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Feeding ecology of elasmobranch species in southeastern Brazil

Alessandra F. Viana, Jean L. Valentin and Marcelo Vianna1

The feeding ecology of five elasmobranch species was studied on the southern coast of Rio de Janeiro, southwestern Atlantic 
Ocean. The specimens were caught with a trawl or bottom longline between January 2006 and August 2007. The diets of 
Psammobatis rutrum and Psammobatis extenta appeared to be basically carcino-benthophagous, with a very small niche 
width. Rioraja agassizii was basically carcino/ichthyo-benthophagous, also with a narrow niche, including teleost fish and 
shrimp, but in different proportions according to age and sex. Rhizoprionodon lalandii was ichthyophagous, not influenced 
by age or sex. The analyses of these species and Atlantoraja cyclophora indicated two trophic groups: one composed of the 
smaller rays, P. extenta and P. rutrum, which basically fed on small crustaceans, polychaetes and nematodes; and the other of 
R. lalandii and the larger rays R. agassizii and A. cyclophora, which preyed on teleost fish and brachyurans.

Keywords: Alimentary index, Carcharhinidae, Demersal fishes, Rajidae.

Devido à lacuna de conhecimento sobre os elasmobrânquios estudamos a ecologia alimentar de cinco espécies desse grupo, 
no litoral sul do Rio de Janeiro. Os exemplares foram capturados por rede de arrasto e espinhel de fundo, entre janeiro de 2006 
e agosto de 2007. As dietas de Psammobatis rutrum e Psammobatis extenta se mostraram basicamente carcino-bentofagas, 
com uma largura de nicho estreito. Rioraja agassizii foi considerada carcino/ictio-bentófaga, também com uma largura de 
nicho estreita. A espécie se alimenta com peixe e camarão, mas em proporções diferentes de acordo com a idade e sexo. A 
dieta de Rhizoprionodon lalandii foi considerada ictiófaga e não é influenciada pela idade ou sexo. As análises destas espécies 
e Atlantoraja cyclophora indicaram a formação de dois grupos tróficos: um composto pelas raias menores, P. extenta e P. 
rutrum, que basicamente se alimentam de pequenos crustáceos, poliquetos e nematodas; e o outro de R. lalandii e as raias 
maiores R. agassizii e A. cyclophora, que predam peixes teleósteos e brachyuras.
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Introduction

Studies on the feeding of organisms in the natural 
environment are important mainly to extend knowledge 
of their trophic ecology, including resource sharing and 
competition, for the understanding, administration and 
management of ecosystems (Valls et al., 2011; Braga et 
al., 2012; Estalles et al., 2015). These studies contribute to 
explaining the variations in growth, reproduction, migration 
and predation behavior. Changes in food availability in the 
environment can lead to changes in the diet of a species, and 
species with broad geographic distributions may also show 
differences in the proportion of items in their diets over their 
area of occurrence (Vianna et al., 2000; Bornatowski et al., 
2014a; Carmo et al., 2015; Viana, Vianna, 2014; Estalles et 
al., 2015). In particular, knowledge of the feeding ecology 
of elasmobranchs is essential, as they play an important role 
in marine ecosystems, where they occupy the upper trophic 
levels (Vianna et al., 2000; Ebert, Bizzarro, 2007; Valls et 
al., 2011; Bornatowski et al., 2014c; Estalles et al., 2015). 

Recently, Brazil was identified by Food and Agriculture 
Organization of the United Nations (FAO) as the largest 
shark sub-products consumer market (Barreto et al., 2016). 
Since 1980, because of the high value of their fins and other 
byproducts, and also because of the depletion of traditional 
fishery resources such as teleosts, fishing for sharks and rays 
has intensified (Vooren, Klippel, 2005; Andrade et al., 2008; 
Bornatowski et al., 2014b; Dulvy et al., 2014; Davidson et 
al., 2015), in addition to the already large numbers taken in 
bycatch (Costa, Chaves, 2006; Bornatowski et al., 2014b). 
Currently, the price per kilogram of shark fins is about $1,697 
and the price per individual for marine species ranges from 
$11,121 for dwarf sawfish to $341,139 for the whale shark 
(McClenachan et al., 2016). 

Intensive fisheries targeting elasmobranchs have an 
initial phase of large catches, followed by a rapid decline 
until collapse, since these fish have low rates of population 
increase and therefore low productivity of the stock. For 
example, in the South Atlantic, three phases of exploitation 
of sharks were identified. From 1979 to 1997, the shark 
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catch rates increased, during a period with low fishing effort; 
then from 1998 to 2008 the catch rates decreased and the 
fishing effort increased; and from 2008 to 2011 shark catches 
remained stable or increased and the fishing effort was again 
low (Barreto et al., 2016). Consequently, devising strategies 
for fishery management and biodiversity conservation is 
a complex matter (Vooren, Klippel, 2005; Andrade et al., 
2008; Dulvy et al., 2014; Davidson et al., 2015), principally 
in developing countries such as Brazil (Bornatowski et al., 
2014b), where the fauna is highly endemic in the southeastern 
region, with high species richness (Lucifora et al., 2011; 
Davidson, Dulvy, 2017). 

The elasmobranchs studied here are small-sized 
species that are often caught in coastal demersal fisheries. 
They include three species of Rajidae and one member of 
Carcharhinidae. Psammobatis rutrum Jordan, 1891, the Spade 
sandskate, is found in the South Atlantic from Rio de Janeiro 
to northern Argentina, at depths of 37 to 100 m. Psammobatis 
extenta (Garman, 1913), the Zipper sandskate, occurs in the 
South Atlantic from Rio de Janeiro to Argentina, from 20 
m to 115 m depths, and is endemic to the Argentine Marine 
Zoogeographic Province. Rioraja agassizii (Müller & Henle, 
1841), the Rio skate, is endemic to the South Atlantic and 
occurs from Espírito Santo to northern Argentina, at depths 
up to 130 m. Rhizoprionodon lalandii (Valenciennes, 1839), 
the Brazilian sharpnose shark, is found from Panama to Santa 
Catarina, at depths from 3 to 70 m (Gomes et al., 2010).

According to the Red List of the International Union for 
Conservation of Nature (IUCN), data deficient are available 
to evaluate the conservation status of P. rutrum and R. 
lalandii; in Brazil, the shark is considered vulnerable (Kyne, 
2007; Rosa et al., 2004). Psammobatis extenta is classified 

as of least concern, although in Brazil more information 
about the species is required (Chiaramonte, 2004). Rioraja 
agassizii is classed as vulnerable because of heavy fishing 
pressure (Kyne et al., 2007).

Since knowledge of feeding ecology is important and 
only incomplete information is available for all these 
species, the present study evaluated their feeding habits and 
the food overlap among them. The goal of this study was to 
generate information about the diets of Psammobatis rutrum 
(voucher UERJ 2142; UERJ = Universidade do Estado do 
Rio de Janeiro), Psammobatis extenta (UERJ 2125), Rioraja 
agassizi (UERJ 2147) and Rhizoprionodon lalandii (UERJ 
2168) in southeastern Brazil, by identifying the main food 
items of the species; determine differences in their diets 
according to the sex and stage of maturity; and investigate the 
diet overlap of these four species, as well as of Atlantoraja 
cyclophora (UERJ 1256) (Viana, Vianna, 2014).

Material and Methods

In southeastern Brazil, southwestern Atlantic Ocean 
(22°50-23°20 S; 44°00-44°45 W) (Fig. 1), 14 sampling 
campaigns in a fishing boat were carried out between 
January 2006 and August 2007, sampling at depths between 
30 and 60 m, with the objective of capturing the demersal 
ichthyofauna. The vessel operated with double trawl nets 
with a body and sleeves, with a 20 mm mesh and 18 mm 
distance between adjacent knots, and trawls lasting one 
hour. In parallel, a bottom longline was set, with 100 hooks 
of different sizes (0.2, 0.3, 0.4 and 0.5), spaced 5m apart and 
attached to the main cable with a 30 cm snood. This gear 
was paid out before dawn and retrieved during the morning.

Fig. 1. Location of samples taken between January 2006 and August 2007 on the southern coast of Rio de Janeiro, southeastern 
Brazil, E = longline; A= trawl.
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In the laboratory, the specimens were identified with 
appropriate references (Gomes et al., 2010); measured, in 
centimeters (disc width for the rays - DW, and total length 
- TL, for the shark); weighed, in grams (total weight - TW); 
and the sex was recorded. Next, they were dissected and 
the stage of maturity (juveniles or adults) was determined; 
and the stomachs were removed, weighed (g), fixed in 10% 
formaldehyde, and preserved in 70% ethanol. The contents 
of each stomach were identified under a stereoscopic 
microscope and the items found were weighed and 
identified to the lowest possible taxonomic level. The 
smallest weight detectable with the balance employed was 
0.01 g.

The cumulative prey curve was used to evaluate the 
reliability of the sample size used to analyze the diet of 
each species, a strategy recommended by Cortés (1997) 
and Ferry, Cailliet (1996), among others. This curve was 
constructed with the use of the program EstimateS Win820, 
with 50 randomizations.

The food items found were analyzed for Frequency 
of Occurrence (%FO) (Hynes, 1950), calculated as the 
percentage of stomachs in which a certain item occurs 
in relation to the total number of stomachs; and the 
Percentage Weight (%W), which is the percentage of the 
weight of a certain item in relation to the total weight of all 
items (Jones, 1973). To determine the relative importance 
of each item in the diet, the Alimentary Index (%IAi) was 
calculated according to Kawakami and Vazzoler (1980), 
modified by using the Percentage Weight (%W) instead 
of the Percentage Volume (%V). This is described by the 
equation:

%IAi1 = ((%FO1 × %W1) / ∑ (%FOT × %WT)) × 100

where: %FO1 = percentage of stomachs in which a certain 
item occurs %W1 = percentage of weight of a certain item.

The Frequency of Occurrence, Percentage Weight 
and Alimentary Index were calculated separately for the 
items and for the food groups (Crustaceans, Teleosts, 
Polychaetes, Nematodes and Elasmobranchs). The method 
of Costello (1990) as adapted by Amundsen et al. (1996) 
was used to evaluate the feeding strategy and the trophic-
niche width. 

Because of the difficulty of taxonomic identification 
of bony fishes in an advanced state of digestion, the fish 
were grouped into a single item. In contrast, crustaceans, 
which are easily identified by their exoskeleton, could be 
differentiated at lower taxonomic levels, in some cases 
to genus.  

To evaluate the degree of dietary specialization, the 
trophic-niche width was calculated according to the 
standardized index of Levins (Hurlbert, 1978). The values of 
the index also range from 0 to 1; values close to 0 correspond 
to a more specialized diet, and values close to 1 indicate a 
generalist diet. The following equation was used: 

Bi = [(∑jPij2)–1–1] (n–1)–1

where: Pij = The proportion of prey j in the diet of predator 
i n = number of prey categories.

The SIMPER (analyses of percentage of similarity) 
was used to determine the percentage of similarity between 
the sexes and the ontogenetic stages, and to estimate the 
contribution of each prey category. Comparative analyses of 
the diet between the sexes and the stages of maturity were 
not carried out for P. rutrum because of the small number of 
specimens obtained. For P. extenta, only the sex ratio was 
determined, because of the small number of juveniles caught.

To evaluate the similarity between the diets of the 
species and to investigate the formation of trophic groups, a 
Correspondence Analysis was carried out (Zar, 1999) in the 
Statistica program, applied to the data for percentage of items 
in the diet, considering males, females, juveniles and adults 
separately. This analysis included the data for Atlantoraja 
cyclophora (Tab. 1), collected in the same sampling 
campaigns and previously reported by Viana, Vianna (2014).

Results

Psammobatis rutrum. Only nine stomachs were analyzed, 
all of them with contents. The individuals measured between 
13.5 and 16.0 cm disc width; all were adults, including four 
females (15.2-16.0 cm) and five males (13.5-14.0 cm). 

The cumulative prey curve (Fig. 2a) rose steadily 
with no tendency to stabilize, indicating that analyzing a 
larger number of stomachs would be necessary for a more 
complete dietary study for this species in the region. Three 
groups of food items were found: Crustaceans, Teleosts and 
Polychaetes (Tab. 2). Crustaceans were the most important 
component of the diet, and Teleosts and Polychaetes were 
also important.

Evaluation of the feeding strategy and niche width 
(Fig. 3) did not indicate the presence of a single dominant 
item in the diet, but of items that were important for some 
individuals (Fig. 3a). With respect to the groups (Fig. 3b), 
Crustaceans were dominant, Teleosts were important for 
some individuals, and Polychaetes were rare. The diet of 
P. rutrum appeared to be basically carcino-benthophagous. 
The value of the trophic-niche width was 0.08, indicating a 
very narrow niche with a high importance of a few items and 
no single item dominating.

Psammobatis extenta. The stomach contents of 83 
individuals were analyzed; only one lacked contents and 
was omitted from the analyses. The specimens measured 
between 9.5 cm and 16.3 cm disc width. Of the 82 stomachs 
analyzed, 40 were from females (9.5-16.3 cm DW) and 42 
from males (11.1-15.8 cm DW); 8 were from juveniles (9.5-
12.4 cm) and 74 from adults (13.0-16.3 cm). The adult male 
with the smallest DW measured 13.0 cm, and the smallest 
adult females measured 13.4 cm. 
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Tab. 1. Frequency of occurrence (%FO), percentage weight (%W) and alimentary index (%IAi) of prey items in the total diet 
of Atlantoraja cyclophora in southeastern Brazil, between January 2006 and August 2007. Published by Viana, Vianna (2014).

Total (n=57) Females (n=34) Males (n=23) Juveniles (n=17) Adults (n=40)
%FO %W %IAi %FO %W %IAi %FO %W %IAi %FO %W %IAi %FO %W %IAi

Crustaceans 77.2 74.7 79.4 79 72.4 77.3 78.3 85.9 89.5 82.4 85.5 90.5 80.0 73.8 79.7
Caridea/Dendobranchiata not identified 5.3 0.3 0.1 2.9 0.0 0.0 8.7 1.6 0.9 11.8 2.5 1.6 2.5 0.1 0.0
      Caridea 10.5 2.1 1.3 11.8 1.5 0.9 8.7 4.6 2.7 5.9 2.4 0.8 12.5 2.0 1.2
      Dendobranchiata 1.8 0.1 0.0   4.3 0.1 0.0   2.5 0.0 0.0
Brachyura not identified 10.5 3.5 2.2 11.8 2.7 1.5 8.7 7.0 4.1 11.8 14.4 9.6 10.0 2.5 1.2

Leucosiidae 1.8 1.5 0.2   4.3 8.9 2.6   2.5 1.7 0.2
Partenopidae 1.8 0.1 0.0   4.3 0.4 0.1   2.5 0.1 0.0
Portunidae 14.0 27.9 23.6 14.7 25.8 18.2 13.0 37.9 33.5   20.0 30.3 28.8

Portunus spinicarpus 22.8 38.9 53.5 29.4 42.0 59.2 17.4 24.4 28.8 11.8 64.8 43.1 30.0 36.8 52.3
Stomatopoda not identified 3.5 0.1 0.0 5.9 0.1 0.0   5.9 0.1 0.0 2.5 0.1 0.0
Crustacean fragments 26.3 0.3 0.5 23.5 0.1 0.1 30.4 1.1 2.3 41.2 1.4 3.4 20.0 0.2 0.2
Teleosts 59.6 25.1 20.6 61.8 27.3 22.7 56.5 14.0 10.5 64.7 11.0 9.2 57.5 26.2 20.3

Dactylopterus volitans 8.8 15.5 8.2 14.7 18.7 13.2     12.5 16.8 10.0
Teleosts fragments 50.9 3.2 9.7 50.0 2.5 6.0 52.2 6.4 22.6 64.7 11.0 40.4 45.0 2.5 5.3
Pleuronectiformes 1.8 1.2 0.1   4.3 7.3 2.1   2.5 1.3 0.2
Symphurus sp. 1.8 5.1 0.5 2.9 6.1 0.9     2.5 5.5 0.7
Polydactylus sp. 1.8 0.1 0.0   4.3 0.3 0.1   2.5 0.1 0.0

Elasmobranchs 1.8 0.2 0.0 2.9 0.3 0.0   5.9 3.0 0.2  
Rajidae 1.8 0.2 0.0 2.9 0.3 0.0   5.9 3.0 1.0  

Polychaetes 5.3 0.0 0.0 5.9 0.0 0.0 4.3 0.0 0.0 11.8 0.3 0.0 2.5 0.0 0.0
Euclymene sp. 1.8 0.0 0.0 2.9 0.0 0.0   5.9 0.1 0.0  
Sthenelais sp. 3.5 0.0 0.0 2.9 0.0 0.0 4.3 0.0 0.0 5.9 0.2 0.1 2.5 0.0 0.0
Nematods 5.3 0.0 0.0 2.9 0.0 0.0 8.7 0.1 0.0 11.8 0.1 0.0 2.5 0.0 0.0

Nematods not identified 5.3 0.0 0.0 2.9 0.0 0.0 8.7 0.1 0.0 11.8 0.1 0.1 2.5 0.0 0.0

Fig. 2. Cumulative prey curve for the diet of (a) Psammobatis rutrum; (b) Psammobatis extenta; (c) Rioraja agassizii; (d) 
Rhizoprionodon lalandii ± Confidence Intervals (p=0.05) in the southeastern Brazil, between January 2006 and August 2007.
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Tab. 2. Frequency of occurrence (%FO), percentage weight 
(%W) and alimentary index (%IAi) of prey items in the 
total diet of Psammobatis rutrum in the southeastern Brazil, 
between January 2006 and August 2007.

%FO %W %IAi
Crustaceans	 66.7 50.0 72.9

Brachyura
Portunidae 11.1 0.6 0.4

    Shrimp not identified 22.2 10.4 12.6
Caridea

Processidae
Processa sp. 11.1 33.1 20.1

Amphipoda
Gamaridae 11.1 2.6 1.6
Crustacean fragments 22.2 3.2 3.9

Telosts 22.2 45.5 22.1
Teleost fragments 22.2 45.5 55.1

Polychaetes 44.4 5.2 5.0
Sigalionidae
Sthenelais sp. 22.2 2.6 3.1
Polychaetes  not identified 22.2 2.6 3.1

The cumulative prey curve (Fig. 2b) stabilized 
with about 50 stomachs analyzed, which indicates that 
the number of stomachs examined was adequate for a 
dietary study of this species in the sampled area. The 
items found were Crustaceans, Teleosts, Polychaetes and 
Nematodes (Tab. 3). Crustaceans were the most important, 
mainly because of the importance of the caridean shrimp 
Leptochela sp., which showed the highest value of %IAi, 
followed by unidentified Shrimp. 

The evaluation of the feeding strategy and niche 
width (Fig. 3) indicated that unidentified Shrimp was the 
dominant item in the diet, with the presence of diverse 
rare items such as Stomatopoda, unidentified Nematodes, 
and Amphipoda, among others (Fig. 3c). With respect to 
the groups (Fig. 3d), Crustaceans were dominant, Teleosts 
were important in the diet of only some individuals, and 
Polychaetes and Nematodes were rare. The species showed 
a carcino-benthophagous diet. The index of niche width 
was 0.15, indicating that P. extenta has a narrow niche, 
with high importance of a single item and low importance 
of the others, in agreement with the result obtained using 
the method of Costello (1990).

Tab. 3. Frequency of occurrence (%FO), percentage weight (%W) and alimentary index (%IAi) of prey items in the total 
diet of Psammobatis extenta in the southeastern Brazil, between January 2006 and August 2007, total and according to sex. 

Total (n=82) Females (n=40) Males (n=42)
%FO %W %IAi %FO %W %IAi %FO %W %IAi

Crustaceans 92.7 77.3 94.2 97.5 77.3 92.1 88.1 77.6 96.4
Brachyura not identified 15.9 7.3 5.3 12.5 1.2 0.5 19.0 21.7 22.0
Portunidae 1.2 0.1 0.0 2.5 0.2 0.0
Shrimp not identified 29.3 20.2 27.0 30 18.4 18.4 28.6 24.4 37

Caridea
Alpheidae 1.2 0.2 0.0 2.4 0.5 0.1
Crangonidae 1.2 1.4 0.1 2.5 1.9 0.2

Pasiphaeidae
Leptochela sp. 24.4 34.5 38.6 37.5 43.6 54.5 11.9 13 8.2

Dendobranchiata
Penaeoidea 4.9 2.6 0.6 5 3.8 0.6 4.8 1.3 0.3
Solenoceridae 2.4 1.8 0.2 2.5 0.6 0.1 2.4 7.4 0.9
Amphipoda
Gamaridea 18.3 2.0 1.6 12.5 1.3 0.6 23.8 3.4 4.3

Ampelisca sp. 3.7 0.6 0.1 5 0.8 0.1 2.4 0.1 0.0
Stomatopoda not identified 1.2 2.4 0.1 0.0

Meiosquilla sp. 1.2 0.1 0.0 2.5 0.2 0.0
Isopoda

Serolidae 1.2 0.1 0.0 2.5 0.2 0.0
Crustacean fragments 23.2 6.4 6.8 20 5.7 3.8 26.2 8.2 11.4

Teleosts 20.7 19.8 5.4 30 20.9 7.7 1.9 17.3 2.9
   Teleost fragments 20.7 19.8 18.8 30 20.9 20.9 11.9 17.3 10.9
Polychaetes 9.8 1.7 0.2 5 1.6 0.1 14.3 2.1 0.4

Maldanidae 2.4 1.4 0.2 2.5 1.4 0.1 2.4 1.4 0.2
Euclymene sp. 1.2 0.0 0.0 2.4 0.1 0.0

Sigalionidae
Sthenelais sp. 6.1 0.2 0.1 2.5 0.1 0.0 9.5 0.5 0.3

Nematods 11 1.2 0.2 15 0.4 0.1 7.1 3.0 0.3
Nematods not identified 11 1.2 0.6 15 0.4 0.2 7.1 3.0 1.1
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Fig. 3. Diet of species analyzed by Costello’s method (1990) as adapted by Amundsen et al. (1996), in the southeastern Brazil, 
between January 2006 and August 2007, by food items and by groups. (a/b) Psammobatis rutrum: a. Food items: 1) Shrimp (not 
identified), 2) Teleost fragments, 3) Crustacean fragments, 4) Amphipoda, 5) Brachyura 6) Polychaeta. b. Groups: Crustacea 
(CRU), Teleosts (TEL) and Polychaeta (POL). (c/d) Psammobatis extenta: c. Food items: 1) Shrimp (not identified), 2) Teleost 
fragments, 3) Isopoda, 4) Stomatopoda, 5) Nematoda, 6) Polychaeta, 7) Brachyura, 8) Crustacean fragments, 9) Amphipoda. 
d. Groups: Crustacea (CRU), Teleosts (TEL), Polychaeta (POL), Nematoda (NEM). (e/f) Rioraja agassizii: e. Food items: 
1) Teleost fragments, 2) Shrimp (not identified), 3) Brachyura, 4) Crustacean Fragments, 5) Thalassinidae, 6) Nematoda, 
7) Stomatopoda, 8) Amphipoda, 9) Lophogastrida. f. Groups: Crustacea (CRU), Teleosts (TEL), Nematoda (NEM). (g/h) 
Rhizoprionodon lalandii: g. Food items: 1) Teleost fragments, 2) Dactylopterus volitans, 3) Triglidae, Merluccius hubbsi and 
elasmobranchs, 4) Loligo plei. h. Groups: Teleosts (TEL), Elasmobranchs (ELA), Cephalopoda (CEF).
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The SIMPER analyses showed a similarity of 43.82% 
between the sexes, and Leptochela sp. contributed 31.35% 
of this similarity. Crustaceans showed high importance for 
both sexes, followed by Teleosts. Shrimp was the most 
important item; for females, Leptochela sp. was the main 
item, and for males, unidentified Shrimp was the most 
important (Tab. 3). 

Rioraja agassizii. The stomach contents of 112 individuals 
were analyzed, of which eight were empty and were omitted 
from the analysis. The specimens analyzed measured 
between 14.8 and 43.3 cm disc width. Of the total of 104 
stomachs, 55 were from females (15.1-43.3 cm DW) and 

49 from males (14.8-31.6 cm DW); with 22 from juveniles 
(14.8-35.5 cm DW) and 82 from adults (25.1-43.3 cm 
DW). The adult male with the smallest DW measured 25.1 
cm, and the smallest adult female measured 33.4 cm. 

The cumulative prey curve (Fig. 2c) tended to 
stabilize with about 95 stomachs analyzed, indicating 
that the number of stomachs was sufficient to study 
the species’ diet in the sampling area. The food items 
were Crustaceans, Teleosts and Nematodes (Tab. 4). 
Crustaceans were the most important group with respect 
to %FO, %W and %IAi, followed by Teleosts. Of these 
items, Teleost fragments were most important, together 
with Portunidae. 

Tab. 4. Frequency of occurrence (%FO), percentage weight (%W) and alimentary index (%IAi) of prey items in the total 
diet of Rioraja agassizii in the southeastern Brazil, between January 2006 and August 2007, total, according to sex and 
stage of maturity. 

Total (n=104) Females (n=55) Males (n=49) Juveniles (n=22) Adults (n=82)
%FO %W %IAi %FO %W %IAi %FO %W %IAi %FO %W %IAi %FO %W %IAi

Crustaceans 88.5 55.3 60.7 89.0 52.6 55.4 91.8 73.2 80.4 95.5 66.5 75.0 87.8 54.2 59.1
Brachyura not identified 8.7 7.5 2.9 12.7 8.5 4.3 4.1 0.7 0.1 4.5 5.0 0.5 9.8 7.7 3.5

Portunidae 10.6 16.0 7.6 16.4 18.0 11.8 4.1 2.2 0.3 4.5 1.5 0.1 12.2 17.4 9.7
Portunus sp. 1.9 0.6 0.1 3.6 0.7 0.1 2.4 0.7 0.1
Portunus spinicarpus 5.8 13.6 3.5 9.1 15.5 5.6 2.0 0.6 0.04 4.5 0.9 0.1 6.1 14.8 4.1

   Shrimp not identified 18.3 4.5 3.8 16.3 3.3 2.2 20.4 12.5 8.6 54.5 49.2 53.8 8.5 0.2 0.1
Caridea 5.8 0.7 0.2 7.2 0.7 0.1 4.1 0.7 0.1 4.5 0.3 0.02 6.1 0.7 0.2
Alpheidae 1.0 0.0 0.0 2.0 0.0 0.0 1.2 0.0 0.0
Processidae

 Processa sp. 1.9 0.1 0.0 4.1 0.8 0.1 2.4 0.1 0.01
Pasiphaeidae

 Leptochela sp. 19.2 2.8 2.4 10.9 0.6 0.2 28.6 16.9 16.3 22.7 3.5 1.6 18.3 2.7 2.2
Leptochela serratorbita 1.0 0.4 0.0 2.0 2.7 0.2 1.2 0.4 0.0

Dendobranchiata
     Penaeoidea 21.2 1.0 3.8 14.5 1.4 0.8 28.6 21.1 20.3 13.6 1.9 0.5 23.2 4.2 4.4
     Penaeidae 1.9 0.3 0.0 3.6 0.3 0.0 2.4 0.3 0.0

Artemesia longinarius 1.0 0.2 0.0 1.8 0.2 0.0 1.2 0.2 0.0
Farfantepenaeus brasiliensis 1.0 0.4 0.0 2.0 2.7 0.2 1.2 0.4 0.0
Litopenaeus schmitti 1.0 0.3 0.0 2.0 2.3 0.2 1.2 0.3 0.0
Rimapenaeus sp. 1.0 0.3 0.0 2.0 2.3 0.2 1.2 0.3 0.0

Solenoceriadae
Mesopenaeus tropicalis 1.0 0.05 0.0 2.0 0.4 0.03 1.2 0.1 0.0

Thalassinidea 1.0 0.1 0.0 2.0 0.6 0.04 1.2 0.1 0.0
Amphipoda
Gamaridea 1.9 0.1 0.0 1.8 0.1 0.0004 2.0 0.2 0.02 4.5 0.3 0.02 1.2 0.1 0.0

Ampelisca sp. 1.0 0.0 0.0 2.0 0.3 0.01 4.5 0.5 0.04
Stomatopoda not identified 1.0 0.9 0.0 1.8 1.0 0.1 1.2 1.0 0.1

 Squilla sp. 1.0 0.7 0.0 1.8 0.8 0.1 1.2 0.8 0.0
Lophogastrida 1.0 0.0 0.0 2.0 0.4 0.03 1.2 0.1 0.0
Crustacean fragments 23.1 2.0 2.1 18.1 1.4 1.0 28.6 5.9 5.7 13.6 3.4 0.9 25.6 1.9 2.2

Teleosts 71.2 44.4 39.2 80.0 47.1 44.5 61.2 26.8 19.6 68.2 30.8 24.8 72.0 45.8 40.9
Teleost fragments 67.3 22.9 69.6 75.5 22.7 67.9 59.2 23.6 47.3 68.2 30.8 42.1 67.1 22.1 67.9

Raneya fluminensis 3.8 21.6 3.8 5.5 24.3 5.3 2.0 3.1 0.2 4.9 23.7 5.3
Nematods 2.9 0.3 0.0 3.6 0.3 0.0 2.0 0.0 0.0 4.5 2.7 0.1 2.4 0.0 0.0

Nematods not identified 2.9 0.3 0.0 3.6 0.3 0.0 2.0 0.4 0.0 4.5 2.7 0.2 2.4 0.0 0.0
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The evaluation of the feeding strategy and niche amplitude 
(Fig. 3) indicated that Teleost fragments were the dominant 
item, and unidentified Shrimp was also important (Fig. 3e). Of 
the groups (Fig. 3f), Crustaceans and Teleosts were dominant, 
and Nematodes were rare. The species’ diet was basically 
carcino/ichthyo-benthophagous. The value for niche width was 
0.03, i.e. very narrow, with a few important items in the diet.

The SIMPER analysis showed a similarity of 52.4% 
between males and females, Teleost fragments contributed 
57.6% of this similarity. Crustaceans showed the highest values 
of %IAi for both sexes (Tab. 4), but were more important for 
males. In males, Teleost fragments were an important item, 
followed by Penaeoidea (Dendrobranchiata) and Leptochela 
sp. For females, Teleost fragments were most important, 
followed by Portunidae and P. spinicarpus.

In the ontogenetic analysis, the similarity in SIMPER was 
46% and Teleost fragments contributed 55%. For juveniles 
(Tab. 4), unidentified shrimp were quite important. For the 
adults, Brachyura, Portunidae and P. spinicarpus had higher 
importance. Teleosts were more important for adults than for 
juveniles, and Nematodes were more important for juveniles.

Rhizoprionodon lalandi. Of the 43 stomachs analyzed, 5 were 
omitted because of lack of contents. These sharks measured 
between 49.4 and 74.0 cm TL. Of the 37 remaining stomachs, 
16 were from females (52.0-74.0 cm TL) and 21 from males 
(49.4-67.2 cm TL); with 14 from juveniles (49.4-57.7 cm TL) 
and 23 from adults (54.0-74.0 cm TL). The smallest adult male 
measured 54.0 cm TL, and the smallest adult female 57.0 cm. 

The cumulative prey curve (Fig. 2d) rose continuously, 
indicating the need to sample more stomachs for a more 
complete study of feeding in the region. The food items were 
Teleosts, Elasmobranchs and Cephalopods (Tab. 5). In the 
total sample, Teleosts were the most important, with 99.9% 
IAi; Teleost fragments showed the highest FO and IAi; and 

Dactylopterus volitans was very important. Elasmobranchs 
and Cephalopods were represented by an elasmobranch egg 
and the beak of a squid (Doryteuthis plei). 

The trophic niche width was 0.01, i.e. very narrow, with 
high importance of a few food items, in agreement with 
the method of Costello (1990) (Figs. 3g-h). A single item, 
Teleost fragments, dominated and the other items were rare, 
indicating an ichthyophagous species. The food of males 
and females (Tab. 5) showed about 90.4% similarity in the 
SIMPER analysis. For both males and females, Teleosts were 
dominant, with a high %IAi, and fish fragments showed the 
highest importance. Elasmobranchs and Cephalopods were 
found only in females and with low importance. The food of 
juveniles and adults (Tab. 5) showed about 91.70% similarity 
in the SIMPER analysis. In this case, Teleosts dominated in the 
prey of both juveniles and adults, and Teleost fragments were 
the most important item.

Interspecies feeding overlap. The analysis of correspondence 
(Fig. 4) separated the species by their food items, in agreement 
with the analyses of feeding overlap. All individuals of R. 
lalandii were grouped with a diet mainly of Teleost fish and 
squid. The diet of R. agassizi was dominated by Teleosts and 
Crustaceans, with differences between males/females and 
juveniles/adults. Females and adults fed mainly on Teleost fish 
(23-63%), whereas Shrimp (70-77%) were more important 
for males and juveniles. The ray A. cyclophora was grouped 
separately, with a diet mainly of Brachyura (68-97%). Adult 
males and females of P. extenta had a diet dominated by 
Shrimp (69-83%) with a small participation of Nematodes 
(0.1-0.7%); whereas juveniles showed a more diversified diet, 
with Brachyurans (38.7%), Polychaetes (29%), Crustacean 
fragments (11.3%), Shrimp (10.8%), Amphipods (8.6%) 
and Isopods (1.6%). The diet of P. rutrum consisted of small 
Crustaceans. 

Tab. 5. Frequency of occurrence (%FO), percentage weight (%W) and alimentary index (%IAi) of prey items in the total diet 
of Rhizoprionodon lalandii in the southeastern Brazil, between January 2006 and August 2007, total, according to sex and 
stage of maturity.

Total (n=37) Females (n=16) Males (n=21) Juveniles (n=14) Adults (n=23)
%FO %W %IAi %FO %W %IAi %FO %W %IAi %FO % W %IAi %FO % W %IAi

Teleosts 97.3 97.1 99.9 93.8 94.3 99.6 100 100 100 100 99.9 100 95.7 96.3 99.8
Scorpaeniformes

Triglidae 2.7 9.6 0.5 4.8 19.4 2.1 4.5 12.1 1.0
Dactylopteridae

Dactylopterus volitans 5.4 17.0 1.8 9.5 34.4 7.5 7.1 55.4 8.7 4.4 6.5 0.5
Gadiformes
Merlucciidae

Merluccius hubbsi 2.7 12.1 0.6 6.3 23.6 2.5 4.4 15.3 1.3
Teleost fragments 86.5 58.3 97.0 81.3 70.7 96.9 85.7 46.2 90.4 92.9 44.5 91.2 82.6 62.5 96.9

Elasmobranchs 2.7 2.9 0.1 6.3 5.6 0.4 4.5 3.6 0.2
 Elasmobranchs egg 2.7 2.9 0.2 6.3 5.6 0.6 4.4 3.6 0.3

Cephalopds 5.4 0.1 0.0 12.5 0.1 0.0 7.1 0.1 0.0 4.4 0.0 0.0
 Loliginidae

Doryteuthis plei 5.4 0.1 0.0 12.5 0.1 0.0 7.1 0.1 0.0 4.5 0.0 0.0
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Fig. 4. Correspondence analysis. Projection on factorial 
planes 1-2 by food items, of species (Atl = Atlantoraja 
cyclophora, Rio = Rioraja agassizii, Psex = Psammobatis 
extenta, Psru = Psammobatis rutrum and Rhi = 
Rhizoprionodon lalandii) according to sex and stages of 
maturity (G= general, M = males, F = females, J = juveniles 
and A = adults), in the southeastern Brazil.

Discussion

Elasmobranchs are currently one of the most threatened 
vertebrate groups, not only by their inherent biological 
vulnerability which makes them extremely sensitive to 
fishing pressure, but also by habitat loss and environmental 
degradation, resulting in a discouraging prognosis 
(Bornatowski et al., 2014b; Dulvy et al., 2014; Davidson et 
al., 2015). Alongside this critical situation, basic information 
about the biology and ecology of elasmobranch species is 
still limited or lacking. With this background, we seek to 
contribute with this study on the feeding ecology of four 
species of rays and one shark. 

In the diet of Psammobatis rutrum the importance 
of teleost fragments may be overestimated, as they were 
treated as a group. In addition, evaluation of the relative 
importance of items showed that teleost fragments were not 
dominant, with a lower value than that of caridean shrimp. 
Consequently we believe that shrimp are actually the main 
item in the diet of this species. This supposition is supported 
by the low value obtained in the calculation of the trophic 
niche, suggesting a trend toward a specialist diet, despite the 
absence of a dominant item. However, the small number of 
specimens of P. rutrum studied may have compromised this 
analysis. The absence of scientific literature on the feeding of 
this species makes it difficult to discuss the results. However, 
studies with congeneric species have found similar diets. 
The feeding of Psammobatis normani and P. rudis were 
analyzed by Mabragaña, Gilberto (2007) in Argentina, and 
indicated a carcinophagous diet for both species; for P. 
normani, polychaetes also were an important group, and for 
both species, teleosts were only occasional. The study also 
indicated that both trended toward specializing in crustaceans. 

The diet of Psammobatis extenta, based on benthic 
crustaceans, mainly Leptochela sp., is similar to the diet of 
the ray Pseudobatos percellens on the central coast of Paraná, 
southern Brazil (Carmo et al., 2015). Polychaetes were also 
important in the diet, with predation focused not only on 
carnivorous polychaetes of the family Sigalionidae, but also 
on subsurface detritivores of the family Maldanidae. This 
suggests that P. extenta feeds by digging in the sediment. 
A carcinophagous diet was also observed in other studies, 
including those of Soares et al. (1992) and Muto et al. 
(2001) on the Brazilian southeast coast, and Braccini, Perez 
(2005) in Argentina, where crustaceans also comprised the 
main part of the diet. 

For R. agassizi the diet was also based on benthic prey. 
However, as in P. rutrum the importance of teleosts may 
have been overestimated. Although crustaceans and teleosts 
formed the basis of the diet, the analysis indicated a fairly 
narrow niche and a diet trending toward specialization. 
A carcinophagous diet, with a secondary importance of 
teleosts, was found in other studies of R. agassizi. In the 
studies of Soares et al. (1992; 1999) and Muto et al. (2001) 
in São Paulo, crustaceans were the main food item and 
teleosts were secondary, in addition to polychaetes. The 
same behavior was observed for the species in Uruguay and 
Argentina by Barbini, Lucifora (2012). Bornatowski et al. 
(2014d) found that teleosts were the main item, followed 
by gammarideans, caridean shrimp and dendobranchiate 
shrimp.

The shark R. lalandii was basically ichthyophagous, 
feeding on demersal teleosts, but also on cephalopods. The 
low value of the trophic-niche width and the evaluation 
of the feeding strategy indicated specialized feeding, with 
only one item dominating. The difficulty of identifying the 
fish species contributed to the indication of a specialist diet, 
as these prey were mainly grouped in the item “Teleost 
fragments”. Published reports, such as those by Lima et 
al. (2000) in Santa Catarina, and Bornatowski (2012) and 
Bornatowski et al. (2014a) in Paraná also describe a fish-
based diet for this species. However, differing from the 
present study, Bornatowski et al. (2014a) found ontogenetic 
differences: crustaceans, sciaenids and clupeids were more 
important for juveniles and sciaenids for adults. 

Comparison of the diets of the rays of the genus 
Psammobatis, which are smaller-bodied species, showed 
that they were based on small crustaceans such as 
unidentified shrimp, polychaetes and nematodes. Rioraja 
agassizii and A. cyclophora, larger-bodied species, had 
a more varied diet, with a higher importance of larger 
crustaceans such as portunid crabs, in addition to teleosts. 
The shark R. lalandii, which feeds at a higher trophic level, 
showed a diet dominated by teleosts. This behavior can be 
explained by the greater capacity of larger individuals to 
capture larger prey, while smaller-sized predators feed on 
smaller, more abundant prey (Keast, 1977; Vianna et al., 
2000; Viana, Vianna, 2014). This analysis may also explain 
the differences between sexes and ontogenetic stages for 
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P. extenta and R. agassizii. In both cases males are smaller 
than females, and adult females capture more teleosts and 
crustaceans such as crabs. On the other hand, juveniles 
and males capture more small crustaceans such as shrimp, 
polychaetes, and fewer teleosts. Estalles et al. (2015), 
however, believed that this relationship with size is not 
direct, and that the increase in caloric expenditure during 
reproduction obligates adult elasmobranchs to increase 
their consumption of more energy-rich prey such as fish and 
cephalopods.

The present results indicated that the five species showed 
differences in their feeding ecology, and formed two trophic 
groups: one composed of the smaller-sized rays P. extenta 
and P. rutrum; and the other of the larger rays R. agassizii 
and A. cyclophora and the shark R. lalandii. Soares et 
al. (1992) found similar trophic guilds of elasmobranchs 
on the northern coast of São Paulo. Rioraja agassizi and 
A. cyclophora, which fed on crustaceans (principally 
brachyurans and shrimp) and fish, were grouped together; 
whereas P. extenta belonged to another trophic guild, 
consumers of benthic invertebrates (principally smaller 
crustaceans such as gammarideans, and polychaetes). The 
formation of the two guilds indicated that although these 
species occupy the same region, they show differences in 
their diets, enabling them to coexist with less competition 
for resources in the same locale. Similar small differences 
in diets between sympatric elasmobranchs with similar 
feeding habits were observed for demersal species in the 
Mediterranean (Valls et al., 2011). However, the formation of 
guilds does not indicate that these groups differ completely 
in their diets, but rather in the relative contribution of items 
to each group. Members of the two guilds have many food 
items in common, but the importance of these items differs. 

The study of feeding ecology of elasmobranchs is 
essential because in general they occupy intermediate or 
high trophic levels (Vianna et al., 2000; Ebert, Bizzarro, 
2007); because of the intensifying fishery exploitation that 
is reducing populations of these organisms (Vooren, Klippel, 
2005; Andrade et al., 2008), the scarcity of biological data 
that hinders knowledge of the species (Vianna et al., 2000; 
Chiaramonte et al., 2004; Kyne, 2007; Massa et al., 2006; 
Rosa et al., 2004; Andrade et al., 2008; Silva Junior et al., 
2011; Viana, Vianna, 2014; Bornatowski et al., 2014c) and 
the possibility that elasmobranchs may become contaminated 
by persistent organic pollutants, with consequences for the 
entire food web (Rosenfelder et al., 2012). 

Studies reveal that some sharks and rays may act as 
key elements in a food-web structure. Reductions in their 
populations not only lead to changes in their main prey 
(direct effect) but also to changes in other species through 
indirect effects on the food web (Bornatowski et al., 2014b). 

Further studies will be useful in monitoring the 
responses of the species to the conditions to which they are 
being subjected, as well as in improving understanding of 
the relationships among the species in the region, the food 
web structures and the ecosystem.
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