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and fish for Sympterygia bonapartii. The analyses 
showed dissimilarity among the species’ diets with-
out significant niche overlap. Our results detected the 
absence of significant niche overlap among batoid 
species, suggesting other types of niche partitioning 
and spatiotemporal habitat variation. This informa-
tion could be considered for local management plans.

Keywords  Elasmobranch · Trophic ecology · Diet · 
Ray · Partitioning

Introduction

Elasmobranchs show various morphological body 
types and occupy many distinct marine and freshwa-
ter habitats (Wetherbee et al., 2012). Elasmobranch’s 
main diet consists of fish, crustaceans, mollusks, 
and polychaetes (Wetherbee et  al., 2012; Belleggia 
et  al., 2019). Their feeding is highly diverse, rang-
ing from planktonic species to whales (Budker, 1971; 
Wetherbee et al., 2012). Information on elasmobranch 
feeding preferences helps us better understand their 
ecology, community structure, morphological and 
functional adaptations, ontogeny, and niche partition-
ing (Aguiar & Valentin, 2010; Bornatowski et  al., 
2014a; Belleggia et al., 2019; Rupp & Bornatowski, 
2021). Brazil has approximately 203 described elas-
mobranch species, where 104 are batoids (dorsoven-
trally flattened elasmobranchs) (Rosa & Gadig, 2014; 
Gadig & Rosa, 2023). Batoids are commonly caught 

Abstract  We aimed to characterize the trophic ecol-
ogy and test the hypothesis of niche overlap between 
four sympatric batoid species of the subtropical South 
Atlantic. Data were collected between 2017 and 2022 
from two artisanal fishery communities in southern 
Brazil. Batoid’s stomach contents were identified, 
separated into categories, and weighed. We calcu-
lated the Levins, Pianka’s, and Prey-specific index of 
relative dietary importance (PSIRI) and performed 
a similarity test using PERMANOVA and the simi-
larity percentage (SIMPER) for niche analysis. We 
analyzed 229 stomachs of four batoid species, 187 
containing foods. All species showed a narrow food 
niche. The most important diet items for each spe-
cies were Leptochaela serratorbita and Onuphidae 
for Dasyatis hypostigma; Nematoda for Pseudobatos 
horkelii; L. serratorbita, Sicyonia dorsalis and Portu-
nidae for Rioraja agassizii and Achelous spinicarpus 

Handling editor: Michael Power

L. de Lima Lemos (*) · R. Hajenius Aché de Freitas 
Laboratório de Biologia de Teleósteos e Elasmobrânquios 
(LABITEL), Departamento de Ecologia e Zoologia ‑ 
ECZ, Centro de Ciências Biológicas ‑ CCB, Universidade 
Federal de Santa Catarina, Roberto Sampaio Gonzaga, s/n, 
Trindade, Florianópolis, Santa Catarina, Brazil
e-mail: lilihlemos@yahoo.com.br

H. Bornatowski 
Centro de Estudos do Mar, Universidade Federal 
do Paraná, Avenida Beira Mar S/N, Pontal do Sul, 
Pontal do Paraná,  Paraná, Brazil

http://orcid.org/0000-0001-9564-3698
http://orcid.org/0000-0002-2541-9639
http://orcid.org/0000-0002-9053-9186
http://crossmark.crossref.org/dialog/?doi=10.1007/s10750-024-05494-6&domain=pdf


	 Hydrobiologia

1 3
Vol:. (1234567890)

by artisanal fisheries, especially neonates and juve-
niles. However, these data are neglected in Brazil. 
The Santa Catarina state is the leading provider of 
elasmobranchs in the country (Paiva, 1997; Borna-
towski et al., 2011, 2018a; Gallardo et al., 2021). Bra-
zil’s environmental protection agency, Ibama, seized 
27.6 tons of shark fins (10,000 specimens estimated) 
for illegal exportation in Santa Catarina, representing 
the world’s largest-ever recorded seizure of shark fins 
(Ibama, 2023).

Several factors can influence batoid diet compo-
sition and foraging habits, such as season, animal 
size, and dimensions of unique morphological char-
acters (e.g. cranial structure, nose size and form, 
mouth muscles) (Aguiar & Valentin, 2010; Rezende 
et al., 2015; Barbini & Lucifora, 2016; Barbini et al., 
2018). Morphological variations in skull and teeth 
can reflect different prey capture strategies and diet 
specializations (Aguiar & Valentin, 2010; Rezende 
et al., 2015). Dietary preference and overlap between 
species (feeding overlap) are essential elements that 
influence community structure and individual funda-
mental niches (Krebs, 1999). Phylogenetically close 
species tend to overlap resources and become poten-
tial competitors (Pianka, 1973; Bethea et  al., 2006; 
Heupel et al., 2007; Heithaus et al., 2013). Measuring 
how species overlay food resources is relevant to ana-
lyzing trophic niche width and overlap. On the other 
hand, niche overlap does not necessarily mean spe-
cies competition if available resources are abundant 
or irrelevant for one species (Colwell & Futuyma, 
1971).

Artisanal and commercial fishing compromise 
the life strategy for many elasmobranch species, 
driving demographic decline (Stevens et  al., 2000). 
Some batoid species use specific coastal areas as 
nurseries, and female batoids temporarily migrate 
to coastal areas during reproductive periods (Mar-
tins et al., 2018). Batoid younglings remain in these 
areas because coastal areas usually offer abundant 
food resources and security against predators (Yokota 
& Lessa, 2006; Heithaus, 2007; Araújo et al., 2016). 
Fishing activities, mostly artisanal fishing, remove 
young individuals from coastal areas, directly affect-
ing the maintenance and recruitment of the batoid 
population (Stevens et  al., 2000; Costa & Chaves, 
2006; Martins et  al., 2018). Elasmobranchs bycatch 
fishery can lead species to extinction and impoverish-
ment of marine ecosystems (Ferretti et al., 2010; Dale 

et al., 2011; Croll et al., 2012; Pennino et al., 2013; 
Bornatowski et  al., 2014a; Rupp & Bornatowski, 
2021). The lack of information about several batoid 
species, especially about dietary, adds to threats such 
as fishing, pollution, and natural habitat destruction 
and places the majority of elasmobranch species as 
threatened for extinction (Davidson and Dulvy, 2017; 
Derrick et al., 2020; MMA, 2022).

The elasmobranch’s importance for the structure 
and balance of aquatic trophic food webs emphasized 
the urgency to understand their feeding ecology. Diet 
studies are a relevant basis for constructing ecotrophic 
models (using the Ecopath software) to formulate 
hypotheses on fisheries management and make infer-
ences about biomass declines (e.g. Bornatowski et al., 
2018b; Rupp & Bornatowski, 2021). Urgency is even 
more imminent when we consider the lack of data 
and current threats of extinction. Knowledge of the 
elasmobranch diet can improve sustainable fishing, 
including managing and conserving elasmobranch 
populations. Since batoid species are usually sympa-
tric bottom mesopredators and tend to consume simi-
lar resources, the knowledge about sympatric spe-
cies diets is relevant to understanding trophic niche 
information and their ecological importance. The 
diet information can provide new ecological informa-
tion about sympatric threatened species. This study 
aimed to characterize the trophic niche and to test 
the hypothesis of niche overlap among four sympat-
ric batoid species using stomach content analysis in a 
popular tourist destination in the South of Brazil.

Material and methods

Data collection

Four sympatric batoid species from the subtropical 
South Atlantic Ocean were collected in two artisanal 
fisheries communities in coastal Southern Brazil  (27° 
22’ S, 48° 20’ W, Fig. 1). The species collected and 
their IUCN’s category of threatened of extinction are 
Dasyatis hypostigma Santos & Carvalho, 2004—EN, 
Pseudobatos horkelii (Müller & Henle, 1841)—CR, 
Rioraja agassizii (Müller & Henle, 1841)—VU and 
Sympterygia bonapartii Müller & Henle, 1841—NT 
(IUCN, 2020). Samples were collected on 12 sam-
ples occasions, in an opportunistic form, through the 
contact of the fisheries, in the following years: 2017 
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(August, September, and December), 2018 (May), 
2019 (March, August and October), 2020 (February 
and November), 2021 (January), and 2022 (January 
and February). The samples were grouped into two 
seasons: warm (October to March) and cold (May to 
September). The biometric data (total length—TL, 
disk width—DW, weight, sex, maturation stage) were 
recorded for all batoid specimens. Stomachs were 
removed, fixed in 10% formalin, and sorted in the 
laboratory. The content was identified to the lowest 
possible taxonomic level, quantified, and weighed for 
each batoid species. We used family identification as 
the lowest taxonomic level to compare diet between 
species (i.e. Portunidae, Varunidae, Onuphidae, Sicy-
onidae). Seaweed and substrate were considered acci-
dental ingestion and excluded from analysis (Aguiar 
& Valentin, 2010).

Statistical analyses

A cumulative prey curve was constructed using the 
Shannon–Wiener method to assess whether the num-
ber of sampled stomachs was enough to describe the 
diversity of four batoid species. The EstimateS 9 soft-
ware was used to obtain the Shannon–Wiener index. 
Sample sufficiency was estimated visually when the 
graphic reached an asymptote and decreased variance 
(Magurran, 2004).

For dietary analysis, the following indexes were 
calculated: Numeric (%N), Gravimetric (%W), Fre-
quency of Occurrence (%FO), Prey-specific abun-
dance (%PN), and Prey-specific weight (%PW) (Cor-
tés, 1997; Brown et  al., 2012). Prey-specific Index 
of Relative Importance (%PSIRI) was calculated to 
determine the importance of each prey item in the 
species’ diet

%PN is the specific abundance for prey number, 
and %PW is the specific abundance for prey weight 
(Brown et al., 2012).

The width of the trophic niche was determined 
using Levins’

Pj represents the prey item weight fraction of each 
feeding category j (ΣPj = 1) (Krebs, 1999). Values 
were standardized (BA) using the equation:

 where N is the class number (Krebs, 1999), BA 
standardized values varied between 0 and 1. Low BA 
values indicate a very specialized diet and high BA 
values indicate a generalized diet (Hurlbert, 1978). 

%PSIRI =
%FO ∗ (%PN + %PW)

2

(Bi) ∶ Bi = 1∕
∑

P2

j

BA = (Bi − 1)∕(N − 1)

Fig. 1   Map represent-
ing the two sample points 
in the study area on the 
south coast of Brazil, from 
which the four sympatric 
batoid species (Dasyatis 
hypostigma, Pseudobatos 
horkelii, Rioraja agassizii, 
and Sympterygia bonapar-
tii) were collected
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The trophic level (TL) was calculated using the equa-
tion from Christensen & Pauly (1992):

 where DCij is referred to as the diet composition, 
in the proportion of prey (j), in the species diet (i), 
and TLj is the trophic level of prey (j). Preys’ Trophic 
position (TLj) was based on Ebert and Bizzarro 
(2007).

Niche overlap was calculated using the Pianka 
index (1973), using the “niche_null_model” func-
tion, “Pianka’’ metric, and 1000 replications from the 
“EcosimR ’’ package. The values ranged between 0 
and 1, and overlap was considered biologically sig-
nificant when values were above 0.60 (Zaret & Rand, 
1971). The biomass data diets of the four batoid spe-
cies were transformed using the Hellinger method 
and compared using percentage SIMPER analyses 
and PERMANOVA similarity (Clarke et  al., 2014). 
Dissimilarity was calculated using the “vegdist” 
function, “bray” method, “adonis,” and “simper” 
functions, with 1000 replications from the “vegan” 
package and “parwaise.adonis” from the “pair-
wiseAdonis” package. We used the “betadisper” and 
“permutest” functions, with 999 replications, of the 
“vegan” package to test the overdispersion of the 
data. Graphic analyses were obtained using non-met-
ric multidimensional scaling (nMDS) using the “met-
aMDS” function and “bray” method from the “vegan” 
package. Unidentified digested material was excluded 
from the analyses. Samples with a feeding category 
of low occurrence (two or fewer specimens) were 
identified as outliers and removed from analyses. All 

TL = 1 +

n
∑

j=1

DCij × TLj

analyses were performed using R Language for Sta-
tistical Computing (R Core Team, 2022).

Results

A total of 229 individual stomachs belonging to 
four sympatric batoid species from the Southwest-
ern Atlantic Ocean were analyzed. Food was found 
in 187 stomachs, of which 87.17% were sampled 
in the warm season, 8.56% in the cold season, and 
4.28% of samples had no season register. Dasyatis 
hypostigma had 60 stomachs analyzed (40 with con-
tent and 20 empty stomachs). Of the stomachs with 
content, ten were of females and 30 of males, with 
sizes ranging from 45 to 85  cm total length for TL 
(μ = 65.53 ± 9.63sd, Fig. 2) and 28 to 48 cm for DW 
(μ = 35.54 ± 3.34sd, Fig.  2). All the stomachs were 
collected in the warm seasons. Pseudobatos horkelii 
had 70 stomachs analyzed (58 with contents and 12 
empty). The specimens with stomach content repre-
sent 19 females and 40 males. The specimen sizes 
range from 35 to 125 cm for TL (μ = 92.85 ± 13.35sd) 
and 12 to 45  cm for DW (μ = 30.33 ± 5.60sd). In 
the cold season, only one specimen was collected 
(Aug/2019). All the other specimens were sampled 
in the warm season. Rioraja agassizii had 66 stom-
achs analyzed (60 with content and six empty). Of 
the stomachs with content, 46 were of females and 
14 of males, and the specimens’ sizes ranged from 
39 to 61  cm for TL (μ = 51.18 ± 5.73sd) and 21 to 
40  cm for DW (μ = 33.16 ± 4.10sd). Most samples 
(61.67%) were collected in the warm season, 25.00% 
in the cold season, and 13.33% had no register for 
the season. Sympterygia bonapartii had 33 stomachs 

Fig. 2   Body size vari-
ation of batoids species 
Dasyatis hypostigma (dh), 
Pseudobatos horkelii (ph), 
Rioraja agassizii (ra), and 
Sympterygia bonapartii (sb) 
in the Subtropical South 
Atlantic. a Disk width size, 
b Total length size



Hydrobiologia	

1 3
Vol.: (0123456789)

analyzed (29 with content and four empty), with 14 
females and 15 males having food in their stomachs. 
All the samples were collected in the warm season. 
The specimen sizes ranged from 36 to 68.5  cm for 
TL (μ = 53.72 ± 10.29sd) and 29 to 44  cm for DW 
(μ = 37.75 ± 5.28sd). The cumulative average prey 
species graphic indicated that samples reached suffi-
ciency to represent four batoid species diets (Fig. 3). 
Sample numbers collected in this study were con-
sidered insufficient for diet variation analyses (sex, 
ontogenetic, and temporal variations).

Diet, niche breadth, and trophic position

Stomach content analysis of four batoid species 
resulted in 55 feeding items identified (Table  1). 
Dasyatis hypostigma has 26 feeding items and shows 
feeding specialization with narrow niche breadth 
(BA = 0.30). The trophic position was Tl = 3.56. 
Polychaeta (47.97% PSIRI) and Crustacea (46.79% 
PSIRI) were the most important taxon. The main 
prey items were Leptochela serratorbita Spence 

Bate, 1888 shrimp from the Pasiphaeidae family 
(22.86%PSIRI) and Polychaetes from the Onuphi-
dae family (18.80%PSIRI). Pseudobatos horkelii 
had 31 feeding items, where unidentified Nematoda 
(36.84% PSIRI) was the principal feeding item, fol-
lowed by unidentified Teleostei (13.96% PSIRI) and 
unidentified crustaceans (12.42% PSIRI). PSIRI anal-
yses showed Crustacea (44.52% PSIRI), Nematoda 
(36.84% PSIRI), and Teleostei (13.96% PSIRI) as 
the leading groups of the diet. Pseudobatos horkelii 
presented a narrow niche breadth (BA = 0.15), and the 
trophic position was Tl = 3.60. The Rioraja agassizii 
diet had 32 feeding items, mainly composed of Crus-
tacea (94.71% PSIRI). The prevalent species were the 
Caridean shrimp L. serratorbita (30.95% PSIRI), the 
Dendrobranchiata shrimp from the Sicyonidae family, 
Sicyonia dorsalis Kingsley, 1878 (12.64% PSIRI), and 
Portunidae crabs’ family (12.22% PSIRI). R. agas-
sizii presented low niche breadth (BA = 0.19), and the 
trophic position was Tl = 3.54. Sympterygia bonapar-
tii had 29 feeding items and a narrow niche breadth 
(BA = 0.16), indicating high diet specialization. The 

Fig. 3   Cumulative average (solid line) and standard deviation 
(vertical lines) of Shannon–Wiener diversity index for samples 
of the studied batoid species in Subtropical South Atlantic a 

Dasyatis hypostigma; b Pseudobatos horkelii; c Rioraja agas-
sizii; d Sympterygia bonapartii 
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trophic position was Tl = 3.70. The diet was repre-
sented by Crustacea (58.33% PSIRI) and Teleostei 
(27.56% PSIRI) taxon and was composed of the crab 
Achelous spinicarpus Stimpson, 1871, from the Por-
tunidae family (36.69% PSIRI). The second important 
prey item was Sardinella brasiliensis (Steindachner, 
1879) fish (15.64% PSIRI), followed by Teleostei uni-
dentified fish (11.92% PSIRI).

Feeding similarities and overlap trophic niche

For this analysis, one specimen was removed from 
Dasyatis hypostigma, one from Pseudobatos horkelii, 
and one from Rioraja agassizii, identified as outli-
ers. Pianka’s overlap index indicated no niche over-
lap between the four species (Okj = 0.25, P = 0.02). 
Pairwise comparison for each species showed no 
overlap, but, except for R. agassizii and Sympterygia 
bonapartii pairwise comparison (Okj = 0.47, P = 0.02, 
Table 2), the null model results were not significant, 
which means that it could occur by chance. Non-
metric multidimensional scaling (nMDS) indicated 
overlap, mostly between R. agassizii, D. hypostigma, 
and P. horkelii (Fig.  4). Overlap diet was not con-
firmed by PERMANOVA and SIMPER analyses. 
PERMANOVA (Table 3) indicated a significant dif-
ference in the diet composition of four batoid species 
(R2 = 0.114, P = 0.001). Pairwise species analysis 
also showed a significant difference between batoid 
diets (species x species, P = 0.006). SIMPER analy-
ses indicated diet dissimilarity between four batoid 
species (> 70%). The feed items most important for Ta
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Table 2   Pianka’s overlap index between Dasyatis hypostigma 
(Dh), Pseudobatos horkelii (Ph), Rioraja agassizii (Ra), and 
Sympterygia bonapartii (Sb), four sympatric batoids of the 
subtropical South Atlantic Ocean

*Significant value
*Values with higher overlap than expected and differing from 
predicted by chance (P < 0.05)

Species Predicted 
overlap

Observed overlap P

Dh x Ph 0.15 0.20 0.24
Dh x Ra 0.18 0.25 0.20
Dh x Sb 0.12 0.04 0.67
Ph x Ra 0.15 0.24 0.17
Ra x Sb 0.10 0.47 0.02*
Ph x Sb 0.10 0.29 0.09
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the dissimilarity between D. hypostigma and P. hor-
kelii are Nematoda (20.1%, P < 0.01), Crustacea 
(11%, P < 0.01), Lumbrineridae (36.7%, P < 0.01), 
Onuphidae (44.6%, P < 0.01), and Polychaeta (58.2%, 
P < 0.01). The feed items for D. hypostigma and R. 
agassizii, Sicyoniidae (21.8%, P < 0.01), Pasiphaei-
dae (12.2%, P < 0.01), Onuphidae (45.8%, P < 0.01), 
and Lumbrineridae (52.1%, P < 0.01) are the main 
items that contribute for diet dissimilarity. Portunidae 
(20.7%, P < 0.01), Clupeidae (69.9, P < 0.01), Tel-
eostei (32.5%, P = 0.02), and Lumbrineridae (55.8, 
P = 0.01) are the feeding items that most contribute 
for diet dissimilarity for D. hypostigma and S. bona-
partii. Sicyoniidae (10.8%, P < 0.001), Pasiphaei-
dae (31.4%, P < 0.01), Nematoda (46.7%, P < 0.01), 
Dendrobranchiata (73.4%, P = 0.03), and Decapoda 

(53.8%, P = 0.04) are the most contributing items for 
P. horkelii and R. agassizii diet dissimilarity. The feed 
items Portunidae (23.5%, P < 0.01), Teleostei (38.54, 
P < 0.01), Clupeidae (68.8%, P < 0.01), and Nema-
toda (46.2%, P = 0.02) are the most influential feed-
ing items to the diet dissimilarity of P. horkelii and 
S. bonapartii. For R. agassizii and S. bonapartii, the 
items Portunidae (22.7, P < 0.01), Teleostei (34.5%, 
P = 0.03), and Clupeidae (62.7%, P = 0.02) are the 
main items to dissimilarity contributions. We did not 
confirm trophic niche overlap among the four batoid 
species.

Discussion

The diet of four batoid species was composed mainly 
of benthic prey and taxon commonly found as part 
of the studied species diet (crustaceans, polychaetes, 
fish), except Nematoda for Pseudobatos horkelii 
(Ruocco & Lucifora, 2016; Belleggia et  al., 2019; 
Chelotti & Gadig, 2023). Dasyatis hypostigma, Pseu-
dobatos horkelii, Rioraja agassizii, and Sympterygia 
bonapartii showed a narrow niche breadth, indicat-
ing diet specialization in a few prey items (Hurlbert, 
1978). The importance of each item has shown dif-
ferences when compared to the diet of the same spe-
cies in other locations (e.g. Argentina, São Paulo) 
(Paesch, 2000; Barbini, 2010; Barbini & Lucifora, 
2011; Bornatowski et  al., 2014b). Elasmobranchs’ 

Fig. 4   Non-metric mul-
tidimensional scaling of 
the diet overlap of four 
batoids species Dasyatis 
hypostigma (dh), Pseu-
dobatos horkelii (ph), 
Rioraja agassizii (ra), and 
Sympterygia bonapartii (sb) 
in the Subtropical South 
Atlantic

Table 3   PERMANOVA pairwise dissimilarity analyses from 
the diet of four batoid species sympatric in the subtropical 
South Atlantic: Dasyatis hypostigma, Pseudobatos horkelii, 
Rioraja agassizii, and Sympterygia bonapartii 

*Significant value

Species x Species R2 P-value

D. hypostigma x P. horkelii 0.08 0.006*
D. hypostigma x R. agassizii 0.06 0.006*
D. hypostigma x S. bonapartii 0.11 0.006*
P. horkelii x R. agassizii 0.08 0.006*
P. horkelii x S. bonapartii 0.05 0.006*
R. agassizii x S. bonapartii 0.05 0.006*
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diet specialization can create a complex trophic ecol-
ogy structure and reinforce their substantial eco-
logical role in marine ecosystems (Wetherbee et  al., 
2012). Besides, small sharks and batoids can live in 
complex habitats with environmental variations (e.g. 
salinity, temperature), and due to their varied habitat 
occupancy and feeding plasticity, they can show spe-
cialized diet (Tricas, 1985; Grubbs, 2010; Motta & 
Huber, 2012; Freitas et al., 2019; Hayata et al., 2021; 
Rupp & Bornatowski, 2021). The diet specialization 
in a  few prey species  (e.g. bivalves, infauna) also is 
a mechanism to avoid competition with other large 
and higher trophic levels elasmobranchs (Vaudo & 
Heithaus, 2011; Bornatowski et  al., 2014c; Hayata 
et  al., 2021). Regarding the trophic level result, all 
four species studied fit on the third level of the food 
chain (mesopredator, Tl < 4). The mean trophic level 
is one of the indicators of ecosystem health used by 
the Convention on Biological Diversity (Pauly & 
Watson, 2005). Research with mesopredators  (e.g. 
rays) is essential once significant top predators  (e.g. 
sharks) reduction can change the structure of the 
food chain and lead to a mesopredator release and 
a cascading trophic effect in the ecosystem (Bor-
natowski et  al., 2014a; 2014b; 2018b). In the study 
area, inshore fishing and anthropogenic impacts have 
occurred since the end of the nineteenth century, with 
declining catches (Gallardo et al., 2021). Due to the 
increased fishing efforts in recent decades, Gallardo 
et  al. (2021) suspect a fishing down in the marine 
food web along the Santa Catarina coast, with biodi-
versity loss, including high trophic level species.

Regarding diet composition, Dasyatis hypostigma 
had mostly crustaceans and polychaetas as prey items 
and showed specialized feeding in Leptochela serra-
torbita shrimp and worms of the Onuphidae family. 
There are few studies about D. hypostigma diets that 
have found Polychaeta as the main item for south-
western Brazilian species, followed by the Penaidae 
family and Amphipoda for specimens from Argen-
tina (Ruocco & Lucifora, 2016; Domingos et  al., 
2021). Ontogenetic effects were reported in a study 
in Argentina, where the small specimens fed mostly 
Amphipoda, and the large specimens had Polychaeta 
as the main item in their diet (Ruocco & Lucifora, 
2016). Considering that females of D. hypostigma 
are mature with 49.5 cm disk width and males with 
30  cm (Last et  al., 2016; Gomes et  al., 2019), it 
was assumed that all the specimens captured in our 

study were small and juvenile. Once that disk widths 
from females ranged from 35 to 48  cm (only 2 of 
10 > 40 cm), and for males, besides disk width rang-
ing from 28 to 38  cm, the maturity was determined 
during the collection by clasper rigidity. In this way, 
ontogenetic prey variation does not influence the 
results presented, representing juvenile specimens’ 
diet. Our study showed that small specimens had 
polychaetes as the leading item of their diet, contrast-
ing the findings of Ruocco & Lucifora (2016). Diet’s 
seasonal effects were found in Argentina, where 
crustaceans were more important in winter, whereas 
in spring, other taxons were prevalent (e.g. bivalves, 
fish, gastropoda) (Ruocco & Lucifora, 2016). Oth-
erwise, our results showed Crustaceans and Poly-
chaetas as important prey in warm seasons. Sex is 
another variable that can influence the diet of elas-
mobranchs (Wetherbee et al., 2012), and we sampled 
specimens for both sexes, with males as the major-
ity (Female = 15%, Male = 75%). Although  diet dif-
ferences between sexes  for  D. hypostigma were not 
tested here, these differences were not evidenced  in 
other research  for this species (Ruocco & Lucifora, 
2016).

In the diet of Pseudobatos horkelii, Nematoda was 
the most important prey item, followed by crusta-
ceans, showing a specialized diet of benthic prey. The 
groups commonly found as relevant prey items (Poly-
chaeta and Teleostei) for P. horkelii and other species 
from the  Pseudobatos genus were not evidenced in 
the present research as representative prey in the diet 
of P. horkelii  (e.g. Amaral & Migotto, 1980; Bor-
natowski et  al., 2010, 2014b; Belleggia et  al., 2019; 
Chelotti & Gadig, 2023). Crustaceans are also less 
important in the diet of P. horkelii in the present 
study, unlike specimens from other locations in Brazil 
(e.g. Paraná, São Paulo) and Argentina (e.g. Amaral 
& Migotto, 1980; Soares et  al., 1992; Casselberry 
& Carlson, 2015; Martins et  al., 2017; Chelotti & 
Gadig, 2023). Some studies considered Nematoda an 
accidental ingestion (Chelotti & Gadig, 2023), which 
was not evidenced in other studies (Amaral & Mig-
otto, 1980; Soares et al., 1992; Belleggia et al., 2019). 
Furthermore, we found Nematoda as a significantly 
important prey (36.84% PSIRI), which could be the 
reflex of local feeding variety, according to geographi-
cal differences, prey availability, and abundance (Last 
et al., 2016; Motta et al., 2016; Reys-Ramírez et al., 
2022). Seasonal, ontogenetic, and sex effects on diet 
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were not considered in our analysis because, except 
for one, all the specimens were sampled in warm sea-
sons. Also, the majority (94.83%) of specimens were 
assumed to be adults, according to size mature refer-
ence (> 750  mm TL) (Vooren et  al., 2005), and for 
sex comparison, the samples were insufficient. Thus, 
this study represents the diet of adults in the warm 
season for P. horkelii. It is noteworthy that sex and 
maturity stage did not influence the diet of P. horkelii 
in other researchers, and there is no information about 
the diet seasonality (Belleggia et al., 2019; Chelotti & 
Gadig, 2023).

 Rioraja agassizii, as expected, showed a carci-
nophagus benthic diet, in  which Crustacea were the 
most relevant category prey (Soares et  al., 1992; 
Muto et al., 2001; Barbini & Lucifora, 2011; Borna-
towski et al., 2014b; Motta et al., 2016; Viana et al., 
2017; Belleggia et al., 2019). In contrast, other taxa, 
such as Teleostei and Polychaeta, were unusual prey, 
presenting low importance in the diet. These findings 
partially contrast with the R. agassizii diet from spec-
imens in São Paulo, which find Caridean and fishes 
as predominant prey (Muto et  al., 2001). Body size, 
sex, and season variation were evidenced for the R. 
agassizii diet (Muto et al., 2001), where the consump-
tion of small crustaceans, such as Amphipoda, was 
related to smaller specimens (< 180 mm) and to the 
spring season, and fish consumption was linked to 
adult females on winter (480 mm). Still, Caridea was 
a predominant prey for all body sizes (Muto et  al., 
2001). Here, adult females were the majority of our 
sample (53.33%), but fish and polychaetes were less 
representative, contrasting findings in other loca-
tions (Soares et al., 1992; Muto et al., 2001; Barbini 
& Lucifora, 2011; Bornatowski et  al., 2014b; Motta 
et  al., 2016; Belleggia et  al., 2019). In contrast, 
another study found fish as important prey in winter, 
with no distinction between sexes, and the increasing 
importance of Crustaceans (e.g. crabs and shrimps), 
according to increase in the body size, which goes 
with the results shown in the present study (Barbini 
& Lucifora, 2011). Despite R. agassizii having shown 
ontogenetic, seasonal, and annual variances, carid-
ean shrimps, including Leptochela serratorbita, seem 
prevalent (Muto et  al., 2001). This prey was impor-
tant in winter, autumn, and spring, such in adults as 
juveniles (Muto et  al., 2001). Accordingly, we evi-
denced this prey as crucial as well, but the majority 
(61.67%) of specimens were collected in the warm 

season (mainly summer). Sicyonia dorsalis and Por-
tunidae crabs have also been found as prevailing prey, 
corroborating our results (Soares et  al., 1992; Muto 
et al., 2001; Bornatowski et al., 2014b). Some studies 
have shown some distinctions in the diet of R. agas-
sizii over different years, but the diet was composed 
of the same prey groups, with changes in the order of 
importance of shrimps, brachyurans, and fish (Muto 
et al., 2001; Motta et al., 2016).

The feeding habit of Sympterygia bonapartii 
showed a high specialization diet in a few benthope-
lagic preys. Similar patterns of feeding items, con-
sisting of crabs and fish, were found in other loca-
tions, such as Argentina and Uruguay (Paesch, 2000; 
Barbini, 2010; Estalles et  al., 2016; Belleggia et  al., 
2019). The S. bonapartii diet can show differences 
attributed to variations in sex, ontogenetic, and sea-
sonality due to changes in mouth morphology, abil-
ity improvement, and swimming speed. These vari-
ations allow adults to consume larger prey, like fish 
(Estalles et  al., 2016). In the present study, seasonal 
effects were not analyzed, but these results showed 
the S. bonapartii diet in warm seasons since all the 
stomachs were collected in warm months. However, 
the S. bonapartii diet’s results deserve caution since 
the samples represented specimens for both sexes 
similarly and ranged in body size (Fig.  2). Most 
specimens sampled (72%) had a total length between 
51 and 75  cm and could be considered adults, once 
male adult sizes are between 61 and 74  cm and 
females between 50 and 69  cm (Basallo & Oddone, 
2014; Gomes et  al., 2019). According to Estalles 
et  al. (2016), the larger the body size of skates, the 
smaller the contribution of crustaceans to the diet, 
and large-body females increased the importance 
of fish. Although most specimens were adults, our 
results showed Crustaceans as the most important 
prey. The importance observed in Sardinella brasil-
iensis as prey is due to the high weight found in a 
few samples (2 out of 29), which increased the prey-
specific weight percentage. Besides, specimens con-
sidered juveniles also had fish in the stomach content, 
and both females and males consumed Teleostei. So, 
this difference between the sizes and sex may not be 
apparent, considering our sample design.

Dasyatis hypostigma, Pseudobatos horkelii, and 
Rioraja agassizii showed spatial diet variation com-
pared to other studies with the same species in distinct 
geographical locations (e.g. Argentina, Paraná, São 
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Paulo) (Amaral & Migotto, 1980; Barbini & Lucifora, 
2011; Bornatowski et  al., 2014b; Belleggia et  al., 
2019; Domingos et  al., 2021; Hayata et  al., 2021; 
Chelotti & Gadig, 2023). These preys’ variations 
could be related to abiotic variables (e.g. sea tempera-
ture, salinity) and oceanography (e.g. depth, sea cur-
rents) differences that influence local biodiversity and 
prey availability (Barbini & Lucifora, 2011; Motta 
et  al., 2016). The island of Santa Catarina is sur-
rounded by 32 other coastal islands, forming an archi-
pelago with a diversity of coastal ecosystems, high-
lighting 117 sandy beaches and nine pebble beaches 
(Horn Filho et al., 1999), dunes, lagoons, as well as 
mangroves and salt marshes (Horn Filho, 2004). The 
ecosystems are continually modeled due to the joint 
action of factors such as wind, currents, and waves. 
They are related to sea variation and climate change, 
where the winds from the south and north quad-
rants are the main physical agents of Santa Catarina 
Island hydrodynamics (Cruz, 1998). Furthermore, the 
dynamics of sea currents in southern Brazil  (ACAS, 
Santa Marta resurgence, Brazil-Malvinas Conflu-
ence (BMC)), together  with continental shelf width, 
geomorphological and submarine characteristics  of 
this region, exert influence in local  primary produc-
tive and biodiversity (Pereira et al., 2009). The south-
ern region of Brazil has a large biomass of demersal 
and pelagic fish and, consequently, the largest fishing 
fleet in the country due to these characteristics (Mat-
suura, 1987). In this way, the diet of the four batoid 
species presented here can be influenced by local prey 
diversity and resource availability, which is a conse-
quence of the local ecosystem dynamics due to the 
oceanographic and geomorphological differences of 
Santa Catarina Island, which goes by the theory of 
the organism’s consumption of available resources 
in the environment (Barbini & Lucifora, 2011; Reys-
Ramírez et al., 2022).

Ecology feeding analyses indicated no trophic 
niche overlap between the four sympatric South-
western Atlantic batoid species. These find-
ings show niche partitioning between Dasyatis 
hypostigma, Pseudobatos horkelii, Rioraja agas-
sizii, and Sympterygia bonapartii, which is a strat-
egy that sympatric and ecologically close species 
can adopt to avoid competition and has already been 
described for other sympatric batoid species (Platell 
et al., 1998; Platell & Potter, 2001; Marshall et al., 
2008; Siepielski & Mcpeek, 2010; Kinney et  al., 

2011; Bornatowski et  al., 2014b; Hayata et  al., 
2021). The niche partitioning strategy allows the 
coexistence of sympatric species through partial or 
complete trophic niche overlap, thus limiting direct 
competition for resources (Belleggia et  al., 2019). 
The difference found in resource uses between R. 
agassizii, P. horkelii, and D. hypostigma diets could 
be related, firstly, to a temporal difference between 
the samples but also to the distinct characteristics 
in specific foraging areas (e.g. biodiversity, resource 
viability), morphologies (e.g. body sizes, teeth), 
and ecologies between the species (e.g. foraging 
time, time spent in prey capture, feeding plasticity) 
(Wetherbee et al., 2012; Belleggia et al., 2019). The 
batoid species in the present study had morphologi-
cal differences (e.g. disk width, total length, dental 
plates, snout size), which could influence their diet 
dissimilarity. Morphology and feeding behavior 
are the first influences in batoids diets, followed 
by the composition and abundance of available 
prey (Pillay, 1952). The diet of sharks (e.g. Squali-
formes) and batoids of different orders and fami-
lies (e.g. Dasyatidae, Rajidae, Rhinobatidae) has 
already been associated with morphological vari-
ations (Dean et  al., 2007; Wilga et  al., 2007; Pas-
quino, 2010; Motta & Huber, 2012). Batoids had a 
flat body and ventral mouth that suggest a benthic 
feeding habitat, as shown by our findings. Other 
batoid characteristics such as mouth width and 
small teeth are connected to prey size, captured by 
suction, and selection of edible from inedible food 
(e.g. separate sediment from the food) (Motta  & 
Huber, 2012; Rezende et  al., 2015). The suction 
mechanisms of Rajidae enable it to ingest benthic 
invertebrates, like the crabs consumed by R. agas-
sizii and S. bonapartii (e.g. Achelous spinicarpus) 
(Moyle & Cech-Jr., 1988). Besides, snout and fin 
size, as the P. horkelii, could help in the capture and 
manipulation of buried prey (Lucifora et  al., 2000; 
Grubbs, 2010; Pasquino, 2010; Sommerville et  al., 
2011; Motta & Huber, 2012; Rezende et al., 2015). 
Once different prey capture strategies allow popula-
tions to coexist (Macarthur, 1958; Belleggia et  al., 
2019), all the differences in morphology, life stage, 
sex, and feeding strategies combined could explain 
the dissimilarity found, allowing and contributing 
to the coexistence of sympatric batoids in the study 
area.
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Conclusion

This study provides feeding ecology information for 
four endangered sympatric batoid species (Dasyatis 
hypostigma, Pseudobatos horkelii, Rioraja agas-
sizii, and Sympterygia bonapartii) that showed 
specialized diet and fed mostly on benthic preys, 
indicating feeding activity in the same habitat type. 
Significant trophic niche overlap was not detected, 
suggesting any direct resource competition between 
them. While the ecological importance of these 
results, it is important to reinforce that trophic niche 
occupation can vary according to species sex, life 
stage (ontogenetic), and feeding-specific periods 
(e.g. day/ night period) and can show variances 
through the seasons and years. These variables 
could influence our results once they were not tested 
separately, especially for the temporal difference 
between the samples, considering that prey species 
can show fluctuations in abundance through the sea-
sons and years, which could change the diet com-
position (Macarthur, 1958; Hurlbert, 1978; Slobod-
chikoff & Schulz, 1980; Cardillo & Warren, 2016). 
Multiple ecological factors, such as other niche 
dimensions (e.g. temperature, depth, photoperiod, 
sex, season, ontogenetic), must be analyzed to fully 
understand the species diets and niche trophic over-
laps (Macarthur, 1958; Hurlbert, 1978). Artisanal 
fishing (benthic prey-specific) is the major benthic 
batoids threatened once these batoids show a spe-
cialized diet in shrimps and crabs and tend to be 
more impacted by the reduction of resource avail-
ability. Besides limitations in diet and trophic niche 
analyses, we provide basic ecological information 
about threatened sympatric batoid species’ diet and 
trophic niche, including the endemic species of 
Southern Atlantic Ocean Dasyatis hypostigma and 
Pseudobatos horkelii. These results could be used 
to model biomass loss and fishing impacts on elas-
mobranch populations.
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