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Abstract. Many myliobatoid rays are important mesopredators, having significant effects on coastal benthic communi-
ties. In tropical and subtropical high-diversity oligotrophic ecosystems, they partition their trophic resources, which results
in high ecological singularity. However, it is unknown whether this is true for temperate low-diversity eutrophic
ecosystems. In the present study, we tested, for the first time, the hypothesis that myliobatoid mesopredators are
ecologically redundant in a temperate low-diversity eutrophic ecosystem. We quantified diet and measured intra- and
interspecific trophic overlap in the three species that regularly occur off Uruguay and northern Argentina, namely
Myliobatis goodei, Myliobatis ridens and Dasyatis hypostigma. M. ridens had a typical durophagic diet composed of
bivalves and gastropods, M. goodei fed primarily on polychaetes and decapods, diverging from the durophagic diet typical
of'its genus, and D. hypostigma preyed primarily on amphipods and decapods. There were ontogenetic and seasonal dietary
differences in all three species. It is concluded that ecological singularity is present in this temperate myliobatoid
assemblage, with each species having a different trophic niche. The practice of pooling together myliobatoid
mesopredators in trophic models must be abandoned unless there is evidence of ecological redundancy.
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Introduction

Ecological (or functional) redundancy among species implies
that several species play identical or similar roles in an eco-
system. Ecological redundancy is a fundamental characteristic
of ecosystems, and it is a central concept to understanding the
relationship between biodiversity and ecosystem functioning.
Theoretically, ecosystems with a higher redundancy will be
more resilient than ecosystems with low redundancy, because
more species will play similar roles (Reich er al. 2012).
The opposite to ecological redundancy is ecological singularity,
in which different species play different roles in ecosystem
functioning (Naeem 1998). Therefore, understanding how
redundant or singular species are is key to estimating their
importance in ecosystem functioning.

Most species in the order Myliobatiformes (eagle rays,
stingrays and relatives) are benthic predators that may cause
effects of great magnitude on the soft-bottom communities on
which they feed. They can modify the benthic community either
through consumption or because they modify the habitat when
excavating, creating feeding pits (VanBlaricom 1982; Thrush
et al. 1991, 1994; Ebert and Cowley 2003; O’Shea ef al. 2012).
Some myliobatoid rays are keystone species because they have a
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strong effect on one or more characteristics of the ecosystem and
their impact is disproportionately large relative to their abun-
dance (Power et al. 1996). In fact, in some regions where
myliobatoid species have been released from predation, large
reductions in their benthic invertebrate prey have been observed
(Myers et al. 2007).

Knowledge regarding the trophic ecology of myliobatoids is
fragmentary. Despite the ecological importance of myliobatoid
rays as benthic predators, their trophic ecology has received
less attention than that of other batoids. Approximately 12%
(59 species) of the species of Myliobatiformes have at least one
study on their diet (Jacobsen and Bennett 2013); this figure is not
different to that of better-known batoid groups, such as skates
(Rajiformes; Ebert and Bizzarro 2007). However, the replica-
tion of studies within species is significantly lower among
myliobatoids than among skates (Jacobsen and Bennett 2013).
Furthermore, most analyses of the trophic ecology of mylioba-
toid rays are monospecific, which precludes trophic comparison
among species of the same region (Jacobsen and Bennett 2013).

Resource partitioning is believed to be a major driver of
elasmobranch diversity (White and Sommerville 2010). Most
studies comparing the trophic niche of sympatric myliobatoid
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mesopredators have found a marked pattern of interspecific
resource partitioning (Platell ef al. 1998; Marshall et al. 2008;
Flores-Ortega et al. 2011; Jacobsen and Bennett 2012; Navarro-
Gonzalez et al. 2012; Pardo et al. 2015), which indicates high
species singularity. Only one study found high trophic redun-
dancy among four species of myliobatoid rays from coral reefs,
hypothesising that these species partition their niches spatially
or temporally rather than trophically (O’Shea ef al. 2013). Most
of these studies have been performed in ecosystems with very
high myliobatoid species richness in tropical or subtropical
waters. These observed high levels of species singularity could
be related to the high myliobatoid species richness typical of
tropical coastal ecosystems (Compagno 1990; White and
Sommerville 2010), such as those of the northern half of
Australia or the eastern central Pacific, because niche partitioning
is a common process allowing species coexistence in high-
diversity ecosystems (Luiselli 2006). So far, studies on trophic
resource partitioning among myliobatoid mesopredators of
low-diversity eutrophic temperate regions are under-represented
compared with high-diversity oligotrophic tropical ecosystems.
This precludes analysing latitudinal and geographic patterns of
the ecological role of these mesopredators.

Highly productive temperate coastal ecosystems, with lower
myliobatoid diversity than oligotrophic tropical ecosystems,
could impose weaker selective pressures for niche differentia-
tion. The temperate coastal ecosystem off northern Argentina
and Uruguay is characterised by very high primary productivity.
This is driven primarily by the considerable discharge of the Rio
de la Plata (i.e. 22 000 m® s "), which brings very large amounts
of organic matter and nutrients into the coastal ocean (Acha et al.
2004). This temperate eutrophic ecosystem contrasts markedly
with oligotrophic coastal ecosystems in which myliobatoid
resource partitioning has been studied before (see Sherman
et al. 2007). Therefore, investigating trophic resource partition-
ing of myliobatoid rays off northern Argentina and Uruguay will
allow for the first estimation of the degree of ecological
singularity of these rays in a temperate ecosystem with very
high primary productivity.

In the temperate coastal ecosystem off northern Argentina and
Uruguay, up to nine species of myliobatoid rays have been
reported, namely Bathytoshia centroura and Dasyatis hypostigma
(Dasyatidae), Gymnura altavela (Gymnuridae), Myliobatis
freminvillii, Myliobatis goodei and Myliobatis ridens (Mylioba-
tidae), Rhinoptera brasiliensis (Rhinopteridae) and Manta biros-
tris and Mobula hypostoma (Mobulidae; Menni and Lucifora
2007; Ruocco et al. 2012). Most of these species are present just
occasionally and only three species are regularly found in this
region, namely D. hypostigma, M. goodei and M. ridens, being
common components of the inshore community (Cousseau ef al.
2007). Cousseau et al. (2007) reported D. hypostigma as feeding
on benthic invertebrates, such as cumaceans and lancelets, with-
out any quantification. The available information on the species of
Mpyliobatis is less reliable because, until recently, the two common
species were grouped together under ‘M. goodei’ (Ruocco et al.
2012). As such, these data have to be treated at the genus level.
Refi (1975) and Cousseau et al. (2007) reported a diet comprising
molluscs, crustaceans and polychaetes for Myliobatis spp. More
recently, Molina and Lopez Cazorla (2015) reported a diet
composed of bivalves, polychaetes and amphipods, in decreasing
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order of importance, for M. goodei. However, these results should
be interpreted with caution because Molina and Lopez Cazorla
(2015) did not address species identification and their samples
were taken in 2008, before the formal description of M. ridens.
Functionally, these myliobatoid rays are mesopredators because
they are regularly preyed upon by large sharks occurring in the
study area (Lucifora et al. 2005, 2006, 20094, 2009b).

Herein we provide, for the first time, a quantitative analysis of
the trophic ecology of the three common species of Myliobati-
formes present off Argentina and Uruguay. We took particular
care in the species identification of each sample in order to
provide reliable information for every species. The main objec-
tive of the study was to test the hypothesis that, given the low
species richness and high biological productivity, ecological
singularity is low among myliobatoid rays of the temperate
eutrophic ecosystem off Uruguay and northern Argentina. If this
hypothesis holds true (i.e. the three species are ecologically
redundant), we predict a homogeneous diet composition for the
three species; alternatively, if our hypothesis is false, the diet
composition will differ significantly among species. Given the
lack of quantitative information on the trophic ecology of these
species, we also quantified the diet of each species and analysed
seasonal and ontogenetic trends in diet composition.

Materials and methods

Samples were collected during research cruises undertaken by
the Instituto Nacional de Investigacion y Desarrollo Pesquero
(INIDEP; Argentina) in the south-west Atlantic between 34 and
42°S, aboard research vessels ‘Capitan Oca Balda’ and ‘Doctor
Eduardo Holmberg’. The sampling scheme was randomly
stratified and designed for the assessment of hake (Merluccius
hubbsi). A 59-m Engel-type bottom trawl net, with a stretched
mesh size of 200 mm in the wings and 103 mm in the codend, a
vertical height of 4 m and a horizontal opening of 15 m, was used
in all research cruises. Haul duration was 30 min at a trawling
speed of 1.852 ms™'. Samples (i.e. whole rays) were also taken
by a fishery observer aboard a commercial vessel between 2001
and 2010 in the same area (Table 1).

For each individual, disc width (DW; measured to the nearest
millimetre), sex and maturity stage were recorded. The sto-
machs were removed, frozen and subsequently analysed in the
laboratory. Maturity was assessed by reproductive condition,
according to macroscopic observation of the uteri, oviductal
glands, ovarian follicles and embryos in females, and clasper
calcification and the shape of efferent ducts in males.

Prey were identified to the lowest possible taxonomic level,
counted and weighed (wet weight) to the nearest 0.01 g. To
determine whether a sufficient number of stomachs had been
collected, the order of stomachs sampled was randomly pooled
(100 times) and a cumulative prey curve was constructed by
plotting total number of prey items observed against the number
of stomachs examined (Kyne and Bennett 2002). The number of
examined stomachs was deemed sufficient to adequately describe
the diet when the curve reached an asymptote (Ferry and Cailliet
1996). Frequency of occurrence (F; proportion of stomachs that
contained a given prey), frequency by number (n; number
of individuals of a particular prey divided by the total number of
consumed prey) and frequency by mass (M; mass of individuals of
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Table 1. Research cruises undertaken by the Instituto Nacional de Investigacion y Desarrollo Pesquero (INIDEP;
Argentina) and commercial vessels in the south-west Atlantic between 34 and 42°S from 2001 to 2010

C

Species Source Dates Location Number of
stomachs
Mpyliobatis goodei Scientific survey 13-Nov-05-20-Dec-05 33°5'-41°4'S 122
Scientific survey 17-Jun-06—4-Jul-06 34°04'-38°5'S 36
Scientific survey 4-Nov-08-22-Nov-08 35°4'-41°4'S 50
Commercial vessel 1-Aug-10-20-Aug-10 36°06'-37°05'S 2
Fundaciéon Mundo Marino Dec-09-Jan-10 Samborombom Bay 2
Myliobatis ridens Scientific survey 13-Nov-05- 20-Dec-05 33°5'-41°4'S 38
Scientific survey 17-Jun-06—4-Jul-06 34°04'-38°5'S 22
Scientific survey 4-Nov-08-22-Nov-08 35°4'-41°4'S 8
Fundacion Mundo Marino Dec-09—-Jan-10 Samborombom Bay 13
Dasyatis hypostigma Scientific survey 13-Nov-05-20-Dec-05 33°5'-41°4'S 13
Scientific survey 17-Jun-06—4-Jul-06 34°04'-38°5'S 10
Scientific survey 4-Jul-01-17-Jul-01 34°09'-37°5'S 4
Scientific survey 22-Mar-02-31-Mar-02 39°-41°3'S 2
Scientific survey 28-Nov-03-21-Dec-03 34°08'-41°3'S 12
Scientific survey 7-Jul-04—14-Aug-04 34°08'-41°3'S 1
Scientific survey 17-May-09—1-Jun-09 35°05'-40°46'S 2
Commercial vessel 22-Mar-08-27-Mar-08 36°06'-37°05'S 6

aparticular prey divided by the total mass of consumed prey) were
calculated for each prey item and used to determine the index of
relative importance (IRI; Pinkas et al. 1971; Hyslop 1980). To
facilitate comparisons among prey items, the percentage IRI was
calculated (Cortés 1997). Prey items were classified into six prey
taxonomic categories: bivalves, amphipods, gastropods, decapods,
polychaetes and others. These broader taxonomic groups were
used in the analyses rather than finer-level classifications in order
to better represent the general diet.

The number of each prey group consumed by each individual
was modelled as a function of species, sex, disc width, maturity
stage and season in order to test for differences between species
while controlling for the effects of the other variables. For each
prey, a generalised linear model (GLM) with a log link and a
negative binomial error distribution was constructed (Venables
and Ripley 2002). Afterwards, the best minimum model (BMM)
was chosen by minimisation of the Akaike’s information crite-
rion (AIC).

We evaluated the hypotheses that the consumption of each
prey group is determined by body size (DW), sex, maturity stage
or season (spring or winter) using GLMs (Venables and Ripley
2002). For each species of Myliobatis, models were built in
which the number of each prey category was used as the
response variable and body size, sex, maturity stage or season
were used as explanatory variables (Barbini and Lucifora 2012a,
2012b). Changes in the diet of D. hypostigma were evaluated
using only models with one explanatory variable at a time,
because the number of samples was insufficient to assess more
complex models. Akaike’s weights were computed for each
model (Franklin ez al. 2001). All statistical analyses were per-
formed using the statistical software R, ver. 2.9.1 (R Foundation
for Statistical Computing, Vienna, Austria).

Intraspecific differences in dietary composition were
assessed between sexes and among size classes. Among species,
dietary overlap was evaluated using the Horn and Schoener
indices of overlap (Krebs 1989), in which values range from 0

(no overlap) to 1 (complete overlap) and values =0.6 are
considered biologically significant (Wallace and Ramsey 1983).

To quantify interspecific differences in the consumption of
different prey we used two different methods: classification trees
and analysis of similitude (ANOSIM). For both analyses, prey
categories were defined as amphipods, bivalves, decapods, gastro-
pods, polychaetes, microcrustaceans (i.e. cumaceans, ostracods,
isopods), cephalochordates, fish, echinoderms, cnidarians and
cephalopods. Classification trees are a recursive method in which
explanatory variables are evaluated one at a time. This procedure
sets a threshold in the variable that explains the largest proportion
of the deviance in each instance, and all cases are split above and
below that threshold. The procedure is repeated until no further
increase in the explained deviance occurs or the subgroups left are
homogeneous or have low sample size (Venables and Ripley
2002). In our case, we set species identity as a response variable
and prey consumption (in numbers) as explanatory variables. By
conducting this analysis we evaluated whether myliobatoid spe-
cies could be separated on the basis of their dietary composition.

ANOSIM is a multivariate method commonly used to evalu-
ate dietary differences in elasmobranchs (Marshall ez al. 2008;
Jacobsen et al. 2009; Jacobsen and Bennett 2012; O’Shea et al.
2013). It evaluates differences among groups (i.e. species) by
assessing whether differences in a distance matrix are greater
among groups than within groups. ANOSIM was run using the
Bray—Curtis distance on number of each prey group consumed
and 999 permutations.

Results
Feeding ecology of M. goodei

Of a total 0of 290 stomachs examined, 212 (73%) contained food
(105 females, 107 males). Twenty-seven prey taxa were iden-
tified (Table 2). Polychaetes were the most important
(%IRI = 45.5), with Travisia spp. being the most common.
Decapods were also abundant (%IRI = 40.3), with the family
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Table 2. Diet composition of Myliobatis goodei, off Uruguay and northern Argentina (sexes and sizes
combined), expressed as percentage by number (%N), weight (% W), frequency of occurrence (%F) and
index of relative importance (%IRI) for individual prey and prey groups

Prey %F %N %P %IRI %IRI (prey group)
Polychaeta 455
Onuphidae 10.85 1.68 4.29 1.26
Opheliidae
Travisia sp. 25.47 28.37 17.74 22.80
Nereidae 3.77 0.25 5.03 0.39
Sabellidae 8.49 0.50 0.97 0.24
Lumbrineridae 1.42 0.09 0.65 0.02
Unidentified polychaetes 14.62 1.84 18.81 5.86
Crustaceans
Cumacea 7.55 1.70 0.27 0.29 0.17
Isopoda 0.16
Cirolanidae
Cirolana sp. 4.72 0.32 0.41 0.07
Serolidae
Serolis schythei 0.47 0.09 0.18 0.002
Idoteidae 2.36 0.20 0.05 0.01
Amphipoda 12.46
Gammaridea 41.98 19.31 3.51 18.60
Caprelidea 9.43 1.66 0.29 0.36
Stomatopoda
Lysiosquillidae
Heterosquilla platensis 2.36 0.52 4.55 0.23 0.13
Ostracoda 0.94 0.14 0.02 0.003 0.002
Decapoda 40.30
Penaeoidea
Solenoceridae
Pleoticus muelleri 10.85 1.14 1.03 0.46
Anomura
Paguridae
Sympagurus spp. 42.92 40.98 17.14 48.44
Albuneida
Blepharipoda doelloi 0.94 0.07 0.90 0.02
Brachyura
Pinnotheridae
Austinixa patagoniensis 4.72 0.48 0.45 0.08
Unidentified crustaceans 1.42 0.07 1.52 0.04
Mollusca
Bivalvia 0.02
Unidentified bivalves 1.42 0.25 0.83 0.03
Cephalopoda 0.003
Octopodidae
Octopus tehuelchus 0.47 0.02 0.46 0.004
Chordata
Actinopterygii 1.12
Clupeiformes
Engraulidae
Engraulis anchoita 4.25 0.25 4.54 0.39
Perciformes
Carangidae
Trachurus lathami 0.47 0.02 2.15 0.02
Sciaenidae
Paralonchurus brasiliensis 0.47 0.02 13.32 0.12
Anthozoa 0.10
Unidentified anemones 0.94 0.14 10.03 0.19
Ophiuroidea 0.04
Unidentified ophiurans 4.25 0.36 0.41 0.06
Holothuroidea 0.004

Unidentified holothurians 0.47 0.02 0.86 0.01
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Fig. 1.

Cumulative prey curves for stomachs from (a) male and (b) female Myliobatis goodei off Uruguay and

northern Argentina, considering four prey groups (amphipods, decapods, polychaetes and others) used in the
statistical analyses. Solid lines indicate the mean number of new prey; dashed lines indicate standard deviations, after

100 permutations.

Paguridae the most represented. Gammarid amphipods were
third in order of importance, with a %IRI of 18.6. The remaining
groups had a %IRI <1.1 (Table 2). All polychaetes and crus-
taceans consumed by M. goodei were of small size and were
ingested whole, without any crushing by the dental plates.

After identification to the lowest possible taxonomic level,
prey were classified into four major taxonomic groups
(i.e. amphipods, polychaetes, decapods and ‘others’) to perform
statistical analyses. The ‘others’ category included cumaceans,
ostracods, stomatopods, ophiuroids, holothuriods, unidentified
invertebrates, fish, cephalopods and anemones. Results from the
cumulative prey curve analysis indicated 18 stomachs in males
and 14 in females were sufficient to represent the diet of
M. goodei (Fig. 1).

Male M. goodei consumed more polychaetes (%IRI = 67)
than females (%IRI = 29), whereas in the latter the highest
values of %IRI corresponded to decapods (%IRI = 44.7). With
regard to the type of food consumed by the different size classes,
specimens with a DW <500 mm primarily consumed decapods
and amphipods. The smallest individuals of M. goodei were the
main consumers of amphipods of all size classes analysed
(amphipod %IRI = 55.3 for M. goodei in the 200-300 mm
DW class). In individuals >600 mm DW, the group ‘others’
presented the greatest value found (%IRI = 43.1), whereas
polychaetes had maximum peaks in the 500-600 mm DW size
class (%IRI = 80.9) and minimum peaks (%IRI = 11.8) in the
200-300 mm DW size class (Fig. 2).

According to the GLMs, the consumption of amphipods was
dependent on the size of the predator and season. The smallest
individuals consumed more amphipods than the largest indivi-
duals. Amphipods were consumed more heavily in winter than
in spring. The consumption of decapods and polychaetes was
dependent on maturity, and was independent of the size of the
predator, sex or season. Immature individuals preyed more
heavily on decapods and polychaetes than mature individuals.
None of the variables evaluated explained the use of the item
‘others’ (Table 3).

Diectary overlap between males and females was high
(i.e. overlap index values were >0.6). Female M. goodei showed
no trophic overlap among the size classes analysed (Horn and
Schoener = 0.51), whereas young and adult males significantly
overlapped in diet (Horn and Schoener overlap index >0.6;
Table 4).

90 1
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60 - (49) (56) (53) |
T
?
|
200-300 300-400 400-500 500-600 >600
DW (mm)
0O Amphipods O Decapods Polychaetes  ® Others
Fig. 2. Relationship between the percentage index of relative importance

(%IRI) of each prey item and the different size classes for both sexes of
Mpyliobatis goodei combined off Uruguay and northern Argentina. Numbers
in parentheses above columns indicate the number of stomachs analysed for
each size class. DW, disc width.

Table 3. Best models explaining the consumption of the main prey
groups of Myliobatis goodei off Uruguay and northern Argentina
Intercept and variable coefficients are given for each model (standard errors
are given in parentheses). Coefficients of maturity stage and season are
relative to immature stage and spring respectively. DW, disc width; AIC,
Akaike information criterion; w, Akaike’s weights

Prey Intercept Coefficients AIC w

Amphipods 7.34(0.69)  —0.014 (0.001) DW — 847  0.94
1.15 (0.38) spring

Decapods 0.07 (0.33) 2.26 (0.37) immature 1064  0.69

Polychaetes 1.15(0.33) 0.93 (0.37) immature 978  0.33

Others —0.17 (0.22) 450  0.21

Feeding ecology of M. ridens

Of a total of 125 stomachs of M. ridens examined, 90 (72%)
contained food (38 females, 52 males). Twelve different types of
prey were identified. The species consumed were primarily
bivalves (%IRI = 44.1), gastropods (%IRI = 40.6) and crusta-
ceans (%IRI = 15.3), with the family Paguridae the most
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Table4. Trophic niche overlap index of Myliobatis goodei off Uruguay
and northern Argentina
Values in bold indicate a biologically significant overlap

Categories Schoener’s index Horn’s index
Males v. females 0.56 0.68
Young v. adult females 0.51 0.51
Young v. adult males 0.78 0.95

N. L. Ruocco and L. O. Lucifora

represented; the remaining groups had a %IRI <1 (Table 5).
M. ridens ate only the soft parts of the molluscs, expelling the
shells. For this reason, the specific identification of gastropods
and bivalves was difficult.

After identification, prey were categorised into four major
taxonomic groups: polychaetes, bivalves, gastropods and crus-
taceans. Results from cumulative prey curves indicated 32
stomachs in females and 42 in males were sufficient to evaluate
the diet of M. ridens (Fig. 3).

Table 5. Diet composition of Myliobatis ridens, off Uruguay and northern Argentina (sexes and sizes
combined), expressed as percentage by number (%N), weight (% W), frequency of occurrence (%F) and
index of relative importance (%IRI) for individual prey and prey groups

Prey items %F %N %P %IRI %IRI (prey group)
Unidentified polychaetes 33 1.5 0.5 0.08
Crustaceans 35.6 27 7.6 15.3
Amphipoda
Gammaridea 2.2 0.3 0.01 0.01
Decapoda
Penacoidea
Solenoceridae
Pleoticus muelleri 2.2 0.3 0.2 0.02
Anomura
Paguridae
Sympagurus spp. 322 25.7 7.0 20.2
Mollusca
Bivalvia 44.1
Scrobicularidae
Semele casali 6.7 4.9 3.1 1.8
Merethricidae 1.1 2.5 6.1 0.3
Solenidae 1.1 43 10.9 0.6
Lediidae
Leda patagonica 2.2 1.3 0.7 0.1
Unidentified bivalves 333 26.3 33.9 38.5
Gastropoda 40.6
Volutidae 2.2 1.1 20.8 1.6
Adelomelon brasiliana 6.7 32 10.5 3.0
Unidentified gastropods 31.1 335 31.3 38.7
@ ()
3
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g
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Fig.3. Cumulative prey curves for stomachs from (@) male and (b) female Myliobatis ridens off Uruguay and
northern Argentina, considering four prey groups (polychaetes, crustaceans, bivalves and gastropods) used in the
statistical analyses. Solid lines indicate the mean number of new prey; dashed lines indicate standard deviations,

after 100 permutations.
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Male M. ridens consumed more bivalves than females
(%IRI = 73.7 and 7.9 respectively). In the latter, the highest
values of %IRI corresponded to gastropods (%IRI = 51.3) and
crustaceans (%IRI = 40.6); polychaetes were found in both
sexes with %IRI values <0.1.

Specimens with a DW <450 mm primarily consumed
crustaceans and gastropods. This latter prey had a %IRI of 71
for this size class, the largest value observed for that item in all
size classes analysed. Polychaetes were much less important
(%IRI <1). In individuals with a DW >450 mm, bivalves had
the highest importance, with values of %IRI >50 (Fig. 4).

The consumption of crustaceans was dependent on maturity.
Immature individuals of M. ridens preyed more heavily on
crustaceans than mature individuals. The consumption of poly-
chaetes depended on size (DW), with smaller individuals
consuming more polychaetes than large size classes, in which
this prey was absent. Consumption of bivalves was dependent
on sex and season. In males, the consumption of this prey was
higher than in females, and bivalves were consumed in larger
proportion in spring than in winter. None of the variables
evaluated explained the use of gastropod prey (Table 6).

There was no overlap of trophic niche between males and
females (values <0.4). There was no significant overlap among
size classes of female M. ridens (Horn and Schoener overlap
indices = 0.31), whereas males showed high dietary overlap
between young and adults (Horn and Schoener overlap index
>0.6; Table 7).

Feeding ecology of D. hypostigma

A total of 56 stomachs of D. hypostigma were collected, of
which the great majority (89%; n = 50) contained prey items.
Twenty-one prey taxa were identified. Amphipods were the
most important prey in terms of %IRI (88.7); the remaining prey
represented less than 7% of %IRI (Table 8). Prey were grouped
into four major taxonomic groups (amphipods, crustaceans,
polychaetes and ‘others’) to perform comparisons. The category
‘others’ included bivalves, gastropods, fish and lancelets.

80 -
70 - (19)
60 -

(38)

(16)

50 -
40 ®)
30 -
20 -
10 -

0 , 11

250-350 350-450 450-550
DW (mm)

O Crustaceans H Polychaetes @ Bivalves

%IRI

@ Gastropods

Fig. 4. Relationship between the percentage index of relative importance
(%IRI) of each prey item and the different size classes for both sexes
combined in Myliobatis ridens off Uruguay and northern Argentina. Num-
bers in parentheses above columns indicate the number of stomachs analysed
for each size class. DW, disc width.
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The minimum number of stomachs needed to have a sample
representative of the population was performed with both sexes
combined because of the low number of samples collected; the
asymptote was reached in 29 stomachs (Fig. 5). Amphipods
dominated the smallest size classes, whereas polychaetes
dominated the largest ones. The smallest individuals of
D. hypostigma primarily consumed amphipods (amphipod
%IRI = 64.5 and 97.8 in the 150-250 and 250-350 mm DW
classes respectively). Specimens in the 150-250 mm DW class
primarily consumed amphipods, followed by crustaceans and
polychaetes, in decreasing order of importance. Medium-sized
specimens (DW 350-450) primarily consumed amphipods
(%IRI = 43.2), however polychaetes and the group ‘others’
were also present in the diet, with %IRI <30. This latter prey
group, had a %IRI of 28.7 for this size class, the largest value
observed for that item in all size classes analysed. In large
individuals (>450 mm DW) polychaetes were predominant
(%IRI = 50.4), crustaceans were the second most important
dietary category (%IRI = 42) and amphipods were much less
important (%IRI <3) in the diet (Fig. 6).

The consumption of amphipods and polychaetes depended
on maturity stage. Amphipods contributed substantially to the
diet of immature individuals; conversely, polychaetes were
common prey of mature specimens. The consumption of crus-
taceans and ‘others’ depended on season: crustaceans predomi-
nated in winter, whereas ‘others’ predominated in spring
(Table 9).

At the intraspecific level, there was trophic niche overlap
between males and females, with values of the overlap index
>0.8. With regard to maturity level, there was no overlap among
adult and immature individuals (Horn and Schoener
indices <0.21; Table 10).

Table 6. Best models explaining the consumption of the main prey
groups of Myliobatis ridens off Uruguay and northern Argentina
Intercept and variable coefficients are given for each model (standard errors
are given in parentheses). Coefficients of sex, maturity stage and season are
relative to males, immature stage and spring respectively. DW, disc width;
AIC, Akaike information criterion; w, Akaike’s weights

Prey Intercept Coefficients AIC w

Crustaceans —1.09 (0.47) 2.38(0.59) immature 275 0.68

Polychaetes 18.4(291)  —0.05(0.01) DW 389 0.36

Bivalves —0.81(0.41) 1.12 (0.36) Male + 3437  0.54
1.26 (0.43) spring

Gastropods 1.08 (0.25) 3302  0.34

Table 7. Trophic niche overlap index of Myliobatis ridens off Uruguay
and northern Argentina
Values in bold indicate a biologically significant overlap

Categories Schoener’s index Horn’s index
Males v. females 0.35 0.34
Young v. adult females 0.31 0.31
Young v. adult males 0.56 0.78
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Table 8. Diet composition of Dasyatis hypostigma, off Uruguay and northern Argentina (sexes and sizes
combined), expressed as percentage by number (%N), weight (% W), frequency of occurrence (%F) and
index of relative importance (%IRI) for individual prey and prey groups

Prey items %F %N %P %IRI %IRI (prey group)
Polychaeta 7
Onuphidae 1.8 0.3 0.8 0.02
Opheliidae
Travisia sp. 3.6 0.1 0.2 0.01
Aphroditidae 1.8 0.4 6.7 0.1
Lumbrineridae 10.7 0.4 4.2 0.4
Unidentified polychaetes 32.1 2.3 9.5 35
Crustacea 32
Stomatopoda
Lysiosquillidae
Heterosquilla platensis 1.8 0.1 0.0 0.001
Cumacea 3.6 0.3 0.1 0.01
Isopoda
Flabellifera
Cirolanidae
Cirolana sp. 8.9 0.5 2.8 0.3
Valvifera 3.6 0.2 0.1 0.01
Tanaidacea 3.6 0.2 1.0 0.04
Decapoda
Penaeoidea
Solenoceridae
Pleoticus muelleri 21.4 2.8 1.3 0.8
Unidentified crustaceans 7.1 0.2 0.3 0.03
Amphipoda 88.7
Gammaridea 66 85.1 69.7 94.4
Caprelidea 5.4 1.4 0.2 0.08
Mollusca 1.07
Bivalvia
Scrobicularidae
Semele casali 1.8 0.1 0.2 0.01
Solenidae 1.8 0.1 0.5 0.01
Lediidae
Leda patagonica 1.8 0.06 0.01 0.001
Unidentified bivalves 1.8 0.2 0.2 0.01
Gastropoda
Unidentified gastropods 1.8 0.1 0.1 0.002
Chordata
Cephalochordata
Branchiostomidae
Branchiostoma lanceolatus 3.6 5.1 1.6 0.2
Vertebrata
Actinopterygii
Unidentified actinopterygians 3.6 0.2 0.6 0.03

Interspecific comparisons

When the diets of the three species of Myliobatiformes were
compared, they were found to differ. There was no overlap of the
trophic niche among the three species (in all cases, Horn and
Schoener indices <0.29; Table 11).

All three species could be separated on the basis of diet
composition (Fig. 7). A very high consumption of hard-
shelled molluscs (both gastropods and bivalves) was typical
of M. ridens. High consumption of amphipods was typical
of D. hypostigma. M. goodei was differentiated from the
other two species by a high consumption of decapods and

polychaetes. In all cases, grouping of samples on the basis of
diet composition had a high probability of correct assigna-
tion, often higher than 0.88 and never lower than 0.62
(Fig. 7).

The diets of the three species were also significantly different
when analysed using ANOSIM (ANOSIM R = 0.3423;
P = 0.001). Differences were also significant when comparing
each species pairs: M. goodei v. D. hypostigma, ANOSIM
R = 0.08954, P = 0.005; M. goodei v. M. ridens, ANOSIM
R = 0.4559, P = 0.001; and M. ridens v. D. hypostigma,
ANOSIM R = 0.4788, P = 0.001.
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Fig.5. Cumulative prey curve for Dasyatis hypostigma (males and females
combined) off Uruguay and northern Argentina, considering four prey
groups (amphipods, polychaetes, crustaceans, and ‘others’). The item
‘others’ includes bivalves, gastropods, fish and amphioxi. Solid lines
indicate the mean number of new prey; dashed lines indicate standard
deviations, after 100 permutations.
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Fig. 6. Relationship between the percentage index of relative importance
(%IRI) of each prey item and the different size classes for both sexes
combined in Dasyatis hypostigma off Uruguay and northern Argentina.
Numbers in parentheses above columns indicate the number of stomachs
analysed for each size class. DW, disc width.

Table 9. Best models explaining the consumption of the main prey
groups of Dasyatis hypostigma off Uruguay and northern Argentina
Intercept and variable coefficients are given for each model (standard errors
are given in parentheses). Coefficients of maturity stage and season are
relative to immature stage and spring respectively. DW, disc width; AIC,
Akaike information criterion; w, Akaike’s weights

Prey Intercept Coefficients AIC w
Amphipods 0.69 (0.39) 2.95(0.45) immature 3854  0.39
Crustaceans 0.86 (0.34)  —1.68 (0.55) spring 149.6 0.9
Polychaetes 0.92(0.33)  —1.55(0.42) immature 134 0.35
Others —1.42 (0.73) 2.76 (1) spring 89.7  0.36
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Table 10. Trophic niche overlap index of Dasyatis
hypostigma off Uruguay and northern Argentina
Values in bold indicate a biologically significant overlap

Categories Schoener’s index Horn’s index
Males v. females 0.89 0.98
Young v. adult 0.17 0.21
Table 11. Interspecific niche overlap between species of Myliobati-

formes occurring off Uruguay and northern Argentina
Horn and Schoener indices of overlap with values =0.6 were considered
biologically significant

Interspecific niche overlap Schoener’s Horn’s
index index
Mpyliobatis goodei v. Myliobatis ridens 0.29 0.25
Myliobatis goodei v. Dasyatis 0.16 0.15
hypostigma
Dasyatis hypostigma v. Myliobatis ridens 0.04 0.02
G < 0.5{no}—
B <0.5
A=
. D<75
| P<25
|7D<1'5A>1.5|
I A=45 P=05
A<16
(Mg) Mg) Mg) MD)
0.71 5% 0.77 18% 0.90 3% 0.94 19% 0.79 10%
(CD) ) ) )
0.94 5% 0.88 2% 0.95 6% 0.62 4% 1.00 16% 0.98 13%

Fig. 7. Classification tree of the diet composition of Myliobatis goodei
(Mg), Myliobatis ridens (Mr) and Dasyatis hypostigma (Dh) from off
Uruguay and northern Argentina. Prey were grouped into the following
taxonomic groups: amphipods (A), bivalves (B), decapods (D), gastropods
(G), and polychaetes (P). At each node, a decision rule is given about a
threshold in mean consumption of a prey (in numbers of individual prey);
samples positive for that decision rule (‘yes’) are split to the left, negative
samples (‘no’) are split to the right. Leaves of the tree are labelled according
to the species with the highest number of samples in that leaf. Below the
species label, the proportion of cases in the leaf belonging to the species of
the leaf label is shown. In addition, at each leaf, the percentage of the total
sample allocated to that leaf is shown.
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Discussion

The present study provides the first quantification of intra- and
interspecific variations in the diet of the most common mylio-
batoid rays of the south-west Atlantic. The results indicate that
ecological singularity is high among mesopredatory mylioba-
toid rays in a temperate coastal ecosystem with high primary
productivity, implying that ecological singularity in mesopre-
datory myliobatoids is not restricted to high-diversity oligotro-
phic ecosystems. High levels of deposition of suspended organic
matter support a high biomass of benthic invertebrates of the
coastal ecosystem off Uruguay and northern Argentina (Acha
et al. 2004; Lercari et al. 2015). This suggests that resource
partitioning among benthic myliobatoid predators would be
low, as a result of high prey abundance. This would be exacer-
bated by the low species richness of myliobatoids (only three
species with a regular presence) compared with subtropical and
tropical ecosystems with higher species richness (e.g. O’Shea
et al. 2013). However, this is not the case, and we found
significant trophic differences among closely related mylioba-
toid mesopredators of the south-west Atlantic.

A bad taxonomic resolution can have serious negative con-
sequences on the knowledge of a taxon’s ecology and its
conservation status (Bortolus 2008). Taxonomy is at the basis
of all biological sciences because it provides the foundations on
which biological knowledge is rooted and a platform for
interspecific comparisons. Among elasmobranchs, recent taxo-
nomic work has resulted in substantial changes in our knowl-
edge of the ecology of several species groups, with applied
consequences on the conservation and management of these
species (White and Last 2012). South-west Atlantic species of
Myliobatis are another example of how a bad taxonomy has
hampered the recognition of important ecological differences
between the two species involved. What was thought to be a
single species with a wide trophic niche was actually a group
composed of two species with highly divergent and more
specialised diets. Detailed data on diet were previously available
only for M. goodei, but they are not reliable because they
suffered from the misidentification of M. ridens as M. goodei.
After accurate species identification, a clear trophic segregation
between M. goodei and M. ridens becomes clear. The diet of
M. goodei is based primarily on polychaetes and crustaceans,
with molluscs not a significant prey of this species. In contrast,
the diet of M. ridens is characterised by gastropods and bivalves.
Previously, bivalves and gastropods were said to be frequent in
the diet of M. goodei (Refi 1975; Cousseau et al. 2007; Molina
and Lopez Cazorla 2015). This is most likely a result of the
inclusion of specimens of M. ridens, misidentified as M. goodei,
in previous work.

The type of feeding of the genus Myliobatis is usually
described as durophagy because they are hard-prey specialists
capable of crushing the exoskeletons of crabs, snails and
mussels (e.g. Gray et al. 1997; Jardas et al. 2004; Schluessel
et al. 2010; Sommerville et al. 2011; Szczepanski and Bengtson
2014). The teeth of Myliobatis spp. are hexagonal interlocking
units that form a band of teeth. These bands form a continuous
dental plate specialised to compress and grind prey (Summers
2000). In the south-west Atlantic, M. ridens, a consumer of hard-
shelled molluscs such as gastropods and bivalves, fits this
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typical description. Conversely, M. goodei predominantly eats
softer prey, such as polychaetes and decapods, diverging to
some extent from the typical description of durophagy. This
adds evidence indicating higher-than-expected diet variation in
rays with a presumably specialist durophagous feeding mecha-
nism, as observed in the genus Rhinoptera (e.g. Collins et al.
2007; Ajemian and Powers 2012, 2013; Navarro-Gonzalez et al.
2012; Bornatowski et al. 2014).

The pattern of M. goodei and M. ridens feeding on different
kinds of prey appears to be the same in different geographic
locations. Preliminary data from off southern Brazil (28°36'S to
33°45’S) indicate that 95% of the diet of M. ridens is composed
of bivalves, whereas in M. goodei 80% of the diet consists of
polychaetes (Rezende et al. 2006). This suggests that, although
sympatric, both species have different ecological roles regard-
less of the geographic location. These dietary differences
between south-west Atlantic Myliobatis species are likely rela-
ted to the differences in morphology between both species.
M. goodei has a smaller mouth (Ruocco et al. 2012) and teeth
(Rezende et al. 2006) than M. ridens. Because a large mouth and
dental plates are beneficial to grind prey with hard exoskeletons,
M. goodei may be unable to efficiently prey on hard-shelled
molluscs. If morphology is the main determinant of the dietary
differences between both species, trophic geographic variation,
as observed in other myliobatoid mesopredators (Collins ef al.
2007; Ajemian and Powers 2012, 2013), should not occur in
M. goodei even in places where it is allopatric to M. ridens. At
present, it is known that both species occur sympatrically
between 28°36'S and 41°S (Ruocco et al. 2012), but the southern
and northern limits of the distribution for each species remain
unknown.

The coastal seas around the Americas are the only areas
where different species of Myliobatis occur sympatrically. In the
western Atlantic, M. freminvillii and M. goodei are sympatric
throughout most of their range (McEachran and de Carvalho
2002a; Menni et al. 2010), and these two species overlap
M. ridens off southern Brazil and, to a lesser extent, off Uruguay
and northern Argentina (Ruocco ef al. 2012). In the Pacific
Ocean, M. peruvianus and M. chilensis co-occur off Peru and
northern Chile (Romero Camarena and Bustamante Ruiz 2007;
Bustamante et al. 2014), and M. californicus and M. longirostris
in the Gulf of California (McEachran and Notarbartolo di Sciara
1995). In other regions, species of Myliobatis occur only
allopatrically, such as M. tenuicaudatus, M. hamlyni and
M. tobijei in the western Pacific and eastern Indian Ocean
(White et al. 2015) and M. aquila in the Mediterranean and
eastern Atlantic (Compagno et al. 1989; Serena 2005; Ebert and
Stehmann 2013). Closely related elasmobranchs should differ
more in their ecological traits when in sympatry than in allopatry
(Rezende et al. 2009), therefore this geographic pattern suggests
that ecological differentiation among species of Myliobatis
should be more common around the Americas than in other
regions.

Trophic variation in elasmobranchs can be attributed to
multiple sources (Braccini et al. 2005). In M. goodei and
D. hypostigma, body size is the main variable explaining the
consumption of amphipods; in M. ridens, this variable best
explains the consumption of polychaetes. Many skates are
known to consume fewer amphipods or polychaetes as they
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grow (e.g. Orlov 1998; Belleggia et al. 2008; Ruocco et al. 2009;
Barbini and Lucifora 2011, 2012h, 2016; Main and Collins
2011; Barbini et al. 2013; Santi¢ ef al. 2013). Among mylioba-
toid rays, microcrustaceans (such as amphipods) or polychaetes
are dominant prey of species in the families Urolophidae and
Urotrygonidae (Platell et al. 1998; Marshall ez al. 2008; Flores-
Ortega et al. 2011; Navia et al. 2011; Yick et al. 2011; Navarro-
Gonzalez et al. 2012; Jacobsen and Bennett 2013), which are
generally small (McEachran and de Carvalho 2002b; Last and
Stevens 2009), and several dasyatid species consume fewer
amphipods or polychaetes with increasing body size (e.g. Ebert
and Cowley 2003; Dale et al. 2011; Jacobsen and Bennett 2012;
Lopez-Garcia et al. 2012). This interspecific trend is in agree-
ment with the intraspecific pattern of amphipod consumption
observed in M. goodei and D. hypostigma and may indicate a
preference for bigger prey as predators grow. This hypothesis
may also explain the decreasing consumption of polychaetes
with body size in M. ridens.

Season, sex and maturity stage are also important determi-
nants of diet composition in the three species studied. Mylio-
batoid rays are highly mobile and seasonal differences in habitat
use are apparent for Myliobatis spp. and D. hypostigma in the
study area (Jaureguizar et al. 2004). These differences may
produce variability in the predator—prey relationship through
interseasonal differences in prey encounter rate or prey avail-
ability, as suggested by similar seasonal and habitat-specific
differences in amphipod consumption in other myliobatoids
with a durophagous anatomy (Sommerville ez al. 2011; Ajemian
and Powers 2012).

The role of myliobatoid mesopredators appears to vary
geographically. Experimental work has shown that in some
regions they have strong effects in structuring the benthic
community (e.g. VanBlaricom 1982; Peterson et al. 2001),
whereas in others their effect is less marked (Ajemian et al.
2012; Ajemian and Powers 2013). These differences may be the
result of dietary differences among closely related but different
species inhabiting different regions, intraspecific geographic
variability in feeding habits and structural differences among
different food webs. The low ecological redundancy and the
observed intraspecific geographic variation in the feeding habits
of many mesopredatory myliobatoids have implications for the
ecosystem modelling of trophic pathways as well. Myliobatoid
mesopredators are often pooled together in analyses of trophic
webs, especially for regions with low diversity (e.g. Arreguin-
Sanchez et al. 2002; Gasalla and Rossi-Wongtschowski 2004;
Barausse et al. 2009; Lercari and Arreguin-Sanchez 2009; Ruiz
and Wolff 2011). Unless there is evidence of ecological redun-
dancy among myliobatoid mesopredators of a given region, as
found by O’Shea et al. (2013), the results of the present study
indicate that the practice of pooling together all myliobatoid
mesopredators should be abandoned. As exemplified by Navia
et al. (2010), a more objective approach would be to group
myliobatoids according to trophic guilds.

Consumer-driven (i.e. top-down) trophic control is more
prevalent in ecosystems of temperate than tropical continental
shelves, which appears to be related to the higher ecological
singularity of temperate compared with tropical ecosystems
(Frank et al. 2007). This suggests that exploitation of
apex predators should be especially monitored in temperate
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species-poor ecosystems (Frank ez al. 2007). In the coastal
ecosystem off Uruguay and northern Argentina, there is evi-
dence that apex predators have been overfished (e.g. Jaureguizar
and Milessi 2008; Barbini et al. 2015). Monitoring of abundance
trends of myliobatoid mesopredators is required to evaluate
potential changes in the trophic web of the south-west Atlantic.

Acknowledgements

The authors thank the Instituto Nacional de Investigacion y Desarrollo
Pesquero (INIDEP), especially ‘Programa Pesquerias de Condrictios’, for
the specimens collected during research cruises. The authors are especially
grateful to C. Lasta for putting us in contact with Fundacion Mundo Marino,
San Clemente del Tuy, and the latter for collecting the material and lending
facilities for eagle ray sampling. This work would not have been possible
without the help of a fishery observer aboard a commercial vessel. This
paper is part of N. Ruocco’s Ph.D. dissertation, which was supported by a
scholarship from CONICET (Argentina). This is INIDEP contribution
number 1996.

References

Acha, E. M., Mianzan, H. W., Guerrero, R. A., Favero, M., and Bava, J.
(2004). Marine fronts at the continental shelves of austral South
America: physical and ecological processes. Journal of Marine Systems
44, 83-105. doi:10.1016/J.JMARSYS.2003.09.005

Ajemian, M. J., and Powers, S. P. (2012). Habitat-specific feeding by cownose
rays (Rhinoptera bonasus) of the northern Gulf of Mexico. Environmental
Biology of Fishes 95, 79-97. doi:10.1007/S10641-011-9858-3

Ajemian, M. J., and Powers, S. P. (2013). Foraging effects of cownose rays
(Rhinoptera bonasus) along barrier islands of the northern Gulf of
Mexico. Journal of Experimental Marine Biology and Ecology 439,
119-128. doi:10.1016/J.JEMBE.2012.10.021

Ajemian, M. J., Powers, S. P., and Murdoch, T. J. T. (2012). Estimating the
potential impacts of large mesopredators on benthic resources: integra-
tive assessment of spotted eagle ray foraging ecology in Bermuda. PLoS
One 7, ¢40227. doi:10.1371/JOURNAL.PONE.0040227

Arreguin-Sanchez, F., Arcos, E., and Chavez, E. A. (2002). Flows of
biomass and structure in an exploited benthic ecosystem in the Gulf of
California, Mexico. Ecological Modelling 156, 167—-183. doi:10.1016/
S0304-3800(02)00159-X

Barausse, A., Duci, A., Mazzoldi, C., Artioli, Y., and Palmeri, L. (2009).
Trophic network model of the northern Adriatic Sea: analysis of an
exploited and eutrophic ecosystem. Estuarine, Coastal and Shelf
Science 83, 577-590. doi:10.1016/J.ECSS.2009.05.003

Barbini, S. A., and Lucifora, L. O. (2011). Feeding habits of the Rio skate,
Rioraja agassizi (Chondrichthyes: Rajidae), from off Uruguay and
northern Argentina. Journal of the Marine Biological Association of
the United Kingdom 91, 1175-1184. doi:10.1017/S0025315410001529

Barbini, S. A., and Lucifora, L. O. (2012a). Feeding habits of a large
endangered skate from the south-west Atlantic: the spotback skate
Atlantoraja  castelnaui. Marine and Freshwater Research 63,
180-188. doi:10.1071/MF11170

Barbini, S. A., and Lucifora, L. O. (20125). Ontogenetic diet shifts and food
partitioning between two small sympatric skates (Chondrichthyes,
Rajidae) in the Southwestern Atlantic. Marine and Freshwater Research
63, 905-915. doi:10.1071/MF12131

Barbini, S. A., and Lucifora, L. O. (2016). Big fish (and a smallish skate) eat
small fish: diet variation and trophic level of Sympterygia acuta, a
medium-sized skate high in the food web. Marine Ecology 37,283-293.
doi:10.1111/MAEC.12273

Barbini, S. A., Scenna, L. B., Figueroa, D. E., and Diaz de Astarloa, J. M.
(2013). Effects of intrinsic and extrinsic factors on the diet of Bathyraja
macloviana, a benthophagous skate. Journal of Fish Biology 83,
156-169. doi:10.1111/JFB.12159


http://dx.doi.org/10.1016/J.JMARSYS.2003.09.005
http://dx.doi.org/10.1007/S10641-011-9858-3
http://dx.doi.org/10.1016/J.JEMBE.2012.10.021
http://dx.doi.org/10.1371/JOURNAL.PONE.0040227
http://dx.doi.org/10.1016/S0304-3800(02)00159-X
http://dx.doi.org/10.1016/S0304-3800(02)00159-X
http://dx.doi.org/10.1016/J.ECSS.2009.05.003
http://dx.doi.org/10.1017/S0025315410001529
http://dx.doi.org/10.1071/MF11170
http://dx.doi.org/10.1071/MF12131
http://dx.doi.org/10.1111/MAEC.12273
http://dx.doi.org/10.1111/JFB.12159

L Marine and Freshwater Research

Barbini, S. A., Lucifora, L. O., and Figueroa, D. E. (2015). Using opportu-
nistic records from a recreational fishing magazine to assess population
trends of sharks. Canadian Journal of Fisheries and Aquatic Sciences
72, 1853-1859. doi:10.1139/CIFAS-2015-0087

Belleggia, M., Mabragania, E., Figueroa, D. E., Scenna, L. B., Barbini, S. A.,
and Diaz de Astarloa, J. M. (2008). Food habits of the broad nose skate,
Bathyraja brachyurops (Chondrichthyes, Rajidae), in the south-west
Atlantic. Scientia Marina 72, 701-710. doi:10.3989/SCIMAR.2008.
72N4701

Bornatowski, H., Wosnick, N., Do Carmo, W. P. D., Corréa, M. F. M., and
Abilhoa, V. (2014). Feeding comparisons of four batoids (Elasmobran-
chii) in coastal waters of southern Brazil. Journal of the Marine
Biological Association of the United Kingdom 94, 1491-1499.
doi:10.1017/S0025315414000472

Bortolus, A. (2008). Error cascades in the biological sciences: the unwanted
consequences of using bad taxonomy in ecology. Ambio 37, 114-118.
doi:10.1579/0044-7447(2008)37[114:ECITBS]2.0.CO;2

Braccini, J. M., Gillanders, B. M., and Walker, T. 1. (2005). Sources of
variation in the feeding ecology of the piked spurdog (Squalus mega-
lops): implications for inferring predator—prey interactions from overall
dietary composition. /CES Journal of Marine Science 62, 1076—1094.

Bustamante, C., Vargas-Caro, C., and Bennett, M. B. (2014). Not all fish are
equal: functional biodiversity of cartilaginous fishes (Elasmobranchii
and Holocephali) in Chile. Journal of Fish Biology 85, 1617-1633.
doi:10.1111/JFB.12517

Collins, A. B., Heupel, M. R., Hueter, R. E., and Motta, P. J. (2007). Hard
prey specialists or opportunistic generalists? An examination of the diet
of the cownose ray, Rhinoptera bonasus. Marine and Freshwater
Research 58, 135-144. doi:10.1071/MF05227

Compagno, L. J. V. (1990). Alternative life-history styles of cartilaginous
fishes in time and space. Environmental Biology of Fishes 28, 33-75.
doi:10.1007/BF00751027

Compagno, L. J. V., Ebert, D. A., and Smale, M. J. (1989). ‘Guide to the
Sharks and Rays of Southern Africa.’ (Struik: Cape Town, South Africa.)

Cortés, E. (1997). A critical review of methods of studying fish feeding
based on analysis of stomach contents: application to elasmobranch
fishes. Canadian Journal of Fisheries and Aquatic Sciences 54,
726-738. doi:10.1139/F96-316

Cousseau, M. B., Figueroa, D. E., Diaz de Astarloa, J. M., Mabragana, E.,
and Lucifora, L. O. (2007). ‘Rayas, Chuchos y Otros Batoideos del
Atlantico Sudoccidental (34°S—55°S).” (Instituto Nacional de Investiga-
cion y Desarrollo Pesquero: Mar del Plata.)

Dale, J.J., Wallsgrove, N. J., Popp, B.N., and Holland, K. N. (2011). Nursery
habitat use and foraging ecology of the brown stingray Dasyatis lata
determined from stomach contents, bulk and amino acid stable isotopes.
Marine Ecology Progress Series 433, 221-236. doi:10.3354/
MEPS09171

Ebert, D. A., and Bizzarro, J. J. (2007). Standardized diet compositions and
trophic levels of skates (Chondrichthyes: Rajiformes: Rajoidei). Environ-
mental Biology of Fishes 80, 221-237. doi:10.1007/S10641-007-9227-4

Ebert, D. A., and Cowley, P. D. (2003). Diet, feeding behaviour and habitat
utilisation of the bluestingray Dasyatis chrysonota (Smith, 1828) in
South African waters. Marine and Freshwater Research 54, 957-965.
doi:10.1071/MF03069

Ebert, D. A., and Stehmann, M. F. W. (2013). Sharks, batoids and chimaeras
of the North Atlantic. FAO Species Catalogue for Fishery Purposes,
number 7, Food and Agriculture Organization of the United Nations,
Rome, Italy.

Ferry, L. A., and Cailliet, G. M. (1996). Sample size and data analysis: are we
characterizing and comparing diet properly? In ‘Feeding Ecology and
Nutrition in Fish. Symposium Proceedings of the International Congress
on the Biology of Fishes’, 14-18 Jul 1996, San Francisco, CA, USA.
(Eds D. MacKinlay and K. Shearer.) pp. 71-80. (American Fisheries
Society: San Francisco, CA, USA.)

N. L. Ruocco and L. O. Lucifora

Flores-Ortega, J. R., Godinez-Dominguez, E., Gonzalez-Sanson, G., Rojo-
Vazquez, J. A., Corgos, A., and Morales-Jauregui, M. Y. (2011). Feeding
habits of three round stingrays (Rajiformes: Urotrygonidae) in the
central Mexican Pacific. Ciencias Marinas 37, 279-292. doi:10.7773/
CM.V3713.1871

Frank, K. T., Petrie, B., and Shackell, N. L. (2007). The ups and downs of
trophic control in continental shelf ecosystems. Trends in Ecology &
Evolution 22, 236-242. doi:10.1016/J.TREE.2007.03.002

Franklin, A. B., Shenk, T. M., Anderson, D. R., and Burnham, K. P. (2001).
Statistical model selection: an alternative to null hypothesis testing. In
‘Modeling in Natural Resource Management: Development, Interpreta-
tion, and Application’. (Eds T. M. Shenk and A. B. Franklin.) pp. 75-90.
(Island Press: Washington, DC.)

Gasalla, M. A., and Rossi-Wongtschowski, C. L. D. B. (2004). Contribution
of ecosystem analysis to investigating the effects of changes in fishing
strategies in the South Brazil Bight coastal ecosystem. Ecological
Modelling 172, 283-306. doi:10.1016/J. ECOLMODEL.2003.09.012

Gray, A. E., Mulligan, T. J., and Hannah, R. W. (1997). Food habits,
occurrence, and population structure of the bat ray, Myliobatis califor-
nica, in Humboldt Bay, California. Environmental Biology of Fishes 49,
227-238. doi:10.1023/A:1007379606233

Hyslop, E. J. (1980). Stomach contents analysis: a review of methods and
their application. Journal of Fish Biology 17, 411-429. doi:10.1111/
J.1095-8649.1980.TB02775.X

Jacobsen, 1. P., and Bennett, M. B. (2012). Feeding ecology and dietary
comparisons among three sympatric Neotrygon (Myliobatoidei: Dasya-
tidae) species. Journal of Fish Biology 80, 1580-1594. doi:10.1111/
J.1095-8649.2011.03169.X

Jacobsen, I. P., and Bennett, M. B. (2013). A comparative analysis of feeding
and trophic level ecology in stingrays (Rajiformes; Myliobatoidei) and
electric rays (Rajiformes: Torpedinoidei). PLoS One 8, e71348.
doi:10.1371/JOURNAL.PONE.0071348

Jacobsen, I. P., Johnson, J. W., and Bennett, M. B. (2009). Diet and
reproduction in the Australian butterfly ray Gymnura australis from
northern and north-eastern Australia. Journal of Fish Biology 75,
2475-2489. doi:10.1111/J.1095-8649.2009.02432.X

Jardas, 1., gantié, M., and Pallaoro, A. (2004). Diet composition of the eagle
ray, Myliobatis aquila (Chondrichthyes: Myliobatidae), in the eastern
Adriatic Sea. Cybium 28, 372-374.

Jaureguizar, A. J., and Milessi, A. C. (2008). Assessing the sources of the
fishing down marine food web process in the Argentinean—Uruguayan
Common Fishing Zone. Scientia Marina 72, 25-36.

Jaureguizar, A. J., Menni, R., Guerrero, R., and Lasta, C. (2004). Environ-
mental factors structuring fish communities of the Rio de la Plata estuary.
Fisheries Research 66, 195-211. doi:10.1016/S0165-7836(03)00200-5

Krebs, C. (1989). ‘Ecological Methodology.” (Harper & Row: New York.)

Kyne, P. M., and Bennett, M. B. (2002). Diet of the eastern shovelnose ray,
Aptychotrema rostrata (Shaw & Nodder, 1794), from Moreton Bay,
Queensland, Australia. Marine and Freshwater Research 53, 679—686.
doi:10.1071/MF01040

Last, P. R., and Stevens, J. D. (2009). ‘Sharks and Rays of Australia’,
2nd edn. (Harvard University Press: Cambridge, MA, USA.)

Lercari, D., and Arreguin-Sanchez, F. (2009). An ecosystem modelling
approach to deriving viable harvest strategies for multispecies manage-
ment of the Northern Gulf of California. Aquatic Conservation: Marine
and Freshwater Ecosystems 19, 384-397. doi:10.1002/AQC.978

Lercari, D., Horta, S., Martinez, G., Calliari, D., and Bergamino, L. (2015).
A food web analysis of the Rio de la Plata estuary and adjacent shelf
ecosystem: trophic structure, biomass flows and the role of fisheries.
Hydrobiologia 742, 39-58. doi:10.1007/S10750-014-1964-8

Lopez-Garcia, J., Navia, A. F., Mejia-Falla, P. A., and Rubio, E. A. (2012).
Feeding habits and trophic ecology of Dasyatis longa (Elasmobranchii:
Myliobatiformes): sexual, temporal and ontogenetic effects. Journal of
Fish Biology 80, 1563—1579. doi:10.1111/J.1095-8649.2012.03239.X


http://dx.doi.org/10.1139/CJFAS-2015-0087
http://dx.doi.org/10.3989/SCIMAR.2008.72N4701
http://dx.doi.org/10.3989/SCIMAR.2008.72N4701
http://dx.doi.org/10.1017/S0025315414000472
http://dx.doi.org/10.1579/0044-7447(2008)37[114:ECITBS]2.0.CO;2
http://dx.doi.org/10.1111/JFB.12517
http://dx.doi.org/10.1071/MF05227
http://dx.doi.org/10.1007/BF00751027
http://dx.doi.org/10.1139/F96-316
http://dx.doi.org/10.3354/MEPS09171
http://dx.doi.org/10.3354/MEPS09171
http://dx.doi.org/10.1007/S10641-007-9227-4
http://dx.doi.org/10.1071/MF03069
http://dx.doi.org/10.7773/CM.V37I3.1871
http://dx.doi.org/10.7773/CM.V37I3.1871
http://dx.doi.org/10.1016/J.TREE.2007.03.002
http://dx.doi.org/10.1016/J.ECOLMODEL.2003.09.012
http://dx.doi.org/10.1023/A:1007379606233
http://dx.doi.org/10.1111/J.1095-8649.1980.TB02775.X
http://dx.doi.org/10.1111/J.1095-8649.1980.TB02775.X
http://dx.doi.org/10.1111/J.1095-8649.2011.03169.X
http://dx.doi.org/10.1111/J.1095-8649.2011.03169.X
http://dx.doi.org/10.1371/JOURNAL.PONE.0071348
http://dx.doi.org/10.1111/J.1095-8649.2009.02432.X
http://dx.doi.org/10.1016/S0165-7836(03)00200-5
http://dx.doi.org/10.1071/MF01040
http://dx.doi.org/10.1002/AQC.978
http://dx.doi.org/10.1007/S10750-014-1964-8
http://dx.doi.org/10.1111/J.1095-8649.2012.03239.X

Ecological singularity of temperate myliobatoids

Lucifora, L. O., Menni, R. C., and Escalante, A. H. (2005). Reproduction,
abundance, and feeding habits of the broadnose sevengill shark, Notor-
ynchus cepedianus, in north Patagonia, Argentina. Marine Ecology
Progress Series 289, 237-244. doi:10.3354/MEPS289237

Lucifora, L. O., Garcia, V. B., Menni, R. C., and Escalante, A. H. (2006).
Food habits, selectivity, and foraging modes of the school shark,
Galeorhinus galeus. Marine Ecology Progress Series 315, 259-270.
doi:10.3354/MEPS315259

Lucifora, L. O., Garcia, V. B., and Escalante, A. H. (2009a). How can the
feeding habits of the sand tiger shark, Carcharias taurus, influence the
success of conservation programs? Animal Conservation 12, 291-301.
doi:10.1111/J.1469-1795.2009.00247.X

Lucifora, L. O., Garcia, V. B., Menni, R. C., Escalante, A. H., and Hozbor, N.
M. (2009b). Effects of body size, age and maturity stage on diet in a large
shark: ecological and applied implications. Ecological Research 24,
109-118. doi:10.1007/S11284-008-0487-Z

Luiselli, L. (2006). Resource partitioning and interspecific competition in
snakes: the search for general geographical and guild patterns. Oikos
114, 193-211. doi:10.1111/1.2006.0030-1299.14064.X

Main, C. E., and Collins, M. A. (2011). Diet of the Antarctic starry ray
Amblyraja georgiana (Rajidae, Chondrichthyes) at South Georgia,
Southern Ocean. Polar Biology 34, 389-396. doi:10.1007/S00300-
010-0894-9

Marshall, A. D., Kyne, P. M., and Bennett, M. B. (2008). Comparing the diet
of two sympatric urolophid elasmobranchs (7rygonoptera testacea
Miiller & Henle and Urolophus kapalensis Yearsley & Last): evidence
of ontogenetic shifts and possible resource partitioning. Journal of Fish
Biology 72, 883-898. doi:10.1111/J.1095-8649.2007.01762.X

McEachran, J. D., and de Carvalho, M. R. (2002a). Myliobatidae: eagle rays.
In ‘The Living Marine Resources of the Western Central Atlantic.
Volume 1: Introduction, Molluscs, Crustaceans, Hagfishes, Sharks,
Batoid Fishes, and Chimaeras. FAO Species Identification Guide for
Fishery Purposes and American Society of Ichthyologists and Herpetol-
ogists Special Publication 5. (Ed. K. E. Carpenter.) pp. 578-582.
(Food and Agriculture Organization of the United Nations: Rome, Italy.)

McEachran, J. D., and de Carvalho, M. R. (20025). Urotrygonidae: Ameri-
can round stingrays. In ‘“The Living Marine Resources of the Western
Central Atlantic. Volume 1: Introduction, Molluscs, Crustaceans,
Hagfishes, Sharks, Batoid Fishes, and Chimaeras. FAO Species Identi-
fication Guide for Fishery Purposes and American Society of Ichthyol-
ogists and Herpetologists Special Publication 5°. (Ed. K. E. Carpenter.)
pp. 572-574. (Food and Agriculture Organization of the United
Nations: Rome, Italy.)

McEachran, J. D., and Notarbartolo di Sciara, G. (1995). Myliobatidae:
aguilas marinas. In ‘Guia FAO para la Identificacion de Especies para los
Fines de la Pesca. Pacifico Centro-Oriental. Volumen II. Vertebrados
Parte 1”. (Eds W. Fischer, F. Krupp, W. Schneider, C. Sommer, K. E.
Carpenter and V. H. Niem.) pp. 765-768. (Food and Agriculture
Organization of the United Nations: Rome, Italy.)

Menni, R. C., and Lucifora, L. O. (2007). Condrictios de la Argentina y
Uruguay: lista de trabajo. ProBiota 11, 1-15.

Menni, R. C., Jaureguizar, A. J., Stehmann, M. F. W., and Lucifora, L. O.
(2010). Marine biodiversity at the community level: zoogeography of
sharks, skates, rays and chimaeras in the southwestern Atlantic. Biodiver-
sity and Conservation 19, 775-796. doi:10.1007/S10531-009-9734-Z

Molina, J. M., and Lopez Cazorla, A. (2015). Biology of Myliobatis goodei
(Springer, 1939), a widely distributed eagle ray, caught in northern
Patagonia. Journal of Sea Research 95, 106-114. doi:10.1016/
J.SEARES.2014.09.006

Myers, R. A., Baum, J. K., Shepherd, T. D., Powers, S. P., and Peterson, C. H.
(2007). Cascading effects of the loss of apex predatory sharks from a
coastal ocean. Science 315, 1846-1850. doi:10.1126/SCIENCE.1138657

Naeem, S. (1998). Species redundancy and ecosystem reliability. Conser-
vation Biology 12, 39—45. doi:10.1046/J.1523-1739.1998.96379.X

Marine and Freshwater Research M

Navarro-Gonzalez, J. A., Bohorquez-Herrera, J., Navia, A. F., and Cruz-
Escalona, V. H. (2012). Diet composition of batoids on the continental
shelf off Nayarit and Sinaloa, Mexico. Ciencias Marinas 38, 347-362.
doi:10.7773/CM.V3812.1999

Navia, A. F., Cortés, E., and Mejia-Falla, P. A. (2010). Topological analysis
of the ecological importance of elasmobranch fishes: a food web study
on the Gulf of Tortugas, Colombia. Ecological Modelling 221,
2918-2926. doi:10.1016/J. ECOLMODEL.2010.09.006

Navia, A. F., Torres, A., Mejia-Falla, P. A., and Giraldo, A. (2011). Sexual,
ontogentic, temporal and spatial effects on the diet of Urotrygon rogersi
(Elasmobranchii: Myliobatiformes). Journal of Fish Biology 78,
1213-1224. doi:10.1111/J.1095-8649.2011.02931.X

O’Shea, O. R., Thums, M., van Keulen, M., and Meekan, M. G. (2012).
Bioturbation by stingrays at Ningaloo Reef, Western Australia. Marine
and Freshwater Research 63, 189—-197. doi:10.1071/MF11180

O’Shea, O. R., Thums, M., van Keulen, M., Kempster, R. M., and Meekan,
M. G. (2013). Dietary partitioning by five sympatric species of stingray
(Dasyatidae) on coral reefs. Journal of Fish Biology 82, 1805-1820.
doi:10.1111/JFB.12104

Orlov, A. M. (1998). The diets and feeding habits of some deep-water
benthic skates (Rajidae) in the Pacific waters off the northern Kuril
Islands and southeastern Kamchatka. Alaska Fishery Research Bulletin
5, 1-17.

Pardo, S. A., Burgess, K. B., Teixeira, D., and Bennett, M. B. (2015). Local-
scale resource partitioning by stingrays on an intertidal flat. Marine
Ecology Progress Series 533, 205-218. doi:10.3354/MEPS11358

Peterson, C. H., Fodrie, F. J., Summerson, H. C., and Powers, S. P. (2001).
Site-specific and density-dependent extinction of prey by schooling
rays: generation of a population sink in top-quality habitat for bay
scallops. Oecologia 129, 349-356. doi:10.1007/S004420100742

Pinkas, L., Oliphant, M. S., and Iverson, I. L. K. (1971). Food habits of
albacore, bluefin tuna, and bonito in California waters. Alaska Fishery
Research Bulletin 152, 1-105.

Platell, M. E., Potter, I. C., and Clarke, K. R. (1998). Resource partitioning
by four species of elasmobranchs (Batoidea: Urolophidae) in coastal
waters of temperate Australia. Marine Biology 131, 719-734.
doi:10.1007/S002270050363

Power, M. E., Tilman, D., Estes, J. A., Menge, B. A., Bond, W. J., Mills, L.
S., Daily, G., Castilla, J. C., Lubchenco, J., and Paine, R. T. (1996).
Challenges in the quest for keystones. Bioscience 46, 609-620.
doi:10.2307/1312990

Refi, S. M. (1975). Myliobatidae y Dasyatidae del litoral bonaerense de la
Republica Argentina y estudio comparado del mixopterigio (Chon-
drichthyes, Myliobatidae). Physica A 34, 121-136.

Reich, P. B., Tilman, D., Isbell, F., Mueller, K., Hobbie, S. E., Flynn, D. F.
B., and Eisenhauer, N. (2012). Impacts of biodiversity loss escalate
through time as redundancy fades. Science 336, 589-592. doi:10.1126/
SCIENCE.1217909

Rezende, G. A., Capitoli, R. R., and Vooren, C. M. (2006). A alimentagao
das raias Myliobatis goodei e Myliobatis sp. no sul do Brasil. V Reunido
da Sociedade Brasileira para o Estudo de Elasmobranquios, Itajai.

Rezende, E. L., Albert, E. M., Fortuna, M. A., and Bascompte, J. (2009).
Compartments in a marine food web associated with phylogeny, body
mass, and habitat structure. Ecology Letters 12, 779-788. doi:10.1111/
1.1461-0248.2009.01327.X

Romero Camarena, M., and Bustamante Ruiz, M. (2007). Estudio de
tiburones con fines de conservacion y uso sostenible. Informe Anual
2007, Instituto del Mar del Peru, Callao. Available at http://www.imarpe.
pe/imarpe/archivos/informes/imarpe_19)_estudio_de_tiburones_web.pdf
[Verified 28 June 2016].

Ruiz, D. J., and Wolff, M. (2011). The Bolivar Channel ecosystem of the
Galapagos Marine Reserve: energy flow structure and role of keystone
groups. Journal of Sea Research 66, 123—134. doi:10.1016/J.SEARES.
2011.05.006


http://dx.doi.org/10.3354/MEPS289237
http://dx.doi.org/10.3354/MEPS315259
http://dx.doi.org/10.1111/J.1469-1795.2009.00247.X
http://dx.doi.org/10.1007/S11284-008-0487-Z
http://dx.doi.org/10.1111/J.2006.0030-1299.14064.X
http://dx.doi.org/10.1007/S00300-010-0894-9
http://dx.doi.org/10.1007/S00300-010-0894-9
http://dx.doi.org/10.1111/J.1095-8649.2007.01762.X
http://dx.doi.org/10.1007/S10531-009-9734-Z
http://dx.doi.org/10.1016/J.SEARES.2014.09.006
http://dx.doi.org/10.1016/J.SEARES.2014.09.006
http://dx.doi.org/10.1126/SCIENCE.1138657
http://dx.doi.org/10.1046/J.1523-1739.1998.96379.X
http://dx.doi.org/10.7773/CM.V38I2.1999
http://dx.doi.org/10.1016/J.ECOLMODEL.2010.09.006
http://dx.doi.org/10.1111/J.1095-8649.2011.02931.X
http://dx.doi.org/10.1071/MF11180
http://dx.doi.org/10.1111/JFB.12104
http://dx.doi.org/10.3354/MEPS11358
http://dx.doi.org/10.1007/S004420100742
http://dx.doi.org/10.1007/S002270050363
http://dx.doi.org/10.2307/1312990
http://dx.doi.org/10.1126/SCIENCE.1217909
http://dx.doi.org/10.1126/SCIENCE.1217909
http://dx.doi.org/10.1111/J.1461-0248.2009.01327.X
http://dx.doi.org/10.1111/J.1461-0248.2009.01327.X
http://www.imarpe.pe/imarpe/archivos/informes/imarpe_19
http://www.imarpe.pe/imarpe/archivos/informes/imarpe_19
http://dx.doi.org/10.1016/J.SEARES.2011.05.006
http://dx.doi.org/10.1016/J.SEARES.2011.05.006

N Marine and Freshwater Research

Ruocco, N. L., Lucifora, L. O., Diaz de Astarloa, J. M., and Bremec, C.
(2009). Diet of the white-dotted skate, Bathyraja albomaculata,
in waters of Argentina. Journal of Applied Ichthyology 25(Suppl. 1),
94-97. doi:10.1111/J.1439-0426.2008.01081.X

Ruocco, N. L., Lucifora, L. O., Diaz de Astarloa, J. M., Mabragaiia, E., and
Delpiani, S. M. (2012). Morphology and DNA barcoding reveal a new
species of eagle ray from the Southwestern Atlantic: Myliobatis ridens
sp. nov. (Chondrichthyes, Myliobatiformes, Myliobatidae). Zoological
Studies 51, 862-873.

Santi¢, M., Rada, B., and Pallaoro, A. (2013). Feeding habits of brown ray
(Raja miraletus Linnaeus, 1758) from the eastern central Adriatic Sea.
Marine Biology Research 9, 301-308. doi:10.1080/17451000.2012.
739698

Schluessel, V., Bennett, M. B., and Collin, S. P. (2010). Diet and reproduc-
tion in the white-spotted eagle ray Aefobatus narinari from Queensland,
Australia and the Penghu Islands, Taiwan. Marine and Freshwater
Research 61, 1278—-1289. doi:10.1071/MF09261

Serena, F. (2005). ‘Field Identification Guide to the Sharks and Rays of the
Mediterranean and Black Sea. FAO Species Identification Guide for
Fishery Purposes.” (Food and Agriculture Organization of the United
Nations: Rome, Italy.)

Sherman, K., Belkin, I., O’Reilly, J., and Hyde, K. (2007). Variability of
large marine ecosystems in response to global climate change. ICES
CM 2007/D: 20. Available at http://www.ices.dk/sites/pub/CM%20
Doccuments/CM-2007/D/D2007.pdf [Verified 22 June 2016]

Sommerville, E., Platell, M. E., White, W. T., Jones, A. A., and Potter, I. C.
(2011). Partitioning of food resources by four abundant, co-occurring
elasmobranch species: relationships between diet and both body size and
season. Marine and Freshwater Research 62, 54—65. doi:10.1071/
MF10164

Summers, A. P. (2000). Stiffening the stingray skeleton: an investigation of
durophagy in myliobatid stingrays (Chondrichthyes, Batoidea, Mylio-
batidae). Journal of Morphology 243, 113-126. doi:10.1002/(SICI)
1097-4687(200002)243:2<113::AID-JMOR1>3.0.CO;2-A

Szczepanski, J. A., and Bengtson, D. A. (2014). Quantitative food habits
of the bullnose ray, Myliobatis freminvillii, in Delaware Bay.

N. L. Ruocco and L. O. Lucifora

Environmental Biology of Fishes 97, 981-997. doi:10.1007/S10641-
014-0282-3

Thrush, S. F., Pridmore, R. D., Hewitt, J. E., and Cummings, V. J. (1991).
Impact of ray feeding disturbances on sandflat macrobenthos: do
communities dominated by polychaetes or shellfish respond differently?
Marine Ecology Progress Series 69, 245-252. doi:10.3354/
MEPS069245

Thrush, S. F., Pridmore, R. D., Hewitt, J. E., and Cummings, V. J. (1994).
The importance of predators on a sandflat: interplay between seasonal
changes in prey densities and predator effects. Marine Ecology Progress
Series 107, 211-222. doi:10.3354/MEPS107211

VanBlaricom, G. R. (1982). Experimental analyses of structural regulation
in a marine sand community exposed to oceanic swell. Ecological
Monographs 52, 283-305. doi:10.2307/2937332

Venables, W. N., and Ripley, B. D. (2002). ‘Modern Applied Statistics with
S-Plus’, 4th edn. (Springer: New York.)

Wallace, R. K., and Ramsey, J. S. (1983). Reliability in measuring diet
overlap. Canadian Journal of Fisheries and Aquatic Sciences 40,
347-351. doi:10.1139/F83-050

White, W. T., and Last, P. R. (2012). A review of the taxonomy of
chondrichthyan fishes: a modern perspective. Journal of Fish Biology
80, 901-917. doi:10.1111/J.1095-8649.2011.03192.X

White, W. T., and Sommerville, E. (2010). Elasmobranchs of tropical
marine ecosystems. In ‘Sharks and Their Relatives II: Biodiversity,
Adaptive Physiology and Conservation’. (Eds J. C. Carrier, J. A. Musick
and M. R. Heithaus.) pp. 159-239. (CRC Press: Boca Raton, FL, USA.)

White, W. T., Kawauchi, J., Corrigan, S., Rochel, E., and Naylor, G. J. P.
(2015). Redescription of the eagle rays Myliobatis hamlyni Ogilby, 1911
and M. tobijei Bleeker, 1854 (Myliobatiformes: Myliobatidae) from the
East Indo-West Pacific. Zootaxa 3948, 521-548. doi:10.11646/Z00
TAXA.3948.3.7

Yick, J. L., Tracey, S. R., and White, R. W. G. (2011). Niche overlap and
trophic resource partitioning of two sympatric batoids co-inhabiting an
estuarine system in southeast Australia. Journal of Applied Ichthyology
27, 1272-1277. doi:10.1111/J.1439-0426.2011.01819.X

www.publish.csiro.au/journals/mfr


http://dx.doi.org/10.1111/J.1439-0426.2008.01081.X
http://dx.doi.org/10.1080/17451000.2012.739698
http://dx.doi.org/10.1080/17451000.2012.739698
http://dx.doi.org/10.1071/MF09261
http://www.ices.dk/sites/pub/CM&percnt;20Doccuments/CM-2007/D/D2007.pdf
http://www.ices.dk/sites/pub/CM&percnt;20Doccuments/CM-2007/D/D2007.pdf
http://www.ices.dk/sites/pub/CM&percnt;20Doccuments/CM-2007/D/D2007.pdf
http://dx.doi.org/10.1071/MF10164
http://dx.doi.org/10.1071/MF10164
http://dx.doi.org/10.1002/(SICI)1097-4687(200002)243:2%3C113::AID-JMOR1%3E3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1097-4687(200002)243:2%3C113::AID-JMOR1%3E3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1097-4687(200002)243:2%3C113::AID-JMOR1%3E3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1097-4687(200002)243:2%3C113::AID-JMOR1%3E3.0.CO;2-A
http://dx.doi.org/10.1007/S10641-014-0282-3
http://dx.doi.org/10.1007/S10641-014-0282-3
http://dx.doi.org/10.3354/MEPS069245
http://dx.doi.org/10.3354/MEPS069245
http://dx.doi.org/10.3354/MEPS107211
http://dx.doi.org/10.2307/2937332
http://dx.doi.org/10.1139/F83-050
http://dx.doi.org/10.1111/J.1095-8649.2011.03192.X
http://dx.doi.org/10.11646/ZOOTAXA.3948.3.7
http://dx.doi.org/10.11646/ZOOTAXA.3948.3.7
http://dx.doi.org/10.1111/J.1439-0426.2011.01819.X

