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Although interspecific trophic interactions plays a principal role within elasmobranch communal

nurseries, little is known over variation in foraging strategies adopted by young-of-year of sym-

patric species. To test the hypothesis of dietary resource partitioning between batoids within a

communal nursery, we investigated two cownose ray species, Rhinoptera bonasus and

R. brasiliensis, which occur in heterospecific groups, a strategy predicted to increase survival and

foraging success. Using two biochemical tracers, fatty acids (FA) and stable isotopes (δ15N and

δ13C), the combined effects of maternal investment and the formation of heterospecific groups

implying competition for, or partitioning of available food resources were investigated. Through

univariate and multivariate analyses of biochemical tracers in several tissues (fin clip, muscle,

liver, red blood cells; RBC) and plasma, our results revealed significant interspecific differences

in tracers between the two species. Total FAs (
P

saturated FA,
P

monounsaturated FA and
P

polyunsaturated FA) and trophic biomarkers (i.e., docosahexaenoic acid, arachidonic acid, oleic

acid and δ15N) were the principle tracers responsible for the differences detected. These data

revealed that R. brasiliensis was less enriched in physiologically important essential FAs than

R. bonasus. Our findings suggest that these congeneric species differ in maternal investment

strategy and moderately partition food resources over relatively fine spatial scales within a sin-

gle nursery habitat to limit competition. These results provide further knowledge on the foraging

strategies adopted by batoids in communal nursery areas, information that is required for

improving spatial conservation and management planning.
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1 | INTRODUCTION

Elasmobranch nurseries are habitats (commonly shallow protected

coastal waters) where juveniles reside to maximise their fitness and

survival during this early and high-risk life history stage (reviewed by

Heupel et al., 2007; Heupel et al., 2019; Martins et al., 2018). Of the

two strategies proposed for how elasmobranchs utilise a nursery gro-

und (i.e., single or multi-species occupancy), multi-species occupancy

or a communal nursery involves the co-occurrence of juveniles of

more than one species within a defined area (Heupel et al., 2019; Sim-

pfendorfer & Milward, 1993). This communal strategy is considered to

offer benefits through increased protection against predators, but

equally may incur a cost or trade-off in terms of increased competition

for available prey resources (Simpfendorfer & Milward, 1993). Accord-

ingly, understanding the dynamics and consequences of interactions

among juveniles within nurseries allows predictions of resource

Received: 2 January 2019 Accepted: 13 March 2019

DOI: 10.1111/jfb.13958

FISH

J Fish Biol. 2019;1–8. wileyonlinelibrary.com/journal/jfb © 2019 The Fisheries Society of the British Isles 1

https://orcid.org/0000-0002-4029-765X
mailto:biarangel.sharks@gmail.com
http://wileyonlinelibrary.com/journal/jfb
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjfb.13958&domain=pdf&date_stamp=2019-04-08


availability v. resource needs and development of foraging abilities,

which are essential components of ecological processes linked to hab-

itat use, behaviour and overall energetic demands (Hussey et al.,

2017; Kinney et al., 2011).

In rays, the formation of heterospecific groups has been

observed, for example, in sub-adult stingrays Pastinachus sephen

(Forsskål 1775) and Himantura uarnak (Gmelin 1789) (Semeniuk & Dill,

2006) and juvenile cownose rays Rhinoptera bonasus (Mitchill 1815)

and Rhinoptera brasiliensis (Müller, 1836) (Figure 1; Rangel et al., 2017,

2018). Co-occurrence has been hypothesised as a strategy adopted to

increase survival, by reducing predation pressure per individual and

increased foraging success to meet energetic requirements

(Semeniuk & Dill, 2006). Foraging success however, is dependent on

trophic interactions among congeneric rays, with individuals either

competing for the same resources (e.g., prey at the same trophic level)

or partitioning prey to minimise competition (e.g., consuming different

prey at the same trophic level or at different trophic levels; Kinney

et al., 2011).

Biochemical tracers provide a promising tool to explore trophic

interactions among juvenile organisms through allowing, for example,

exploration of rapid ontogenetic shifts in resource use and competi-

tion among conspecifics over time (e.g., Beckmann et al., 2014; Matich

et al., 2015; Pethybridge et al., 2018). However, when examining the

biochemical signatures of juveniles, several key implications must be

considered: (1) values in tissues, specifically for neonatal animals,

reflect the maternal signal as a consequence of prenatal maternal

investment (i.e., through yolk, histotroph, placenta; e.g., Olin et al.,

2011); (2) the timescale needed for juveniles to develop foraging skills

(i.e., the transfer rate from prenatal to postnatal resource use; e.g.,

Belicka et al., 2012; Matich et al., 2015) and (3) the turnover rate of

the tracer in the tissue analysed (i.e., muscle v. liver or plasma; slow

v. fast; Beckmann et al., 2013; Kim et al., 2012; MacNeil et al., 2005).

In this study, both fatty acids (FA) and stable isotopes (SI, δ15N

and δ13C) were used to explore the combined effects of maternal

investment and if the formation of heterospecific groups implies com-

petition or resource partitioning of available food resources between

R. bonasus and R. brasiliensis. Given that co-occurring juvenile sharks

can exhibit a degree of dietary resource partitioning to avoid or

reduce competitive interactions (e.g., Kinney et al., 2011), we predict

that resource partitioning of food resources will also occur among

young-of-the-year (YOY) of the two cownose ray species within a

communal nursery (Figure 1). To assess the temporal scale of the

maternal influence effectively and adopted foraging strategy in the

two species, plasma and multiple tissues (fin clip, muscle, liver, red

blood cells; RBC) with different turnover rate were analysed. These

data will improve knowledge on the use of communal nursery areas

by batoids and interspecific resource partitioning strategies adopted

by sympatric congeneric species, information which is required for

long-term management (Martins et al., 2018).

2 | MATERIALS AND METHODS

All research was conducted under appropriate research permits pro-

vided from the SISBIO (ICMBIO/SISBIO # 48572–1) and the Animal

Ethics Committee (CEUA; # 258/2016) of the Institute of Biosciences,

University of São Paulo.

2.1 | Sampling site and capture

Young-of-the-year (< 12 months old, 32–70 cm disc width, WD;

Fisher et al., 2013; Rangel, 2018; B. Rangel, A. Gomes, N. Hussey,

L. Martinelli & R. Moreira, unpubl. data) of R. bonasus and

R. brasiliensis were collected in Bertioga, south-eastern Brazil (23� 490

35.02” S, 46� 50 41.69” W) between March 2016 and February 2017.

Resource par��oning
(trophic markers)

Maternal
influence

Enhanced
foraging success

Increased predator
protec�on

Heterospecific
groups

NURSERY
AREA

Rhinoptera
bonasus

Rhinoptera
brasiliensis

FIGURE 1 Schematic showing the formation of heterospecific groups of congener species of Rhinoptera bonasus and R. brasiliensis related to

proposed benefits of occupying a single nursery area (Rangel et al., 2017), including a prediction of expected dietary resource partitioning (Kinney
et al., 2011), but also accounting for maternal resource allocation
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The region functions as a nursery area for the two cownose ray spe-

cies (Rangel et al., 2018), according to the criteria proposed by Heupel

et al. (2007). All specimens were sampled following incidental capture

by fishermen using beach seine nets targeting snook Centropomus

spp. (Rangel et al., 2018). Sampling was limited to these opportunistic

fisheries captures as R. bonasus and R. brasiliensis are classified as Near

Threatened and Endangered in the IUCN Red List assessment, respec-

tively (Barker, 2006; Vooren & Lamónaca, 2004), while R. brasiliensis is

categorised as Critically Endangered in the Brazilian national assess-

ment (ICMBio, 2016).

Following the recording of biometric data (WD, cm), a snip of the

trailing edge of the dorsal fin (c. 100 mg), a muscle plug (c. 50 mg,

using a 6 mm biopsy punch) and blood were taken from each individ-

ual using minor invasive approaches prior to their release. Blood sam-

ples (c. 1 ml) collected by caudal venipuncture were centrifuged for

10 min (655.2 g) to RBC and plasma (Rangel, 2018). Individuals that

died during the capture process were also sampled, with additional

liver samples taken. All tissue and blood samples were stored at

−80�C until analysis.

2.2 | Analytical approach

To examine FA profiles, total lipids were extracted from muscle and

liver samples using a chloroform–methanol–water solution

(2.0:1.0:0.5, v:v:v), according to Folch et al. (1957) and then methyl-

ated with acetyl chloride (5% HCl in methanol; Christie, 2003). Blood

plasma samples were directly methylated following the same protocol

(Christie, 2003). FA analysis was carried out in a Varian gas chromato-

graph (GC; Model 3900; www.varian.com) coupled with a flame

ionisation detector (FID) and a CP-8410 autosampler, as described by

Gomes et al. (2016). The data are presented as % of total FA methyl-

esters based on peak area analyses.

For stable isotope (δ15N and δ13C) analysis, RBC and fin-clip sam-

ples were lyophilised, homogenised and 400–600 μg of material

weighed into tin capsules. The isotopic composition was determined

by on-line combustion of samples by continuous flow–isotope ratio

mass spectrometry (CF-IRMS), using an elemental analyser (Model

1110; Carlo Erba’ www.carloerbareagents.com) interfaced to an iso-

tope ratio mass spectrometer (IR-MS; ThermoQuest-Finnigan, Delta

Plus; Thermo Fisher; www.thermofisher.com).

2.3 | Data analysis

To explore differences in muscle, liver and plasma FA profiles between

the two congeneric ray species, non-parametric multi-dimensional

scaling (nMDS) and analysis of similarities (ANOSIM) were conducted.

To identify which FAs contributed to average dissimilarity between

species, similarity percentage (SIMPER) tests were performed. For the

multivariate analysis, twelve FAs were selected based on their abun-

dance in all samples; C17:0, C16:0, C18:0, C16:1n7, C18:1n9,

C18:1n7, C20:5n3, C22:5n3, C22:6n3 (docosahexaenoic acid; DHA),

C20:4n6 (arachidonic acid; ARA), C22:4n6, C22:5n6. All above ana-

lyses were based on Bray–Curtis similarity matrices. Individual FAs

(muscle, liver and plasma) and SI values (δ15N and δ13C; fin and RBC)

were then compared between the two cownose ray species using

Student’s t-test. For data with a non-normal distribution and small

sample sizes (liver and plasma), a non-parametric Mann–Whitney Rank

Sum test was used. We specifically analysed biochemical tracers in

multiple tissues with different turnover rates to assist in differentiat-

ing between the effects of maternal influence (high turnover tissue)

and foraging strategy adopted (slow turnover tissue) by the two spe-

cies. Statistical significance was declared at P < 0.05. and all analyses

were conducted in SigmaStat 3.10 (SystatSoftware, Inc.; www.systat.

com) and PAST 3.12 (EFB; www.essential-freebies.de).

3 | RESULTS

Multivariate analysis revealed that muscle FAs for R. bonasus (n = 19;

44.2 ± 5.68 cm WD; mean ± SD) and R. brasiliensis (n = 8;

47.3 ± 6.83 cm WD) were significantly different, but a high degree of

overlap was observed (ANOSIM R = 0.30, P < 0.01; SIMPER = 80.3%;

Figure 2a and Supporting Information Table S2). SIMPER analysis

found that ARA was the primary FA contributing 70.9% to the

observed dissimilarity between the two species (Supporting Informa-

tion Table S2). Univariate analysis revealed that R. brasiliensis muscle

exhibited higher values of saturated FA (SFA; P < 0.05) and monoun-

saturated FA (MUFA; P < 0.01), including C18:1n9 (P < 0.05) and

C18:1n7 (P < 0.01) when compared with R. bonasus (Figure 2a,c). In

contrast, R. bonasus had higher values of polyunsaturated FA (PUFA;

P < 0.001), n3 PUFA (P < 0.01) and n6 PUFA (P < 0.001), including

DHA (P < 0.01) and ARA (P < 0.001) than R. brasiliensis (Figure 2c and

Supporting Information Table S1).

For liver, multivariate analysis also found distinct FA profiles for

R. bonasus (n = 6; 42.6 ± 6.10 cm WD; mean ± SD) and R. brasiliensis

(n = 5; 46.2 ± 6.79 cm WD) and a lesser degree of overlap was

observed (ANOSIM R = 0.62, P < 0.01; SIMPER = 22.9%; Figure 2b

and Supporting Information Table S2). SIMPER analysis revealed that

C16:0, DHA, C18:0 and ARA were the main FAs contributing to

56.8% of the observed dissimilarity between the two species

(Supporting Information Table S2). Identical to muscle, R. bonasus liver

tissue exhibited higher values of PUFA (P < 0.001), n3 PUFA

(P < 0.01) and n6 PUFA (P < 0.01) than R. brasiliensis (n = 4; Figure 2b,

d), which had higher values of SFA (P < 0.01). With regard to SFA,

higher values of C16:0 (P < 0.01), C18:0 (P < 0.05) and C14:0

(P < 0.01), to MUFA, C16:1n7 (P < 0.01), C18:1n7 (P < 0.05) and

lower values of DHA (P < 0.05) and C22:4n6 (P < 0.05) were recorded

for R. brasiliensis when compared with R. bonasus (Figure 2d and

Supporting Information Table S1).

There were no significant differences in blood plasma FA profiles

between the two species (Figure 3), but this was a result of the low

sample size analysed (n = 4, 50.5 ± 7.94 cm WD and n = 3,

52.8 ± 0.76 cm WD, mean ± SD; R. bonasus and R. brasiliensis, respec-

tively). Variation in the blood plasma FA profiles, however, followed

similar trends to those recorded in muscle and liver (Figure 2).

The δ15N and δ13C in R. brasiliensis fin tissue (n = 14,

51.4 ± 6.57 cm WD, mean ± SD) were higher than those in RBC

(n = 8; 52.1 ± 3.19 cm WD, P < 0.001; Figure 4). When comparing the

two species, 15N values were enriched in dorsal fin and RBC of

R. bonasus compared with R. brasiliensis (P < 0.01, P < 0.01,
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respectively). For δ13C, RBC values were also higher in R. bonasus

compared with R. brasiliensis (P < 0.05), but no significant difference

in fin δ13C values was found between the two ray species (Figure 4).

4 | DISCUSSION

Through a comparison of nutritional, trophic and habitat biomarkers

(FAs and SI) in several tissues (fin clip, muscle, liver and RBC) and

plasma of two sympatric cownose rays, this study explored differ-

ences in maternal investment and foraging strategies and assessed

resource partitioning within a batoid nursery. Our results demonstrate

that these congeneric species differ in maternal investment strategy

(i.e., energy resource allocation) and moderately partition food

resources, supporting our prediction of reduced competitive interac-

tions. This appears to be a strategy generally adopted by sympatric

elasmobranch species inhabiting communal nursery areas (e.g., Kinney

et al., 2011; Matich et al., 2017). Our multi-tracer, multi-tissue

approach examining different sized individuals for the two species

provides a comprehensive framework to explore ontogenetic switches

in resource use from maternal to individual foraging in YOY animals

(Figure 5).

The
P

FAs (i.e.,
P

SFA,
P

MUFA and
P

PUFA) and trophic

markers (i.e., DHA, ARA and δ15N) were the main tracers responsible

for the differences detected between the two cownose ray species

across all tissues. Overall, R. brasiliensis was less enriched in physiolog-

ically important essential FAs (e.g., DHA and ARA; Sargent et al.,

1999; Tocher, 2003; Arts & Kohler, 2009) and depleted in 15N com-

pared with R. bonasus. These consistent trends across all tissues indi-

cate that the two cownose ray species vary in maternal and trophic

relationships (i.e., YOY and mothers).

While liver, muscle and plasma FA profiles are considered to

directly reflect that of diet or maternal-foetal transfer (e.g., Beckmann

et al., 2014; McMeans et al., 2012), interpreting FA profiles of juve-

niles is dependent on the size of the animal and tissue turnover rate

and consequently can reflect either the maternal signature, actual

juvenile diet or a combination of both (Belicka et al., 2012; Figure 5).

When considering only FA profiles, liver tissue showed the strongest

difference between species, with up to 18% less PUFA in liver of

R. brasiliensis when compared with R. bonasus. Despite this,

R. brasiliensis did not show an essential FA deficiency in liver and mus-

cle tissue as previously reported for young placental sharks at birth

(i.e., DHA and ARA < 6%; Belicka et al., 2012; Wai et al., 2012). Con-

sidering that liver tissue was principally analysed for YOY < 50 cm

WD R. brasiliensis (< 4 months old, Fisher et al., 2013; Rangel et al.,

2018) and it has a relatively fast turnover rate (Figure 5; c. 3 weeks;

Beckmann et al., 2013), differences in liver FA profiles between the

two species suggest access to different resources, most likely during

the prenatal phase (i.e., variable maternal resources; Figure 5). These

data consequently provide evidence for females of the two cownose

ray species either consuming different prey resources during gesta-

tion, or that their maternal strategy differs through variable allocation

of essential FAs during gestation.

The size of YOY R. braziliensis for which muscle tissue was

analysed ranged between 35.5 and 56 cm WD (birth size 43–48 cm

WD; Vooren & Lamónaca, 2004). This size range suggests that the

muscle FA profiles represent a combination of maternal resource

dependency and actual diet given its intermediate turnover rate

(Figure 5; Beckmann et al., 2013; Pethybridge et al., 2015). Similarly,

FA profiles of R. bonasus muscle tissue of YOY < 50 cm WD reflected

the maternal signature, whereas YOY > 50 cm WD represented actual

diet (B. Rangel, A. Gomes, N. Hussey, L. Martinelli & R. Moreira,

unpubl. data). With the fastest turnover rate (and hence shorter-term

indicator; Figure 5), plasma FAs of YOY individuals of R. bonasus and

R. brasiliensis, provide complementary information to muscle and con-

firm dietary partitioning between the two cownose rays.

Combined, plasma and tissues (fin clip, muscle, liver and RBC)

results suggest that YOY R. brasiliensis access maternal resources and

prey of different trophic levels and with a lower nutritional quality

(i.e., lower percentages of DHA and ARA) compared with R. bonasus.

These essential FAs play important physiological roles, for example,

–19
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DHA is important for the structure and function of cellular mem-

branes, especially in brain tissue and retina (Sargent et al., 1999;

Stoknes et al., 2004) and ARA is a precursor of eicosanoids, which act

as signalling molecules or local hormones, involved in processes of

inflammation and immune response and reproduction (Arts & Kohler,

2009; Tocher, 2003). Although R. brasiliensis did not show an essential

FA deficiency in any tissue analysed, lower nutritional quality, poten-

tially linked to factors such as low population size, may result in its

increased vulnerability to anthropogenic influences such as fishing

and pollution when compared with R. bonasus (Birnie-Gauvin et al.,

2017; Semeniuk et al., 2007).

For both cownose rays, the habitat biomarker (i.e., higher percent-

ages of DHA and δ13C values between −14 and − 16‰) indicated

that YOY rays were feeding on marine resources (Colombo et al.,

2016; Hussey et al., 2012; Sardenne et al., 2017), in addition, the δ13C

values and ARA levels together, indicate benthic foraging (Sardenne

et al., 2017). Despite this, δ15N values (used as a proxy for absolute

trophic level) of RBC (faster turnover rate; Kurle, 2002) and fin (slower

turnover rate; Matich et al., 2010) were variable and depleted in 15N

in R. brasiliensis compared with R. bonasus. These findings indicate the

two cownose ray species feed on prey that occur in the same envi-

ronment, but occupy a different trophic position, in agreement with

FA profiles. In addition, δ15N results of fin tissue (slow turnover rate)

suggest that mature females of the two species partition resources

during gestation (Figure 5). Currently, there are no comparable-

isotopic data for R. brasiliensis and only preliminary analysis of stom-

ach contents identifying a diet of molluscs (Vooren & Lamónaca,

2004). Rhinoptera bonasus, however, is known to be an opportunistic

generalist, feeding on bivalves, polychaetes, crustaceans and echino-

derms with numbers consumed dependent on location and availability

of prey (Ajemian & Powers, 2012; Collins et al., 2007). Previous isoto-

pic data for R. bonasus reported δ15N values of mean % SD

8.5 ± 0.3‰ (Olin et al., 2014) and 9.4 ± 0.5‰ (Shaw et al., 2016),

slightly higher than those found in this study (and more similar to

R. brasiliensis), but isotopic baseline data are not available to make

direct comparisons.

In conclusion, cownose rays appear to partially conform to the

framework of partitioning resources over relatively fine spatial scales

within a single nursery habitat to limit competition. By analysing multi-

ple biomarkers in several tissues with varying turnover rates and con-

sidering the size of juveniles, we provide a robust approach to assess

maternal resources, nutritional condition and trophic interactions of

YOY rays. Further research to assess the shifts in FA and SI profiles

across early-life stages of R. brasiliensis, i.e., through examining a larger

sample size of different size individuals, is needed to investigate the

neonatal nutritional strategy adopted by this species when compared

with R. bonasus (B. Rangel, A. Gomes, N. Hussey, L. Martinelli &

R. Moreira, unpubl. data). Identifying foraging strategies such as

resource partitioning in communal nurseries is key for improving spa-

tial conservation and management planning for batoid species

(Martins et al., 2018), especially when the ecological similarity of con-

generic species may imply competition and reduced access to food

resources that oversimplify food web interactions.
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