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Abstract: Aim: To compare abiotic variables and fish assemblage descriptors (species composition,
richness, dominance and diversity) among coastal lagoons of the Tramandaf river system, southern
Brazil. Methods: Water and fish samples were taken monthly from April 2009 to March 2010 in the
littoral zone of six coastal lagoons, three located at the north and three at the south of the Tramandai
estuary. Thirteen environmental variables were measured. The fish assemblage samples were sampled
with gillnets. We used multivariate analyses to investigate spatial variation in abiotic conditions and
fish diversity. Results: The samples at northern lagoons (Itapeva, Quadros and Malvas) were related to
greater values of the turbidity and biochemical oxygen demand, while the southern lagoons (Fortaleza,
Rondinha and Barros) were related to greater values of hardness, total dissolved solids, transparency,
conductivity and salinity. The fish assemblages were similar in species composition. The species richness
was higher in the southern lagoons when considering the same number of specimens. In the northern
lagoons the assemblages were numerically dominated by Psalidodon aff. fasciatus and Loricariichthys
anus and less diverse, while in southern lagoons were more equitable and diverse. Conclusions: We
concluded that the coastal lakes studied differ in the patterns of variation in abiotic parameters and
this reflect in the water quality. Fish richness and species composition are similar, a likely result of the
common and recent biogeographic origin of these lagoons. Fish assemblages in large and turbid lagoons
present more dominance while the fish assemblages in small and clear lagoons are more diverse. These
results may be useful for coastal management that prioritizes fish stocks or for proposing models of
fish assemblages in subtropical coastal lagoons.

Keywords: Tramandai river system; gillnets; fishery resources; littoral zone.

Resumo: Objetivo: Comparar varidveis ambientais e descritores das assembleias de peixes
(composicdo de espécies, riqueza, dominancia e diversidade) entre lagoas costeiras do sistema do rio
Tramandai, sul do Brasil. Métodos: Amostras de dgua ¢ de peixes foram coletadas mensalmente de
Abril de 2009 a Margo de 2010 na zona litoral de seis lagoas, trés ao norte e trés ao sul do estudrio
de Tramandai. Treze varidveis ambientais de qualidade da 4gua foram mensuradas. As capturas de
peixes foram realizadas por meio de redes de emalhe. Usamos abordagem multivariada para investigar
variagbes espaciais nas varidveis abidticas e diversidade de peixes. Resultados: As amostras das lagoas
ao norte (Itapeva, Quadros e Malvas) foram relacionadas com maiores valores de turbidez e demanda
bioquimica de oxigénio, enquanto as amostras das lagoas ao sul (Fortaleza, Rondinha e Barros) com
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maiores valores de dureza, sélidos totais dissolvidos, transparéncia, condutividade elétrica e salinidade.
As assembleias de peixes foram similares em composicao de espécies entre as lagoas. A riqueza foi
superior nas lagoas ao sul quando o mesmo nimero de exemplares foi considerado. Ao norte, as
assembleias mostraram dominédncia numérica de Psalidodon aff. fasciatus e Loricariichthys anus, e
menor diversidade, enquanto ao sul as assembleias foram mais equitativas e diversas. Conclusoes:
Concluimos que as lagoas costeiras estudadas diferem no padrao de variagao de parimetros abiéticos,
refletindo em diferencas na qualidade da 4gua. A composicao e riqueza de espécies sio similares e
refletem a origem biogeografica comum e recente das lagoas. As assembleias de peixes em lagoas grandes
e turvas apresentam maior dominéncia enquanto as assembleias de peixes em lagoas pequenas e claras
sdo mais diversificadas. Esses resultados podem ser tteis no manejo costeiro que prioriza os estoques
pesqueiros ou na proposi¢io de modelos de assembleias de peixes em lagoas costeiras subtropicais.

Palavras-chave: sistema do rio Tramandai; redes de emalhe; recursos pesqueiros; zona litorinea.

1. Introduction

Coastal lagoons constitute a common coastal
environment, occupying 13% of coastal areas
wortldwide (Kjerfve, 1994) and the conservation of
these habitats depends largely on the assessment of
their natural characteristics, especially biodiversity
(Kruk et al., 2009). These inland aquatic systems
are among the most impacted because human
reliance on freshwater leads to a concentration of
human activities (Esteves et al., 2008). Many coastal
lagoons are experiencing adverse effects from climate
change, eutrophication, and pollution, which
can lead to biodiversity loss (Esteves et al., 2008;
Reid et al., 2019; Albert et al., 2021).

Investigating the dynamics of abiotic factors
is central to the understanding of the biological,
chemical and physical properties of coastal lagoons
(Esteves et al., 2008). The coastal plain in extreme
southern Brazil corresponds to a biogeographic
transition hot-temperate zone through the influence
of the subtropical convergence zone in the
southwest Atlantic Ocean (Seeliger et al., 1997).
This region presents around a hundred coastal
lagoons of recent origin (Tomazelli & Villwock,
2005). The coastal lagoons of the Tramandai river
system (TRS) are in the northern portion of this
coastal plain. All lagoons are mesotrophic according
to trophic indices determined by transparency, total
phosphorus, and chemical oxygen demand (Schifer,
1988). A decreasing pattern of trophic level and
salinity from north to south were verified and related
to tidal influence, connection with the sea, distance
from the coast, and wind impact (Schwarzbold &
Schifer, 1984; Wiirdig, 1987). Based on hydrologic
and morphometric features, these coastal lagoons
system is divided into two subsystems (north
and south from the Tramandai estuary). In the
northern subsystem, the lagoons are generally
large (-90 km?) while in the southern subsystem
they are medium to small sized (~12 km?). They
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also differ concerning the main water input, which
occurs through the largest rivers in the northern
subsystem (Trés Forquilhas and Maquiné) and
only through rainfall in the southern subsystem
(Malabarba et al., 2013). Southern lagoons are
more influenced by saline waters, while northern
lagoons are more influenced by the wind action
and generally show lower transparency (Wiirdig,
1987). The environmental variability in the coastal
lakes of the TRS, imposed by their variable size,
depth, and landscape orientation, makes them an
interesting model system to study the roles of biotic
and abiotic variables in the formation of patterns in
community structure.

Fishes represent an important component of the
biodiversity of coastal lagoons in subtropical regions
of South America (Garcia et al., 2006; Artioli et al.,
2009; Teixeira de Mello et al., 2009; Kruk et al.,
2009; Hartz et al., 2019; Artioli et al., 2022).
A constant issue for aquatic ecologists in tropical and
subtropical regions is understanding the importance
of different factors on fish assemblages structuring
(Hutubessy & Mosse 2023; Guimaries et al.,
20205 Petry et al., 2016). In 106 coastal lagoons,
in the South American Adantic coast, differences in
latitude, morphometry, connectivity, and sampling
effort explained the variation in fish species
richness (Petry et al., 2016). In these lagoons the
differences observed in fish species composition are
explained by historic (paleodrainages) and current
factors (catchment area, salinity and lagoon area)
(Guimarides et al., 2020). In the Uruguayan coast,
the fish assemblages were tested for fish species
richness between turbid and clear shallow lagoons.
Higher species richness was observed in large and
turbid lagoons (Kruk et al., 2009). However, a
particular environmental scenario points to greater
fish richness in large, clear, plant-dominated
lagoons (Kruk et al., 2009). The knowledge of
functional patterns of fish assemblages may help
the development of appropriate policies to prevent
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eutrophication or support restoration projects
(Jeppesen et al., 2005). Comparing these patterns
with those from temperate climate may enable
predictions on shifts in fish assemblage structure
in this region, especially considering the growing
evidence of global warming (Jeppesen etal., 2015).

In coastal lagoons of the Tramandai river
system around seventy freshwater fish species have
been recorded (Malabarba et al., 2013), which
corresponds to 68% of the species described for the
whole basin (102 species according to Bertaco et al.,
2016). In six coastal lagoons of the TRS, fish
assemblages in littoral areas showed high species
richness, dominated by small fishes. In contrast, an
assemblage with lower species richness comprised
by larger fishes was found in inner areas of the
littoral zone (Artioli et al., 2022). In the TRS the
connectivity is a good predictor for estuarine fish
species richness. For freshwater fish species, the
lake area is a better predictor for species richness
(Guimaries et al., 2014). The lake shape and
estuarine connectivity were the best predictors for
taxonomic diversity and functional richness of the
fish assemblages, although not for their equitability
and functional dispersion (Hartz et al., 2019).

In the present paper, we focused on the spatial
differences between abiotic conditions and fish
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assemblage descriptors in six coastal lagoons of
the Tramandai river system. Our objectives were:
(1) to compare water quality parameters among
lagoons, (2) to compare fish assemblage richness,
composition, dominance and diversity patterns
among lagoons, and (3) to assess the similarity of
fish assemblages among lagoons. Based on previous
knowledge, differences in water quality parameters
are expected, following a trophic gradient (trophic
level at the lakes decreasing from north to south) as
described by Schifer (1988). Likewise, lagoons with
larger areas and more connectivity should present
greater species richness, while smaller and more
isolated lagoons should show the opposite trend
(Hartz et al., 2019).

2. Material and Methods
2.1. Study Area

This study considered six coastal lagoons
belonging to the Tramandai River Basin (29°45’;
30°15°S), located in northern coastal plain of Rio
Grande do Sul (Figure 1).

These coastal lagoons were formed through
marine transgression and regression processes
along with wind action over the last 5,000 years
(Schwarzbold & Schifer, 1984; Tomazelli &
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Figure 1. Map illustrating the geographical position of the Tramandai River Basin and the coastal lagoons.
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Villwock, 2005). The climate, according to Képpen,
is Cfa or subtropical humid (Hasenack & Ferraro,
1989). Winds from northeast and east quadrants
are frequent in spring and summer, while winds
from south and southwest quadrants are frequent
in autumn and winter (Ferraro & Hasenack, 2009).
The studied lagoons are: Itapeva (95.16 km?),
Quadros (119 km?) and Malvas (55.08 km?) in
the northern portion; and Fortaleza (18.54 km?),
Rondinha (8.92 km?) and Barros (9.2 km?) in the
southern portion. The northern lagoons are larger
and have low (<3 m) to intermediary depths (3 to
5 m). The southern lagoons are smaller in size and
have lower depths (<3 m) (Schifer, 1988). The Barros
Lagoon is the only isolated, not linked to the fluvial
system. It is part of a series of asymmetric lagoons,
which tend to be deeper (> 5 m), clearer and have a
low trophic level (Schifer et al., 2009). The lagoons
substrate is predominantly composed by sand and
its shores are intensely colonized by emergent
macrophytes (Prado, 2009). The surrounding areas
are occupied by rice fields which are seasonally
flooded. Freshwaters and slightly brackish waters
can be found in the same lagoon at different times,
depending on the recent wind direction and sea
level. All lagoons are freshwater, excepting the
Tramandai Lagoon, which contains saline waters

(salinity < 30 ppt) (Wiirdig, 1987).
2.2. Sampling design

Monthly samples were taken from April 2009 to
March 2010. Fish were captured with a set of nine
gillnets (nylon monofilament; 30 m long; 1.5 m
high) of several mesh sizes (15, 20, 25, 30, 35, 40,
50, 60, and 70 mm between adjacent knots), totaling
270 m long and 405 m? in area. The gill nets were
placed in the afternoon, close to the emergent reed
vegetation banks around 30 m from the margin, at
depths of up to 3 m. Nets were removed in the next
day, with total exposure time of ca. 18 h/month
in each lagoon. Captured fish were fixed in 10%
formalin and preserved in 70% ethanol. All fish
were identified at the species level and counted.
Representative specimens were cataloged in the
fish collection of Zoology Department at UFRGS.
Fish species name and habitat use were updated
according to Fricke et al. (2023).

The water temperature ("C), depth (cm), and
Secchi transparency (cm) were measured at the
time of sampling. Water samples were taken with
a Van Dorn bottle at 20 cm deep and ten variables
were measured in the laboratory. All measures and
water samples were taken immediately after gill nets
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removal. Conductivity (mS.Cm™), pH, turbidity
(NTU), hardness (mg.L"), total dissolved solids
(mg.L"), dissolved oxygen (mg.L"), biochemical

oxygen demand BOD_ .. (mg.L"), and suspended

5,20°C
solids (mg.L™!") were estimated according to APHA
(1998). The salinity (%o) was estimated according to
Baumgarten et al. (1996), and chlorophyll (ug.L")

according to Golterman et al. (1978).
2.3. Data analysis

In order to control the effects of temporal
correlation, the data matrix was built from average
values of each abiotic parameter and lagoon.
To assess the relationship between abiotic variables
and lagoons, a principal component analysis (PCA)
was performed using the variance-covariance matrix.
The data were standardized through the equation
(x-p)/9, where p is the sample average and 0 the
standard deviation (Field et al., 1982).

To compare the richness of each lagoon,
individual-based rarefaction curves were calculated
(Gotelli & Colwell, 2001). To compare composition
and dominance, the raw data on the number of
individuals (n) per species were standardized as
catch per unit effort (CPUE). Each species CPUE
is defined as the number of specimens by net area
by hour (ind/m?h). Then, numerical percentage
(NP) was calculed based on each species CPUE
using the formula: NP = (CPUEi/> CPUE#)*100,
where CPUEi is the catch per unit effort of specie
i, and the frequency of occurrence (FO) using the
formula: FO = (n/N)*100, where n is the number
of samples in which each species was recorded and
N the total number of samples. Then the FO of
each species was transformed in relative frequency
of occurrence (FO%) using the formula: FO% =
(FOI/3FO1)*100, where FOi is the frequency of
occurrence of species i.

To assess the dominance patterns of fish
assemblages, the values of numerical percentage
(NP) and the frequency of occurrence (FO%) of
each species and lagoon were compared to each
lagoon average (100/S where S = the total number
of species captured in each lagoon), and the species
were classified as follows: abundant and frequent
(NP = the average NP and FO% = the average
FO%); only abundant (NP > the average NP and
FO% < the average FO%); only frequent (NP < the
average NP and FO% = the average FO%); present
(NP < the average NP and FO% < the average
FO%). Abundant and frequent species were then
considered to be dominant (Artioli et al., 2022).
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To compare diversity among lagoons the
Shannon-Wiener index was utilized (Magurran,
2004). To assess the similarity of fish assemblages,
cluster analysis was performed, and the attributes
were calculated by Bray-Curtis coefficient. To control
the temporal correlation, the sum of CPUE by
species and lagoon was utilized in this analysis.
In the similarity analysis, rare species (present in
one lagoon only) were excluded. All multivariate
analyses were performed using the software PAST
version 4.08 (Hammer et al., 2001).

3. Results
3.1. Abiotic factors

Principal component analysis (PCA) showed
eight principal components and the first two axes
explained 86% for the data variability. Northern
lagoons (Itapeva, Quadros and Malvas) were related
to greater values of the turbidity and biochemical
oxygen demand. Southern lagoons were related with
greater values of hardness, total dissolved solids,
transparency, conductivity and salinity. The most
transparent was the Barros Lagoon (Figure 2).

3.2. Fish assemblages

Fish sampling resulted in a total of 7,881 specimens
distributed in 16 families, 27 genera e 37 species
(32 freshwater fish species, two freshwater/brackish
species, sardine Platanichthys platana (Regan 1917)
and anchovy Lycengraulis grossidens (Agassiz 1829),
and three brackish/marine species, sea catfish
Genidens genidens (Cuvier 1829), Genidens barbus

1.0

05

(Lacepede 1803) and sea bass Centropomus parallelus
Poey 1860) (Fricke et al., 2023). Higher richness
was observed in the Malvas Lagoon and the higher
CPUE was observed in the Quadros Lagoon.
The opposite was observed in the Rondinha Lagoon
(lowest richness and CPUE) (Table 1).

Psalidodon aff. fasciatus (Cuvier, 1819) and
Loricariichthys anus (Valenciennes 1835) were the
most representative species regarding the number
of individuals. These species were dominant in
all lagoons. Other eight species were considered
dominant in at least one lagoon (Cyphocharax
voga (Hensel 1870), Oligosarcus robustus Menezes
1969, Geophagus iporangensis (Quoy & Gaimard
1824), Odontesthes ledae Malabarba & Dyer 2002,
L. grossidens, Oligosarcus jenynsii (Gunther 1864),
Psalidodon eigenmanniorum (Cope, 1894) and
Astyanax lacustris (Cope, 1894)). In the northern
lagoons three to five species were dominant, while
in the southern lagoons five to cight species were
dominant. No species was dominant only in
northern lagoons, while five species were dominant
only in southern lagoons. The king-fish O. ledae
and the lambari Astyanax sp. were present only in
southern lagoons, while the king-fishes Odontesthes
bonariensis (Valenciennes 1835) and Odontesthes
piquava Malabarba & Dyer 2002 and the sea
catfishes G. genidens and G. barbus only in the
northern lagoons. Six species were present in only
one lagoon.

The rarefaction curves indicated that species
richness is higher in the southern lagoons considering
a same sampling effort (number of individuals).
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Figure 2. Principal Component Analysis (PCA) of the relationship between abiotic variables (TRA = transparency;
HAR = hardness; SAL = salinity; TDS = total dissolved solids; CON = conductivity; DO = dissolved oxygen; TUR =
turbidity; BOD = biochemical oxygen demand) and the lagoons (Itapeva = diamond; Quadros = triangle; Malvas =
square; Fortaleza = filled square; Rondinha = filled triangle; Barros = filled diamond).
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Table 1. Comparative list of numerical capture per unit effort (sum of the CPUE) and the relative importance
(based on the CPUE% and FO%), where: (black) abundant and frequent, (brown) only abundant, (dark grey)
only frequent, (light grey) present species and (colorless) absent species, caught in the coastal lagoons at Tramandai
river system (Ita = Itapeva, Qua = Quadros, Mal = Malvas, For = Fortaleza, Ron = Rondinha, Bar = Barros) between

2009 and 2010.

Species

Ita Qua Mal For Ron Bar

Psalidodon aff. fasciatus (Cuvier, 1819)
Loricariichthys anus (Valenciennes 1835)
Cyphocharax voga (Hensel 1870)
Oligosarcus robustus Menezes 1969
Geophagus iporangensis (Quoy&Gaimard 1824)
Odontesthes ledae Malabarba & Dyer 2002*
Lycengraulis grossidens (Agassiz 1829)
Deuterodon luetkenii (Boulenger 1887)
Oligosarcus jenynsii (Gunther 1864)

Hoplias malabaricus (Bloch 1794)
Psalidodon eigenmanniorum (Cope, 1894)
Astyanax lacustris (Cope, 1894)
Rineloricaria quadrensis Reis 1983*

Trachelyopterus lucenai Bertoletti, Pezzi da Silva & Pereira 1995

Gymnogeophagus lacustris Reis &Malabarba 1988*
Odontesthes bonariensis (Valenciennes 1835)
Crenicichla maculata Kullander & Lucena 2006
Charax stenopterus (Cope, 1894)

Astyanax sp.

Gymnogeophagus gymnogenys (Hensel 1870)
Platanichthys platana (Regan 1917)
Pimelodella australis Eigenmann 1917
Odontesthes piquava Malabarba& Dyer 2002
Genidens genidens (Cuvier 1829)

Rhamdia aff. quelen (Quoy & Gaimard 1824)
Centropomus parallelus Poey 1860
Hoplosternum littorale (Hancock 1828)
Corydoras paleatus (Jenyns, 1842)
Hypostomus spiniger Valenciennes 1836
Australoheros acaroides (Jenyns 1842)
Hyphessobrycon togoi Miquelarena & Lopez 2006
Genidens barbus (Lacepéede 1803)
Acestrorhynchus pantaneiro Menezes 1992
Crenicichla lepidota Heckel, 1840

Gymnotus aff. carapo Linnaeus, 1758
Hisonotus leucofrenatus (Miranda Ribeiro 1908)
Cyphocharax saladensis (Meinken 1933)

Total of CPUE

Total of Species

0.35

0.86
035

0.04
041 042
117
0.49
0.24
2.57
020 037
182
178
012 015 004 009 | 131
033 079 0.04 0.6
0.04 076" 005 004 008 0.9
0.08 055 022
012 048
009 012 011 008
036  0.04
0.04 0.29 0.06
0.24 0.13
0.12 0.07
0.10 0.07
0.12
0.06  0.06
0.04
0.04
0.04
0.04
0.04
66.21 127.18 110.75 33.60 30.48 39.52

22 23 28 23 20 25

Endemic species (*).

These curves indicated stability of Malvas and
Quadros lagoons and richness increment for the
others lagoons (Figure 3). Shannon diversity index
was higher in southern lagoons than the northern
lagoons. The highest value was observed in Barros
Lagoon and the lowest in Itapeva Lagoon (Figure 4).
Cluster analysis indicated two groups with northern
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and southern lagoons with low similarity between
them (Figure 5).

4. Discussion

Our results showed that northern lagoons are
more turbid with higher BOD when compared
to the southern lagoons, which are saltier,
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Figure 3. Rarefaction curves of species from lagoons in
relation to the number of individuals estimated from
1000 randomizations on the order of samplings.
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Figure 4. Shannon index (line) and species richness
(bars) of fish assemblages from each lagoon (Itapeva =
Ita; Quadros = Qua; Malvas = Mal; Fortaleza = For;
Rondinha = Ron; Barros = Bar).
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Figure 5. Cluster plot derived from a Bray-Curtis
similarity matrix constructed from the CPUE of the fishes
caught in each lagoon samples. Itapeva = Ita; Quadros =
Qua; Malvas = Mal; Fortaleza = For; Rondinha = Ron;
Barros = Bar).

with higher water hardness, conductivity and
transparency. The fish assemblages at northern
and southern lagoons presented low similarity
regarding composition and numeric abundance of
species. Fish assemblages from large turbid lagoons
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presented higher richness but lower diversity while
the fish assemblage from smaller, clearer lagoons
presented lower richness and higher diversity.
The results support the existence of an ecological
gradient from north to south in the trophic structure
of coastal lagoons of the Tramandai river system
(Schifer, 1988), pointing to differences in water
quality and ecosystem functioning.

In coastal lagoons, geomorphologic factors
include inlet and outlet configuration, lagoon
size and orientation with respect to existing
wind direction, bottom topography and depth,
and are related to water, salt and heat dynamics.
Inlet dimensions control the exchange of water,
including dissolved and suspended material. Wind
effects will be enhanced in larger lagoons and will
be determinant in gas exchange and water mixing
(Esteves et al., 2008). In Itapeva Lagoon, the wind
has a decisive effect on their physiological/nutritional
status and the phytoplankton community. Under
the influence of wind from the northeast quadrant,
nutrients and phytoplankton are resuspended
continuously in the water column (Cardoso et al.,
2003; Cardoso & Motta-Marques, 2004).
Resuspended material by wind action may be a
dominant cause of turbidity in large shallow lagoons
(revised in Esteves et al., 2008). Morphometric
features such as the perimeter to volume ratio
and shallowness also provide favorable conditions
for the development of a large littoral region
(Kjerfve, 1994), where many macrophyte species
segregate along the littoral-zone slope, providing a
substantial source of organic matter to the system
and substrate for attached organisms (Esteves et al.,
2008). Northern lagoons have extensive marginal
areas colonized by emergent weeds. They receive
water supply from the main rivers (Trés Forquilhas
and Maquiné), which favor the accumulation of
organic matter. This phenomenon must increase
microbial decomposition rates, resulting in higher
biochemical oxygen demand. Our results follow
results found by Wiirdig (1987), who described
the association between conductivity and hardness
with salinity (Wiirdig, 1987). On the other hand,
results confirm that Barros Lagoon is part of a
distinct lagoon set (Schifer et al., 2009), probably
because its deeper waters are less influenced by the
water movement from wind action, and therefore,
present clearer waters.

Our results were similar to those observed for
lagoons at Taim Ecological Reserve, Lagoa dos Patos
system (Garcia et al., 2006; Artioli et al., 2009),
also dominated by the characids P. aff. fasciatus,
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P. eigenmanniorum, O. jenynsii and O. robustus and
the curimatid C. voga. In contrast, the loricariid
L. anus and the cichlid G. iporangensis were only
frequent, while the anchovy L. grossidens was absent
in these lagoons (Garcia et al., 2006; Artioli et al.,
2009). Moreover, fish assemblages from coastal
lagoons at TRS had more species richness (S) when
compared to the species richness observed in the Taim
Ecological Reserve: Flores Lagoon (11.3 km?, S = 19),
Nicola (2.58 km?, S = 19), Jacaré (1.45 km?, S = 23)
(Garcia et al., 2006) and Mangueira (802 km?,
S = 33) (Artioli et al., 2009). The differences in
species composition between northern and southern
lagoons may reflect the effect of system connectivity
patterns. A study in TRS indicate higher estuarine
connectivity in Itapeva, Quadros, and Malvas
lagoons, resulting in higher marine/estuarine species
richness (Guimaraes, et al., 2014). However, the
“sca bass” C. parallelus was reported in the Fortaleza
Lagoon (Schifino et al., 2004), and the “mullet”
Mugil liza in the Custédias Lagoon (near Fortaleza
Lagoon) (Fialho, 1998). These records for marine
species in the southern lagoons indicate that species
richness and composition may be distinct than the
observed. On the other hand, as in our results, there is
no record of sea catfishes G. genidens and G. barbus in
the southern lagoons studied. Among the freshwater
species with restrict capture, only the king-fishes
have distinct distribution patterns (O. piguava and
O. bonariensis at northern and O. ledae at southern),
result of the recent evolution process (Malabarba &
Dyer 2002). Although there is no connection with
the river system, the presence of endemic species
in Barros Lagoon confirm the common origin of
lagoons, as mentioned in Malabarba et al. (2013).
Such result suggests that the same biogeographical
processes and ecological filters (such as those related to
dispersion and vicariance), which select local species
from a group of regional species, act in all lagoons
(Jackson & Harvey, 1989; Jackson et al., 2001).
Odur results are partially similar to those from coastal
lakes in Uruguay, where fish species richness increased
with lakes area and water turbidity (Kruk et al.,
2009). In opposition to the environmental scenario
proposed by Kruk et al. (2009) to shallow subtropical
lakes (i.e., predicts higher species richness in large,
clear, plant-dominated lakes), our results indicate
that small, clear and isolated lagoons may hold as
many fish species as large, turbid and connected
lagoons, a pattern also observed for other groups of
organisms (Scheffer et al., 2006). Such hypothesis
could be tested with a sampling design including
more lagoons of this type.
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Our results showed that all lagoons may hold
a similar number of species. Nevertheless, large,
turbid and with higher DBO lagoons may hold
a larger number of individuals than smaller,
saltier and clearer lagoons. The northern lagoons
environmental conditions, however, led to a higher
dominance of littoral zone fish assemblages and
lower diversity. In contrast, the southern lagoons
environmental conditions led to less dominance
and higher diversity. Despite these clear patterns in
a wide spatial scale, our results are not conclusive
about differences between northern and southern
fish assemblages because many lagoons at the
north and south of the Tramandai estuary were
not sampled.

Finally, we conclude that northern and southern
lagoons studied at Tramandai river system differ
in the pattern of variation of abiotic variables,
reflecting differences in water quality. Fish species
richness and composition are similar and reflect
the recent and common biogeographical origin of
the lagoons. In the larger and turbid lagoons, the
fish assemblages are less equitable than the smaller
and more transparent lagoons, which are more
diverse. These results may be useful for studies of
coastal management prioritizing fish stocks in the
Tramandai River Basin and proposing models of fish
species assemblages in subtropical coastal lagoons.
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