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Abstract

The knowledge of the temporal and spatial dynamics in the composition of fish fauna makes it possible
to identify patterns of occupation of ecosystems, providing a basis for evaluation and preservation
of the local biodiversity. Monthly samplings were carried out at seven sites in a coastal lagoon, using
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a casting net, dip net and beach seine. A total of 4,110 individuals were collected, distributed in 23
families and 49 taxa of fish, with a predominance of Mugil liza, M. curema, Atherinella brasiliensis,
Micropogonias furnieri and Eucinostomus argenteus, corresponding to more than 80% total weight
of all individuals caught. Regarding seasonality, greater abundances were recorded in fall, influenced
by the high abundance of A. brasiliensis in this period. In addition to fall, this species was also
abundant in summer. However, this pattern of dominance was different for the families Mugilidae and
Gerreidae, with higher abundances in spring and summer, respectively. The highest abundances were
found in the southern section of the lagoon, which are related to the high abundance of A. brasiliensis,
M. liza and M. curema. In relation to the indices of average taxonomic distinctness and variation
in the taxonomic distinctness, no significant differences were detected between the seasons of the
year. Thus, the patterns of distribution and occurrence of fish in the lagoon were consistent with the
patterns observed in Brazilian coastal lagoons and estuaries, as well as to the coastal shallow areas of
the southeastern and southern regions.

Resumo

O conhecimento da dindmica temporal e espacial na composic¢do da ictiofauna permite identificar pa-
drdes de ocupagido dos ecossistemas, base de avaliagdo e preservacdo da biodiversidade local. Amostra-
gens mensais foram realizadas em sete locais da lagoa costeira, utilizando tarrafas, pugas e arrasto de
praia. Um total de 4110 individuos foi coletado, distribuido em 23 familias e 49 taxons de peixes, com
predominio de Mugil liza, M. curema, Atherinella brasiliensis, Micropogonias furnieri e Eucinostomus
argenteus, correspondendo a mais de 80% do peso total de todos os individuos capturados. Em relagao
a sazonalidade, maiores abundéncias foram registradas no outono, influenciadas pela alta abundéncia
de A. brasiliensis neste periodo. Além do outono, esta espécie também foi abundante no verdo. No
entanto, este padrao de dominéncia foi diferente para as familias Mugilidae e Gerreidae, com maiores
abundancias na primavera e no verio, respectivamente. As maiores abundancias foram encontradas
no trecho sul da lagoa, relacionadas a alta abundancia de A. brasiliensis, M. liza e M. curema. Em
relacao aos indices de diferenciagdo taxondmica média e variagdo na distingdo taxonoémica, nao foram
detectadas diferengas significativas entre as estagoes do ano. Assim, os padroes de distribui¢ao e ocor-
réncia de peixes na lagoa foram consistentes com os padroes observados nas lagoas e estuarios costei-
ros brasileiros, bem como nas dreas costeiras rasas das regioes sudeste e sul.
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Introduction

According to Yafnez-Arancibia and Nugent (1977), fish are considered regulators
of the ecosystem. The ecological role of fish in the energy chain is of paramount
importance, especially for fish from coastal lagoons, as they participate in different
trophic levels, exchanging or storing energy with neighboring ecosystems, or stor-
ing energy through juvenile fish. In South America, about 12.2% of the coastline
is in the form of lagoons (Cromwell 1971). Coastal lagoons present physical and
chemical gradients influenced by marine and continental environments (Kjervfe
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1994; Suzuki et al. 1998). These ecosystems, like estuaries, are highly productive
and dynamic environments of fundamental importance in the ecological processes
of the coastal biota, especially for fish (Day Jr. and Yafiez-Arancibia 1982). They are
also commercially important environments and home to some species of fish such
as mojarra (Eugerres spp), fat snook (Centropomus parallelus) (Aguierre-Ledn et al.
2014) and mullet (Mugil spp.) (Embarek et al. 2017).

Among studies on the fish fauna of coastal lagoons, the following stand out: Mar-
iani (2001), Verdiell-Cubedo et al. (2006), Pérez-Ruzafa et al. (2006) and Embarek et
al. (2017) in the Mediterranean Sea; Pombo et al. (2005) on the Portuguese coast; as
well as Onuf and Quammen (1983) and Amezcua and Amezcua-Linares (2014) in
the Gulf of California. In the Western Atlantic, the following stand out: Andreata et
al. (1989), Barbien et al. (1991) and Aguiaro and Caramaschi (1995), tropical region;
and Borgo et al. (2015) in the Conceigdo Lagoon (subtropical region). These studies
address spatial and temporal distributions of abundance, biomass, richness, diver-
sity, and the relationships of these aspects to environmental variables.

The Conceigdo Lagoon, located in the subtropical western Atlantic, is the target
of intense environmental impacts because it is a hub for leisure activities, culture,
tourism and recreation (Sierra de Ledo et al. 1985). In the 1980s, this lagoon was
already considered eutrophic (Odebrecht and Caruso Jr 1987) and in the 1990s, the
number of inhabitants in its surroundings tripled (IBGE 2000), increasing nutrient
and organic matter intake in this ecosystem. In general, the highest concentrations
of nutrients were recorded after rainy periods, near river mouths and in the vicinity
of domestic effluent discharge points (Souza Sierra et al. 1999; Dias et al. 2014), also
interfering directly in the decrease of the salinity of these environments.

Another impact to this Lagoon was the opening of a channel that connects the
lagoon to the sea in 1982 (Lisboa et al. 2008), which caused an even greater homog-
enization in its physical and chemical parameters (Silva et al. 2017). These impacts
vary seasonally and spatially, also influencing the distribution of fish fauna (Pazete
de Oliveira and Tejerina-Garro 2010). According to Barbosa (2003), in a survey
of the fishery data made between 1964 and 1998 in Conceigao Lagoon, the catch
in the fishery had a linear decrease, decreasing from 326 tons to 5 tons of fish and
crustaceans in the course of these years. In the same period, the Conceigdo Lagoon
suffered major changes in water quality due to the eutrophication process (Fonseca
2004), which may lead to impacts such as anoxia, hypoxia, toxic algal blooms, fish
mortalities and reduction of the biodiversity of these systems (Silva et al. 2017).

Variations in the number of species, biomass and species richness between the
seasons and areas of the Conceigdo Lagoon were studied by Borgo et al. (2015) and
reinforce their ecological importance as a nursery and feeding grounds, since most
of their species are in the recruitment phase. In addition to the composition and
structure of the fish fauna, the present study evaluates the occurrence of seasonal
and spatial variations in the taxonomic structure of the Conceigdao Lagoon. Stud-
ies involving taxonomic diversity contribute to basic knowledge, since they help
to understand the strategies developed by the organisms in adaptation to the envi-
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ronmental conditions and in the understanding of the distribution patterns of the
species (Pouilly et al. 2006), mainly in environments such as Concei¢ao Lagoon, the
target of intense environmental impacts.

Material and methods

Study area

Located in the center-east region of Santa Catarina Island, in southern Brazil, at
27°34'S, 48°34'W latitude, with a total length of 13.5 km (north-south axis), the
Conceigao Lagoon (Fig. 1) has 19.2 km? area, width between 2.5 and 0.15 km and
depth ranging from 0.5 m in the sand banks to 8.8 m in the channels (Muehe and
Gomes Jr 1999; Lisboa et al. 2008). The Conceigdo Lagoon maintains a connection
with the sea through the Barra Channel, which since 1982 has been permanently
open, directly influencing the salinity of the water (Lisboa et al. 2008).

Sampling

Daytime monthly samplings were carried out in 1988 at seven sampling sites (Fig. 1),
data that could allow a current evaluation of the local fish fauna. The Conceigao Lagoon
was divided into three sectors (Knoppers et al. 1984; Odebrecht and Caruso Jr 1987)
based on physical and chemical characteristics. Sites 1, 2 and 3 correspond to the north-
ern sector, with greater influence of the river and water supply from precipitation, being
the place with lower salinity, corresponding to the average of 11 ups. Site 5, with mean
salinity of 18.5 ups, and site 7, with salinity close to 35 ups, form the central area. In the
south sector, there were sites 4 and 6 with mean salinity of 6.7 ups. At each sampling site
and month, fish were sampled with 10 throws of a 12.0-meter perimeter cast net with
10.0 and 30.0 mm mesh sizes; 10 sifted off a dip net with 30.0 cm in diameter and 5.0
mm mesh; and 3 deployments of a beach seine with 1.0-meter-high, 9.0 meters long,
7.0 mm mesh size in the central portion and 10.0 mm on the sides. The specimens were
packed in identified bags, according to the site and date of collection, and transported
to the laboratory in iceboxes. In the laboratory, fish were identified up to the species lev-
el whenever possible. Then, fish were quantified, measured for total length (mm) and
weighed (g). All specimens were deposited in the fish collection of the Nucleo de Es-
tudos do Mar-NEMAR, Universidade Federal de Santa Catarina, Florianépolis, Brazil.

Data analysis

In the evaluation of spatio-temporal differences in fish abundance, the permuta-
tional multivariate analysis of variance (PERMANOVA) was applied considering
together the three fishing gears, with the seasons of the year (summer, fall, spring
and winter) and the sectors (north, south and central) as fixed and orthogonal fac-
tors (Anderson et al. 2008).
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Figure 1. Location of the seven sampling sites in the Concei¢dao Lagoon, Santa Catarina Island,
southern Brazil.

In the case of rejection of the null hypothesis by PERMANOVA, a pairwise
PERMANOVA was applied, which is a test similar to a post-hoc analysis, to per-
form a posteriori comparison between factors that had significant differences (p-
value <0.05). In order to visualize the differences detected by PERMANOVA, we
performed the canonical analysis of principal coordinates (CAP), which generates
graphical groupings through permutation (Anderson et al. 2008). In these group-
ings, Spearman correlations at 0.4 were used to determine which species (vectors)
were responsible for each junction.

In addition to the analysis of the whole assemblage, the size structure (total
length-TL) of the most abundant species was also tested for spatio-temporal differ-
ences. In this case, PERANOVA was used. Unlike PERMANOVA, which analyzes
the significance of factors through a multivariate matrix (abundances of all species),
PERANOVA is a univariate analysis. In all analyzes, 9999 permutations were made.

In order to evaluate the taxonomic differences between the seasons at each
site and to verify which seasons had the highest taxonomic complexity, we calcu-
lated the Average Taxonomic Distinctness (Delta+ or AvTD) and Variation in the
Taxonomic Distinctness (Lambda+ or VarTD) with the presence/absence matrices
(Clarke and Warwick 1994). To visualize graphically if the values of Average Taxo-
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nomic Distinctness and Variation in the Taxonomic Distinctness of the seasons of
the year are within the taxonomic patterns expected for each location, AvID and
VarTD funnel graphs were elaborated. The taxonomic differences between the sea-
sons of the year were tested by one-way PERANOVA, in which dependent variables
were the species richness, and the values of AvTD and VarTD and the fixed factor
was the seasons of the year.

Results

A total of 4,110 specimens were caught, distributed in 23 families and 49 species
(Table 1). The families with the highest number of taxa were Gerreidae (§=6), Ca-
rangidae and Sciaenidae (S=5, each), Clupeidae and Gobiidae (S=4, each), Mugi-
lidae (S=3), Atherinopsidae, Engraulidae, Haemulidae, Hemiramphidae, Paralich-
thyidae and Sparidae (S=2, each) (Table 1). The other families had only one taxon.

The five families most abundant in their number of individuals were Mugilidae
(2,040 individuals), Atherinopsidae (772), Gerreidae (696), Sciaenidae (111) and
Carangidae (103) (Table 1). In weight, the largest catches (five most abundant fami-
lies) were Mugilidae (21.2 kg), Gerreidae (2.8 kg), Atherinopsidae (1.7 kg), Sciaeni-
dae (1.5 kg) and Belonidae (0.5 kg) (Table 1).

In decreasing order, the taxa Atherinella brasiliensis (N=770), Mugil spp. (N=748),
Mugil liza (N=712), Mugil curema (N=580), Eucinostomus lefroyi (N=226), Eucinos-
tomus argenteus (N=208), Eucinostomus gula (N=111) and Poecilia sp. (N=92) were
more abundant, accounting for more than 80% of the total catch, and A. brasiliensis
and Mugil spp. corresponded to approximately 35% of the total. Six species, namely
Bregmaceros atlanticus, Dactylopterus volitans, Ophichthus gomesii, Paralichthys sp.,
Stellifer rastrifer and Stephanolepis hispidus, were caught only once (Table 1).

The total catch in weight was 30 kg (Table 1). The species M. liza and M. curema
accounted for approximately 70% of the total catch in weight, and in addition to
A. brasiliensis, Micropogonias furnieri and E. argenteus corresponded to more than
80% of the total weight.

In relation to the occurrence of the species in the seasons, 13 species were caught
in all seasons of the year and twelve species in only one of the seasons. There was
greater richness in summer and fall (36 species each), followed by winter (26) and
spring (23) (Table 1). In relation to the sectors (North, Center and South), 15 species
occurred in the three sectors and 21 species occurred exclusively in only one sector.
The largest number of species occurred in the central sector (42), followed by the
southern (29) and northern (21) sectors (Table 1).

In the comparison between the means of total length of the most abundant fish
species, PERANOVA detected significant differences for the interaction between
season and sector for A. brasiliensis and M. liza and for season of the year for the
three most abundant taxa (A. brasiliensis, Mugil spp. and M. liza) (Table 2). In re-
lation to A. brasiliensis, pairwise PERANOVA detected significant differences be-
tween the central and south sectors (t = 3.8561, p-pera = 0.0001) and between south
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Table 1. List of taxa, number of individuals (N), weight (W), mean, minimum and maximum total
length (TL), season (fall = F, spring = S, summer = Su and winter = W) and sector (central = C, north
= N and south = S) (greater abundance on the left) of fish caught in the Concei¢do Lagoon, Santa
Catarina Island, southern Brazil.

Family / Species N W(g MeanTL Min-Max  Season Sector
(mm) TL (mm)

Achiridae
Achirus lineatus (Linnaeus, 1758) 3 22.9 71 68-74 W>SU S
Ariidae
Genidens genidens (Cuvier, 1829) 23 136.25 68.96 51-207 P>W N>C=S
Atherinopsidae
Atherinella brasiliensis (Quoy & Gaimard, 1825) 770  1661.61 57.14 15-130 F>SU>S>W  S>N>C
Odontesthes argentinensis (Valenciennes, 1835) 2 34002E77 1345  132-137 W=S C
Belonidae
Strongylura marina (Walbaum, 1792) 12 463.46 2555  68-460 SU=F>S  N>S>C
Bregmacerotidae
Bregmaceros atlanticus Goode & Bean, 1886 1 0.72 48 48-48 S C
Carangidae
Caranx hippos (Linnaeus, 1766) 2 3.94 50.5 50-51 F C
Caranx latus Agassiz, 1831 10 81.95 74.5 57-129 SU>F C
Oligoplites saurus (Bloch & Schneider, 1801) 6 42.28 98.33 35-135 W>F N
Trachinotus falcatus (Linnaeus, 1758) 14 17.31 38.36 21-44 F>SU C>N=S
Trachinotus marginatus Cuvier, 1832 71 88.01 40.51 28-81 F C
Cichlidae
Geophagus brasiliensis (Quoy & Gaimard, 1824) 3 50.58 94 79-106 SU>W S>N
Clupeidae
Brevoortia pectinata (Jenyns, 1842) 3 14.59 82 73-93 F S>C
Harengula clupeola (Cuvier, 1829) 7 47.13 8543  75-101 W>SU S
Opisthonema oglinum (Lesueur, 1818) 4 51.81 104 86-150 F>SU N>C
Sardinella brasiliensis (Steindachner, 1879) 18 78.72 75 38-104 F C>S
Dactylopteridae
Dactylopterus volitans (Linnaeus, 1758) 1 8.48 107 107-107 SU C
Engraulidae
Anchoa tricolor (Spix & Agassiz, 1829) 15 39.05 7327  53-104 F>SU=S C>N
Cetengraulis edentulus (Cuvier, 1829) 34 153.17 83.74 71-103 F>W>SU  S>C>N
Gerreidae
Diapterus rhombeus (Cuvier, 1829) 8 427 38 31-43 F C
Eucinostomus argenteus Baird & Girard, 1855 208 1029.11  71.01 33-130 SU>F>S>W  S>C>N
Eucinostomus gula (Quoy & Gaimard, 1824) 111 837.49 79.93 42-137 F>SU>W=S S>N=C
Eucinostomus lefroyi (Goode, 1874) 226 154.27 37.77 17-92  W>F=S>SU C>S>N
Eucinostomus melanopterus (Bleeker, 1863) 78  597.17 77.04 48-223 SU>F>W>S S>C>N
Eugerres brasilianus (Cuvier, 1830) 65 176.75 59.8 40-120 F>W>S>SU  S>N>C
Gobiidae
Bathygobius soporator (Valenciennes, 1837) 27 25418 8478  37-115 SU>F>S>W  C>S
Ctenogobius boleosoma (Jordan & Gilbert, 1882) 24 59.91 54.54 22-112  SU>F>S>W C
Ctenogobius shufeldti (Jordan & Eigenmann, 1887) 14 18.24 53.79 22-64 S>W=SU C
Ctenogobius stigmaticus (Poey, 1860) 5 6.03 58 55-63 S>SU C
Haemulidae
Haemulon steindachneri (Jordan & Gilbert, 1882) 13 274.51 100 48-195 SU>F N>S
Orthopristis ruber (Cuvier, 1830) 29 50.12 45.93 30-96 SUSF>W C
Hemiramphidae
Hemiramphus brasiliensis (Linnaeus, 1758) 2 63.59 197 181-213 F C

Hyporhamphus unifasciatus (Ranzani, 1841) 4 74.03 141 77-272 F>SU S>C
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Family / Species N W(g) MeanTL Min-Max  Season Sector
(mm) TL (mm)

Monacanthidae
Stephanolepis hispidus (Linnaeus, 1766) 1 5.26 103 103-103 SU C
Mugilidae
Mugil curema Valenciennes, 1836 580 7512.72 62.65 24-298 F>S>W>SU  S>C>N
Mugil liza Valenciennes, 1836 712 13513.45 50.32 28-402 S>W>SU>F S>C>N
Mugil spp. 748  212.34 27.33 22-81  W>S>F>SU  C>S>N
Ophichthidae
Ophichthus gomesii (Castelnau, 1855) 1 86.31 453 453-453 SU C
Paralichthyidae
Citharichthys spilopterus Gunther, 1862 7 13576  114.86  72-147 S>F>SU C>S
Paralichthys sp. 1 743 89 89-89 SU
Poeciliidae
Poecilia sp. 92 114.86 41.19 12-73  SU>F>S>W  C>S>N
Pomatomidae
Pomatomus saltatrix (Linnaeus, 1766) 22 206.46 98.32 68-152 F>SU=W=S C>S
Sciaenidae
Menticirrhus littoralis (Holbrook, 1847) 72 165.53 74.67 29-188  F>SU>W C
Micropogonias furnieri (Desmarest, 1823) 33 127899 9626  51-144  SU>W>F S>C
Stellifer rastrifer (Jordan, 1889) 1 7.85 92 92-92 S S
Umbrina coroides Cuvier, 1830 4 13.2 63 55-70 F>S C
Sparidae
Archosargus rhomboidalis (Linnaeus, 1758) 9 80.37 78.89 66-103 F>W>S N>C>S
Diplodus argenteus (Valenciennes, 1830) 11 2859 50.91 33-76 SU C
Synodontidae
Synodus foetens (Linnaeus, 1766) 3 69.1 140 110-198 SU>F S>N

TOTAL

4110 30034.61

Table 2. Peranova based on the Bray-Curtis similarity of the total length (square root transformed) of
A. brasiliensis, Mugil spp. and M. liza caught in the Conceigdo Lagoon, Santa Catarina Island, southern
Brazil. Factors: season = S and sector = Se. Test parameters: d.f. = degrees of freedom; MS = sum of

mean squares.

Atherinella brasiliensis

Source of Variation d.f MS Pseudo-F p(pera)
S 3 1669.8 15.894 0.0001
Se 2 21.147 0.20129 0.8445
SxSe 3 586.42 5.5819 0.0001
Res 670 105.06

Mugil spp.
Source of Variation d.f MS Pseudo-F p(pera)
S 3 91.601 22.71 0.0006
Se 2 2.7338 0.67779 0.3725
SxSe 6 4.277 1.0604 0.318
Res 735 4.0335

Mugil liza
Source of Variation d.f MS Pseudo-F p(pera)
S 3 921.04 7.5138 0.0002
Se 2 635.29 5.1826 0.0157
EsxSe 5 1131.1 9.2272 0.0001
Res 700 122.58
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and north (t = 4.2582, p-pera = 0.0001) in the summer. Higher mean values were
found in winter in the central (TL = 9.8 mm) and north (TL = 9.7 mm) sectors; in
spring in northern (TL = 8.4 mm) sector and in summer in southern (TL = 7.5 mm)
sector, and lower mean values occurred in summer in the central (TL = 5.7 mm)
and northern (TL = 6.3 mm) sectors (Fig. 2).

For Mugil spp., whose significant differences occurred only between seasons
(Table 2), according to PERANOVA pairwise results, fall was significantly different
from summer (t = 1.9062, p-pera = 0.0009), winter (t = 6.2243, p-pera = 0.0001)
and spring (t = 8.2312, p-pear = 0.0001). Higher mean TL were observed in winter
(TL = 5.25 mm) and spring (TL = 5.2 mm) in the central sector and in spring and
winter in the southern sector with averages of total length of 5.18 mm, and lower
values were verified in fall, in southern (TL = 4.9 mm), central (TL = 5.0 mm) and
northern (TL = 5.05 mm) sectors and in summer in the central (TL = 5.15 mm)
sector (Fig. 2).

For M. liza, pairwise PERANOVA detected significant differences between
the southern and central sectors in the summer (t = 3.9543, p-pera = 0.0001), win-
ter (t = 8.6419, p-pera = 0, 0001) and in the spring (t = 5.2852; p-pera = 0.0001)
(Table 2). There were also significant differences between the central and north-
ern sectors in winter (t = 2.6783, p-pera = 0.0008) and south and north in spring
(t =3.5397, p-pear = 0.0001). Higher mean values were observed in fall (TL =11
mm), summer (TL = 8.05 mm), and spring (TL = 7.2 mm) in the southern sector
and in the fall in the central sector (TL = 7.8 mm), and lower mean values oc-
curred in the spring in the central sector (TL = 5.3 mm); in winter in the northern

[ North Mugil sp. = North A. brasiliensis
D Central D Geiitral
“ South
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Figure 2. Mean values (standard error in vertical bars) of total length (TL) of Mugil spp., Atherinella
brasiliensis and M. liza in the seasons of the year and sectors of the Conceigdo Lagoon, Santa Catarina
Island, southern Brazil.
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and southern sectors with averages of total length of 5.4 mm, and in fall, in the
northern sector (Fig. 2).

In the comparison of the means of abundance between the seasons and sectors,
PERMANOVA detected significant differences for both isolated factors (Table 3). In
the paired comparisons (pairwise PERMANOVA), for the seasons, only winter and
spring were not significantly different (Table 4) and for the sectors, only between
the north and the south no statistical differences were found (Table 4). Higher mean
values of abundance occurred in the fall in the central and southern sectors; in the
spring, central sector and in winter, southern sector and lower values were observed
in winter and fall in the northern sector; in winter, in the central sector and in sum-
mer, in the northern sector (Fig. 3).

In relation to the species responsible for the graphic groupings elaborated by the
canonical analysis of principal coordinates (CAP), it can be observed that, for the
season of the year, there was a clear separation of the fall samples in relation to the
other samples associated to the first axis, with the species A. rhomboidalis, M. curema
and E. gula correlated positively with these samples, and A. brasiliensis and E. argen-
teus were correlated with the summer samples (Fig. 4A). There was also an overlap of
winter and spring samples correlated with Mugil spp. and Mugil liza (Fig. 4A).

With respect to sectors, the canonical analysis of principal coordinates (CAP)
clearly showed a separation between the three sectors, with the species O. ruber,

Table 3. Permanova based on the Bray-Curtis similarity of abundance (square root transformed) of
fish caught in the lagoon. Factors: season = S and sector = Se. Test parameters: d.f.= degrees of free-
dom; MS = sum of mean squares.

Source of Variation d.f MS Pseudo-F p(perm)
S 3 6072.7 2.7508 0.0001
Se 2 4884.2 2.2124 0.0008
SxSe 6 1718.2 0.7783 0.9073
Res 32 2207.6

Table 4. Pairwise Permanova based on the Bray-Curtis similarity of abundance (square root trans-
formed) comparing the seasons of the year and sectors for fish caught in the Concei¢do Lagoon, Santa
Catarina Island. Bold values are significant (p-value<0.05).

Groups t p(perm)
Summer x Fall 1.7224 0.0019
Summer x Winter 1.99 0.0006
Summer x Spring 1.5724 0.0094
Fall x Winter 1.734 0.0035
Fall x Spring 1.7355 0.0015
Winter x Spring 1.0403 0.3865
North x South 1.2334 0.1346
North x Central 1.5603 0.0067

South x Central 1.5803 0.0055
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Figure 3. Mean values (standard error in vertical bars) of abundance (N) of fish caught in the seasons
of the year and sectors of the Concei¢ao Lagoon, Santa Catarina Island, southern Brazil.
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Figure 4. Results of the canonical analysis of principal coordinates (CAP) of fish caught in the Con-
cei¢do Lagoon, Santa Catarina Island, southern Brazil: (A) with the taxa that contributed to the differ-
ences between the seasons of the year ; (B) with the taxa that contributed to the differences between the
sectors (North, South and Central). Vectors of the species based on the Spearman correlation above 0.4
(p> 0.4). The canonical correlations of the two axes obtained by the analysis were 6, = 0.8623 and 6, =
0.6642 (A) and §, = 0.8782 and §, = 0.6999 (B). F: fall; S: spring; Su: summer; W: winter.

M. littoralis and E. lefroyi correlated with the samples from the central sector, the
species E. brasilianus and M. liza correlated with the samples from the southern sec-
tor and G. genidens correlated with the samples from the northern sector (Fig. 4B).

Regarding the indices of average taxonomic distinctness (Delta+) and variation
in the taxonomic distinctness (Lambda+), associated with species richness, PER-
ANOVA did not detect significant differences for any of the variables, between the
seasons (Table 5). As for the Delta+ index, the values for each season of the year
were within the confidence interval, with the summer in the average and the other
seasons below the average (Fig. 5A). However, for Lambda+, the value for spring
was out of the confidence interval, and winter and fall values were within the con-
fidence interval (Fig. 5B). Only the summer showed value within the average. In
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Figure 5. Average taxonomic distinctness (AvTD - Delta*) (A), variation in the taxonomic distinct-
ness (VarTD - Lambda*) (B) and Lambda* and Delta* biplots (C) calculated per season of the year for
the Conceigao Lagoon, Santa Catarina Island, southern Brazil. A-B: the expected mean is represented
by the center dashed line and the 95% confidence interval limit is given by the solid, funnel-shaped
line; C: the ellipse represents the value of the 95% confidence interval of 20 and 40 species, respectively.
F: fall; S: spring; Su: summer; W: winter.

Table 5. Result of PERANOVA for richness, average taxonomic distinctness (AvID) and variation in
taxonomic distinctness (VarTD) for the lagoon, with the season of the year as the factor.

Source of Variation d.f MS Pseudo-F p(perm)
Riches Season 3 292.99 1.7732 0.1449
Res 40 165.23
AVID Season 3 0.08681 0.85882 0.4882
Res 39 0.10116
VarTD Season 3 29.713 1.7217 0.185
Res 36 17.257

descending order, higher Lambda+ values were verified in spring, winter, fall and
summer (Fig. 5B). In the biplot, the fall and summer values were observed within
the ellipse of 95% probability of occurrence of 40 species; the winter value was with-
in the ellipse of 95% probability of occurrence of 20 species and the value of spring
was out of both ellipses (Fig. 5C).
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Discussion

The predominance of the families Atherinopsidae, Mugilidae and Gerreidae is
a common pattern to the lagoons and coastal lagoons located in the South and
Southeast regions of Brazil (Chao et al. 1982; Andreata et al. 1990; Monteiro-Neto
et al. 1990; Barbien et al. 1991; Sierra de Ledo et al. 1993; Ramos and Vieira 2001;
Hollanda-Carvalho et al. 2003; Loebmann and Vieira 2005; Lisboa et al. 2008;
Spach et al. 2010; Moura et al. 2012). In the Conceigdo Lagoon, the high abun-
dance of mugilids is also highlighted (Sierra de Ledo et al. 1993; Ribeiro et al. 1999;
Borgo et al. 2015). This pattern of dominance can be influenced by the contribution
of freshwater to the lagoon system, even though it represents a small contribution,
it promotes the presence of areas with great availability of food in the lagoon due
to the high primary productivity and the greater quantity of organic matter that
is carried with this fresh water intake in the system, a direct reflection of the in-
crease of urbanization in the hydrographic basin (Rios 2017). According to Vieira
(1991), these characteristics are important to influence the distribution of the juve-
nile individuals of Mugilidae. In the Laguna region, approximately 120 km to the
south of the study area, there was a greater dominance of the families Anablepidae
(represented by Jenynsia lineata, which predominates in freshwater) and Mugilidae
(Monteiro-Neto et al. 1990).

In the Conceigao Lagoon, we observed the occurrence of species of Poecilia, the
eighth most abundant in this study, with predominance in the sector with greater
marine influence (point 5, in the central sector). Although predominantly freshwa-
ter (Mendonga and Andreata 2001), this species is the most tolerant of intermediate
and high salt stress among anablepids (Rosen and Bailley 1963), being considered
in this context an euryhaline species. Corroborating with our results, in faunal sur-
veys conducted in coastal lagoons on the north coast of Rio de Janeiro, the species
Poecilia vivipara was also found in areas considered hypersaline, with salinity up to
36 ups (Hollanda-Carvalho et al. 2003; Correia 2015).

In the case of Conceicdo Lagoon, the composition of the fish fauna is predomi-
nantly estuarine and marine, and it is observed that the freshwater contribution has
little influence on the distribution patterns of the assemblages. However, this contri-
bution of freshwater from the rivers, with great attenuation in precipitation events,
brings with it a lot of organic matter and contributes directly to the eutrophication
of this system, creating recruitment environments for species more resistant and re-
silient to these physicochemical alterations locations. The high marine influence in
the Conceicdo Lagoon was intensified after 1982, with the artificial stabilization of
the Barra Channel, which kept the mouth permanently open, and drastically altered
the aquatic biota (Lisboa et al. 2008). Due to channel stabilization, the salinity of the
central sector remains above 28 ups, between 24 and 27 ups in the northern sector
and close to 24 ups in the southern sector (Odreski 2012).

Similarly to our results, greater abundances of Mugilidae followed by Atherinop-
sidae were recorded in a coastal lagoon with high marine influence, located near the
mouth of the Sai Guacu river, a border of the states of Parand and Santa Catarina
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(Spach etal. 2010). In the Peixe Lagoon, located in the coastal zone of the state of Rio
Grande do Sul, there was a greater abundance of M. liza, comprising approximately
76% of the fish caught, and A. brasiliensis had an occurrence close to 1% (Loebmann
and Vieira 2005). The same pattern is observed in the Patos Lagoon (Chao et al.
1982, Garcia et al. 2001; Ramos and Vieira 2001; Moura et al. 2012). In the coastal la-
goons of Rio de Janeiro, mugilids are more abundant (Andreata et al. 1990; Barbien
etal. 1991). Therefore, since there are differences in patterns of species diversity and
abundance associated with latitudinal variations (Vieira and Musick 1994), these
alternating patterns of dominance among the fish of the families Atherinopsidae
and Mugilidae may be associated with these latitudinal differences, with Mugilidae
predominating to the south and the Atherinopsidae further to the north.

In relation to seasonality, different from Borgo et al. (2015), which carried out a
study contemplating three years of sampling in this same area, of which the Mugi-
lidae family was dominant in abundance mainly in the fall season, in this work the
overall abundance peaked also in the fall, but influenced by A. brasiliensis during
this period, an explanation for the occurrence is that this species spends most of its
life cycle in marginal areas associated with marshes (Garcia and Vieira 1997; Spach
et al. 2004). Atherinella brasiliensis is considered a typical estuarine species (Barbien
et al. 1991; Pessanha and Aradjo 2001). Since its life cycle and niche are associated
directly with estuarine and marginal areas, a high catch of this species is expected
in all seasons of the year. However, the fall, which constitutes the post-reproductive
and recruiting (spring and summer) period, was the period of greatest catchability
of the individuals of this species, probably due to the type and mesh sizes of the
fishing gear used and their high abundance. In addition to fall, this species was also
abundant in the summer, corroborating the results reported by Pessanha and Arau-
jo (2001) in Sepetiba Bay, Rio de Janeiro and by Neves et al. (2006) in the mangrove
of Guaratiba, Rio de Janeiro. However, this pattern of dominance was different for
fish from the families Mugilidae and Gerreidae, with higher abundances in spring
and summer, respectively. Among the mugilids, M. curema was more abundant in
the fall while M. liza, in the spring.

In the state of Rio Grande do Sul, differences were also found for the domi-
nance of mugilids, with higher abundances of M. curema in summer and M. liza, in
winter (Ramos and Vieira 2001). In the same study, the occurrence of A. brasilien-
sis and Odontesthes argentinensis was observed throughout the year for the family
Atherinopsidae, with higher abundances in summer and winter, respectively. In the
Patos Lagoon, Chao et al. (1982) also reported the alternation between dominance
peaks of A. brasiliensis in summer and O. argentinensis in winter. In Rio de Janeiro,
significant differences were also detected between the seasons, with higher domi-
nance of A. brasiliensis in the hot periods (Andreata et al. 1990; Barbien et al. 1991).

Regarding the differences between the sectors of the Concei¢ao Lagoon, the
highest abundances were recorded in the southern sector, which were related to
high abundances of A. brasiliensis, M. liza and M. curema. This high catchability
recorded may be associated with the types of reproduction of r-strategists and for
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forming shoals, which is expected for subtropical estuarine regions (Haedrich 1983;
Chaves et al. 2000). Fish that occupy lower levels in the trophic chain, such as A.
brasiliensis (the most abundant species in this study), are the dominant species in
numbers of individuals in biological communities (Blaber et al. 1984). Mugil spp.
were more abundant in the central sector, where there is a strong marine influence
and a higher salinity. However, in a study by Sierra de Ledo et al. (1993), with juve-
niles of Mugilidae from Concei¢ao Lagoon, there was greater abundance of M. liza
in the central sector, and a homogeneous distribution of M. curema in the northern
and southern sectors.

Thus, in Conceigdo Lagoon, we can infer that the pattern of distribution and
occurrence of fish may have been caused by the influence of anthropic actions, such
as eutrophication, changes in the inflow, fragmentation of the landscape and geo-
morphological modification (De Jonge and De Jong 2002). However, they were in
agreement with the observed patterns for the coastal and estuarine lagoons, as well
as for the shallow areas of the southeastern and southern regions of Brazil. With
respect to taxonomic diversity, we can observe in the biplot chart that the seasons of
spring and winter presented greater taxonomic complexity in relation to the seasons
of fall and summer. An explanation for the low complexity in the last two seasons is
given by the fact that some genera and families are represented by only one species,
whereas in the other two seasons, the higher taxa are relatively rich in species, thus
increasing their taxonomic complexity.

References

Aguiaro T, Caramaschi EP (1995) Ichthyofauna composition of three coastal lagoons in the
north of the state of Rio de Janeiro (Brazil). Brazilian Archives of Biology and Technol-
ogy 38: 1181-1189.

Aguierre-Le6n A, Pérez-Ponce HE, Diaz-Ruiz S (2014) Heterogeneidad ambiental y su
relacién con la diversidad y abundancia de la comunidad de peces en un sistema cos-
tero del Golfo de México. Revista de Biologia Tropical 62(1): 145-163. https://doi.
org/10.15517/rbt.v62i1.8212

Amezcua F, Amezcua-Linares F (2014) Seasonal changes of fish assemblages in a subtropical
Lagoon in the SE Gulf of California. The Scientific World Journal 1: 1-15. https://doi.
org/10.1155/2014/968902

Anderson MJ, Gorley RN, Clarke KR (2008) PERMANOVA +for PRIMER: guide to soft-
ware and statistical methods. PRIMER-E, New Zealand, 218 pp. http://updates.primer-
e.com/primer7/manuals/ PERMANOVA+_manual.pdf

Andreata JV, Saad AM, Barbiéri LRR (1989) Associagio e distribui¢do das espécies de peixes
na laguna de Marapendi, Rio de Janeiro, no periodo de mar¢o de 1985 a fevereiro de
1987. Memorias do Instituto Oswaldo Cruz 84(suppl 4): 45-51. https://doi.org/10.1590/
50074-02761989000800013

Andreata JV, Barbiéri LRR, Sebilia ASC, Silva MHC, Santos MA, Santos RP (1990) Relagio
dos peixes da Laguna de Marapendi, Rio de Janeiro, Brasil. Atlantica 12: 5-17.


https://doi.org/10.15517/rbt.v62i1.8212
https://doi.org/10.15517/rbt.v62i1.8212
https://doi.org/10.1155/2014/968902
https://doi.org/10.1155/2014/968902
http://updates.primer-e.com/primer7/manuals/PERMANOVA+_manual.pdf
http://updates.primer-e.com/primer7/manuals/PERMANOVA+_manual.pdf
https://doi.org/10.1590/S0074-02761989000800013
https://doi.org/10.1590/S0074-02761989000800013

236 André Pereira Cattani et al.

Barbien LRR, Andreata JV, Santos MA, Sebilia ASC, Santos RP, Silva MH (1991) Distribui¢iao
e ciclo de vida das espécies de peixes mais abundantes da laguna de Marapendi, Rio de
Janeiro, Brasil. Revista Brasileira de Zoologia 7(3): 223-243. https://doi.org/10.1590/
S0101-81751990000300004

Barbosa TCP (2003) Ecolagoa: um breve documento sobre a ecologia da bacia hidrografica
da Lagoa da Conceigdo. Editora Agnus, Floriandpolis, 86 pp.

Blaber SJM, Hay DG, Cyrus DP, Martin TJ (1984) The ecology of two degraded estuaries
on the north coastal of Natal, South Africa. South African Journal of Zoology 19(3):
224-240. https://doi.org/10.1080/02541858.1984.11447884

Borgo D, Cattani AP, Ribeiro GC, Pichler HA, Hostim-Silva M, Clezar L, Santos LO, Spach
HL (2015) Os padrées de distribui¢do dos peixes de uma laguna costeira aberta no
Atlantico oeste subtropical sdo influenciados pelas varia¢des espaciais e sazonais? Biote-
mas 28(3): 93-105. https://doi.org/10.5007/2175-7925.2015v28n3p93

Chao LN, Pereira LE, Vieira JP, Benvenuti MA, Cunha LPR (1982) Relagido preliminar dos
peixes estuarinos e marinhos da Lagoa dos Patos e regido costeira adjacente, Rio Grande
do Sul, Brasil. Atlantica 5: 67-75.

Chaves PTC, Bouchereau JL, Vendel AL (2000) The Guaratuba Bay, Paran4, Brazil (25°52'S,
48°39'W), in the life cycle of coastal fish species. In: International Conference Sustain-
ability of Estuaries and Mangroves: Challenges and Prospects, Recife, Published in CD-
ron by UFRPE, 1-8.

Clarke KR, Warwick RW (1994) Change in marine communities: an approach to statistical
analysis and interpretation. 2 nd. Plymouth Marine Laboratory, Plymouth, 144 pp.
Correia LV (2015) O efeito da salinidade em Poecilia vivipara Bloch and Schneider
1801 (Poeciliidae): explorando as variagdes no provisionamento materno e outras
taticas reprodutivas. PhD thesis, Rio de Janeiro, Brasil: Universidade Federal do

Rio de Janeiro.

Cromwell JE (1971) Barrier coast distribution: a world survey. In: Abstract Volume of the
Second National Coastal and Shallow Water Research Conference, Baton Rouge, 50 pp.

Day Jr JW, Yafiez-Arancibia A (1982) Coastal lagoon and estuaries, ecosystem approach.
Ciéncia Interamericana 22: 11-26.

de Jonge VN, de Jong DJ (2002) Ecological restoration in coastal areas in the
Netherlands:concepts, dilemmas and some examples. Hydrobiologia 478(1/3): 7-28.
https://doi.org/10.1023/A:1021014310819

Dias BB, Parizotto BADM, Bonetti C (2014) Agentes Naturais e Antrépicos Modificadores
da Qualidade da Agua e dos Sedimentos nas Areas ariginais da Lagoa da Conceigdo,
SC. Brazilian Journal of Aquatic Science and Technology 18(1): 33-43. https://doi.
org/10.14210/bjast.v18n1.p33-43

Embarek R, Amara R, Kara MH (2017) Fish assemblage structure in shallow waters of the
Mellah Lagoon (Algeria): Seasonal and spatial distribution patterns and relation to en-
vironmental parameters. Acta Ichthyologica et Piscatoria 47(2): 133-144. https://doi.
org/10.3750/AIEP/02080

Fonseca A (2004) Variagdo sazonal e espacial das caracteristicas hidroquimicas, dos fluxos
de nutrientes e do metabolismo na interface agua-sedimento da Lagoa da Conceigdo
(SC, Brasil). PhD thesis. Sdo Paulo, Brasil: Universidade de Sdao Paulo.


https://doi.org/10.1590/S0101-81751990000300004
https://doi.org/10.1590/S0101-81751990000300004
https://doi.org/10.1080/02541858.1984.11447884
https://doi.org/10.5007/2175-7925.2015v28n3p93
https://doi.org/10.1023/A:1021014310819
https://doi.org/10.14210/bjast.v18n1.p33%E2%80%9343
https://doi.org/10.14210/bjast.v18n1.p33%E2%80%9343
https://doi.org/10.3750/AIEP/02080
https://doi.org/10.3750/AIEP/02080

Fish diversity in a coastal lagoon 237

Garcia AM, Vieira JP (1997) O aumento da diversidade de peixes no Estudrio da Lagoa dos
Patos durante episddio El Nino. Atlantica 23: 133-152.

Garcia AM, Vieira JP, Winemiller K (2001) Dynamics of the shallow-water fish assemblage
of the Patos Lagoon estuary (Brazil) during cold and warm ENSO episodes. Journal of
Fish Biology 59(5): 1218-1238. https://doi.org/10.1111/j.1095-8649.2001.tb00187.x

Haedrich RL (1983) Estuarine Fishes. In: Ketchum BH (Eds) Estuaries and Enclosed Seas.
Elsevier Scientific, New York, 183-207.

Hollanda-Carvalho P, Sanchez-Botero JI, Caramaschi EP, Bozelli RL (2003) Temporal vari-
ation of fish community richness in coastal lagoons of the Restinga de Jurubatiba Na-
tional Park, Rio de Janeiro, Brazil. Acta Limnologica Brasiliensia 15: 31-40.

IBGE (2000) Instituto Brasileiro de Geografia e Estatistica. Censo Demografico de Santa
Catarina. Floriandpolis.

Kjervfe B (1994) Coastal lagoons. In: Kjervfe B (Eds) Coastal lagoon processes. El-
sevier Oceanography Series, Amsterdam, 1-8. https://doi.org/10.1016/50422-
9894(08)70006-0

Knoppers BA, Opitz SS, de Souza MP, Miguez CF (1984) The spatial distribution of par-
ticulate organic matter and some physical and chemical water properties in Conceigéo
Lagoon, Santa Catarina, Brazil. Arquivos de Biologia e Tecnologia 27: 59-77.

Lisboa LKL, Teive LF, Petrucio MM (2008) Lagoa da Concei¢do: Uma revisdo da disponibili-
dade de dados ecoldgicos visando o direcionamento de novas pesquisas no ecossistema.
Biotemas 21(1): 139-146. https://doi.org/10.5007/2175-7925.2008v21n1p139

Loebmann D, Vieira JP (2005) Distribui¢io espacial e abundéncia das assembleias de peixes
no Parque Nacional da Lagoa do Peixe, Rio Grande do Sul, Brasil. Revista Brasileira de
Zoologia 22(3): 667-675. https://doi.org/10.1590/S0101-81752005000300023

Mariani S (2001) Can spatial distribution of Ichthyofauna describe ma influence on Coastal
lagoons? A central Mediterranean study. Estuarine, Coastal and Shelf Science 52(2):
261-267. https://doi.org/10.1006/ecss.2000.0746

Mendonga JP, Andreata JV (2001) Aspectos reprodutivos de Poecilia vivipara (Bloch & Sch-
neider) (Poeciliidae) da Lagoa Rodrigo de Freitas, Rio de Janeiro, Brasil. Revista Brasilei-
ra de Zoologia 18(4): 1041-1047. https://doi.org/10.1590/S0101-81752001000400001

Monteiro-Neto C, Blacher C, Laurent AAS, Snizek FN, Canozzi MB, Tabajara LLCA (1990)
Estrutura da comunidade de peixes em aguas rasas na regido de Laguna, Santa Catarina,
Brasil. Atlantica 12: 53-69.

Moura PM, Vieira JP, Garcia AM (2012) Fish abundance and species richness across na estu-
arine-freshwater ecosystem in the Neotropics. Hydrobiologia 696(1): 107-122. https://
doi.org/10.1007/s10750-012-1187-9

Muehe D, Gomes Jr FC (1999) Batimetria e algumas consideragdes sobre a evolucdo ge-
olégica da lagoa da Conceigdo, Ilha de Santa Catarina. In: Sierra de Ledo B, Soriano-
Sierra EJ (Eds) O Ecossistema da Lagoa da Concei¢do. NEMAR/CCB/UFSC, SDM/
FEPEMA, Florianopolis, 16-24.

Neves LM, Pereira HH, Costa MR, Aratjo FG (2006) Uso do manguezal de Guaratiba, Baia
de Sepetiba, Rio de Janeiro, pelo peixe-rei Atherinella brasiliensis (Quoy and Gaimard)
(Atheriniformes, Atherinopsidae). Revista Brasileira de Zoologia 23(2): 421-428. htt-
ps://doi.org/10.1590/S0101-81752006000200017


https://doi.org/10.1111/j.1095-8649.2001.tb00187.x
https://doi.org/10.1016/S0422-9894(08)70006-0
https://doi.org/10.1016/S0422-9894(08)70006-0
https://doi.org/10.5007/2175-7925.2008v21n1p139
https://doi.org/10.1590/S0101-81752005000300023
https://doi.org/10.1006/ecss.2000.0746
https://doi.org/10.1590/S0101-81752001000400001
https://doi.org/10.1007/s10750-012-1187-9
https://doi.org/10.1007/s10750-012-1187-9
https://doi.org/10.1590/S0101-81752006000200017
https://doi.org/10.1590/S0101-81752006000200017

238 André Pereira Cattani et al.

Odebrecht C, Caruso Jr FG (1987) Hidrografia e Matéria Particulada em suspensdo na Lagoa
da Conceigdo, [lha de Santa Catarina, SC, Brasil. Atlantica 9: 83-104.

Odreski LFR (2012) Influéncia hidroldgica nos processos hidrodindmicos da lagoa da Con-
cei¢ao - Florian6polis-SC. PhD thesis. Floriandpolis, Brasil: Universidade Federal de
Santa Catarina.

Onuf C, Quammen MI (1983) Fishes in a California coastal lagoon. Effects of major storms
on distribution and abundance. Marine Ecology Progress Series 12: 1-14. https://doi.
org/10.3354/meps012001

Pazete de Oliveira M, Tejerina-Garro FL (2010) Distribui¢do e estrutura das assembleias de
peixes em um rio sob influéncia antrépica, localizado no alto da bacia do rio Parana -
Brasil central. Boletim do Instituto de Pesca 36: 185-195.

Pérez-Ruzafa A, Garcia-Charton JA, Barcala E, Marcos C (2006) Changes in benthic fish
assemblages as a consequence of coastal works in a coastal lagoon: the Mar Menor
(Spain, Western Mediterranean). Marine Pollution Bulletin 53: 1 07-120. https://doi.
org/10.1016/j.marpolbul.2005.09.014

Pessanha ALM, Aratjo FG (2001) Recrutamento do peixe-rei, A. brasiliensis (Quoy and
Gaimard) (Atheriniformes, Atherinopsidae), na margem continental da baia de Sepeti-
ba, Rio de Janeiro, Brasil. Revista Brasileira de Zoologia 18(4): 1265-1274. https://doi.
org/10.1590/50101-81752001000400021

Pombo L, Elliott M, Rebelo JE (2005) Environmental influences on fish assemblages distri-
bution of na estuarine coastal lagoon Ria de Aveiro (Portugal). Scientia Marina 69(1):
143-159. https://doi.org/10.3989/scimar.2005.69n1143

Pouilly M, Barrera S, Rosales C (2006) Changes of taxonomic and trophic structure of fish as-
semblages along an environmental gradient in the Upper Beni watershed (Bolivia). Jour-
nal of Fish Biology 68(1): 137-156. https://doi.org/10.1111/j.0022-1112.2006.00883.x

Ramos LA, Vieira JP (2001) Composigio especifica e abundéncia de peixes de zonas rasas dos
cinco estudrios do Rio Grande do Sul, Brasil. Boletim do Instituto de Pesca. 27: 109-121.

Ribeiro GC, Clezar LEM, Hostim-Silva M (1999) Comunidade Ictica, sua variagio espacial
e sazonal na Lagoa da Conceigdo e area costeira adjacente, Ilha de Santa Catarina, SC,
Brasil. In: Sierra de Ledo B, Soriano-Sierra EJ (Eds) O Ecossistema da Lagoa da Con-
ceicdo. NEMAR/CCB/UFESC, SDM/FEPEMA, Floriandpolis, 261-273.

Rios MCFA (2017) Percep¢ao da Qualidade Ambiental da Lagoa da Conceigdo pelos Pesca-
dores Artesanais e sua Relagdo com a Pesca: [lha de Santa Catarina, Brasil. PhD thesis.
Floriandpolis, Brasil: Universidade Federal de Santa Catarina.

Rosen DE, Bailley RM (1963) The poecilid fishes (Cyprinodontiformes) their structure, zoo-
geography and systematics. Bulletin of the American of Natural History. 126: 1-176.

Sierra De Ledo B, Gre JCR, Soriano-Sierra EJ (1985) Fishery production, anthropogenic
and natural stress in Conceigdo Lagoon, Santa Catarina, Brazil. In: International Sym-
posium on Utilization of Coastal Ecossystems: Planning, Pollution and Productivity 1:
485-496. https://doi.org/10.1590/2318-0331.011716027

Sierra De Ledo B, Ribeiro GC, Clezar L, Hostim-Silva M (1993) Padrdes de Ocorréncia
Espacial e Temporal de Peixes Mugilideos Jovens na Lagoa da Concei¢ao, Ilha de Santa
Catarina, Brasil. Biotemas 6: 133-146. https://doi.org/10.5007/%25x


https://doi.org/10.3354/meps012001
https://doi.org/10.3354/meps012001
https://doi.org/10.1016/j.marpolbul.2005.09.014
https://doi.org/10.1016/j.marpolbul.2005.09.014
https://doi.org/10.1590/S0101-81752001000400021
https://doi.org/10.1590/S0101-81752001000400021
https://doi.org/10.3989/scimar.2005.69n1143
https://doi.org/10.1111/j.0022-1112.2006.00883.x
https://doi.org/10.1590/2318-0331.011716027
https://doi.org/10.5007/%25x

Fish diversity in a coastal lagoon 239

Silva VEC, Franco D, Fonseca AL, Fontes ML, Donnangelo AR (2017) Space time evolution
of the trophic state of a subtropical lagoon: Lagoa da Conceigao, Floriandpolis Island of
Santa Catarina, Brazil. Revista Brasileira de Recursos Hidricos 22: 1-17.

Souza Sierra MM, Soriano-Sierra EJ, da Silva Sali JR (1999). Distribui¢do espacial e temporal
dos principais nutrientes e pardmetros hidrolégicos da Lagoa da Concei¢do. In: Sierra
de Ledo B, Soriano-Sierra EJ (Eds) O Ecossistema da Lagoa da Concei¢ao. NEMAR/
CCB/UFSC, SDM/FEPEMA, Florianépolis, 63-87.

Spach HL, Godefroid RS, Santos C, Schwarz Jr R, Queiroz GML (2004) Temporal variation
in fish assemblage composition on a tidal flat. Brazilian Journal of Oceanography 52(1):
47-58. https://doi.org/10.1590/51679-87592004000100005

Spach HL, Silva ALC, Bertolli L, Cattani AP, Budel BR, Santos LO (2010) Assembleias de
peixes em diferentes ambientes da desembocadura do rio Sai Guagu, sul do Brasil. Pan-
American Journal of Aquatic Sciences 5: 126-138.

Suzuki MS, Ovalle ARC, Pereira EA (1998) Effects of sand bar openings on some limnologi-
cal variables in a hypertrofic tropical coastal lagoon of Brasil. Hydrobiologia 368(1/3):
111-122. https://doi.org/10.1023/A:1003277512032

Verdiell-Cubedo D, Oliva-Paterna FJ, Torralva M (2006) Lengthweight relationships for 22
fish species of the Mar Menor coastal lagoon (western Mediterranean Sea). Journal of
Applied Ichthyology 22(4): 293-294. https://doi.org/10.1111/j.1439-0426.2006.00738.x

Vieira JP (1991) Juvenile mullets (Pisces: Mugilidae) in the Estuary Lagoa dos Patos, RS,
Brazil. Copeia 2(2): 409-418. https://doi.org/10.2307/1446590

Vieira JP, Musick JA (1994) Fish faunal composition in warm-temperate and tropical estuar-
ies of Western Atlantic. Atlantica 16: 31-53.

Yéanez-Arancibia A, Nugent RS (1977) El papel ecoldgico de 16s peces em estudrio y lagunas
costeras. Anales del Centro de Ciencias del Mar y Limnologia 4: 107-114.


https://doi.org/10.1590/S1679-87592004000100005
https://doi.org/10.1023/A:1003277512032
https://doi.org/10.1111/j.1439-0426.2006.00738.x
https://doi.org/10.2307/1446590

	Diversity and space-time dynamics of fish assemblages in a coastal lagoon, western Atlantic
	Diversidade e Dinâmica Espaço-Temporal das Assembleias de Peixes em uma Lagoa Costeira, Atlântico Ocidental
	Abstract
	Resumo
	Introduction
	Material and methods
	Study area
	Sampling
	Data analysis

	Results
	Discussion
	References

