Suspended particulate organic matter (POM) was collected during ebb tide at the inlet 

of the intertidal creek from approx. 0.5 m depth below the water surface. A total of 

approx. 500 ml were passed through a 63 µm screen to remove large particles and 

zooplankton, and then filtered on precombusted Whatmann GF/F glass fiber filters. 

Each filter was then freeze-dried and stored in a clean glass vial. 

At low tide, samples of muddy sediment were taken at the banks of the intertidal creek 

by using a PVC tube corer (internal diameter: 30 mm; length: 70 mm). The upper 1 cm 

was removed from the cores. Five PVC corer samples were pooled in a clean plastic 

bag, stored on ice and transported to the laboratory. There, the sediment samples were 

dried at 60°C to constant weight, sieved through a 0.42 mm mesh to remove fragments 

of mangrove material and mollusk shells, powdered whit a pestle and mortar and stored 

in clean glass vials until further analysis. 
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Consumers 

Mesozooplankton samples were taken at the inlet of the creek during ebb tide, using a 

conical plankton net (mouth diameter 0.32 m; mesh size 300 µm). The samples were 

immediately kept in a cool box and transported to the field laboratory, where the most 

abundant taxonomic groups (Chaetognatha, Copepoda, and Brachyuran crab zoeae) 

were sorted under a dissecting microscope and cleaned of any attached debris. Due to 

the small size of zooplankton organisms, 150 specimens for Brachyuran crab zoea, 200 

for Chaetognata and 600 for Copepoda were pooled to provide enough material for 

isotopic analyses. 

Benthic invertebrates were collected at different locations in the intertidal mangrove 

banks at low tide, using a PVC tube corer (internal diameter: 10 cm; length: 10 cm). 

The sediment samples were washed through a sieve (0.25 mm mesh) with clean 

seawater. Benthic organisms retained on sieves were separated by taxonomic group 

(Capitaellidae, Nereidae, Polychaeta n.i. and Nemertea). Their gut contents were then 

removed under a dissecting microscope to avoid the confounding effect of recently 

ingested food in stable isotopic analysis. 

Epibenthos were collected by hand from intertidal banks (e.g. fiddler crabs Uca 

maracoani) and from the mangrove forest bottom (e.g. Goniopsis cruentata, Ucides 

cordatus) or picked off mangrove trees (e.g. Aratus pisonii, Littorina anguilifera) and 

below submerged fallen branches (e.g. Petrolistes armatus, Eurytium limosum). Crabs 

were rinsed in deionised water and muscle tissue was taken from the chelae. For 

Cirripedia, the whole body was taken, including prosoma, trunk and cirri, after removal 

from the shells. For Gastropoda, fresh tissue from the foot was cut into small pieces. 

Samples of 31 fish and 3 shrimp species were collected in the intertidal creek using a 

fyke net set at the creek inlet during high tide and sampled at ebb tide (Giarrizzo and 

Krumme 2007). These key species were chosen due to their abundance and biomass in 

the system and their socioeconomic importance (Giarrizzo and Krumme 2007). Due to 

potential differences in carbon sources for adults of transitory fish species the sampling 

was restricted to those species or cohorts that are known to spend substantial periods of 

time confined in the Curuçá estuary. All organisms were kept on ice in the field and 

transported to the laboratory, where they were deep-frozen (-20°C) until subsequent 

treatment. The samples were cleaned and rinsed with deionized water. For the fish 

samples, white muscle tissue (~ 1 - 2 g) was taken from immediately below the anterior 

end of the dorsal fin (Pinnegar et al. 2001). This is because white muscle tends to be 
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less variable in terms of δ 13C and δ15N than other tissues (Pinnegar and Polunin 1999) 

and their slow turnover rate results in integrating effects over months, allowing the 

exclusion of short-term variability effects (Gearing 1991).  

For shrimp, a sample of abdomen muscle tissue was taken after exoskeleton and 

digestive tract had been removed. 

Pectoral muscle sample was taken of a single dead specimen of the seabird Actitis 

macularia and of a fishing bat Noctilio leporinus found entangled in the fyke net. 

All specimens were measured to 0.1 cm total length (TL). All animal tissue samples 

were rinsed with deionized water, dried at 60°C at least 48 h and pulverized to a fine 

homogeneous powder using mortar and pestle and stored in clean glass vials. 

 

Stable isotope and C/N analysis  

Subsamples for δ13C analysis were treated with 0.2 ml of 0.1N HCl to remove inorganic 

carbonates and were dried at 50°C for 12 h without rinsing. (Jacob et al. 2005). 

Subsamples for δ15N analysis were not acidified because this would result in a δ15N 

enrichment (Goering et al. 1990; Bunn et al. 1995; Pinnegar and Polunin 1999). 

Carbon and nitrogen isotope ratios were determined using a CN analyzer 

(ThermoFinnigan 1112 Series – Flash EA) interfaced with a mass spectrometer 

(ThermoFinnigan MAT Deltaplus) at the Center for Marine Tropical Ecology (ZMT) in 

Bremen, Germany. Stable isotope ratios were expressed in δ notation according to the 

following equation:  

δX = [(Rsample/Rstandard)-1] × 103 

where δX is δ13C or δ15N and R is the ratio of heavy to light isotope (e.g. 13C/12C or 
15N/14N). Values are expressed as ‰. The Rstandard values were based on the PeeDee 

Belemnite limestone carbonate (PDB) (Craig 1957) for carbon and on atmospheric N2 

for nitrogen (Mariotti 1983).  

Two laboratory working standards (sediment from nearby creek) were run for every 

seven samples. The analytical precision of the instruments was ± 0.26‰ and ± 0.30‰ 

for carbon and nitrogen isotope ratios, respectively. C/N ratios were measured to assess 

the potential effect of lipids on carbon isotopes on δ13C. C/N ratios are a good proxy for 

tissue lipid content, given that the C/N ratio is positively related to lipid content 

(Tieszen et al. 1983; Schmidt et al. 2003).  

A total of 189 and 180 samples were analyzed for isotopes and C/N ratios, respectively. 
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Data analysis 

Mean differences among isotopic signatures of primary producers were tested using 

one-way analysis of variance (ANOVA) with post-hoc Tukey-HSD test. Prior to 

analysis, data were checked for normal distribution (Kolmogorov-Sminorv test) and 

homogeneity of variances (Cochran’s test). Student’s t-test was performed to ascertain 

whether isotopic signatures of mangrove species differed between life stages. Linear 

regressions were used to analyze the relationship between isotopic signatures and 

trophic level and between δ13C and C/N values of consumers. Differences were declared 

significant when P < 0.05. 

 

Autotrophic source modeling 

Stable isotope mixing models were performed to determine the potential source 

(primary producers) contributions to a mixture (consumers). We have not included δ15N 

in the mixing model because the fractionation (Fδ15N) between trophic levels can be 

highly variable among the consumers and we lacked information about the Fδ15N value 

of each consumer. Furthermore, stable isotope mixing models results vary substantially 

if the corrected δ15N values are changed even minimally (Connolly et al 2005). 

Prior to use in the models, the δ13C values of consumers were corrected for fractionation 

rate (Fδ13C) resulting from trophic transfers between diet and consumer.  

Since specific Fδ13C values were not available for consumers the models were run twice 

assuming (i) no adjustment for this element (Peterson and Fry 1987) and (ii) a 

fractionation rate for a single trophic level of 1.6‰ representing the slope of regression 

between trophic level (TL) vs. δ13C of consumers. The fractionation rate between the 

primary source and each consumer was determined multiplying the Fδ13C (0 and 1.6‰) 

by the difference between the trophic level (TL) of consumer and the primary sources 

(TL = 1). 

Trophic levels of consumers were generally taken from published data. The TL values 

of fishes were taken from the FishBase database (Froese and Pauly 2007). For selected 

fish species (see Table 1) the gut contents were analyzed and the TL was calculated for 

each species (k) according to the equation (Cortés 1999): 

TLk = 1 + (Σ Pj × TLj) 
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where Pj is the gravimetric proportion of prey category j and TLj is the trophic level of 

each prey category j. 

 

Two different approaches are used: 

IsoSource model 

Given that no unique solution can be calculated by linear mixing model when the 

number of sources exceeds by one the number of stable isotopes analyzed, a 

probabilistic approach using a multiple-source mixing model (Iso Source 1.3.1, Phillips 

and Gregg 2003) was adopted to determine the potential contribution of the broad set of 

sources found in the system. This method using an iterative approach examines all 

possible combinations of source proportions that sum to 100% in 1% increments. The 

inputs of the IsoSource program were the mean δ13C values of each autotrophic source 

and each mixture and a tolerance value set initially at 0.1‰. If consumer signatures lay 

outside of bounds/ranges of sources the tolerance value was incrementally increased up 

to a maximum of 0.5‰ (Benstead et al. 2006). The output of the program was reported 

as 1st percentile to 99th percentile of source to truncate distributions that have a very 

small numbers of observations in long tails (Benstead et al. 2006). 

IsoError model 

A priori aggregation (sensu Phillips et al. 2005) was used to simplify the system and to 

distinguish mangrove vs. algae inputs. In this case we combined the benthic algae with 

the epiphytic macroalgae Enteromorpha sp. to represent the algae component. 

Assuming that only two sources (mangrove and algae) are contributing to isotopic 

signature of the consumers the single isotope, 2 sources mixed model was calculated 

using the IsoError software (version 1.04; Phillips and Gregg 2001). The inputs of the 

IsoError program were the δ13C values of mean, standard deviation, and number of 

samples measured for each source and consumer. The output provided estimate 

contributions for each source (0-100%), standard errors for these contribution estimates, 

and approximate 95% confidence intervals for the contributions considering error 

propagations. 
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RESULTS 

 

Stable isotope results 

Primary producers 

The variation of the isotopic composition of primary producers showed a relatively 

wide range for δ13C (more than 9‰) and a narrow range for δ15N (aprox. 4‰) (Table 1; 

Fig. 2A). 

The mean δ13C and δ15N values for mangrove leaves were –28.4 ± 0.5‰ (range: –29.0 

to –27.8‰) and 4.6 ± 1.1‰ (range: 3.5 to 5.8‰), respectively. Leaves of R. mangle had 

δ13C and δ15N mean values of –28.4 ± 1.2‰ and 3.6 ± 0.4‰, respectively; those of A. 

germinans had δ13C and δ15N mean values of -28.4 ± 1.0‰ and 5.6 ± 0.3‰, 

respectively. Differences in isotopic composition between mangrove species were 

statistically significant for δ15N (ANOVA, P < 0.001), but not for δ13C. Only for A. 

germinans was detected significant differences between the life stages of leaves with an 

enrichment in δ15N for the senescent yellow leaves (t-test, P < 0.05). 

Benthic microalgae were isotopically distinct from other primary producers and were 

enriched in δ13C and the most depleted in δ15N. 

Epiphytic macroalgae showed a high variation in δ13C (–24.8 ± 4.9‰; range: –29.2 to –

19.5‰) and a little overlap in δ15N (5.6 ± 0.8‰; range: 4.7 to 6.3‰).The rhodophyte 

Bostrychia sp. was the most 13C- and 15N-depleted macroalga, while the chlorophyte 

Enteromorpha sp. was the most enriched for both isotopes. One-way ANOVA and a 

Tukey’s multiple comparison test detected a significant difference (P < 0.001) in δ13C 

between the algae Bostrychia sp., Catenella sp., and Enteromorpha sp.. However, the 

δ13C values of Bostrychia sp. overlapped with the δ13C range of mangrove leaves and 

POM (Fig. 2A). 

 

Particulate and sediment organic matter 

δ13C values of suspended POM overlapped with the value of mangrove leaves. 

Suspended POM was 15N-enriched (mean δ15N: 7.1 ± 0.4‰) in relation to all primary 

sources (Table 1; Fig. 2A). 

The δ13C and δ15N values of sediment had a narrow range, with values between –25.5 

and –25.2‰, and 4.3 and 4.6‰, respectively (Fig. 2A). The isotopic composition of 
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sediment was close to that of mangrove leaves suggesting that mangroves are the main 

source of sedimentary carbon within the system. 

 

Mesozooplankton and benthic invertebrates 

Mesozooplankton showed a fairly narrow range of δ13C, with averages between –28.6‰ 

for brachyuran crab zoeae and –23.8‰ for chaetognaths (Table 2, Fig. 2B). Calanoid 

copepods displayed intermediate mean δ13C value (25.5 ± 1.2‰). In contrast to the 

carbon isotopic signature, δ15N of zooplankton was highly variable, ranging from 3.8‰ 

for brachyuran crab zoeae to 10.5‰ for chaetognaths. As for δ13C, copepods had an 

intermediate value between zoeae and chaetognaths, with a δ15N of 8.0‰. 

Mean δ13C values for benthic invertebrate fell in a narrow range between –22.2‰ for 

Nereidae and –19.4‰ for Capitellidae. Unlike to the carbon isotopic signature, mean 

δ15N values were highest for Nemertea (9.1‰) and lowest for Capitellidae (7.8‰).  

 

Epibenthos  

The overall range of isotope values for benthic invertebrates (from –25.3‰ to –15.3‰ 

for of δ13C and from 3.5‰ to 10.8‰ for δ15N) was larger than the the range of primary 

producers (Table 3, Fig. 2C). 

50% of all invertebrate consumers exhibited a narrow variation of δ13C values with a 

range between –22.5‰ and –20.2‰. Most depleted δ13C values were found in the 

gastropods Littorina anguilifera (δ13C = –25.3 ± 0.2‰), in sphaeromid isopods (δ13C = 

–24.9 ± 0.3‰) and in the semi-terrestrial leaf eating mangrove crab Ucides cordatus 

(δ13C = –24.8 ± 1.0‰). The hermit crab Clibanarius sp. and the fiddler crab Uca 

maracoani were the most 13C-enriched benthic consumers, with δ13C values of –15.3 ± 

0.1‰ and –17.5 ± 0.7‰, respectively. 

The variation δ15N of epibenthos was considerable, but δ15N values within taxa were 

similar, with the exception of Clibanarius sp. (SD: ± 1.0‰). Mean epibenthos δ15N 

values was 8.2 ± 1.9‰, with L. angullifera (3.5 ± 0.5‰) and U. cordaus (5.0 ± 0.1‰) 

considerably 15N-depleted and E. limosum (10.0 ± 0.3‰) and Cirrolanidae (10.8 ± 

0.4‰) particularly 15N-enriched. The porcelain crab Petrolistes armatus and the 

barnacles sampled, both similarly filter-feeding crustaceans, displayed similar carbon 

and nitrogen isotopic signatures (–22.5 to –22.5‰). These were close to the vaules 

found for chaetognaths, thus indicating a zoopanktivorous feeding strategy for these 
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groups. The native white shrimp Litopenaeus schmiti and the invasive shrimp species 

Macrobrachium rosenbergii also showed similar values (–22.7 to –21.8‰) indicating a 

carnivorus behaviour and the utilization of mangrove and algal primary sources, while 

M. surinamicum were clearly more enriched in 13C and 15N, indicating a different 

feeding strategy. The zoobenthos feeding xanthid crab Eurytium limosum and the 

predatory red crab Goniopsis cruentata displayed the highest δ15N values among 

mangrove crabs.  

 

Vertebrates 

The wide range of the isotopic composition of C of vertebrate indicated different 

mixtures of organic matter sources. δ13C values clearly increased with trophic level 

(Table 4, Fig. 2D). Top predators, such as the bentho-ichthyovorous grouper 

Epinephelus itajara, the ichthyovorous cutlassfish Trichiurus lepturus, and the 

ichthyovorous needlefish Strongylura timucu were the most 13C-enriched fish species, 

with δ13C values of –17.9 to –17.4‰. On the other hand, planktivores of the families 

Engraulidae and Clupeidae (Cetengraulis edentulus excluded) were the most 13C-

depleted fish species with δ13C (–25.0 to –23.2‰). Only exception was the filter-

feeding anchoveta C. edentulus, which was highly δ13C-enriched (δ13C: –17.6 ± 0.2‰) 

(Figure 2D). 

δ15N values also clearly increased with trophic level (Figure 2). δ15N of fish varied 

between 7.8‰ for the filter-feeding C. edentulus and 12.3‰ for the zoobenthivorous 

grunt Genyatremus luteus.δ15N values also clearly increased with trophic level (Figure 

2). δ15N of fish varied between 7.8‰ for the filter-feeding C. edentulus and 12.3‰ for 

the zoobenthivorous grunt Genyatremus luteus. 
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Table 1. Mean and standard deviation values of carbon and nitrogen stable isotopic 

values and C:N elemental ratios in primary producers, particulate (POM) and 

sedimentary organic matter (SOM) and consumers collected in intertidal mangrove 

creek of Curuçá estuary in May 2004. ACR: acronym; N: number of pooled individuals 

in each sample; n: number of samples. For consumer are showed length (L) data and 

trophic level (TL). *: TL calculated according to the equation of Cortés 1999 

Species/taxon ACR TL n (N) L (cm) δ13C (‰) δ15N (‰) C (% DW) N (% DW) C:N 
Primary producers, POM, SOM          
Mangrove          
  Avicennia germinans (senescent) AviS 1.0 3  -27.8 ± 0.4 5.8 ± 0.1 44.9 ± 1.3 0.8 ± 0.1 59.8 ± 7.5 
  Avicennia germinans (live) AviL 1.0 3  -29.0 ± 1.1 5.4 ± 0.2 44.5 ± 2.8 2.0 ± 0.2 22.4 ± 4.19 
  Rhizophora mangle (senescent) RhiS 1.0 3  -28.7 ± 1.5 3.5 ± 0.6 40.9 ± 2 0.6 ± 0.1 70.2 ± 4.6 
  Rhizophora mangle (live) RhiL 1.0 3  -28.2 ± 1.0 3.8 ± 0.2 44.1 ± 0.4 1.5 ± 0.2 29.5 ± 3.7 
Rhodophyte          
  Bostrychia sp. Bost 1.0 3  -29.2 ± 0.1 4.7 ± 0.1 33.8 ± 1.8 4.5 ± 0.2 7.5 ± 0.5 
  Catenella  sp. Cate 1.0 3  -25.6 ± 0.3 5.7 ± 0.5 30.2 ± 2 3.3 ± 0.1 9.1 ± 0.5 
Chlorophyte          
  Enteromorpha sp. Ente 1.0 3  -19.5 ± 0.3 6.3 ± 0.1 32.9 ± 0.5 7.0 ± 2.2 5.0 ± 1.5 
Benthic algae Balg 1.0   -21.5 ± 0.8 3.0 ± 1.1 6.8 ± 0.6 1.1 ± 0.1 6.1 ± 0.1 
Particulate organic matter (POM) POM  3  -28.2 ± 1.7 7.1 ± 0.4 3.9 ± 2.3 0.4 ± 0.1 9.2 ± 2.4 
Sedimentary organic matter (SOM) SOM  3  -25.4 ± 0.2 4.5 ± 0.2 3.3 ± 0.1 0.4 ± 0.1 9.2 ± 1.0 
Zooplankton          
Chaetognata Chae 3.2 3 (200)  -23.8 ± 0.5 10.5 ± 0.3    
Calanoida copepoda          
  Pseudodiaptomus marshi Cope 2.0 3 (600)  -25.5 ± 1.2 8.0 ± 0.7 46.7 ± 1.5 9.1 ± 0.1 5.1 ± 0.2 
Brachyuran zoea Zoea  2 (175)  -28.6 ± 0.8 3.8 ± 0.9 50.0 ± 4.1 7.7 ± 0.1 6.5 ± 0.6 
Benthic invertebrates          
Alpheidae          
  Alpheus sp. Alph 2.5 3 (2) 4.4 ± 0.7 -22.5 ± 0.3 8.2 ± 0.7 44.7 ± 0.2 13.2 ± 0.1 3.3 ± 0.1 
Diogenidae          
  Clibanarius sp. Clib 2.5 2 (1) 8.5 ± 1.4 -15.3 ± 0.1 8.2 ± 1    
Gastropoda          
  Thais coronata Gast 3.1 3 (5) 3.2 ± 0.2 -21.5 ± 0.1 7.5 ± 0.6 41.7 ± 1.5 11.9 ± 0.7 3.4 ± 0.1 
  Littorina anguilifera Lang 2.0 3 (6) 1.5 ± 0.2 -25.3 ± 0.2 3.5 ± 0.5 40.4 ± 0.8 8.5 ± 0.3 4.7 ± 0.1 
Grapsidae          
  Aratus pisonii Apis 2.0 3 (4) 1.7 ± 0.2 -22.1 ± 0.2 6.7 ± 0.2 39.4 ± 0.6 12.0 ± 0.2 3.2 ± 0.1 
  Goniopsis cruentata Gcru 3.0 3 (1) 3.6 ± 0.4 -18.9 ± 0.8 9.2 ± 0.7 43.0 ± 1.6 13.5 ± 0.3 3.1 ± 0.1 
Isopoda          
  Cirolanidae Ciro 3.0 3 (5) 1 ± 0.2 -20.3 ± 0.3 10.8 ± 0.4 31.4 ± 0.4 6.9 ± 0.3 4.5 ± 0.2 
  Spaeromidae Spae 2.0 3 (11) 0.6 ± 0.1 -24.9 ± 0.3 6.2 ± 0.1    
Ocypodidae          
  Uca maracoani Umar 2.0 3 (9) 2.6 ± 0.3 -17.5 ± 0.7 7 ± 0.2 41.4 ± 0.5 13.5 ± 0.2 3.0 ± 0.1 
  Ucides cordatus Ucor 2.0 2 (2) 4.8 ± 2.5 -24.8 ± 1 5 ± 0.1 41.6 ± 4.1 13.0 ± 1.1 3.1 ± 0.1 
Poliqueta          
  Capitellidae Capi 2.0 2  -19.4 ± 0.1 7.8 ± 0.1    
  Nereidae Nere 2.0 2  -22.2 ± 3.6 8.5 ± 0.4    
  Poliqueta n.i.  Poli 2.0 2  -20.4 ± 0.2 7.9 ± 0.1 45.2 ± 0.6 11.3 ± 0.1 3.9 ± 0.1 
Porcellanidae          
  Petrolistes armatus Parm 2.5 3 (2) 0.8 ± 0.1 -22.5 ± 0.2 8.3 ± 0.2 45.7 ± 1.0 13.3 ± 0.1 3.4 ± 0.1 
Xanthidae          
  Eurytium limosum Elim 3.2 3 (1) 2.1 ± 0.5 -18.5 ± 0.9 10 ± 0.3 42.5 ± 1.7 13.4 ± 0.4 3.1 ± 0.1 
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Table 1. Continued.          
Species/taxon ACR TL n (N) L (cm) δ13C (‰) δ15N (‰) C (% DW) N (% DW) C:N 
Cirripedia          
  Balanidae Bala 2.0 3 (8) 0.7 ± 0.1 -22.2 ± 0.3 10 ± 0.3 40.1 ± 2.2 9.1 ± 0.7 4.3 ± 0.2 
Heteroptera          
  Veliidae Veli 3.2 1 (15) 0.50.1 -21.6 8.2    
Nemertea Neme 3.0 1  -20.9 9.1 43.5 11.7 3.7 
Nekton          
Achiridae          
  Achirus lineatus Alin 3.7 3 (3) 18.5 ± 5.7 -19.5 ± 1.3 9.9 ± 0.4 46.3 ± 0.1 14.9 ± 0.1 3.0 ± 0.1 
Anablepidae          
  Anableps anableps* Aana 2.1 3 (10) 16.1 ± 1.3 -18.6 ± 0.3 8.3 ± 0.5 49.3 ± 1.7 15.3 ± 0.1 3.2 ± 0.1 
Ariidae          
  Cathorops sp. Cath 3.5 3 (10) 14 ± 1.7 -20.5 ± 0.3 11.4 ± 0.2 48.9 ± 0.6 15.1 ± 0.1 3.2 ± 0.1 
  Sciades herzbergii * Sher 3.5 5 (10) 20.4 ± 1.4 -21.3 ± 0.2 11.5 ± 0.1 48.1 ± 1.5 14.8 ± 0.1 3.2 ± 0.1 
Batrachoididae          
  Batrachoides surinamensis* Bsur 3.7 3 (1) 27.6 ± 2.3 -19.7 ± 1 9.5 ± 0.7 47.0 ± 0.9 15.3 ± 0.4 3.0 ± 0.1 
Belonidae          
  Strongylura timocu Stim 4.5 3 (2) 41.5 ± 3.6 -17.4 ± 0.3 11 ± 0.5 48.6 ± 0.2 15.4 ± 0.1 3.1 ± 0.1 
Carangidae          
  Oligoplites saurus Osau 3.5 3 (5) 4.5 ± 0.7 -21.5 ± 0.3 11.7 ± 0.3 41.3 ± 0.5 12.7 ± 0.1 3.2 ± 0.1 
  Selene vômer Svom 3.7 3 (1) 13.5 ± 2.3 -20.6 ± 2.2 11.8 ± 0.2 47.1 ± 1.1 15.1 ± 0.1 3.1 ± 0.1 
Centropomidae          
  Centropomus pectinatus* Cpec  3 (3) 17.3 ± 1.2 -19.5 ± 0.6 10.2 ± 0.4 46.3 ± 0.5 15.0 ± 0.3 3.0 ± 0.1 
Clupeidae          
  Rhinosardinia amazônica Rama 3.4 3 (5) 7.1 ± 0.6 -24 ± 1.3 9.6 ± 0.4 46.8 ± 0.3 14.6 ± 0.1 3.2 ± 0.1 
Engraulidae          
  Anchoa hepsetus Ahep 3.2 3 (7) 4.4 ± 0.3 -24.9 ± 0.4 11.4 ± 0.4 45.7 ± 0.8 14.3 ± 0.3 3.1 ± 0.1 
  Anchovia clupeoides Aclu 3.4 3 (5) 9.7 ± 1.5 -25 ± 0.4 11.3 ± 0.3 47.3 ± 0.6 16.2 ± 1.2 2.9 ± 0.2 
  Anchoviella lepidentostole Alep 3.1 3 (5) 8.4 ± 0.7 -23.2 ± 0.4 11.5 ± 0.2 46.6 ± 0.6 15.0 ± 0.1 3.0 ± 0.1 
  Centengraulis edentulus Cede 2.1 3 (5) 8.7 ± 0.7 -17.6 ± 0.2 7.8 ± 0.2 46.8 ± 0.8 15.3 ± 0.2 3.0 ± 0.1 
  Pterengraulis atherinoides Path 3.8 3 (3) 13 ± 1.6 -21.3 ± 0.7 11.1 ± 0.1 48.5 ± 0.9 15.0 ± 0.1 3.2 ± 0.1 
Gerreidae          
  Diapterus auratus Daur 3.0 3 (7) 12.2 ± 2 -20.5 ± 0.9 11.5 ± 0.8 47.7 ± 0.2 15.2 ± 0.1 3.1 ± 0.1 
Haemulidae          
  Genyatremus luteus  Glut 3.5 3 (5) 8.1 ± 0.9 -22.1 ± 0.5 12.3 ± 0.2 47.2 ± 0.4 14.7 ± 0.1 3.2 ± 0.1 
Hemirhamphidae          
  Hyporhamphus roberti Hrob 3.5 2 (1) 11.6 ± 0.3 -21.4 ± 0.1 11.3 ± 1 46.7 ± 1.7 14.5 ± 0.4 3.2 ± 0.1 
Lutjanidae           
  Lutjanus jocu* Ljoc 3.8 3 (5) 15.6 ± 4.4 -19.5 ± 1.5 11.7 ± 0.6 46.5 ± 0.4 14.9 ± 0.2 3.1 ± 0.1 
Mugilidae          
  Mugil curema Mcur 2.1 3 (4) 16.5 ± 2.9 -18.5 ± 0.2 8.2 ± 0.3 47.1 ± 0.3 15.1 ± 0.1 3.1 ± 0.1 
  Mugil incilis Minc 2.0 3 (2) 27.5 ± 4.5 -18.6 ± 0.5 8.5 ± 0.2 48.4 ± 0.8 14.2 ± 0.5 3.3 ± 0.1 
Ophichthidae          
  Ophichthus parilus Opar 3.5 2 (1) 41.4 ±12.6 -21.6 ± 3.2 9.8 ± 0.3 51.6 ± 2.6 12.1 ± 1.2 4.2 ± 0.6 
Palaemonidae          
  Macrobrachium rosenbergii  Mros 3.1 2 (1) 14.3 ± 2.3 -22.7 ± 1.9 8.7 ± 1 46.2 ± 2.0 14.6 ± 0.3 3.1 ± 0.1 
  Macrobrachium surinamicum Msur 3.1 3 (5) 7.9 ± 2.7 -20.2 ± 0.3 10.8 ± 0.2 46.9 ± 0.4 14.4 ± 0.1 3.2 ± 0.1 
Penaeidae          
  Litopenaeus schmitti Lsch 3.1 3 (5) 10.7 ± 0.9 -21.8 ± 0.6 9.4 ± 0.1 46.1 ± 0.5 17.3 ± 3.5 2.7 ± 0.5 
Portunidae          
  Callinectes bocourti  Cboc 3.0 3 (3) 5.7 ± 0.3 -20.7 ± 0.4 9.3 ± 0.4 44.0 ± 0.1 14.2 ± 0.1 3.0 ± 0.1 
Sciaenidae          
  Cynoscion acoupa* Caco 3.7 3 (5) 12.1 ± 2.6 -21.8 ± 0.3 11.2 ± 0.2 45.6 ± 2.1 14.2 ± 0.7 3.2 ± 0.1 
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Table 1. Continued.          
Species/táxon ACR TL n (N) L (cm) δ13C (‰) δ15N (‰) C (% DW) N (% DW) C:N 
  Stellifer microps  Smic 3.5 3 (4) 12.8 ± 4 -21.5 ± 0.4 10.7 ± 0.6 47.6 ± 0.1 15.2 ± 0.1 3.1 ± 0.1 
Serranidae          
  Epinephelus itajara* Eita 3.7 2 (1) 25.5 ± 1.8 -17.9 ± 0.5 10 ± 0.7 45.3 ± 3.9 14.3 ± 0.8 3.1 ± 0.1 
Tetraodontidae          
  Colomesus psittacus* Cpsi 3.3 9 (10) 16.9 ± 6.6 -20.0 ± 0.8 9.9 ± 0.4 47.1 ± 1.1 14.8 ± 0.3 3.1 ± 0.1 
  Sphoeroides testudineus Stes 3.4 3 (3) 11 ± 2.7 -19 ± 1 9.9 ± 0.6 47.7 ± 1.1 15.3 ± 0.2 3.1 ± 0.1 
Trichiuridae           
  Trichiurus lepturus  Tlep 4.3 3 (2) 47.3 ±14.4 -17.7 ± 0.6 11.2 ± 0.3 47.1 ± 1.2 15.0 ± 0.2 3.1 ± 0.1 
Chiroptera          
  Noctilio leporinus Nlep 4.3 1(1)  -23.9 9.4 50.5 12.0 4.1 
Bird          
Scolopacidae          
  Actitis macularia Amac 3.2 1(1)  -18.0 9.3 49.0 14.1 3.4 

Note: length data for crabs are carapace length; otherwise length is total body length.  
 
Effect of trophic level and C/N ratio  

Stable isotope values were clearly affected by trophic level, with a clear enrichment in 

the heavy isotope with trophic level (Figure 3). Significant linear regressions were 

obtained between trophic level and δ13C (δ13C = 1.60 × TL – 26.08; P < 0.00001; R² = 

0.3; N = 181) and trophic level and δ15N (δ15N = 2.24 × TL + 2.75; P < 0.00001; R² = 

0.75; N = 181). Thus, fractionation (F) values of 1.6‰ (95% confidence interval: 1.2 to 

2.0) and 2.2‰ (95% confidence interval: 2.0 to 2.4) will be assumed per trophic level 

for δ13C and δ15N, respectively. When excluding all primary producers from the data, 

the estimates of F were reduced to 0.6 ± 0.3‰ for δ13C (P = 0.03; R² = 0.03; N = 145), 

and 2.1 ± 0.2‰ for δ13N (P < 0.00001; R² = 0.55; N = 145). 

C/N ratios of primary producers showed a wide range, from 3.5 to 67. Consumer C/N 

ratios ranged from 2.7 to 6.5. C/N ratios decreased clearly with trophic level (Figure 

4A). The Spearman correlation between C/N ratios and trophic levels was positive and 

highly significant (P < 0.0001). Accordingly, there was a clear relationship between 

isotope values and C/N ratios, with a depletion in 13C with increasing C/N ratio (Figure 

4B). The residuals of this relationship, i.e. the "C/N-corrected 13C values", give a clear 

separation of two well segregated food webs (Figure 4C): i) a mangrove-based group of 
13C-depleted organisms, including the mangrove leaf eating crab U. cordatus, the 

mangrove tree crab Aratus pisonii, calanoid copepods, planktivorous fishes, and the bat 

N. leporinus; ii) an algae-based group of 13C-enriched organisms reaching from the 

fiddler crab U. maracoani to the ichthyophagous fishes T. lepturus and S. timucu. 

Several organisms, especially those located at intermediate trophic levels (TL 2.9 to 3.7) 

displayed mixed source origins, with C/N-corrected 13C values close to zero. 
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Figure 2. Mean values of δ13C and δ15N of (A) potential primary producers, (B) 

mesozooplankton and benthic invertebrate, (C) epibenthos and shrimps and (D) 

vertebrate consumers in a intertidal mangrove creek of Curuçá estuary, north Brazil. 

Boxes in dashed lines encapsulate the SD of values for different groups of primary 

producers. Refer to Table 1 for acronyms of primary producers and consumers. 
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Figure 3. Relationship between trophic level (TL) and carbon (A) and nitrogen (B) 

stable isotopic values of consumers collected in a intertidal mangrove creek of Curuçá 

estuary, north Brazil. 

 

Isosource results 

Prior to run the IsoSource the rhodophyte Bostrichya sp. was excluded from the analysis 

because this epiphytic macroalgae showed the same isotopic signature as mangrove 

leaves. 

IsoSource results testing all possible combinations of four primary sources (mangroves, 

Catenella sp., benthic algae, and Enteromorpha sp.) varied substantially according to 

the assumptions on 13C fractionation (Table 5). When we ran the four-source model 

without correction for 13C fractionation, 13 consumers (24%) with more enriched mean 

δ13C values fell outside of the range of primary producers (sources) and therefore, no 

solutions were provided by the model for these consumers.  
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Figure 4. Relationship between trophic level (TL) and C/N ratio (A), and between TL 

and δ13C values (B) of primary producers and consumers of a intertidal mangrove creek 

of Curuçá estuary, north Brazil. (C) δ13C residuals in relation to TL. 

 



Giarrizzo et al. 

 168

Using a fractionation of 1.6‰ per TL, only the bat N. leporinus and the hermit crab 

Clibanarius sp., two species with extreme 13C values, fell outside the range of the four 

sources considered in our IsoSource model. 

However, whether considering fractionation (F) or not, the models did not yield any 

conclusive results for most consumers regarding the primary origin of carbon. For those 

consumers, where dominant primary sources could de assigned under the assumption of 

a given F, the influence of F was huge, mostly changing completely the results (Table 

5).  

Without considering F, Enteromorpha sp. constituted a major autotrophic source (First 

percentile > 50%) for 13 of the 55 consumers examined (24%). Without considering F, 

mangroves did not appear as an important source for most consumers, with the 

exception of crab zoeae (87 – 97%). The potential contributions of benthic algae to 

consumers were not elucidated by the model because large ranges between minima and 

maxima were not informative. 

Assuming a F of 1.6‰ per TL changed the picture completely. Enteromorpha sp. now 

contributed significantly only to the five most 13C-enriched consumers. Mangroves now 

constituted a highly important source for six consumers. The contributions of the 

rhodophyte Catenella sp. and benthic algae were small to negligible (99th percentile ≤ 

40%) for 14 and 21 consumers, respectively. Furthermore, the less straightforward 

distribution (with wide ranges) of possible source contributions of Catenella sp. and 

benthic algae for 39 and 32 consumers, respectively, confirms that IsoSource with four 

primary sources yielded ambiguous results for most consumers with or without F. 

 

IsoError results 

The calculation of source contributions and confidence intervals for source 

contributions using IsoError with "mangrove" and "algae" (benthic algae and 

Enteromorpha sp.) as endmember sources yielded a wide range of mangrove 

contributions, ranging from zero to 100% mangrove carbon (Figure 5). The application 

of F values of 1.6‰ per trophic level considerably increased the estimated mangrove 

contribution for most taxa. For example, the average mangrove contribution for the 

mangrove tree crab A. pisonii increased from 19% (95% confidence interval: 7 to 31%) 

to 40% (95% confidence interval: 30 to 49%) when increasing the estimated 

fractionation from zero to 1.6‰ per trophic level.  
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Table 2. Range of possible contribution (1st percentile to 99th percentile) of mangrove, 

Catenella sp., bentonic algae and Enteromorpha sp. for 55 consumers determined by 

program IsoSource (Phillips and Gregg 2003). Prior to run the model the δ13C 

signatures of consumers were corrected with a fractionation rate (F) of F = 0 and F = 1.6 

× (TL - 1). 
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Figure 5. Percent contribution (mean ± 95 % confidence interval) of mangrove source to 

consumers calculated by IsoError mixing model with two endmember sources. Primary 

sources used were mangrove leaves with -28.42 ± 1.03‰ PDB, and “Algae”, a 

composed value of benthic microalgae and chlorophytes, with -20.63 ± 1.19‰ PDB. 

Prior to run the model the δ13C signatures of consumers were corrected with a 

fractionation rate (F) of F = 0 and F = 1.6 × (TL - 1). See Table 1 for abbreviations of 

consumers. 

 

For the ichthyophagous T. lepturus, average mangrove contribution increased even 

more, from zero to 31% (95% confidence interval: 16 to 45%) when increasing F from 

zero to 1.6‰ per trophic level.  

While IsoError calculations yielded useful ranges of mangrove contribution for many 

taxa (Figure 5), it became evident that primary sources can not be estimated for several 

consumers, based on the present data set. For example, the 95% confidence interval of 

mangrove contribution for the Brachyuran zoeae, U. cordatus, Nereidae, Ophichthus 

parilus, and Macrobrachium rosenbegii was zero to 100%, regardless of the applied F 

values. For these five taxa, our data set does not permit a conclusive assessment of the 
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primary origin of assimilated carbon, due to their intermediate position between primary 

sources, and especially due to the high variability in the δ13C values measured for these 

taxa. On the other hand, this assessment was possible with reasonable confidence for 

many taxa, such as for the fiddler crab U. maracoani, where IsoError calculations 

yielded zero mangrove carbon (i.e., 100% algae), independently of the applied F value. 

Other taxa may be considered as based on mixed sources, such as the calanoid 

copepods, where IsoError yielded average mangrove contributions ranging from 63% 

(95% confidence interval: 23 to 100%; with F = 0) to 84% (95% confidence interval: 43 

to 100%; with F = 1.6 ‰ per trophic level). 

 

DISCUSSION 

 

Isotopic signatures of sources and consumers 

This study is the first to use stable isotopes analysis to identify the autotrophic sources 

that support several consumers in a mangrove habitat considering the effect of different 

F values, C/N ratios, source multiplicity, and error propagation. Unlike the previous 

studies that considered only one or a small number of consumers (Hsieh et al. 2002) 

and/or the only most important sources (Slim 1997), we adopted a holistic approach to 

allow an overview of the different trophic linkages in the system.  

In our study, the large δ13C range of consumers (-28.6 to -15.3‰) suggests that there is 

a food web segregation within the animals and therefore, different carbon sources have 

importance in the intertidal mangrove food web. Our findings suggest that food web 

segregation structures the ecosystem into three relatively distinct food webs: 

 

Mangrove food web 

A mangrove contribution was evident in the trophic linkage between mangroves and the 

most δ13C depleted consumers. In this case, the mangrove carbon enters the food web 

indirectly as POM that is assimilated by calanoid copepods and transferred to higher 

trophic levels by the ingestion of these invertebrates by chaetognaths and 

zooplanctivorous small pelagic fishes, such as the Engraulidae Anchovia clupeoides, 

Anchoviella lepidentostole, Anchoa hepsetus, and the clupeid Rhinosardinia amazonica. 

These results have important implications on the trophic role of mangrove ecosystems 

since the suspension-feeding Engraulidae that represent 9% of the total fish biomass 

(Giarrizzo and Krumme 2007), migrate during some part of their life cycle between the 
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estuary and coastal regions transferring nutrients and energy to adjacent ecosystems. 

Thus, although this species has no commercial value in this region, its participation in 

the food chain is valuable through the conversion of planktonic biomass into forage for 

important commercial piscivorous species (Hildebrand 1963). 

The herbivorous epibenthic species U. cordatus and L. anguillifera showed δ13C values 

markedly more distant from those of mangroves suggesting additional inputs from algal 

carbon sources. It could indicate that these consumers might feed on mixed diets 

composed of parts of mangrove leaves, and other items available on the leaves such as 

(phylloplane) fungi, microalgae and cyanobacteria (Lee et al. 2001). The low δ13C 

values of L. anguillifera agreed with previous studies on mangrove mollusks 

(Christensen et al. 2001; Bouillon et al. 2002; Bouillon et al. 2004). According to 

Bouillon et al. (2004), the low δ15N values of these consumers could be explained by 

the assimilation of benthic algae that are more 15N-depleted. 

 

Algal food web 

Unlike the mangrove source, the carbon of benthic algae and green algae Enteromorpha 

sp. enters the food web directly trough the grazing impact of polychaetes, A. pisonii, 

herbivorous fishes (e.g. Mugil spp.), and the omnivorous Anableps anableps. These 

algae have potentially high palatability with fast digestibility and high nutritional value 

(Montgomery and Gerking 1980).  

The overlap between δ13C values of Enteromorpha sp. and Mugil spp. should not be 

considered as a real trophic linkage. Although mullets are frequently found in intertidal 

mangrove creeks (Giarrizzo and Krumme 2007) the feeding activity in this habitat is 

negligible as evident in a high vacuity index and minimum stomach fullness (Giarrizzo, 

unpubl. data). This suggests that the mangrove habitats have no important trophic role 

for these species. Given that the specimens analyzed have medium to large sizes (Tab. 

1) we suppose that the mullets sampled performed large tidal migrations along the 

estuary. Thus, the enriched δ13C values could be explained by recent migration process 

from coastal ecosystems, where the feeding activity may have been more intensive. 

Another possible explanation could be a trophic link between mullets and benthic algae 

that grow on mudflats and are regularly suspended in the water column by strong 

macrotidal currents (Paterson and Whitfield 1997; Corbisier et al. 2006). This 

hypothesis is in agreement with their food habits, since mullets usually feed on the 

fringes of the mudflats and on the surface biofilm layers, being capable of using detritus 
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and microphytobenthos as a food source (Oliveira and Soares 1996). The same applies 

to C. edentulus, that in contrast to the other small pelagic fishes investigated, showed 
13C values that indicate a strong dependence on algal carbon sources. This could be due 

to the ingestion of carbon derived from local phytoplankton and suspended benthic 

microalgae or due to a recent immigration from coastal areas, where mangrove-derived 

POM is less important in the water column. 

The importance of Enteromorpha sp. and/or benthic microalgae for A. anableps 

observed by the isotopic values did not agree with the findings on the feeding ecology 

of this fish species based on gut content analysis (Brenner and Krumme 2007). Brenner 

and Krumme (2007) studying the feeding ecology of A. anableps in intertidal mangrove 

creeks of Caeté estuary (located approx. 150 km from the Curuçá estuary) pointed out 

that it fed principally on red algae (Catenella sp. and Bostrychia sp.) in the inundated 

area at high tide and returned gradually at ebb tide into the subtidal area. The Caeté and 

Curuçá (both located in northern Brazil) estuaries have a very similar hydrography and 

algal and faunal composition, so that these discrepancies can not be explained by 

different availability of food sources for A. anableps. The different results found in the 

stomach content study performed in the Caeté estuary (Brenner and Krumme, 2007) 

may be attributed to the higher digestibility and higher stomach evacuation rate of the 

fragile Enteromorpha sp. and small diatoms as compared to the less digestible and more 

robust red algae. This difference in digestibility and item-specific stomach evacuation 

rate is especially important, since Brenner and Krumme (2007) collected the fish only at 

low tide, approx. 6 h after peak feeding activity. Furthermore, there is a potential 

methodological bias in the quantification of prey using wet weight, overestimating 

Catenella sp. due to its heavy sacchate branches. Therefore, this may be a good example 

of limitations of gut content analysis and the advantages of stable isotopic analysis to 

provide insights into the relative importance of feeding sources. 

The highly enriched δ13C values of fiddler crab U. maracoani and the hermit crab 

Clibanarius are consistent with literature data on these and other deposit feeders which 

forage on the sediment surface (Rodelli et al. 1984, Marguillier et al. 1997, France 

1998, Hsieh et al. 2002, Bouillon et al. 2002). Although the δ13C values of these 

consumers fell outside of range of primary producers, these should not be considered as 

isotopic outliers because, as previously noted by Bouillon et al. (2002), these data 

suggest a strong selectivity for 13C-enriched carbon sources such as microphytobenthos. 
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Mixed food web 

For most consumers, δ13C values were close to the mean value of all primary producers 

indicating that the assimilation of carbon would be from a mixture of sources implying 

a coupling or mixture of mangroves and algae.  

The wide range of feeding preferences of epibenthic and benthic invertebrates justified 

the intermediate δ13C signatures of benthophagous and bentho-ichthyophagous fishes, 

such as Sciades herzbergii, Cathorops sp., Colomesus psittacus and Batrachoides 

surinamensis. The diet of these fishes consisted of a wide variety of benthic organisms 

displaying opportunistic behavior in feeding (Krumme et al. 2007; Giarrizzo unpub. 

data).  

 

Mixing models 

A recent series of studies has used multiple source mixing models to estimate the 

potential contribution of autotrophic sources to consumers (Melville and Connolly 

2003; Connolly et al. 2005; Hyndes and Lavery 2005; Abed-Navandi and Dworschak 

2005; Benstead et al. 2006; Inger et al. 2006; Demopoulos et al. 2007). The IsoError 

and IsoSource approaches were shown to be powerful statistical tools to improve the 

analysis of isotope data, but to avoid misinterpretations, special attention should be 

given to appropriate consumer isotopic values entered in the model. The outputs of any 

mixing model are likely to be sensitive to the fractionation values used. Nevertheless, 

few isotope studies provided a sensitivity analysis to test the effect of fractionation 

(Schwamborn et al. 2002; Connolly et al. 2005; Inger et al. 2006). However, Connolly 

et al. (2005) and Inger et al. (2006) assessed the effect of F on the contributions of each 

feasible source to consumer nutrition just focusing on a central value of IsoSource 

results. This interpretation of IsoSource results should be treated with caution since the 

central value of the contributions (e.g. median or mean) is just one of many possible 

solutions and the idea of IsosSource is to assess the range of feasible source 

contributions (Phillips and Gregg 2003; Beanstead et al. 2006). 

It has been widely assumed that the trophic shift in δ15N is approximately 3.4‰ and 1‰ 

or negligible for δ13C, (e.g. Mingawa and Wada 1984; Loneragan et al. 1997; Vander 

Zanden and Rasmussen 2001; McCuchan et al. 2003) but only rarely considering the 

trophic level of consumers. However, the trophic shift can be highly variable 

(Schwamborn et al. 2002) and small errors in estimates of trophic shift can result in 

large errors in estimates of source contributions to consumers (McCutchan et al. 2003). 



Autotrophic sources for a mangrove food web 
 

 175

Then, if no specific F values are available, the use of a unique F value can induce a 

misinterpretation of the results of the model. Another source error that jeopardizes the 

certainty of mixing model results is that some studies did not correct the isotope values 

of consumers because they lacked information on the trophic level of consumers (e.g. 

Benstead et al. 2006). The uncertainty related to variation of F is amplified when 

multiplying by the number of trophic levels. 

In our study, the precision of results given by IsoSource were strongly affected by the 

difference in isotopic signature between sources and consumers and the fractionation 

values adopted. A high certainty in ranges of feasible contributions has been archived 

mainly for the consumers with δ13C values closer to those sources with isotopic values 

at the extreme of the range of primary producers (mangrove and Enteromorpha sp.). 

The contribution of other potential sources (Catenella sp. and benthic algae) to 

consumers could not be identified with confidence because these sources showed wide 

ranges in contribution including zero. 

According to Benstead et al. (2006), IsoSource was helpful for showing which primary 

sources are not important for consumers. Constrained estimates represented by small 

ranges and low maxima were found for all sources suggesting that different organic 

matter sources can be rejected as important to selected consumers.  

The analysis by using different F values showed that IsoSource output varied 

substantially, mainly for higher trophic levels. With F = 0, the contribution of sources 

could not be quantified for several taxa because consumer signature was outside of the 

range for primary sources. Assuming that all relevant producer groups have been 

identified and sampled, we suggest that for the ecosystem studied F = 0 is not the 

appropriate trophic shift assumption. The IsoSource model run with δ13C corrected with 

F = 1.6 × (TL - 1) produced evident differences in range of feasible solutions if 

compared to the IsoSource model with F = 0.  

IsoSource and IsoError mixing model outputs were very sensitive to the magnitude of F. 

Nevertheless, the simplification of the system by a priori aggregation of primary 

producers (mangrove vs. algae) in the IsoError model produced interpretable results for 

several taxa emphasizing the segregation into different food webs. Several studies have 

incorporated uncertainty and uncertainty propagation into stable isotope mixing models 

in the last few years. IsoError (Phillips and Gregg 2001) has been used for the statistical 

analysis of laboratory experiments (Schlechtriem et al. 2004) and several marine and 

freshwater food webs (Chamberlain et al. 2005; Koyama et al. 2005; Bode et al. 2006; 
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Becker et al. 2006; Becker et al. 2007). This study, the first to use IsoError in a 

mangrove food web, clearly demonstrated the usefulnes of this approach for such 

ecoystems. 

One major drawback of the two-source IsoError model used in his study is the extreme 

simplification of the system. According to Phillips et al. (2005), aggregation of several 

sources into two groups should be considered only when isotopic signatures of clustered 

sources are not significantly different, and sources are ecologically related so the 

combined source group has at least some functional significance. A successful 

aggregation has clearly been achieved here. The rhodophyte Bostrychia sp. is 

obligatorily associated to mangrove roots, the inclusion or not of these algae into the 

group “mangrove” did not affect our model results due to its close isotopic resemblance 

to mangrove leaf carbon. The group “algae” may also be considered to be a significant 

functional unit, since filamentous green algae and the microphytobenthos community 

sampled on the surface of mud flats have several characteristics in common: small size, 

fast digestibility, high primary production, and their spatial closeness. One apparent 

drawback of this approach is that the group “algae” has a 13C signature that is very close 

to tropical phytoplankton, another potentially important primary source in this system 

(Goericke and Fry 1994; Schwamborn et al. 1999, 2002). However, this apparent 

shortcoming of our model is only an artificial problem of terminology, since the same 

pennate diatom species dominate both the microphytobenthos on mud flats (mainly at 

low tide) and the estuarine phytoplankton communities in such regions (Dummermuth 

1997). 

The incorporation of C/N ratios and a priori assessment of trophic levels into stable 

isotope-based food web mixing models clearly improved the reliability of the resulting 

estimates. The increase in δ13C with trophic level was to be expected, although the F of 

1.6‰ obtained in this study is somewhat higher than most previous estimates, between 

zero and 1‰, although a similar F of 1.5‰ has also been used previously (Schwamborn 

et al. 2002). This relatively high estimate of F may at least in part be due to an artifact 

of including 13C-depleted, underutilized primary sources (mangroves) in our estimation 

of F. When excluding all primary producers from the linear regression, the estimate of F 

for δ13C is reduced to 0.6‰ per tropic level, closer to many earlier estimates. The 

estimate of F for δ15N (2.2‰ per trophic level) was hardly affected by the exclusion of 

primary producers, showing the robustness of our estimate and the consistency of F in 
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this food web. The stronger effect of the trophic level on δ15N than on δ13C was not only 

revealed by the differing F values (i.e. the slopes of the regressions), but even more 

clearly by the extremely high R², i.e. the extremely high percentage of the variability 

explained by the trophic level for δ15N (75%) as compared to the low R² (30% of the 

variability) for δ13C. Thus, the assumption that the trophic level determines δ15N, while 

δ13C may be explained by the trophic level together with other factors (e.g. carbon 

source and biochemical composition) seems to be valid for this system.  
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