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Abstract.- This study provides baseline information on the feeding habits of five batoid species from the genera Mobula and Myliobatis
sampled from the small-scale driftnet fishery in northern Peru. The diets of Mobula mobular, Mobula munkiana and Mobula thurstoni
consisted mainly of euphausiids. Dietary niche breadth indicated a pelagic feeding behaviour of a specialist and a trophic level of a
secondary predator for both M. mobular and M. munkiana. In contrast, Myliobatis chilensis and Myliobatis peruvianus consumed
mostly gastropods and crustaceans. Dietary niche breadth indicated a feeding behaviour of a benthic specialist and a trophic level of

a secondary predator for Myliobatis chilensis.
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INTRODUCTION

Devil rays (Mobulidae) are distributed in tropical,
subtropical and temperate coastal waters (Couturier et al.
2012). These rays are filter feeders whose preys are small
fishes and zooplankton crustaceans (Notarbartolo di Sciara
1988). In Peru are found Mobula species included in the
Red List of the International Union for Conservation of
Nature (IUCN) such as Mobula mobular (Bonnaterre,
1788), Mobula munkiana (Notarbartolo di Sciara, 1987)
and Mobula thurstoni (Lloyd, 1908), with the first listed
as Endangered (Notarbartolo di Sciara et al. 2015) and the
other two as Near Threatened (Bizzarro et al. 2006, Walls
et al. 2016). By contrast, eagle rays (Myliobatidae) are
generally associated with sandy-muddy bottoms (Samamé
et al. 1985) and are considered benthic consumers, feeding
mainly on crustaceans and gastropods (Jacobsen & Bennett
2013). In this region, there are two species of eagle rays,
Mpyliobatis chilensis (Philippi, 1892) and Myliobatis
peruvianus (Garman, 1913), both of which are listed as Data
Deficient by the [IUCN (Lamilla 2006a, b). The objective
of this study was to describe the diet composition of these
five batoid species in Northern Peru, through the analysis
of their stomach contents.

MATERIALS AND METHODS

Sampling was conducted at one northern Peru fishery
landing site (Fig. 1): San José, during a moderate El Nifio
Southern Oscillation (ENSO) in 2015 (SENAMHI 2015).
Stomachs were collected during fishing trips of the small-
scale driftnet fishery. The sampled devil ray species were
M. mobular, M. munkiana and M. thurstoni. For eagle rays,
the species sampled were M. chilensis and M. peruvianus.
Stomach contents of devil rays were sieved through a 300
um mesh, weighed (£ 0.0001g) and counted using the
standardised method APHA/AWWA/WEF (Samanez et al.
2014) in a Bogorov chamber. Stomach contents of eagle rays
were sieved through a 500 um mesh counted and weighed (+
0.1 g). Each prey item was identified to the lowest possible
taxon. Additionally, prey items were also categorized into
higher taxonomic groups based on Jacobsen & Bennett
(2013) to improve comparability with other works. The
percentages by weight (% W), number (%N), frequency of
occurrence (%FO) and the percentage of the Pinkas et al.
(1971) index of relative importance (%IRI) (Cortés 1997),
a combination of the three previously mentioned indices,
were calculated to quantify the importance of prey items
in both genera diets.
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Figure 1. Study area (Northern Peru) indicating the sampling locations / Area de estudio (Norte de

Pert) indicando los puntos de muestreo

To evaluate the quality of samples, the asymptotic
Clench’s curve was used to relate the number of samples to
the number of prey species found (Clench 1979). First, the
correlation coefficient was estimated to test if the data fit
the model (Jiménez-Valverde & Hortal 2003). A coefficient
near to 1 indicates that the data fist to the model. Then, the
slope was estimated to test if the number of samples was
sufficient. Values lower than 0.1 indicate that the sample
number is enough (Soberén & Llorente 1993).

Differences in feeding habits among species were
tested using one-way semi-parametric permutation
multivariate analyses of variance test (PERMANOVA)
using prey abundance and weight information. Then, a
non-parametric post-hoc test SIMPER was used to identify
the prey responsible for the variability. Niche breadth was
determined using the Levin’s standardised index (B,) (Krebs
1999) with prey identified to the lowest possible taxon. The
trophic level (7)) was calculated using the formula given
by Christensen & Pauly (1992) with the trophic levels of
prey proposed by Cortés (1999) and Ebert & Bizzarro
(2007) (Table 1).
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RESULTS AND DISCUSSION

For the genus Mobula a total of 93 stomachs were analysed
of which 60.2% (56) had contents. For this genus, 31 prey
items were found (Table 2), with euphausiids as the most
common prey. Only two of the three devil ray species, M.
mobular and M. munkiana had a correlation coefficient
near to 1 which means that the data fit the Clench’s model.
Additionally, these two devil ray species had slopes lower
than 0.1 (b=0.04 and 0.07, respectively) indicating that the
sampling effort was adequate, representing 70 and 50% of
the diet of M. mobular and M. munkiana, respectively (Fig.
2A and B). Thus, as M. thurstoni had a low sample size, its
diet will only be described. For this species the principal
prey found was the cosmopolitan Nyctiphanes simplex, as
Notarbartolo di Sciara (1988) and Gendron (1992) describe
in their studies, followed by Stylocheiron sp. and Euphausia
eximia (Table 2). There are two possible explanations for
the observed predominance of euphausiids: 1) M. thurstoni
may have a preference for euphausiids, or 2) the main
prey composition and disposition in the feeding area were
euphausiids rather than other zooplankton groups. More
samples would be required to develop a more accurate diet
description.



wo
170

L0'6

0L'€
0Le

0L°€

1871

LTI

670
ST0

80°L

SI've

60'1

Lt

0s'C
0$'C

0s'C

00°S1

100

10°0

Ly’

£€9°C

£9°C

£9'¢C

€9°C

£9°C

9T's

10°0

10°0

10°0

10°0

10°0

08

10°0

10°0

10°0

10°0

10°0

09°vC

W

10°0

10°0

¥0°1

10°0

€€'8

€€'8

€€'8

€€'8

€€'8

L0

10°0

10°0

10°0

100

10°0

10°0

10°0

90T

10°0

10°0

10°0

100

10°0

00

10°0

S0°0

8¢°€l

10°0

€00
100

£€6'9C

0ro

61°1

8¢C

USE

vI'L

€0°€

6Ll

611
61°1

16711

8¢€'C

100

100

00

10°0

8170

10°0

$9°0

100

10°0

1o
S0°0

95°0¢

0T0

cro

10°0

10°0

10°0

200

L0°0

S0°0

44

SI°0

8T 1y

S0°0

10°0

6¥'0
200

L0°0€

SLO

10°0

‘dds pyjinbg
vaiod pjjinbs
aepi[inbg Ajiwe,

“ds pjpmbsnuuapy
oepi[[bsiwoy Ajiure
1/M 3epIjK10BpPOUOD)
JepijA1oepouon) Ajrwe,]
1/m epodojewo)s
epodojewolg 1opiQ
A21.40d 420UD))
seprduLR) AJIwe,]
/M BInAyoeIg
eInAyoelg JopIoeIju]
1/m deprddry
oepiddry Ajiureyq
snypjiad snindvg
sepunJey Ajiwe
epodedo( 19pIQ
1/ epI[dsKIe]d
JepI[adsAeld Aiwe]
1/M depiLdAH
sepruadAY Ajrwe
1/m epodiydury
epodiydury 10p10
1/M BORISOOB[BIA|
BORIISOOB[BIA SSB]D)
1/m ep1odojok)
eprodo[ok) Ajiwe,
“ds snunpooag
oepiue[eoeIe Aurej
SISU|1YO SNUDID)
SHDAISND SNUDID))
Jepruee) AJwe,|
/R O ED)
eploue[e)) 19pIQ
1/m epodado))
erjdneuexay ssej)
epodoayry wnjAyq
1/M B)oRYOA[0d
©10RY0L[0d SSB[D
eprjouuy wnjAyg

% 0d% M% N% %

04%

M%

N%

I™b1%

04%

M%

N%

I&A1%

04%

M%

N%

[™A1%

04%

M%

N%

(L =u) snuvian.iad sipqon Ay

(9¢ =) sisuajiyo supqoiGy

(£ =u) bubpyunu pJRGOW

(€ =u) wops.nyy vynqop

(0€ =u) uvnqow vNQON

exe] Kaig

1edy[juap! uls :1/M 'soaploleq ap s9123dsa G ap [eIBLWIOISD OPIUDIUOD [9p Sepedyliuapl sesald ap selio0891ed se| ap (04%) eIoUSJINI0 ap e1duaNIaLY ap afejuadiod A (d%) osad ap alejusdiod (N%) olswnu ap alejusdiod
/ payuapi 3noyum :1/m *spioleq jo salaads g ay3 J0O JUIUO0I Ydewols 3yl wouy salio3aied Aaad paynuapl Jo (04%) 22ua4ind20 Jo Aduanbaiy Juadsad pue (d%) 3ySiam juadiad ‘(N%) 19quinu Juad4ad "z d|qeL

Vol. 53, N°3, 2018 5 369

Revista de Biologia Marina y Oceanografia



08'vE €96c 0I'6

00 oL¢ 8I'c 0S¢

660 0L¢€ €I'v 0ST

&1L, V'L

8¢C I¥L L6T 00

89'1 'L 790 00°S

00°0¢

gr'6l  00°S

100 9¢S 100

<00 €9C  TE0

0cyl 8l TT8l
8¢°0 OGICRNELEC
8669 8SIE LY'IS
10°0 €9C €00
Y611 6L°S1  TY'TC

10°0

10°0

SIEQL
S0
S 117

80°0
0€° 11

10°0

€0°0

0TS¢
8LC

0€9¢
88°0

6£°€C

€€8

€€

€€
€€'8
€€
€€

€eg

10°0

¥0°0

LO€E
661
S
99°0

§T9C

10°0

10°0

6TLE
86°€

Qe
(AN

s°0¢

100

10°0

10°0

10°0

10°0

10°0

Y0

(4:5%
0Lcl
6v'Cy
10°0

10°0

L00

8¢€T

8¢€T

08¢

(!

611

8¢€T
611
yI'L
16711
8¥° Sl
8¢C
611

611

100

10°0

10°0

10°0

L00

200
0s°€
99
89°L1
16°81
0
€0°0

99°0

10°0

10°0

10°0

10°0

S0°0

10°0
L6°0
0S°S
09
ySCl
99°0
90°0

£€9°0

WSS URIIN
JeproneN Ajiweq
1/m epodonsen
epodourjsen) sse[)
BISN[[OJA WIN[AYJ
SN X0ISAuoudy
Jepiuguo)) Ajiwe,]
“ds sdypyodpp.ing
aepryyokiered Ajiwe,]
14D3 sn12onLp
QEPIIONIAA A[IWe,]
Sua3ulL SHNDASUT
sepineiguyg Ajruwe,
1/M 19)SO9[ ],
191S09[9 [, SSE[oRIJU]
(eAQ) S90s1d
s90s1{ sse[oradng
n34£1dounoy ssej)
ere[nolpuaddy
ereorun | wnjAydgng
BIRpIOYD WN[AYJ
1/M eyjeusoloey)
eyjeugoldey) winjAyd
“ds uo.royo0]43s
“ds sounydiodN
Xojduts sauvydijoAnN
“dds pisnpydnig
pIpUO.LONUW DISNDYANTT
pluix2 pISnoydngy
1/m deprsneydng
sepusneydny Ajiwe,
1/M BadRISneydnyg
eooeIsneydng 1op1Q

RI%  0d% M% N%

(9¢ =u) s1suajiyo surqody

1% 0d% M%

N%

(£ =) bubryunut vnqopy

1%

0d%

M%

N%

(¢ =u) wojs.any} NGOy

1%

04%

M%

N%

(0€ =u) .wnqowt vingopy

exe] Ka1g

 e|gEL UOIPENULUOD / PANULUOD Z d|qeL

370 . Coasaca-Céspedes et al.

Feeding habits of batoids in Northern Peru



30 ,o° o
A ,y’/‘ 12 4 B /'/./
/('/. .
25 :* &
o° 10 A e
. .
20 4 /{/. ’/-
pe 8 .
& .
15 o s
/ 6 n ’/
/’/ 4
10 | Vs Y,

Y R2= 0.99 4 4 ./ R2= 0.99
™ 14 a=1.24 a=1.38
= 54 o b=0.04 Y b=0.07
@ / 24,/

L4} y va
= T T T T T i T T T T
é 0 5 10 15 20 25 30 5 10 15 20
1%}
§ 4.0 c //.
0] o«
3.5 S
i
s
3.0 e
/,/;
2.5 /
//
2.0 J/
.
15 / R?= 0.99
2 a= 0.84
=0.04
.
T | T T T T T T T T T T T T T
1 2 3 4 5 6 7 0 5 10 15 20 25 30 35

Stomach number (n)

Figure 2. Asymptotic Clench’s curve for prey accumulation. The points correspond to the observed data, the lines to expected data, ‘@’ is
the intercept and ‘b’ is the slope of the line. A) Mobula mobular, B) Mobula munkiana, C) Myliobatis chilensis, D) Myliobatis peruvianus /
Curva asintotica de Clench para la acumulacion de presas. Los puntos corresponden a los datos observados, las lineas a los datos esperados,
‘a’ es el intercepto y ‘b’ la pendiente. A) Mobula mobular, B) Mobula munkiana, C) Myliobatis chilensis, D) Myliobatis peruvianus

Significant differences were found between the two
devil rays (P < 0.05) in both prey abundance and weight
(Tables 3 and 4). For M. mobular, the SIMPER revealed
a high percentage in abundance and weight for the prey
items Euphausiacea (83.1 and 82.5%, respectively) and
Calanoida (12.9 and 16.1%, respectively). While for M.
munkiana, the same test resulted in lower values to the
prey item Euphausiacea in abundance and weight (56.2 and
56.7%, respectively) but higher values for the prey item
Nyctiphanes sp. (21.5 and 20.4%, respectively). Although
N. simplex is one of the most abundant euphausiid species
in Peru (Nakazaki & Ayon 2012), M. mobular did not
have Nyctiphanes species as its main prey, but rather the
euphausiid Euphausia mucronata (Table 2). This is likely
due to differences in the spatial distributions between devil
ray species. Mobula mobular individuals were mostly
captured in northern and oceanic waters, in contrast to the
other two species of devil rays (Fig. 1), and the zones may
have differences in prey availability due to the different
distributions between euphausiid species (Ayon & Girén
1997). A larger sampling effort in quantity and time would
allow for a comparison between zones. It is noteworthy that
for M. munkiana there was a high presence of digested items
that could only be identified to the level of Euphausiacea,
which was another marked difference in comparison with
the other mobulids.

Table 3. Results of the PERMANOVA test comparing the feeding
habits of the species Mobula mobular and Mobula munkiana with
the ABUNDANCE prey data / Resultados de la prueba PERMANOVA
comparando los héabitos alimentarios entre las especies M.
mobular y M. munkiana con datos de ABUNDANCIA de las presas

Source  df  SS MS  Pseudo-F P(perm) Permutations
Species 1 10080 10080  3.13 0.029 999
Residuals 34 1.09¢’ 322.3

Total 35 1.19¢

df= degree of freedom, SS= sum of squares, MS= mean squares,
P(perm)= P-value from permutations

The trophic levels (7)) were 3.29 and 3.26 for M. mobular
and M. munkiana, respectively. They are surpassed by other
congeners such as Mobula japanica (T, 3.48) [now M.
mobular (White et al. 2018)], and M. thurstoni (T, 3.43)
from the Gulf of California, where their only prey was
N. simplex (Sampson 2007). However, Sampson (2007)
evaluated the trophic level using stable isotopes, while in
this study we used stomach contents. Additionally, there
was an absence of mysids, benthic crustaceans, in the

Vol. 53, N°3, 2018 5 371
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Table 4. Results of the PERMANOVA test comparing the feeding habits
of the species Mobula mobular and Mobula munkiana with the
WEIGHT prey data / Resultados de la prueba PERMANOVA comparando
los habitos alimentarios entre las especies M. mobular y M. munkiana
con datos de PESO de las presas

Source  df SS MS  Pseudo-F P(perm) Permutations

Species 1 86892 86892  2.64 0.044 999
Residuals 34 1.12¢7 3296.5
Total 35 1.21e]

df= degree of freedom, SS= sum of squares, MS= mean squares,
P(perm)= P-value from permutations

diet of devil rays in our study. This suggests that during
2015 those devil rays did not show the demersal feeding
behaviour as described in other diet studies (McEachran &
Notarbartolo di Sciara 1995, Hobro 2002, Sampson ef al.
2010). A continuous evaluation of the behaviour of these
species would help clarify this topic. Results from our
study may indicate that most devil ray feeding activities
take place in the pelagic zone or are directly related to the
vertical movements of zooplankton in the water column.

For the genus Myliobatis, a total of 32 stomachs were
analysed of which 94% (30) had contents. For this genus,
14 prey items were found (Table 2). Even though the
correlation coefficients for both eagle ray species were
near to 1, only M. chilensis had a slope lower than 0.1 (b=
0.04) indicating that it is the only eagle ray with adequate
sampling effort, representing 58% of its diet (Fig. 2C and
D). Thus, as M. peruvianus had a low sample size, its diet
will be only described. For both eagle rays, it is important
to highlight the high abundance of gastropods (Table 2),
mainly for M. peruvianus, while for M. chilensis another
important prey was the decapod, Cancer porteri. Crowder
& Cooper (1982) suggested that the diet of a predator could
look like specialist when a specific prey is abundant in the
environment. Hence, a high abundance of gastropods and
decapods ingested could be indicative of its high abundance
in the environment. However, the 2015 moderate ENSO
could have caused a decline in the recruitment of gastropods
(Diaz & Ortlieb 1993, Ramos et al. 1999), so the fact that
the diet of these eagle rays was dominated by gastropods and
decapods could be indicative of their specialist behaviour.

In our study, a small proportion of pelagic teleosts and
crustaceans were identified as prey for both eagle rays
(Table 2). These results support previous studies that also
reported the presence of demersal and pelagic prey as part
of the diet of related demersal ray species (Torres 1978,
Castaneda 1994, Gray et al. 1997, Jardas et al. 2004,
Navarro-Gonzalez et al. 2012) and benthic ray species

Coasaca-Céspedes et al.
Feeding habits of batoids in Northern Peru

(Coller 2012, Simental-Anguiano 2013). However, both
Torres (1978) and Castafieda (1994) indicated a broader
variety of benthic prey items, including polychaetes and
bivalves. This behaviour of preying upon pelagic teleosts
could be influenced by the morphology of large rays with
large pectoral fins, which allows them to exploit both pelagic
and benthic species (Rosenberger 2001) and act as trophic
process linkers, controlling prey populations in pelagic
and benthic ecosystems (Lundberg & Moberg 2003). The
presence of a cephalopod from the order Teuthida in one
stomach of M. peruvianus could be associated with this
behavior and show versatility in its feeding diet. These
results also suggest that both species of eagle rays could
have overlapping diets, leading to competition when
resources are scarce (Navarro-Gonzélez et al. 2012). In
addition, the vertical migrations of fish could be influencing
the pattern observed in the diet of Myliobatis. However,
since our sampling period was relatively short, it was not
possible to assess temporal variations.

Finally, our results indicate that devil rays and eagle rays
are secondary predators. Comparing their diet compositions,
devil rays ingested lower tropic level prey (i.e., zooplankton)
than eagle rays (i.e., gastropods and teleosts). Devil rays
have a lower trophic level, T, =3.29 for M. mobular and T =
3.26 for M. munkiana, narrower niche breadth (3=0.17 and
0.16, respectively) and their diets specialized, dominated by
euphausiids (Table 2). The eagle ray M. chilensis, while still
specialist (8= 0.50), seems to have a wider niche breathe
than devil rays, feeding mainly upon gastropods and located
in a higher trophic level (T, = 3.62).

We recommend studying the diets of batoid species for
longer periods, including during ENSO and non-ENSO
periods, to assess for seasonal or even daily differences,
and to contribute to an improved understanding of marine
community dynamics. Studies of energy transfer along
trophic chains would also help clarify the importance of each
prey item in the diet of rays. Finally, we believe that our
results are an important step toward better understanding the
feeding habitats of devil rays and eagle rays in the eastern
Pacific Ocean and can serve as a baseline for future studies.
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