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Abstract: Atotal of 1,471 specimens of 16 species of flatfishes (Pleuronectiformes) were caught during 48 sampling
campaigns between July 2005 and June 2007 at ten stations in Guanabara Bay, Rio de Janeiro, Brazil. Paralichthyidae
was the dominant family, with Etropus crossotus as the dominant species. The outer stations, especially those on
the western side of the lower estuary, were distinguished as a result of their higher abundance of flatfishes and
number of species. The spatial distribution of E. crossotus and its population structure indicate that this species is an
estuarine resident despite the apparent reduction in its area of occupation within the estuarine complex. Among the
other species, nine were classified as marine stragglers (Achirus declivis, Bothus ocellatus, Cyclopsetta chittendeni,
Etropus longimanus, Paralichthys orbignyanus, P. patagonicus, Syacium micrurum, Symphurus diomedeanus and
Trinectes paulistanus) and three as estuarine opportunists (Bothus robinsi, Citharichthys macrops and Syacium
papillosum); another three could not be classified due to the small number of captures or lack of previous data (S.
tessellatus, A. lineatus and C. spilopterus).

Keywords: biodiversity, community, estuarine fishes, flatfishes, Paralichthyidae.

Uso de um estuario tropical rico em espécies e altamente eutrofizado no Atlantico Sul por
Pleuronectiformes (Teleostei: Acanthopterygii)

Resumo: Um total de 1.471 espécimes de 16 espécies de linguados (Pleuronectiformes) foram capturados durante
48 campanhas de amostragem entre julho de 2005 e junho de 2007 em dez estagdes na Baia de Guanabara, Rio
de Janeiro, Brasil. Paralichthyidae foi a familia dominante, com Etropus crossotus como a espécie dominante. As
estagdes externas, especialmente aquelas no lado ocidental do baixo estudrio, foram distinguidas como resultado
de sua maior abundancia de linguados e niimero de espécies. A distribui¢@o espacial de E. crossotus e sua estrutura
populacional indicam que esta espécie ¢ uma residente estuarina, apesar da aparente reducdo em sua area de ocupagao
dentro do complexo estuarino. Dentre as outras espécies, nove foram classificadas como migrantes marinhos (Achirus
declivis, Bothus ocellatus, Cyclopsetta chittendeni, Etropus longimanus, Paralichthys orbignyanus, P. patagonicus,
Syacium micrurum, Symphurus diomedeanus e Trinectes paulistanus) e trés como oportunistas estuarinos (Bothus
robinsi, Citharichthys macrops e Syacium papillosum); outras trés ndo puderam ser classificados devido ao pequeno
numero de capturas ou falta de dados prévios (S. tessellatus, A. lineatus e C. spilopterus).

Palavras-chave: biodiversidade, comunidade, peixes estuarinos, linguados, Paralichthyidae.
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Introduction

The species of Pleuronectiformes, commonly known as flatfishes,
can be easily identified by their asymmetrically compressed body,
being usually pigmented on the side with eyes and depigmented on the
blind side. They are demersal fishes with a carnivorous diet and have
no swim bladder (Nelson et al. 2016). Pleuronectiformes is composed
of 772 living species, primarily marine, distributed among 129 genera
and 14 families (Nelson et al. 2016). In Brazilian waters, 56 marine
species have been recorded and are distributed in 20 genera and five
families (Menezes et al. 2003).

Despite the economic importance of Pleuronectiformes, their
interactions with the varied ecosystems in which they are found are
poorly understood. This is evident in environments such as estuaries,
essential ecosystems for fish populations that are used as breeding and
feeding grounds for several species, many of commercial value (Silva-
Junior et al. 2012, Blaber 2013). Pleuronectiformes contains species of
high abundance in estuarine ecosystems (Vieira et al. 1998, Chaves et al.
2003), and these species undergo part or all of their reproductive cycle
within these environments (Allen & Baltz 1997, Vieira et al. 1998, West
et al. 2003, Chaves & Bouchereau 2004). Furthermore, flatfishes play
an important role in the trophic chain of estuaries by acting as top or
second-order predators (West et al. 2003, Bouchereau & Chaves 2003,
Chaves & Bouchereau 2004).

Despite the ecological and socioeconomic importance of estuaries,
they experience constant processes of degradation caused by human
activities. However, studies on the biology of estuarine fishes have
attracted the attention of researchers (e.g., Silva-Junior et al. 2012,
Bodin et al. 2014). Some studies have explored the interaction between
flatfishes and the estuary environment, both tropical and temperate
(Martinho et al. 2010, Oliveira & Favaro 2011), despite only a few being
from estuaries located in the western South Atlantic coast.

In the tropical estuary of Guanabara Bay (Rio de Janeiro State,
Brazil), the harvest of flatfishes is associated with intense fishing as
bycatch of shrimp trawl fisheries (Jablonski et al. 2006). However, very
little information is available on the fish fauna of this estuary (Rodrigues
etal. 2007; Andrade-Tubino et al. 2009; Rosenfelder et al. 2012; Silva-
Junior et al. 2012; Franco et al. 2014). The scarcity of information about
the flatfish community of Guanabara Bay, a tropical estuary with a
history of environmental degradation, demands a thorough assessment
of the fish community. Continuous efforts have been undertaken to
understand the ecological processes and patterns that drive the local
ichthyofauna, leading to relevant contributions to the comprehension of
composition and abundance of Tetraodontiformes (Andrade et al. 2015,
Santos et al. 2015) and Gerreidae (Correa & Vianna 2016), as well as the
population biology of Genidens genidens (Silva-Janior et al. 2013) and
the whitemouth croaker (Micropogonias furnieri) (Mulato et al. 2015).

The present study aims to determine the specific composition and
abundance of flatfishes in Guanabara Bay. The data collected from all
sampled species are compared to the data in the literature in order to
classify the use of the estuarine complex and identify temporal and
spatial changes in richness and evenness. Previous studies of other
taxonomic fish groups occupying a large variety of niches in Guanabara
Bay have shown a high diversity when compared to other Brazilian
estuaries, but with a distinct predominance of one species over all others
from each group (Andrade et al. 2015, Santos et al. 2015, Silva-Junior
et al. 2013, Silva-Junior et al. 2016).
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Materials and Methods

1. Study area

The tropical estuary of Guanabara Bay is located on the western
South Atlantic coast (22°40°-23°00°S and 043°00°-043°20’W).
The Guanabara Bay is considered to be a large estuarine complex,
covering approximately 324 km? and with an estimated water
volume of 1.87 x 10° m?. It is supplied by a drainage basin that
extends over 4,000 km? and includes 35 rivers. The opening of the
bay is 1,500 m wide and is divided into two channels by Cotunduba
Island. The estuary is located in the metropolitan region of the city
of Rio de Janeiro, the fourth largest city in Latin America, with
over 11 million inhabitants (Forstall et al. 2009). The tidal regime
is semidiurnal, with a maximum height of 1.4 m. The depths range
from less than 1 m to over 30 m in the central channel. The bay
suffers from continuous and extensive land reclamation (recent
and historical), silting, solid waste and sewage disposal (Carreira
et al. 2004), intense industrial activity (Soares-Gomes et al. 2016),
unplanned urban growth with continual deficiencies in sanitation
(Costa et al. 2018), and pollution by heavy metals (Neto et al. 2006)
and petroleum and its by-products (Soares-Gomes et al. 2010). The
relevance of such impacts increases as a result of the importance of
this ecosystem to the inhabitants of the metropolitan region of Rio
de Janeiro because of its various uses, such as fishing, shipping,
port activities, recreation, and tourism.

The sampling stations were selected on the basis of Mayr et al.
(1989), who characterized the hydrobiology of Guanabara Bay and
divided it into five areas according to the water quality. Sampling
was conducted at ten stations, two in each of the five predefined areas
(Figure 1):

Area 1 — The upper estuary, north of Governador Island. This region
is severely impacted by pollution from domestic sewage, industrial
waste and garbage dumps. This area also suffers from impaired
circulation caused by historical land reclamation, which reduces the
removal of pollutants by coastal waters (Carreira et al. 2004; Silva Jr.
et al. 2016). It is distinguished by muddy sediment and low salinities
(27.0-29.5) and temperatures between 24.0 and 25.9°C at the bottom
(Mayr et al. 1989).

Area 2 — The upper estuary near Paquetd Island. This area is
characterised by (i) the discharge of the least polluted rivers, (ii)
the presence of a large extent of the remaining original mangrove
coverage, which is protected under a Federal Conservation Unit (EPA of
Guapimirim), and (iii) the influence of the central channel, a main source
of less polluted waters and the origin of the salt wedge, which favours
a less degraded environment than that found in Area 1 (Carreira et al.
2004). This portion of the estuary is characterised by muddy sediment
and waters with salinities and temperatures at the bottom ranging from
27.0 to 29.5 and 22.5 to 23.9°C, respectively (Mayr et al. 1989).

Area 3 — The middle estuary, which is directly influenced by the
central channel and is an area with a greater exchange of water and
better environmental conditions than the upper estuary (Carreira et al.
2004). The substrate is composed of muddy sediments and fine sand,
and the waters have high salinity, above 30.0, and bottom temperatures
below 25°C (Mayr et al. 1989).

Area 4 — As the most exposed portion of the bay, the lower estuary
is strongly influenced by the coastal waters and marine conditions.
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Figure 1. Map of Guanabara Bay, an estuary in the southeastern Brazil. The map shows all ten sampling stations divided into five areas (1 to 5) and distributed
from the upper estuary to the lower estuary. The limits of the Guapimirim Environmental Protected Area are also indicated.
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The stations are located near the estuary mouth, and this area is subjected
to contributions of raw sewage from the cities of Rio de Janeiro (4.2)
and Niterdi (4.1) (Figure 1) (Silva Jr. et al. 2016). Fine or medium
sand covers the bottom of this area, while water in the region has high
salinity (always > 32.0) and low temperatures (always < 25°C), closer
to the conditions found in the adjacent coastal waters (Mayr et al. 1989).
Area 5 - South of Governador Island. This area is subjected to high
intake of the sewage produced on the island. Despite these conditions,
the close proximity to the central channel allows relatively good water
circulation and the dilution of pollutants (Carreira et al. 2004; Silva Jr.
etal. 2016). The waters found in this area are characterised by salinities
ranging from 29.5 to 32.0 and temperatures similar to those in Area 2.
The substrate is composed of muddy sediment (Mayr et al. 1989).

2. Biological sampling

Specimens were collected every two weeks between July 2005 and
June 2007 at ten stations (two per area), for a total of 48 campaigns and
480 hauls. The campaigns were organised in seasons: winter (July, August
and September), spring (October, November and December), summer
(January, February and March), and autumn (April, May and June).
Samplings were conducted with a commercial fishing boat. The wooden
trawler was 9.5 m long and had a 36 hp motor. The fishing gear included a
7.0 m-long net with a 14 m ground rope and mesh of 18 mm. Each trawl
lasted 30 min at a constant speed of 1.5 knots. The depth, temperature
and salinity were measured at the bottom using a YSI multiparameter.

All flatfishes caught were identified, and the total length (TL, cm)
and total weight (TW, g) were recorded for each individual. Identification
was based on the literature (Gutherz 1967, Figueiredo & Menezes 2000,
Carpenter 2002). The original descriptions of Citharichthys spilopterus
(Giinther, 1862) and Citharichthys arenaceus (Evermann & Marsh,
1902) and the voucher specimens from the Ichthyological Collection of
the Museu Nacional / Universidade Federal do Rio de Janeiro (MNRJ)
were consulted in order to check for precise identification of specimens.
The following lots were examined: C. arenaceus — MNRJ 18234, MNRJ
30616 and MNRJ 30768; C. spilopterus — MNRJ 9135, MNRJ 25695,
MNRJ 29412, MNRJ 30628 and MNRJ 30672. A voucher specimen
of C. spilopterus from this study was deposited in the Ichthyological
Collection of the MNRJ.

The catch per unit effort (CPUE), based on the number of individuals
(ind./h) and weight (g/h), and the seasonal and spatial distribution were
calculated. The evaluation of the distribution of species per station
was based on absolute frequencies. The effectiveness of the sampling
design and the number of campaigns was determined based on the
stabilisation of the sample-based rarefaction curve (Gotelli & Colwell
2010). Furthermore, for each station, Margalef’s richness and Shannon’s
diversity and evenness were calculated using the natural logarithm
(Magurran 2004).

A principal component analysis (PCA) was performed in XLSTAT
statistical software for Excel using Pearson’s r as an index of similarity. In
addition, a hierarchical cluster analysis (HCA) was conducted to identify
the associations among the different areas of the tropical estuary. UPGMA
was employed to group species and areas and the Bray-Curtis dissimilarity
index was calculated with the program PAST 3.08 (Hammer et al. 2001).
We used the Bray-Curtis similarity index expressed as 1-B. A cophenetic
correlation coefficient, a measure of the accuracy of the dendrogram using
the matrix of distances, was also calculated for each index (Valentin 2012).
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Multivariate clustering analysis and ordination were applied using
the total number of individuals per species as descriptors of the
ten sampling points. The normality of the data was verified using
Shapiro-Wilk’s test. Given the non-normal distribution of the data, the
Wilcoxon signed-rank test was chosen and conducted using PAST 3.08
and IBM SPSS Statistics 22. The results were considered significant
at the 95% level.

When possible, each species was classified in a functional group
and according to its use of the estuary, based on observations of this
study and the available literature (Allen & Baltz 1997, Reichert 1998,
Chaves & Serenato 1998, Walsh et al. 1999, Reichert 2003, Chaves &
Bouchereau 2004, Dias et al. 2005). The functional group classification
followed Elliott et al. (2007).

Results

1. Species composition, abundance and spatial distribution

The trawl survey resulted in the capture of 1,471 flatfishes
belonging to 16 species, nine genera, and four families, with a total
weight of 31.1 kg. There was a clear predominance of Paralichthyidae
in terms of both number of individuals and richness, followed by
Achiridae, Bothidae and Cynoglossidae (Table 1). The most abundant
species was Etropus crossotus, with 49.7% of all specimens caught
and occurring in all samples, followed by Symphurus tessellatus,
with 23.7% of all specimens caught and occurring in 97.9% of the
samples (Table 1). The collector’s curve suggests that the number of
samples was sufficient to provide a reasonably accurate inventory
of the flatfish assemblage in Guanabara Bay, as it was stabilised on
the 16th campaign, with just one additional species added in the
following campaigns (Figure 2). Only three species were distributed
across all five areas of the estuary: E. crossotus, S. tessellatus and C.
spilopterus. Other species of Pleuronectiformes were rare (less than
10 specimens) or had restricted distributions (Table 2). Five species
showed a frequency of occurrence that was greater than 50% in all
studied months: E. crossotus, S. tessellatus, Citharichthys macrops,
Syacium papillosum and C. spilopterus. While Bothus robinsi was
captured in 42% of the samples, the other species were present in
fewer than 20%.

Taxa
=
1

0 T T T T T v T T T
5 10 15 20 25 30 35 40 45
Samples

Figure 2. Sample-based rarefaction curve of species of Pleuronectiformes
collected during each campaign conducted between July 2005 and June 2007
in Guanabara Bay, southeastern Brazil.
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Table 1. Number of individuals (N), frequency of occurrence (%), and amplitude of the length (TL) and weight (TW) of the pleuronectiform species captured
between July 2005 and June 2007 in Guanabara Bay, south-eastern Brazil.

Species N FO% TL(em) MeanTL Std.TL TW(g) MeanTW Std.TW
PARALICHTHYIDAE

Citharichthys macrops Dresel, 1885 112 72.9 11.2-18.5 13.07 3.13 14.3-66.6 27.82 18.96
Citharichthys spilopterus Giinther, 1862 59 52.1 9.9-14.7 12.81 3.27 9.3-30.3 24.24 20.55
Cyclopsetta chittendeni Bean, 1895 3 6.3 6.4-14.4 9.70 4.18 2.2-274 11.73 13.68
Etropus crossotus Jordan & Gilbert, 1882 731 100.0  5.0-18.8 11.66 2.44 1.2-76.6 19.82 12.18
Etropus longimanus Norman, 1833 4 6.3 8.1-10.7 9.50 1.12 4.6-12.0 7.93 3.19
Paralichthys orbignyanus (Valenciennes, 1837) 3 6.3 5.8-25.3 18.37 10.90  1.8-190.0 119.60 102.66
Paralichthys patagonicus Jordan, 1889 5 6.3 7.9-10.6 9.60 1.42 3.6-9.2 7.80 4.13
Syacium micrurum Ranzani, 1842 19 16.7 5.6-12.4 8.63 2.59 3.1-22.6 8.63 8.45
Syacium papillosum (Linnaeus, 1758) 112 66.7 5.2-20.7 15.65 4.31 1.7-105.6 51.24 31.80
BOTHIDAE

Bothus ocellatus (Agassiz, 1831) 10 16.7 6.8-14.4 10.56 2.59 7.7-47.9 19.90 13.83
Bothus robinsi Topp & Hoff, 1972 40 41.7 4.9-13.2 9.14 2.22 1.2-34.5 12.25 8.38
ACHIRIDAE

Achirus declivis Chabanaud, 1940 3 6.3 9.7-12.7 10.80 1.65 5.5-41.2 17.90 20.19
Achirus lineatus (Linnaeus, 1758) 11 16.7 4.6-9.6 7.75 3.30 1.8-19.4 15.08 26.88
Trinectes paulistanus (Miranda-Ribeiro, 1915) 6 12.5 7.7-17.4 10.95 2.32 6.4-50.9 30.83 18.93
CYNOGLOSSIDAE

Symphurus diomedeanus (Goode & Bean, 1885) 5 8.3 10.9-14.9 12.78 2.11 12.4-32.9 19.20 12.12
Symphurus tessellatus (Quoy & Gaimard, 1824) 348 97.9 7.3-17.4 12.24 1.48 2.0-37.0 12.69 5.34
TOTAL 1,471

Table 2. Abundance per sampling station of all Pleuronectiform species collected between July 2005 and June 2007, in five areas of Guanabara Bay, Brazil
(ER — Estuarine Resident, MO — Marine estuarine opportunist, MS — Marine straggler).

Species Guild 1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2
A. declivis MS 2 1
A. lineatus ER 3 4 2 1 1
B. ocellatus MS 10
B. robinsi MO 12 28
C. macrops MO 76 36
C. spilopterus ER 4 1 11 7 4 12 1 18 1
E. crossotus ER 3 2 2 3 61 26 92 451 45 46
E. longimanus MS 1 3
P. orbignyanus MS 1 1 1
P. patagonicus MS 5
C. chittendeni MS 2 1
S. micrurum MS 2 17
S. papillosum MO 59 53
S. diomedeanus MS 4 1
S. tessellatus ER 9 15 3 2 33 197 2 26 39 22
T. paulistanus MS 1 1 1 2 1
TOTAL 22 23 16 15 929 244 245 653 85 69
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The spatial analysis of the CPUE indicated a clear distinction
between the lowest values found in the upper estuary (1.1, 1.2,2.1 and
2.2) and the highest values in the lower estuary (3.2, 4.1 and 4.2). The
middle estuary (3.1, 5.1 and 5.2) indicated CPUE values slightly above
those found in the upper estuary (Figure 3). The seasonal variation
in the CPUE revealed that the highest values in terms of number of
individuals and TW were found during spring. While the difference in
CPUE-n values between the first and second years showed a slightly
larger number of individuals captured in the first year, there was a clear
difference in CPUE-g, with larger values found in the second year. This
indicates that the specimens caught during the first year, especially
during spring, were smaller than those captured in the second year
(Figure 4).

15 4
10 4 L 200
3 . L 100
o (A ) ey | — 0
Vg7 a7 a1 " T T T T T T v
11 12 21 2.2 3.1 2 41 42 51 5.2
—@— CPUE-n CPUE-g 3

Figure 3. Spatial variation in CPUE in terms of the number and total weight of
specimens of Pleuronectiformes captured in Guanabara Bay, an estuary in the
southeastern Brazil, between July 2005 and June 2007.

CPUE-g —@—CPUE-n

Figure 4. Seasonal variation in CPUE in terms of number and total weight of
specimens of Pleuronectiformes captured in Guanabara Bay, an estuary in the
southeastern Brazil, between July 2005 and June 2007.

The analysis of the CPUE values and percentage of individuals per
sampling station showed that station 4.2, located on the western side of
the lower estuary, was the locality where most of the pleuronectiforms
(44.4%) were captured, with the abundance and biomass being far
greater than those recorded in other stations (Figures 3 and 4). While
a significant difference was found in terms of the total length for the
total catch of Pleuronectiformes between the two years of the study
(Wilcoxon, p<0.001), the data reflect a significant change in size
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(Wilcoxon, p<0.001) and mass (Wilcoxon, p=0.006) for Syacium
papillosum in the second year, with means of 11.7 cm TL and 28.0 g
TW for the first year, increasing to 17.2 cm TL and 60.6 g TW in the
second year.

2. Richness, evenness and diversity

A total of 15 species was represented among specimens collected
in the first year, while 16 were recorded in the second year (Table 3).
Margalef’s species richness was 2.06 when considering both sampled
years; specifically, 2.09 in the first year and 2.31 in the second year.
The highest richness was obtained during the summer of 2006, with a
value of 2.26 (13 species), and the lowest was recorded in the winter
of 2006, with a value of 1.21 (7 species). The sampling station with
the highest richness was 4.2, with a value of 2.16 (15 species), and the
lowest richness values were found at stations 5.2 and 5.1, with values
0f 0.47 and 0.45, respectively (3 species each).

The diversity value obtained for the two years was 1.55; 1.44 in the
first year and 1.60 in the second. The period with the highest diversity
value (1.83) was autumn of 2006, and the lowest value (1.14) occurred
in the winter of the same year. The station with the highest diversity
was 1.1 (1.58), and the lowest value was found at 5.2 (0.70) (Table 3).
The evenness obtained for the first and second years was 0.53 and 0.58,
respectively, whereas the value for both years was 0.56. The period with
the highest value of evenness was autumn of 2006, with a value of 0.76,
and the lowest occurred during the spring of 2005, with a value of 0.52.
The stations with the highest values of evenness were 1.1 and 2.2, with
values of 0.88 and 0.87, respectively. The lowest values were recorded
at stations 3.2 (0.35) and 4.2 (0.47) (Table 3).

3. Principal component analysis (PCA) and hierarchical clustering
(HC4)

The PCA (Figure 5) helped to characterise the sampled area
using the correlations between different values of abundance among
species. The factorial plan 1-2 explains 72% of the variability (50%
and 22% for axes 1 and 2, respectively). Stations 3.2 and 4.2 have a
characteristic distribution and are isolated in the graph. To a lesser
extent, station 4.1 was also isolated from the other stations. Three
sampling stations could be defined based on their distinct groups
of species: 4.2 was distinguished because of the dominance of E.
crossotus and the presence of Paralichthys patagonicus, Bothus
ocellatus, B. robinsi, Etropus longimanus and Syacium micrurum,
species that occurred only or primarily at this site. Station 3.2 was
segregated by the dominance of S. tessellatus and the exclusive
presence of Symphurus diomedeanus and Cyclopsetta chittendeni.
Lastly, station 4.1 showed a dominance of C. macrops and S.
papillosum and a low frequency of S. tessellatus.

The HCA (Figure 6) identified three large groups. The first was
composed of areas 3 and 5, representing the middle estuary; the second
was composed of area 4 in the lower estuary; and areas 1 and 2 were
associated with the third group, representing the upper estuary. When
considering the more closely related stations, six other associations
were identified. Station 3.1 and area 5 (5.2 and 5.1) shared a similarity
greater than 0.80. Area 1 (1.1 and 1.2) had a similarity of 0.65, and area
2 (2.1 and 2.2) scored 0.70. The remaining stations, 3.2, 4.1 and 4.2,
were isolated from the others. The cophenetic correlation coefficient
for this analysis was 0.91.
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Table 3. Seasonal and spatial variation in the values of richness, diversity and evenness of Pleuronectiform species collected between July 2005 and June 2007, in

five areas of Guanabara Bay, Brazil (standard deviation in parenthesis).

Species Richness Diversity Evenness
winter/05 8 1.35 (£0.25) 1.24 (£0.16) 0.60 (+0.04)
spring/05 10 1.61 (£0.20) 1.19 (£0.12) 0.52 (+£0.02)

summer/06 13 2.26 (+£0.27) 1.43 (£0.33) 0.56 (+0.14)
autumn/06 11 2.14 (£0.20) 1.83 (£0.13) 0.76 (+0.06)
winter/06 7 1.21 (£0.30) 1.14 (£0.26) 0.59 (£0.11)
spring /06 10 1.65 (+0.43) 1.55 (£0.04) 0.67 (+0.19)
summer /07 11 1.99 (+0.37) 1.47 (+0.22) 0.61 (+£0.09)
autumn /07 12 2.13 (£0.14) 1.50 (£0.17) 0.60 (+0.08)
1.1 6 1.62 (+0.75) 1.58 (£0.50) 0.88 (+0.03)
1.2 5 1.28 (+0.60) 1.07 (£0.33) 0.66 (+0.10)
2.1 3 0.72 (£0.51) 0.83 (+£0.25) 0.76 (<0.01)
2.2 5 1.48 (+0.63) 1.40 (+0.32) 0.87 (+£0.06)
3.1 4 0.65 (+0.33) 0.84 (+0.30) 0.61 (+0.13)
3.2 8 1.27 (+0.55) 0.73 (£0.41) 0.35 (+0.14)
4.1 8 1.27 (£0.57) 1.33 (+0.40) 0.64 (+£0.12)
4.2 15 2.16 (£0.48) 1.26 (+0.28) 0.47 (+0.19)
5.1 3 0.45 (+0.54) 0.75 (0.31) 0.68 (+0.09)
52 3 0.47 (+£0.40) 0.70 (+£0.30) 0.63 (+0.08)
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Figure 5. Principal component analysis (PCA) of the Pleuronectiformes species captured in Guanabara Bay, an estuary in the southeastern Brazil, between July 2005

and June 2007.
Discussion

1. Composition

The sampling strategy was based on a trawl net due to the
low selectivity of this fishing gear, thus enabling a fairly accurate
characterisation of the diversity of demersal fish associated
with unconsolidated substrates (Vianna & Almeida 2005).

http://dx.doi.org/10.1590/1676-0611-BN-2018-0561

The same sampling design was used in a previous study by Rodrigues
et al. (2007), who identified only six species (all at low abundance)
of pleuronectiforms in Guanabara Bay. The results presented
here, a total of 16 flatfish species, indicate that the Richness of
Pleuronectiformes in the Guanabara Bay was not properly assessed
by earlier studies. The specific composition and predominance of
Paralichthyidae in Guanabara Bay was similar to the diversity of
flatfishes found in other tropical estuaries from South-eastern Brazil.

http://www.scielo.br/bn
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Figure 6. Hierarchical cluster analysis (HCA) of species of Pleuronectiformes
recorded in Guanabara Bay, an estuary in the southeastern Brazil, between July
2005 and June 2007, showing the three main identified groups.

Andreatta et al. (2002) identified 11 pleuronectiform species in Ribeira
Bay (22°59’S / 44°22°W), while Mendonga & Aratjo (2002) found
14 species in Sepetiba Bay (22°59’S / 44°22°W); in both studies,
Paralichthyidae was the most speciose family, with eight and nine
species, respectively. Further north, in the bay of Vitoria (20°17°S /
40°16°W), seven Paralichthyidae species were recorded among a total
of 14 flatfishes (Chagas et al. 2006; Catelani et al. 2014).

Guanabara Bay is an open ecosystem that experiences the periodic
influence of different water masses. Nevertheless, even with the
stabilisation of the species rarefaction curve, the addition of another
species, Etropus longimanus, in the 37th sampling campaign was not
unexpected. Different water masses allows the presence of species
associated with coastal waters and colder and deeper water masses.
Consequently, it is likely that other species may be recorded in the future.
A thorough analysis of the abiotic data for the same samples but extended
to all fish community can be seen in Silva Jr. et al. (2016). The comparison
of the species composition among estuaries showed an interesting
difference. The flatfish Citharichthys arenaceus was the only species
absent in this study but present in other tropical estuaries along the Rio de
Janeiro coast. This inconsistency may be due to difficulties associated
with the taxonomy of the species. There are problems in distinguishing
C. arenaceus and Citharichthys spilopterus, which have overlapping
morphometric and meristic characters (Carpenter 2002). There is a lack of
comparative studies between both species (Figueiredo & Menezes 2000). The
comparison of the specimens captured in Guanabara Bay in this study with
many specimens of both species from the Ichthyological Collection of the
MNRJ allowed us to conclude that the specimens previously identified as C.
arenaceus in Guanabara Bay corresponded to C. spilopterus. No significant
change in total length or total weight was identified between the first
and second years of the study, except in Syacium papillosum.

http://www.scielo.br/bn

2. Abundance

The decline in abundance of species of Pleuronectiformes collected
between the two years was a direct reflection of the strong decrease in the
capture of E. crossotus. The highest captures occurred during springtime
due to various factors. The peak in the spring of 2005 was a consequence
of the increased abundance of E. crossotus, which is in contrast to the
peak during the spring of 2006, characterised by increased captures of
other species of flatfishes despite the low abundance of E. crossotus.
The lowest capture rate for all flatfishes occurred on the autumn of
2006. There was no marked seasonality among the pleuronectiform
species in Guanabara Bay. However, Barletta et al. (2003) reported an
increase in the abundance of species in the rainy season and identified
it as a pattern that is common in tropical estuaries.

The high abundance of flatfishes in the lower estuary (4.2) was
due to the elevated capture of specimens of E. crossotus along with
the presence of species associated with coastal waters, such as Bothus
ocellatus, B. robinsi, Citharichthys macrops, Syacium micrurum and
S. papillosum (Figueiredo & Menezes 2000). This behaviour was not
recorded on the other side of the bay mouth (4.1), presumably due to the
different environmental conditions. Originally, it was expected that the
two sampling stations would be similar in terms of their fish assemblages
due to their location at the entrance of the bay and the predominant marine
environmental conditions (high salinity and sandy bottom). The source
for this unexpected difference may be the disposal of organic matter
through an outfall located close to the sampling station. Banks covered
in algae and bryozoans are indicative of the disposal of organic matter in
wastewater and were recorded during sampling at station 4.1 but not at 4.2.

Even though the central channel (3.2) had the same abundance in
terms of the number of specimens as the lower estuary station (4.1),
the recorded biomass was lower. This result reflects the dominance
of Symphurus tessellatus, a species that is smaller than the more
abundant species at station 4.1 (E. crossotus, S. papillosum and
C. macrops). The highest abundance of S. tessellatus found in the
central channel may be a consequence of the characteristics of the
area, especially the muddy bottom. This species naturally inhabits
areas with such characteristics (Figueiredo & Menezes 2000), which
contrasts with the sandy bottom found at the entrance of the bay.

3. Richness

Seasonally, lower values of richness were recorded in the winter
and spring of both sampling years, with the lowest values found
during the winter. Conversely, the highest values of richness occurred
in the rainy season, during the summer and autumn. This seasonal
variation in richness was consistent with the pattern observed by
Barletta et al. (2003), with more species found in the rainy season.
Results, however, differ from those presented by Vendel et al. (2002),
which reported larger values of fish richness in the autumn and winter
in a Brazilian subtropical estuary. In another subtropical estuary from
South-eastern Brazil, Pinheiros Bay (Parana), Schwarz-Junior et al.
(2006) found no seasonal pattern in the richness of the fish fauna.

Spatially, the number of species followed the same pattern observed
for the abundance, with considerably higher values detected in the
western part of the estuary mouth (4.2) than in any of the other sampling
stations, including the central channel (3.2) and the eastern part of the
lower estuary (4.1). However, Margalef’s richness, which considers
the number of individuals in the sample, showed a different picture;
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the western lower estuary was the richest, followed by stations 1.1 and
2.2. This result is a consequence of the low abundance and relatively
high number of species in the upper estuary. An increase in the number
of species in the outermost regions of the estuary, in addition to an
increased presence of marine species, has been observed in Guanabara
Bay (Rodrigues et al. 2007), Sepetiba Bay (Aratjo et al. 1998), both in
the State of Rio de Janeiro, and Guaratuba Bay, in the State of Parana
(Bouchereau & Chaves 2003) and appears to be a trend in tropical and
subtropical estuaries (Blaber 2000; Blaber 2013; Catelani etal. 2014). A
two-way ANOVA based on fish metrics (CPUE, richness, diversity and
equitability) was conducted by Silva Jr. et al. (2016) based on the same
two years of sampling but including all fishes caught. While changes
in abundance, diversity and equitability were independently associated
with differences in area and season, shifts in richness were exclusively
related to spatial variability. The greatest diversity and abundance values
for Pleuronectiformes were found in the lower estuary and the central
channel, which is in accordance with what was reported for other trophic
fish groups (Silva Jr. et al. 2016). No seasonal pattern was observed in
the variation of the diversity and evenness indices. The lack of patterns
in these indices was also recorded by Vendel et al. (2002) and Spach
et al. (2003) in two estuaries in Paranagué Bay, by Schwarz-Junior et
al. (2006) in Pinheiros Bay and by Chagas et al. (2006) in Vitoria Bay.

4. Principal component analysis and hierarchical cluster analysis

Eutrophic environments commonly present conditions of hypoxia
or anoxia in their deeper layers, which do not mix with the upper layers
due to the formation of a cline (Breitburg 2002). Intense eutrophication
and consequent hypoxia are reported to occur in large portions of
Guanabara Bay (Ribeiro & Kjerfve 2002; Aguiar et al. 2011). While
the lower estuary is characterized by greater exposure to less polluted
coastal waters, the upper portions of the bay, especially the western
and northwestern sectors, receive the majority of the drainage from
metropolitan Rio de Janeiro (Ribeiro & Kjerfve 2002). The existing
facilities for sewage treatment and waste disposal are insufficient to
halt the environmental degradation. Ribeiro & Kjerfve (2002) estimated
that in order to achieve pre-1950 conditions, it would be necessary to
properly treat 80-90% of all domestic and industrial sewage, far from the
15% that is presently treated. The data presented in this study therefore
address flatfish populations that have been exposed to a long history of
human impacts in an already naturally stressed environment.

The PCA analysis separated the three stations (3.2, 4.1 and 4.2) that
had the most diverse environmental features, while the remaining seven
stations were grouped in a single cluster. At these three stations, the
number of species was higher than at the others. Coincidentally, these
are the stations with the best estuarine environmental conditions, where
the dissolution of the organic load is higher due to the action of the tidal
regime. The isolation of the western (4.2) and eastern (4.1) sides of the
lower estuary and central channel (3.2) was expected based on the field
observations. The hierarchical cluster analysis showed some similarity,
albeit small, between 4.1 and 4.2 and grouped areas 1 and 2 and 3.1 and
5. This result indicated that the composition of Pleuronectiformes varied
between four zones: the upper estuary, above Governador and Paqueté
islands, represented by areas 1 and 2; the middle of the estuary, formed
by stations 5 and 3.1; the lower estuary, indicating the difference between
the eastern (4.1) and western (4.2) sides of the estuary mouth; and the
central channel (3.2), which is variable in size according to rainfall.
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The spatial distribution observed for the pleuronectiform species
follows the pattern recorded by Rodrigues et al. (2007) for the entire
demersal fish assemblage of Guanabara Bay. Patterns of distribution
influenced by local rainfall are supported by data from other species in
the same estuary. This is the case with the abundance and distribution
of the pink shrimp Farfantepenaeus brasiliensis (Gomes et al. 2013)
and the blue crab Callinectes ornatus (Keunecke et al. 2012) with
differences according to environmental conditions, among them the
seasonal spawning peaks in the first and distinctive patterns of sexual
distribution in the latter.

5. Use of the estuary

Despite the recent review of the classification of estuarine fish guilds
(Potter et al. 2013), due to the scarcity of data on the fish community
of the Guanabara Bay, this study follows Elliot et al. (2007). The most
abundant species, Etropus crossotus, was classified as an estuarine
resident in this study and in Guaratuba Bay, which is a subtropical
estuary in southern Brazil (Chaves & Bouchereau 2004). This close
relationship between E. crossotus and the estuarine environment is
supported by the present study due to its regular presence throughout
the sampling campaigns, high relative abundance, various size classes
and wide distribution in the estuary. Sanchez-Gil et al. (2008) considered
E. crossotus to be an estuarine species but found recruitment in the
estuarine plume on the inner continental shelf off an estuary of the
southern Gulf of Mexico. The reduction in the abundance of E. crossotus
between the first and second years was responsible for the observed
decrease in the whole flatfish assemblage. This decrease in catch should
be investigated through continuous monitoring of the area; it may
indicate an early depletion of the population or only a natural fluctuation.

The reduction in the abundance of E. crossotus, despite the lack of
a seasonal pattern, may be associated with its life cycle. This reduction
coincides with the presence of larger individuals prior to the recruitment
observed in the second year. It should be noted, however, that no
population data are available for the species in coastal areas besides
studies on bycatch of the shrimp fishery, where E. crossotus was the
most abundant species among the pleuronectiforms (Vianna & Almeida
2005), indicating that the estuarine resident Etropus crossotus may also
explore areas outside of the estuary. Differences in rainfall patterns may
affect the living conditions and the annual cycle of flatfish populations.
Increased freshwater inflow in the rainy season, usually with a high
content of organic matter, deteriorates the environmental conditions in
the bay (Valentin et al. 1999) and increases the size of the area under
hypoxia, forcing individuals of E. crossotus to move to areas with better
conditions in the estuary and adjacent coastal areas (the species was
found up to 40 m deep) (Vianna & Almeida 2005).

The wide size range and presence of larvae (Castro et al. 2005)
suggest that E. crossotus completes its life cycle in the estuary. A
similar pattern was described for the south-eastern United States,
where it was observed that the species development had a strong
dependency on a nursery area with plenty of resources (Reichert
1998). Other groups of species were also observed: Marine stragglers,
characterised by rare species, were represented only in low abundance
and did not show dependence on estuaries in the literature. This
group includes the majority of the collected species: A. declivis,
B. ocellatus, C. chittendeni, E. longimanus, P. orbignyanus, P.
patagonicus, S. micrurum, S. diomedeanus and T. paulistanus.
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Marine estuarine opportunist species are present in varying abundance,
are restricted to the lower estuary and include smaller, most likely
young, individuals. This group is composed of B. robinsi, C. macrops
and S. papillosum. Three other species, two rare and one abundant (S.
tessellatus, A. lineatus and C. spilopterus), are indicated as estuarine
residents by Chaves & Bouchereau (2004); however, in Guanabara Bay,
the data led to a different classification or precluded any determination.

The tonguefish S. tessellatus was represented mostly by adults and
a few small, most likely young, specimens. However, the population
of S. tessellatus may have been subsampled since young individuals of
this species can escape through the mesh of the net. Achirus lineatus
and C. spilopterus had low capture rates in Guanabara Bay; hence, the
ability to classify these two species was hindered. However, both are
commonly found in Brazilian estuaries and were considered as estuarine
residents in previous studies (Allen & Baltz 1997, Chaves & Serenato
1998, Mendonga & Araujo 2002, Chaves & Bouchereau 2004, Chaves
& Bouchereau 2004, Chagas et al. 2006, Schwarz-Junior et al. 2006).
The conclusion that A. lineatus as a resident estuarine species is also
supported by the presence of larvae in the Guanabara Bay (Castro
1998). The results presented here revealed a relatively high diversity of
Pleuronectiformes in the Guanabara Bay estuary. This diversity included
species of flatfishes at different niches as indicated by different trophic
levels and their distinct morphologies, which has already been indicated
in other estuaries, including in Brazil (Guedes & Aratjo 2008; Russo et
al. 2008; Lima et al. 2018). The pattern observed in this study is similar
to the reports for other fish groups, in which a high diversity of species
was accompanied by the biomass being predominantly represented by
a single species: Etropus crossotus for Pleuronectiformes, as revealed
by this study, Chilomycterus spinosus for Tetraodontiformes (Andrade
et al. 2016), Genidens genidens for Siluriformes (Silva Jr. et al. 2013),
Eucinostomus argenteus for Gerreidae (Corréa & Vianna 2016) and
Micropogonias furnieri for Sciaenidae (Silva Jr. et al. 2016).

In conclusion, pleuronectiform species have a number of unique
characteristics, such as limited swimming ability due to the absence
of a swim bladder and demersal habits, which make them especially
vulnerable to low-oxygen environments (Tallqvist et al. 1999, Breitburg
2002, Bell & Eggleston 2005). In the present study, the sensitivity to
these adverse conditions appears to affect the distribution of flatfishes.
The specific composition shows that, in Guanabara Bay, the main
species caught are small in size and that while the species with the
highest market value are present, Paralichthys spp. and Syacium spp.,
they are not commercially attractive because of their small size and
low abundance. The greatest diversity was found in areas of the lower
estuary, while both the middle and upper estuary showed low richness
and abundance. New studies are necessary to establish the extent to
which flatfish populations are affected by the ongoing environmental
degradation, such as urban pollution and dredging, and the effects on
the observed distribution patterns.
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