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Benthic fish community structure in the Orinoco River Delta and
Gulf of Paria (Venezuela), fifty years after the construction of a
dike across Manamo Channel

Estructura comunitaria de la ictiofauna bentonica del delta del Orinoco y Golfo de
Paria (Venezuela), 50 afios después de la construccion del dique del caio Manamo

Paula Sinchez-Duarte y Carlos A. Lasso

Abstract

To evaluate the impacts of water flow restriction and regulation caused by the construction of a dike across
Manamo Channel, variations in the benthic fish communities were studied in the mouths of three streams or
channels (Pedernales, Angostura and Manamo) of the Orinoco River Delta and one stream (Venado) that flows
directly into the Gulf of Paria, during one (annual) hydrological cycle. Fishes were sampled with a shrimp trawl
net. Of the 78 species collected, five were resident, 12 temporary and 62 occasional. Juvenile phases of all
species were collected. Species with greater IVI values were Cathorops sp., Achirus achirus, Stellifer naso and
Colomesus psittacus. No significant differences were obtained for the physical and chemical habitat parameters
measured: depth, salinity and transparency, nor in the water levels of the streams even in different hydro-phases of
the year. Salinity never dropped to zero and no changes in fish species composition were detected. These results
lead us to hypothesize that the impacts of the dike constructed in Manamo Channel also extend to other streams
of the Orinoco River Delta and even the one studied (Venado) that empties into the Gulf of Paria, where estuarine
conditions prevailed during the entire study period of one year, with no observed changed in the hydrological
regimen.

Key words. Community structure. Estuary. Fishes. Manamo Channel. Shrimp trawl.

Resumen

Con el objetivo de evaluar el efecto de la regulacion de las aguas del cailo Manamo (por la construccion de un
dique), sobre la ictiofauna bentonica de algunos cafios del delta del rio Orinoco y Golfo de Paria, se estudio
la variacion de la estructura comunitaria de peces benténicos en la desembocadura de tres caios del delta
del rio Orinoco (Pedernales, Angostura y Manamo) y un cafo del golfo de Paria (Venado) durante un ciclo
hidrologico anual. De las 78 especies colectadas, cinco fueron residentes, 12 temporales y 61 ocasionales; todas
registraron ejemplares en estado juvenil. Las especies con mayores valores de IVI fueron Cathorops sp., Achirus
achirus, Stellifer naso 'y Colomesus psittacus. No se observaron diferencias significativas entre los pardmetros
fisico-quimicos analizados (profundidad, salinidad y transparencia), ni a nivel de cafios, ni entre hidrofases. La
salinidad nunca registrd valores menores de 4 % y no se observaron cambios en la composicion de especies de
la comunidad. Con los resultados obtenidos se plantea la hipotesis de que la construccion del dique sobre el cafio
Manamo en los aios 60, afect6 el comportamiento natural de este sistema y de otros cafios del delta e incluso
del golfo de Paria (cafio Venado), registrando en las desembocaduras de todos los cafios caracteristicas de un
estuario continuo (sin cambios en el régimen hidroldgico y salinidad) durante todo el afio.

Palabras clave. Cafio Manamo. Estuario. Estructura comunitaria. Peces. Red camaronera de arrastre.

04 | Blota CoLomsiana 17 (1) - 2016 | DOI: 10.21068/C2016v17t01a06



Sanchez-Duarte y Lasso

Introduction

The Orinoco is one of the largest rivers in the world,
occupying third place in water discharge (38,000
m?s"), behind only the Amazon and the Congo
(Rodriguez etal. 2007). Its drainage basin encompasses
1,080,000 km?, shared by Colombia and Venezuela.
Traditionally the basin has been divided according to
physiographic and limnological criteria into the upper,
middle and lower sections, with the delta included in
the last (Lasso et al. 2004 a). After flowing some 2000
km, at the city of Barrancas, which is about 50 km
from its mouth, the Orinoco River divides into two
major branches (Novoa y Cervigdn 1986). From there,
the principal Orinoco flow is carried west to east by
the Rio Grande and discharges into the Atlantic Ocean
at Boca Grande. The remaining flow is transported
mainly by Manamo and Macareo channels, two large
distributary channels that carry water to the north and
northeast respectively. Since 1966, the flow through
Manamo Channel diminished considerably due to the
construction of a flow control dike that restricted flow
to just 200 m’s, and so impeded floodwaters from
overflowing into surrounding floodplains (Novoa y
Cervigdn 1986).

As a consequence of the flow regulation, Manamo
Channel has a situation that differs from the other
channels in the delta; it does not behave as a positive
estuary because having lost most of its freshwater
flow, its upper reaches receive a greater saltwater
penetration and as a result, greater dispersion of
marine and brackish water fishes (Flores et al. 2004).
The composition of the fish fauna does not have
significant seasonal changes, and estuarine species
prevail as temporary visitors or permanent residents
in these habitats, as has been documented by Novoa
and Cervigon (1986), Novoa (2000 a) and Lasso et al.
(2004 b).

The Gulf of Paria drainage is situated between the
Paria Peninsula and the Orinoco River Delta in the
north-eastern part of Venezuela. The Guanipa River
is part of this drainage, its headwaters originate in the
state of Anzodategui, its waters then flow some 340 km
before emptying into the Gulf of Paria where it forms
the northernmost border of the Orinoco Delta and is
known as Venado Channel (Flores et al. 2004).

Benthic fish community structure in the Orinoco River Delta and Gulf of Paria (Venezuela),
fifty years after the construction of a dike across Manamo Channel.

The streams studied were selected because of their
accessible location, which permitted the collection of
data about the benthic fish fauna throughout the year
and to extend the study of Venado Channel, where only
a few studies have been done (Lasso et al. 2004a).

The objective of this study was to compare the
structure (composition, abundance, diversity and
richness) of the benthic fish communities during one
annual hydro-cycle at the mouths of Venado Channel
(Gulf of Paria drainage) with those of the Angostura,
Manamo and Pedernales channels (Orinoco River
Basin), affected by the dam on Manamo Channel.

Materials and methods

Study area

From a hydrographic perspective, two major drainages
are recognized in the deltaic region of coastal south-
eastern Venezuela: the Gulf of Paria and the Orinoco
River Delta. The first has an area of approximately
21,000 km?, which is a little more than 2 % of the
country (Lasso y Meri 2003). The second has a surface
of about 40.200 km?, of which the deltaic alluvial fan
of the Orinoco occupies 18.810 km? (PDVSA 1993).

Hydrographically, the delta of the Orinoco River can
be divided into 12 drainages (Ponte et al. 1999), in
this study we analyze the drainages of the Pedernales,
Manamo and Angostura channels. The Guanipa River
— Venado Channel belongs to the Gulf of Paria basin.

Freshwater flow is determined by the alteration of the
wet and dry seasons. The greatest water discharges
occur from June to September, and minimum flows
from December to April, causing seasonal variation in
salinity (Novoa 2000a). This is the normal behaviour
of the majority of streams or channels in the Orinoco
River delta, such as for example Macareo Channel
(Figure 1). However, as mentioned above, on Manamo
Channel a dike was installed to control water flow that
reduces its flow to only 1 % of the total (Macareo and
Boca Grande channels discharge 13 % and 86 % of the
total, respectively) (Ponte et al. 1999), thus impeding
the overflow and flooding of freshwaters onto its
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Figure 1. Annual hydrological cycle of Macareo and Manamo channels. Adapted from

Novoa (2000a).

floodplain. With no seasonal variation in freshwater
discharge (Figure 1), no significant variation is
observed in salinity (Olivares y Colonnello 2000).

It is important to keep in mind that this study was
done in the estuarine delta and not the fluvial delta,
as defined by Lasso and Sanchez-Duarte (2011). The
upstream ecological boundary of the estuary would
be the limit of the influence of brackish water in the
main channels of the channels. The lower limit with
the sea would be a narrow band of variable width, that
forms below the sand and mud bars found in front of
the channel’s mouths (Lasso y Sanchez-Duarte 2011).

Figure 2 shows the geographic position of the study
area, which is bounded by the Guanipa River - Venado
Channel to the west, Manamo Channel to the south,
Pedernales Channel in the southeast and the Gulf of
Paria and Caribbean Sea to the north.

Sampling

Samples were collected during each of the four
annual hydro-phases (high water, falling water, low

66 Biota CoromBiaNna 17 (1) - 2016

water and rising water). Samples were collected with
a shrimp trawl, locally known as “chica”, that is used
exclusively to fish for shrimp in the mouths of some
of the channels of the delta. In our case the net was 11
m long and 8 m wide, with mesh size of 2 cm. It was
pulled by a small boat powered by an outboard motor
(Novoa 2000 a). The benthic fish fauna of the Orinoco
River has been studied by various authors that have
used shrimp trawls as experimental sampling gear
(Ramos et al. 1982, Cervigon 1982, 1985, Novoa
and Cervigon 1986, Novoa 1982, Novoa 2000 a — b,
Lasso et al. 2004 b, 2008). Each trawl pull lasted ten
minutes at constant velocity and for each operation,
initial and final geographic coordinates, date, hour,
depth, Secchi transparency, salinity and bottom type
were recorded (Figure 3). Sampling effort was the
same as used in previous studies of this area (Lasso et
al. 2004b, 2008).

Some samples were immediately field processed and
released. Others were fixed in formalin and taken to
the Museo de Historia Natural La Salle (MHNLS) in

Caracas for identification and processing.
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Figure 2. Study area. Angostura, Manamo, Pedernales channels (Orinoco Basin) and Venado
Channel (Gulf of Paria drainage).
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Figure 3. a) Panoramic view of Pedernales Channel, b) fishing with shrimp
trawl, ¢ - d) samples collected by shrimp trawl, note puffers (Colomesus
psittacus) and seabass (Epinephelus itajara). Photos: P. Sanchez-Duarte (a),

J. Hernandez (b — d).

Data analysis

Relative abundance (%) and relative biomass (%)
were estimated for each trawl sample, based on
capture per unit effort. Biomass and fish density were
expressed as kg/ha and ind/ha, respectively (Lasso et
al. 2004 b). Alpha diversity was calculated using the
Shannon-Wienner index (H) (1963), equity index of
Pielou (J) and richness index of Margalef (R1) (1969).
The following indices were also calculated:

- Importance Value Index (IVI) (Lasso et al. 2008).

This index permits the evaluation of the importance
of each species in the aquatic ecosystem, globally
integrating the abundance, biomass and relative
frequency of each in just one index using the
following formula : IVI=FR + AR + BR. Since the
result is the sum of three index percentage values,
this IVI index varies from 1 — 300 %.

- Community Dominance Index (IDC) (McNaughton
1968).

Where IDC = (Y1 +Y2/Y) 100 Y1 + Y2= sum
of the abundance of the two dominant species

68 Biota CoromBiaNna 17 (1) - 2016

Y= total abundance of all species. Values above
40 % abundance are indicative of true community
dominance (Goulding et al. 1988).

- Constancy of the species (C).

To determine the permanence of species in each
channel, the Constancy (C) formula of Bohdenheiner
and Balogh (Krebs 1972) was used. Species are
classified as residents (C > 50 %), temporary (25 %
< C <50 %) or occasional (C <25 %).

Keeping in mind that in samples collected using shrimp
trawls, a large percentage of the capture corresponds
to juveniles of benthic species, the specimens captured
were measured, recording the disc width (DW) or
standard length (SL) for species of special ecological
or commercial interest.

Similarity dendrograms were made using SAS ® and
PAST software version 1.34 (Hammer et al. 2001).

Physical and chemical habitat parameters and
ecological community parameters were compared
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among hydro-phases having previously evaluated
the homoscedasticity among the samples. Data
with homogeneous variance among groups were
evaluated using analysis of variance (ANOVA)
at significance level p< 0.05 and not inferior to p<
0.01. When significant differences were found, the
differing hydro-phases, environmental o ecological
parameters causing the differences were identified
using the Tukey test (Montgomery 1984). When the
homogeneity of variance was less than p< 0.01 data
were analyzed using a non-parametric Kruskal-Wallis
test (Barletta er al. 2003).

Results

Physical and chemical habitat characteristics

The wvariations of basic physical and chemical
characteristics (depth, salinity and transparency) in
each of the four channels studied during the annual
hydrological cycle are given in Table 1.

In Pedernales Channel, an analysis of variance
comparing physical and chemical parameters
measured detected no significant differences for any
of them during any of the four hydrophases depth (o
= 0.05; p = 0.79); salinity (o = 0.05; p = 0.72) and
transparency (o = 0.05; p = 0.84).

For Manamo, Angostura and Venado channels (due
to the non normality of the data), a Kruskal-Wallis
analysis was used to compare the values obtained for
the physical and chemical parameters measured during
the four hydrophases. In no case were any significant
differences detected (Table 2).

The wvariations of basic physical and chemical
characteristics (depth, salinity and transparency) of the
four channels studied during the annual hydrological
cycle are given in Table 3.

Because data were not normally distributed, Kurskal-
Wallis analyses were used to compare among hydro-
phases the values obtained for physical and chemical
parameters recorded. No significant differences were
detected for any parameter: depth (o= 0.05; p=0.95);
salinity (o = 0.05; p = 0.72) and transparency (o =
0.05; p=10.96).

Benthic fish community structure in the Orinoco River Delta and Gulf of Paria (Venezuela),
fifty years after the construction of a dike across Manamo Channel.

A dendrogram of similarity, drawn based on physical
and chemical habitat parameters recorded for the four
annual hydro-phases shows greater similarity between
Manamo and Angostura channels, and those two
grouped together with Pedernales Channel. The most
dissimilar channel was Venado (Figure 4).

Composition and species richness

During the four hydro-phases sampled, 78 benthic
fishes were collected (Appendix I). The total
corresponds to 29 families in eight orders; of these,
Perciformes were the most diverse group with 34
species, followed by Siluriformes (16 species) and
Clupeiformes (14 species); the other orders contained
one to four species. The four families with the greatest
species richness were Sciaenidae (12 species),
Engraulidae (10 species), Carangidae (9 species) and
Ariidae (7 species); the remaining families had three
or fewer species.

Following the proposal of Lasso et al. (2009)
species were classified based on salinity preference
(Appendix 1), and five habitat groups were
distinguished. These are: primary freshwater
families (F) that are physiologically intolerant
of salinity; occasional freshwater (OF) families
that are found in freshwater habitats but that can
tolerate ample intervals in salty water (euryhaline)
or that need estuarine areas for reproduction or
feeding; estuarine (E) species that live in the estuary
throughout the year; estuarine occasional (EO)
species are marine species that enter the estuary
for reproduction or feeding; and finally the strictly
marine species (M). It was found that the majority of
the species were estuarine-marine (41 sp. - 52 % of
the total), followed by freshwater occasional (18 sp.
— 23 %); in third place the strictly freshwater species
(7 sp. — 9 %) followed by the estuarine occasional
species (5 sp. — 6 %). The four groups comprised
90 % of all species identified.

Using presence-absence data for each species
collected from the four channels during the
sampling period and similarity dendrogram was
made using the Jaccard Index, that grouped the
channels in accordance with the species present

(Figure 5).

Biota CoLoMmBIANA 17 (1) - 2016 69



DOI: 10.21068/C2016v17r01a06 Sanchez-Duarte y Lasso

Table 1. Characterization of the physical and chemical parameters measured
in each of the channels studied during the four annual hydro-phases. Average
values are given with ranges in parentheses.

. Depth Salinity Transparency
Channel Hidrophase (m) (%) (cm)
5.15 15
1 10
(3.7-6.6) (10 - 20)
3 6.5 20
II
1.5-45 6-7 15-25
Pedernales ( ) ( ) ( )
3.8 16
111 20
(2.9-4.7) (15-17)
4.2 22.5 27.5
v
(3.8-4.5) (22 -23) (24 -31)
1.98 5.5 21.9
I
0.8-3.7) (4-7.5) (13.5-27)
1.84 52 24.4
1I
(1.1-22) (5-6) (22 - 25)
Manamo
2.3 11.2 24
III
(1.1-4.1) 9 -14) (15 - 30)
2.1 17.6 63.8
v
0.5-3.7) (14 - 20) (50 - 78)
1.18 4.8 16
I
(0.4-1.9) (4-5) (15 - 20)
1.78 5.6 16
1I
(0.7-3.9) (5-6) (10 - 25)
Angostura
1.82 9.4 28
111
(13-3.9) ©-11) (25 - 30)
2.9 16.6 35.4
v
(2.6-3.8) (16 - 17) (30 -39)
2.17 7.75 27.2
I
(1-4) (5 - 10) (19 - 35)
2.24 8.8 30.2
11
(1-3.4) (8-10) (25 - 30)
Venado
2.78 18.2 37
1
(2-5.2) (16 - 19) (15 - 50)
23 21.7 50.9
v
(1.04 -3.2) (20 - 25) (15 - 80)
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Table 2. Results of p-value in the Kruskal-Wallis analyses applied to the physical and
chemical parameters measured during the four hydrophases, in three of the channels studied

a=0.05.
Parameter
Channel Depth Salinity Transparency
(m) (%) (cm)
Manamo p=0.99 p=0.91 p=0.98
Angostura p=20.93 p=0.99 p=0.74
Venado p=0.17 p=1.00 p=0.89

Table 3. Characterization of the physical and chemical parameters measured in the channels
studied during the four annual hydro-phases. Average values are given with ranges in

parentheses.
Parameter
Channel Depth Salinity Transparency Sustrate
(m) (%) (cm)
4 13.8 20.6
Pedernales Mud
(1.5-6.6) (6-23) (10-31)
1.1 14 18.1
Manamo Mud
(0.6-1.7) (9-22) (10-25)
1.9 9.1 238
Angostura Mud
(0.4-3.9) (4-17) 10=57)
2.4 14.1 36.3
Venado Mud
(5 - 25) (15 - 80)
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Figure 4. Dendrogram of similarity among the four channels based on physical and
chemical habitat parameters (depth, salinity and transparency) recorded during the four

annual hydro-phases. Cluster analysis performed using minimum variance of Ward
(SAS).
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Figure 5. Similarity dendrogram of species presence - absence, for the
channels studied, using the Jaccard Index (PAST version 1.34, Hammer et
al. 2001).
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Based on the abundance of each species collected
from the four channels during the sampling period, a
similarity dendrogram was made using the Morisita-
Horn Index, that grouped the streams according the
presence and abundance fo the species during the four
annual hydrophases (Figure 6).

The two analyses gave the same results, indicating
that the two most similar channels are Manamo and
Venado, with Pedernales being the most dissimilar.

Abundance and total biomass recorded during
the annual hydrocycle

During the annual hydrocycle, of the 78 species
collected, ten comprised 82 % of the total capture, and
the 68 remaining, just 18 % (Figure 7).

Analysis of total biomass collected during the study
for the 78 species collected showed that 15 species
contributed 7.7 % of the total capture, and the
remaining 64 species just 12.3 % (Figure 8).

:

.

Benthic fish community structure in the Orinoco River Delta and Gulf of Paria (Venezuela),
fifty years after the construction of a dike across Manamo Channel.

Ecological Indices

The variation in the Shannon diversity (H"), equity
(J) and richness of Margalef (R1) during the four
hydrophases studied, for each of the four channels
studied is given below.

In Pedernales Channel the ecological indices had
similar behaviour during the entire hydrocycle.
An analysis of variance indicates that there are no
significant differences in among any of the indices
calculated, Shannon diversity (o = 0.05; p = 0.59),
richness of Margalef (o= 0.05; p=0.94) and equity (a
=0.05; p=0.29) (Figure 9).

The variation in diversity, equity and richness for the
four hydrophases in Manamo Channel are shown in
Figure 10. Analysis of variance showed that there were
no significant differences for the Shannon diversity
index (o= 0.05; p=0.15), or for the Margalef richness
index (o = 0.05; p = 0.76). Because data were not
normally distributed, a Kruskal-Wallis analysis was
calculated that there were no significant differences in
the equity index either (o= 0.05; p = 0.37).

ANS
=)

Figure 6. Similarity dendrogram for the channels according to the presence and
abundance of fish species sampled during the study period, using the Morisita-Horn
Index (PAST version 1.34, Hammer et al. 2001).
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Figure 7. Distribution of the abundance of the 78 species collected from Pedernales,
Manamo, Angostura and Venado channels during the hydrocycle studied.

n Species Absolute
P biomass (g)
80000
Cathorops sp. 80498
70000 Achirus achirus 67778
_ Sciades herzbergii 52022
G 60000 9
a Potamotrygon sp. 23050
g 50000
g Colomesus psittacus 20837
ﬁ 40000 Hypostomus watwata 18892
=
—z 30000 Centropomus pectinatus 16820
0
'g Batrachoides surinamensis 15584
20000
Amphiarius rugispinis 12291
10000 Dasyatis guttata 10753
(U e o e e e o e o o o o B B e I B o i e e e e e e o

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76

Total number of species

Figure 8. Distribution of biomass for the 78 fishes collected during the four hydrophases
studied in Pedernales, Manamo, Angostura and Venado channels.
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Benthic fish community structure in the Orinoco River Delta and Gulf of Paria (Venezuela),
fifty years after the construction of a dike across Manamo Channel.
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Figure 9. Variation in ecological indices (non significant) for
Shannon diversity (H"), equity (J) and richness of Margalef (R1) in
Pedernales Channel, during the annual hydrocycle.
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Figure 10. Variation in the Shannon diversity index (H"), equity (J)
and Margalef richness (R1) in Manamo Channel, during the annual

hydrocycle studied.

For Angostura Channel the variation in the diversity,
equity and richness indices for the hydrophases
studied are given in Figure 11. An analysis of variance
detected no significant differences for the ecological
indices calculated which were the Shannon diversity
index (a = 0.05; p = 0.87), equity (o= 0.05; p=0.87)
and richness of Margalef (o = 0.05; p = 0.90).

Variation in the ecological indices calculated for
Venado Channel, Shannon diversity (H), equity
(J), and Margalef richness (R1) are given in Figure
12. An analysis of variance detected no significant

differences for the Margalef richness index (o =
0.05; p = 0.77). Because data were not normally
distributed, a Kruskal-Wallis analysis was used to
show that there were no significant differences in the
Shannon diversity index (o= 0.05; p = 0.78) or equity
(a=10.05; p=0.39), during the hydrocycle studied.

Importance Value Index (IVI), Constancy Index
(C) and Community Dominance Index (IDC)

To determine the dominant fish species present during
the hydrocycle in the four channels studied, the IVI
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values were calculated for the 78 species collected.
The species with IVI values greater than 100 % are
shown in Figure 13.

To determine the permanence of fish species in the
channels studied, the Constancy index was calculated
for the 78 species collected. Five were found to
be residents (6 %), 12 temporary (15 %), and the
remainder, occasional (78 %) (Table 4).

The community dominance index recorded for each of

the hydrophases in the four channels studied and the
total are shown in Figure 14. A strong dominance was

6.0

Sanchez-Duarte y Lasso

detected during three of the hydrophases (high water,
low water and rising water) as indicated by abundance
values above 40 % (Goulding et al. 1988), and for
falling water phase the value was close to the cutoff
point.

During the high water phase, the marine catfish
(Cathorops sp.) and a croaker (Stellifer naso)
dominated, but during the falling water phase S. naso
and S. stellifer were dominant. During the low water
and rising water phases, the most important species
were again Cathorops sp. and S. rastrifer.
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Figure 11. Variation in the Shannon diversity index (H"), equity
(J) and Margalef richness (R1) in Angostura channel, during the

hydrological cycle.
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Figure 12. Variation in the Shannon diversity index (H"), equity (J)
and Margalef richness (R1) in Venado channel during the hydrocycle

studied.
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Figure 13. Importance value index (IVI) for the four dominant species in the Orinoco River
Delta and Gulf of Paria channels studied during the hydrocycle. AR = relative abundance, BR =
relative biomass, FR = relative frequency.

Table 4. Classification by constancy for the benthic fish species collected from Pedernales, Manamo,
Angostura and Venado channels during the hydrocycle. Species are presented in alphabetical order.

Resident species Temporary species Occasional species
Achirus achirus Apionichthys dumerili Amphiarius rugispinis
Cathorops sp. Bairdiella ronchus Anchoa argenteus
Colomesus psittacus Batrachoides surinamenesis Anchovia clupeoides
Sciades herzbergii Centropomus pectinatus Anchovia surinamensis
Stellifer naso Cynoscion acoupa Anchoviella brevirostris
Genyatremus luteus Anchoviella guianensis
Hypostomus watwata Anchoviella lepidentostole
Odontognathus mucronatus Arius grandicassis
Pseudauchenipterus nodosus Aspredinichthys filamentosus
Sphoeroides testudineus Aspredo aspredo
Stellifer rastrifer Bagre bagre
Stellifer stellifer Brachyplatystoma rousseauxii
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Cont. Table 4. Classification by constancy for the benthic fish species collected from Pedernales, Manamo,
Angostura and Venado channels during the hydrocycle. Species are presented in alphabetical order.

Occasional species continued

Caranx hippos

Isopisthus parvipinnis

Pomadasys crocro

Centropomus ensiferus

Lagocephalus laevigatus

Potamotrygon sp.

Centropomus undecimalis

Lycengraulis batesii

Prterengraulis atherinoides

Chaetodipterus faber

Lycengraulis grossidens

Rhamdia quelen

Chloroscombrus chrysurus

Lycengraulis limnichthys

Rhinosardinia amazonica

Citharichthys spilopterus

Macrodon ancylodon

Sciades couma

Conodon nobilis

Micropogonias furnieri

Sciades passany

Cynoscion leiarchus

Nebris microps

Scomberomorus brasiliensis

Cynoscion microlepidotus Oligoplites palometa Selene vomer
Dasyatis geijskesi Oligoplites saliens Stellifer microps
Dasyatis guttata Oligoplites saurus Symphurus tesellatus

Diapterus rhombeus

Pellona flavipinnis

Trachinotus cayennensis

Epinephelus itajara

Pellona harroweri

Trachinotus falcatus

Gobionellus oceanicus

Piaractus brachypomus

Trichiurus lepturus

Gymnura micrura

Pimelodina flavipinnis

Triportheus auritus

Hemicaranx amblyrhynchus

Platystacus cotylephorus

Hypophthalmus edentatus

Polydactylus virginicus

70 -
60 | 57 58

50 - 44 44
40 - 38

IDC

30 -
20 4

| 1l 1l 1\ Total
Hidrofase

Figure 14. Community dominance index values (IDC)
for the four channels studied during each of the four
hydrophases and the total.
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In Table 5 are given the data of disc width (DW) or
standard length (SL) for species of special ecological
or commercial interest collected using shrimp trawls.

In the case of the marine rays, Dasyatis geijskesi can
reach more than 1 m disc width, Dasyatis guttata can
reach 2 m (Cervigdn 1994) and Gymnura micrura is
commonly found at 90 cm but reaches more than 1
m disc width (Cervigén et al. 1992). All individuals
of these species collected during this study were
juveniles.

Of the marine catfishes, Amphiarius rugispinis, is the
most abundant in the lower interior delta of the Orinoco
River (Cervigén 1991), in this study it was present in
samples from all four of the annual hydrophases but
was much more abundant during high water.
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Benthic fish community structure in the Orinoco River Delta and Gulf of Paria (Venezuela),
fifty years after the construction of a dike across Manamo Channel.

Table 5. Lengths (DW or SL) of species of special ecological or commercial interest for Pedernales, Manamo,

Angostura and Venado channels during the hydrological cycle.

. . Common Spanish DW (cm)
Order Family Species N n
ame Max. Min. Avg.
Dasyatis geijskesi Raya hocicona 60 42 517 3
Dasyatidae
Myliobatiformes Dasyatis guttata Raya blanca 55 156 36.2 12
Gymnuridae Gymnura micrura Raya guayanesa 31.5 155 228 11
. SL (mm)
Order Family Species Comml\(I) n Spanish n
ame Max. Min. Avg.
Amphiarius rugispinis Bagre mucuro 35 3.8 187 41
Siluriformes Ariidae Cathorops sp. Bagre cuinche 25.7 4 9.8 1196
Sciades couma Bagre cabezon 335 42 223 7
Batrachoidiformes Batrachoididae Batrachoides surinamensis Sapo 475 73 188 41

It reaches 42 cm SL, is frequently collected around
30 cm (Cervigdn et al. 1992), but in this study many
individuals (22 %) fell into the 5-10 cm range, followed
by those of the 25-30 cm (20 %) interval. Sciades
couma can reach 1 m SL and 30 kg weight (Cervigén
1991), in this study the smallest individual measured
4.2 cm and the largest 33.5 cm with an average size of
22.3 cm SL; so all could be considered juveniles.

The toadfish, Batrachoides surinamensis, is known
to have been affected by shrimp trawling (Novoa
2000b; Lasso et al. 2004b). A total of 41 individuals
were measured, with a minimum size of 7.3 cm SL
and a maximum of 47.5, with an average of 18.8.
The literature reports that this species reaches 50 cm
SL, but that it is commonly collected around 35 cm
(Cervigon et al. 1992). Most individuals captured
during this study were smaller than 20 cm SL;
63.4 % of the total number of individuals were
measured.

The most numerically abundant species was the
marine catfish Cathorops sp. which also contributed

the largest percentage of biomass captured (Figures
7 and 8). Of the 1196 individuals measured, the
smallest was 4 cm and the largest 25.7 cm SL, with
an average of 9.8 cm, with most (40.6 %) falling
between 8-10 cm. Cervigdn et al. (1992) reported a
maximum size of 30 cm SL, with most specimens
observed around 20 cm. Although the sizes found in
this study agree with those reported, the maximum
size found was much smaller, and only 1.6 % of the
specimens had reached more than 20 cm SL, which
was the most commonly observed size in Cervignon’s
study. Juveniles are commonly found around sand
and mud bars near the mouths of channels where they
form immense, dense aggregations; larger adults are
typically found further out to sea (Cervigon 1991).

In contrast, just a few individuals of the stingray
(Dasyatis guttata) significantly contributed to total
biomass captured. Twelve specimens were measured
of this species, with SL between 15-55 cm disc width,
five of which in the 25- 5 cm size interval. This species
can reach 2 m disc width, so the specimens captured in
this study were all juveniles.
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Discussion

One of the major difficulties encountered when
studying tropical estuarine fishes is the determination
and quantification of the effects of abiotic parameters
on the observed spatial and temporal variations in
fish community composition (Andrade-Tubino 2008,
Barreiros et al. 2009). The physical and chemical
factors that affect the distribution of tropical and
subtropical estuarine fishes are rainfall, salinity,
turbidity, temperature and depth. With the exception of
temperature, in tropical regions all of these are subject
to greater fluctuations than those encountered in cold
temperate estuaries (Blaber 1997). Temperature is the
factor of greatest importance in temperate estuaries,
and salinity is the most important in the tropics, where
the seasonal cycles of abundance are related to salinity
variations (Andrade-Tubino 2008, Barreiros et al.
2009).

The physical and chemical characteristics analyzed in
this study did not show seasonal fluctuations during
the hydrological cycle, contrary to what has been
reported for other tropical and subtropical estuaries
(Barletta et al. 2003, 2008, Arceo-Carranza and Vega-
Candejas 2009, Yafiez-Arancibia et al. 1985, Zubiria
etal.2008). This is a consequence of being cut off from
the influence of seasonal freshwater flooding by the
construction of the dam on Manamo Channel (Novoa
2000a, Monente & Colonnello 2004). A consequence
of this flood regulation was the transformation of a
fluvial system into and estuarine system. The tide
regime is now the dominant influence in the study area
throughout the year, and the only positive influence of
freshwater comes from local surface rainfall drainage
from the island interiors when annual precipitation
exceed the losses to evapotranspiration (Monente &
Colonnello 2004).

As Ortaz et al. (2007) mentioned in general terms, the
human alterations of the Orinoco River Delta have
been few in number and of low intensity, with the
exception of what occurred as a result of the closing of
Manamo Channel in the 60°s. The construction of that
dike modified the hydrological regime of Manamo
Channel and so eliminated the pattern of seasonal
flooding (Novoa 2000 a, Monente and Colonnello
2004). Echezuria et al. (2002) mention that the flow
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reduction in Manamo Channel caused a series of
hydrochemical changes in the water and in the area
of influence, increasing estuarine characteristics in a
large portion of the northern delta, including Manamo
and Macareo channels. The mixture of the two water
types (fresh and salt) has increased the concentrations
of chlorine, sodium and magnesium sulphate. High
values of those ions can be found many kilometers
upstream, near the city of Tucupita.

Of the three physico-chemical parameters measured,
the most important in a tropical estuary is salinity
(Barletta er al. 2008), since it directly determines the
presence of fish species in the different hydrophases,
and favors changes in the composition of fish
aggregations, leading to the alternating occurrence
throughout the year of the species best adapted to
the reigning conditions at any given time (Sanchez
& Rueda 1999). In contrast to the usual situation,
we never found 0 salinity values in any of the four
channels studied. The lowest salinity value recorded
was 4.8 % from Angostura Channel.

Based on the presence-absence data, a greater similarity
was observed between Manamo (Orinoco River Basin)
and Venado (Gulf of Paria Basin) channels. This was
not the expected result since we expected to find a
greater similarity among the Orinoco Basin channels
studied rather than a highest correlation between
one Orinoco Basin and one Gulf of Paria channels,
as occurred with the physico-chemical parameters
measured. The obtained result came about because of
the 78 fishes collected, Manamo and Venado channels
share 11, Manamo, Angostura and Venado share 16,
and of the 27 species found in Pedernales Channel, 20
are widely distributed in all four channels.

Novoa (2000a) mentioned that in the mouths of the
channels in the northern part of the Orinoco River
Delta and southern part of the Gulf of Paria, a little
more than half of the species are estuarine-marine
species. Novoa and Cervigon (1986) indicated that
the northernmost channels of the lower delta, during
the rainy season, and with greater water flows, diverse
freshwater species were frequently observed such
as the juveniles of pimelodid catfishes, and some
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species of Sciaenidae and Characidae, although, even
during the rainy season, the relative importance of
these freshwater species is very low in these areas.
This same result was obtained in our study of these
four channels, where of the 78 species collected, few
(7 species, 9 %), were strictly freshwater, and all
had very low abundance (fewer than 10 individuals)
throughout the entire hydrocycle. Juvenile “morocoto”
(Piaractus  brachypomus, Serrasalmidae) and
catfishes of the family Pimelodidae: “bagre dorado”
(Brachyplatystoma rousseauxii), ‘bagre paisano”
(Hypophthalmus edentatus) and “mandi” (Pimelodina
flavipinnis) were some of the species found.

In most tropical estuaries, seasonal changes in
salinity determine the movement of fishes upstream
and downstream in them. During the high water
phase, the increase in fresh water causes a decrease
in salinity that permits some freshwater species to
move into estuarine zones, while marine species
move towards the sea, looking for higher salinity
waters (Neves et al. 2010). But in this study, no
significant spatial or temporal changes in salinity
were observed, and so, it is reasonable to assume,
since there was no salinity fluctuation, there were no
significant changes in the benthic fish community,
which throughout the study period was dominate
by estuarine-marine species. After the hydraulic
regime was regulated in Manamo Channel a series
of ecological changes began, among them was the
elimination or substitution of the original freshwater
fish with an estuarine one (Echezuria et al. 2002).

As for abundance, in all four channels, ten or
fewer species comprised 80 % of the captures. The
numerical dominance of just a few species is a
characteristic observed in tropical and subtropical
estuaries, as well as in coastal lagoons, that usually
have low species diversity but high abundance
of certain species (Whitfield 1999). Cervigdén et
al. (1992) observed this in different tropical and
subtropical estuaries where usually fewer than six
species comprised around 70 % of'the fishes captured,
a phenomenon also observed in other countries such
as the estuary in Marafion state (Carvalho-Neta et
al. 2011), and Laguna de los Patos in Brazil and the
York River in Virginia, USA (Vieira 2006).

Benthic fish community structure in the Orinoco River Delta and Gulf of Paria (Venezuela),
fifty years after the construction of a dike across Manamo Channel.

The same phenomenon as described above was also
observed for biomass. In each of the four channels
studied, just ten species contributed more than 80 %
of'the total catch weight, a characteristic also observed
in other tropical and subtropical estuaries (Barletta et
al. 2005, 2008).

Estuaries are of great ecological importance to fish
communities, since they provide protection and refuge
for juveniles and adults during the reproductive season
(Andrade-Tubino et al. 2008, Blaber et al. 2000,
Barletta-Bergan et al. 2001, Barletta et al. 2003). A
large percentage of the captures obtained with shrimp
trawls are juveniles of benthic fishes that may include
more than 20 commercially valuable species, which
after they mature may be captured as part of the
oceanic fish catch (Ecology & Environment 2003,
Lasso et al. 2004b). Lasso et al. (2004b) listed 64
commercially valuable benthic fish species that live
in channel mouths and are captured as juveniles by
shrimp trawlers. In this study, juvenile phases of all
of the 78 fishes were collected from the mouths of the
four channels sampled.

The Shannon-Wiener diversity index incorporates
equity in its calculation and so is a better evaluation
of diversity since it indicates whether a community
is dominated by just a few species. Margalef (1974)
stated that for fish communities normal values fall
between 1.0 and 3.5. However, in estuaries, where
marked differences in environmental parameters
are the norm, with great fluctuations in physical,
chemical and biological parameters, lower diversities
are found when compared with other systems (Barros
et al. 2011).

In the four channels studied during the annual
hydrological cycle no significant differences were
detected in any of the indices of diversity, equity
or richness. Diversity values (H") ranged from 0.32
(Pedernales Channel) and 2.68 (Angostura Channel).
Magurran (2004) classified diversity as follows: H 1<
very low, 1-2 low, 2-3 medium, 3-4 high y > 4 very
high. Following this system the values obtained in this
study are very low to medium. Lasso et al. (2004b)
obtained values from a study done in the same study
area between 0.63 a 2.68, that are also considered to be
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very low to medium, and indicates that these systems
are dominated by just a few species.

The lowest equity value (0.14) was found in
Pedernales Channel, during rising water phase and
the largest (0.83) for Angostura Channel, during high
and low water phases. The low equity registered for
Pedernales Channel during rising water phase was
caused by a small croaker (Stellifer rastrifer) that
contributed 95 % of all specimens collected during
that phase. The greatest values for Angostura Channel,
during high and low water phases indicate that the
20 species collected during those phases had similar
abundance, although another small croaker (S. naso)
comprised 21 % of the captures during low water, and
a flatfish (Achirus achirus) contributed 17 %. Lasso
et al. (2004b) reported equity values between 0.29
and the maximum of 1.0.

The lowest richness value (1.5) was observed in
Pedernales Channel during rising water phase with
10 species, and the largest were for Manamo Channel
(5.24) with 34 species and Angostura Channel (5.29)
with 39 species. Lasso et al. (2004b) reported from 1
to 24 species per trawl pull.

In the most recent list of fish species present in the
Orinoco River Delta, Lasso et al. (2009) reported a
total of 438 species, of which around 150 are benthic
species found in the lower delta. The 78 species
identified in this study are thus about 50 % of the
species reported from the area.

To determine which species are of greatest importance
in the community during the complete hydrological
cycle, the ecological criteria of abundance, biomass
and frequency of occurrence were considered. There
is a direct relationship between these criteria and the
species with higher IVI values (Figure 13), among
which are included the species that are permanent
residents in the community (Table 4) and at the
same time those that are dominant in the community

(Figure 14).

The importance value index (IVI) for the annual
hydrological cycle studied indicates that the small
marine catfish, Cathorops sp. (IVI = 146), an
estuarine-marine species, alone contributed 33 % of
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the biomass captured, and 20 % of the individuals
(abundance) (Figure 15a). In a study in the same
area Lasso er al. (2004b) reported that Cathorops
spixii, was the only species collected that had an IVI
value above 100 %. It was also the species with the
highest IVI value (160 %) reported in a similar study
of Macareo, Cocuina and Mariusa channels (Lasso et
al. 2008). This species predominates in saline waters
of the delta, where large quantities of both juveniles
and adults form large schools (Cervigon 1985) and
it has been reported as the most abundant species
in other studies in the region (Novoa 2000b, Lasso
et al. 2004b). Species of marine catfishes (Ariidae)
can be considered the most important in terms of
number of species, density and biomass in tropical
and subtropical estuaries (Aratijo 1988, Barletta et
al. 2003, 2005, 2008, Dantas et al. 2010, Dantas et
al. 2011), as has been shown in studies of estuaries
throughout the Americas such as Términos Lagoon
in México (Lara-Dominguez et al. 1981), Bahia
Sepetiba, Rio de Janeiro, Brasil (Azevedo et al.
1998) and the Goiana estuary of north-eastern Brazil
(Dantas et al. 2010), to name just a few. They are
followed by the flatfish, Achirus achirus (IVI=121),
a freshwater, estuarine and marine species responsible
for 16 % of the abundance collected and 5.4 % of the
biomass captured (Figure 15b). It is one of the most
characteristic and abundant species found on muddy
substrates of the lower Orinoco River Delta, where
both juveniles and adults are captured (Cervigon
1985). Lasso et al. (2004b) in a study done in the
same area, that it was fourth in abundance, with an

IVI value of around 80 %.

In third place for dominance is the estuarine-
marine croaker species Stellifer naso (IVI = 113),
with a relative abundance of 3% and biomass of
11 % (Figure 15c). The group of Stellifer species is
dominant in terms of biomass of the fish community
of the lower delta, with both juveniles and adults
common (Cervigobn 1985). Lasso et al. (2004 b,
2008) reported Stellifer juveniles as the second most
important in dominance (IVI near 100 %) and adults
in third place (IVI = 150). Finally, the pufferfish,
Colomesus psittacus (IVI = 102), a characteristic
species of the lower delta according to Cervigon
(1985), placed fourth in dominance. It is an estuarine-
marine species, occasionally entering freshwater
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responsible for 6 % of relative abundance and 3 % of
biomass (Figure 15d).

Constancy of the 78 species collected in the
channels studied varied. Only five species (6 %)
were considered year long residents, 12 (15 %)
temporary, and 61 occasional. The fish community
is thus composed of many rare species and just a
few dominants, which is typical of estuaries (Yafiez-
Arancibia et al. 1985, Barletta-Bergan er al. 2001)
and consistent with the findings of Longhurst and
Pauly (2007) who studied tropical systems. According
to Day et al. (1989), estuaries are highly dynamic
environments, where rapid physical and chemical
changes cause high energy costs to the fishes that live
there. Because of this, few species are residents in
any given locality, and few remain in the estuary for
their entire life cycle, with most being just temporary
visitors (Santos et al. 2002). This behaviour has been
observed in other estuaries, where about 64 % of the
fishes captures were occasional visitors, and only
17 % residents (Freitas Jr. 2005).

Benthic fish community structure in the Orinoco River Delta and Gulf of Paria (Venezuela),
fifty years after the construction of a dike across Manamo Channel.

Although the above situation is the norm for most
estuarine fishes, there are a few that dominate in the
channels studied throughout the year and all four
hydrophases. During high, low and rising waters, the
marine catfish Cathorops sp is the dominant species
with a croaker species (Stellifer spp) in second place.
The community dominance index value for all four
channels studied was 44 %, with Cathorops sp and
Stellifer naso dominant.

Conclusion

During the hydrological cycle studied, in the mouths
of three Orinoco channels (Pedernales, Manamo and
Angostura) and one channel in the Gulf of Paria basin
(Venado) no fluctuations in the abiotic parameters
recorded (depth, turbidity and salinity) were
found. Given that salinity is the determinant factor
regulating tropical estuarine fish species distribution,
no alteration of species present was detected in any
of the four channels in any time of the four annual
hydrophases. This supports the conclusion that the

Figure 15. Most important fish in terms of abundance, biomass and relative
frequency (IVI). a) Cathorops sp., b) Achirus achirus, c) Stellifer naso y d)
Colomesus psittacus. Photos: J. Hernandez (a), A. Giraldo (b — d).

Biota CoLoMBIANA 17 (1) - 2016 83



DOI: 10.21068/C2016v17r01a06

construction of a dike in Manamo Channel 50 years
ago, considerably affected its normal hydrological
cycle, and that the impacts not only directly affect
Manamo Channel, but extend to the entire Orinoco
River subdrainge studied, which includes Pedernales
and Angostura channels, and even one channel in the
Gulf of Paria basin (Venado), making evident the
importance of interconnections among Orinoco River
Delta channels.
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Appendix 1. List of fish species collected during one year of sampling in Pedernales, Manamo, Angostura and Venado
channels, of the Orinoco River Delta and the Gulf of Paria. Freshwater (F), Occasional Freshwater (OF), Estuarine (E),
Estuarine Occasional (EO) and Marine (M).

Orden Familia Especies Habito
) Dasyatis geijskesi (Boeseman 1948) E,M
Dasyatidae - -
. . Dasyatis guttata (Bloch y Schneider 1801) E,M
Myliobatiformes - - -
Gymnuridae Gymnura micrura (Bloch y Schneider 1801) E,M
Potamotrygonidae ~ Potamotrygon sp. F, EO
Odontognathus mucronatus Lacepede 1800 OF, E,M
Clupeidae -
Rhinosardinia amazonica (Steindachner 1879) F
Anchoa spinifer (Valenciennes 1848) OF, E,M
Anchovia clupeoides (Swainson 1839) OF, E,M
Anchovia surinamensis (Bleeker 1865) F, EO
Anchoviella brevirostris (Giinther 1868) OF, E,M
. Anchoviella guianensis (Eigenmann 1912) F, EO, MO
Clupeiformes Engraulidae
Anchoviella lepidentostole (Fowler 1911) OF, E,M
Lycengraulis batesii (Giinther 1868) F, EO, MO
Lycengraulis grossidens (Spix y Agassiz 1829) OF, E,M
Lycengraulis limnichthys Schultz 1949 E,M
Pterengraulis atherinoides (Linnaeus 1766) F, EO
o . Pellona flavipinnis (Valenciennes 1837) F, EO
Pristigasteridae -
Pellona harroweri (Fowler 1917) E,M
Piaractus brachypomus (Cuvier 1818) F
Characiformes Characidae -
Triportheus auritus (Valenciennes 1850) F
Bagre bagre (Linnaeus 1766) E,M
Cathorops sp. E,M
Notarius grandicassis (Valenciennes 1840) E,M
Ariidae Amphiarius rugispinis (Valenciennes 1840) E,M
Sciades couma (Valenciennes 1840) OF, E,M
Sciades herzbergii (Bloch 1794) E,M
Sciades passany (Valenciennes 1840) E,M
. Aspredinichthys filamentosus (Valenciennes 1840) F, E
Siluriformes -
Aspredinidae Aspredo aspredo (Linnaeus 1758) F, E
Platystacus cotylephorus Bloch 1794 I8} 18]
Auchenipteridae Pseudauchenipterus nodosus (Bloch 1794) F,E
Heptapteridae Rhamdia quelen (Quoy y Gaimard 1824) I8
Loricariidae Hypostomus watwata Hancock 1828 F, EO
Brachyplatystoma rousseauxii (Castelnau 1855) F
Pimelodidae Hypophthalmus edentatus Spix y Agassiz 1829 F
Pimelodina flavipinnis Steindachner 1876 B
Batrachoidiformes Batrachoididae Batrachoides surinamensis (Bloch y Schneider 1801) E,M
. Caranx hippos (Linnaeus 1766) E,M
Perciformes Carangidae -
Chloroscombrus chrysurus (Linnaeus 1766) E,M
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Cont. Appendix 1. List of fish species collected during one year of sampling in Pedernales, Manamo, Angostura and
Venado channels, of the Orinoco River Delta and the Gulf of Paria. Freshwater (F), Occasional Freshwater (OF),
Estuarine (E), Estuarine Occasional (EO) and Marine (M).

Orden Familia Especies Habito
Hemicaranx amblyrhynchus (Cuvier 1833) EO, M
Oligoplites palometa (Cuvier 1832) E,M
Oligoplites saliens (Bloch 1793) E,M
Carangidae Oligoplites saurus (Bloch y Schneider 1801) E,M
Selene vomer (Linnaeus 1758) E,M
Trachinotus cayennensis Cuvier 1832 EO, M
Trachinotus falcatus (Linnaeus 1758) OF, E,M
Centropomus ensiferus Poey 1860 E,M
Centropomidae Centropomus pectinatus Poey 1860 OF, E,M
Centropomus undecimalis (Bloch 1792) OF, E,M
Ephippidae Chaetodipterus faber (Broussonet 1782) E,M
Gerreidae Diapterus rhombeus (Cuvier 1829) E,M
Gobiidae Gobionellus oceanicus (Pallas 1770) E,M
Conodon nobilis (Linnaeus 1758) E,M
Haemulidae Genyatremus luteus (Bloch 1790) E,M
Perciformes Polydactylus virginicus (Linnaeus 1758) OF, E,M
Bairdiella ronchus (Cuvier 1830) E,M
Cynoscion acoupa (Lacepeéde 1801) E,M
Cynoscion leiarchus (Cuvier 1830) OF, E,M
Cynoscion microlepidotus (Cuvier 1830) E,M
Isopisthus parvipinnis (Cuvier 1830) E,M
L Macrodon ancylodon (Bloch y Schneider 1801) E,M
Sciaenidae
Micropogonias furnieri (Desmarest 1823) E,M
Nebris microps Cuvier 1830 OF, E,M
Stellifer microps (Steindachner 1864) E,M
Stellifer naso (Jordan 1889) E,M
Stellifer rastrifer (Jordan 1889) E,M
Stellifer stellifer (Bloch 1790) E,M
Scombridae Scomberomorus brasiliensis Collette, Russo y Zavala-Camin 1978 E,M
Serranidae Epinephelus itajara (Lichtenstein 1822) E,M
Trichiuridae Trichiurus lepturus Linnaeus 1758 OF, E,M
Achirus achirus (Linnaeus 1758) E,M
Achiridae . -

Pleuronectiformes Apionichthys dumerili Kaup 1858 F,E,M
Paralichthyidae Citharichthys spilopterus Giinther 1862 F,E,M
Cynoglossidae Symphurus tessellatus (Quoy y Gaimard 1824) E,M

Colomesus psittacus (Bloch y Schneider 1801) E,M

Tetraodontiformes Tetraodontidae Lagocephalus laevigatus (Linnaeus 1766) OF, E,M

Sphoeroides testudineus (Linnaeus 1758) E,M
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