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The distribution and feeding ecology of two puffer fish, Sphoeroides testudineus (Linnaeus, 1758) and Colomesus psittacus
(Bloch & Schneider, 1801), were investigated in a tropical estuary (north-eastern Brazil). The hypothesis tested was that these
two species partition available resources spatially, and that the effects of interspecific competition can be reduced by changes in
the feeding strategy and using alternative resources. This study was carried out between February 2011 and January 2012, on
a beach and three tidal creeks of the Mamanguape River estuary. Data on the distribution and relative abundance of the two
species were collected using beach seine, with data on temperature, salinity and turbidity also recorded. The diets of the species
(S. testudineus N ¼ 399; C. psittacus N ¼ 108) were analysed by the Index of Relative Importance (IRI). Sphoeroides tes-
tudineus was found in the entire area, but was particularly abundant in the upper estuary, while C. psittacus was captured
exclusively in the upper estuary, with all individuals assumed to be juveniles. In regard to feeding, juvenile S. testudineus
predated on Bivalves, Ceratopogonidae larvae, calanoids and gastropods; whilst C. psittacus showed a diet more specialized
in Brachyura and Cirripedia. These results suggest that there are differences in both habitat utilization and feeding habits of
these two puffer fish species in this estuary.
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I N T R O D U C T I O N

Estuarine habitats are recognized as important nursery habitats
for juvenile fishes, due to structural complexity, food availabil-
ity and reduced predation (Laegdsgaard & Johnson, 2001). In
these habitats, the coexistence of ecologically similar species
in high densities is possible because the distribution and avail-
ability of resources, such as prey and habitat type, as well as dif-
ferent behaviours, reduces niche overlap (Palacios-Sanchez &
Vega-Cendejas, 2010). According to Ross (1986), studies
about these mechanisms provide knowledge for generating
testable hypotheses about the roles of factors that control the
balance of the community. Understanding the patterns of coex-
istence between species has been important to investigate the
factors influencing the structure of communities and distribu-
tion of species (Whitfield & Elliott, 2002).

Puffer fish (Family Tetraodontidae) are widespread in trop-
ical waters, and are associated with various habitats, but many
species inhabit coastal and estuarine regions (Bell et al., 1984;
Cervigón, 1995). In the study by Andrade-Tubino et al.
(2008), Sphoeroides testudineus (Linnaeus, 1758) was consid-
ered an estuarine-opportunistic species with a broad distribu-
tion in estuaries of Brazil. Colomesus psittacus (Bloch &
Schneider, 1801) is considered an estuarine-resident species,

occurring in estuaries of the north and north-east regions of
Brazil (Andrade-Tubino et al., 2008).

The diets of fishes vary with prey abundances and predator
size, which can also reduce competition (Nikolsky, 1963;
Zavala-Camin, 1996; Piorski et al., 2005; Chiaverini, 2008).
According to previous studies, S. testudineus feeds on molluscs
and crustaceans (Vasconcelos-Filho et al., 1998; Chiaverini,
2008; Barros et al., 2010; Santos & Rodriguez, 2011), and C. psit-
tacus feeds primarily on crustaceans, mainly Cirripedia and
Brachyura (Krumme et al., 2007; Giarrizzo et al., 2010).

Although S. testudineus and C. psittacus are ecologically
similar, highly abundant and have significant ecological im-
portance, their population dynamics has been subject to little
study. This study aimed to describe and compare feeding and
spatial distribution of two puffer fish species that coexist in a
tropical estuary: (1) evaluating their relative abundance and
distribution; (2) comparing their feeding habits across spatial
scale, contributing to the knowledge dynamics and coexistence
of the two species; and (3) comparing the feeding habits
between individuals of different sizes for each species.

M A T E R I A L S A N D M E T H O D S

Study area
The Mamanguape River estuary is located on the north coast
of the Paraı́ba state and extends for 25 km in an east-west
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direction and for 5 km in a north-south direction. It is part of
the Environmental Protection Area (Área de Proteção
Ambiental – APA) of Barra de Mamanguape (Figure 1).
The rainy season begins in February and lasts until July, with
maximum rainfall occurring from April to June. The dry season
occurs in spring and summer, with the lowest rainfalls occurring
between October and December. The average rainfall recorded in
the area is between 1750 and 2000 mm annually, and the average
temperature is�24–268C. There is a well-preserved forest man-
grove in the area, composed of Avicennia germinans, Avicennia
schaweriana, Conocarpus erectus, Laguncularia racemosa and
Rhizophora mangle, which grows around the primary channel
and tidal creek and extends to 600 ha, in addition to Atlantic
Forest remnants (Rocha et al., 2008).

Four collection sites were established along an estuarine sal-
inity gradient and distinct physiographic features (Figure 1): (1)
Mudflat: unvegetated tidal bottoms found in sheltered estuaries,
characterized by lower influence of waves, fine sediment (some-
what muddy), and that during low tide extend 1.22 km; (2)
Tidal Creek 1: a mangrove channel wide and shallow
(0.72 m), which is bordered by a mangrove forest preserve
(5.3 km), sandy substrate with sandbars exposed during the
low tide; (3) Tidal Creek 2: a mangrove canal located in the
most central part of the estuary, bordered along its entire exten-
sion (1.4 km) by mangrove, deeper (0.82 m) and muddy sedi-
ment; (4) Tidal Creek 3: a shallow and narrower (0.50 m)
mangrove channel also bordered by mangroves along its exten-
sion (0.62 km), situated in the upper part of the estuary with
muddy sediment and greater influence from fresh water.

Sampling and data handling
Monthly samples were taken from February 2011 to January
2012. Fish were captured during daylight by beach seine
(10 m long; 1.5 m height; stretched mesh size of 5 mm),
which was hauled parallel to the shore for �30 m and to a
maximum depth of 1.5 m. This procedure was repeated five
times at each site, separated 5 m apart to minimize the influ-
ence on the following haul.

Environmental data were measured in situ: temperature
(through a mercury thermometer), salinity (using a refract-
ometer) and water transparency (using a Secchi disc).
Temperature and rainfall were used to characterize the two
seasons with two sub-seasons each in terms of the hydrologic-
al conditions of the area: Early rainy (February to April) and
Rainy (May to July), followed by Early dry (August to
October) and Dry (November to January) (Barletta & Costa,
2009).

The total length (TL, mm) and weight (g) were measured
for each individual in the laboratory. Fish caught had the di-
gestive tracts removed and the contents were examined under
a stereoscopic microscope, and food items identified to the
lowest possible taxonomic level, following Brusca & Brusca
(2007) and Ruppert et al. (2005). To analyse the diet, three
percentages (frequency of occurrence (FO), numerical (N)
and volumetric (V) percentages) were calculated to character-
ize the stomach contents and to calculate the Index of Relative
Importance (IRI) (IRI ¼ FO∗ (N + V)) (Pinkas et al., 1971;
Hyslop, 1980). For items that could not be counted, a default
value of 0.1 was adopted so that the values were included in
the IRI (Abdurahiman et al., 2010). Numerical data of
feeding items were used to calculate Shannon–Wiener diversity
index, as a proxy of the diet breadth (Krebs, 1989).

The number of open intervals of size classes was defined by
Sturges’s rule (Triola, 2005): K ¼ 1 + 3.3 × log (N) where:
K ¼ number of classes; and N ¼ number of cases. For
Sphoeroides testudineus, individuals smaller than 108 mm
were considered juveniles (Rocha et al., 2002), while indivi-
duals of Colomesus psittacus smaller than 199 mm were con-
sidered juveniles (Giarrizzo et al., 2010). Due to lack of adults
of this species in present study, the diets were compared
between individuals smaller and larger than 60 mm.

Data treatment
All environmental variables, distribution and abundance of
species were compared among the sites (Mudflat, Tidal

Fig. 1. Map of the study area in the Mamanguape River Estuary, Brazil.
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Creek 1, Tidal Creek 2, Tidal Creek 3) and hydrological
regime (Early rainy, Rainy, Early dry and Dry). The environ-
mental variables and the fish abundance (weight and number)
were transformed (log10 x + 1) before all statistical testing to
meet the assumptions of normality and homoscedasticity prior
to comparison using analyses of variance (ANOVA). Two-way
analysis of variance (P , 0.05) was used to compare fish abun-
dance and biomass and environmental variables among seasons
and habitats. A post-hoc Tukey test was performed when
ANOVA results showed significance (P , 0.05) (Zar, 1982).
Additionally, the Pearson correlation coefficient was used to de-
terminethe significance of the relationship betweeneach environ-
mental variable and fish abundance data (Zar, 1982).

Non-metric multidimensional scaling (nMDS) ordination
of the volume of food items was applied to represent trophic
groups graphically. A matrix of food items was constructed
to reduce the number of samples to facilitate the detection
of feeding patterns, as described by Schafer et al. (2002) and
Platell & Potter (2001). Each individual of the two species
had often consumed only a small number of the 38 dietary cat-
egories. This meant that the dietary data for a single individual
contained large numbers of zero values, giving rise to instabil-
ities in the calculation of similarities at an individual level,
which greatly reduced the effectiveness of multivariate ana-
lyses of dietary data. This problem was effectively minimized
by averaging the dietary data (%V) for groups of individuals to
produce a new series of replicates for a given factor (i.e. species
or season within species). The Bray–Curtis coefficient was
calculated and after a fourth-root transformation, one-way
analysis of similarity (ANOSIM) was performed on the simi-
larity matrix to test whether the composition of the diet dif-
fered significantly between the two puffer fish species.
Similarity percentages (SIMPER) were used to determine
which dietary items contributed most to similarity between
the samples for different puffer fish species. The multivariate
analyses were performed with the PRIMER software
package, version 6.0 (Clarke, 1993).

R E S U L T S

Water temperature, which ranged from 23–358C, showed a
typical pattern for this tropical region, without large variations
during the period. Higher average temperatures were recorded
in tidal creeks and were lower in tidal mudflats. The highest
temperatures were recorded at the beginning of the rainy
season, and these differences were significant (Tukey test: P
, 0.01) (Tables 1 and 2). The average salinity showed a
spatial pattern with higher salinities recorded in the tidal
mudflat and lower salinities in Tidal Creeks 2 and 3.
Temporally, the highest values were recorded during the dry
period. Significant differences for salinity values were
observed spatially and temporally (Tukey test: P , 0.01)
(Tables 1 and 2). Average transparency showed a spatial
pattern similar to salinity, and higher values during the dry
season. Significant differences in the values of transparency
were observed spatially and temporally (Tukey test: P ,

0.01) (Tables 1 and 2).

Distribution and abundance
A total of 399 individuals of S. testudineus were captured, and
this species was distributed widely throughout the estuary.
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Catch rates and biomass were greater towards the upper
estuary (Tukey test: P , 0.01). Temporal catch rates and
biomass were highest during the early rainy season (Tukey
test: P , 0.01) (Table 3). A total of 108 C. psittacus individuals
were recorded only in Tidal Creek 3. Temporal catch rates and
biomass were highest during the dry period.

The parametric Pearson coefficient showed that abundance
of S. testudineus was negatively correlated (P , 0.01) to salin-
ity (r ¼ 20.188) and transparency (r ¼ 20.317) while posi-
tively correlated to temperature (r ¼ 0.138). Patterns of C.
psittacus abundance did not present any correlation to the
examined environmental variables.

Sphoeroides testudineus individuals ranged in size from
12–236 mm TL (Figure 2), but most were smaller sized fish
(36–60 mm). Colomesus psittacus ranged from 37–85 mm
TL, with most fish between 51–72 mm TL (Figure 2).

Diet
The overall diet of S. testudineus consisted mainly of bivalves,
Ceratopogonidae larvae, calanoids, gastropods, ostracods,
cyclopoids, decapods and barnacles (Table 3). No spatial
differences in the diet were observed. The main food items
on all four sites were brachyurans and molluscs (Gastropoda
and Bivalve) (Figure 3). Other items that were important
included cyclopoids (IRI ¼ 3.56%) and ostracods (IRI ¼
2.04%) in the Mudflat, Cirripedia (IRI ¼ 8.34%) in Tidal
Creek 1, calanoids (IRI ¼ 29.85%) and Cirripedia (IRI ¼
12.56%) in Tidal Creek 2, and Ceratopogonidae larvae (IRI ¼
19.69%) and Cirripedia (IRI ¼ 6.67%) in the Tidal Creek 3.
The diet changed with growth, however bivalves and gastro-
pods were the main food items in all sizes. The juveniles con-
sumed mainly bivalves (IRI ¼ 17.56%), Ceratopogonidae
larvae (IRI ¼ 16.26%), calanoids (IRI ¼ 14.52%), Cirripedia
(IRI ¼ 12.17%) and ostracods (IRI ¼ 10.82%), whereas

adults consumed mainly bivalves (IRI ¼ 60.94%) and gastro-
pods (IRI ¼ 27.13%) (Table 4).

The diet of C. psittacus was comprised of decapods, barna-
cles, scales, insects and invertebrate eggs (Table 3). This
species was captured only in Tidal Creek 3. Brachyura and
Cirripedia were the main prey taxa (Figure 4). Individuals
smaller than 60 mm consumed mainly Cirripedia (IRI ¼
80.05%) and Decapoda (IRI ¼ 11.82%), whereas individuals
larger than 60 mm showed the inverse, Decapoda (IRI ¼
58.31%) and Cirripedia (IRI ¼ 29.37%) (Table 4).

Indication of spatial changes in diet was shown in the
nMDS (Figure 4; stress ¼ 0.16) of the volumetric data.
Samples from Mudflat and Tidal Creek 1 were clearly sepa-
rated from samples from Tidal Creeks 2 and 3. Significant dif-
ferences in diet were found between the two fish species
according to ANOSIM (R Global ¼ 0.163; P ¼ 0.001). The
food items that most contributed to within similarities of
the sites, according to SIMPER, were bivalves, brachyurans
and gastropods in Mudflat; brachyurans and bivalves in
Tidal Creek 1; bivalves, foraminiferans and plant material in
Tidal Creek 2; and brachyurans, Cirripedia and plant material
in Tidal Creek 3.

D I S C U S S I O N

Colomesus psittacus is one of the dominant fish species of tidal
creeks associated with the mangroves along the northern coast
of Brazil, and is abundant throughout the year (Castro, 2001;
Barletta et al., 2003; Krumme, 2004; Krumme et al., 2004;
Giarrizzo et al., 2006), whilst juvenile Sphoeroides testudineus
are occasional (Krumme et al., 2007). However, the opposite
distribution-abundance relationship was observed in the
Mamanguape river estuary. Sphoeroides testudineus is an
abundant species, and the dominant puffer fish during the

Table 2. Results of factorial ANOVA on log10 (x + 1) transformed data of environmental parameters in Mamanguape river estuary.

Source of variation Temperature Salinity Transparency

df MS F P MS F P MS F P

Site (L) 3 0.021 0.232 0.847 1.528 112.38 0.000∗ 4.020 130.51 0.000∗

Season (S) 3 0.000 23.56 0.000∗ 0.745 54.79 0.000∗ 1.992 64.67 0.000∗

L × S 9 0.002 2.49 0.011∗ 0.191 14.06 0.000∗ 0.507 16.45 0.000∗

Error 194 0.01 0.014 0.031 5.97

Significant values (P , 0.05) are indicated with an asterisk.

Table 3. Results of factorial ANOVA on log10 (x + 1) transformed data of abundance (CPUE) and Biomass among Sphoeroides testudineus and
Colomesus psittacus.

Sphoeroides testudineus Colomesus psittacus

Source of
variation

Abundance (CPUE) Biomass Abundance (CPUE) Biomass

df MS F P MS F P MS F P MS F P

Site (L) 3 1.841 23.375 0.000∗ 1.311 2.376 0.071 0.161 4.816 0.003∗ 0.596 5.447 0.001∗

Season (S) 3 0.342 4.339 0.000∗ 2.548 4.615 0.004∗ 0.057 1.696 0.169 0.200 1.842 0.141
L × S 9 0.288 3.654 0.000∗ 1.443 2.614 0.007∗ 0.048 1.443 0.172 0.126 1.159 0.323
Error 194 0.552 0.033 0.109

Significant values (P , 0.05) are indicated with an asterisk.
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whole year in this estuary, thereby exploiting a greater range of
resources, and displaying a greater tolerance to salinity in the
early stages of life. While C. psittacus was observed mainly in
the dry period, with lower abundance and smaller niche

breadth, and was found in an area of lower salinity in the
estuary. Giarrizzo et al. (2010) suggested this species displayed
tidal migratory behaviour in tropical estuaries during ebb tide,
and such behaviour may have influenced our results, because

Fig. 2. Length-frequency distribution of the Sphoeroides testudineus and Colomesus psittacus in the Mamanguape river estuary, Brazil.

Fig. 3. Index of Relative Importance (%IRI) for Sphoeroides testudineus and Colomesus psittacus in the Mamanguape river estuary; N, number of fish examined
with food in the stomach.
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all sampling was carried out at low tide. Furthermore, biotic
interactions may have played important implications for dis-
tributions of species, since closely related estuarine species
often exhibit differences in size or behaviour that may
reduce competition and allow coexistence (Fávaro et al.,
2009).

The diets of both puffer fish studied comprised mostly
benthic organisms, with S. testudineus feeding on crustaceans
and molluscs, while C. psittacus fed predominantly on deca-
pods and Cirripedia. These results corroborate other studies
in tropical coastal areas (Vasconcelos-Filho et al., 1998;
Santos & Rodriguez, 2011). In the present study the two
species are second-order consumers, as observed in other
studies (Krumme et al., 2007; Giarrizzo et al., 2010;
Palacios-Sanchez & Vega-Cendejas, 2010). The distribution
of juvenile fish in estuaries is dependent on a number of
factors, including abundant food supply, found in fringing
red mangrove habitat and near the muddy bottom (Mello &
Tenório, 2000; Barros et al., 2010).

Sphoeroides testudineus showed a clear change in diet: the
juveniles consumed a greater range of dietary items than
adults. The diet of juveniles was based on bivalves, larvae of
Ceratopogonidae, calanoids, Cirripedia and ostracods, and a
high occurrence of plant material. The adults fed mostly on
bivalves and gastropods with a high occurrence of both
Decapoda and Cirripedia. The larger dietary breadth of juve-
niles may be due to requirements for more energy for growth
and, according to Sabino & Castro (1990), preference for small
food items can reflect the inability of these individuals to
capture food items present in the diet of adults, and indicate
the higher protein needs of juveniles. When the fish reach

Table 4. Frequency of occurrence (FO), numerical percentage (N), volume percentage (V%), and Index of Relative Importance (%IRI) of food items
from two size classes of Sphoeroides testudineus and Colomesus psittacus in the Mamanguape river estuary. (l) ¼ larvae; (p) ¼ pupae.

Food Items Sphoeroides testudineus Colomesus psittacus

<108 mm (N 5 275) >108 mm (N 5 53) <60 mm (N 5 17) >60 mm (n 5 41)

FO N V %IRI FO N V %IRI FO N V %IRI FO N V %IRI

Diatoms 1.18 0.01 ,0.01 ,0.01 2.59 0.05 ,0.01 ,0.01 – – – – – – – –
Foraminifera 4.06 1.64 0.21 0.99 3.45 3.03 ,0.01 0.37 – – – – 1.54 0.90 0.01 0.05
Invertebrate eggs 1.35 3.00 0.10 0.55 – – – – – – – – 4.62 7.23 0.35 1.28
Trematoda 0.34 0.05 0.02 ,0.01 – – – – – – – – 1.54 0.90 0.01 0.05
Nematoda 4.06 0.60 0.46 0.57 4.31 2.85 0.01 0.43 – – – – – – – –
Polychaeta 4.74 0.84 3.90 2.96 1.72 0.36 0.18 0.03 – – – – 3.08 1.81 0.31 0.24
Sipuncula 1.02 0.49 0.53 0.14 1.72 0.89 0.01 0.05 – – – – – – – –
Decapoda larvae 0.85 0.50 0.27 0.09 – – – – – – – – – – – –
Brachyura 7.11 1.26 17.06 9.99 18.10 5.88 10.59 6.11 16.67 24.39 11.68 11.82 26.16 18.07 54.31 58.69
Tanaidaceae 0.51 0.20 0.17 0.02 – – – – – – – – – – – –
Isopoda 0.68 0.15 0.09 0.02 – – – – – – – – – – – –
Amphipoda 1.02 0.74 0.25 0.13 0.86 0.18 ,0.01 0.01 – – – – – – – –
Cirripedia 2.37 1.89 37.08 12.17 6.90 9.27 6.64 3.84 33.33 48.78 73.42 80.05 16.92 9.94 37.45 29.37
Calanoida 4.74 22.30 0.95 14.52 – – – – – – – – – – – –
Cyclopoida 3.55 13.28 0.49 6.45 – – – – – – – – – – – –
Ostracoda 7.28 9.72 1.56 10.82 1.72 1.60 ,0.01 0.10 – – – – – – – –
Insect ni – – – – – – – – 11.11 16.26 13.41 6.48 9.23 4.61 4.78 3.17
Insect (l) 0.34 0.12 0.07 0.01 – – – – – – – – 1.54 2.71 0.12 0.16
Insect (p) 0.68 0.08 0.03 0.01 – – – – – – – – 1.54 0.90 0.01 0.05
Simulidae (l) 2.20 4.66 0.68 1.55 – – – – – – – – – – – –
Ceratopogonidae (l) 5.75 19.33 2.10 16.26 – – – – 16.67 ,0.01 0.72 0.24 3.08 0.90 0.42 0.15
Ceratopogonidae (p) 2.54 0.77 0.25 0.34 – – – – – – – – – – – –
Hymenoptera 0.51 0.20 0.04 0.02 – – – – – – – – 3.08 1.81 0.75 0.29
Gastropoda 4.06 5.86 1.80 4.10 12.93 41.71 18.21 27.13 – – – – – – – –
Bivalve 6.77 9.35 10.33 17.56 21.55 22.64 58.12 60.94 – – – – 1.54 0.90 0.08 0.06
Fish 0.68 0.07 0.71 0.07 3.45 1.43 2.72 0.50 – – – – – – – –
Fish scale 3.21 0.92 0.63 0.66 3.45 3.92 0.03 0.48 5.56 8.13 0.73 0.97 3.08 47.88 1.38 5.55
Fish eggs 0.34 0.02 0.02 ,0.01 – – – – – – – – – – – –
Algae – – – – – – – – 5.56 0.88 0.01 0.09 1.54 0.20 ,0.01 0.01
Plant material – – – – – – – – 11.11 1.63 0.03 0.36 20.00 1.17 0.02 0.87
Sediment – – – – – – – – – – – – 1.54 0.18 ,0.01 0.01

Fig. 4. Non-metric multidimensional scaling plots (nMDS) coded by habitat
for Sphoeroides testudineus and Colomesus psittacus. Habitat: Mudflat
(Asterisk); Tidal Creek 1 (Circle); Tidal Creek 2 (Square); Tidal Creek 3
(Black Triangle ¼ Colomesus psittacus and Grey Triangle ¼ S. testudineus).
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adult size, S. testudineus narrow their diet, focusing primarily
on consumption of items larger and harder. The presence of
dentigerous plates helps the puffer fish to break harder struc-
tures, like the carapaces of crustaceans and shells of molluscs
(Cervigón, 1991; Figueiredo & Menezes, 2000).

Juvenile C. psittacus also showed a change of main dietary
items as they grew. Cirripedia, followed by decapods, were the
main prey items of individuals smaller than 60 mm TL, whilst
the opposite was seen in individuals larger than 60 mm TL.
The results corroborate the study of Giarrizzo et al. (2010),
who suggested that the consumption of Cirripedia by juvenile
C. psittacus indicated they did not have high predatory abil-
ities, and predated on an accessible food resource. The same
study suggested that larger individuals occupy deeper areas
in the tidal creek to consume more decapods, once this preda-
tor has more ability to capture mobile prey, thus the diet of C.
psittacus changed from grazing on sessile barnacles to predat-
ing on more mobile brachyurans. This species may have a
considerable contribution to the development of mangroves,
because their predation on filter-feeding crustaceans
(Cirripedia) living on the roots improves the oxygen con-
sumption by the roots of trees; consequently the energy of
mangrove’s detritus serves to fuel the microbial fauna con-
sumed by detritivores (Brachyura), which in turn are prey to
several fish such as C. psittacus (Perry, 1988; Krumme et al.,
2007).

The higher abundances of juvenile S. testudineus were
recorded in the upper estuary (Tidal Creek 3) suggesting the
recruitment period was during the dry season, and this
period was reported in a subtropical area during the
summer period (Fávaro et al., 2009), coinciding with higher
salinity and temperature. However, the adults were recorded
in the lower estuary (Mudflat and Creek 1) during the rainy
season, when the biomass of the fishes was already higher.
In this period, according to Rocha et al. (2002), the species
are preparing to begin the reproductive season. The present
study suggests that adults increase their feeding activity in
order to invest more energy in gonad development, as verified
by Hartz et al. (1996) and Giora & Fialho (2003).

The higher abundance and biomass of juvenile C. psitta-
cus occurred in the upper estuary (Tidal Creek 3) during
the dry period too. According to Giarrizzo et al. (2010),
the length at first maturity of this species is 199 mm TL.
Therefore, the individuals captured in the estuary were
all juveniles (TL ≤ 85 mm), suggesting that the physical
and chemical conditions of the tidal creek favour this
species during recruitment. The absence of mature fish
may be related to them occurring on unfishable grounds
or moving into deeper waters in the creek during low
tide (when sampling was undertaken).

The results of this study corroborate earlier studies from
other tropical estuaries (Barletta et al., 2005; Camargo &
Maia, 2008; Giarrizzo et al., 2010), where the highest abun-
dance of juveniles were recorded in the upper estuary,
which form nursery grounds. Therefore, the two puffer fish
showed higher occurrence in the lower salinity habitats,
where they feed on different prey. In addition, the size segre-
gation observed suggests the hypothesis of selection of habi-
tats. An individual in different life stages may occupy
substantially different physical environments. Therefore, the
study of spatial variation of fishes in tropical estuaries is
crucial for knowledge about species behaviour, dynamics of
populations and their role in coastal ecosystem functioning.
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