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Abstract: Fish feeding habit associated to the morphology of their digestive tube can provide useful biological
and ecological information. Between January and December 2012, we examined 16 fish species discarded by
trawl in the Potiguar basin, northeastern Brazil, and classified them into four groups according to Alimentary
Index — IAi. Our aims were to: (1) provide information on diet composition of one species represented by each
group (Opisthonema oglinum, Conodon nobilis, Larimus breviceps and Sphoeroides testudineus), (2) examine the
morphology of their digestive tube, and (3) associate ingested food items with the morphological features. Stomach
contents were collected and classified according to IAi: main, accessory and secondary categories; fragments of
esophagus, stomach, and small intestine were examined using paraffin section technique. Biometric data (total
length-TL, standard length-SL and total weight-TW), stomach weight-SW, and gonadal weight-GW were recorded
and applied in two indices: (1) the stomach Repletion Index - SRI (SRI=SW/TW % 100) and (2) the gonadosomatic
index — GSI (GSI=GW/TW x 100) for the analyses of feeding and reproductive activities, respectively. The main
food categories were (1) Teleostei for C. nobilis, (2) Crustacea for L. breviceps and O. oglinum, and (3) Mollusca
for S. testudineus. The feeding activity was higher during the dry season, while the GSI was higher in the rainy
season. The morphological analysis revealed a regular structure of the tissues analyzed. We highlight the presence of
tubular gastric glands and strong muscular walls in the stomach (O. oglinum; L. breviceps); well-developed pyloric
caecum in the intestine (O. oglinum; C. nobilis; L. breviceps); and presence of pseudo-stomach (S. testudineus).
Our study confirms that the digestive tube of the examined species has morphological adequacy for carnivorous
feeding habit, providing useful information on tissue structures associated to diet composition.

Keywords: feeding ecology;, fish, histology; feeding activity.

Dieta e caracteristicas histologicas do tubo digestivo de quatro espécies de peixes
descartadas pela pesca de arrasto no nordeste do Brasil

Resumo: O habito alimentar de peixes associado a morfologia do tubo digestivo pode fornecer informagoes bioldgicas
e ecologicas uteis. Entre janeiro e dezembro de 2012, examinamos 16 espécies de peixes descartadas por pesca de
arrasto na Bacia Potiguar, nordeste do Brasil, e as classificamos em quatro grupos, de acordo com o Indice Alimentar-
IAi. Nossos objetivos foram: (1) fornecer informagdes sobre a composigdo da dieta de uma espécie representante de
cada grupo (Opisthonema oglinum, Conodon nobilis, Larimus breviceps e Sphoeroides testudineus), (2) examinar
a morfologia de seu tubo digestivo e (3) associar os itens alimentares ingeridos com as caracteristicas morfologicas
descritas. O contetido estomacal foi coletado e classificado de acordo com o IAi nas categorias: principal, acessoria e
secundaria; fragmentos de es6fago, estdomago e intestino delgado foram examinados pela técnica de sec¢do em parafina.
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Os dados biométricos (comprimento total-CT, comprimento padrdo-CP e peso total-PT), peso do estdomago-PE

e peso gonadal-PG foram registrados e aplicados em dois indices: (1) Indice de Replegio Estomacal - IR (IR =
PE/PT x 100) e (2) indice Gonadossomatico - IGS (IGS = PG / PT x 100) para analises de atividade alimentar e
reprodutiva, respectivamente. As principais categorias alimentares foram: (1) Teleostei para C. nobilis, (2) Crustacea

para L. breviceps e O. oglinum, e (3) Mollusca para S. festudineus. Maior atividade alimentar ocorreu durante a

estagdo seca, e o IGS foi maior na estagdo chuvosa. O exame morfologico revelou estrutura regular dos tecidos

analisados, destacando-se a presenca de glandulas gastricas tubulares e camadas musculares espessas no estbmago

(O. oglinum; L. breviceps); cecos piloricos bem desenvolvidos no intestino (O. oglinum; C. nobilis; L. breviceps); e

presenga de pseudoestomago (. testudineus). Nosso estudo confirma que o tubo digestivo das espécies examinadas

possui adequagdo morfoldgica ao habito alimentar carnivoro e fornece informagdes uteis sobre as estruturas dos

tecidos associados a composi¢ao da dieta.

Palavras-chave: ecologia alimentar; peixe; histologia; atividade alimentar.

Introduction

The coast in Rio Grande do Norte State, Brazil, stretches over
approximately 400 km, and is characterized by significant fishing
activity with 76.5% represented by artisanal fisheries (Ibama 2010).
Thus, the discard of trawl fishing is concerning and relevant for marine
conservation (Helfman et al. 2009). Fish bycatch is often higher
than capture of target species, especially in multi-target small-scale
fisheries operating in the northwestern coast of Rio Grande do Norte
(Silva-Junior et al. 2013). In this region, trawl fisheries conducted by
small boats aim to capture shrimp; however, many fish are accidentally
captured (Bomfim et al. 2019).

Over the last decades, concerns about bycatch of charismatic
species such as dolphins and marine turtles have increased and quickly
expanded to other species (e.g. juvenile fish discarded by bottom trawls)
(Kennelly & Broadhurst 2002, Burgess et al. 2018). Bycatch of juvenile
animals influences their conservation and affect density and distribution
of predators, resulting in a limited abundance and distribution (Block
et al. 2011, Stewart & Jones 2001).

Fishes feed on various resources at different water depths and studies
on digestive tube descriptions provide useful biological and ecological
information on environmental factors and food availability (Canan et al.
2012). Aspects of the digestive tube morphology have been described
in several fish species, increasing the interest on their morphological
variation, diet, and behavior (as a result from trophic levels in the food web
and the high ichthyofaunal diversity) (Vieira-Lopes et al. 2013). However,
few studies have investigated anatomical and histological aspects of
neotropical ichthyofaunal digestive tube (Canan et al. 2012). The analyses
of feeding habits and morphology features provide knowledge on food
dynamics (e.g. intra- and inter-specific interactions and community energy
flux) and habitat use (Hajisamaea et al. 2003; Cachera et al. 2017).

Most tropical fishes have an intense trophic plasticity and varied
diet, which may be related to spatial, seasonal, ontogenetic, and
behavioral factors, providing more advantages to generalist than to
specialist species (Lowe-McConnell 1999, Abelha et al. 2001). We
examined and classified 16 fish species into four groups, according
to Alimentary Index (IAi), discarded by trawls in the study site. Our
study aimed to (1) provide information on diet composition of one
species represented by each group (Opisthonema oglinum, Conodon
nobilis, Larimus breviceps and Sphoeroides testudineus), (2) examine
the morphology of their digestive tube, and (3) associate ingested food
items to morphological features.
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Materials and Methods

1. Study site

This study was carried out in northeastern Brazil, between the
municipalities of Caigara do Norte (5 © 4’1 .15 “S, 36 © 4’36 .41~
W), Rio Grande do Norte State (RN), and Icapui (4°38°48.28”S and
37°32°52.08” W), Ceara State (CE), a region known as the Potiguar
Basin, which stretches over approximately 300 km (Figure 1). The
study site is formed by crystalline basement rocks (Soares et al. 2003),
with different geomorphological and environmental characteristics
along the extension monitored. In Icapui, tourism, artisanal fishing,
and saliniculture are the main economic activities, while in Caicara do
Norte, artisanal or professional fishing (depending on the beach), wind
energy, and gas/petroleum exploration are the local economic activities.
The climate in the region is semi-arid with varied humidity, low rainfall,
and two well-defined seasons: dry (between August and December),
with strong winds, and rainy (from January to July) (Jimenez et al.
1999, Testa & Bosence 1999).

Since 2010, the Projeto Cetaceos da Costa Branca - Universidade
do Estado do Rio Grande do Norte (PCCB-UERN) has conducted
the Beach Monitoring Program in the Potiguar Basin (Programa de
Monitoramento de Praias da Bacia Potiguar — PMP-BP). The PMP-
BP is part of an environmental constraint compliance enforced by
the Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renovaveis - IBAMA (Brazilian Institute of the Environment and
Renewable Natural Resources) for oil exploration by PETROBRAS
(Petrdleo Brasileiro S.A.; agreement number 2500.005657510.2).

2. Sampling

Between January and December 2012, samples were collected
monthly during daily monitoring conducted by a trained field team
using a four-wheeled (i.e. quad) motorcycle and a portable GPS, and
prior approaches with fishermen at the time of drag. Trawl nets varied
from 6 to 40 m long X 3 m wide, and were usually made of mono or
braided nylon (also named “trammel”). Fishermen often use this type
of trawl net to capture shrimp during the day, at an average depth of
1.5 m; however, other animals are also caught by the net.

The individuals collected were stored in isothermal bags and
transported to the support base, where they were photographed, fixed
in 10% formalin, and preserved in 70% alcohol for further identification
by experts and according to previous studies (Menezes & Figueiredo

https://doi.org/10.1590/1676-0611-BN-2020-0951



Biota Neotropica 20(3): 20200951, 2020

Diet and histology of digestive tube from fish

2000, Szpilman 2000, Junior et al. 2010). We evaluated total length-
TL, standard length-SL, total weight-TW, stomach weight-SW, and
gonadal weight-GW.

3. Diet analyses

The stomach contents were preserved in 70% alcohol and the
analyses combined three methods: (1) Points method: visual estimate
of volume percentage of each food item. Different classes were given
a number of points and the sums of points for each food item were
reduced to percentages to show the percentage of diet composition
(Swynnerton & Worthington 1940). (2) Frequency of occurrence (F%):
number of stomachs containing one or more individuals of each food
category was expressed as a percentage of all stomachs containing
food (Dineen 1951, Dunn 1954, Kennedy & Fitzmaurice 1972). (3)
Volumetric method by direct estimation (V%): the measurement of
each food item or group of items sorted from the stomach contents
was performed in a graduated measuring device, according to Wolfert
& Miller (1978), considering the volume of each food item and
expressed as percentage of all food item (Kawakami & Vazzoler 1980).
Microscopic items were analyzed through slides prepared with the
homogenized food contents.

Alimentary Index (Indice Alimentar - TAi) (Kawakami & Vazzoler
1980) was applied for each food item: IAi= Fi x Vi/ Y'n(Fi x Vi);
whereas F = Frequency of occurrence (%) of each item, and V =
Volume (%) of each item, and i= 1,2,... n= determined food item. In
order to analyze the diet composition considering the [Ai, food items
found were classified into categories according to Rosecchi & Nouaze
(1987): IAi < 0.25 (accessory category), 0.25 <IAi < 0.5 (secondary
category), and IAi > 0.5 (main category).

4. Feeding and reproductive activities

Feeding and reproductive activities were analyzed considering the
rainy and dry seasons. Climatic, geomorphologic, phytogeographic, and
tectonic differences can influence wind direction and ocean circulation
pattern (Vital 2006), changing food availability and fish reproductive
behavior. The data on precipitation for the study period was obtained from
Proclima (Real-Time Climate Monitoring Program for the Northeast)
(http://wwwo6.cptec.inpe.br/proclima/ accessed in January 31% 2013).

The feeding activity was calculated using the Stomach Repletion Index
(SRI): SRI = SW/TW x 100 that provides information on the influence of
spatial-temporal variation in the feeding activity (Stricta-Pereira et al. 2010).

The gonadosomatic index (GSI) was used to determine the
reproductive activity: GSI = GW/TW x 100, which is an indicator of
gonadal functional status (Maddock & Burton 1999, Wootton et al. 1978).

5. Tissue processing

Samples of the digestive tube were obtained during postmortem
examination, fixed in 10% formalin, dehydrated, diaphanized, and
embedded in paraffin. Serial 5 pm sections were prepared and stained
with hematoxylin and eosin (HE).

6. Statistical analyses

The Cluster analysis, considering Euclidean distance as a measure,
was performed to evaluate similarity among fish species according to
types of food items found in their stomach contents. The Wards method
was applied to organize the variables into four groups. The dendrogram
generated from similarity of ingested food items was used to analyze
the relation of morphohistologic features of the digestive tube with food
habit for one species from each group.

Figure 1. Geographic distribution of the study site, Brazilian northeastern coast. Source: Projeto Cetaceos da Costa Branca - Universidade do

Estado do Rio Grande do Norte (PCCB-UERN).
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Results

We examined and classified 1,232 individuals into five orders, 11
families, and 16 species. Pomadasys corvinaeformis (n=423; 34.33%;
Roughneck grunt; Perciformes: Pomadasyidae), Opisthonema oglinum
(n = 136; 11.04%; Atlantic thread herring; Clupeiformes: Clupeidae)
and Larimus breviceps (n=129; 10.47%; Shorthead drum; Perciformes:
Sciaenidae) represented more than 50% of individuals captured,
followed by Menticirrhus littoralis (n = 98; 7.95%; Gulf kingcroacker;
Perciformes: Sciaenidae), Conodon nobilis (n = 93; 7.55%; Barred
grunt; Perciformes: Haemulidae), Pelona harroweri (n = 70; 5.68%;
American coastal pellona; Clupeiformes: Pristigasteridae), Lycengraulis
grossidens (n=52; 4.22%; Atlantic sabretooth anchovy; Clupeiformes:
Engraulidae), Selene brownii (n = 51; 4.14%; Caribbean moonfish;
Perciformes: Carangidae), Aspistor luniscutis (n=50; 4.06%; Sea catfish;
Siluriformes: Ariidae), Bagre marinus (n = 40; 3.25%; Gafftopsail sea
catfish; Siluriformes: Ariidae), Sphoeroides testudineus (n=34;2.76%;
Checkered puffer; Tetraodontiformes: Tetraodontidae), Polydactylus
virginicus (n = 28; 2.27%; Barbu; Perciformes: Polynemidae), Bagre
bagre (n=11; 0.89%; Coco sea catfish; Siluriformes: Ariidae), Gymnura
micrura (n = 8; 0.65%; Smooth butterfly ray; Myliobatiformes:
Gymnuridae), Lagocephalus laevigatus (n = 5; 0.41%; Smooth puffer;
Tetraodontiformes: Tetraodontidae), and Dasyatis guttata (n=4; 0.32%;
Longnose stingray: Myliobatiformes: Dasyatidae).

1. Diet composition

We analyzed the diet of 16 species discarded by trawl, which were
classified into four groups, according to [Ai: (I) Group represented by
species with ‘Crustacea’ as the main food category, ‘Sediment’ as secondary
or accessory category: L. grossidens and O. oglinum; (II) Group represented
by species with ‘Teleostei’ as the main food category: C. nobilis, B. bagre,
B. marinus and G. micrura; (III) Group represented by species with
‘Crustacea’as the main food category, ‘Teleostei’ as secondary or accessory
category: P, virginicus, M. littoralis, S. brownii, D. guttata, L. breviceps, P,
harroweri, A. luniscutis and P. corvinaeformis; and (IV) Group represented
by species with ‘Mollusca’ as the main food category and ‘Echinodermata’
as accessory category: L. laevigatus and S. testudineus (Figure 2).

Stomach contents from 222 individuals of four species representing
each group were fully analyzed: group [ — O. oglinum (n = 85); group
Il — C. nobilis (n = 51); group Il — L. breviceps (n = 67), and group
IV - S. testudineus (n = 19). In addition, we analyzed stomach contents
of M. littoralis (n = 33) and P. corvinaeformis (n = 52), species most
discarded by trawl, along with C. nobilis and L. breviceps.

Food items were found and classified into 15 categories: (1)
Nematoda, (2) Cnidaria, (3) Mollusca, (4) Polychaeta, (5) Crustacea,
(6) Insecta, (7) Echinodermata, and (8) Teleostei (Animal categories);
(9) Algae; (10) Vegetal matters and (11) Animal matters (semi digested
material); (12) Sediment; (13) Rocks; (14) Plastic matters and (15)
Non-identified items (due to advanced digestion stage of food items).

O. oglinum had the higher number of food items (n = 27). Gastrophoda
(Mollusca category) represented the higher frequency of occurrence (40%),
followed by Dendrobranchiata (Crustacea category) (25.882353%),
sediment (20%) and Cirripedia (Crustacea category) (20%). According
to the IAi, Crustacea represented the main food category (0.509717).
Sediment was classified as secondary category (0.252846), and Mollusca
had the highest value of all accessory categories (0.201009) (Table 1).
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Figure 2. Dendogram of 16 species discarded by trawl in northeastern Brazil
between January and December 2012, based on similarity of ingested food items.

C. nobilis: whole fish (Teleostei category) represented the highest
frequency of occurrence (76.470548%), followed by Dendrobranchiata
(19.607843%). Fourteen food items were described, and the Teleostei
represented the main food category (IAi= 0.877130). Crustacea, Animal
matters, Vegetal matters, and Mollusca were considered accessory
categories, and Crustacea presented the highest value (0.111814)
(Table 1).

M. littoralis: Dendrobranchiata was the item with the highest
frequency of occurrence (57.575758%), followed by Animal matters
(30.303030%). Twelve food items were described, and according to the
IAi, Crustacea category (0.698015) mainly composed the diet. Although
Animal matters, Polychaeta, Mollusca, Teleostei, and Cnidaria were
all considered accessory categories, Animal matters represented the
highest index (0.146784), followed by Polychaeta (0.118038) (Table 1).

L. breviceps had 15 food items described, with Dendrobranchiata
representing the highest frequency of occurrence (77.611940%),
followed by fry (28.358209%), and rest of Teleostei (23.880597%)
items. This species presented high diversity of food items and Crustacea
was the main category (IAi= 0.836622). Teleostei (0.154072), Mollusca
(0.008634), and Sediment (0.000692) were accessory categories, and
Teleostei had the highest index (Table 1).

P. corvinaeformis: the highest frequency of occurrence was
Dendrobranchiata (36.538462%), followed by rest of Teleostei
(32.692305%). Fourteen food items were described, and Crustacea
represented the main food category (IAi= 0.512109); Teleostei and
Mollusca had the highest values of IAi (0.171408 and 0.153332,
respectively) compared to other accessory categories (Animal matters,
Sediment, Polychaeta, Insecta, Echinodermata and Algae) (Table 1).

S. testudineus showed the least diversity of food items (n = 8).
Bivalvia represented the highest frequency of occurrence (100%),
followed by Clypeasteroida (Echinodermata category) (50%).
Regarding the [Ai, Mollusca was the main food category (0.779386).
Echinodermata, Sediment, Teleostei, Non-identified items, Vegetal
matters, and Crustacea were accessory categories (Table 1).
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Table 1. Alimentary Index (IAi) of food items found in the stomach contents of six fish species discarded by trawl in northeastern Brazil from

January to December 2012.
Opisthonema  Conodon  Menticirrhus Larimus Pomadasys Sphoeroides
Food Items classified into fifteen categories ?ﬁl;ngg)t (zojlélls) l(lltlt:m;gl; b(r:zc:;;)s cor;zzzeg;mzs te:;u:l:;)u s
TAi TAi TAi TAi TAi TAi
(1) Nematoda
Non-identified taxon 0.000069
(2) Cnidaria
Non-identified taxon 0.000539
Anthozoa 0.001729
Total Cnidaria category
(3) Mollusca
Bivalvia 0.013236 0.000060 0.032070 0.000021 0.153315 0.777363
Gastrophoda 0.187773 0.000017 0.002023
Juvenil squid 0.008613
Total Mollusca category 0.201009 0.000060 0.032070 0.008634 0.153332 0.779386
(4) Polychaeta
Non-identified taxon 0.118038 0.025335
(5) Crustacea
Larva of Megalopa 0.006082 0.000404
Zoea larval stage 0.000085
Amphipoda 0.000086 0.000481 0.000382
Isopoda 0.001970
Copepoda 0.039743 0.000040 0.000020
Cirripedia 0.037633 0.000001
Brachyura 0.022107 0.039526 0.005299 0.041799
Decapoda
Lucifer sp. 0.013155 0.000559
Tanaidacea 0.000173 0.000454
Dendrobranchiata 0.368685 0.087716 0.657115 0.827719 0.467751
Larva of Puerulus sp. 0.000168
Rest of Decapoda 0.041161
Rest of crustaceans 0.002998 0.001469 0.001935 0.002559 0.000070
Total Crustacean category 0.509717 0.111814 0.698015 0.836622 0.512109 0.000070
(6) Insecta
Rest of insects (wings or legs) 0.001729 0.001706
(7) Echinodermata
Clypeasteroida 0.001109 0.204319
(8) Teleostei
Otolith 0.000006
Fry 0.005419 0.000196 0.001437 0.097101
Larval stage of sea horse 0.000571
Rest of Teleostei (scales and bones) 0.000138 0.004492 0.056970 0.171408 0.005911
Whole fish 0.876364
Total Teleostei category 0.005563 0.877130 0.005929 0.154072 0.171408 0.005911
(9) Algae 0.001450
(10) Vegetal matters 0.001314 0.000101 0.000141
(11) Animal matters 0.025631 0.010897 0.146784 0.069539
(12) Sediment 0.252846 0.000692 0.064011 0.009753
(13) Rock 0.000017
(14) Plastic matters
Rigid plastic 0.000029
Transparent soft plastic 0.000346
Total Plastic category 0.000375
(15) Non-identified items 0.000422

Total

1
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Our results revealed that the species studied are considered
carnivorous. O. oglinum, L. breviceps, M. littoralis and P. corvinaeformis
show a tendency to carcinophagia; C. nobilis has tendency to piscivoria,
and S. testudineus feeds mainly on bivalves.

2. Feeding and reproductive activities

According to precipitation data, the dry season occurred from
August to December (rain mean = 0.14 mm), and the rainy season
was from January to July (rain mean = 0.97 mm). The SRI analysis
revealed that the species studied had higher feeding activity during
the dry season; C. nobilis had highest SRI (2.46 + 2.32), followed
by O. oglinum (2.39 + 1.27). On the other hand, the GSI was higher
in the rainy season, and S. testudineus presented the highest GSI
(3.04 + 3.60) (Table 2).

3. Histological features of digestive tube

We described histological features in four species that represented
each group.

O. oglinum: esophagus has concentric tissue layers of mucosa,
submucosa, muscular, and serosa. We observed a transition from
stratified epithelium (Figure 3a) to a simple columnar epithelium
between esophagus and stomach. Stomach mucosa presents folds of the
epithelium in the lamina propria forming the gastric pits. We observed
numerous tubular gastric glands near the pylorus region (Figure 3b).
Tunica muscular has two layers: external (longitudinal) and internal
(circular) (Figure 3c). The pyloric region has strong muscular walls, with
adeveloped muscular layer (Figure 3b). Intestine walls are supplied from
mucosa, muscular, and serosa layers (Figure 3d). The epithelium contains
cylindrical cells (for absorption) and mucosal cells with goblet-shape.

Table 2. Mean and Standard Deviation of the Stomach Repletion Index (SRI) and Gonadosomatic Index (GSI) of six fish species discarded by
trawl in northeastern Brazil, from January to December 2012, according to rainy and dry seasons.

Species Rainy season Dry season
SRI GSI SRI GSI

Opisthonema oglinum 2.06 +0.88 0.43 +£0.65 2.39+1.27 0.10 £ 0.05
Conodon nobilis 2.07+2.21 0.26+0.14 246+2.32 0.09 +0.08
Menticirrhus littoralis 1.28 £ 0.55 0.67+0.78 1.78 £ 1.61 0.21£0.16
Larimus breviceps 0.74 £ 0.58 0.82+1.20 1.89+2.29 0.59+0.76
Pomadasys corvinaeformis 0.88 +0.63 0.73 £0.89 1.16 £1.02 0.27 £ 0.64
Sphoeroides testudineus 1.25+£2.77 3.04 £ 3.60 1.55+1.13 1.88+1.72

Figure 3. Histological section of digestive tube of Opisthonema oglinum. (A) Esophagus: stratified epithelium (al) and lamina propria
(a2). (B) Pyloric region of the stomach: muscular layer (b1) and tubular gastric glands (arrow). (C) Cardia region of stomach: lamina
propria (c1); muscular layer: inner circular layer (c2) and outer longitudinal layer (c3); serosa layer (c4). (D) Small intestine: microvilli

(d1); muscular layer (d2); serosa layer (d3). H.E. Bar 100 pm.
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C. nobilis: esophagus with stratified epithelium (Figure 4a), and
lamina propria formed by aglandular connective tissue. In the stomach
and intestine, we observed a simple columnar epithelium. Stomach
tunica muscular has an outer longitudinal and an inner circular layer,
thinner than the layers in esophagus (Figure 4b). The intestine presents
many villous structures (Figure 4c), thicker inner circular musculature,
and serosa layer similar to the anterior portions of the digestive tube
(Figure 4d).

L. breviceps: epithelium of digestive tube has features similar
to those found in C. nobilis. We observed basophilic basal cells and
mucus-secreting cells in the esophageal epithelium (not stained by
hematoxilin-eosin) (Figure 5a). In the transition from esophagus to
stomach, we noted a gradual increase in mucus-secreting cells. In
the cardia region, walls were thick and reduced light, due to the large
number of folds (Figure 5b), and tunica muscular with inner circular
and outer longitudinal layers (Figure 5c). Gastric glands were found in
the cecal mucosa from invaginations of the simple columnar epithelium
(Figure 5d), and they secrete hydrochloric acid and pepsinogen. Intestine
tunica muscular has thicker inner circular layer than outer longitudinal
(Figure Se). The pyloric caecum presented features similar to those in
the intestine, but a thinner musculature (Figure 5f).

S. testudineus: the histological analysis revealed a pseudo-stomach
characterized by less villi and thicker muscular tunica than intestine
(Figure 6a, b, c, d), and absence of pyloric caeca. The division between
the pseudo-stomach and intestine was evident only through microscopic
examination.

Discussion

The relative abundance of Opisthonema oglinum, Conodon nobilis,
Larimus breviceps and Sphoeroides testudineus was higher than the amount
obtained by Feitosa et al. (2013) in the same site and considering bycatch.
A previous study revealed that Pomadasys corvinaeformis, Menticirrhus
littoralis and L. breviceps were negatively related to the fishing activity and
the species were more vulnerable to shrimping trawl nets. On the other hand,
Pellona harroweri individuals were captured after reaching the maturity
size (Bomfim et al. 2019). Feitosa et al. (2013) also observed the impact
of trawl nets to the species analyzed, and C. nobilis and L. breviceps were
classified as less susceptible. Pomadasys corvinaeformis negatively related
to fishing activity, despite the higher correlation with the survival criterion.

Sand beaches are considered feeding sites for several fish species,
especially for the juvenile individuals (Suda et al. 2002). Our study site
includes localities with high shrimp trawl activities, according to data from
UNIDADE DE OPERACAO DE EXPLORACAO EPRODUCAO DORIO
GRANDE DONORTE E CEARA — UO-RNCE (2012). Our results showed
that shrimp had significant importance in the food composition of the fishes
examined, once we found the penaeid post-larvae stage in stomach contents.

Diet composition of examined O. oglinum was based on
Gastrophoda, Dendrobranchiata, Sediment and Cirripedia, with
Crustacea as the main category. Vega-Cendejas et al. (1997) found
that diet of O. oglinum in the Mexico Gulf was mainly composed
of benthonic microcrustaceans and macrophyts. The most species
classified in the order Clupeiformes are plankton-eating fishes, filtering
water and retaining food items (Alves & Sawaya 1974, Nelson 2006).

Figure 4. Histological section of digestive tube of Conodon nobilis. (A) Esophagus: stratified epithelium (al) and lamina propria (a2).
(B) Pyloric region of the stomach: folds in the mucosa layer (bl); muscular layer — inner circular layer (b2) and outer longitudinal
layer (b3). (C) Small intestine: microvilli (c1); muscular layer — inner circular layer (c2) and outer longitudinal muscle layer (c3);
serosa layer (c4). (D) Pyloric caecum: muscular layer — inner circular layer (d1) and outer longitudinal layer (d2). H.E. Bar 100 pm.
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Figure 5. Histological section of digestive tube of Larimus breviceps. (A) Esophagus: simple columnar epithelium (al), basophilic
basal cells (arrowhead) and mucus-secreting cells basal cells (arrow). (B) Cardia region of the stomach: folds (bl). (C) muscular
layer — inner circular layer (c1) and outer longitudinal layer (c2); and vascularized serosa layer (¢3). (D) Cecal mucosa of the stomach:
simple columnar epithelium (d1) and gastric glands (d2). (E) Small intestine: microvilli (el); muscular layer — inner circular layer (e2)
and outer longitudinal layer (e3). (F) Pyloric caecum: microvilli (f1); muscular layer — inner circular layer (f2) and outer longitudinal

muscle layer (f3). H.E. Bar 100 pm.

However, O. oglinum seems to be an opportunistic species presenting
trophic adaptability according to most food items available in different
seasons and types of marine habitat (Wootton 1990). The opportunistic
feeding behavior was already described for many fish species in estuaries
(Elliot et al. 2007).

http://www.scielo.br/bn

In our study site, C. nobilis has tendency to piscivory and we identified
13 food items in the stomach contents, as described previously in a study
carried out in Jaguaribe beach, Brazil, which reported Decapoda as the main
food category (Lopes & Oliveira-Silva 1999). We considered Teleostei
scales as accidental ingestion without indicating a lepidophagic habit.

https://doi.org/10.1590/1676-0611-BN-2020-0951
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Figure 6. Histological section of digestive tube of Sphoeroides testudineus. (A) Pseudo-stomach: microvilli (al); muscular layer of
mucosa (a2) — inner circular layer (arrowhead) and outer longitudinal layer (arrow); serosa layer (a3); blood vessel (a4). (B, C and D)
Small intestine: microvilli (bl); simple cylindrical epithelium (c1); submucosa layer (d1); muscular layer of mucosa — inner circular
layer (d2) and outer circular layer (d3); serosa layer (d4). H.E. Bar 100 pm.

Menticirrhus littoralis ate mainly Dendrobranchiata, followed
by Polychaeta. Similar findings were described by previous study in
southeastern Brazil with Amphipoda, Polychaeta and Dendrobranchiata
presenting high occurrence frequency (Rodrigues & Vieira 2010).

Our analysis revealed that L. breviceps feeds mainly on crustaceans
in the study site with Sediment considered as accidental ingestion,
corroborating previous studies in different Brazilian areas (Ponta da
Ilha beach - Bahia State, and Jaguaribe beach - Pernambuco State)
(Moraes et al. 2004, Lopes & Oliveira-Silva 1999). Moraes et al. (2004)
indicated algae also as accidental ingestion; however, we did not find
this type of food item in our samples.

Our results showed that Crustacean (represented by Brachyura,
Dendrobranchiata and rest of crustaceans) was the main food category
of P. corvinaeformis examined. In Fortaleza, Ceara State — Brazil,
the diet composition analysis of this species revealed, in order of
importance, crustaceans, polychaetes, fish and algae. In southeastern
Brazil, crustaceans comprised five of the nine food categories (non-
identified crustacean fragments, zoea larvae, amphods, copepods and
shrimp) (Costa et al. 1995, Denadai et al. 2013).

In the Potiguar basin, diet of S. testudineus was mainly composed
by bivalves and echinoderms (order Clypeasteroida). A previous study
reported bivalves (especially in the juvenile life-stage), Ceratopogonidae
larvae, calanoids, gasthropods, ostracods, cyclopoids, decapods, and
barnacles as food items (Araujo et al. 2016). The species studied were
considered carnivorous and their diet composition, based on benthic,

https://doi.org/10.1590/1676-0611-BN-2020-0951

demersal and pelagic animals, can influence their position in the water
column as stated by Wootton (1989). Therefore, these fish species may
become more susceptible trawl catches.

The Stomach Repletion Index (SRI) varied between the dry and
rainy seasons. The dry season presented higher feeding activity (August-
December). Seasonal variation can provide information on life cycle
of preys or food competition (Zavala-Camin 1996). In our study site,
strong winds occurred between September and December, decreasing
shrimp trawls activity on the coast, and shrimp may be more available
for the fish species examined. In northeastern Brazil, the breeding time
for fishes occurs in the rainy season (January-July) (Bennemann et
al. 1996), period with higher gonadosomatic index (GSI) and lower
SRI for the fish species investigated. During the rainy season, gonads
increase, resulting in a mechanical pressure on the digestive tube and
a food ingestion decrease (Bennemann et al. 1996, Costa et al. 2005),
explaining our results. Furthermore, higher SRI in the dry season suggests
that fishes can try to save energy for the breeding time (rainy season).

Morphology of digestive tube can affect the feeding habit and diet
plasticity (Gosavi et al. 2019), and our findings confirm the relation
between diet composition and digestive tube morphology, considering
the histological features (e.g. pyloric caeca and stomach with thick
muscular layer) of the fish species examined. The stomach has a varied
shape and structure depending on food habits of fishes, and may be
absent in some species (Canan et al. 2012). Examined C. nobilis and
L. breviceps presented similar structures with other carnivorous fishes,
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such as well-developed pyloric caeca, short intestine and muscular
stomach (Alabssawy et al. 2019). We found mucus-secreting cells in
the esophageal epithelium of L. breviceps, and in the transition from
esophagus to stomach, we noted a gradual increase in this type of cells.
The mucus hydrates the food and favors its flow up to intestine, protecting
the mucosa against mechanical injuries (Silva et al. 2018), which could
be caused by ingestion of whole food items, as observed in our analysis
of'the diet composition. In the samples from S. festudineus, we observed
a pseudo-stomach with thick muscular layer, probably involved with
mechanical digestion of mollusk and echinoderms (food items found
during our analysis); however, the division between the esophagus,
stomach, and intestine was not evident through macroscopic examination.
As previously reported by Alves & Sawaya (1974), we observed well-
developed longitudinal and circular tunica in the muscular layer of
pyloric region of O. oglinum samples, an important feature considering
accidental sediment ingestion during capture of benthic animals.

Our Study confirms that the digestive tube of the examined species has
morphological adequacy for carnivorous feeding habit, and provides useful
information on tissue structures associated to diet composition, which is
sometimes insufficiently answered through macroscopical description.
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