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SUMMARY: Skeleton of batoids has been impoitto outline kinship relations in this group. Therefore, the objective of this
work is describing the anatomy of five species of gdsragrygon Skeleton of Urotrygonids displayed a common morphological pattern,
with the following differences: 1) preorbital processes are reducddotnygon nanaandUrotrygon mundaand developed on all other
species; 2) the first postorbital process is reducdd. inanaandU. munda 3) the first hypobranchial cartilage is fragmented only in
Urotrygon rogersi4) onlyUrotrygon aspidurénad a bridge in the basibranchial cartilage; lateral processes of the synartLasgidura
are long and thin, while short and widéddnnanaandU. rogersi 6) U. nanahas only one single fenestra in its pectoral girdle, while other
species have two; 7) ld. nanaandU. mundathe mesopterygium is rounded, but in all other species it is elongated in its anterior part; 8)
U. nanay U. mundahave a more arched pelvic girdle. Species with more plesiomorphic charactgrsiarmandU. munda
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INTRODUCTION

Suborder Myliobatoidei contains about 218 specigscluding diagrams of some skeletal structurddrofophus
distributed all over the world, and includes familyaurantiacusandUrotrygonmicrophthalmumTherefore, this
Urotrygonidaewith 17 species and two genuspbatisand work aims to expand our current knowledge on the skeleton
Urotrygon(Nelsonet al, 2016), which were formerly placed anatomy of five species of genusotrygon
in the Urolophidae family (Nelson, 2006). Species of this
group range from tropical to temperate waters in continen-
tal platforms of the Western Atlantic and Eastern Pacifitd ATERIAL AND METHOD
They characterize because their disc is not more than 1.3
times wider than longer; their tail is narrow and as long as
the disc length, have no dorsal fin but have one spine, asa  This study considered five species from family
minimum and caudal fin (Nelsaat al). Urotrygonidae Urotrygon aspidura Urotrygon chilensis

Urotrygonmunda UrotrygonnanaandUrotrygonrogersi

Works conducted olJrotrygon species are mainly Organisms were collected as accompanying fauna in the
taxonomic based on external morphology (Gill, 1863; Jordd?acific Ocean coasts, using dragnets in shrimp boats. The
& Gilbert, 1882; Jordan & Everman, 1896; Beebe & Teespecimens were fixed in formaldehyde 10 %, to be later
Van, 1941; Bigelow & Schroeder, 1953; Miyake &transported to the laboratory. Dissections were conducted
McEachran, 1988; Miyake, 1988). Despite the skeleton wfith conventional techniques. Then skeletons of each species
myliobatoids has been studied, there are only a few wonkere prepared with the modified Dingerkus & Uhler (1977)
focused on the anatomy of less specialized groups. Miya#tifferential staining methodology. The cranium, synarcual,
& McEachran (1991) worked with the branchial archescapulacoracoid, and pelvic girdle structures were described
skeleton of batoids, including some Urotrygonids speciggased on their form, location, and dimensions, using
Nishida conducted a study on myliobatoids phylogenierminology used by Nishida (1985, 1990) & Miyake.
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RESULTS Neurocranium. In dorsal view a rostral appendix separated
from the neurocranium can be observed, anterior to the na-
sal capsules where pectoral fins meet. Nasal capsules expand

Skeletal anatomy dfrotrygonspecies showed little ventro-laterally (Figs. 1 & 2); the anterorbitary condyles are
variability. However, some characters were recognizedosterolateral; in the anterior margin of the nasal capsules

Therefore, their anatomy is described, and differences ame outline of the rostral cartilage occurs; the anterior foramina

later discussed. of the preorbital chanel are in the posteromedial region of

ES Iv ACVF PFPC
NC Lc. OF ES

PROP Vil

Fig. 1. NeurocraniumUJrotrygon munda a) dorsal view, b) ventral view, c) lateral view, d) occipital viewotrygonnana e) dorsal
view, f) ventral view, g) lateral view, h) occipital vieWrotrygon chilensisi) dorsal view, j) ventral view, k) lateral view, i) occipital
view. ACVF, anterior cerebral vein foramen; AFPC, anterior foramen for preorbital canal; ANTO, antorbital condyle; ELF mratmym
foramen; ES, eye stalk; ESAF, efferent spiracular artery foramen; F, fontanelle; FM, foramen magnum; ICAF, internalegrdtid,art
lateral commissure; NC, nasal capsule; OC, occipital condyle; OF, orbital fissure; PFPC, posterior foramen for preorttaFcanal
perilymphatic foramen; PROP, preorbital process; POST, postorbital process; R, rostrum; SOC, supraorbital crest; lledpti-nerv
men; 1V, trochlear nerve foramen; VI, hyomandibular branch of facial nerve foramen; X, vagus nerve foramen. Scale indioates 10
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the nasal capsules, between the anterior region of ttie medial part of the basal plate is the foramen of the internal
preorbital process and the fontanelle; preorbital processawotid artery. The foramen of the facial nerve of the
are triangle-shaped, and located on the posterior part of m@andibular branch is located right where the otic region
sal capsules. Anterior preorbital processes appear as smstdrts, ahead of the lateral commissure.
projections of the supraorbital crest, while the postorbital
processes are more developed, with a rectangular plate shape, On the lateral view (Figs. 1 & 2), it can be observed
which in the anterolateral region are at the same level as that nasal capsules have moved to the region. The foramen
preorbital process. In the middle part of the otic region, twaf the preorbital channel is behind this structure. The orbital
pairs of foramina are almost fused. The anterior pair is thegion has seven pairs of foramina, two on dorsal position:
endolymphatic foramina, and the second is the perilymphatame for the trochlear nerve and another for the oculomotor
A pair of occipital condyles can be observed in the posterinerve; two on median position: one for the orbitonasal
part of the neurocranium. channel and another for the optic nerve; and two in ventral
position: one for the interorbital vein and another for the
In anterior ventral view (Figs. 1 & 2), a remnant ofefferent artery. The orbital fissure can be observed ahead of
the rostral cartilage can be observed between the natfa otic capsules, in dorsal position, and the hyomandibular
capsules. The anterior part of the rostral cartilage is roundédanch of the facial nerve in ventral position. Finally, the
not protruding over the neurocranium. In the lateral part glossofaringeal nerve foramen (IX) is in the otic region.
the neurocranium, of the orbital region two pairs of foramina
occur. The most anterior one is the foramen of the anterior In occipital view (Figs. 1 & 2), the foramen magnum
brain vein, while the posterior is the optic nerve foramen. ltan be observed, and the vagus nerve (X) is on each side.
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Fig. 2. NeurocraniunUrotrygon rogersi a) dorsal view, b) ventral view, c) lateral view, d) occipital vigmtrygon aspidurae) dorsal
view, f) ventral view, g) lateral view, h) occipital view. For abbreviations see Figure 1. Scale indicates 10 mm.
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Hyobranchial Skeleton. The hyobranchial skeleton (Fig. oriented and articulated proximally. The fifth ceratobranchial
3) is formed by eight arch’s. The first one is the mandibularticulates the hypobranchial skeleton with the anterior face
arch, including the palatoquadrate (upper mandible) awd the scapulocoracoid cartilage, which is not supporting
Meckel’s cartilage (lower mandible). The second is the hyottie gill rays. The first hypobranchial is a non-fragmented
arch which, in these organisms, consists only of thartilage. The basibranchial cartilage forms a continuous
hyomandibular cartilage, articulated to the neurocranium apthate with a posterior part terminating in a sharp process.
the mandible. Ceratohyal and basihyal cartilages of the

second arch are absent. The third arch is formed Bynarcual. The synarcual (Fig. 4) is a long tube-shaped
pseudohyal cartilage (dorsal and ventral). Proximally, thisartilage, in lateral view it has a numerous foramina through
cartilage is fused with the first ceratobranchial cartilage anhich the nerves pass, located along the spinal nerve channel.
articulated with the distal margin of the first hypobranchialhere is a lateral process, relatively thick, dorsally projected
cartilage. Then, five branchial cartilages can be founfrom the ventrolateral part of the synarcual. The articular
formed by the faringobranchial, epibanchial, ceratobranchialrface — relatively small — is on the posterior region, where
hypobranchial and basibranchial cartilages. The firshe scapular process of the scapulacoracoid cartilage is
ceratobranchial cartilages in ventral position, together witlirticulated, with one or two articulation points.
faringobanchial and epibranchial cartilages in dorsal

position, support the gill rays, together with the pseudohyal. In dorsal view, a crest in medial position is observed,
Five ceratobranchial cartilages are in the ventral regiaraudally projected, where the scapulcoracoid cartilage is
which, with the exception of the fifth one are horizontallfused, which is horizontally oriented.

Fig. 3. Ventral view of the hyoid and branchial arche&lrajrygonmunda b) Urotrygon nanac) Urotrygon chilensisd)
Urotrygonrogersi, e) Urotrygonaspidura B, bridge; BB, basibranchial; CB1-CB5, ceratobranchial cartilages 1-5; HB1,
hypobranchial 1; PH, pseudohyal. Scale indicates 10 mm.

834



MONTES, D. H. M. & GONZALEZ, I. M.  Skeleton anatomy of five species of geblstrygon (ChondrichthyesUrotrygoridae).Int. J. Morphol., 35(3B31-839, 2017.

Scapular Girdle. The scapular girdle is formed by thepropterygium, mesopterygium and metapterygium. The
scapulcoracoid cartilage (Fig. 5), which include the coracoigsopterygium is anteriorly articulated with anterorbital
cartilage and the scapular and suprascapular processes.daisilages. The mesopterygium is a structure articulating a
dorsoventrally compressed. Itis located under the synarcyadrt of the pectoral fins radials; and the metapterygium
and articulates with it at the articular surface of the dorsalgrticulates with the pelvic girdle. The distal part of these
elevated scapular process. The procondyle articulates witlrtilages articulate with the pectoral fin radials, and the
the propterygium; the mesocondyle with the mesopterygiumproximal part articulate with the synarcual (fusion of the
and the metacondyle with the metapterygium, which afast vertebrae).
located along the horizontal axis of the scapulacoracoid.
Pelvic Girdle. The puboischiadic bar of the pelvic girdle is

The scapulacoracoid has four fenestrae: two dorssignificantly arched. With an evident depression on the
(anterodorsal and posterodorsal), and two ventraluboischiadic bar in the anterior region, prepelvic lateral
(anteroventral and posteroventral). The posteroventratocesses are well developed, and anterolaterally oriented.
fenestra is smaller. The scapulacoracoid is narrow a@bturador foramina are located on the puboischiadic bar, at
elongated in its dorsal aspect. In dorsal view, three othlerel of the iliac region. lliac processes are oriented towards
elements of the pectoral girdle can be observethe posterior part of the pelvic girdle (Fig. 6).

SC

Fig. 4. Dorsal (upper) and lateral (lower) views of synarcualrajrygon munda b) Urotrygon nana c) Urotrygon chilensis d)
Urotrygonrogersi, e) Urotrygon aspidura ASS, articular surface for scapular process; LS, lateral stay; OTP, odontoid process; SC,
suprasynarcual cartilage; SNF, spinal nerve foramen. Scale indicates 10 mm.

835



MONTES, D. H. M. & GONZALEZ, I. M.  Skeleton anatomy of five species of geblistrygon (ChondrichthyesUrotrygoridae).Int. J. Morphol., 35(3B31-839, 2017.

PDF
PDF

PVF

PDF PDF
ADF ADF
PC MTC PG MTC
MSC
MSC
AVF PVF AVE PVF

(€)

Fig. 5. Lateral (upper) and dorsal (lower) views of the scapulacoractltbtaygon mundab) Urotrygonnana, c)JJrotrygonchilensis

d) Urotrygon rogersi,e) Urotrygon aspiduraADF, anterodorsal fenestra; AVF, anteroventral fenestra; MS, mesopterygium; MSC,
mesocondyle; MT, metapterygium; MTC, metacondyle; PC, procondyle; PDF, postdorsal fenestra; PT, propterygium; PVF, postventral
fenestra. Scale indicates 10 mm.

836



MONTES, D. H. M. & GONZALEZ, I. M.  Skeleton anatomy of five species of gebustrygon (Chondrichthyesurotrygoridae).Int. J. Morphol., 35(3831-839, 2017.

LPP
LPP LPP
OF
OF
F
P P IP
(@) (b) (c)

(d)

Fig. 6. Dorsal view of the pelvic girdle. Byotrygon mundab) Urotrygon nana c) Urotrygon chilensisd) Urotrygon rogersi,e)
Urotrygon aspiduralP, iliac process; LPP, lateral prepelvic process; OF, obturador foramina. Scale indicates 10 mm.

DISCUSSION

Based on characteristics observed in the skeleton, thentral view, it can be observed that internasal space is
little variation of species in tHérotrygongenus was proven. relatively reduced itrotrygon species.
A common morphologic pattern, similar to that reported by
Miyake and Nishida (1990), for other species in this genus As related to the hyobranchial skeleton, the the
(Urotrygon simulatryx, U. reticulata, U. venezuelaadU.  basihyal cartilage was not found in ddgotrygon species,
microphthalmui, was also found. which is considered as a synapomorphy. The first

hypobranchial cartilage is found in all organisms —

Some variable characters can be analyzed amofiggmented inJ. rogersi (Fig. 3d)— which has also been
different species. In the neurocranium, nasal capsules expaagorted folJ. venezuelaandU. reticulata and as a single
ventrolaterally; inUrotrygon nanaandUrotrygon munda unit in all other species. The pseudohyal cartilage is
the capsules migration towards the ventral region is barglyoximally fused to the first ceratobranchial, while
evident (Fig. 1), but such migration is clearebimotrygon ceratobranchial cartilages remaining articulate in their
aspiduraandUrotrygonrogersi(Fig. 2). In groups of more proximal region as reported by Nishida (1990), Miyake &
specialized myliobatods, such capsules are fully projectétcEachran (1991), and Gonzalez-Isais & Montes for
towards the ventral region (Gonzélez-Iséis & Montes, 2004liliobatoids remaining. Miyake & McEachran (1991) have
The preorbital processes were found in the anterior regioonsidered that the pseudohyal cartilage originally appeared
of this structure. Such processes are reducddl inana to function as the ceratohyal cartilage in sharks (Compagno,
and slightly more developed id. munda(Fig. 1). In  1977), which is reduced in torpedinoids (Fechhelm &
Urotrygon remaining species, these structures are mokdcEachran, 1984). In rays, the ceratohyal cartilage is
developed (Figs. 1f, 2), matching reports of Miyake andrticulated in rhinobatoids and rajoids (Compagno, 1973,
Nishida (1990), for species of genus Urolophus, Dasyatis977). In all myliobatoids it is fused to the first
Taeniura and Potamotrygon.Riesiobatis daviegMiyake; ceratobranchial cartilage (Nishida, 1990; Gonzalez-Iséis &
Nishida, 1990) they are well developed. Montes), and supports the first gill.

Postorbital processes are found in the posterior part In Urotrygonaspidurag the bridge is observed in the
of the optic region. The first process is reducddrisirygon  anterior part of the cartilage basibranchial (Fig. 3e), which
species, more evidently th nanaandU. munda(Fig 1). In  has only been reported f@ymnura(Miyake & McEachran,
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1991; Gonzalez-Isais & Montes). In all species, exceptirghows reduced preorbital processes and nasal capsules
Urotrygon rogersian orifice was observed in the anterioslightly projected towards their ventral region, and the
part of cartilage the cartilage basibranchial. mesopterygium in the pectoral girdle is rounded. The second
group would be integrated kjrotrygonchilensisUrotrygon
In the synarcual, the character with the widesbgersiandUrotrygon mundaln their cranium, preorbital
variation was the lateral process, which is long and narrgwvocesses are more developed, and migration of nasal
in Urotrygon aspidura (Fig. 4e). A similar situation was capsules to the ventral region is more evident.
observed in the synarcual Bf munda but the process is Mesopterygium in the pectoral girdle is elongated. Based
not that long. InU. nanaand U. rogersithis structure is on phylogeny proposed by Nishida (1990), it can be stated
width and short. that Urotrygon nana andJrotrygon munda have the most
plesiomorphic characters.
The pectoral girdle is similar in allrotrygonspecies.
In the ventral part, all organisms had an anteroventral
fenestra, while the posteroventral fenestra had differeMONTES, D. H. M. & GONZALEZ, I. M.  Anatomia del es-
development degrees: well developedUinaspiduraand dueleto de cinco especies del gérigratrygon (Chondrichthyes:
U. munda little developed irJ. chilensisandU. rogersi  Urotrygonidae)int. J. Morphol., 35(3B31-839, 2017.
(Fig. 5). The only exception wak nanawith a single ven-
tral fenestra (Fig. 5b).

RESUMEN: El esqueleto de los batoideos ha sido impor-
tante para establecer las relaciones de parentesco de este grupo. Es
) ) por ello que el objetivo del presente trabajo fue describir la anato-

In dorsal view, the pectoral girdle has three Morga de cinco especies del génerotrygon El esqueleto de las
elements: the propterygium, mesopterygium angspecies de urotrigonidos mostré un patrén morfolégico coman;
metapterygium, the more variable of which is thein embargo, se observaron las siguientes diferencias: 1) los pro-
mesopterygium articulating the other twoldUnmundaand cesos preorbitales estan reducidos/eirygonnanay Urotrygon
U. nang it is a relatively rounded structure (Fig. 5a, b); irmunda.en el resto de las especies estan mas desarrollados. 2) El

U. mundait articulates some pectoral fins radialsimana ~Primer proceso postorbital esta reduciddemanay U. munda
%EI primer cartilago hipobranquial se fragmenta Unicamente en

some radials fuse and other articulate. In all other speci Sbtrygon rogersi 4) Solo enUrotrygon aspidurael cartilago
the mesopterygium is elongated in its anterior part. In 7, 2.Y9oN 199 > ygonasp 9
sibranquial present6 un puente. 5) Los procesos laterales de la

aspidura, sqme pectoral fins rgdials are articulated (Fig. 5@' arcualia etd. aspidura son largos y delgados, mientras que en

and inU. chilensisandU. rogersisome are fused and other,y nanay . rogersison anchos y cortos. 6) En la cintura pectoral

articulated (Fig. 5c, d). U. nana presenta una sola fenestra, en el resto de las especies hay

dos. 7) ErJ. nanay U. mundael mesopterigio es redondeado, en

Little variations were observed in the pelvis girdleel resto de las especies esta alargado en su parte anterior. 8) La

(Fig. 6). The iliac processes are relatively large in all specigé)tura pélvica esta mas arqueadalemanay U. munda Las

exceptingUrotrygonrogersi which are more reduced. The€species que presentaron los caracteres mas plesiomarficos fueron

lateral prepelvic processes are developed in all species. Thé&anay U. munda

pelvic girdle is more arched lo. mundaandU. nanathan

in other species. The prepelvic process was absentdybtry

Urotrygonspecies, as it is in species of gebslophus

PALABRAS CLAVE: Batoideos; Urotrygonidae;
gon; Neurocraneo; Esqueleto.
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