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Abstract. Size-related changes in the diet of the slipper sole Trinectes paulistanus juveniles were
described based on the stomach content analysis of 105 specimens (9 — 55 mm standard length)
collected in an oligohaline habitat of the Paranagua Bay estuarine complex (southern Brazil).
From multivariate analyses, an ontogenetic diet shift was detected at about 25 mm standard length.
Chironomidae larvae were the most important prey for the smaller fish (£ 25 mm), and the tanaid
Kalliapseudes schubarti, for the larger ones (> 25 mm). Results of feeding strategy analyses
revealed a trophic specialization toward a single prey and, consequently, the trophic niche was
narrow within each size class. We discussed such size-related dietary patterns in light of
ontogenetic changes in mouth gape size.

Key words: feeding habits, population feeding specialization, Paranagua estuarine complex,
flatfish, Leptocheirus spinicoxa

Resumo. Mudangas ontogenéticas na dieta de juvenis do linguado Trinectes paulistanus
(Actinopterygii, Achiridae) em um estuario subtropical do Brasil. Variagdes ontogenéticas na
dieta de juvenis do linguado Trinectes paulistanus foram descritas a partir da analise do conteudo
estomacal de 105 espécimes (9 — 55 mm comprimento padrdo - CP) coletados em um habitat
oligohalino do complexo estuarino da baia de Paranagua (Sul do Brasil). Andlises multivariadas
detectaram uma mudan¢a na dieta em 25 mm de CP. Larva de Chironomidae e Kalliapseudes
schubarti dominaram as dietas dos menores (< 25 mm CP) e maiores peixes (>25 mm CP),
respectivamente. Os resultados de analises de estratégia alimentar revelaram especializacdo em
uma particular presa e um conseqiiente nicho trofico reduzido dentro de cada classe de tamanho.
Discutiram-se tais padrdes ontogenéticos de dieta a luz de mudangas ontogenéticas na abertura
oral em T. paulistanus.

Palavras-chave: habito alimentar, especializagdo trofica da populagdo, complexo estuarino de
Paranagua, linguado, Leptocheirus spinicoxa

Introduction

The Achiridae are moderately small
flatfishes which are principally marine and estuarine,
although some species occur in freshwater (Munroe
2002). The slipper sole, Trinectes paulistanus
(Miranda-Ribeiro, 1915), is a small (max 180 mm
standard length - SL), marine demersal species that
is widely distributed along the Eastern South
American coast, from Colombia to southern Brazil
(Munroe 2002). It exhibits negligible commercial
importance and is commonly caught and discarded

as by-catch in crustacean trawl fisheries operating in
estuaries and shallow coastal areas (Munroe 2002).
T. paulistanus larvae and juveniles appear to occupy
shallow estuarine areas (Bonecker et al. 2007,
Michele & Uieda 2007) and adults, main channels of
estuaries (Maciel 2001), bays (Azevedo et al. 2007),
beaches (Godefroid et al. 2004), and inner shelf

habitats (Santos 2007).

Michele & Uieda (2007) found T.
paulistanus  juveniles feeding on insects,
polychaetes, isopods, and amphipods in a
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southeastern Brazilian mangrove river. Despite
abundant in estuaries of the subtropical Brazil
(Maciel 2001), the species’ biology and ecology are
poorly described. Further, there is no information on
ontogenetic dietary shifts, which may reduce intra-
specific competition for food resources especially
when various size classes occur at same general
habitat (Ward-Campbell & Beamish 2005). Changes
in gape size facilitate intra-specific partitioning of
food as gape constraints the size of the ingested prey
(Ward-Campbell & Beamish 2005).

Within size-structured fish populations,
individual specialization may be a conspicuous
phenomenon (Svanback & Persson 2004) and thus is
necessary to be estimated for characterizing the
feeding niche width precisely (Bolnick et al. 2003).

This study deals with the diet of T.
paulistanus juveniles of an oligohaline habitat
within the estuarine complex of Paranagua Bay
(southern Brazil). Our specific goal is to examine
size-related shifts in diet composition in light of the
mouth dimensions changes and individual trophic
specializations.

Materials and Methods
The study took place in the upper estuary of
Guaraguacu River, a large tributary located on the

southern part of the Paranagua Bay estuarine
complex, Brazil (Fig. 1). Three continuous stations
within the river’s oligohaline zone were selected for
sampling (Fig. 1). Sampling was monthly conducted
from February-2006 to April-2006. Fish were caught
by a 15 m x 2 m seine-net with a uniform mesh size
of 5 mm. During each survey, one 20 m-tow was
performed parallel to the river’s course at each
station, fishing to depth of ca. 1.5 m. Fish were
stored and transported on ice to the laboratory.

In laboratory, the wvertical (MV) and
horizontal (MH) mouth openings (0.1 mm - using a
caliper) and SL (mm) were taken of each fish before
its stomach was removed and preserved in 10%
formalin. Stomach fullness was estimated visually
on a scale of 1 (10% full) to 10 (100% full; Sarre et
al. 2000). Prey items from each stomach were
identified to the lowest taxonomic level and
quantified by: (1) percentage volume (%V - by
spreading all stomach contents in counting cell
chamber with uniform depth and then calculating
area of prey item j / total item area x 100; modified
from Hellawell & Abel 1971); and (2) percentage
abundance (%N) as number of prey item j / total
number of prey x 100 (Hyslop 1980). To preserve
individual wvariation, stomach contents were not
pooled in the following analyses (Ley et al. 1994).
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Figure 1. Map of the estuarine complex of Paranagua Bay and its location on the southern Brazilian coast. The
Guaraguagu River Estuary and the capture stations (®) are shown in detail.

A group average hierarchical cluster
analysis, using the Bray-Curtis similarity index,
assessed size-related variations in diet. It based on
individual stomach content data, which were
described by %V values only. Due to heterogeneous
size range of the diet components, %N values are
less suitable in similarity analysis (Baldo & Drake
2002) and thus were not used. %V values were root-
square transformed prior analysis. Analysis of
similarity (ANOSIM; Clarke & Warwick 1994)

tested for differences in diet between resultant
clusters (size groups) and month of captures.

To synthesize the size group diet
information, the frequency of occurrence (%F -
percentage of fish containing a given prey item j),
the mean %V and mean %N values, and the index of
relative importance lIRIj = (%Nj + %V, )x %FjJ
were computed for each prey item (Hyslop 1980).

The Costello graphical method (Costello
1990), modified by Amundsen et al. (1996), was
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employed to look for general trends in feeding
behavior of T. paulistanus. To identify individual
specialization, the proportion similarity index was
calculated following Svanback & Persson (2004):

PS, :zmin(pij,qj), where pjj is the proportion
i

volumetric of prey item j in the individual i’s diet
and @ is the volumetric contribution of i in the diet
of the population as a whole. For individuals that
specialize on a single diet item j, PS; takes on the
value Q. For individuals that consume resources in
direct proportion to the population as a whole, PS;
will equal 1 (Svanback & Persson 2004). The overall
prevalence of individual specialization (IS) in the
population can be expressed by the average PS;

value: IS =1/nx Z PS, (Svanback & Persson

2004). Note that if all individuals have the same
diets then IS will be 1, indicating no individual
specialization, while values close to 0 indicate
strong individual specialization (Svanback &
Persson 2004).

Finally, mouth dimensions (MH and MV)
were regressed against SL (either linearly or log-
linearly, based on the r* value) (Karpouzi & Stergiou
2003). One-way ANOVA tested the association
between SL and dependent variables.

Results

Caught fish ranged from 9 to 55 mm SL
(mean size = 26.9 mm SL), with the best represented
class being the 15-25 mm SL (Fig. 2). Of the 105
individuals caught, 88 (83.8%) contained food in the
stomachs and were used in diet analysis.
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Figure 2. Size-frequency distribution of T. paulistanus,
collected in the Guaraguagu River Estuary. SL = Standard
Length

Month of capture did not appear to have
significant effect on diet compositions (ANOSIM, R
=0.106, p > 0.09).

Two size groups with similar dietary pattern
were identified (Fig. 3): group 1 (n = 38) pooled
almost all fish smaller than 26 mm SL, and group 2

(n = 50), mainly those larger than 25 mm SL. The
diet composition of the groups were significant
different (ANOSIM, R = 0.544, p < 0.01) and the
mean stomach fullness of both was relatively high
and similar (> 6, Table I). According to the diet
indices (Table I), and the feeding strategy diagram
(Fig. 4a), chironomid larva was the major prey
within the group 1, followed by the tanaid
Kalliapseudes  schubarti.  Some  individuals
specialized on the latter and also another tanaid
Sinelobus stanfordi (Fig. 4a). The diets of the larger
fish (group 2) were by far dominated by K.
schubarti, and secondly by chironomids and
polychaetes on which some fish specialized (Fig. 4b
and Table I). Remaining prey items can be
considered occasional.

Within each size group, the predominance of
high PS;-values (Fig. 5), the high 1S-values (ISgroup:
= 0.68, IS group2 = 0.76), and a restrict point in the
upper right of the diagram (Fig. 4 a, b) represent a
predator population’s specialization (thus a low
individual specialization) as well as a population’s
narrow niche. MH related log-linearly (
InMH =1n1.1072SL-3.1667, r* = 0.84) and
MV linearly (MV =0.09655L—0.0247, r* =
0.92; Fig. 6) with SL. The slopes of the regressions
were all statistically significant (p < 0.0001).

Discussion

Comparing our data to those of other areas
reveals that benthivory appears to be common in T.
paulistanus, despite some differences in terms of
prey composition. While it feeds on polychaetes,
amphipods, and aquatic insects in the Rio da
Fazenda Estuary (Michele & Uieda 2007), in the
Sepetiba Bay its diet is dominated by polychaetes
(Guedes & Aratjo 2008). The congeneric T.
maculatus  also  consumes mainly  benthic
invertebrates, such as polychaetes and amphipods
(Derrick & Kennedy 1997). In the oligohaline zone
of the Guaraguagu, T. paulistanus preyed heavily on
chironomids and K. schubarti, probably due to their
high availability. Chironomid larvae seem to be
common in low-salinity upper estuaries (Corréa &
Uieda 2008) and K. schubarti is an abundant
macrofauna component in the Paranagua Bay (Lana
etal. 1989; Lana & Guiss 1991).

Within each size group, almost all
individuals fed mostly upon a dominant prey taxon
(either K. schubarti or chironomid larvae), some
specialized on specific items, and few included
small proportions of other prey types occasionally.
Such a strong feeding specialization of the groups
resulted in narrow trophic niche widths, which differ
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from those with high within- or between-phenotype
component (Amundsen et al. 1996). Narrow trophic
niche was also reported by the population from
Sepetiba Bay (Guedes & Araujo 2008).

The observed size-related diet shift may be
related to ontogenetic shifts in gape size that grew
consistently with increasing body size in T.
paulistanus. Ontogenetic gape increase (among
other factors) allows growing predators to ingest

°
1

more elusive, larger prey successfully (Karpouzi &
Stergiou 2003; Ward-Campbell & Beamish 2005).
In fact, chironomid larva is a small, slow-moving
prey, while K. schubarti is relatively larger and more
elusive, despite its tubicolous life style (Lana &
Guiss 1991). Similar predator-prey size relationships
also were detected in other flatfish (Scharf et al.
2000) and other estuarine fishes (Scharf & Schlicht
2000; Contente et al. in press).
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Figure 3. Hierarchical cluster analysis based on percentage by volume (%V) of the T. paulistanus individual diets from
the Guaraguacu River Estuary. @ = fish > 25 mm standard length; X = fish < 25 mm standard length.
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Figure 4. Relationship between prey-specific abundance (P;) and frequency of occurrence (%F) of prey items in the
diet of T. paulistanus size groups, collected in the Guaraguagu River Estuary. [(a) < 25 mm standard length group; (b) >
25 mm standard length group]. (c) explainatory diagram modified of Amundsen et al. (1996).
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Table I. Prey items of two T. paulistanus size groups from the Guaraguagu River Estuary. SL = Standard
Length, %F = frequency of occurrence, %V = percentage by volume, %N = numeric abundance, and %IRI =
index of relative importance. Mean stomach fullness also is given.

<25 mm SL group size

>25 mm SL group size

Prey item %F %V %N %IRI  %F %V %N %IRI
Insecta
Chironomidae larva 89.29 78.75 90.17 94.46 938 698 857 0091
Crustacea
Tanaidacea
Kalliapseudes schubarti Mafie-Garzon, 1969 3571 17.53 594 525 90.63 85.88 87.15 98.36
Sinelobus stanfordi (Richardson, 1901) 357 074 052  0.03 313 015 071 0.02
Amphipoda
Gammaridea
Leptocheirus spinicoxa Valerio-Berardo & 313 124 071 0.04
Wakabara, 2003
Ostracoda 1.79 0.07 026 <0.01
Copepoda
Harpacticoida 893 053 233 0.16
Polychaeta 536 218 078 0.10 12.50 5.67 286 0.67
Plant debris 1.79  0.20 <0.01 3.13  0.08 <0.01
Mean stomach fullness (mean + SD) 6.5+0.28 6.1+0.27

Considering the overlap between coexisting
individuals of different sizes and such abundant
prey, smaller fish may have restricted themselves to
smaller prey (chironomids) due to gape limitations,
while larger ones preferred more profitable, larger
prey (K. schubarti). This narrows the feeding niche
in each ontogenetic stage, which may be a potential
mechanism of intra-specific partitioning of food.
Such a hypothesis must be tested by future
investigations taking into account prey size, prey
abundance-availability, and predator’s preference
through size groups. Moreover, for a complete
knowledge of the trophic ecology of T. paulistanus,
future studies should focus on the description of
ontogenetic patterns beyond the limits examined in
this study.
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Figure 5. Frequency distribution of proportion similarity
(PS)) index values of T. paulistanus from the Guaraguacu
River Estuary.

MH and MV (mm)
COPEPNNWWARMNOID
QUIOUIOUIOUIOUI0U1IO

10 15 20 25

30 35 40 45 50 55 60
SL (mm)

Figure 6. Vertical (MV - o) and horizontal (MH - e)
mouth opening relation with standard length (SL) of T.
paulistanus from the Guaraguagu River Estuary.

Finally, this is the first record of
Leptocheirus spinicoxa (Corophiidae) (Table I) for
the southern Brazilian coast. It has been previously
only reported in the northeastern coast (Valerio-
Berardo & Wakabara 2003). Due to high mobility,
fish may display a higher prey detection rate than
conventional samplers (Raddum & Fjellheim 2003)
and this may lead to new records of taxa not
detected in previous fauna surveys (Fjellheim et al.
2007).
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