
Abstract. The Island of Santa Catarina is a mosaic of ecosystems of great importance for 

fish fauna, highlighting the presence, in the same island, of estuaries, lagoons, mangroves, 

rocky shores and sandy beaches. This study aimed to compare, based on species richness, 

fish assemblages between different ecosystems. Between 1981 and 2011, there were collected 

a total of 165 taxa of fish, distributed in 54 families, in six sampling sites, using casting net, 

sweep net, beach trawl and gill net. According to the species accumulation curve, that show 

the increase of the number of different species with the increase of the number of samples, 

for all sites, the curves of species recorded followed patterns similar to curves obtained by 

the Jacknife index. However, the number of species has stabilized only for samples collected 

in Saco dos Limões, Itacorubi Mangrove and Ratones Mangrove. Comparing the mean val-

ues of richness between sites, the highest mean value was found in Saco dos Limões, fol-

lowed by Índio Beach, Conceição Lagoon, North Bay, Itacorubi and Ratones Mangroves. 

Using the list of species as reference, despite the differences in abundance and richness be-

tween sites, the taxonomic structure is similar between sampling sites, which supports the 

hypothesis that the assemblages are occurring in all sites and the differences are primarily 

related to the patterns of reproduction and recruitment of species and secondarily influ-

enced by abiotic factors, especially the temperature and salinity.  
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Introduction 

Comparisons of diversity patterns with-

in each site and comparisons with other sites 

had the main goal to evaluate the similarities 

and differences in each area, disregarding the 

specific merits of species and modes of use of 

each environment. In this sense, in theoretical 

ecology, there are two divergent schools of 

thought about the patterns of diversity: Niche 

Theory and Neutral Biodiversity Theory. 

 The Niche theory, consolidated by 

Hutchinson (1957), raises a hypothesis that 

each species has an ecological role in the envi-

ronment, in terms of predation and intra and 

interspecific competition (Begon et al., 2007). 

Recently, in studies on estuarine fish, the niche 

concept is applied to the classification of spe-

cies into functional guilds and estuary use 

guilds (Elliot et al., 2007). This type of classifi-

cation allows the distinction of fish assemblag-

es beyond the taxonomic and phylogenetic 

classification, considering the different types of 

environmental uses. However, some classifica-

tions are not consensual, which can generate 

misstatements, in which a species can be classi-

fied differently by several authors (Passos et 

al., 2013). 

More recently, in contrast to the Niche 

theory, another hypothesis arises to explain the 

species occurrence patterns. The Neutral Theo-

ry of Biodiversity by Hubbell (2001) proposes 

that the species are trophically and functionally 

equivalent, with ecological properties identical 

within an assemblage or community 

(Cassemiro & Padial, 2008). In this case, the 

number of species in a given assemblage is 

ruled by random processes, whose dominances 

among species are influenced by the migration 

rates from an assemblage to another. Thus, 

regardless of which theory is more appropriate 

to explain the patterns of diversity in the study 

sites, it was not the objective of this work to 

test, validate or disprove either theory, but ra-

ther compare the sites and evaluate the simi-

larities between them.  

 

Material and methods 

Stu dy area  

The island of Santa Catarina (28°37’S; 
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Resumo. Riqueza de espécies de peixes em ambientes pouco profundos da ilha 

de Santa Catarina, Sul do Brasil. A Ilha de Santa Catarina é um mosaico de ecossiste-

mas de grande importância para a fauna de peixes, destacando a presença, na mesma ilha, 

de estuários, lagoas, manguezais, costões rochosos e praias arenosas. Este estudo objetivou 

comparar, com base na riqueza de espécies, as associações de peixes entre diferentes ecos-

sistemas. Entre 1981 e 2011, foi coletado um total de 165 taxa de peixes, distribuídos em 54 

famílias, em seis áreas amostrais, usando tarrafa, puça, rede de arrasto de praia e rede de 

emalhe.  De acordo com a curva de acumulação de espécies, que mostra o aumento do nú-

mero de diferentes espécies com o aumento do número de amostras, para todos os sítios, as 

curvas das espécies registradas seguiram padrões semelhantes às curvas obtidas pelo índice 

de Jacknife. Comparando os valores médios de riqueza entre sítios, o maior valor médio foi 

encontrado em Saco dos Limões, seguido pela Praia do Índio, Lagoa da Conceição, Baía Nor-

te, Manguezal do Itacorubi e Manguezal de Ratones. Utilizando a lista de espécies como re-

ferência, apesar das diferenças de abundância e riqueza entre os sítios, a estrutura taxonô-

mica é semelhante entre os locais de amostragem, o que suporta a hipótese de que as assem-

bleias estão ocorrendo em todos os locais e as diferenças estão principalmente relacionadas 

aos padrões de reprodução e recrutamento de espécies e secundariamente influenciado por 

fatores abióticos, especialmente a temperatura e a salinidade. 

Palavras-chave: Estrutura Taxonômica, Florianópolis, Fauna de Peixes, Mosaico Costeiro.  



48°27’W) is located parallel and adjacent to the 

continental margin, with elongated shape and 

directed towards N-NE/S-SW, and occupies an 

area of 431 km2, surrounded by 180 km of 

coast, on the limit of the subtropical region 

(Sierra de Ledo, 1997). It is an insular environ-

ment composed of diverse ecosystems such as 

mangroves, lagoons, sandy beaches and rocky 

shores. Six water bodies, represented by the 

lagoons of Conceição and Peri (19.2 km2 and 

5.1 km2, respectively), the first permanently 

connected to the sea and the second containing 

fresh water, along with temporary small la-

goons (Chica, Pequena, Leste, Ponta das Canas 

and Campeche) with 0.3 km2 surface area, oc-

cupy 6.5% of the surface of the island (Sierra de 

Ledo, 1997). 

According to the Köppen climate classi-

fication, the region has a humid subtropical 

climate (Cfa), the rainfall has a clear seasonali-

ty, with the rainy season in the months of 

spring and summer, with a monthly average of 

149 mm, and the dry season in months of fall 

and winter, with a monthly average of 95 mm 

(MPB, 2013). 

The prevailing wind regime on the is-

land is related to the action of Tropical Atlantic 

and Polar Atlantic air masses that generate 

winds from the north and south quadrants, re-

spectively (Castilhos & Gré, 1997). According to 

these authors, the dominant waves come main-

ly from the northeast, southeast and south, 

with the largest swells from the south. Regard-

ing the tide, inside the bays in the area near the 

island of Santa Catarina, it is classified as semi-

diurnal, with an average range of 0.52 m 

(Soriano-Sierra, 1997). 

The study area corresponds to the fol-

lowing environments belonging to the Island of 

Santa Catarina: 

• North Bay (Figure 1, point A), with 146 

km² of surface and predominantly oceanic 

characteristics, whose physicochemical param-

eters vary mainly according to the region's 

rainfall regime (Cerutti, 1996). According to 

Campos, 2011, there are predominance of fine 

sediments, represented in the granulometry by 

medium to thick clays and very fine to thick 

silts; 

• Saco dos Limões (Figure 1, point B), a 

cove with depths varying from 1m in the south-

ern portion to 10m in the northern portion, 

with the predominance of fine sediments and 

fractions of sandy sediments associated to 

shoals near the Tavares river mangrove 

(Cartagena et al., 2011); 

• Ratones Mangrove (Figure 1, point C), 

characterized as a more preserved environ-

ment, located north-west of Santa Catarina Is-

land on the North Bay , occupying, in the estu-

arine part of the Ratones River, an area of 7.30 

Km² (Simonassi et al., 1997). Its surface is 

drained by several rivers and streams, being 

the Ratones River the main one of the hydro-

graphic basin; 

• Itacorubi Mangrove (Figure 1, point 

D), a more anthropized environment due to its 

location close to the urban network and the use 

of this place for the deposit of municipal waste, 

including domestic and hospital waste. It has 

an area of 1.42 km² (Soriano-Sierra, 1993 apud 

Souza-Sierra et al., 1997); 

• Índio Beach (Figure 1, point E), is 

characterized as sheltered from waves (Jackson 

et al., 2002). Its tidal regime is semidiurnal 

with an average amplitude of 0.52 m (Soriano-

Sierra & Sierra de Ledo, 1998). There is a high 

prevalence of salinities, generally above thirty, 

and a thermal amplitude of 16 to 28 ° C (Maciel 

et al., 2010; Simonassi et al., 2010); 

• Conceição Lagoon (Figure 1, point F), 

located in the center-east of the Island, has an 

area of 19.2 km², and depth ranging from 0.5 

m in the sandbanks to 8.8 m in the canals 

(Muehe & Gomes JR, 1999). It presents pre-

dominance of sandy sediments in the marginal 

and silty parts in the most central and deep 

parts (Muehe & Gomes JR, 1999). 

Sampling design 

In the North Bay, seasonal samplings 

were conducted in January, April, July and Oc-

tober of 2005. On board a wooden boat of 6 

meters equipped with an 18 Hp diesel engine, 

bottom trawls were towed for 30 minutes in six 

predefined areas in the North Bay (Figure 1, 
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point A). 

In the Saco dos Limões, fish were sam-

pled day and night every two months, between 

February 2001 and December 2003, in six 

sampling sites (Figure 1, point B). At each sam-

pling site, double trawls were deployed for 10 

minutes each, using one trawl with 4.5 m long, 

7.5m top and 9 m bottom and meshes from 12 

to 14 mm between opposite knots. Fish collec-

tion of both nets towed simultaneously was 

considered as a sample. 

In the Itacorubi Mangrove, monthly 

samples were taken during 32 months, be-

tween 1986 and 1989 in five distinct sites 

(Figure 1, point D). In each site and month, 30 

fishing haul were made with the help of cast 

nets with meshes of 10 and 20 mm between 

adjacent knots, 15 hauls for each net. On the 

banks of the rivers, we used sweep net 10 mm 

mesh between adjacent knots. Besides, at the 

confluence of the rivers that cross this man-

grove, we also used a gill net, with two side nets 

150 mm mesh size and a central net 30 mm 

mesh size, both between adjacent knots. 

Data of the Ratones Mangroves were 

obtained monthly in five sites (Figure 1, point 

C) from September to December 1997, January

-December (except for February) 1998 and 

from February to May 1999, totaling 19 months 

of collection.  In each month and site three cast 

4 

Figure 1. Map with the location of sampling sites in the island of Santa Catarina. A) In the North Bay, sea-
sonal samplings were conducted in 2005; B) In the Saco dos Limões, fish were sampled between February 
2001 and December 2003; C) Data of the Ratones Mangroves were obtained by two samplings at different 
times. The first took place from September to December 1997, January-December (except for February) 
1998 and from February to May 1999; D) In the Itacorubi Mangrove, monthly samples between 1986 and 
1989; E) In the Índio Beach, used data from Ribeiro et al. (2014), fish were collected monthly between De-
cember 2010 and November 2011; F) In the Conceição Lagoon, samples were taken between 1981 and 1993.  
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nets with the same diameter and different 

mesh sizes (45, 60 and 65 mm between adja-

cent knots, respectively) were cast 10 times, 

totaling 30 throws. Ten casts of a sweep (10 

mm mesh size) were also used on the margins.  

In the Conceição Lagoon (Figure 1, 

point F), samples were taken between 1981 and 

1993, in 63 months and seven sampling sites 

distributed in the north, central and south sec-

tors. At each site, fish were collected with cast 

nets of different mesh sizes, sweep net and 

beach seine net. 

Still, we also used data from Ribeiro et 

al. (2014) on fish collected at Índio Beach, in 

the northwestern of the island of Santa Catari-

na, on the shore of the North Bay  (Figure 1, 

point E). In this study, fish were collected 

monthly between December 2010 and Novem-

ber 2011 in the first neap tide of each month 

with the help of a Fyke net (capéchade). The 

net consisted of a barrier (20 m long, 2 m high, 

13 mm mesh size) and three trap nets, mesh 

ranging from 13 to 6 mm. The fishing gear has 

operated for 48 hours with inspections held at 

dawn and dusk, totaling four samples in total, 

two diurnal and two nocturnal. 

Statistical analysis 

All analyzes were calculated using the 

statistical package PRIMER, 6.1.12 (Clarke & 

Gorley, 2006) & PERMANOVA+ (Anderson et 

al., 2008). The comparison between the sites 

was based on species richness. In this way, in 

addition to comparing the sites, we also com-

pared the environments: lagoon, represented 

by the data of Conceição Lagoon; bay 

(estuarine) with data from the North Bay  and 

Saco dos Limões; mangrove (Itacorubi and Ra-

tones) and beach (Índio). 

To evaluate the representativeness in 

the number of species in each site, we con-

structed with data of abundance of every 

month and year, species accumulation curves, 

that show the increase of the number of differ-

ent species with the increase of the number of 

samples. In addition to the observed values of 

the species accumulated in the samples, we 

drawn a curve based on the first order Jacknife 

index (Colwell & Coddington, 1994). This index 

(S) estimates richness based on the number of 

species occurring only in a sample. 

 

where SOBS= number of species ob-

served; L=sample and n= number of species. 

Thus, it is assumed that the curves 

drawn with the observed data and modeled 

data follow the same pattern and if both curves 

reach a stabilization, then the number of spe-

cies in each site is representative of the whole, 

allowing comparison between sites. However, 

it was not considered any differences arising 

from the selectivity of the different fishing 

gears used in the samplings. 

To test the difference between the sites, 

environments, and seasons, a PERMANOVA 

was run, using the following complex model: 

 

X= µ + Es + Am + Lo(Am) + Es* Am + 

Es* Lo(Am) + e 

 

where X= dependent variable; µ= 

mean; Es=season, Am=environment, Lo=site; 

e=error.  

This model was used to test differences 

in species richness between the seasons 

(summer, winter, fall and spring), between en-

vironments (bay, mangrove, lagoon and beach) 

and between sites (North Bay, Saco dos 

Limões, Itacorubi Mangrove, Ratones Man-

grove, Conceição Lagoon and Índio Beach). 

The factors season (Es) and environ-

ment (Am) were considered as fixed and the 

factor site (Lo) was considered as random, nes-

tled in the factor environment. Due to differ-

ences in sampling effort between each site, 

samples were standardized, considering the 

presence/absence of species in the four sea-

sons. 

The PERMANOVA was run with a simi-

larity matrix based on the Sorensen index, spe-

)
1

(
n

n
LSS OBS
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cific to presence/absence data (Clarke & War-

wick, 1994). Also, 9999 permutations were 

made. A canonical analysis of principal coordi-

nates (CAP) was performed and the vectors 

(species) were plotted based on the Spearman 

correlation of 0.6 (Clarke & Warwick, 1994). 

The indices Average Taxonomic Dis-

tinctness and Variation in Taxonomic Distinct-

ness, which allow to evaluate the differences in 

the taxonomic structure of the species, better 

reflecting the biodiversity and presenting 

greater robustness in relation to the variations 

in the sample effort, were calculated with pres-

ence/absence data of each site. Funnel-shaped 

charts and biplot graphs were constructed for 

visual presentation of results (Clarke & War-

wick, 1994). 

 

Results 

There were collected a total of 165 taxa 

of fish, distributed in 54 families in the six 

sampling sites (Table 1). The families with 

higher richness were, in descending order, Sci-

aenidae (19 species), Carangidae (13), Engrau-

lidae and Serranidae (10 each), Paralichthyidae 

(9), Gerreidae (8), Tetraodontidae (7), Gobi-

idae and Haemulidae (6 each), Clupeidae and 

Lutjanidae (5 each), Achiridae and Ariidae (4 

each) and Atherinopsidae, Blenniidae, Mona-

canthidae and Mugilidae (3 each). The other 

families had only one species each (Table 1). 

Of the 165 taxa of fish identified in this 

research, 17 are present in all environments. As 

for the dissimilarity between the environments, 

25 taxa are present exclusively in the Conceição 

Lagoon, 14 exclusive taxa in the Saco dos 

Limões, 10 taxa in the Índio Beach, 7 taxa in 

the North Bay, 4 taxa in the Itacorubi Man-

grove and only 3 taxa in the Ratones Mangrove 

(Table 1). However, it is worth remembering 

that for this work, the collections were carried 

out in different periods with different gear, as 

already described in material and methods. 

According to the species accumulation 

curve based on Jackknife index, it was ob-

served that, for all sites and as expected, the 

recorded species curves followed patterns simi-

lar to curves obtained by the index (Figure 2). 

However, the number of species has stabilized 

only for samples collected in Saco dos Limões 

(LIM), Itacorubi Mangrove (ITA) and Ratones 

Mangrove (RAT). For other sites, although no 

stabilization has occurred, the curves follow a 

very close pattern (Figure 2). 

Comparing the mean values of species 

richness between sites, environments through-

out the seasons, PERMANOVA detected signif-

icant differences between environments and 

sites (Table 2). In the paired test (Pairwise 

PERMANOVA) within each environment, there 

were significant differences only within the en-

vironment bay that correspond to North Bay 

and Saco dos Limões (p-value = 0.0295). Con-

sidering the sites, a higher mean species rich-

ness was found in the Saco dos Limões (mean 

± SEM; 59.75 ± 2.5), followed by Índio Beach 

(55.7 ± 2.67), Conceição Lagoon (52.25 ± 6.4), 

North Bay (45 ± 2.48), Itacorubi Mangrove 

(34.5 ± 3.17) and Ratones Mangrove (30.75 ± 

3.84) (Figure 3). 

6 

Figure 2. Species accumulation curve for species 
sampled in North Bay (BNO), Saco dos Limões 
(LIM), Itacorubi Mangrove (ITA), Ratones Man-
grove (RAT), Conceição Lagoon (CON) and Índio 
Beach (IND). Comparison of observed values 
(dashed line) with values given by the Jacknife 
index (solid line). 
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Family Species BNO LIM ITA RAT CON IND 

ACHIRIDAE  

Achirus declivis  Chabanaud, 1940 1 0 0 0 0 0 
Achirus lineatus  (Linnaeus, 1758) 1 1 1 1 1 1 
Catathyridium garmani  (Jordan, 1889) 0 1 0 0 0 0 
Trinectes paulistanus (Miranda Ribeiro, 1915) 1 0 0 0 0 0 

ARIIDAE  

Cathorops spixii (Agassiz, 1829) 0 0 1 0 0 1 
Genidens barbus  (Lacepède, 1803) 1 1 1 1 0 1 
Genidens genidens (Cuvier, 1829) 1 1 1 1 1 1 
Genidens machadoi  (Miranda Ribeiro, 1918) 0 0 0 0 0 1 

ATHERINOPSIDAE  

Atherinella brasiliensis (Quoy & Gaimard, 1825) 0 0 1 1 1 1 

Odontesthes argentinensis  (Valenciennes, 1835) 0 0 0 0 0 1 

Odontesthes bonariensis  (Valenciennes, 1835) 0 0 0 0 1 0 

BATRACHOIDIDAE Porichthys porosissimus  (Cuvier, 1829) 1 1 0 0 0 1 

Strongylura marina  (Walbaum, 1792) 0 0 1 0 1 1 
BELONIDAE  

Strongylura sp. 0 0 0 0 1 1 

BLENNIIDAE  

Hypleurochilus fissicornis  (Quoy & Gaimard, 
1824) 0 0 0 0 1 0 

Parablennius pilicornis  (Cuvier, 1829) 0 0 0 1 1 0 
Scartella cristata  (Linnaeus, 1758) 0 0 0 0 1 0 

BREGMACEROTIDAE Bregmaceros atlanticus  Goode & Bean, 1886 0 0 0 0 1 0 

CARANGIDAE  

Caranx hippos  (Linnaeus, 1766) 0 0 1 0 1 0 
Caranx latus Agassiz, 1831 0 1 0 0 1 0 
Chloroscombrus chrysurus  (Linnaeus, 1766) 1 1 0 0 0 1 
Hemicaranx amblyrhynchus  (Cuvier, 1833) 0 0 0 0 0 1 
Oligoplites palometa  (Cuvier, 1832) 0 0 1 1 1 1 
Oligoplites saliens  (Bloch, 1793) 0 1 1 0 0 1 
Oligoplites saurus  (Bloch & Schneider, 1801) 1 1 1 1 1 1 
Selene setapinnis  (Mitchill, 1815) 1 1 0 0 0 0 
Selene vomer  (Linnaeus, 1758) 1 1 1 0 1 1 
Trachinotus carolinus  (Linnaeus, 1766) 1 1 0 0 1 1 
Trachinotus falcatus  (Linnaeus, 1758) 0 0 0 0 1 1 
Trachinotus marginatus  Cuvier, 1832 0 0 0 0 1 0 
Uraspis secunda  (Poey, 1860) 0 0 1 0 0 0 

CENTROPOMIDAE  Centropomus parallelus  Poey, 1860 1 1 1 1 1 1 
Centropomus undecimalis  (Bloch, 1792) 0 1 0 1 0 0 

CHARACIDAE Hollandichthys multifasciatus  (Eigenmann & 
Norris, 1900) 0 0 0 1 0 0 

CICHLIDAE  
Geophagus brasiliensis  (Quoy & Gaimard, 1824) 0 0 1 1 1 0 

Oreochromis niloticus  (Linnaeus, 1758) 0 0 1 0 0 0 

CLUPEIDAE  

Brevoortia pectinata  (Jenyns, 1842) 0 0 0 0 1 0 
Harengula clupeola  (Cuvier, 1829) 1 1 1 1 1 1 
Opisthonema oglinum  (Lesueur, 1818) 1 0 0 1 1 1 
Platanichthys platana  (Regan, 1917) 1 0 0 0 0 0 
Sardinella brasiliensis  (Steindachner, 1879) 0 1 1 0 1 1 

CYNOGLOSSIDAE Symphurus tessellatus  (Quoy & Gaimard, 1824) 1 1 1 1 1 1 

DACTYLOPTERIDAE Dactylopterus volitans  (Linnaeus, 1758) 0 0 0 0 1 1 

DIODONTIDAE Chilomycterus spinosus spinosus  (Linnaeus, 
1758) 0 1 0 1 0 1 

ELOPIDAE Elops saurus  Linnaeus, 1766 0 1 1 1 1 1 

ENGRAULIDAE  

Anchoa januaria  (Steindachner, 1879) 0 0 1 1 1 1 
Anchoa lyolepis  (Evermann & Marsh, 1900) 0 1 0 0 1 0 

Anchoa marinii Hildebrand, 1943 0 1 0 1 0 1 
Anchoa spinifer  (Valenciennes, 1848) 1 0 0 0 0 1 

Anchoa tricolor  (Spix & Agassiz, 1829) 0 0 0 0 1 1 

Anchovia clupeoides  (Swainson, 1839) 1 0 0 1 0 1 

Table 1. Occurrence of families and species of fish collected in North Bay (BNO), Saco dos Limões (LIM), 
Itacorubi Mangrove (ITA), Ratones Mangrove (RAT), Conceição Lagoon (CON), and Índio Beach (IND) is-
land of Santa Catarina, southern Brazil. 
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Family Species BNO LIM ITA RAT CON IND 

ENGRAULIDAE  

Anchoviella lepidentostole  (Fowler, 1911) 0 0 0 1 0 1 
Cetengraulis edentulus  (Cuvier, 1829) 1 1 1 1 1 1 
Engraulis anchoita Hubbs & Marini, 1935 0 0 0 0 1 1 
Lycengraulis grossidens  (Spix & Agassiz, 1829) 0 1 1 1 1 1 

EPHIPPIDAE Chaetodipterus faber  (Broussonet, 1782) 1 1 1 1 0 1 

FISTULARIIDAE Fistularia tabacaria Linnaeus, 1758 0 0 0 0 1 0 

GEMPYLIDAE Thyrsitops lepidopoides  (Cuvier, 1832) 0 0 0 0 1 0 

GERREIDAE   

Diapterus auratus  Ranzani, 1842 0 0 0 1 0 1 

Diapterus rhombeus  (Cuvier, 1829) 1 1 1 1 1 1 

Eucinostomus argenteus Baird & Girard, 1855 1 1 1 1 1 1 

Eucinostomus gula  (Quoy & Gaimard, 1824) 1 1 1 1 1 1 

Eucinostomus sp. 0 0 1 0 1 0 

Eugerres brasilianus  (Cuvier, 1830) 0 0 1 1 1 0 

Ulaema lefroyi  (Goode, 1874) 0 0 1 0 1 0 

GOBIIDAE  

Awaous tajasica  (Lichtenstein, 1822) 0 0 0 0 1 0 

Bathygobius soporator  (Valenciennes, 1837) 0 0 1 1 1 0 

Ctenogobius boleosoma  (Jordan & Gilbert, 1882) 0 0 0 0 1 0 
Ctenogobius shufeldti  (Jordan & Eigenmann, 
1887) 0 0 0 0 1 0 

Ctenogobius stigmaticus  (Poey, 1860) 0 0 0 0 1 0 
Gobionellus oceanicus  (Pallas, 1770) 1 1 1 1 1 1 

GYMNURIDAE Gymnura altavela  (Linnaeus, 1758) 0 1 0 0 0 0 

HAEMULIDAE  

Anisotremus surinamensis  (Bloch, 1791) 0 0 0 0 1 1 

Genyatremus luteus  (Bloch, 1790) 0 0 1 0 0 0 

Haemulon aurolineatum Cuvier, 1830 0 1 0 0 1 0 
Haemulon steindachneri  (Jordan & Gilbert, 
1882) 0 0 0 0 1 0 

Orthopristis ruber  (Cuvier, 1830) 1 1 1 0 1 1 
Haemulopsis corvinaeformis  (Steindachner, 
1868) 1 1 0 0 0 1 

HEMIRAMPHIDAE  
Hemiramphus brasiliensis  (Linnaeus, 1758) 0 0 0 0 1 0 

Hyporhamphus unifasciatus  (Ranzani, 1841) 0 0 0 0 1 1 

HEPTAPTERIDAE Rhamdia quelen  (Quoy & Gaimard, 1824) 0 0 0 1 0 0 

LUTJANIDAE  

Lutjanus analis  (Cuvier, 1828) 0 0 0 0 1 1 

Lutjanus  cyanopterus (Cuvier, 1828) 0 0 0 0 1 0 

Lutjanus jocu  (Bloch & Schneider, 1801) 0 0 0 0 1 0 

Lutjanus sp. 0 0 0 0 1 0 

Lutjanus synagris  (Linnaeus, 1758) 0 1 0 0 0 0 

MONACANTHIDAE  
Aluterus schoepfii  (Walbaum, 1792) 0 0 0 0 1 0 

Monacanthus ciliatus  (Mitchill, 1818) 0 0 0 0 1 0 

Stephanolepis hispidus  (Linnaeus, 1766) 1 1 0 0 1 1 

MUGILIDAE  

Mugil curema Valenciennes, 1836 1 1 1 1 1 1 

Mugil liza Valenciennes, 1836 1 1 1 1 1 1 

Mugil sp. 0 0 1 1 1 1 

MURAENIDAE Gymnothorax ocellatus  Agassiz, 1831 1 1 0 0 0 1 

NARCINIDAE Narcine brasiliensis  (Olfers, 1831) 0 0 0 0 1 0 

OPHICHTHIDAE Ophichthus gomesii  (Castelnau, 1855) 1 1 1 0 1 1 
Citharichthys arenaceus Ever-
mann & Marsh, 1900 0 0 1 0 0 0 

PARALICHTHYIDAE  

Citharichthys macrops  Dresel, 1885 0 0 0 1 0 1 

Citharichthys spilopterus  Günther, 1862 1 1 1 1 1 1 

Etropus crossotus Jordan & Gilbert, 1882 1 1 0 1 0 1 

Etropus sp. 0 1 0 0 0 0 

Paralichthys brasiliensis  (Ranzani, 1842) 1 0 0 0 0 0 

Paralichthys orbignyanus  (Valenciennes, 1839) 0 1 0 0 0 0 

Table 1. Continuation. 
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PARALICHTHYIDAE  
Paralichthys patagonicus Jordan, 1889 0 0 0 0 0 1 
Paralichthys sp. 0 0 0 0 1 0 

PLEURONECTIDAE Oncopterus darwinii  Steindachner, 1874 0 1 0 0 0 0 

POECILIIDAE  Phalloceros caudimaculatus  (Hensel, 1868) 0 0 0 1 0 0 
Poecilia sp. 0 0 1 0 1 0 

POLYNEMIDAE Polydactylus virginicus  (Linnaeus, 1758) 0 0 0 0 0 1 

POMACENTRIDAE Abudefduf saxatilis  (Linnaeus, 1758) 0 0 0 0 1 0 

POMATOMIDAE Pomatomus saltatrix  (Linnaeus, 1766) 0 1 1 0 1 1 

PRIACANTHIDAE Heteropriacanthus cruentatus  (Lacepède, 1801) 0 0 0 0 0 1 

PRISTIGASTERIDAE  
Chirocentrodon bleekerianus  (Poey, 1867) 0 1 0 0 0 0 
Pellona harroweri  (Fowler, 1917) 1 1 0 0 0 1 

RHINOBATIDAE Zapteryx brevirostris  (Müller & Henle, 1841) 1 0 0 0 0 0 

SCIAENIDAE   

Bairdiella ronchus  (Cuvier, 1830) 0 1 1 0 0 1 
Ctenosciaena gracilicirrhus  (Metzelaar, 1919) 1 1 0 0 0 0 

Cynoscion jamaicensis  (Vaillant & Bocourt, 1883) 1 0 1 1 0 1 

Cynoscion leiarchus  (Cuvier, 1830) 1 1 1 1 1 0 
Cynoscion microlepidotus  (Cuvier, 1830) 1 1 0 1 0 1 
Isopisthus parvipinnis  (Cuvier, 1830) 1 1 1 0 0 1 
Larimus breviceps Cuvier, 1830 0 0 0 0 0 1 

Macrodon ancylodon  (Bloch & Schneider, 1801) 1 0 0 0 0 1 

Menticirrhus americanus  (Linnaeus, 1758) 1 1 0 1 0 1 
Menticirrhus littoralis  (Holbrook, 1847) 0 1 0 0 1 1 
Micropogonias furnieri  (Desmarest, 1823) 1 1 1 1 1 1 

Odontoscion dentex  (Cuvier, 1830) 1 0 0 0 0 0 

Paralonchurus brasiliensis  (Steindachner, 1875) 1 1 0 0 1 1 

Pogonias cromis  (Linnaeus, 1766) 0 0 1 1 0 1 
Stellifer brasiliensis  (Schultz, 1945) 1 1 0 0 0 0 
Stellifer rastrifer  (Jordan, 1889) 1 1 0 1 1 1 
Stellifer sp. 0 1 0 0 0 0 
Stellifer stellifer  (Bloch, 1790) 0 1 0 0 0 1 
Umbrina coroides  Cuvier, 1830 1 0 0 0 1 0 

SCOMBRIDAE Scomberomorus brasiliensis  Collette, Russo & 
Zavala-Camin, 1978 0 0 0 0 0 1 

SCORPAENIDAE  
Scorpaena isthmensis Meek & Hildebrand, 1928 0 1 0 0 0 0 
Scorpaena plumieri Bloch, 1789 0 1 0 0 1 0 

SERRANIDAE  

Diplectrum formosum  (Linnaeus, 1766) 0 0 0 0 1 0 

Diplectrum radiale  (Quoy & Gaimard, 1824) 1 1 0 0 0 1 
Epinephelus marginatus  (Lowe, 1834) 0 1 0 0 1 0 
Epinephelus morio  (Valenciennes, 1828) 0 1 0 0 0 0 
Hyporthodus niveatus  (Valenciennes, 1828) 0 1 0 0 1 0 
Mycteroperca acutirostris  (Valenciennes, 1828) 0 1 0 0 1 0 
Mycteroperca bonaci  (Poey, 1860) 0 1 0 0 0 0 

Mycteroperca microlepis  (Goode & Bean, 1879) 0 1 0 0 0 0 

Mycteroperca sp. 0 1 0 0 1 0 
Rypticus randalli  Courtenay, 1967 0 1 0 0 0 0 

SPARIDAE  
Archosargus rhomboidalis  (Linnaeus, 1758) 1 1 0 1 1 1 
Diplodus argenteus  (Valenciennes, 1830) 0 0 0 0 1 1 

SPHYRAENIDAE Sphyraena guachancho Cuvier, 1829 0 1 0 0 0 1 

STROMATEIDAE Peprilus paru  (Linnaeus, 1758) 1 1 0 0 0 1 

SYNGNATHIDAE  
Hippocampus reidiI Ginsburg, 1933 0 0 0 0 1 0 
Syngnathus folletti  Herald, 1942 0 0 0 0 1 0 

Table 1. Continuation. 
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The differences in richness between the 

sites and environments detected by PER-

MANOVA as well as species that have contrib-

uted to these differences can be observed 

graphically in the CAP. The canonical correla-

tion of the two axes of the analysis was δ1= 

0.9934 and δ2= 0.9791. There was a separation 

of the samples of each site, and those belonging 

to the same environment were grouped. The 

species Lagocephalus laevigatus, Prionotus 

punctatus, Chloroscombrus chrysurus, Selene 

setapinnis, Ctenosciaena gracilicirrhus, 

Menticirrhus americanus and Etropus cros-

sotus were correlated with the bay samples 

(Figure 4). Orthopristis ruber and Stephanole-

pis hispidus were correlated with the bay and 

the beach. For the lagoon, there was correla-

tion with O. bonariensis, C. shufeldti, A. tajasi-

ca, Ulaema lefroyi and Caranx hippos (Figure 

4). For the mangroves, there was no clear asso-

ciation between species, but a graphical prox-

imity between Oligoplites palometa, Geopha-

gus brasiliensis and L. grossidens (Figure 4). 

Among the samples of the lagoon and man-

grove, there was correlation with the species 

Strongylura marina, Poecilia sp., Bathygobius 

soporator, M. liza and Sardinella brasiliensis 

(Figure 4). 

When comparing the sites with the av-

erage taxonomic distinctness (Delta+) and var-

iation in average taxonomic distinctness 

(Lambda+), all values of these indices for each 

site were within the 95% confidence interval, 

calculated in 1,000 simulations for each index 

(Figure 5a and 5b). For Delta+, the values for 

the Ratones Mangrove, North Bay, Índio Beach 

and Conceição Lagoon were on the average and 
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Family Species BNO LIM ITA RAT CON IND 

SYNODONTIDAE Synodus foetens  (Linnaeus, 1766) 1 1 0 1 1 1 

TETRAODONTIDAE  

Lagocephalus laevigatus  (Linnaeus, 1766) 1 1 0 0 1 1 
Sphoeroides sp. 1 0 0 0 0 0 

Sphoeroides greeleyi  Gilbert, 1900 1 1 0 0 0 1 
Sphoeroides pachygaster  (Müller & Troschel, 
1848) 0 1 0 0 0 0 

Sphoeroides spengleri  (Bloch, 1785) 1 1 0 0 1 1 

Sphoeroides testudineus  (Linnaeus, 1758) 1 1 1 1 1 1 

Sphoeroides tyleri  Shipp, 1972 1 0 0 0 0 1 

TRICHIURIDAE Trichiurus lepturus Linnaeus, 1758 1 1 1 1 0 1 

TRIGLIDAE  
Prionotus nudigula Ginsburg, 1950 0 0 0 0 0 1 

Prionotus punctatus  (Bloch, 1793) 1 1 0 1 1 1 

URANOSCOPIDAE Astrocopus y-graecum. Cuvier, 1829. 0 0 0 0 0 1 

Table 1. Continuation. 

Source df MS Pseudo-F p(perm) 

En 3 6523 3,4337 0,0217 

Se 3 1,2231 0,57785 0,3117 

Si(En) 2 1899,7 5,4663 0,0007 

En x Se 9 376,58 1,0836 0,3953 

Res 6 2085,1   

Table 2. PERMANOVA based on Bray-Curtis 
similarity of richness (square-root transformed). 
Factors: Environment=En, Site=Si(En), Season= 
Se. df=degrees of freedom; MS=sum of squared 
means. 

Figure 3. Mean species richness (±standard er-
ror) in the North Bay (BNO), Saco dos Limões 
(LIM), Itacorubi Mangrove (ITA), Ratones Man-
grove (RAT), Conceição Lagoon (CON) and Índio 
Beach (IND). 
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values of the Itacorubi Mangrove and Saco dos 

Limões were below the average (FIGURE 5a). 

Values for Lambda+ index were above the av-

erage for the North Bay and Saco dos Limões 

and below the average for the Índio Beach and 

Conceição Lagoon (Figure 5b). The mangroves, 

Ratones and Itacorubi, were close to the aver-

age. In the biplot graph, it can be observed that 

the values of the Ratones Mangrove, Conceição 

Lagoon and Índio Beach are within the ellipse 

of 95% probability of occurrence of 120 species, 

whereas the values of the Itacorubi Mangrove, 

Saco dos Limões and North Bay are within the 

ellipse of 95% probability of occurrence of 60 

species (Figure 5c). It is noteworthy the high 

values of both indices for the North Bay, whose 

Delta+ was similar to the values of the Con-

ceição Lagoon, Ratones Mangrove and Índio 

Beach. However, for these latter sites, Lamb-

da+ values were lower.  

 

Discussion 

In this study, the evaluation of species 

richness evidenced that the sampling was not 

sufficiently robust to survey all species of each 

site. The species accumulation curve based on 

the Jackknife index only reached the plateau 

with data of the Saco dos Limões and Itacorubi 

and Ratones mangroves. Thus, the sampling 
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Figure 4. Canonical analysis of principal coordinates (CAP), with species that contributed most to the dif-
ferences between the sites North Bay (BNO), Saco dos Limões (LIM), Itacorubi Mangrove (ITA), Mangrove 
Ratones (RAT), Conceição Lagoon (CON) and Índio Beach (IND) and environments (lagoon, bay, beach and 
mangrove). Vectors of species based on the Spearman correlation above 0.6 (p> 0.6). 
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design was considered appropriate in these en-

vironments, either by the sampling effort or 

fishing gears used. In the case of other environ-

ments, the non-stabilization of the curve can 

have different explanations for each site. 

In the North Bay, samplings were very 

dispersed, with low effort in each site. In the 

case of the Conceição Lagoon, despite the great 

number of sampling years, the difference be-

tween the samples, reflecting the different fish-

ing methods may have influenced the construc-

tion of the curve. In relation to data of the Ín-

dio Beach, collected at the Índio Beach, the de-

stabilization of the curve deserves attention. 

Sampling at this site was robust enough, and 

included the seasonal and diurnal variations. 

The fauna composition was also well diversi-
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Figure 5. Average taxonomic distinctness (Delta +) (a) and variation in average taxonomic distinctness 
(Lambda +) (b) calculated for the North Bay (BNO), Saco dos Limões (LIM), Itacorubi Mangrove (ITA), 
Ratones Mangrove (RAT), Conceição Lagoon (CON) and Índio Beach (IND). For both indices, the expected 
mean is represented by the central dotted line and the 95% confidence interval limit is given by the solid 
line, funnel-shaped. Biplot for values of Lambda+ and Delta+ (c). The ellipse represents the value of the 
95% confidence interval of the probability of finding 60 and 120 species, respectively. 
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fied with the presence of species of shallow are-

as and demersal species, probably due to the 

collection with a sampler in different tides, pe-

riods of the day and that captures fish with 

equal efficiency in the whole water column. 

Moreover, the mean number of species was 

high, just lower than the mean value for the 

Saco dos Limões. 

As for PERMANOVA, the mean species 

richness between sites and between environ-

ments were significantly different, also high-

lighting the differences between the environ-

ments bay, beach, mangrove and lagoon. CAP 

evidenced which species were responsible for 

such differences. Two aspects have drawn at-

tention in this analysis, the samples collected 

in geographically nearest sites were closer to 

each other and the separation of species associ-

ated with the axis 1 (CAP1), with species of 

shallower areas to the left, from the demersal 

species, to the right side. Between these two 

sets of species, there were two species (O. 

ruber and S. hispidus) associated with both the 

beach and with the bay. These are typically reef 

species and possibly use the evaluated areas at 

some stage of life. Thus, both PERMANOVA 

and CAP showed the differences between the 

environments. 

In addition to the comparison of richness 

between sites and the environments, were cal-

culated the Mean Taxonomic Distinction 

(Delta+ ou AvTD) e of Variation of Taxonomic 

Distinction (Lambda+ ou VarTD) were calcu-

lated to complement the results. Furthermore, 

the independence of these indices from the 

sampling effort compensates for differences 

between the sampling techniques used in each 

site (Clarke & Warwick, 1994; Rogers et al, 

1999). Using the list of species as reference, 

despite the differences in abundance and rich-

ness between sites, the taxonomic structure is 

similar between sampling sites, which supports 

the hypothesis that the assemblages are occur-

ring in all sites and the differences are primari-

ly related to the patterns of reproduction and 

recruitment of species and secondarily influ-

enced by abiotic factors, especially the temper-

ature and salinity. Thus, differences detected 

by PERMANOVA and evidenced by CAP show 

that despite the similarity in taxonomic struc-

ture between sites, some species predominate 

in each environment and each site. 

Importantly, although the assemblages 

are taxonomically similar, not necessarily they 

are similar from an ecological point of view. 

Based on the concept that the assemblages are 

established by the interactions between popu-

lations over a spatial and temporal gradient in 

a certain geographic region (Ricklefs, 2008), it 

is expected that the alternation in the numeri-

cal dominance of different populations, even in 

situations of taxonomic similarity, which was 

observed in the studied areas (Cattani, 2015), 

assumes different ecological interactions, 

based on ecological niches occupied by these 

populations. In the case of the environments 

evaluated in the island of Santa Catarina, it is 

inferred that the differences in abundance pos-

sibly occurred due to the reproduction of the 

dominant species. Significant differences in 

total length of the most abundant species con-

firm this hypothesis (Cattani, 2015). A similar 

pattern was registered in estuarine areas of 

Australia (Blaber & Blaber, 1980). It is likely 

that the species occur in many different envi-

ronments (bay, mangrove, beach and lagoon) 

at different times of the year. An example of 

this common occurrence of species in different 

environments is the pattern observed for G. 

genidens. Higher mean values of total length 

(TL) were verified in the North Bay and lower 

mean values in the Ratones Mangrove (Cattani, 

2015). Thus, it is suggested that this species 

has been occupying these environments at dif-

ferent ontogenetic stages, with younger indi-

viduals recruiting in the mangroves and mi-

grating to deeper areas in adult stages. A simi-

lar result was also observed for C. edentulus, 

with longer lengths occurring in the North Bay 

and smaller lengths occurring in the Itacorubi 

Mangrove (Cattani, 2015). 

Another factor that validates the hypoth-

esis of the highest importance of ecological fac-

tors at the expense of environmental con-

straints is the fact that the island of Santa Cata-

rina has no truly estuary, as is the case of other 

coastal regions of the Southeastern and South-

ern Brazil. There are only micro-estuaries, such 
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as mangroves Itacorubi and Ratones. These 

two environments can be considered estuaries, 

despite the reduced scale, because according to 

the most classical definition (Day et al., 1989; 

Elliot & Mclusky, 2002), estuaries are semi-

enclosed coastal bodies of water with fresh wa-

ter inflow, which dilutes the seawater. In the 

case of the North Bay and Saco dos Limões, 

which is located in the South Bay, there is a 

fresh water inflow. However, the salinity values 

remained relatively high, above 25 UPS, as ob-

served for both sites (Cattani, 2015). In this 

sense, due to the low salinity gradient, the 

North Bay and Saco dos Limões have more 

characteristics of coastal than estuarine areas. 

However, these sites have common characteris-

tics with the estuaries. Because of shallow 

depths, these sites have great importance for 

the post-recruitment stages of fish species. This 

was corroborated by high abundances of juve-

niles in all sites, despite the occurrence of 

adults (Cattani, 2015). 

In general, the shallow areas, either shal-

low areas, beaches or mangroves, have high 

importance for the juvenile stages of fish and 

other aquatic organisms (Blaber & Blaber, 

1980; Blaber, 2002; Elliot & Mclusky, 2002; 

Whitfield & Elliot, 2002; Whitfield et al., 

2012). In this sense, all the information ana-

lyzed in this study show that the island of Santa 

Catarina is highly important for the juvenile 

stages of several fish species. It is also im-

portant for the maintenance of some fish 

stocks, such as whitemouth croaker 

(Micropogonias furnieri), catfish (G. genidens) 

and especially mullet (M. liza). 

Finally, for a better understanding of the 

different ways species use these sites and the 

real importance of the evaluated sites, future 

studies should focus on key species, such as G. 

genidens, C. edentulus, M. liza and C. 

spilopterus. The adoption of molecular tools, 

such as genetic markers, otolith microchemis-

try, and stable radioisotopes, are also very im-

portant in understanding the connectivity and 

trophic patterns in these environments. 
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