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ABSTRACT. Bathygobius soporator (Valenciennes, 1837) is one of the most common fi shes in tide pools in the estuary of Pará state, and has an omnivorous 
feeding habit. This study examined the diet of the species in Maiandeua Island, and aimed to: (i) describe the diet of B. soporator through indexes based 
on the occurrence and weight of consumed items; and (ii) evaluate if there is variation in diet composition between males and females. Frequency of 
Occurrence, frequency of weight and Alimentary Index were calculated for each item, and diff erences in the diet composition of males and females were 
observed through multivariate analyses (ANOSIM, NMDS and SIMPER). Bathygobius soporator presented carnivorous feeding habit, eating mainly 
crustaceans, and diff erences among males and females were observed, males consuming smaller amounts of crustaceans and including algae in their diet.
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RESUMO. Diferença entre sexos na alimentação do peixe gobídeo Bathygobius soporator em poças de maré da Ilha de Maiandeua, Pará, Brasil. 
Bathygobius soporator (Valenciennes, 1837) é um dos peixes mais comuns em poças de maré no estuário paraense e apresenta hábito alimentar onívoro. 
Esse estudo examinou a dieta da espécie na Ilha de Maiandeua, com o objetivo de: (i) descrever a dieta de B. soporator através de índices baseados 
na ocorrência e biomassa dos itens alimentares; (ii) avaliar se há variação na composição da dieta entre machos e fêmeas. Calculou-se a frequência de 
ocorrência, frequência de peso e o Índice de Importância Alimentar, e utilizaram-se análises multivariadas (ANOSIM, NMDS e SIMPER) para avaliar a 
diferença na composição da dieta de machos e fêmeas. Bathygobius soporator apresentou hábito carnívoro, consumindo predominantemente crustáceos, 
e houve variação na dieta de machos e fêmeas, sendo que machos consumiram crustáceos em menor quantidade e incluíram algas em sua dieta.

PALAVRAS-CHAVE. Estuário, dieta, guilda trófi ca.

Bathygobius soporator (Valenciennes, 1837) 
(Perciformes, Gobiidae) inhabits shallow coastal waters up 
to two meters deep and is one of the most common fi shes 
in American Atlantic shores. Abundant in the estuarine area 
of Pará State (Soares et al., 2013), the species can be found 
from rivers mouths and mangroves to coral reefs, has benthic 
habits, uses crevices in reef areas and rocky shores, and holes 
and the roots of mangroves as refugee (Mendes, 2006), and is 
common in tide pools (Garzón-Ferreira & Acero, 1992).

Tide pools are environments formed during the low 
tide, where a small amount of water is retained in depressions 
in the intertidal zone (Fangue et al., 2001). These pools 
present constant and intense variations in its physical and 
chemical characteristics (Metaxas & Scheibling, 1993) 
and, at the Brazilian North region, these variations are 
more intensifi ed due to a macro tide scheme, with tidal 

range that can vary from 4 m to 6 m (Barbosa et al., 2007).
In relation to its trophic ecology, Bathygobius 

soporator is considered an opportunistic species due 
to a predation preference on highly abundant groups in 
its environment, and omnivorous, for consuming algae, 
crustaceans and fi shes (Nascimento & Peret, 1986; Lopes 
& Oliveira-Silva, 1998). Despite the wide knowledge 
about the diet of B. soporator in Southern Brazil and 
the importance of sexual morphologic and behavioural 
dimorphism in feeding ecology (Scharnweber et al., 2011; 
McGee & Wainwright, 2013), there is no information about 
sexual diff erences in the diet composition of the species.

The diet of Bathygobius soporator has not been 
studied in the North region of Brazil, which provides a 
diff erent circumstance due to macro tide regime and the 
gradient of exposure time that the tide pools present during 
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the low tide. Considering the importance of feeding studies 
to understand interspecific relationships and for proper 
management measures and preservation production (Esteves 
& Aranha, 1999), this study examined individuals from 
different tide pools in Maiandeua Island, PA and aimed to: 
(i) describe the diet B. soporator through indexes based 
on the occurrence and relative weight of consumed items; 
(ii) evaluate whether there is variation in diet composition 
between males and females of B. soporator.

MATERIAL AND METHODS

Study Area. The Maiandeua Island (00°35’0” - 
00°38’29”S, 47°31’54” - 47°34’57”W), in the municipality of 
Maracanã, the north-eastern of Pará state, is one of the mouths 
of the Pará estuary, receiving the waters of the Maracanã and 
Marapanim rivers. It has 2.378 ha in length, having been 
transformed into an APA (“Área de Proteção Ambiental” or 
Environmental Protection Area) under state law nº 5.621/90.

The area is marked by two hydrological periods 
throughout the year, a rainy period from December to May, 
and a dry period from June to November; presenting hot and 
humid climate, with strong macrotidal influence (Barbosa 
et. al., 2007). The intertidal zone of Maiandeua island is 
characterized by extensive rock shore areas, which contains 
tide pools of different sizes.

Sampling and data analysis. Samples were collected 
between April and November 2008 in Maiandeua Island, and 
consisted of scanning the tide pools searching and catching 
target species with a sieve with a 5 mm mesh. The sampling 
was performed at low tide for three hours (an hour and a 
half before the peak of low tide, and an hour and a half 
after the peak of low tide), and each pool was sampled to 
its depletion. Samples were collected in accordance with 
the authorization provided by SEMA under the registration 
number 02/2010. Individuals were fixed in 10% formalin 
and stored in 70% alcohol.

In the laboratory, the specimens were measured to 
standard length (SL) using a digital caliper with 150 mm and 
precision of 0.1 mm, and the total weight (TW) using a digital 
scale with 200 g capacity and 0.1g accuracy. The sex of the 
individuals was determined by macroscopic observation of 
the gonads and genital papillae according Tavolga (1954). 
The subjects were open for the withdrawal of the digestive 
tract, which were stored in 70% alcohol until analysis under a 
stereomicroscope and identification of food items required to 
taxonomic classification. The weight of food items was taken 
using balance with a 20 g capacity and accuracy of 0.001 g.

Food items were submitted to the following quali-
quantitative analysis: i) Frequency of Occurrence (FOi%); 
ii) gravimetric frequency (P%); and iii) food importance 
(IA%) of each food category. The Frequency of Occurrence 
is calculated by dividing the number of stomachs where a 
particular item was identified by the number of stomachs 
containing food analyzed (Hyslop, 1980). The gravimetric 

frequency is obtained from the ratio of the total weight of 
each food item on the sum weight of all food items (Hynes, 
1950). The Alimentary Index (Kawakami & Vazzoler, 
1980) considers the Frequency of Occurrence (FOi%) 
and weight frequency (P%) and can be obtained by IAi = 

(FOi*P)/∑(FOi*P), where: IAi = food importance index; i = 
1,2, ... n = particular food item; FOi = food item frequency 
i, and P = weight (g) of food item i.

The Similarity Analysis (ANOSIM) was used to 
identify differences in the intake of food items between 
males and females of Bathygobius soporator using the 
relative biomass of consumed items by each individual. 
Dissimilarities between individuals were observed in a 
Non-Metric Multidimensional Scaling (NMDS), using the 
coefficient of Bray-Curtis, and later an Analysis of Similarity 
Percentage (SIMPER) was used to observe which items 
were responsible for the variation between the sexes. The 
ANOSIM was conducted at 5% level of significance and all 
tests were performed in the PRIMER 6.0 program.

RESULTS

A total of 72 individuals were analyzed, 22 (30.55%) 
males and 48 (66.67%) females, and two individuals did not 
have their sex determined (2.78%). The standard length (SL) 
of the specimens ranged from 1.2 cm to 9.37 cm (± 6.88 
cm ± 1.23 cm) and total weight (TW) ranged from 0.86 g 
to 23.80 g (± 9.67 g ± 4.25 g). Only seven individuals (10% 
of the sample) presented an empty digestive tract. Among 
subjects with food in the digestive tract, seven specimens 
presented sand particles with the food content (10%) and 42 
specimens (65%) had digested organic matter.

We identified eight food items for Bathygobius 
soporator (Tab. I), wherein the crustacean Petrolisthes 
armatus (Gibbes, 1850) was the most abundant prey in 
the species diet, being consumed by more than 60% of 
individuals and composing about 90% the total biomass 
ingested by analyzed individuals. The second most important 
item, material of higher plants, showed only 2% of food 
importance, highlighting the high relative importance of P. 
armatus for the target species.

There was variation in male and female diet 
compositions (R = 0.36; p = 0.002) and the formation of 
three main groups of predators were observed: Group 1 was 
composed mostly of females and fed up predominantly of 
crustacean P. armatus; Group 2 consisted of three males who 
have intermediate consumption P. armatus and high volume 
of algae in their digestive tract; while Group 3 consumed 
predominantly higher plant material, but in small quantities 
(Fig. 1).

The average similarity between females (74.07) was 
higher than in males (25.42), showing that males have broader 
diet than females, using non-consumed (e.g. algae) or shortly 
consumed (e.g. plant material) items. Males and females 
show average dissimilarity of 63.6, and the difference in their 
diets was caused by a greater consumption of P. armatus by 
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females and increased consumption of plant material and 
algae by males (Tab. II).

DISCUSSION

The gobiid Bathygobius soporator that inhabits tide 
pools in Maiandeua Island presented omnivorous feeding 
habit, using both animal (e.g. crustaceans, fish) and vegetal 
(e.g. algae, higher plant material fragments) items. The main 
item in the diet of the species was the crustacean Petrolisthes 
armatus, but females and males showed different diets, where 
males consumed smaller amounts of crustaceans and more 
items of vegetal origin.

The low number of empty and completely filled 
digestive tracts, together with a large percentage of stomachs 
with little amounts of food and a high percentage of Digested 
Organic Matter, indicates a feeding rate almost sequential, 
with a constant foraging throughout the day. According to 
Hahn et al. (1999), many fish populations present sequential 
foraging habit or present a prolonged period of daily activity. 
This result is similar to that found in Itaparica Island, Bahia 
State, Brazil, where Lopes & Oliveira-Silva (1998) showed 
low frequency of empty stomachs and high rate of organic 
matter digested in this specie diet.

Crustaceans are preferred items for a large part of 
demersal fishes in estuarine and intertidal regions (Krumme et 
al., 2007; Chaves & Vendel, 2008). Lopes & Oliveira-Silva 
(1998) showed, for example, that Bathygobius soporator 
predominantly consumed crustaceans of the infraorder 
Brachyura in Itaparica Island. Besides the benthic habit, 
suitable for prey crustaceans on the substrate, in Maiandeua 
Island the high consumption of P. armatus is accompanied 
by the high abundance of these crustaceans in the tidal 
pools where the specimens were collected, especially when 
compared to colder regions of Brazil (Oliveira et al., 2013).

About 10% of the individuals showed sand particles 
with the food contents. However, this does not happen due 
to an iliophagous habit, since the species’ digestive tract is 
not long and intensely coiled, which is one of the necessary 
adaptations for this type of feeding (Moraes et al., 1997; 
Fugi & Hahn, 1991). The occurrence of sand with food 
items Bathygobius soporator must occurs because of the 
main predatory tactics of the species, the speculation of the 
substrate, characterized by the search of prey near the pool 
bottom and assault on the substrate to capture it (M. Nomura, 
unpubl. data), suggesting accidental ingestion.

Algae were infrequent in the species diet, but showed 
high importance for the biomass percentage and occurred only 
in the diet of males; higher plants fragments were consumed 
by males and females, but in greater quantity by males. Higher 
plant fragments occurs in the diet of several populations of 
this species (Nascimento & Peret, 1986; Lopes, 1989; Lopes 
& Oliveira-Silva, 1998), being one of the main factors to 
consider Bathygobius soporator as an omnivorous species by 
some authors. However, M. Nomura (unpubl. data) studied 

Tab. II. Similarity Percentage analysis (SIMPER), showing the average 
volume consumed by females and males of Bathygobius soporator 
(Valenciennes, 1837) and the percentage contribution of each item to the 
dissimilarity between the sexes in Maiandeua Island, Pará, Brazil.

Food items Average Volume Contribution
(%)Females Males

Algae 0.00 0.20 83.15
Plant material 0.07 0.34 68.5
Petrolisthes armatus 0.87 0.40 42.16
Crustacea fragments 0.02 0.07 90.33

Fig. 1. Non-Metric Multidimensional Scaling (NMDS) shows the variation 
in the diet of males and females Bathygobius soporator (Valenciennes, 
1837) specimens and the formation of three main groups with different 
diets in the population of Maiandeua Island, Pará, Brazil.

Tab. I. Frequency of Occurrence (FOi), gravimetric frequency (FP) and Alimentary Index (IAi) of food items consumed by Bathygobius soporator 
(Valenciennes, 1837) in Maiandeua Island, Pará, Brazil.

 Food Item FOi FP IAi
Vegetal Source
    Algae: Rhodophyta 0.046154 0.040845 0.003089
    Higher plants materials 0.276923 0.045192 0.020506
Animal Source
    Rotifera 0.015385 < 0.001 < 0.001
    Isopoda 0.092308 0.000112 < 0.001
    Crustacea eggs 0.107692 0.000131 < 0.001
    Crustacea fragments 0.046154 0.008825 0.000667
    Crustacea: Petrolisthes armatus 0.661538 0.900004 0.975574
    Teleostei: Mugil sp. 0.015385 0.004871 0.000123
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the behavior of B. soporator in the São Sebastião coast 
(São Paulo, Brazil) and did not recorded direct predation 
on macroalgae banks, indicating incidental ingestion. Thus, 
since males and females consume higher plant fragments, 
even if in small amounts, future investigations should be 
done to evaluate the role of vegetal source items on the diet 
populations of B. soporator.

The sexual-based differences in the diet composition of 
Bathygobius soporator herein reported are mainly structured 
by a higher degree of consumption of Petrolisthes armatus 
by females than by males, and in the inclusion of algae in 
the diet of males. The uncertainty that B. soporator uses 
algae as trophic resources is still to be tested, but Tavolga 
(1956) described the pre-reproductive behavior of the 
species and showed that males clean the nest area through 
ingestion of algae and other debris, which may be a factor 
in the occurrence of macroalgae in B. soporator males. 
Furthermore, the lower ingestion of crustaceans by males 
and high feeding dissimilarity between them is a product of 
the ingestion of macroalgae, which highlights the importance 
of behaviour in sex-based differences in diet composition 
and trophic structure.

According to this study, Bathygobius soporator 
presents carnivorous feeding habits prone to carcinofagia 
and incidental consumption of plant food items in Maiandeua 
Island. In addition, the diet was mainly composed of 
Petrolisthes armatus, an abundant porcellanid crustacean 
in tide pools that highlight the opportunistic feeding aspect 
of this species, with differences between the diet of males 
and female, where males had broader and more diverse diet 
than females by the consumption of macroalgae.
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