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Abstract: The composition of estuarine fish fauna is dynamic and complex. Despite the variation in fish
fauna in estuaries, it is possible to observe some species associated with microhabitats. The assemblage
composition of these communities is apparently derived from habitat selection. The aim of this study was
to assess the structure of the demersal fish fauna of the Paranagud Bay and its relationship with biotic and
abiotic factors. To this end, monthly collections were conducted using an otter trawl, from October 1999
to September 2000, at five sites in the shallow infralittoral. Biotic (organic matter, and invertebrates) and
abiotic factors (salinity, temperature, pH, dissolved oxygen, seston, and nutrients) were recorded during
sampling. A total of 6,623 individuals were captured, belonging to 2 species of Chondrichthyes and 53
species of Actinopterygii (26 families). Sciaenidae was the most representative in terms of richness, with
11 species, and Ariidae was the most representative in terms of abundance. The catfish Cathorops spixii
was the most abundant species, representing 21 % of the entire catch. There were significant differences in
the composition and abundance of the fish fauna among the studied areas, as evidenced by the Shannon-
Wiener diversity index. Such differences seem to be related to the complexity of habitats, which occur due to
different types of bottom cover found at each sampling site. The abiotic variables indicated little influence
on the structure of the fish assembly. These results contribute to a better understanding of the fish fauna
from the shallow infralittoral areas of the Paranagué Bay, and provide data to decision makers for better
implementation of management and conservation measures.

Keywords: abiotic factors; biotic factors; conservation; estuarine fishes; fish assemblage.

INTRODUCTION 2000), and is the most important estuary at the
northern coast of Parana state in the southern
The Paranagué Estuarine Complex (PEC) has been region of Brazil due to its size and water flow

classified as a coastal plain estuary (Lessa et al. (Lana et al. 2001) and considered a Natural World
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Heritage site (UNESCO, 1999). The region of PEC
has approximately 600 km? and includes extensive
areas of mangrove forests, sandy beaches and rocky
islands (Noernberg et al. 2004). This estuarine
complex is ecologically and socioeconomically
important, yet anthropogenic activities (e.g. habitat
loss, environmental pollution, introduction of non-
native species, and overfishing), have seriously
threatened the biodiversity of this important
ecosystem (Passos et al. 2012, Possatto et al. 2017).

Estuaries are environments with exceptional
productivity, characterized by large fluctuations
of abiotic factors (e.g., temperature, salinity,
and oxygen concentration), leading to a highly
dynamic and complex fish assemblage in these
environments (Elliott & Hemingway 2002). Fish
respond to variations in the environment through
physiological adaptations, which allow them to
tolerate environmental stresses, or by moving to
regions where conditions are more favorable. Other
elements influencing the composition of the fish
fauna are biotic factors (e.g. reproduction, feeding,
and interspecific interactions), as well as external
conditions such as water pollution (Barbier et al.
2011, Elliott & Whitfield 2011, Vilar et al. 2011).

Despite the variable composition of fish fauna
being influenced environmental conditions (Elliott
etal.2007),itispossibletoobservesomepopulations
associated with microhabitats (Alofs & Polivka
2004). The individuality of these communities is
apparently derived from habitat selection (Elliott
& Hemingway 2002). Although many of the
common species (both resident and transient) are
found throughout the estuary and are considered
generalist in terms of habitat selection, finer scale
observations of their distributions generally show
clearly defined centers of abundance (Elliott &
Whitfield 2011, Potter et al. 2015).

Seasonal and spatial changes in abiotic and
biotic factors influence composition, structure,
the spatial and temporal distribution of the
ichthyofauna in estuaries (Cattani et al. 2020), and
this relationship must be considered in the studies
to gain a better understanding of the estuarine fish
assemblage. Knowing the relationship between
the fish assemblage and environmental conditions
is fundamental in the ecological understanding
of estuarine ecosystems (Barletta & Blaber 2007,
Potter et al. 2015). The fish fauna is considered as
an environmental indicator, helping protection
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measures in these ecosystems (Elliott & Whitfield
2011).

Thus, we aimed to examine the composition of
the demersal fish fauna of the shallow infralittoral
of the Paranagud Bay, southern Brazil, and identify
the biotic and abiotic factors related to the
composition of the fish assemblage.

MATERIAL AND METHODS

Paranagud Estuarine Complex

The Paranagud Estuarine Complex (PEC) is
influenced by river input and the biggest discharges
correspond strictly with the rainy period that
occurs between spring and summer months (Lana
et al. 2001, Mantovanelli et al. 2004). These inflows,
as well as anthropic activities, especially dredging,
influence processes related to water-column
stratification, salinity intrusion, sediment supply,
and the turbidity maximum zone. The maximum
amplitude of the tide can reach 2.0 m with an
average of 0.84 m, as long as the tidal variation
amplitudes vary around 1.5 m (Lamour et al. 2004,
Cattani & Lamour 2016). The more intense winds
occur from south, mainly in the winter months
(July and August) (Némes & Marone 2013). In this
case, the bathymetry acts as an important obstacle
to the waves progressing from the inner continental
shelf to the outer estuary (mouth region), where
dissipation of energy occurs over the shallow tidal
delta (< 3 m depth) (Lamour et al. 2007).

Study area and data collection

The present studywas carried out at five sites (Figure
1) located in the euryhaline sector of PEC (Netto &
Lana 1997). Fish samples were collected monthly
between October 1999 and September 2000. We
used otter trawls, with lead-ahead opening length
of 8 m, length of 6.6 m, mesh size of 1 cm in the body
and cod end, and two flat rectangular otter boards
(0.70 m x 0.47 m and 8 kg each), in monthly trawls
in quadrature high tide, lasting 20 minutes each. All
fish caught were kept on ice and transported to the
laboratory, where they were counted and identified
to the species level, when possible (Figueiredo &
Menezes 1978, 1980, 2000, Menezes & Figueiredo
1980, 1985). The bottom cover at each sampling
site was qualitatively described. During fieldwork,
samples of organic matter and invertebrates were
collected, and categorized as presence and absence
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Figure 1. Map of Paranagud Bay estuarine complex showing the sampling sites (shallow infralittoral).
Gamboa dos Papagaios (P1), Gamboa do Sucuriu (P2), Gamboa do Baguagu (P3), Ponta do Poco (P4) and

Pontal do Sul (P5).

at each sampling site. The invertebrates were
identified by specialists, from the Center of Sea
Studies (CEM/UFPR).

The fish were classified into five estuarine-
use functional groups (e.g. marine stragglers,
marine migrants, estuarine residents, estuarine
migrants, and semi-catadromous) (Elliott et al.
2007), and into geographic distribution categories:
Circumtropical (CT), Trans-Atlantic (TA - Western
and Eastern Atlantic Ocean), Western Atlantic (WA -
Northern and Southern Atlantic Ocean), Southwest
Atlantic (SWA - ranging from Northern Brazil to
Argentina), Southern Southwest Atlantic (SSWA
- Southeastern and Southern Brazil, Uruguay and
Argentina), Caribbean (CA - ranging from Florida to
Venezuela), Brazilian Province (BR - ranging from
the Orinoco River Delta in Venezuela to the State
of Santa Catarina in Brazil, and Eastern Pacific (EP)
(Briggs & Bowen 2012, Fricke et al. 2020, Froese &
Pauly 2020). Species were also classified according
to the national and global status of conservation,
proposed by the Brazilian Ministry of Environment
(MMA 2014) and the International Union for

Conservation of Nature categories (IUCN 2020),
respectively.

Water samples at each sample site were
taken near the bottom with a Van Dorn bottle, to
determine pH, dissolved oxygen, seston (suspended
matter), and nutrients. Salinity and temperature
were recorded with a STD SENSORDATA-SD200.
Samples for pH determination, and for seston
and nutrient analyses were stored in Styrofoam
box with ice and transported to the laboratory.
The pH was measured using a potentiometer
INGOLD-206. Seston analysis was performed
after filtration through Whatman GF/C filter, and
refrigeration (Strickland & Parsons 1972). Samples
for determination of oxygen content were fixed in
situ and kept in a dark container. In the laboratory,
they were analyzed by the Winkler method.
Concentrations of nitrate, nitrite,
(inorganic nitrogen), phosphate, and silicate were
determined by colorimetric techniques (Grasshoff
etal 1983).

ammonium

Oecol. Aust. 24(4): 917-927, 2020
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Data analysis

Environmental variables and fish abundance data
were analyzed for normality and homoscedasticity,
by the Shapiro-Wilk’s and Levene tests, respectively.
When necessary, the data were transformed (In+1)
(Zar 1996). Environmental variables were tested
using ANOVA (p < 0.05) and differences were
further explored with Tukey’s post hoc tests. The
Shannon-Wiener (H’) diversity index (Shannon &
Wiener 1963) was used to describe the community
structure by applying the Student’s t-test to check
the significance of the difference between them
(Zar 1996).

The canonical discriminant analysis (CDA)
was applied to describe the five sampling sites in
relation to the composition of the fish fauna. The
same analysis was applied to identify the differences
between sampling sites based on environmental
variables (Legendre & Legendre 1983).

RESULTS

A total of 6,623 specimens of fish belonging to
55 species and 26 families were caught. One
Actinopterygii was identified only to the level of

0.3

genus (Citharichthys sp.). The catfish Cathorops
spixii was the most abundant species, comprising
21 % of the total catch. Other numerically important
species were Anisotremus surinamensis (12 %),
Prionotus punctatus (7 %), Etropus crossotus (7 %),
Chaetodipterus faber (6 %) and Chloroscombrus
chrysurus (6 %). These six most abundant species
represented 59 % of the entire catch and were
present at the five sampling sites. Sciaenidae
and Engraulidae were the most representative
families in terms of richness, with 11 and 5 species,
respectively (Table S1).

In the CDA, the differences in the species
composition between the sampling sites are
shown. The first two vectors were responsible for
96.52 % of the data variance (Figure 2). The values
of the Shannon-Wiener (H’) diversity index in
the Gamboa dos Papagaios, Gamboa do Sucuriu,
Gamboa do Baguacu and Ponta do Poco sites were
high and not significantly different from each other.
Pontal do Sul presented a low diversity, statistically
different from the other sites (Table S2).

Gamboa do Sucuriu has a peculiar benthic
formation with a large variety of organisms
such as sponges (Craniella cranium), bryozoans

0.2
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Figure 2. Canonical discriminant analysis representing the distribution of the
sampling sites according to the fish fauna composition. Gamboa dos Papagaios (P1 -
W), Gamboa do Sucuriu (P2 - @), Gamboa do Baguacu (P3 - x), Ponta do Poco (P4 - &) e

Pontal do Sul (P5 - <).

Oecol. Aust. 24(4): 917-927, 2020



(Bugula neritina), octocorals (Renilla reniformis,
Callipodiumsp., Leptogorgia setacea), echinoderms
(Luidia alternata alternata), mollusks, crustaceans,
and ascidians (Clavelina oblonga). The Gamboa
dos Papagaios presents smaller variety of benthic
organisms, with the presence of echinoderm,
mollusks, and crustaceans, and large amount
of leaves. This deposition of leaves (Rhizophora
mangle, Avicennia schaueriana and Laguncularia
racemosa) is related to the mangrove vegetation
found near the site and the low current intensities
that allow its accumulation. Sites Gamboa do
Baguacu and Ponta do Pogo, have a less diverse
bottom cover compared to the other sites, with
fewer organisms (only mollusks and crustaceans)
or leaves collected. Pontal do Sul, with greater
influence from the sea, has a sandy bottom, no
leaves or benthic organisms were observed (Table
S2).

No significant differences
observed from major environmental variables
(dissolved oxygen, seston, nutrients, and
temperature) between the sampling sites (ANOVA,
p > 0.05), however, the means of salinity (ANOVA,

were however
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F =11.29; p < 0.05) and pH (ANOVA, F = 5.57; p <
0.05) were significantly different. Salinity and pH
differed significantly among sampling sites (Tukey
tests: p < 0.05). Pontal do Sul exhibited the highest
values of salinity and the highest values of pH were
observed in Ponta do Poco (Table S3).

The CDA showed a clustering trend with
considerable overlap of the sampling sites
according to environmental variables (Figure 3).
The first two vectors in the CDA, were responsible
for 94.95 % of the data variance.

DISCUSSION

The biotic factors, as cover bottom, seem to be
responsible for the composition of the fish fauna
in the five sites sampled. Differences in the bottom
substrate of each sampling site were evident when
the variety and quantity of organic matter captured
in the samples along with the fish were considered.
The structuring of the estuarine fish community
was largely driven by the abiotic environment (Vilar
& Joyeux 2018). In the region of sampling sites,
there are higher values of temperature, salinity, pH
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Figure 3. Canonical discriminant analysis representing the distribution of the sampling sites
according to environmental variables. Gamboa dos Papagaios (P1 - ®), Gamboa do Sucuriu (P2 - @),
Gamboa do Baguacu (P3 - x), Ponta do Poco (P4 - &) e Pontal do Sul (P5 - <).

Oecol. Aust. 24(4): 917-927, 2020



922 | Fish fauna from the shallow infralittoral of the Paranagua Bay

and dissolved oxygen compared to the innermost
area of the Paranagud Estuarine Complex (Lana
et al. 2001). These environmental characteristics
are due to the greater influence of marine water in
estuarine mouths (Machado et al. 1997).

The sites Gamboa dos Papagaios and Gamboa
do Sucuriu have complex bottom sediments, where
the carbonates (CO,) in the sediments reach values
up to 20 % (Lamour et al. 2004). In these sites,
where the richness and number of fish caught
were higher, the bottom substrate was found to
be more complex. The Gamboa dos Papagaios
presents large amount of leaves, where the organic
matter corresponds to about 10 % of the sediments
(Lamour et al. 2004). This sample site is located on
the vegetated area, and the mangrove tree species,
such as Rhizophora mangle, has been recognized
as the major contributor of organic matter in this
environment (Nova et al. 2017). The diversity of
communities in tropical waters is related to the
complexity of the environment (Lowe-McConnell
1987). The main hypotheses for this relationship
are: (1) structural heterogeneity - fish are attracted
to structurally complex habitats for shelter and to
prevent predation, and (2) food availability (Day
et al. 1989, Edgar & Shaw 1995, Laegdsgaard &
Johnson 2000).

There are differences in bottom sediments at
each sampling site, where the mineral sediments
(siliciclastic rock fragments) are mixed with
organic ones (carbonatic and vegetal) in different
proportions, driven by local dynamics. The
differences in the bottom structure found in the
five sampling sites are mainly due to the current
intensity. Gamboa dos Papagaios and Gamboa
do Sucuriu are located in more sheltered areas
where the currents are less intense, favoring the
establishment of a rich benthic community, unlike
that observed in the areas most exposed to the
currents (Gamboa do Baguacu, Ponta do Po¢o and
Pontal do Sul) (Lamour et al. 2004).

The correlation observed in the canonical
analysis of the
parameters between sampling sites, indicated a
little influence in the distribution of the species,
showed a gradient between innermost areas
(Gamboa dos Papagaios and Gamboa do Sucuriu),
and the external areas (Ponta do Poco and Pontal
do Sul). The innermost areas showed higher values
of phosphate, which may be of allochthonous

discriminant environmental
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(pollution and leaching) and autochthonous
(decomposition) origin. The salinity and the
dissolved oxygen showed higher values in the
external areas, under stronger marine influence.
The first two vectors in the discriminant analysis,
representing the distribution of the sampling
sites according to environmental variables, were
responsible for 94.95 % of the data variance. The
vector 1, responsible for 87.82 % of the variance,
is positively related to phosphate and negatively
related to oxygen and salinity. Salinity was the main
factor structuring the fish assemblage in several
estuarine systems (Catelani et al. 2014).

Salinity and dissolved oxygen presented the
expected behavior. There was a salinity gradient
with higher values in the outermost areas, where
the influence of marine water is stronger, in relation
to the innermost areas. Similarly, the marine water,
which was more oxygenated, had influence on the
concentrations of dissolved oxygen registered in
the sampling sites (Machado et al. 1997, Elliot &
Hemingway 2002).

Allochthonous phosphate may be a product
of the intense human activities in the PEC, where
urban, port, industrial and dredging activities
coexist, among many others; or may be transported
to the estuary through rivers (Odum 1988).
Phosphate of autochthonous origin results from
the decomposition of organic matter, and for this
reason it is considered a direct indicator of its
presence in the environment. The sites Gamboa
dos Papagaios and Gamboa do Sucuriu were more
influenced by the phosphate concentrations in
relation to the other sites. These are more internal
areas, near the middle region of the PEC, where
the highest values of phosphate of the bay were
recorded (Machado et al. 1997).

The areas of Gamboa dos Papagaios and
Gamboa do Sucuriu are located more internally
in the bay. Therefore, they are more exposed to
the pollution from the Paranagud municipality,
besides the diverse industries and other cities
found in the region. At these sites, large amounts
of organic material (organisms and leaves), whose
decomposition has phosphate, among other
nutrients, as a product, were also recorded. Despite
this, it is important to note that phosphate can
cause eutrophication, which threatens the structure
and function of coastal ecosystems through the
induction of bloom of toxic algae, deposition of



organic matter resulting in anoxic waters, changes
in trophic structures and reduction of diversity
(Rabalais et al. 1996, Dortch et al. 2001, Cugier et
al. 2005).

The differences found in the fish fauna
between the sites were due to the proportion in
which the species occurred in each area. The
species Achirus lineatus, Chaetodipterus faber,
Chilomycterus spinosus spinosus, Diplectrum
radiale, Hippocampus reidi, Sphoeroides greeleyi,
Sphoeroides  testudineus and  Stephanolepis
hispiduswere found in large quantities in Gamboa
do Sucuriu relative to the other sites (Spach et
al. 2003). In Gamboa dos Papagaios, the most
representative species were Achirus lineatus,
Ctenosciaena gracilicirrhus, Micropogonias
furnieri, Rypticus randali, and Symphurus
tesselatus, with a higher proportion of Achoviella
lepidentostole and Chloroscombrus chrysurus
in Gamboa do Baguacu and Pontal do Sul,
respectively. Few species were relatively abundant
in all sampling sites, Anisotremus surinamensis,
Eucinostomus argenteus, Etropus crossotus and
Prionotus punctatus.

Citharichthys sp. occurred in all sample sites.
There are three species of this genus present
in the region: C. arenaceus C. macrops and C.
spilopterus (Spier et al. 2018). Recent studies have
also found Cathorops spixii abundantly (Possatto
et al. 2017). Sciaenidae and Engraulidae are the
families with high number of species in many
estuarine ecosystems, as well as Ariidae, in terms
of abundance (Reis-Filho et al. 2010, Oso6rio et al.
2011, Catelani ef al. 2014, Vilar & Joyeux 2018).

The presence of the seahorse (Hippocampus
reidi), classified as vulnerable in Brazil and
near threatened globally (Oliveira & Pollom
2017), almost exclusively in Gamboa do Sucuriu
(27 individuals in Gamboa do Sucuriu, one in
Gamboa do Baguacu and absent in other sites)
illustrates how a more complex substrate provides
microhabitats that allow for the increase in fish
diversity (Kennish 1990, Ferreira et al. 2001). The
macrobenthic communities of mangroves in PEC
are numerically dominated by crabs, polychaetes,
and bivalves (Lana et al. 2001). It is known that
seahorses occur in associations with complex
habitats such as roots in mangroves, marsh,
macroalgae and reefs, usually using the tail to
attach to the substrate (Rosa et al. 2002).

Nakayama et al. | 923

The spiny pufferfish (Chilomycterus spinosus
spinosus), which was relatively more abundant
in the Gamboa do Sucuriu, is also considered a
species whose occurrence is associated with reefs
(Rodrigues-Barreto et al. 2017). Omnivores are best
represented in places where there is a large variety
of sessile invertebrates, and consequently offer a
greater variety of food (Ferreira et al. 2001). A good
example of an omnivore is the planehead filefish
(Stephanolepis hispidus), which was found in large
numbers in Gamboa do Sucuriu, and feeds on
benthic algae, cnidarians and the most varied types
of invertebrates (Mancera-Rodriguez & Castro-
Herndndez 2015).

In the sites Gamboa do Baguacu and Ponta do
Poco, the bottom structure found was less diverse,
with few organisms or leaves collected. At these
sites, there were high values for diversity and low
number of individuals were caught, demonstrating
that the diversity depended more on evenness than
on the number of species. Pontal do Sul, with less
fish diversity then other samples sites, had a flat
and sandy bottom. Sediments in the higher energy
and euhaline sector of PEC are mainly well-sorted
fine sand, with low organic content (Faraco & Lana
2003, Lamour et al. 2004).

It was possible to identify assemblages with
distinct patterns of habitat use, along the transition
zone from tropical mangroves to temperate salt
marshes (Faraco & Lana 2003). The proximity to the
mouth of sample sites favored marine stragglers
(22 species), but resident estuarine (16 species) and
marine migrants (12 species), were found in all sites
with higher abundances (Reis-Filho et al. 2010,
Osoério et al. 2011, Favero et al. 2019).

Fishery and tourism are the economic base
of the local communities. The region it houses
an important harbor’s area in southern Brazil
(Antonina and Paranagud). Paranaguad is one of the
largest ports for grain exporting in Latin America
(Santos et al. 2009). Environmental alteration is
the major cause of impact on fish populations in
estuaries (Blaber et al. 2000). In order to minimize
the impacts of anthropogenic activities in the
region, there are rights and duties for society to
use the natural resources that the PEC provides, for
example, there are a mosaic of conservation units,
including marine and terrestrial units of restricted
and sustainable use (Lana et al. 2001). The sample
sites, mainly Gamboa dos Papagaios and Gamboa

Oecol. Aust. 24(4): 917-927, 2020
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do Sucuriu, are inserted in a well-preserved
mangrove area. Mangroves are one of the most
endangered and important biological ecosystems,
offering various environmental and economic
services (Hussan & Bardolla 2008, Romaiiach et
al. 2018). The National Conservation Action Plan
of Endangered Species and of Socioeconomic
Importance in Mangrove Ecosystems (PAN
Mangrove 2015), serves as a “guide” for the society
to planning the sustainable development with for
conserve the biological diversity and the cultural
integrity in the region of PEC.

The National Environment Ministry published
the Ordinance 445, guiding the fishing sector to
adopt mitigation or preventive measures for some
species (MMA 2014). Most of the fish have not
been evaluated according to national conservation
status (MMA 2014), only Gymnothorax ocellatus
as data deficient, and Hippocampus reidi as
vulnerable. Forty-nine species were on the red list
of the International Union for Conservation of
Nature (IUCN, 2020), in which 43 are classified as
of least concern, and four species as data deficient.
Hippocampus reidiand Pseudobatos percellenswere
classified as near threatened; both are considered
as species of economic importance in aquarium
trade and as a fishery resource, respectively (Spier
etal. 2018).

We emphasize that there is a huge gap in the
basic ecological knowledge of most of the listed
species, a fact evidenced in the fauna extinction
assessments based on IUCN red list of threatened
species criteria, with a large part of the species
considered not evaluated or data deficient
(MMA 2014). Thus, there is a great demand for
bioecological studies (e.g. populational, age and
growth, reproduction, feeding) to be carried out,
and these data collected 20 years ago, including
the identification of priority habitats along the
estuarine fishes’ distribution areas, must serving
as a basis for current studies.

This study evidence the influence of the
habitat structural complexity in the diversity and
abundance of estuarine fish fauna. Thisisimportant
information that should be considered to optimize
programs for the management and conservation
of local resources of the Paranagud Bay estuarine
complex in Brazil.
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Supplementary Material.

Table S1. Fish fauna captured in the Paranagué
Bay Complex, absolute abundance at sampling
sites, total (IN) and relative (%) abundance.
Sampling sites: Gamboa dos Papagaios (P1),
Gamboa do Sucuriu (P2), Gamboa do Baguacu (P3),
Ponta do Poc¢o (P4) e Pontal do Sul (P5). Habitat
use (HU): MS = marine stragglers; ER = estuarine
residents; MM = marine migrants; EM = estuarine
migrants; and SC = semi-catadroms. Geographic
Distribution (GD): CT = Circuntropical, TA = Trans-
Atlantic, WA = Western Atlantic, SWA = Southern
West Atlantic, SSWA = Southern Southwest Atlantic,
CA = Caribbean, BR = Brazilian Province and EP =
Eastern Pacific. National (MMA) and global (IUCN)
conservation status: NE = not evaluated, LC =
least concern, NT = near threatened, DD = data
deficient, VU = vulnerable, EN = endangered and
CR = critically endangered.

Table S2. Qualitative description ofthe bottom cover
ateach samplingsite. Presence (x) and absence (-) of
items. Fish assemblage data (abundance, richness,
and diversity index). Sampling sites: Gamboa dos
Papagaios (P1), Gamboa do Sucuriu (P2), Gamboa
do Baguacu (P3), Ponta do Poco (P4) e Pontal do Sul
(P5).

Table S3.Mean and standard error of environmental
variables [Temperature (°C), salinity, dissolved
oxygen (ml/L), pH, seston (mg/L), phosphate
(uM), total nitrogen (mg/L), and silicate (uM)]
from sampling sites. Different letters indicate
statistically significant differences (Tukey tests, p <
0.05). *Significant values (ANOVA, p < 0.05).
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