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Abstract

As high-trophic level predators, elasmobranchs significantly influence the ecosystem, 

according to how they use the habitat. To understand better how they use the habitat, this 

study describes the occurrence of elasmobranchs in Patos lagoon estuary and their 

populational structure. In total, 581 individuals from 19 species were captured. CPUE 

presented correlation with salinity ( rs  = 0.96; P < 0.00001), but no correlation with depth (

rs  = 0.24, p = 0.218) or water surface temperature ( rs  = -0.32, p = 0.101). The highest 

values were during spring and summer, when salinity levels are known to get higher in the 

estuary, along with increases in the abundance in the South Platform due to parturition 

season. This combination of variables indicates a sporadic use of the estuary. The most 

representative species were Sphyrna lewini (6.71), Pseudobatos horkelii (2.39), Sphyrna 

zygaena (1.25) and Carcharhinus brevipinna (0.98). Their populational patterns were similar 

to those found in offshore waters, indicating that the Patos lagoon estuary is a good 

representative of the biodiversity from Southern Brazil. This study helps to understand 

elasmobranch occurrence in different habitats throughout their life cycle.

Resumo

Por serem predadores de topo, elasmobrânquios significativamente influenciam o ecossistema

dependendo de como usam o habitat. Para melhor compreender como o habitat é usado, este 

estudo descreve a ocorrência de elasmobrânquios no estuário da Lagoa dos Patos e sua 

estrutura populacional. No total, 581 indivíduos de 19 espécies foram amostrados. CPUE 
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apresentou correlação com salinidade ( rs  = 0.96; P < 0.00001), mas não com 

profundidade ( rs  = 0.24, p = 0.218) ou temperatura superficial da água ( rs  = -0.32, p = 

0.101). Os maiores valores ocorreram na primavera e verão, quando a salinidade aumenta no 

estuário, assim como a abundância na Plataforma Sul devido à época de parto. Essa 

combinação de variáveis indica um uso esporádico do estuário. As espécies mais 

representativas foram Sphyrna lewini (6.71), Pseudobatos horkelii (2.39), Sphyrna zygaena 

(1.25) e Carcharhinus brevipinna (0.98). Seus padrões populacionais são similares aos 

encontrados na plataforma continental, indicando que o estuário da Lagoa dos Patos é um 

bom representante da biodiversidade do sul do Brasil. Este estudo ajuda a compreender a 

ocorrência de elasmobrânquios em diferentes habitats ao longo dos seus ciclos de vida.
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Elasmobranch occurrence in a Brazilian estuary

Introduction

Elasmobranchs are considered high-trophic level predators, either close to the top of the 

trophic chain or even as the apex predators (Heithaus et al., 2012), therefore influencing the 

ecosystem they live in (Stevens et al., 2000; Myers et al., 2007). This influence may be either

direct, if they act upon a certain population (e.g.: control over population size of preys 

(Lucas, Stobo, 2000; Myers et al., 2007), induction of behaviors that avoid predation 

(Heithaus, 2004; Heupel et al., 2007), as prey items (Heithaus, 2004)), or indirect, if they 

affect other groups through acting upon an intermediate one (e.g.: trophic interactions 

(Gregory et al., 1979; Thrush et al., 1991; Myers et al., 2007; Heithaus et al., 2012)). 

Consequently, a reduction in their populational size may initiate a series of negative effects 

over the community and ecosystem: release of mesoconsumers from predation pressure 

(Scheffer et al., 2005; Myers et al., 2007), loss of trophic chain links, decrease of ecosystem 

stability and resilience (Holmlund, Hammer, 1999; Myers et al., 2007; Heithaus et al., 2010), 

etc. This influence, though, is also affected by their patterns of movement and distribution 

and by how they use the habitat (Speed et al., 2010).



Sharks, skates and rays are found in a variety of habitats: deep, shallow, pelagic, neritic, and 

even in freshwater (Charvet-Almeida et al., 2005; Heupel, Simpfendorfer, 2012). However, 

they do not occur in all of the habitats within their distribution range, rather presenting 

specificity for certain habitats and/or limited distribution (Walker, 1998; Stevens et al., 2000).

Moreover, they are commonly found segregated according to their sex, size and/or stage of 

development (Springer, 1967; Kinney, Simpfendorfer, 2008). Segregation may occur either 

due to competition for resources or due to predation pressure (Sims et al., 2003), or even 

because of different physiological tolerances to environmental conditions (e.g.: salinity, 

depth, dissolved oxygen) (Schlaff et al., 2014). And how they use the habitat will depend on a

variety of factors, such as food availability, reproductive behavior, social interactions, 

predation pressure (Heithaus et al., 2002). For instance, in the protected and shallow waters 

from coastal habitats, elasmobranchs can avoid and/or escape from potential predators 

(Simpfendorfer et al., 2005; Wetherbee et al., 2007), forage in search of prey (Simpfendorfer,

Milward, 1993; Heithaus et al., 2002), and even have reproductive benefits from the higher 

water temperatures (Robbins, 2007; Jirik, Lowe, 2012; Nosal et al., 2014;). Therefore, coastal

habitats like bays, estuaries and lagoons are commonly utilized as foraging, reproductive 

and/or nursery grounds (Simpfendorfer, Milward, 1993; Pratt, Carrier, 2001; Heithaus et al., 

2002; Heupel, Simpfendorfer, 2008). Accordingly, estuaries have been identified as areas of 

use for a big array of species, being even considered vital for their life cycles (Carlisle,  Starr,

2009; Espinoza et al., 2011; Farrugia et al., 2011; Werry et al., 2011; Jirik, Lowe 2012). Yet, 

many of their habitats have not been identified (Parsons et al., 2005), neither many aspects of

the relationship between their biological and ecological traits with the environment (Lessa et 

al., 2005; Aguiar, Valentin, 2010; Kiszka, Heithaus, 2014). Given that their habitats are being 

threatened by pollution and climate change (Amaral, Jablonski, 2005; Simpfendorfer et al., 

2011a), their patterns of habitat use may change in the upcoming years (Chin et al., 2010; 

Hazen et al., 2013), affecting all the community they are inserted in.

In Rio Grande do Sul state, a potential habitat for elasmobranchs is the Patos lagoon estuary. 

Within the estuary area, there is the presence of many prey items considered common in the 

diet of sharks, skates and rays (Navia et al., 2007; Bornatowski et al., 2014; Viana et al., 

2017): decapods (D’Incao, Dumont, 2010), macro zoobenthos in general (Bemvenuti, 

Colling, 2010), as well as a high relative abundance of fish (Vieira et al., 2010). Besides, the 

estuarine area of Patos lagoon has a mean depth of 5 m, with a predominance of sand banks 

with depths ranging from 1 to 5 m (Calliari, 1998); shallow waters offer protection for 

smaller elasmobranchs, since bigger animals that feed on them are not frequent in these areas 



(Simpfendorfer, Milward, 1993). However, only a few studies have registered the presence of

elasmobranchs in the Patos lagoon estuary. Chao et al. (1982) found specimens of Sphyrna 

lewini (Griffith & Smith, 1834) during three seasons; Garcez, Sánchez-Botero (2005) 

reported the presence of Squatina guggenheim Marini, 1936; Pereira (1994) sampled, in a 

two years study, five species of elasmobranchs (two sharks, one ray and two skates). 

Nowadays, though, these species, and other unknown ones, may have their habitat use 

patterns affected by modern impacts of anthropic origin (Tagliani et al., 2003; Garcia et al., 

2004; Burns et al., 2006; Spengler et al., 2007), since environmental changes have been 

shown to change how the habitat is used by them (Chin et al., 2010; Hazen et al., 2013).

Considering the importance of sharks, skates and rays for the ecosystem, and how their 

influence may change due to alterations in their habitat use patterns caused by environmental 

changes, it is important to conduct studies on how elasmobranchs use the habitat. Thus, the 

objective of this study is to describe habitat use by elasmobranchs in the Patos lagoon 

estuary: which species predominate in the region, which environmental variables influence 

their distribution and abundance the most and how the population is structured.

Material & methods

Study area. The Patos lagoon estuary is located at Southern Brazil’s coastal plain from Rio 

Grande do Sul (RS) state, parallel to the coast in the direction NE-SW, close to Rio Grande 

city, where it connects to the ocean (Asmus, 1998) (Fig. 1). It presents an area of around 

10000 km², mean depth of 5 m, and it is connected to the drainage basin at their superior 

portion and to the Mirim lagoon, trough the São Gonçalo waterway (Calliari, 1998; Möller, 

Fernandes, 2010). The sum of the monthly discharges from the main rivers of the Patos 

Mirim system (Jacuí, Taquari and Camaquã) corresponds to more than 70% of the total water 

flow from the drainage basin (Vaz et al., 2006). The salinity follows a seasonal pattern which 

depends on the discharges from Patos Mirim system and which wind is predominant (Möller, 

Fernandes, 2010).The estuary area is located between the point where it connects to the ocean

and an imaginary line that connects the Ponta da Feitoria to the Ponta dos Lençóis. In the 

estuary, it is possible to verify the shallow coves environment (protected areas with depth < 2 

m) and the open waters environment (central body with depth > 2 m) (Castello, 1985).

FIGURE 1



Sampling and data analysis. The sampled material was obtained between March, 2013 and 

April, 2016 in 227 boardings (summer: 76; autumn: 41; winter: 31; spring: 79) with the 

artisanal fishing fleet based in Rio Grande municipality. In each boarding, information about 

fishing gear (gill nets, trawling and artisanal line) and how many times it was used (fishing 

periods), latitude, longitude, salinity (ppm), water surface temperature (ºC) and depth of 

captures (m) were obtained.

The sampled individuals were identified, to species level, and had their total length (cm), or 

disk length (cm) for rays and skates, and total weight (g) measured, as well as identification 

of sex and development stage (neonate, juvenile and adult), according to Simpfendorfer, 

Milward (1993). Neonates were considered as all specimens that still possessed evident 

birthmark; juveniles as all that measured a size inferior to the mean length of first maturation 

(L50); and adults, the specimens which the length was above L50.

With the data obtained, the Frequency of Occurrence (%FO) (number of fishing periods in 

which the species occurred per number of total fishing periods with the presence of 

elasmobranchs) and Catch per unit of effort (CPUE) (number of elasmobranchs captured per 

fishing period) were defined. In order to evaluate possible seasonal variations in CPUE 

values, a one-way Analysis of Variance (ANOVA) and Tukey test (p < 0.05) were used to 

evaluate possible seasonal variations in CPUE values. In order to satisfy these test 

assumptions, a Shapiro-Wilk test was made, along with a Barlett test to check for the 

normality and homocedasticity of data, after a (log10 (x+1)) transformation. The most 

representative species were defined through the Capture Importance Index (Cii):

Cii=(FO ×CPUE)× 100

The four most representative species had a chi-square test run to test for significative 

differences in proportion between males and females ratio and between developmental stages 

(neonates X juveniles; juveniles X adults; neonates X adults).

A Spearman’s correlation (p < 0.05) was made to evaluate the correlation between CPUE 

values and three environmental variables (depth, salinity and water surface temperature).

Results

In all 227 boardings, 314 fishing periods occurred, with all three different fishing gears (gill 

nets, trawling and artisanal line) (Tab. 1). Due to the low share of trawling and artisanal line 

in the catches (3.78%), these fishing gears were excluded from the calculation of CPUE.



TABLE 1

Shapiro-Wilk test pointed normality of data (W1 = 0.784, p1 = 0.042; W2 = 0.763, p2 = 

0.027; W = 0.638, p3=0.001; W4 = 0.747, p4 = 0.001) and the Bartlett test rejected the 

heterogenicity hypothesis (Bartlett = 1.417; df = 4; p = 0.286), thus it was possible to proceed

with the analysis of variance. The one-way ANOVA (F = 1512; df = 1.806; p = 0.001) and 

Tukey-test (Tab. 2) identified significant seasonal differences between CPUE values.

TABLE 2

CPUE was found to have a positive correlation with salinity ( rs  = 0.96; p < 0.001), but no 

significant correlation with depth ( rs  = 0.24, p = 0.218) and water surface temperature (

rs  = -0.32, p = 0.101) (Fig. 2).

FIGURE 2

In total, 581 individuals were captured, totalizing 19 species from 12 families (Tab. 3). 

Sharks were represented by 11 species from six families; skates and rays were represented by 

eight species from six families. The biggest shark individual was an adult male Carcharias 

taurus Rafinesque, 1810 (220 cm), while the smallest one was a neonate male Mustelus 

schmitti Springer, 1939 (21.9 cm). The biggest ray was an adult female Pseudobatos horkelii 

(Müller & Henle, 1841) (71 cm), while the smallest were a neonate female P. horkelii and a 

neonate male Sympterygia acuta Garman, 1877 (both 15 cm) (Tab. 3). The highest values for 

%FO were for S. lewini (0.084), P. horkelii (0.057), Sphyrna zygaena (Linnaeus, 1758) 

(0.053), Rhizoprionodon lalandii (Müller & Henle, 1839) (0.053) and S. acuta (0.035) (Tab. 

3). Highest CPUE values were for S. lewini (0.802), P. horkelii (0.419), Carcharhinus 

brevipinna (Müller & Henle, 1839) (0.374), S. zygaena (0.238) and R. lalandii (0.167) (Tab. 

3). So, according to Cii, the most representative species were S. lewini (6.71), P. horkeli 

(2.39), S. zygaena (1.25) and C. brevipinna (0.98) (Tab. 3). 

TABLE 3



Altogether, these four species represented 74.4% of the catches and the same pattern of 

seasonal variation of general CPUE, with high values during spring and summer. There were 

no catches during autumn and low values during winter for S. zygaena (Fig. 3). 

FIGURE 3

Neonates and juveniles were predominant, with only five adult individuals of P. horkelii 

recorded. The proportion of stages of development revealed that the neonate stage is of 

greater importance in the catches for C. brevipinna, S. lewini and S. zygaena species, whereas

the juvenile stage was more important for P. horkelii (Tab. 4).

TABLE 4

When analyzed together, there was a significant difference in the sex ratio (252 females and 

164 males), considering the four most representative species (1:1.53, χ2  = 18.615, p < 

0.001). However only P. horkelii maintained the proportion when separately analyzed. 

Significant differences in sexual proportion in developmental stages only occurred in the 

juvenile stage of P. horkelii (Tab. 5).

TABLE 5

Discussion

The presence of elasmobranchs inside the estuary was highly correlated with salinity levels: 

CPUE was positively correlated with higher salinity levels. This is a variable already 

correlated with habitat use by a series of elasmobranch species (Hopkins, Cech, 2003; 

Heupel, Simpfendorfer, 2008), influencing both their abundance and distribution (Matern et 

al., 2000; Simpfendorfer et al., 2005; Collins et al., 2008; Ubeda et al., 2009; Poulakis et al., 

2011; Francis, 2013). Marine elasmobranchs keep themselves slightly hyperosmotic to the 

environment (Hammerschlag, 2006), so periods of low salinity lead individuals to go through

physiological stress, possibly affecting their capacity to withstand longer or more severe 

changes in salinity (Guffey, Goss, 2014; Cramp et al., 2015; Morash et al., 2016). 

Osmoregulation energetic costs were already considered as higher for small sharks, given that



they have a high surface to volume ratio (Pillans, Franklin, 2004; Heupel, Simpfendorfer, 

2008), which may explain why the majority of the specimens sampled in this study were 

either neonates or juveniles. Thus, selection for habitats within a preferred salinity range 

potentially minimize osmoregulation energy costs (Froeschke et al., 2010; Schlaff et al., 

2014) and/or is caused by physiological limitations (Heupel, Simpfendorfer, 2008). This 

behavior enables the saved energy to be allocated to other physiological processes (Heupel, 

Simpfendorfer, 2008; Froeschke et al., 2010), many of which can be essential for the 

development of juveniles (e.g.: growth) (Morrisey, Gruber, 1993; Simpfendorfer, Milward, 

1993). Additionally, movement in order to remain within a specific salinity range may also be

affected by biotic factors, such as predator avoidance (Poulakis et al., 2011; Simpfendorfer et

al., 2011b) or even prey distribution (Heithaus et al., 2002); but biotic factors rarely occur 

isolated, making it difficult to identify which factors and/or interactions are relevant to habitat

selection.

Notwithstanding, only higher salinity levels are not enough to explain increases in CPUE 

values, as their presence in the area depends on their abundance close to the estuary mouth. 

The salinity within the Patos lagoon estuary follows a seasonal pattern, as it increases 

towards the end of spring and beginning of summer due to low freshwater discharges (Möller,

Fernandes, 2010). Also, it is during spring and summer that most of the native species give 

birth (Vooren, Klippel, 2005). Considering that most of the neonates and juveniles remain 

close to the shore (Vooren, Klippel, 2005), the probability of individuals getting in the estuary

increases. However, during autumn, the salinization of waters is intensified due to the 

combination of even lower freshwater discharges and predominance of SW winds (Möller, 

Fernandes, 2010). Even so, CPUE values were low, since during autumn many species 

migrate towards the external part of the continental shelf (e.g. P. horkelii) and/or leave the 

shallow waters (Vooren, Klippel, 2005).

Given that the majority of coastal species of sharks and rays are ectothermic, alterations in 

water temperature also impact their physiological processes (Schlaff et al., 2014); therefore 

temperature is considered an important variable related to abundance and distribution of 

elasmobranchs as well (Hopkins, Cech, 2003; Bernal et al., 2012). Preference for higher 

temperatures has been associated with higher CPUE (Froeschke et al., 2010), since it 

enhances growth and other metabolic processes rates (Heupel et al., 2007) as well as granting

reproductive benefits for females (e.g.: shorter gestation period, earlier sexual maturity) 

(Robbins, 2007; Jirik, Lowe, 2012; Nosal et al., 2014). Nevertheless, extremely high 

temperatures were negatively correlated with CPUE, probably due to a physiological upper 



limit (Froeschke et al., 2010), or even, correlated but with no visible preference for a certain 

value, for some species (Ubeda et al., 2009). Likewise, in the Patos lagoon estuary, CPUE 

correlation with temperature was not significant (rs = -0.32, p = 0.101). As most species are 

resident from the South Platform, much likely the difference in mean water surface 

temperature from the estuary and from the Platform is not significative enough. Accordingly, 

data from the Instituto Nacional de Meteorologia (INMET) (INMET - inmet.gov.br), shows, 

for the coast of Rio Grande do Sul, similar monthly temperature ranges as the values 

measured in Patos lagoon estuary during this study. Still, from 20 ºC onwards there seems to 

be a correlation, as seen in Fig. 2. A more detailed analysis can be done in the future to verify 

this relationship; however, it is possible that this is a reflection of the higher temperatures 

registered during summer. Similarly, depth was not significantly correlated with CPUE. The 

sampling design in this study probably was not enough for significative influences over 

CPUE to be detected, given that the South Platform presents a gentle declivity, with shallow 

depths in the area closer to the shore (up to 20 m) (Vooren et al., 2005). Moreover, the 

shallow waters from the South Platform propitiate a protected habitat for the elasmobranchs 

as well the estuary.

The combination of favorable conditions for the presence of elasmobranchs create an 

environmental window which allows sharks, skates and rays to enter the estuary. Thus, higher

salinity is a condition for an environmental window for the elasmobranchs of the South 

Platform. However, in general, CPUE values within the estuary were low especially when 

compared to studies conducted in close areas (Vooren, Klippel, 2005). Then, probably the 

estuary is being used as a sporadic area rather than, for instance, a nursery. In order to be 

considered a nursery, an area should have bigger probabilities of shark encounters than close 

ones (Heupel et al., 2007), which is not the case for the South Platform for the majority of 

species.

Therefore, our results point that the Patos lagoon estuary is being only sporadically used by 

local populations of elasmobranchs. When given favourable demographic and environmental 

conditions, individuals, specifically the younger ones, entered the estuary. Other biotic 

factors, though, may have affected their movements, e.g. prey movement and distribution, 

predator avoidance (Poulakis et al., 2011; Simpfendorfer et al., 2011b). Such variables were 

not approached in this study, but should be considered in future studies.

During the period of this study, 19 species of elasmobranchs were found in the Patos lagoon 

estuary: more than double the amount of species found in studies conducted in similar 

brazilian habitats. Basílio et al. (2008) and Basílio et al. (2009), at the Curu River estuary, in 



Ceará state, found six species of elasmobranchs. SEMACE/LABOMAR (2005), in an 

ichthyofauna assessment for Ceará state estuaries, found other three different species, none of

them in common with the ones found in Patos lagoon estuary. As for Southern Brazil, a study 

conducted in Itajaí - Santa Catarina found 85 species of elasmobranchs, captured in coastal 

and offshore waters (Mazzoleni, Schwingel, 1999): 11 of the shark species and six of the ray 

and skate species were also found in Patos lagoon estuary. The two exclusive species found in

this study were Dasyatis hypostigma Santos & Carvalho, 2004 and S. acuta (in Itajaí 43 

different shark species and 25 different rays and skates species were found). These two 

species have been described as shallow waters inhabitants (Vooren, Klippel, 2005), probably 

the reason why they were found in the Patos lagoon estuary but not in the Itajaí assessment. 

Given that the species sampled in the estuary were found offshore by Mazzoleni, Schwingel 

(1999), and are also different from the fauna found in estuaries from Northern Brazil, this 

may be indicative that this elasmobranch estuarine community is a reliable representation 

from the sharks, skates and rays biodiversity from Southern Brazil.

From all 581 specimens sampled, almost all (90.53%) were either neonates or juveniles. 

Coastal areas are known to be of high importance for younger sharks (Knip et al., 2010), as 

they offer protection from predators, abundance of prey, etc (Simpfendorfer, Milward, 1993; 

Heithaus et al., 2002; Simpfendorfer et al., 2005; Wetherbee et al., 2007). The adult 

individuals sampled were considered occasional visitors of the estuary area: C. taurus have 

been reported in shallow waters (Otway, Ellis, 2011), as well as Gymnura altavela (Linnaeus,

1758) (Rocha, Rossi-Wongtschowski, 1998; Schwarz et al., 2006; Psomadakis et al., 2009) 

and  M. schmitti (Cortés et al., 2011). The individuals of Myliobatis goodei Garman, 1885 

and Myliobatis ridens Ruocco, Lucifora, Díaz de Astarloa, Mabragaña & Delpiani, 2012 are 

sporadically found inshore in the warmer months (spring - summer) to give birth (Araújo et 

al., 2016): accordingly, all M. goodei and M. ridens sampled were adult females captured 

during September - October and December, respectively. As for S. acuta and R. lalandii, they 

are both resident species from the coastal waters of Rio Grande do Sul (Vooren, Klippel, 

2005), so it is expected to occasionally find adult individuals inshore, either foraging or 

looking for safe spots to give birth. Since Sympterygia bonapartii Müller & Henle, 1841 and 

S. guggenheim were, in their majority, captured with artisanal line and trawling, respectively, 

the adults sampled were not included in our analyses.

According to the Capture of Importance Index (Cii), the four most representative species in 

the Patos lagoon estuary were, in order of importance: S. lewini, P. horkelii, S. zygaena and 

C. brevipinna. Sphyrna lewini has a global distribution, found in deep waters and, the young 



ones in particular, close to the shore, in bays and estuaries (Compagno, 1984; Vooren,  

Klippel, 2005). In Brazil, they are captured in abundant numbers along the southeast - south 

coastal region (Gadig, 2001), and the South Platform from Rio Grande do Sul houses a 

resident population that completes all its life cycle in the continental shelf and surrounding 

waters (Vooren, Klippel, 2005). The predominance of neonate individuals found (95.05%) 

agrees with the literature, that mentions the South Platform as a nursery ground for the 

species (Vooren, Klippel, 2005). The other 4.94% were comprised by juvenile individuals, 

captured mostly during the summer months. The predominance of neonates and juveniles 

over adults was expected, as neonates are known for remaining in shallow waters close to the 

shore during their first months of life (Kotas, 2004; Vooren, Klippel, 2005). And the juveniles

are occasionally present during summer and absent during winter, when they migrate to the 

external part of the platform as they develop (Vooren, Klippel, 2005), a pattern observed in 

our samplings.

Sphyrna zygaena has a similar ecology, living around the continental shelf and surrounding 

waters (Vooren, Klippel, 2005). It is considered a resident species at the South Platform, with 

a local population that shares habitat with S. lewini (Vooren, Klippel, 2005). Even though S. 

zygaena presented the same predominance of neonates (77.78%) and juveniles (22.22%) over

adults as S. lewini, there was a disproportion between the species: 182 S. lewini captured but 

only 54 S. zygaena captured. Such disproportion has already been reported (Kotas, 2004; 

Mader et al., 2007). Both species give birth during the summer months (Vooren, Klippel, 

2005), therefore the significative presence of neonates and juveniles during the November - 

March period is a pattern that was already observed in other studies (Kotas, 2004). Also, both

presented a balanced sex ratio (1:1.09 and 1:1, respectively). The specimens sampled from 

both species are neonates and juveniles using the area, either for protection, feeding, etc, and 

not adults looking for mating grounds or a safe spot for giving birth.

Following S. lewini, P. horkelii was the second most significant species for Patos lagoon 

estuary. This species occurs along a gradient of depths, presenting a characteristic seasonal 

pattern of migration (Vooren, Klippel, 2005), observed in our results. During winter, the bulk 

of their biomass is found in deeper waters, between 50 - 150 m (Vooren, Klippel, 2005); 

accordingly, no specimen was sampled during the winter months, since the samplings 

occurred only in the shallow waters of the estuary. As spring arrives, adult individuals from 

both sexes start to migrate towards coastal areas: the pregnant females arrive around 

November - December, reaching a biomass peak in depths shallower than 20 m during 

summer (Lessa, 1982; Vooren, Klippel, 2005). Accordingly, P. horkelii started to be sampled 



in October. From the five adult individuals sampled, four were females captured during 

summer and the beginning of autumn. The females give birth around February - March and 

soon after they migrate out, towards the external parts of the continental shelf (Vooren, 

Klippel, 2005): the majority of individuals sampled during autumn were either neonates or 

juveniles. It is due to this seasonal pattern of migration, in which the females approach the 

coast to give birth while the males only arrive later (Vooren, Klippel, 2005), that a 

disproportion in the sexual ratio was found. From the 10 male individuals sampled, only one 

was an adult, so most likely the other nine were specimens born in the South Platform area: 

neonate P. horkelii stay in coastal waters within the South Platform during their first year of 

life (Vooren, Klippel, 2005). The species may go into the estuary area to forage, as this is a 

habitat for shrimps (D’Incao, Dumont, 2010), which may be preyed upon by P. horkelii. Also,

the continental shelf and coastal waters are considered vital areas for the reproduction of P. 

horkelii (Lessa, 1982; Vooren, Klippel, 2005). Thus, their presence inside the Patos lagoon 

estuary, following the seasonal trends on distribution found in the literature, indicates this 

habitat as a vital part of the life cycle of the local population from Rio Grande do Sul state.

Carcharhinus brevipinna ranked fourth in importance according to the Cii calculated. It is a 

species found on continental and insular shelves, offshore and inshore, in warm, temperate 

waters (Compagno, 1984). Most of C. brevipinna individuals caught were neonates (96.47%),

and three juveniles (3.53%) but no adults. They were all caught during summer, which is a 

pattern also found in the continental shelf. Their presence inside the estuary may be a 

reflection of their birth season, which happens during spring and summer (Santos et al., 

2017). Similarly, to S. lewini and S. zygaena, the young C. brevipinna may be entering the 

estuary searching for food or protection from bigger sharks.

The Patos lagoon estuary appears to be an area of sporadic use for the elasmobranchs living 

in the South Platform. During spring and summer, not only the majority of species give birth, 

increasing the elasmobranch abundance in the South Platform, but also the salinity levels are 

higher within the estuarine area. This situation creates conditions both demographically and 

environmentally for the occurrence of sharks, skates and rays in the Patos lagoon estuary. The

populational structure and patterns of habitat use of the four most representative species (S. 

lewini, P. horkelii, S. zygaena and C. brevipinna), as well as the list of species sampled, 

follow the trends found for offshore waters, indicating the Patos lagoon estuary as a reliable 

representation of the elasmobranch biodiversity of Rio Grande do Sul. This result helps to 

understand that each coastal area has different levels of importance in the life cycle of 



elasmobranchs and also the patterns of habitat selection of coastal shark species from 

Southern Brazil.
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Captions

Fig. 1. Map showing the location of Patos lagoon estuary in Rio Grande do Sul state (RS) -  

Brazil. In evidence, detailed map of Patos lagoon estuary (PLE). Dotted line ( ): imaginary ┄

line between Ponta dos Lençóis and Ponta da Feitoria, indicating the end of the estuarine 

area; arrow (◄): point of connection with the ocean.



Fig. 2. Correlation between environmental variables and CPUE (individuals/fishing period) 

from gill nets. a) CPUE correlation with salinity (ppm); b) CPUE correlation with depth (m); 

c) CPUE correlation with water surface temperature (WST) (ºC).

Fig. 3. Seasonal CPUE values (only gill nets) for Sphyrna lewini, Pseudobatos horkelii, 

Sphyrna zygaena and Carcharhinus brevipinna.

Tables

Tab. 1. Number of boardings and number of elasmobranch captures per fishing gear. NB: 

number of landings; NFP: number of fishing periods; NBE: number of landings with 

elasmobranchs; NFPE: number of fishing periods with elasmobranchs; N: number of 

elasmobranchs captured.

NB NFP NBE NFPE N

Gill net 212 234 77 85 559

Trawl 10 30 3 4 16

Artisanal 

line

5 50 1 6 6

Total 227 314 81 95 581

Tab. 2. Tukey test results (p < 0.05) showing the significance between the variation of 

seasonality data and CPUE values from gill nets.

Summer Autumn Winter Spring

Summer - 0.001 0.001 0.738

Autumn 15.780 - 0.999 0.001

Winter 15.880 0.102 - 0.001

Spring 1.472 14.310 14.410 -



Tab. 3. Systematic classification of the species sampled in Patos lagoon estuary and data on 

captures and length. N: total of individuals sampled; %FO: Frequency of Occurrence; CPUE: 

Catch per Unit of Effort; Cii: Capture Importance Index; LA: amplitude of length (cm); DLA:

amplitude of disk length (cm); ML/SD: mean length and standard deviation (cm).



Family Species N %FO CPUE Cii LA DLA ML / SD

Hexanchidae Notorynchus cepedianus (Péron, 1807) 3 0.009 0.013 0.0116 87 – 97.5 - 92.2 ± 4.29

Squatinidae Squatina guggenheim Marini, 1936 ** 35 0.013 0.154 0.2038 24 – 67 - 41.21 ± 10.22

Odontaspididae Carharias taurus Rafinesque, 1810 3 0.013 0.013 0.0175 124 – 220 - 158.5 ± 43.59

Triakidae Mustelus fasciatus (Garman, 1913) 2 0.009 0.009 0.0078 37.5 – 39 - 38.25 ± 0.75

Mustelus schmitti Springer, 1939 16 0.013 0.070 0.0931 21.9 – 48.2 - 32.64 ± 10.81

Carcharhinidae Carcharhinus brevipinna (Müller & Henle, 1839) 85 0.026 0.374 0.9897 31.2 – 91.4 - 38.21 ± 9.53

Carcharhinus obscurus (Lesueur, 1818) 6 0.004 0.026 0.0116 42.1 – 43.5 - 43.02 ± 0.54

Carcharhinus plumbeus (Nardo, 1827) 2 0.004 0.009 0.0039 78.1 – 78.8 - 78.45 ± 0.35

Rhizoprionodon lalandii (Müller & Henle, 1839) 38 0.053 0.167 0.8849 22.3 – 89.2 - 59.34 ± 18.11

Sphyrnidae Sphyrna lewini (Griffith & Smith, 1834) 182 0.084 0.802 6.7108 38.8 – 97 - 52.44 ± 7.03

Sphyrna zygaena (Linnaeus, 1758) 54 0.053 0.238 1.2575 43 – 102 - 58.82 ± 12.84

Rhinobatidae Pseudobatos horkelii (Müller & Henle, 1841) 95 0.057 0.419 2.3967 - 15 – 71 34.27 ± 8.55

Narcinidae Narcine brasiliensis (Olfers, 1831) 1 0.004 0.004 0.0019 - 22.1* -

Arhynchobatidae Sympterygia acuta Garman, 1877 ** 36 0.035 0.159 0.5589 - 15 – 30 20.84 ± 4.1

Sympterygia bonapartii Müller & Henle, 1841 10 0.018 0.044 0.0776 - 31 – 43 38.7 ± 3.32

Gymnuridae Gymnura altavela (Linnaeus, 1758) 2 0.009 0.009 0.0078 - 88 -98 93 ± 7.07

Dasyatidae Dasyatis hypostigma Santos & Carvalho, 2004 4 0.013 0.018 0.0233 - 24.3 – 34.9 29.07 ± 4.56

Myliobatidae Myliobatis goodei Garman, 1885 5 0.009 0.022 0.0194 - 48 – 57.7 51.94 ± 3.52

Myliobatis ridens Ruocco, Lucifora, Díaz de 2 0.004 0.009 0.0039 - 27.6 – 30.1 28.85 ± 1.25

                  Astarloa, Mabragaña & Delpiani, 2012



Tab. 4. Chi-square results ( χ2 ) (p = 0.05) testing for differences between the ratios 

between stages of development for Carcharhinus brevipinna, Pseudobatos horkelii, Sphyrna 

lewini and Sphyrna zygaena. NJR: neonates X juveniles ratio; JAR: juveniles X adults ratio; 

NAR: neonates X adults ratio.

NJR χ2 p JAR χ2 p NAR χ2 p

C. 

brevipinna

1:27.33 73.424 < 0.001 - - - - - -

P. horkelii 1:0.16 45.511 < 0.001 1:15.40 63.220 < 0.001 1:2.6 3.556 0.593

S. lewini 1:19.22 147.780 < 0.001 - - - - - -

S. zygaena 1:3.5 16.667 < 0.001 - - - - - -

Tab. 5. Biological data on the four most representative species in Patos lagoon estuary 

(Carcharhinus brevipinna, Pseudobatos horkelii, Sphyrna lewini and Sphyrna zygaena). T: 

total of specimens sampled; M: number of males; F: number of females; SR: sex ratio (M:F);

χ2 : chi-square values for differences between males and females (p = 0.05); N: number of 

neonates; J: number of juveniles; A: number of adults.

T N J A T N J A

C. 

brevipinna

M

F

SR

χ2

p

85

37

48

1:1.29

1.423

0.232

85

35

47

1:1.34

1.756

0.185

3

2

1

1:0.50

0.333

0.563

0

-

-

-

-

-

S. lewini

M

F

SR

χ2

p

182

87

95

1:1.09

0.351

0.553

173

81

92

1:1.13

0.699

0.403

9

6

3

1:0.5

1.000

0.317

0

-

-

-

-

-



P. horkelii

M

F

SR

χ2

p

95

13

82

1:6.31

50.116

< 0.001

13

3

10

1:3.33

3.769

0.522

77

9

68

1:7.55

45.208

< 0.001

5

1

4

1:4

1.800

0.179

S. 

zygaena

M

F

SR

χ2

p

54

27

27

1:1

0

1

42

19

23

1:1.21

0.380

0.537

12

8

4

1:0.5

1.333

0.248

0

-

-

-

-

-


