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The stomachs of 464 speckled guitarfish Rhinobatos glaucostigma were sampled from the
south-eastern Gulf of California (GC) to determine diet composition. Numerical indices and
prey-specific index of relative importance (%IPSIR) were used to determine the feeding strategy of the
species. An analysis of similarity (ANOSIM) was used to determine differences in diet with respect to
sex, season (dry or rainy) and maturity stages (immature or mature). The diversity and niche breadth
(by sex, season and maturity) and a general trophic level were determined. The overall diet was
dominated by shrimps (%IPSIR = 43⋅47), amphipods (%IPSIR = 18⋅89) and crabs (%IPSIR = 18⋅07).
ANOSIM demonstrated differences in the diet by maturity and season, but not by sex. Rainy and
dry season diets were dominated by shrimps and amphipods, respectively. Immature specimens fed
mainly on amphipods, whereas mature fish preferred shrimps and crabs. Rhinobatos glaucostigma
showed a narrow niche breadth with an intermediary trophic level (TL = 3⋅72) and can be considered
as a secondary consumer in the soft-bottom demersal community of the south-east GC. Understanding
the feeding habits and trophic level of R. glaucostigma is vital to help identify the segments of the
population vulnerable to overfishing by artisanal and industrial fisheries, and to aid in conservation
and management of this elasmobranch.
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INTRODUCTION

Fishes of the family Rhinobatidae are elasmobranchs in the superorder Batoidea, com-
monly called guitarfishes. They are medium to large-sized demersal fishes that inhabit
mainly marine environments in tropical and subtropical waters and are an important
by-catch of many tropical fisheries. There are two genera and six species of Rhino-
batidae in Mexican Pacific waters, the southern banded guitarfish Zapteryx xyster Jor-
dan & Evermann 1896, the banded guitarfish Zapteryx exasperata (Jordan & Gilbert
1880), the whitesnout guitarfish Rhinobatos leucorhynchus Günther 1867, the shovel-
nose guitarfish Rhinobatos productus Ayres 1854, the speckled guitarfish Rhinobatos
glaucostigma Jordan & Gilbert 1883 and the recently reported Gorgona guitarfish Rhi-
nobatos prahli Acero P. & Franke 1995. All guitarfish species are present in the Gulf
of California (GC), except the last species and are numerically the most abundant with
respect to other batoids (Bizzarro et al., 2007).
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Rhinobatos glaucostigma is a poorly known elasmobranch that inhabits the soft bot-
toms of shallow waters and is found from nearshore areas to 112 m depth. Its distribu-
tion ranges from Magdalena Bay in Mexico to Ecuador, including the first two-thirds of
the GC (Robertson & Allen, 2008). Rhinobatos glaucostigma is the second most abun-
dant guitarfish (after R. productus) in the GC and is a by-catch of artisanal and industrial
shrimp trawl fisheries (Bizzarro et al., 2007). It is not one of the most important fishery
resources in the country, but has regional importance as it constitutes a cheap source
of good quality meat and souvenir manufacturing of the smaller specimens.

Studies of the feeding ecology of batoids are not common in Mexican Pacific
waters (including the GC), and existing reports have focused on diet description
(Valadez-González et al., 2000, 2001, 2006; Valadez-González, 2001; Downton-
Hoffmann, 2007; A. B. Guzmán-Castellanos, unpubl. data), trophic interactions
between species (Flores-Ortega et al., 2011; A. L. Castellanos-Cendales, unpubl. data)
and trophic level determination (Blanco-Parra et al., 2012; F. Valenzuela-Quiñonez,
unpubl. data). Existing studies have indicated that its diet is based primarily on
crustaceans, mainly shrimps (Navarro-González et al., 2012) and mantis shrimps
(Valadez-González et al., 2006). Unfortunately, these studies had relatively poor
identification of prey, low sample sizes and relatively weak statistical analyses.

Despite the abundance, economic, ecological and conservation importance of
R. glaucostigma, its population ecology and the effects of fisheries are scarcely
known. Feeding data from this study will provide basic biological knowledge for
estimating the trophic dynamics of this species and contribute to the evaluation of
energy flow and ecosystem structure. For this reason, the goals of this study were
to describe the sexual, seasonal and ontogenetic variations in the feeding habits and
trophic position of R. glaucostigma from the south-east GC.

MATERIALS AND METHODS

Specimens of R. glaucostigma were collected from July 2011 to June 2012 at approximate
monthly intervals along the coast of the south-eastern GC in Mexico (21∘ 22′ 23′′ and 25∘ 29′

26′′ N; 105∘ 18′ 05′′ and 109∘ 10′ 01′′ W) (Fig. 1), from the industrial and artisanal shrimp
fisheries that operate between 3 and 85 m in depth. For each individual, total length (LT, to
the nearest cm), total mass (WT, to nearest g), sex and maturity stage were determined macro-
scopically following the methods of Marquez-Farías (2007). Specimens were dissected and the
stomachs were removed, fixed in 10% neutral buffered formalin and preserved in 70% ethanol
for analysis. The stomach contents were sorted and identified under a stereoscopic microscope.
Prey items were separated, identified to the lowest possible taxonomic level on the basis of
their state of digestion using field guides and taxonomic keys [crustaceans, Garth & Stephenson
(1966), Brusca (1980), Rodríguez-de la Cruz (1987), Gotshall (1994), Hendrickx (1997, 1999);
molluscs, Keen (1971); other invertebrates, Brusca (1980); fishes, Thomson et al. (1979), Allen
& Robertson (1994) and Fischer et al. (1995)], and each prey item was counted and weighed to
the nearest mg after removal of surface water using blotting paper.

To assess whether the number of samples analysed was sufficient to describe the diet, a ran-
domized cumulative prey curve was constructed using a MATLAB (www.mathworks.org) that
re-sampled species richness of 500 randomly selected stomach samples to calculate a mean and
s.d. for each sample (Ferry & Cailliet, 1996) by sex (female and male), season (rainy and dry)
and maturity stage (immature and mature).

To quantitatively express the importance of different prey categories in the diet, the frequency
of occurrence % FO = 100NiNT

− 1, where Ni is the number of stomachs containing prey
category i and NT is the total number of stomachs containing prey), the numerical composition
(% N = 100NPiNP

− 1, where NPi is number of each prey i and NP is the total number of prey)
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Fig. 1. Map of the study area showing the collection sites ( ) for Rhinobatos glaucostigma in the south-eastern
Gulf of California.

and gravimetric composition (% W = 100WPiWP
− 1, where WPi is mass of prey i and WP is

the total mass of all prey) (Pinkas et al., 1971; Hyslop, 1980) were calculated. In addition,
prey-specific abundance (%APi) was estimated according to Brown et al. (2012), as follows:
%APi =

∑n
j=1 %Aijn

−1
i , where %Aij is abundance in number (%NPi) or mass (%Wi) of prey

category i in the stomach sample j and ni is the number of stomachs containing prey i. The
%APi was used to transform the traditionally and widely used index of relative importance
(IRI) into the so called prey-specific index of relative importance (%IPSIRi), which incorporates
prey-specific abundance in number (%NPi) and in mass (%WPi) according to the equation
% IPSIRi = 0 ⋅ 5 % FO(% NPi +% WPi) (Pinkas et al., 1971).

The Shannon–Wiener index (H′) was calculated at the species level (Magurran, 1988) to eval-

uate prey diversity. To assess niche breadth, Levin’s index was used: (Bi): Bi =
(
ΣP2

j

)−1
, where

Pj is the fraction in mass of each food in the diet j (Krebs, 1989).The values were standardized
(BN) so that they ranged from 0 to 1 using the equation BN = (Bi − 1)(N − 1)− 1, where N is the
number of food classes. Low values indicate a diet dominated by few prey items (specialist
predator) and the higher values indicate a generalist diet (Krebs, 1989).

To assess the dietary differences between sexes, season and maturity stages, an analysis of sim-
ilarity (ANOSIM) was applied to a Bray–Curtis similarity matrix, based on %W data, where
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differences were observed when Global R-statistic values indicated the degree of similarity
between groups (oscillate from −1 to +1, values close to −1 or +1 indicate differences between
groups, whereas values close to 0 indicated no differences, 𝛼 = 0⋅05). Similarity and dissimilar-
ity percentages (SIMPER) were calculated to reveal the percentage contribution of each prey
category to the average dissimilarity between groups to compare sex, maturity stages and sea-
son, only when the groups were significantly different. All the analyses were performed using
PRIMER 5.2.2 (Clarke & Gorley, 2004).

Finally, diet composition in mass was also used for estimating the trophic level (TL) following
the Cortés (1999) formula, where the trophic level of each prey category was obtained from Ebert
& Bizarro (2007) and López-García et al. (2012).

RESULTS

Stomachs of 464 specimens of R. glaucostigma were examined, 278 from males and
186 from females, ranging from 17.2 to 79.6 cm LT (mean± s.d.: 41.3± 15.4 cm) and
13.1 to 1122 g WT (403.7± 233.4 g). A total of 47 specimens had completely empty
stomachs (10.1% of total stomachs).

The cumulative prey curve reached an asymptote with the combined data and with
each category (Fig. 2), indicating that the number of stomachs analysed was sufficient
to describe the diet of R. glaucostigma from the south-east GC.

A total of 48 prey items were identified, of which crustaceans were the most
abundant (36 species), followed by fishes (six species), polychaetes (three species),
one echinoderm (sea cucumber), one cephalopod (squid), one sipunculid (peanut
worm) and unidentified organic matter. Seven main prey categories were defined:
shrimps, crabs, amphipods, stomatopods, polychaetes, other invertebrates and fishes to
simplify the analysis and to compare between influences. Among crustaceans, shrimps
were the most frequent (%FO = 59⋅93) with the highest biomass (%W = 55⋅68),
and Penaeidae was the most important group of shrimps (%N = 84⋅65, %W = 87⋅38
and %FO = 81⋅40). The second and third most important group in the diet were
amphipods (%N = 36⋅37, %W = 1⋅05 and %FO = 25⋅09) and crabs (%N = 5.88,
%W = 22.02 and %FO = 25.32), respectively (Fig. 3). With respect to %IPSIRi, the
shrimps were the most important dietary category (%IPSIRi = 43.47), followed by
amphipods (%IPSIRi = 18⋅89), crabs (%IPSIRi = 18⋅07), fishes (%IPSIRi = 7⋅79), stom-
atopods (%IPSIRi = 6⋅92) and, in lesser amounts, polychaetes (%IPSIRi = 2⋅44) and
other invertebrates (some crustaceans, a squid and a sea cucumber) (%IPSIRi = 2⋅38)
(Fig. 4), which were recorded occasionally (Table I).

The prey diversity and dietary breadth of males (H′ = 2⋅18, BN = 0⋅1) were greater
than those of females (H′ = 2⋅09, BN = 0⋅13). Regarding the maturity stages, the mature
individuals (H′ = 2⋅17, BN = 0⋅14) had greater prey diversity and dietary breadth than
immature individuals (H′ = 1⋅82, BN = 0⋅11), while seasonally, the rainy period showed
greater prey diversity and dietary breadth (H′ = 2⋅22, BN = 0⋅17) than the dry period
(H′ = 1⋅92, BN = 0⋅11).

The ANOSIM confirmed that the diet (global R=−0⋅01, P> 0⋅05) did not differ
significantly between sexes, but there was a significant difference between rainy and
dry season (global R= 0⋅12, P< 0⋅001), and between immature and mature R. glau-
costigma (global R= 0⋅13, P< 0⋅001). The dissimilarity between seasonal factors was
mainly caused by a high consumption of shrimps (35⋅0%) during the rainy season and
amphipods (22⋅6%) during the dry season (Fig. 3).
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Fig. 2. Cumulative prey curves ( ) and s.d. ( ) for (a) females, (b) males, (c) dry season, (d) rainy season, (e)
immature and (f) mature individuals for Rhinobatos glaucostigma from the south-eastern Gulf of California.

According to BN, R. glaucostigma may be considered a specialist predator with a
mean± s.e. intermediate trophic level (TL= 3⋅72± 0⋅62), indicating that it is a sec-
ondary consumer in the soft-bottom communities of the south-eastern GC in Mexico.

DISCUSSION

In this study, the trophic spectrum of R. glaucostigma is described and many more
prey taxa were found than in previous studies (70⋅8% more than Valadez-González
et al., 2006, 50% more than Rosa-Meza et al., 2013 and 20⋅8% more than Navarro-
González et al., 2012). This is the first study that describes in detail the feeding habits
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Fig. 3. Three-dimensional graphical representation of stomach content data (%FO, frequency of occurrence; %N,
numerical; %W, gravimetric) using prey category data (Shr, shrimps; Amp, amphipods; Cra, crabs; Fis,
fishes; Sto, stomatopods; Pol, polychaetes; Oth, other invertebrates) for (a) females, (b) males, (c) dry
season (d) rainy season, (e) immature and (f) mature individuals for Rhinobatos glaucostigma from the
south-eastern Gulf of California.

of R. glaucostigma and is certainly the first study based on specimens caught in
the GC and reveals that this species consumes mostly benthic crustaceans (shrimps,
amphipods and crabs) as primary food in the south-eastern GC. Among penaeids
prey, Trachypenaeus brevisuturae and Farfantepenaeus californiensis were the most
common species. These species are also the main food of other rhinobatids, such
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Fig. 4. Prey-specific index of relative importance (%IPSIR) for Rhinobatos glaucostigma from the south-eastern
Gulf of California, using prey category data (Shr, shrimps; Amp, amphipods; Cra, crabs; Fis, fishes; Sto,
stomatopods; Pol, polychaetes; Oth, other invertebrates).

as R. productus (F. Valenzuela-Quiñonez, unpubl. data), R. leucorhynchus (Payán
et al., 2011) and Z. xyster (Espinoza et al., 2013). The second and third most important
dietary items of R. glaucostigma were amphipods (Gamaridae and Hyalidae) and crabs
(Portunus spp.). From these results, it can be concluded that R. glaucostigma is an
active and specialized predator, according to the Levin and Shannon–Wiener indices,
that preys almost exclusively on the bottom in shallow waters. These data therefore
suggest that R. glaucostigma has a narrow niche, similar to other guitarfish species
(Harris et al., 1988; Payán et al., 2011; Blanco-Parra et al., 2012; Navarro-González
et al., 2012; Espinoza et al., 2013). The present data did not reveal differences in
diet by sex as observed in other batoids (Barbini et al., 2010; Navia et al., 2011;
Blanco-Parra et al., 2012; López-García et al., 2012), but this could indicate that
R. glaucostigma is not sexually segregated in the studied area.

The seasonal differences in diet could be related to spatial and temporal changes
in the benthic faunal composition due to the presence of different oceanographic and
climatic conditions in both the water column and on the bottom (Rinewalt et al., 2007;
Flores-Ortega et al., 2011).
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Table I. Diet composition of Rhinobatos glaucostigma by percentage frequency of occur-
rence (%FO), percentage prey-specific number (%NP), percentage number (%N), percentage
prey-specific mass (%WP), percentage mass (%W) and prey-specific index of relative impor-
tance (%IPSIR). Values shown in italics are results for all species in a prey category (e.g.

polychaetes)

Prey species %FO %NP %N %WP %W %IPSIR

Polychaetes (Pol) 3⋅58 58⋅81 0⋅71 54⋅69 0⋅41 2⋅44
Unidentified Sabellaridae 2⋅09 62⋅15 0⋅35 58⋅47 0⋅19 1⋅26
Unidentified Amphinomidae 0⋅35 14⋅29 0⋅05 5⋅59 0⋅03 0⋅03
Unidentified Polychaeta 1⋅14 100⋅00 0⋅30 100⋅00 0⋅20 1⋅14

Stomatopods (Sto) 13⋅94 48⋅49 4⋅36 56⋅17 7⋅08 6⋅92
Squilla hancocki 4⋅88 48⋅96 1⋅93 58⋅45 3⋅35 2⋅62
Squilla sp. 3⋅83 43⋅54 0⋅81 44⋅46 1⋅75 1⋅69
Squilla mantoidea 2⋅09 45⋅57 0⋅41 52⋅54 0⋅58 1⋅03
Squilla bigelowi 1⋅39 32⋅03 0⋅86 46⋅57 1⋅10 0⋅55
Squilla parva 0⋅35 50⋅00 0⋅10 78⋅35 0⋅25 0⋅22
Squilla biformis 0⋅35 1⋅11 0⋅05 2⋅36 0⋅01 0⋅01
Meiosquilla swetti 0⋅70 66⋅67 0⋅15 66⋅67 0⋅01 0⋅46
Pseudosquilla marmorata 0⋅35 100⋅00 0⋅05 100⋅00 0⋅04 0⋅35

Amphipods (Amp) 25⋅09 55⋅46 36⋅37 46⋅74 1⋅05 18⋅89
Unidentified Gammaridae 13⋅94 84⋅61 25⋅03 76⋅71 0⋅65 11⋅24
Unidentified Hyalidae 10⋅80 79⋅06 11⋅30 62⋅40 0⋅40 7⋅64
Unidentified Liljerborgiidae 0⋅35 2⋅70 0⋅05 1⋅11 0⋅00 0⋅01

Shrimps (Shr) 59⋅93 68⋅95 39⋅61 68⋅65 55⋅68 43⋅47
Trachypenaeus brevisuturae 6⋅62 72⋅76 3⋅85 77⋅13 5⋅41 4⋅96
Farfantepenaeus californiensis 6⋅62 72⋅26 1⋅82 76⋅81 13⋅15 4⋅93
Parapenaeopsis balli 1⋅05 98⋅33 1⋅77 96⋅34 2⋅16 1⋅02
Litopenaeus stylirostris 0⋅35 100⋅00 0⋅66 100⋅00 0⋅18 0⋅35
Unidentified Penaeidae 34⋅15 76⋅57 25⋅43 78⋅36 27⋅76 26⋅45
Sycionia sp. 2⋅44 70⋅29 1⋅17 64⋅60 0⋅58 1⋅64
Sycionia disdorsalis 1⋅74 44⋅78 1⋅32 64⋅04 2⋅00 0⋅95
Solenocera mutator 3⋅83 43⋅75 1⋅57 34⋅10 2⋅27 1⋅49
Solenocera florea 1⋅39 50⋅71 1⋅77 47⋅00 1⋅88 0⋅68
Solenocera sp. 0⋅70 31⋅25 0⋅10 10⋅40 0⋅25 0⋅15
Unidentified Ogyridae 0⋅70 66⋅67 0⋅10 75⋅00 0⋅01 0⋅49
Unidentified Procesidae 0⋅35 100⋅00 0⋅05 100⋅00 0⋅03 0⋅35

Crabs (Cra) 25⋅32 63⋅33 5⋅88 62⋅47 22⋅02 18⋅07
Portunus asper 6⋅97 64⋅37 1⋅67 65⋅57 6⋅15 4⋅53
Portunus xantusii 5⋅57 78⋅65 1⋅17 74⋅39 4⋅68 4⋅27
Portunus (zoea) 1⋅05 20⋅63 0⋅81 38⋅52 0⋅02 0⋅31
Unidentified Portunidae 8⋅01 81⋅64 1⋅67 81⋅47 4⋅80 6⋅54
Cycloes bairdii 0⋅70 55⋅56 0⋅10 68⋅10 0⋅33 0⋅43
Liomera sp. 0⋅23 100⋅00 0⋅05 100⋅00 0⋅00 0⋅23
Unidentified Goneplacidae 0⋅35 100⋅00 0⋅05 100⋅00 0⋅06 0⋅35
Podochela sp. 0⋅35 25⋅00 0⋅05 25⋅03 0⋅69 0⋅09
Unidentified Pinnotheridae 0⋅70 37⋅50 0⋅10 25⋅93 0⋅05 0⋅22
Hepatus kossmanni 0⋅35 33⋅33 0⋅05 8⋅22 0⋅02 0⋅07
Unidentified crabs 1⋅05 100⋅00 0⋅15 100⋅00 5⋅22 1⋅05

Other invertebrates (Oth) 5⋅23 45⋅47 11⋅30 48⋅53 0⋅99 2⋅38
Cymothoa sp. 1⋅39 20⋅00 0⋅20 37⋅64 0⋅03 0⋅40
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Table I. Continued

Prey species %FO %NP %N %WP %W %IPSIR

Unidentified Cumacea 2⋅09 56⋅40 10⋅84 52⋅20 0⋅47 1⋅14
Holothuria sp. 1⋅05 44⋅72 0⋅05 46⋅72 0⋅41 0⋅48
Loliguncula sp. 0⋅35 100⋅00 0⋅15 100⋅00 0⋅07 0⋅35
Sipunculus nudus 0⋅35 6⋅25 0⋅05 6⋅10 0⋅02 0⋅02

Fishes (Fis) 10⋅45 65⋅52 1⋅77 61⋅22 12⋅76 7⋅79
Pseudopeneus grandisquamis 0⋅35 100⋅00 0⋅20 100⋅00 0⋅52 0⋅35
Symphurus sp. 0⋅35 50⋅00 0⋅05 33⋅24 0⋅75 0⋅15
Unidentified Ophictidae 1⋅39 38⋅89 0⋅05 45⋅30 2⋅72 0⋅59
Unidentified Chaetodontidae 0⋅35 100⋅00 0⋅05 100⋅00 0⋅47 0⋅35
Unidentified Muraenidae 0⋅35 20⋅00 0⋅05 8⋅35 0⋅15 0⋅05
Unidentified fishes 7⋅67 84⋅24 1⋅37 80⋅45 8⋅15 6⋅31

The observed variation in the diet can be attributed to ontogenetic changes, as
Rhinobatos grow in size they tend to consume more crabs and fishes (Bornatowski
et al., 2010), which are also among the largest prey taxa. Some authors attribute
this behaviour to the ability of large predators to prey upon larger prey (Ebert &
Cowley, 2003; Blanco-Parra et al., 2012) but others suggest that a shift from benthic
to benthopelagic feeding behaviour is a contributing factor (Skjæraasen & Bergstad,
2000; Wetherbee et al., 2012).

There are very few estimates of the trophic level of guitarfishes, especially in the
Mexican Pacific and GC, because these species do not have great commercial impor-
tance. This study calculated the trophic level using stomach content data, which is
widely used for elasmobranchs in general (Cortés, 1997, 1999; Ebert & Bizarro, 2007;
Navia et al., 2007; García & Contreras, 2011; López-García et al., 2012; Bornatowski
et al., 2014a, b), resulting in TL values of c. 3⋅6. Two rhinobatids [R. productus and Rhi-
nobatos percellens] had TL values ranging between 3⋅6 and 3⋅7 according to stomach
content data (F. Valenzuela-Quiñonez, unpubl. data; Bornatowski et al., 2010; García
& Contreras, 2011). Other studies reported TL values of 3⋅6–4⋅2, using stable-isotope
analysis (F. Valenzuela-Quiñonez, unpubl. data; Blanco-Parra et al., 2012). Hence, R.
glaucostigma can be considered a second-order consumer in soft-bottom communities,
similar to other guitarfish species.

The information presented in this study will be useful for ecological modelling as
more multispecies assessments take place, and also for gaining a better understanding
of the interactions between predators and their prey (Navia et al., 2010; Bornatowski
et al., 2014c). This will result in a better representation of the trophic flows associated
with demersal fish assemblages in the south-eastern GC. To achieve this, it will be
necessary to conduct further studies of other species inhabiting the area, as well as to
monitor fishery landings, fishing activities and variations of biotic and abiotic factors
in the area over a long period. Only then could the requirements for an ecosystem
approach to fisheries be met.
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