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The skate genus Atlantoraja is composed of three species (A. castelnaui, A. cyclophora,
and A. platana) which differ from the other Riorajini species, Rioraja agassizii, in
regards to their clasper features, squamation and presence of a caudal fin. Despite
of being distributed along Southwestern Atlantic and commonly captured by
fisheries in Brazil, Uruguay and Argentina, detailed accounts on external and
internal morphology are scarce and the taxonomic status of Atlantoraja species
was not revised so far. The aim of this study, therefore, is to review the taxonomy
of the genus Atlantoraja, updating information on type specimens and clarifying
misidentifications among species, and to describe in detail anatomical structures
such as neurocranium, visceral arches, pelvic girdle, dermal denticles and teeth.
Lectotypes and paralectotypes are designated for Atlantoraja castelnaui and A.
cyclophora. Notes on intraspecific variation within species are also provided.
Atlantoraja cyclophora and A. platana are more similar to each other than to A.
castelnaui in regards to the squamation (body dorsal surface smooth vs. densely
covered by prickles) and color pattern of body dorsal surface, position of orbital
foramina, overall shape of neucrocranium and body measurements. Lastly, we
discuss the morphological differences among species of Atlantoraja and recommend
the inclusion of characters presented here in future cladistic analyses.

Keywords: Anatomy, Atlantoraja castelnaui, Atlantoraja cyclophora, Atlantoraja
platana, Taxonomic review.
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Taxonomy and morphology of genus Atlantoraja

O género Atlantoraja é composto por trés espécies (A. castelnaui, A. cyclophora e
A. platana), as quais diferem da outra espécie da tribo Riorajini, Rioraja agassizii,
em relagdo a caracteristicas do clasper, escamas e presenca de uma nadadeira
caudal. Apesar de serem distribuidas ao longo do Atlintico Sul Ocidental e serem
comumente capturadas em atividades pesqueiras do Brasil, Uruguai e Argentina,
descrigdes detalhadas sobre a morfologia externa e interna sio escassas e o status
taxondmico das espécies de Atlantoraja nio foi revisado até entdo. O presente
estudo tem como objetivos: revisar a taxonomia do género Atlantoraja, atualizando
as informagdes sobre espécimes-tipo e elucidando erros de identificagio entre as
espécies, e descrever estruturas anatdmicas, tais COmo neurocranio, arcos viscerais,
cintura pélvica, denticulos dérmicos e dentes. LectStipos e paralectdtipos sio
designados para Atlantoraja castelnaui e A. cyclophora. Notas sobre a variagio
intraespecifica em cada espécie também sio fornecidas. Atlantoraja cyclophora e
A. platana sio mais similares entre si do que A. castelnaui em relagio as escamas
(superficie dorsal do corpo lisa vs. densamente coberta por denticulos dérmicos),
padrio de colorido da superficie dorsal do corpo, posi¢io dos forimens orbitais,
formato geral do neurocrinio e medidas corpéreas. Por fim, comparagdes
morfoldgicas entre as espécies de Atlantoraja sio realizadas, recomendando-se a
inclusio dos caracteres aqui apresentados em andlises cladisticas futuras.

Palavras-chave: Anatomia, Atlantoraja castelnaui, Atlantoraja cyclophora, Atlantoraja
platana, Revisio taxonomica.

INTRODUCTION

The genus Atlantoraja Menni, 1972 belongs to the tribe Riorajini (McEachran, Dunn,
1998) and is composed of three species, Atlantoraja platana (Giinther, 1880), A. cyclophora
(Regan, 1903) and A. castelnaui (Miranda Ribeiro, 1907). These species are distributed
along southeastern and southern Brazil, Uruguay and Argentina, presenting coastal
habits and included in the category “shallow water rajids”; depth distribution records of
A. castelnaui vary from 5 to 200 m, A. cyclophora from 10 to 321 m, and A. platana from
10-221 m (McEachran, Miyake, 1990; Cousseau ef al., 2000; Weigmann, 2016).

Menni (1972) proposed the genus Atlantoraja based on clasper characters such as the
shape of dorsal terminal 1, number of terminal cartilages and size of dorsal terminal
cartilage. Besides the clasper features, Arlantoraja species difter from Rioraja Whitley,
1939, the other Riorajini genus, in the relative shape of nasal flaps, squamation and
occurrence of a caudal fin (Barbosa, Gomes, 1998; Gomes, Paragd, 2005; Soares ef
al., 2021). Species of the genus are also characterized externally by possessing a dark
ventral surface with a great number of black mucous pores of the ampullae of Lorenzini
(Gomes, Paragd, 2005). Phylogenetic studies analyzing molecular data (Naylor et
al., 2012; Coelho er al., 2020) recovered A. cyclophora and A. platana as more closely
related than to A. castelnaui. Contrastingly, Moreira et al. (2017) hypothesized a close
relationship between A. castelnaui and A. platana on the basis of clasper characters, but
detailed accounts on neurocranium, visceral arches and pelvic girdle are lacking for
species of Atlantoraja.
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Here, we review the taxonomy of Atlantoraja species, providing information on the
status of type specimens and clarifying previous misidentifications. Detailed descriptions
and illustrations of anatomical structures such as neurocranium, visceral arches, pelvic
girdle, dermal denticles and teeth are provided as well as notes on intraspecific variation
within those species.

MATERIAL AND METHODS

A total of 193 specimens of the three valid species of Arlantoraja were examined in
this study; 32 of A. castelnaui, 110 of A. cyclophora, and 51 of A. platana. The material
examined is preserved in 70% ethanol and deposited in the following institutions:
Natural History Museum (BMNH), London; Fundagio Universidade do Rio Grande
(FURG), Rio Grande; Museu Argentino de Ciencias Naturales “Bernardino Rivadavia”
(MACN), Buenos Aires; Museu de Ciéncias da Pontificia Universidade Catélica do Rio
Grande do Sul (MCP), Porto Alegre; Muséum National d’Histoire Naturélle (MNHN),
Paris; Museu Nacional do Rio de Janeiro (MNR]), Rio de Janeiro; Museu de Zoologia,
Universidade de Sio Paulo (MZUSP), Sio Paulo; Universidade do Estado do Rio de
Janeiro (UER]) and Chondrichthyes Anatomical Collection from Universidade do
Estado do Rio de Janeiro (AC.UER]), Rio de Janeiro; Universidade Santa Ursula (USU),
Rio de Janeiro. The abbreviations TL and DW used throughout the text refer to total
length and disc width, respectively. No licenses were needed for the realization of this
study.

Of the 193 specimens examined, 22 were measured and 46 dissected. Neurocranium,
jaws, hyoidand gill arches, and pelvic skeleton were examined through manual dissections
performed with the aid of scissors, scalpels and forceps. In some cases, specimens were
placed into hot water (around 60° C) in a solution of potassium carbonate (K,CO,) to
facilitate the removal of skin and muscles. Photographs of external morphology and
skeletal components were taken with a digital camera (Canon Power Shot SX610 HS)
and edited with the aid of Adobe Illustrator CC and Adobe Photoshop CS6. Teeth
were photographed with the aid of a stereomicroscope. Distributional map for the three
species was generated by Google Earth Pro 7.3 and the software QuantumGis 2.18.15.

Measurements and counts follow Hubbs, Ishiyama (1968), McEachran, Compagno
(1979) and Leible (1988). The description of the neurocranium was based in Hulley
(1972), Leible (1988) and Nishida (1990); visceral skeleton follows Gillis et al. (2009),
pelvic girdle and fin terminology follows McEachran, Compagno (1979); and dermal
denticles and teeth, Leible (1988) and Cappetta (2012), respectively.

Anatomical abbreviations. II, foramen for the optic nerve; III, foramen for the
oculomotor nerve; IV, foramen for the trochlear nerve; VI, foramen for the abducens
nerve; 1pvr, first pelvic radial segment; 1pvre, condyle for the first pelvic radial
segment; abc, anterior portion of basibranchial copula; acvf, anterior canal vein
foramen; af, anterior fontanelle; ale, alar thorn; antf, antorbital facet; apba, foramen
for the afferent pseudobranchial artery; bbc, basibranchial copula; bh, basihyal; bp,
basal plate; bpt, basipterygium; cb I-V ceratobranchials I-V; cph, cerato-pseudohyoid;
eb I-V, epibranchials I-V; end, endolymphatic foramen; epb, epiphysial bridge; eph,
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epi-pseudohyoid; ethn, foramen for the passage of the ethmoidal nerve; flg, flange;
fm, foramen magnum; hb II-IV, hypobranchials 1I-1V; hf, hyomandibular facet;
hmb, hyomandibula; hVII, foramen for the passage of the hyomandibular ramus of
the facialis nerve; icf, internal carotid artery foramen; idt, interdorsal thorn; inc, inner
nasal cartilage; ins, internasal space; iot, interorbital thorn; ist, interspiracular thorn;
ja, jugal arch; Ipbh, lateral projection of basihyal; Ipp, lateral pelvic process; mck,
Meckel’s cartilage; mct, mediocaudal thorn; mdt, middorsal thorn; mot, midorbital
thorn; na, nasal aperture; nc, nasal capsule; nf, nasal fontanelle; nut, nuchal thorn; obf;
obturator foramen; oc, otic capsule; occ, occipital condyle; onc, outer nasal cartilage;
opc, opistotic crest; opd, optic pedicel; opf, ophthalmic foramen; ornc oronasal canal;
pb I-V, pharyngobranchials 1-V; pck, prickles; peri, perilymphatic foramen; pet,
preorbital thorn; pf, posterior fontanelle; pfc, prefacial commissure; pib, pubischia
bar; pnc, posterior nasal cartilage; pos, postorbital process; pq, palatoquadrate; pre,
preorbital process; prf, parietal fossa; prof, prootic formamen; ptp, pterotic process; pvr,
pelvic radial segments; ra, rostral appendix; rb, rostral base; rn, rostral node; rs, rostrum;
rst, rostral thorn; sct, scapular thorn; soc, supraorbital crest; sopf, superficial ophtalmic
foramina; spt, spiracular thorn.

RESULTS
Systematic account
Atlantoraja Menni, 1972

Raja (Atlantoraja) Menni, 1972:165-173 (original description; type-species by original
designation: Raja cyclophora Regan, 1903).

Raja. —Miranda Ribeiro, 1907:176-178, figs. XV and XVI (Brazil; only the part
referring to R. cyclophora and R. castelnaui).

Raia. —Garman, 1913:363 (only the part referring to the South American species R.
cyclophora).

Diagnosis. Species of Atlantoraja can be distinguished from Rioraja by having
a larger disc, with disc width 68.7-82.5% of the total length (vs. 62.9-64.3% TL in
Rioraja); caudal length 40.9-43.7% (vs. 51-52.3%); preoral length 11-12.6% (vs.12.9~
13.5%); mouth width 7.4-8.5% (vs. 6.2-7.2%); internasal distance 6.6-8.2% (vs.
6-6.5%); snout-vent length 48-52.4% (vs. 45.5-46.1%); distance between first and fifth
gill openings 13.2-15% and 7.7-9.7%, respectively (vs. 11.9-12.5% and 5.7-6.6%);
presence of a caudal fin (vs. absent); dark spot at the ventral surface of rostrum tip absent
(vs. present); posterior margin of the anterior nasal flap rounded (vs. straight); mucous
pore canals numerous and elongated (vs. less numerous and rounded); one to three
interdorsal thorns (vs. one); dark body ventral surface (vs. light); component pecten in
claspers (vs. absent); dorsal terminal 1 cartilage of clasper inverted U-shaped and with no
conspicuous proximal shelf (vs. triangular and with a conspicuous proximal shelf); dorsal
terminal 2 cartilage extended proximally to the lateral margin of the dorsal marginal
cartilage (vs. not extended proximally).
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Atlantoraja castelnaui (Miranda Ribeiro, 1907)

(Figs. 1,2, 3A, 4A, 5, 6, 13A, D-E, 14A, 15A, 16A, 17A, 18A-B, 19C-D, 20A;
Tabs. 1-3)

Raja castelnaui Miranda Ribeiro, 1907:177, fig. XV (original description, syntypes not
designated; type locality: Ilha Rasa, Rio de Janeiro, Brazil).

Raja agassizi var. picta. —Miranda Ribeiro, 1903:162 (Rio de Janeiro, Brazil; catalogue).

—Miranda Ribeiro, 1953:389-418 (type catalogue, Museu Nacional, Rio de Janeiro,
Brazil).

Raja castelnaui. —Garman, 1913:361 (systematic account). —Marini, 1929:452 (listed).
—Miranda-Ribeiro, 1959:8 (listed). —Ringuelet, Aramburu, 1960:46 (Argentina;
catalogue). —Miranda Ribeiro, 1961:5 (Toku Maru; listed). —Figueiredo, 1977:33,
fig. 72 (Southern Brazil, catalogue). —Lucena, Lucena, 1981:6-7 (Rio Grande
MCP; type catalogue). —Tomds, Tutui, 1996:588 (listed). —Gomes et. al., 1997:96
(cervicothoracic synarcual cartilage). —Barbosa, Gomes, 1998:127 (juvenile external
morphology). —Gadig, 1998:51 (listed). —Knoff et. al., 2001:81 (parasits).

Raja (Atlantoraja) castelnaui. —Menni, 1972:165-173 (Argentina; catalogue). —Menni,
1973:422-423, fig. 3 (Argentina and Uruguay; catalogue). —Roux, 1979:117 (Brazil
and Argentina; listed). —Menni er al., 1984:63 (Argentina; catalogue). —Andreata,
Séret, 1995:581 (Espirito Santo, Brazil; listed).

Atlantoraja castelnaui. —McEachran, Dunn, 1998:286 (systematic study). —Compagno,
1999:489 (listed). —Mazzoleni, Schwingel, 1999:114 (Itajai, Santa Catarina, Brazil;
listed). —Cousseau ef al., 2000:14 (Argentina and Uruguay; catalogue). —Menni,
Stehmann, 2000:88 (Argentina, Uruguay and Brazil; listed). ~Gadig, Gomes, 2003:28
(Sdo Paulo, Brazil; listed). —Bernardes e al., 2005:78 (listed). —Compagno, 2005:531
(listed). —Gomes, Paragd, 2005:55-62, figs. 4, 8 and 12 (mucous pore canals). —
Oddone ef al., 2005:70-72 (reproductive biology). —Ebert, Compagno, 2007:116
(listed). —Oddone, Amorim, 2007:43-52 (demographic analysis). —Oddone er al.,
2008:327 (reproductive biology). —Oddone, Vooren, 2008:5 (egg capsules). —
Gomes et al, 2010:160-161, fig. 259 (Rio de Janeiro, Brazil; catalogue). —Last er
al., 2016:749-751 (listed). —Weigmann, 2016:89 (listed). —Moreira et al., 2017:1-12
(clasper morphology). —Gomes et al., 2019:294-295, fig. 283 (Rio de Janeiro, Brazil;
catalogue). —Soares ef al., 2020:493-500 (scapulocoracoid morphology). —Coelho e
al., 2020:1-16 (Brazil; ecological niche model). —Silva, Oddone, 2020:1-12 (tooth
morphology).

Diagnosis. Atlantoraja castelnaui distinguishes from its congeners by presenting a
color pattern characterized by a brownish dorsal surface covered with numerous small
rounded dark spots distributed randomly (in some cases symmetrically) and extending
to the caudal region (vs. small dark spots absent in A. cyclophora and A. platana); adults
presenting rough dorsal surface and dermal denticles extending posteriorly (vs. dorsal
surface smooth and denticles absent in A. cyclophora and A. platana); eye diameter 3.4—4
times in the inteorbital distance (vs. 1.2 times in A. cyclophora and 1.6-1.7 times in A.
platana); dorsal fins closer to the posterior end of caudal fin than to posterior margin
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of pelvic fins (vs. equidistant to the caudal fin and pelvic fins in A. cyclophora and A.
platana); distance between first gill slits 1.4-1.6 times the distance between last gill
slits (vs. 1.6-2 times in A. cyclophora and 1.6-1.9 times in A. platana); ventral terminal
cartilage wrench-shaped (vs. Y-shape in A. cyclophora, flattened in A. platana).

External morphology. Proportional morphometrics are presented in Tab. 1. Disc
rhomboidal, 1.3 times wider than long. Snout short and obtuse, slightly projecting
beyond anterior disc margin and 0.3 times the disc length (Figs. 1-2). Anterior margin
of disc strongly concave and posterior margin nearly convex; disc apices broadly
rounded. Posterior margin of disc covering the anterior portion of the anterior lobe of
pelvic fin. Preorbital length 1.5-1.7 times greater than prenasal length and 1.2-1.3 times
the preoral length.

Eyes and spiracles closely set; spiracles projecting obliquely from midline (Fig. 2A).
Eye length greater than spiracle length and goes 3.4—4.4 in times the interorbital distance.
Anterior nasal flaps broad, not fused medially, about four times the lateral flaps and
covering the mouth commissure (Fig. 2B); lateral margin slightly sigmoid, posterior
margin rounded and smooth, and inner margin nearly straight. Lateral flaps tube-like,
not fringed and outlining the incurrent aperture. Distance between incurrent apertures
about equal to distance between mouth corners. Upper jaw convex and lower one nearly
straight. Gill openings slitlike and medially situated to the propterygia; first one 1.3-1.7

times greater than fifth. Distance between first gill slits 1.4—1.6 times the distance between
fifth gill slits.

FIGURE 1 | Types of Atlantoraja castelnaui. A, B. MNR]J 608, female, 318.2 mm TL, lectotype; C, D. MNR]J 19314, male, 226.3 mm TL,

paralectotype. Scale bars =10 cm.
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TABLE 1 | Morphometric measurements of six specimens of Atlantoraja castelnaui (including the lectotype, MNR] 608) in millimeters (mm)

and proportions of total length (%).

MNR] 608 Mean

Measurements ) Range (mm) Range (%) el Mean (%)
Total length (TL) 318.2 675-828 100 747.5 100
Disc width 180.3 468-559 67.5-69.3 513.5 68.7
Caudal length 167.2 298-334 40.3-44.0 316.0 42.3
Disc length 142.5 350-444 51.8-53.6 397.0 53.1
Preorbital length 34.9 92-118 13.6-14.2 105.0 14.0
Prenasal length 20.4 54-78 8.0-9.4 66.0 8.8
Internasal distance 21.6 53-62 7.5-7.8 573 7.7
Eye diameter 11.9 8-14 1.2-1.7 11.0 1.5
Interorbital distance 14.5 35-48 B2=54 4.5 SE5)
Preoral length 35.7 72-99 10.7-11.9 85.9 11.5
Snout-vent length - 321-397 47.5-47.9 359.0 48.0
Mouth width 24.8 51-68 7.5-8.2 59.5 7.9
i);lsltg;ctg IIfrom first dorsal fin origin to posterior end of 3 110-131 15.8-16.3 120.5 16.1
géit;r;(;fnfgizrgligosterior margin of pelvic fin to first B 165-195 23.5-24.4 180.0 241
First gill slit width 3.9 12-13 1.6-1.8 12.0 1.6
Third gill slit width - 11-12 1.6-1.8 11.5 1.5
Fifth gill slit width 12 7-10 1.0-1.2 8.5 11.4
Distance between first gill slits 36.8 102-118 14.2-15.1 110.0 14.7
Distance between fifth gill slits 28.1 71-74 8.9-10.2 72.5 9.7

FIGURE 2 | Head region of Atlantoraja castelnaui, UER] 1853, male, 593 mm TL. A. Dorsal view. B. Ventral view. Scale bar = 10 cm.
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Pelvic fins deeply concave outwardly with anterior and posterior portions continuous
externally but forming distinct lobes (Fig. 1). Anterior lobe shorter and laterally produced
in relation to the posterior lobe; anterior margin nearly straight close to its origin and
convex distally. Origin of anterior lobe slightly anterior and ventral to pectoral fin
insertion. Distal tips of radials well-marked and prominent along the posterior margin
of anterior lobe. Posterior lobe with strongly convex lateral margin and straight inner
margin.

Dorsal fins rounded and closely spaced, first one slightly smaller than the second.
Distance from posterior margin of pelvic fin to first dorsal fin origin 1.5 times greater
than the distance from first dorsal fin origin to posterior end of caudal fin.

Caudal region slender and elongate, 2.3-2.5 times in total length and clearly distinct
from disc and tapering from pelvic base to its distal tip (Fig. 4A). Caudal fin with a well-
developed dorsal lobe and reduced ventral one, about two times smaller than the second
dorsal fin. Caudal fin may be vestigial in juveniles or absent in newborns (Fig. 1A).

Squamation. Skin in juveniles smooth dorsal surface becoming rough in sub-adults
and adults due to the development of dermal denticles that extend to the caudal region
(eg., FURG 678, 1270 mm TL). One row of 13 to 22 caudal thorns and two to three
interdorsal thorns in juveniles and sub-adults (Fig. 3A; Tab. 2). Number of caudal thorns

increasing to 20-25 in adults.

FIGURE 3 | Dorsal squamation of Atlantoraja species. A, A. castelnaui. B, A. cyclophora. C, A. platana. Modified from Figueiredo (1977). alt, alar
thorn; idt, interdorsal thorn; iot, interorbital thorn; ist, interspiracular thorn; met, mediocaudal thorn; nut, nuchal thorn; pek, prickles; pet,

preorbital thorn; rst, rostral thorn; sct, scapular thorn; spt, spiracular thorn.
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TABLE 2 | Counts of thorns in Atlantoraja species. *No adult males of A. castelnaui were examined.

5-6

Rostral thorns
Preorbital thorns
Interorbital thorns
Midorbital thorns
Postorbital thorns
Spiracular thorns
Interspiracular thorns
Nuchal thorns
Scapular thorns
Mediocaudal thorns
Interdorsal thorns
Alar thorns

Alar thorns (rows)

none none
34 none none
34 none none
34 none none
34 none none
34 none none
34 none none
6-7 none none
5-6 none none
12-20 4-13 9-15
2-3 1-3 1-3
* 88-93 58-76
- 6 4

ni.bio.br | scielo.br/ni

Coloration in alcohol. Dorsal surface of the disc brownish or dark brown, covered
with numerous small rounded black blotches (Figs. 2A, 4A). Ontogenetic changes
observed with blotches coalesced and less numerous in newborns (Barbosa, Gomes,
1998); some specimens presenting three maculae aggregations in dorsal surface forming
a continuous design in which the first (latero-orbital maculae) is located beside the eyes,
the second (nuchal maculae) posterior to the eyes and followed by the third (scapular
maculae) (Barbosa, Gomes, 1998: 142, fig. 3). Maculae discontinuous and dark blotches
symmetrically distributed in larger juveniles; 6 to 7 dark rounded saddles located on the
tail. Both maculae and blotches symmetry disappear in subadults and adults.

Neurocranium. Neurocranium long, corresponding to 1.4-1.7 times greater than
the nasobasal length and 1.7 times its width (Tab. 3). Rostral cartilage long and stout,
its length 1.4-1.7 times in nasobasal length and 3.0-3.4 times greater than its base (Fig.
5). Nasal aperture width 2.7-2.8 times the internasal distance; interorbital distance
2.3-2.4 times the internasal distance. Anterior fontanelle longer than wide, its length
2.4-2.5 times its width and 2.1-2.3 times longer than the posterior fontanelle. Posterior
fontanelle 2.3-2.5 times longer than wide. Width across otic capsules 2.0-2.1 times in
the neurocranium width. Basal plate width 2.7-4.2 times in the nasobasal length.

Geographical distribution. This species is distributed from Rio de Janeiro, Brazil, to
southern Mar del Plata, Argentina (Fig. 6; see also Miranda Ribeiro, 1907, 1923, 1953,
1959; Devincenzi, 1920; Figueiredo, 1977; Roux, 1979; Menni ef al., 1984; Andreata,
Serét, 1995; Gadig, 1998; Mazzoleni, Schwingel, 1999; Cousseau ef al., 2000, 2007;
Menni, Stehmann, 2000; Meneses, Paesch, 2003; Bernardes et al., 2005; Coelho et al.,
2020). Ruschi (1965) reported a specimen for Espirito Santo State but its identification
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FIGURE 4 | Color pattern of Atlantoraja species. A, A. castelnaui, UER] 1853, male, 593 mm TL. B, A. cyclophora, MNR] 117184, female, 583 mm
TL. C, A. platana, UER] 1383, male, 372 mm TL. Scale bars = 10 cm.

TABLE 3 | Neurocranial measurements in percentages of nasobasal length (% NL) of male and female specimens of Atlantoraja castelnaui.

Females (n = 5) Male (n =1)

Measurements
Range

Neurocranium length 145.8-175.0 156.3 123
Rostral cartilage length 56.3-70.8 61.9 -
Neurocranium width 85.0-104.2 95.0 =
Interorbital distance 33.3-38.5 35.0 344
Rostral base width 16.7-23.8 20.3 22.9
Anterior fontanelle length 40.0-44.0 41.8 -
Anterior fontanelle width 16.3-17.5 16.8 16.4
Epihyseal bridge length 22.5-26.4 24.2 -
Posterior fontanelle length 18.7-18.8 18.8 -
Posterior fontanelle width 7.5-8.0 8.0 9.8
Width across otic capsules 42.5-50.0 47.0 42.6
Basal plate width 23.8-37.5 33.0 23.0
Nasal aperture width 38.8-45.8 41.9 41.0
Internasal distance 13.8-16.7 15.5 13.1

10/39 Neotropical Ichthyology, 19(4): €210096, 2021 ni.bio.br | scielo.br/ni



https://www.ni.bio.br/
https://www.scielo.br/ni

Karla D.A. Soares, Renan A. Moreira, Rafael F.L. Silva and Ulisses L. Gomes

FIGURE 5 | Neurocranium of Atlantoraja castelnaui, UER] 1853, male, 593 mm TL. A. Dorsal view. B. Ventral view. af, anterior fontanelle; bp,

basal plate; end, endolymphatic foramen; epb, epiphysial bridge; flg, flange; icf, internal carotid artery foramen; inc, inner nasal cartilage ja,

jugal arch; na, nasal aperture; nc, nasal capsule; oc, otic capsule; oce, occipital condyle; onc, outer nasal cartilage; opf, ophthalmic foramen;

peri, perilymphatic foramen; pf, posterior fontanelle; pne, posterior nasal cartilage; pos, postorbital process; pre, preorbital process; ptp,

pterotic process; rb, rostral base; rn, rostral node; rs, rostrum. Scale bar = 10 mm.
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FIGURE 6 | Map showing the geographic distribution of species of Atlantoraja based on material examined in this study and literature; A.

castelnaui (red), A. cyclophora (blue), and A. platana (yellow).
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is not confirmed. It inhabits coastal waters and can be found in depths from 5 to 220
m (Figueiredo, 1977; Vooren, 1997; Bernardes et. al., 2005; Oddone, Amorim, 2007;
Weigmann, 2016); Lessa ef al. (1999) reported depths up to 500 m in Brazilian waters
but according to Weigmann (2016), this record is questionable.

Biological data. Atlantoraja castelnaui is the largest species of the genus, reaching
more than 1 m of total length (Miranda Ribeiro, 1923; Figueiredo, 1977; Cousseau et
al., 2000; Bernardes et al., 2005; Oddone, Amorim, 2007; Oddone et al., 2008). Largest
specimen reported with 1470 mm TL (Weigmann, 2016). Largest female examined
measuring 1270 mm TL; largest male 1010 mm TL. Females mature at 1050 mm TL,
and males at 910 mm TL (Oddone et al., 2008). Newborns measuring 165-180 mm TL.
Single egg capsule per oviduct. Both dorsal and ventral surfaces smooth and laterally
keeled, varying from 5 to 9 mm in width and from 1.5 to 2.5 mm in height (Oddone
et al., 2008). No longitudinal striation. Stomach contents composed by Nematoda,
Digenea and Acanthocephala (Knoft er al., 2001).

Conservation status. This species is categorized as Critically Endangered (CR)
(Pollom et al., 2020a).

Remarks. Atlantoraja castelnaui was identified by Miranda Ribeiro (1903) as a variety
of Raja agassizi (var. picta) and later described under the name Raja castelnaui (Miranda
Ribeiro, 1907), based on two specimens collected by himself near the coast of Rio de
Janeiro (southeastern Brazil). Conversely, Fowler (1910) proposed the name R. agassizi
ribeiroi for R. agassizivar. picta and distinguished Raja castelnaui from R. agassizi var. picta.
Recently, Menni (1973:423) and Gomes (2002:147) considered Raja agassizi var. picta as
a junior synonym of Raja castelnaui. A total of 14 specimens collected during the Annie
Expedition Vessel and identified as Raja agassizi (including the var. picta) by Miranda
Ribeiro (1903:162-163) were examined herein. Of these, two specimens, MNR] 608
and 19314, were identified as A. castelnaui based on the dorsal and ventral color pattern,
and the description provided by Miranda Ribeiro (1907), and are designated here as
lectotype and paralectotype, respectively (Fig. 1). This study recognizes three synonyms
for Atlantoraja castelnaui (Miranda Ribeiro, 1907): Raja agassizi var. picta Miranda
Ribeiro, 1903; R. castelnaui Miranda Ribeiro, 1907 and R. agassizi riberoi Fowler, 1910.

Common names. Spotback skate (English), raia-emplastro-pintada (Portuguese).

Material examined. Lectotype. MNR] 608, female, 318.2 mm TL, between Rio de Janeiro
and Sio Paulo, southeastern Brazil, Annie Expedition Vessel [Designated herein]. Paralectotype.
MNR] 19314, male, 226.3 mm TL, between Rio de Janeiro and Sio Paulo, southeastern Brazil,
Annie Expedition Vessel [Designated herein]. Argentina. MACN 396, male, 554 mm TL,
389 mm DW. MACN 2600, male, 180 mm TL, 65 mm DW, 36°25’S 55°54"W. Brazil. Rio de
Janeiro: MNR] 568, female, 222 mm TL, 145 mm DW, Ilha Santana. MZUSP uncatalogued,
female, 290 mm TL, 192 mm DW, female, 350 mm TL, 248 mm DW, male, 356 mm TL, 240
mm DW. UER] 692, female, 672 mm TL, 480 mm DW, Copacabana Beach. UER] 876, male,
247 mm TL, 161 mm DW, Guaratiba. UER] 877, male, 243 mm TL, 165 mm DW, Guaratiba.
UER] 1890, female, 816 mm TL, 665 mm DW, Ilha Grande. Rio Grande do Sul: FURG 678,
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temale, 1270 mm TL, 930 mm DW. MOVI 8489, female, 1225 mm TL, 848 mm DW, 29°37°32”S
48°36°01”W. MOVI 8480, female, 1027 mm TL, 772 mm DW, 29°37°32”S 48°36°01”W. Santa
Catarina: MCP 964, female, 741 mm TL, 529 mm DW, Garopaba; MCP 8035, male, 1010 mm
TL, 705 mm DW, Canto do Grande Beach, Portobelo. MZUSP 190, female, 171 mm TL, 98 mm
DW, 28°42’S 48°46"W. Sdo Paulo: AC. UER] 941, female, 713 mm TL, Ilha da Moela, Guaruji.
UER] 887, female, 205 mm TL, 133 mm DW, female, 184 mm TL, 114 mm DW, between
Paranagud, Parand, and Ilha do Bom Abrigo, Sio Paulo. UER] 1146, female, 165 mm TL, 93
mm DW, Ilha do Bom Abrigo. UER] 1686, female, 270 mm TL, 180 mm DW, Largo da Moela,
Guaruji. UER]J 1628, male, 220 mm TL, 141 mm DW, Santos. UER] 1629, female, 391 mm TL,
265 mm DW, Santos. UER] 1687, female, 605 mm TL, 410 mm DW, Largo da Moela, Guaruja.
UER] 1853, male, 598 mm TL, 418 mm DW, Santos. Uruguay. MZUSP uncatalogued, female,
281 mm TL, 190 mm DW, 35°19°S 54°13°W. MZUSP 1915, female, 230 mm TL, 147 mm DW,
35°00°S, 54°50'W. MZUSP 9937.1, male, 410 mm TL, 283 mm DW, male, 410 mm TL, 283 mm
DW, 29°52’S 49°37"W.AC.UER] 747, female, 200 mm TL, 133 mm DW (no locality data); AC.
UER] 956, female, 850 mm TL (no locality data); AC. UER] 958, female, 725 mm TL (no locality
data); AC.UER] 1384, male, 628 mm TL, 433 mm DW (no locality data).

Atlantoraja cyclophora (Regan, 1903)

(Figs. 3B, 4B, 6-9, 13B, F, 14B, 15B, 16B, 17C, 18C-D, 19A-B, 20B;
Tabs. 2, 4 and 5)

Raja cyclophora Regan, 1903:60 (original description; type locality: Rio de Janeiro,
Brazil).

Raja agassizi var. meta. —Miranda Ribeiro, 1903:163 (Annie Vessel). —Miranda Ribeiro,
1953:406 (in part.).

Raja castelnani. —Miranda Ribeiro, 1907:178, pl. XVI (Rio de Janeiro, Brazil; catalogue).
—Garman, 1913:362 (systematic account).

Raja (Atlantoraja) cyclophora. —Menni, 1972:165-173 (Argentina; catalogue). —
Roux, 1979:116 (Brazil and Argentina; listed). —Menni er al., 1984:89 (Argentina;
catalogue).

Raja cyclophora. —Leigh-Sharpe, 1924: 574 (clasper morphology). —Figueiredo,
1977:32, fig. 71 (Southern Brazil; catalogue). —Lopes, 1989:202 (Rio de Janeiro,
Brazil; catalogue). —Begossi, Figueiredo, 1995:712 (Rio de Janeiro, Brazil; catalogue).
—Tomis, Tutui, 1996:588 (listed). —Gomes et al., 1997:96 (cervicothoracic synarcual
cartilage). —Barbosa, Gomes, 1998:127 (juvenile external morphology). —Gadig,
1998: 51, tab. 1 (listed).

Raja (Atlantoraja) ciclophora. —Bellisio ef al., 1979:13 (incorrect spelling).

Atlantoraja cyclophora. —McEachran, Dunn, 1998:286 (systematic study). —Mazzoleni,
Schwingel, 1999:114 (Itajai, Santa Catarina, Brazil; listed). —Compagno, 1999:480
(listed). —Cousseau et al., 2000:14 (Argentina and Uruguay; catalogue). —Menni,
Stehmann, 2000:88 (Argentina, Uruguay and Brazil; listed). —Oddone er. al., 2004:1
(egg capsules). —Bernardes et al., 2005:79 (listed). —Gomes, Paragd, 2005:55-62,
figs. 2, 6 and 10 (mucous pore canals). —Oddone, Vooren, 2005:1096 (reproductive
biology). —Oddone, Velasco, 2006:13 (morphometry). —Ebert, Compagno,
2007:116 (listed). —Oddone, Amorim, 2007:43 (demographic analysis). —Oddone,
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Vooren, 2008:5 (egg capsules). —Gomes et al., 2010: 163-164, fig. 261 (Rio de Janeiro,
Brazil; catalogue). —Last ef al., 2016:751-752 (listed). —Weigmann, 2016:89 (listed).
—Moreira et al., 2017:1-12 (clasper morphology). —Gomes et al., 2019:296, fig. 285
(Rio de Janeiro, Brazil; catalogue). —Soares ef al., 2020:493-500 (scapulocoracoid
morphology). —Coelho e al., 2020:1-16 (Brazil; ecological niche model).

Diagnosis. Atlantoraja cyclophora distinguishes from its congeners by presenting dark
dorsal ocelli on the dorsal surface (vs. absent in A. castelnaui and inconspicuous in A.
platana); body dorsal surface smooth and denticles absent (vs. rough and dermal denticles
extending posteriorly in A. castelnaui); eye diameter 1.2 times in the inteorbital distance
(vs. 3.4—4 times in A. castelnani and 1.6-1.7 times in A. platana); dorsal fins equidistant
to the posterior end of caudal fin and posterior margin of pelvic fins (vs. 1.5 closer
to caudal fin in A. castelnaui); distance between first gill slics 1.6-2 times the distance
between fifth gill slits (vs. 1.4—1.6 times in A. castelnaui); glans asymmetrically bifurcated
and forming the component grip in adult specimens (vs. absent in A. castelnaui and
A. platana); ventral terminal cartilage Y-shaped (vs. trapezoidal in A. platana, wrench-
shaped in A. castelnaui).

FIGURE 7 | Types of Atlantoraja cyclophora. A, B. BMNH 1903.6.9.134, male, 325 mm DW, lectotype; C, D. BMNH 1903.6.9.135, female, 430 mm

DW, paralectotype. Scale bars = 20 cm.
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External morphology. Proportional morphometrics are presented in Table 4. Disc
thomboidal, 1.4 times wider than long. Snout short and obtuse, slightly projecting
beyond anterior disc margin and 0.2 times the disc length (Figs. 4B, 7, 8). Anterior
margin of disc strongly concave and posterior margin nearly convex; disc apices broadly
rounded. Posterior lobe of disc covering the anterior portion of the anterior lobe of
pelvic fin. Preorbital length 1.3—-1.4 times greater than the prenasal length and 1.1-1.2
times the preoral length.

Eyes and spiracles closely set; spiracles projecting obliquely from midline (Figs. 7A,
7C, 8A). Eye length greater than spiracle length and goes 1.2 times in the interorbital
distance. Anterior nasal flaps broad, not fused medially, about four times the lateral
flaps and covering the upper lip laterally and mouth commissure (Fig. 8B); lateral
margin slightly sigmoid, posterior margin rounded and smooth, and inner margin
nearly straight. Lateral flaps tube-like, margins not fringed and outlining the incurrent
aperture. Distance between incurrent apertures 0.8—0.9 times the distance between
mouth corners. Upper jaw convex and lower one nearly straight. Gill openings slitlike
and medially situated to the propterygia; first one 1.1-2 times greater than fifth. Distance
between first gill slits 1.6-2 times the distance between fifth gill slits.

TABLE 4 | Morphometric measurements of nine specimens of Atlantoraja cyclophora in millimeters (mm) and proportions of total length (%).

100 551 100

Total length (TL) 504-576

Disc width 371-435 73.6-75.5 410.8 74.5
Caudal length 223-256 44.2-44.4 240.9 43.7
Disc length 259-319 51.4-55.3 296.1 53.6
Preorbital length 72-84 14.3-14.6 77.6 14.1
Prenasal length 52-64 10.3-11.1 56.9 10.3
Internasal distance 32-39 6.3-6.8 36.3 6.6
Eye diameter 15-21 3.0-3.6 17.2 3.1
Interorbital distance 18-23 3.6-4.0 20.2 3.7
Preoral distance 61-75 12.1-13.0 69.3 12.6
Snout-vent length 238-285 47.2-49.5 268.4 48.7
Mouth width 38-45 7.5-7.88 41.0 7.4
Distance from first dorsal fin origin to posterior end of caudal fin 96-114 19.0-19.8 107.2 19.4
g;is;?ﬁce from posterior margin of pelvic fin to first dorsal fin 94114 18.6-19.8 106.6 193
First gill slit width 8-10 1.6-1.7 9.0 1.6
Third gill slit width 7-11 1.4-1.9 9.2 1.7
Fifth gill slit width 4-9 0.8-1.6 5.6 1.0
Distance between first gill slits 63-78 12.5-13.5 72.8 13.2
Distance between fifth gill slits 32-50 6.3-8.4 42.4 7.7

ni.bio.br | scielo.br/ni

Neotropical Ichthyology, 19(4): 210096, 2021 1 5/39




Taxonomy and morphology of genus Atlantoraja

FIGURE 8 | Head region of Atlantoraja cyclophora, MNR] 117184, female, 583 mm TL. A. Dorsal view. B. Ventral view. Scale bar = 10 cm.

Pelvic fins deeply concave outwardly with anterior and posterior portions continuous
externally but forming distinct lobes (Fig. 7). Anterior lobe shorter and laterally produced
in relation to the posterior lobe; anterior margin nearly straight close to its origin and
convex distally. Origin of anterior lobe slightly anterior and ventral to pectoral fin
insertion. Distal tips of radials well-marked and prominent along the posterior margin
of anterior lobe. Posterior lobe with strongly convex lateral margin and straight inner
margin.

Dorsal fins rounded and closely spaced, first one slightly smaller than the second.
Distance from posterior margin of pelvic fin to first dorsal fin origin equal to the distance
from first dorsal fin origin to posterior end of caudal fin.

Caudal region slender and elongate, 2.2-2.3 times in total length and clearly distinct
from disc and tapering from pelvic base to its distal tip (Figs. 4B, 7). Caudal fin with a
well-developed dorsal lobe and reduced ventral one, about two times smaller than the
second dorsal fin.

Squamation. Interorbital thorns absent. Alar thorns observed in mature males. Single
row of 10 to 15 of median caudal thorns and two to three interdorsal thorns (Fig. 3B;
Tab. 2). Females with tail smoother than males due to a small number of lateral prickles.

Coloration in alcohol. A well-defined dorsal ocellus with a light center composed
of 1 to 2 concentric dark rings situated on the lateral portions of the dorsal surface of
the disc (Fig. 4B, 7A, 7C). Juveniles presenting 6 to 7 dark saddles along the caudal
peduncle (Regan, 1903; Miranda Ribeiro, 1907, 1923; Menni, 1973, Figueiredo, 1977;
Barbosa, Gomes, 1998). Dark ventral surface with mucous canal pores well-developed,
elongate and close to the internasal and interbranchial spaces (Gomes, Paragd, 2005).

Neurocranium. Neurocranium long and corresponding to 1.4-1.9 times greater
than the nasobasal length and 1.7-2.1 times its width (Tab. 5). Rostral cartilage long and
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stout, its length 1.0-1.5 times in nasobasal length (Fig. 9). Rostral base slender in males
and corresponding to 4.1-5.9 times the rostral length vs. 3.4-4.0 in females. Rostral
appendix on the anterior margin of the rostral cartilage. Nasal aperture width 2.4-3.8
times the internasal distance; interorbital distance 1.9-2.4 times the internasal distance
in females and 2.6-2.8 times in males. Anterior fontanelle longer than wide, its length
2.9-4.6 times its width and 1.9-2.5 times longer than the posterior fontanelle. Posterior
fontanelle 1.8-2.9 times longer than wide. Width across otic capsules 1.9-2.0 times in
the neurocranium width. Basal plate width 2.2-2.7 times in the nasobasal length.

Geographical distribution. This species occurs from Rio de Janeiro, Brazil, to
Uruguayan waters and southern of Mar del Plata, Argentina (Fig. 6; see also Evermann,
Kendall, 1907; Figueiredo, 1977; Roux, 1979; Menni et al., 1984; Gadig, 1998; Mazzoleni,
Schwingel, 1999; Menni, Stehmann, 2000; Cousseau ef al., 2000, 2007; Gomes, Gadig,
2003; Meneses, Paesch, 2003; Oddone, Vooren, 2004; Bernardes et al., 2005; Coelho et
al., 2020). It inhabits depths between 10 to 321 m (Tomds, Tutui, 1991; Vooren, 1997;
Menni, Stehmann, 2000; Bernardes er al., 2005; Oddone, Amorim, 2007; Weigmann,
2016). In Argentinean waters, this species is found in temperatures ranging from 10.3°
to 18.5°C at the surface and 6.8° to 18.8°C at the bottom, at depths between 26 to 89 m
(Menni, Stehmann, 2000).

TABLE 5 | Neurocranial measurements in percentages of nasobasal length (% NL) of male and female specimens of Atlantoraja cyclophora.

Measurements

Neurocranium length

Rostral cartilage length
Neurocranium width
Interorbital distance
Rostral base width
Anterior fontanelle length
Anterior fontanelle width
Epiphysial bridge length
Posterior fontanelle length
Posterior fontanelle width
‘Width across otic capsules
Basal plate width

Nasal aperture width

Internasal distance

Females (n = 20) Males (n = 10)

Range Mean Range Mean
144.9-200.0 180.6 170.0-191.7 182.0
68.2-98.4 84.0 70.0-92.0 83.5
82.8-100 92.6 82.0-97.2 88.2
25.8-35.3 28.8 26.0-33.3 29.8
17.2-28.6 21.3 11.9-22.2 17.5
41.5-49.0 45.1 38.0-45.7 42.7
9.0-16.7 12.6 10.0-14.0 11.3
20.0-31.7 282 22.0-26.1 24.0
16.7-25.5 20.0 17.4-22.0 17.9
5.8-14.2 8.6 6.0-9.5 8.1

42.4-49.0 45.9 44.0-48.0 45.3
18.0-28.6 21.8 17.2-21.7 19.6
38.0-45.5 42.2 36.0-45.7 40.5
10.8-19.0 12.3 10.0-12.0 11.1
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FIGURE 9 | Neurocranium of Atlantoraja cyclophora, MNR] 117184, female, 583 mm TL. A. Dorsal view. B. Ventral view. af, anterior fontanelle;
bp, basal plate; end, endolymphatic foramen; epb, epiphysial bridge; flg, flange; icf, internal carotid artery foramen; inc, inner nasal cartilage
ja, jugal arch; na, nasal aperture; ne, nasal capsule; oc, otic capsule; oce, occipital condyle; onc, outer nasal cartilage; opf, ophthalmic
foramen; peri, perilymphatic foramen; pf, posterior fontanelle; pne, posterior nasal cartilage; pos, postorbital process; pre, preorbital

process; ptp, pterotic process; rb, rostral base; rn, rostral node; rs, rostrum. Scale bar = 10 mm.

Biological data. Largest specimen reported with 739 mm TL (Bernardes et al.,
2005). Largest female examined with 640 mm TL, and largest male examined with
583 mm TL. Newborns measuring 105-115 mm TL. Females become mature at 528
mm TL and males at 485 mm TL (Oddone er al., 2008). Dorsal surface of egg capsule
symmetrically convex with the highest point situated medially to the edge of a velum
markedly convex (Oddone, Vooren, 2008).

Conservation status. This species is categorized as “Endangered” (EN) (Pollom er
al., 2020b).

Remarks. The first reference to A. cyclophora was made by Miranda Ribeiro (1903),
who described the species as a variant of Raja agassizii (var. meta). The time period
between this publication and the description of A. cyclophora by Regan (1903) consists in
only afew months. Thus, the name Raja agassizii var. metais considered a senior synonym
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of A. cyclophora. Atlantoraja cyclophora was recorded by Uyeno, Miyake (1983:78) for
Suriname and a close relationship with the Amphi-American group of rajiforms (see
McEachran, Dunn, 1998) was hypothesized by the presence of a pair of dorsal ocelli.
Examining the figure provided by Uyeno, Miyake (1983:78) and comparing with the
original description of Bigelow, Schroeder (1961), the Suriname’s specimen is markedly
different from A. cyclophora and corresponds to Rostroraja cervigoni. The latter differs
from A. cyclophora by having a light ventral surface (vs. dark in A. cyclophora) and the
presence of two to three rows of dorsal thorns (vs. absent) and tail with three rows of
developed thorns, a central and two laterals (vs. one row). Despite of the statement of
Roux (1979:118) about the probable existence of R. cervigoni in Brazilian Northeastern
waters, no specimen was ever recorded in Brazil.

Common names. Eyespot skate (English), raia-santa; raia-emplastro-carimbado;
raia-emplastro-olhuda (Portuguese).

Material examined. Lectotype. BMNH 1903.6.9.134, male, 325 mm DW, Brazil
[Designated herein]. Paralectotype. BMNH 1903.6.9.135, female, 430 mm DW, Brazil
[Designated herein]. Argentina. MACN 1896, male, 435 mm TL, 325 mm DW, male, 370
mm TL, 292 mm DW. MACN 3052, male, 358 mm TL, 294 mm DW, male, 344 mm TL, 276
mm DW, Puerto Quenquén. MACN 4352, male, 320 mm TL, 247 mm DW, San Antonio.
MACN 6173, female, 373 mm TL, 296 mm DW, Puerto Quenquén. Brazil. Rio de Janeiro — ITha
Grande: AC.UER] 753, female, 541 mm TL, 155 mm DW. AC.UER].782, male, 485 mm TL,
350 mm DW. AC.UER] 783, female, 435 mm TL, 330 mm DW. AC.UER] 785, female, 510 mm
TL, 390 mm DW. AC.UER] 786, female, 495 mm TL, 375 mm DW. AC.UER] 788, female,
400 mm TL, 320 mm DW. AC.UER] 789, female, 410 mm TL, 305 mm DW. AC.UER].863,
male, 163 mm TL, 101 mm DW, male, 148 mm TL, 87 mm. AC.UER] 1296, female, 435 mm
DW. AC.UER] 1297, female, 422 mm DW. AC.UER] 1371, male, 23°27°37.6”S 44°09°8”W.
AC.UER] 1372, male, 23°27°40.9”S 44°13°39”W. AC.UER] 1373, male, 103 mm DW, male,
127 mm DW, 23°27°37.6”S 44°09’8”W). AC.UER]J 1379, male, 542 mm TL, 388 mm DW,
23°27°37.6”S 44°09’8”W). — Rio de Janeiro: MCP 17427, male, 447 mm TL, 332 mm DW.
MNHN 1934-22, 4 specimens, 284-570 mm TL. UER] 740, male, 231 mm TL, 176 mm DW,
Maricd. UER] 748, female, 165 mm TL, 120 mm DW, Ilha de Santana. UER] 790, female, 106
mm TL, 71 mm DW, Ilha Rasa. UER] 890, female, 121 mm TL, 91 mm DW, Saquarema. UER]
894, 4 specimens, 115-216 mm TL, Guaratiba. UER] 929, 3 specimens, 133-156 mm. Rio Grande
do Sul: FURG 661, female, 580 mm TL, 441 mm DW. MOVI 5923, male, 183 mm TL, 136
mm DW, Imbé Beach. UER] 1848, male, 555 mm TL, 402 mm DW. Santa Catarina - Itajaf:
AC.UER] 611, female, 440 mm TL, 350 mm DW. AC.UER] 613, female, 525 mm TL, 415 mm
DW. AC.UER] 614, female, 570 mm TL, 460 mm DW. AC. UER] 617, female, 480 mm TL,
380 mm DW. AC.UER] 618, temale, 380 mm TL, 310 mm DW. AC.UER] 619, male, 470 mm
TL, 345 mm DW. AC.UER] 622, male, 460 mm TL, 360 mm DW. AC.UER] 631, male, 505
mm TL, 370 mm DW. AC.UER] 632, female, 420 mm TL, 320 mm DW. AC.UER] 633, male,
385 mm TL, 305 mm DW. AC.UER] 634, female, 545 mm TL, 430 mm DW. AC.UER] 637,
male, 535 mm TL, 395 mm DW. AC.UER].784, male, 485 mm TL, 350 mm DW. AC.UER]
787, male, 510 mm TL, 385 mm DW. AC.UER] 802, female, 550 mm TL, 420 mm DW.
AC.UER].803, male, 485 mm TL, 345 mm DW. AC.UER].804, male, 458 mm TL, 340 mm
DW. AC.UER].805, male, 436 mm TL, 332 mm DW. AC.UER].8006, male, 334 mm TL, 256
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mm DW. AC.UER]. 830, 3 specimens, 340-359 mm TL. UER] 395, 4 specimens, 210-247 mm
TL. UER] 396, male, 325 mm TL, 257 mm DW. UER] 397, male, 380 mm TL, 296 mm DW.
UER] 399, female, 517 mm TL, 389 mm DW. UER] 830, female, 359 mm TL, 270 mm DW.
UER] 1544, female, 245 mm TL, 186 mm DW. - Joatinga: UER] 378, female, 130 mm TL, 96
mm DW. Sio Paulo — Santos: AC.UER].881, male, 207 mm TL, 153 mm DW. AC. UER] 949,
female, 474 mm TL, 325 mm DW, Ilha Vitéria. AC.UER] 1031, male, 505 mm TL, 374 mm
DW.AC.UER] 1032, male, 467 mm TL, 338 mm DW, Santos. UER] 895, 4 specimens, 127-186
mm TL, Ilha Bela. UER] 1625, male, 156 mm TL, 110 mm DW. UER] 1652, female, 217 mm
TL, 159 mm DW, Alcatrazes Archipelago. UER] 1715, male, 181 mm TL, 140 mm DW, female,
135 mm TL, 99 mm DW, Ubatuba. UER] 2158, male, 330 mm TL, 470 mm DW. UERJ 2160,
female, 570 mm TL, 430 mm DW. No locality data: AC.UER] 807, female, 420 mm TL, 357
mm DW. AC.UER] 1259, female. AC.UERJ 1298, female, 581 mm TL. AC.UERJ 1299, male,
557 mm TL. AC.UER]. 1300, male, 542 mm TL. AC.UER]J. 1301, male, 510 mm TL. AC.UER]
1302, male, 510 mm TL. AC.UER] 1303, female, 600 mm TL. AC.UER] 1304, female, 604 mm
TL. AC.UER] 1305, female, 582 mm TL. AC.UER] 1306, female, 640 mm TL. AC.UER] 1307,
male, 533 mm TL. AC.UER]. 1308, male, 510 mm TL. AC.UER] 1309, female, 587 mm TL.
AC.UER] 1310, male, 583 mm TL. AC.UER] 1311, female, 587 mm TL. AC.UER] 1312, male,
517 mm TL. AC.UER] 1313, female, 490 mm TL. AC.UER] 1382, male, 510 mm TL. AC.UER]
1382, male, 510 mm TL, 365 mm DW. AC.UER] 1382, male, 510 mm TL, 365 mm DW.

Atlantoraja platana (Giinther, 1880)

(Figs. 3C, 4C, 6, 10-12, 13C, G, 14C, 15C, 16C, 17B, 18E-F, 19E-F, 20C;
Tabs. 2, 6 and 7)

Raja platana Giinther, 1880: 11, fig. 3 (original description; type-locality: Rio de La
Plata, oft Montevideo, Uruguay). —Evermann, Kendall, 1907:69 (listed). —Leigh-
Sharpe, 1924:574 (clasper morphology). —Devincenzi, 1920: fig.4 (Uruguay;
catalogue). —Miranda Ribeiro, 1961:4 (Rio de Janeiro, Brazil; catalogue). —Menni,
1973:428 (Argentina; catalogue). —Figueiredo, 1977:73 (Southern Brazil; catalogue).
—Bellisio et al., 1979:13 (Argentina; catalogue). —Lucena, Lucena, 1981:9 (MCP;
catalogue). —Gomes ef al., 1997:96 (cervicothoracic synarcual cartilage). —Barbosa,
Gomes, 1998:127 (juvenile external morphology). —Gadig, 1998: 50 (listed).

Raja (Atlantoraja) platana. —Sadowsky, Menni, 1974: 23-32, figs. 1-4 (Argentina;
catalogue). —Roux, 1979:117 (Brazil and Argentina; listed). —Menni et al., 1984:63
(Argentina; catalogue).

Atlantoraja platana. —McEachran, Dunn, 1998:286 (systematic study). —Compagno,
1999:489 (listed). —Mazzoleni, Schwingel, 1999:114 (Itajai, Santa Catarina, Brazil;
listed). —Cousseau ef al., 2000: 14 (Argentina and Uruguay; catalogue). —Menni,
Stehmann, 2000:88 (Argentina, Uruguay and Brazil; listed). —Gomes, Gadig,
2003:52 (Sdo Paulo, Brazil; listed). —Oddone er al., 2004:1 (egg capsules). —
Bernardes ef al., 2005:80 (listed). —Compagno et al., 2005:531 (listed). —Gomes,
Paragd, 2005:55-62, figs. 3, 7 and 9 (mucous pore canals). —Oddone, Velasco,
2006:13 (reproductive biology). —Ebert, Compagno, 2007:116 (listed). —Oddone,
Amorim, 2007:43 (demographic analysis). —Oddone, Vooren, 2008:5 (egg capsules).
—Gomes ef al., 2010:162-163, fig. 260 (Rio de Janeiro, Brazil; catalogue). —Last et
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al., 2016:753-754 (listed). —Weigmann, 2016:90 (listed). —Moreira et al., 2017:1-
12 (clasper morphology). —Gomes et al., 2019:295, fig. 284 (Rio de Janeiro, Brazil;
catalogue). —Soares ef al., 2020:493-500 (scapulocoracoid morphology). —Coelho et
al., 2020:1-16 (Brazil; ecological niche model).

Dipturus sp. —Bernardes ef al., 2005:83 (incorrect identification).

Diagnosis. Atlantoraja platana distinguishes from its congeners by having dark
spots or inconspicuous ocelli on medial region of pectoral fin dorsal surface (vs. well-
defined ocelli in A. cyclophora; small spots scattered around the body in A. castelnaui);
dorsal surface smooth and denticles absent (vs. rough and dermal denticles extending
posteriorly in A. castelnaui); eye diameter 1.6-1.7 times in the interorbital distance (vs.
1.2 times in A. cyclophora and 3.4—4 times in A. castelnaui); dorsal fins equidistant to the
posterior end of caudal fin and posterior margin of pelvic fins (vs. 1.5 closer to caudal
fin in A. castelnaui); distance between first gill slits 1.6-1.9 times the distance between
last gill slies (vs. 1.4-1.6 times in A. castelnaui); ventral terminal cartilage trapezoidal (vs.
Y-shape in A. cyclophora, wrench-shaped in A. castelnaui).

External morphology. Proportional morphometrics are presented in Tab. 6. Disc
rhomboidal, 1.3-1.4 times wider than long. Snout short and obtuse, slightly projecting
beyond anterior disc margin and 0.1-0.2 times the disc length (Figs. 10-11). Anterior
margin of disc strongly concave and posterior margin nearly convex; disc apices broadly
rounded. Posterior lobe of disc covering the anterior portion of the anterior lobe of
pelvic fin. Preorbital length 1.4-1.8 times greater than the prenasal length and 1.2-1.5

times the preoral length.

FIGURE 10 | Holotype of Atlantoraja platana, BMNH 1879.5.14.411, 647 mm TL. A. Dorsal view. B. Ventral view. Scale bar = 20 cm.
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Eyes and spiracles closely set; spiracles projecting obliquely from midline (Figs. 10A,
11A). Eye length greater than spiracle length and goes 1.6-1.7 times in the interorbital
distance. Anterior nasal flaps broad, not fused medially, about four times the lateral flaps
and covering the upper lip laterally and mouth commissure (Figs. 10B, 11B); lateral
margin slightly sigmoid and notched, posterior margin rounded and smooth, and inner
margin nearly straight. Lateral flaps tube-like, margins not fringed and outlining the
incurrent aperture. Distance between incurrent apertures 0.9-1.0 times the distance
between mouth corners. Upper jaw convex and lower one nearly straight. Gill openings
slitlike and medially situated to the propterygia; first one 1.4-1.8 times greater than
fifth. Distance between first gill slits 1.6-1.9 times the distance between fifth gill slits.

Pelvic fins deeply concave outwardly with anterior and posterior portions continuous
externally but forming distinct lobes (Fig. 10). Anterior lobe shorter and laterally
produced in relation to the posterior lobe; anterior margin of pelvic anterior lobe nearly
straight close to its origin and convex distally. Origin of anterior lobe slightly anterior
and ventral to pectoral fin insertion. Distal tips of radials well-marked and prominent
along the posterior margin of anterior lobe. Posterior lobe with strongly convex lateral
margin and straight inner margin.

TABLE 6 | Neurocranial measurements in percentages of nasobasal length (% NL) of male and female specimens of Atlantoraja cyclophora.

Total length (TL) 533-755 681.7

Disc width 484-620 82.1-90.8 555.9 82.5
Caudal length 227-303 40.1-42.6 279.1 40.9
Disc length 336-492 63.0-65.1 408.0 640
Preorbital length 77-140 14.4-18.5 101.4 14.8
Prenasal length 55-78 8.2-10.3 65.9 9.7

Internasal distance 44-63 8.2-8.3 50.7 8.2

Eye diameter 15-24 2.8-3.2 19.9 2.9

Interorbital distance 24-40 4.5-5.3 31.6 4.7

Preoral distance 62-95 11.6-12.6 82.1 12.0
Snout-vent length 277-397 52.0-52.6 344.0 52.4
Mouth width 50-63 8.3-9.4 57.3 8.5

Distance from first dorsal fin origin to posterior end of caudal fin 75-159 14.1-21.0 135.7 18.6
Distance from posterior margin of pelvic fin to first dorsal fin origin 94-128 16.9-17.6 114.0 17.2
First gill slit width 9-13 1.7 11.0 1.7

Third gill slit width 8-13 1.5-1.7 11.1 1.6

Fifth gill slit width 5-9 0.9-1.2 7.2 1.1

Distance between first gill slits 81-112 14.8-15.2 101.0 15.0
Distance between fifth gill slits 43-68 8.1-9.0 55.6 8.6
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A

FIGURE 11 | Head region of Atlantoraja platana, UER] 1383, male, 372 mm TL. A. Dorsal view. B. Ventral view. Scale bar =10 cm.
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Dorsal fins rounded and closely spaced, first one slightly smaller than the second.
Distance from posterior margin of pelvic fin to first dorsal fin origin 0.8—1.2 times the
distance from first dorsal fin origin to posterior end of caudal fin.

Caudal region slender and elongate, 2.3-2.5 times in total length and clearly distinct
from disc and tapering from pelvic base to its distal tip (Figs. 4C, 10). Caudal fin with a
well-developed dorsal lobe and reduced ventral one, about two times smaller than the
second dorsal fin.

Squamation. Disc without thorns and interorbital prickles well-developed in adults.
Rostral thorns more numerous in adult males than in females and juveniles. Most of the
thorns concentrated at the caudal peduncle region and forming a single row of 9 to 13
median caudal thorns and one to three interdorsal thorns (Fig. 3C; Tab. 2). Females
with lateral caudal thorns along the caudal peduncle and thorns on the posterior margin
of pectoral fin.

Coloration in alcohol. Dorsal background surface brown, ventral surface darker
(Fig. 4C). Caudal peduncle with 6 to 7 saddles in juveniles and no saddles in adults.

Neurocranium. Neurocranium long and corresponding to 1.1-1.8 times greater
than the nasobasal length and 1.3-2.0 times its width (Tab. 7). Rostral cartilage long
and stout, its length 1.2-1.9 times in nasobasal length and 2.3-3.0 times rostral base
(Fig. 12). Rostral appendix on the anterior margin of the rostral cartilage. Nasal
aperture width slightly larger in females (36.0-47.2% NL) than in males (35.4-36.7%
NL); in both sexes, nasal aperture corresponds to 2.8-3.1 times the internasal distance;
interorbital distance 2.2-2.3 times the internasal distance in females and 2.6-2.7 times
in males. Anterior fontanelle longer than wide, its length 2.4-3.3 times its width in
females and 3.9-5.8 times in males; anterior fontanelle 2.3-2.5 times longer than the
posterior fontanelle. Posterior fontanelle 2.2-2.9 times longer than wide. Width across
otic capsules 2.1-4.2 times in the neurocranium width. Basal plate width 4-5 times in
the nasobasal length.
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Geographical distribution. This species occurs from Rio de Janeiro, Brazil, to
southern of Mar del Plata, Argentina (Fig. 6; see also Evermann, Kendall, 1907; Roux,
1979; Gadig, 1998; Lessa et al., 1999; Mazzoleni, Schwingel, 1999; Meneses, Paesch, 2003;
Menni, Stehmann, 2000; Cousseau e al., 2000, 2007; Gomes, Gadig, 2003; Bernardes ef

TABLE 7 | Neurocranial measurements in percentages of nasobasal length (% NL) of male and female specimens of Atlantoraja platana.

Measurements

Range Mean Range Mean
Neurocranial length 114.0-180.2 147.5 149.4-169.6 161.2
Rostral cartilage length 53.6-80.2 70.8 49.4-69.6 61.2
Neurocranium width 84.9-92.8 88.9 83.5-84.8 84.0
Interorbital distance 26.7-36.1 32.3 30.4-32.9 32.1
Rostral base width 22.0-27.0 23.9 21.5-24.0 22.8
Anterior fontanelle length 38.9-47.6 43.6 44.3-49.4 46.4
Anterior fontanelle width 11.6-19.4 14.3 7.6-12.7 11.0
Epiphysial bridge length 21.4-27.8 23.4 22.8-28.0 25.4
Posterior fontanelle length 16.3-20.2 18.0 17.7-20.3 18.6
Posterior fontanelle width 5.6-9.3 7.5 7.6 7.6
Width across otic capsules 20.0-44.9 39.1 41.7-43.0 42.2
Basal plate width 19.8-25.0 23.2 20.2-21.5 21.1
Nasal aperture width 36.0-47.2 39.2 35.4-36.7 36.3
Internasal distance 11.6-16.7 14.1 11.4-12.7 11.8

FIGURE 12 | Neurocranium of Atlantoraja platana, UER] 1383, male, 372 mm TL. A. Dorsal view. B. Ventral view. af, anterior fontanelle; bp,
basal plate; end, endolymphatic foramen; epb, epiphysial bridge; flg, flange; icf, internal carotid artery foramen; in¢, inner nasal cartilage ja,
jugal arch; na, nasal aperture; ne, nasal capsule; oc, otic capsule; oce, occipital condyle; onc, outer nasal cartilage; opf, ophthalmic foramen;
peri, perilymphatic foramen; pf, posterior fontanelle; pne, posterior nasal cartilage; pos, postorbital process; pre, preorbital process; ptp,

pterotic process; ra, rostral appendix; rb, rostral base; rn, rostral node; rs, rostrum. Scale bar = 10 mm.
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al., 2005; Coelho et al., 2020). It inhabits depths between 10-321 m (Figueiredo, 1977;
Menni et al., 1984; Lessa ef al., 1999; Vooren, 1997; Menni, Stehmann, 2000; Oddone,
Amorim, 2007; Weigmann, 2016).

Biological data. Largest specimen recorded with 910 mm TL (Weigmann, 2016).
Largest female examined with 763 mm TL and female with 673 mm TL. Newborns
measuring 125-130 mm TL. Females mature at 715 mm TL, and females at 620 mm
TL (Oddone, Amorim, 2008). Egg capsules with long posterior horns and dorsal
surface asymmetrically convex with the highest point situated toward the anterior
end with the edge of the velum straight or slightly concave (Oddone er al., 2004).
Stomach contents including fishes (Engraulidae, Anguiliformes, Porichthys), peneids
crustaceans (Stomatopoda, Decapoda, Amphipoda, Isopoda), polychaetas, nematodes.
and cephalopods (Menni, Stehmann, 2000).

Conservation status. This species is categorized as “Endangered” (EN) (Pollom er
al., 20200).

Common names. La Plata skate (English), raia-emplastro (Portuguese).

Material examined. Holotype. BMNH 1879.5.14.411, 647 mm TL, 503 mm DW, Rio de
La Plata, Montevideo, Uruguay, 35°02’S 55°W, 26 m depth. Argentina. MACN 976, female,
305 mm TL, 235 mm DW, Puerto Quenquén. Brazil. Rio de Janeiro: MZUSP uncatalogued,
female, 281 mm TL, 254 mm DW. MZUSP uncatalogued, female, 212 mm TL, 191 mm DW.
MZUSP uncatalogued, 14 specimens, 239-575 mm TL. MZUSP 1155.2, male, 135 mm TL, 117
mm DW, 23°43’S 43°55"W. UER] 1502, female, 162 mm TL, 141 mm DW, male, 241 mm TL,
207 mm DW, Macaé. Rio Grande do Sul: MZUSP uncatalogued, female, 166 mm TL, 139 mm
DW, female, 125mm TL, 100 mm DW, 33°08’S 50°45"W. MZUSP 1748, female, 185 mm TL,
163 mm DW, male, 135°’mm TL, 112 mm DW, 33°29'S 51°28'W. UER] 1786, female, 763 mm
TL, 623 mm DW, Rio Grande. UER] 1788, female, 740 mm TL, 606 mm DW, Rio Grande.
Sio Paulo — Santos: AC.UER] 1027, female, 741 mm TL. AC.UER] 1034, female, 753 mm TL.
AC.UER] 1035, female, 738 mm TL. AC.UER] 1037, female, 650 mm TL. AC.UER] 1039, male,
674 mm TL. AC.UER] 1040, male, 660 mm TL. AC.UER] 2162, female, 530 mm TL, 440 mm
DW. AC.UER] 1385, male, 683 mm TL, 537 mm DW. UER] 2161, male, 657 mm TL, 530 mm
DW. UER] 2162, female, 530 mm TL, 440 mm DW. UER] 1849, female, 739 mm TL, 577 mm
DW. UER] 1850, male, 666 mm TL, 525 mm DW. UERJ 2161, male, 657 mm TL, 530 mm
DW. UER] 2162, female, 530 mm TL, 440 mm DW. Santa Catarina: AC.UER] 761, female,
430 mm TL, 370 mm DW, Itajai. MZUSP 2245, male, 181 mm TL, 155 mm DW, 27°02’S
47°42’W. Uruguay. MZUSP uncatalogued, 9 specimens, 161-352 mm TL, 31°24°S 50°12’W.
MZUSP 1727, male, 328 mm TL, 287 mm DW, 31°19’S 50°22"W. No 1ocality data: AC.UER]
1383, male, 370 mm TL, 313 mm DW. MZUSP uncatalogued, male, 469 mm TL, 452 mm DW.
MZUSP uncatalogued, 4 specimens, 196-206 mm TL. MZUSP 1155.1, female, 159 mm TL, 156
mm DW. MZUSP 1155.3, male, 130 mm TL, 106 mm DW. UER] 1785, temale, 705 mm TL,
556 mm DW.

Comparative morphology of Atlantoraja species
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Dermal denticles. Dorsal surface of body (including head region) densely covered
by prickles and thorns in A. castelnaui while smoother in A. cyclophora and A. platana
(Figs. 3 and 13). Bigelow, Schroeder (1953) described the presence of three rows of
thorns in the tail region of A. castelnaui but only one row was found surrounded by
prickles in the specimens examined (Figs. 13D, E). Rostral, preorbital, interorbital and
midorbital, postorbital, spiracular, interspiracular, nuchal, scapular and middorsal thorns
present only in A. castelnaui, more developed in adult individuals. Adult and subadult
male specimens of all three species with alar thorns; absent in females.

Neurocranium. The neurocranium of the three Atlantoraja species is dorsoventrally
compressed and constricted at the orbital region (Figs. 14-16). Rostrum long and stout,
tapering and extending anteriorly to the anterior tip of disc. Rostral appendix longer
than wide, extending posteriorly to half-length of the rostrum. Greatest width of
neurocranium at the level of nasal capsules.

Nasal capsule thin-walled and varying from strongly oblique in A. castelnaui, slightly
oblique in A. cyclophora to perpendicular in relation to the anteroposterior axis in A.
platana (Figs. 14-15). Foramen for the passage of the ethmoidal nerve situated on the
anterodorsal surface of the nasal capsule, close to the rostral base. Antorbital facet lies
on the lateral surface of the nasal capsule, close to its posterior margin, and articulating
to the antorbital cartilage; smaller in A. cyclophora than in A. castelnaui and A. platana

FIGURE 13 | Squamation of Atlantoraja species, dorsal body surface. A, head, D, caudal anterior region and E, caudal posterior region of A.
castelnaui, UER] 1853, male, 593 mm TL. B, head and F, caudal region of A. cyclophora, MNR]J 117184, female, 583 mm TL. C, head and G, caudal
region of A. platana, UER] 1383, male, 372 mm TL. Scale bars = 20 mm.
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FIGURE 14 | Neurocranium of Atlantoraja species, dorsal view. A, A. castelnaui, UER] 1853, male, 593 mm TL. B, A. cyclophora, MNR]

117184, female, 583 mm TL. C, A. platana, UER] 1383, male, 372 mm TL. af, anterior fontanelle; end, endolymphatic foramen; epb, epiphysial

bridge; ethn, foramen for the passage of the ethmoidal nerve; fig, flange; ja, jugal arch; nc, nasal capsule; opf, ophthalmic foramen; peri,

perilymphatic foramen; pf, posterior fontanelle; pos, postorbital process; pre, preorbital process; prf, parietal fossa; ptp, pterotic process; ra,

rostral appendix; rs, rostrum; soc, supraorbital crest.
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(Fig. 16). Flange (sensu McEachran, Miyake, 1990) present as a crest that runs dorsally
from the nasal capsule to the preorbital process. Nasal aperture wide and extending
throughout the nasal fontanelle. Outer nasal cartilage triangular and long, dividing
incurrent and excurrent apertures. Internal nasal cartilage wide, running laterally and
distally broad and rectangular in shape; it originates from the nasal fontanelle, adjacent
to the internasal septum, dorsal and attached to the posterior nasal cartilage medially.
Posterior nasal cartilage broad anteriorly, tapering posteriorly and curved distally; this
cartilage is oblique in relation the anteroposterior axis, with posterior tip more laterally
situated than the anterior one (Fig. 15).

Cranial roof extends from the posterior margin of the anterior fontanelle to the
parietal fossa, slightly posterior to the posterior fontanelle and limited laterally by the
supraorbital crest (Fig. 14). Its anterior region is broader in A. castelnaui in comparison
to A. cyclophora and A. platana. Anterior fontanelle spindle-shaped, beginning at
the posterior fourth of the rostral cartilage in A. cyclophora and A. platana and at the
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FIGURE 15 | Neurocranium of Atlantoraja species, ventral view. A, A. castelnaui, UER] 1853, male, 593 mm TL. B, A. cyclophora, MNR]J 117184,
female, 583 mm TL. C, A. platana, UER] 1383, male, 372 mm TL. bp, basal plate; fm, foramen magnum; icf, internal carotid artery foramen; inc,
inner nasal cartilage; ins, internasal space; na, nasal aperture; nf, nasal fontanelle; oc, otic capsule; oce, occipital condyle; one, outer nasal

cartilage; pnc, posterior nasal cartilage; rb, rostral base; rn, rostral node.

half-length in A. castelnaui, and extending to the anterior edge of supraorbital crest.
Posterior margin concave in A. cyclophora and A. platana while straight in A. castelnau;
no indentation observed. Epiphysial bridge long and corresponding to half-length of
the anterior fontanelle and 5.3-7.3 times in the neurocranial length. Posterior fontanelle
teardrop-shape in A. cyclophora and A. platana, and subrectangular in A. castelnaui, and
corresponding to one-half to two-thirds of the length of anterior fontanelle. Preorbital
process conspicuous and continuous to the supraorbital crest in A. cyclophora and A.
platana, while inconspicuous or absent in A. castelnaui; postorbital process notched for
the passage of infraorbital lateral line canal (Fig. 14).

Orbital region delimited anteriorly by the posterior margin of the nasal capsules,
posteriorly by the anterior margin of otic capsules, dorsally by the cranial roof, ventrally
by the basal plate, and medially by the orbital wall, which is perforated by several
foramina to the passage of cranial nerves and blood vessels (Fig. 16). Oronasal canal
ventrally situated close to the basal plate. The foramen for the anterior cerebral vein lies
on the same vertical line between the oronasal canal and the foramina for the ophtalmicus
nerve. A single foramen for the trochlear nerve (IV) lies anterior to the large foramen
for the optic nerve (II) and dorsal to the foramen for the optic nerve in A. castelnaui and
A. platana and on the same horizontal line to the the foramen for the optic nerve in A.
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cyclophora. The position of the foramen of the optic nerve varies from anterior to the
half-length of orbital wall in A. cyclophora and A. platana to slightly posterior to it in
A. castelnani. Foramen for the oculomotor nerve (III) posterior to the optic nerve but
anterior to the half-length of orbital wall in A. cyclophora and more posteriorly situated
in A. castelnaui. The optic pedicel lies ventrally to the foramen for the abducens nerve
(VI) in A. cyclophora and A. platana, and between the foramina for the oculomotor and
abducens nerves in A. castelnaui. The foramen for the abducens nerve lies more closely
situated to the posterior margin than to the half-length of orbital wall in A. castelnaui.
Foramen for the afferent pseudobranchial artery lies ventrally to the optic pedicel and
close to the basal plate. The second largest aperture of the orbital wall is the foramen
prootic for the passage of the trigeminus and facialis nerves (V+VII). Prootic foramen
separated posteriorly from the hyomandibular ramus of the facialis nerve by the prefacial
commissure, close to the otic region (Fig. 16).

Basal plate begins anteriorly at the ethmoidal fossa right after the nasal capsules, runs

A opf v VI sopf

ornc acvf

antf

antf

antf

FIGURE 16 | Neurocranium of Atlantoraja species; lateral view. A, A. castelnaui, UER] 1853, male, 593 mm TL. B, A. cyclophora, MNR] 117184,
female, 583 mm TL. C, A. platana, UER] 1383, male, 372 mm TL. II, foramen for the optic nerve; I1I, foramen for the oculomotor nerve; IV,
foramen for the trochlear nerve; VI, foramen for the abducens nerve; acvf, anterior canal vein foramen; antf, antorbital facet; apba, foramen
for the afferent pseudobranchial artery; hf, hyomandibular facet; hVII, foramen for the passage of the hyomandibular ramus of the facialis
nerve; opc, opistotic crest; opd, optic pedicel; opf, ophthalmic foramen; orne oronasal canal; pfe, prefacial commissure; prof, prootic

formamen; sopf, superficial ophtalmic foramina.
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to the posteroventral end of the optic region and ends at the ventral margin of the
foramen magnum; ethmoidal fossa narrower in A. cyclophora and A. platana than in A.
castelnaui (Fig. 15). Two internal carotid foramina ventrally situated, closely set and
slightly anterior to the level of postorbital process.

Otic region as the second widest region of the neurocranium (Figs. 14-15), composed
of otic capsules, impressions of semicircular canals, parietal fossa and foramina for
the endolymphatic (smaller aperture) and perilymphatic canals. Opistotic crest well-
developed and posterior to the sphenopterotic crest, running dorsally to the otic capsule
and ending close to the occipital region. Hyomandibular facet elongate, slightly concave
and obliquely positioned on lateral otic region, lined dorsally by the postorbital groove
and jugal arch.

Occipital region consists in the posterior surface of the chondrocranium, composed of
the large foramen magnum and the lateral edges of the hyomandibular facet. Occipital
condyle situated on the lateral margin of the foramen magnum and lateral to it lies the
foramen for the vagus nerve (X). Lateral to the foramen for the vagus nerve lies the
foramen for the glossopharyngeal nerve (IX).

Jaws and teeth. Upper jaw slightly concave medially and strongly convex laterally;
lower jaw strongly convex throughout its extension (Fig. 17). Both jaws tapering toward
midline. Upper tooth row counts 40-49 and lower ones 37-45. Sexual heterodonty well
pronounced with females presenting rounded and flattened tooth crowns and males
presenting teardrop-shaped teeth on symphyseal region. Monognathic heterodonty
observed only in male specimens (Fig. 18).

Hyoid and gill arches. Hyomandibular cartilage tapering anteriorly and articulating

FIGURE 17 | Jaws and hyomandibular cartilage of Atlantoraja species. A, A. castelnaui., UER] 1853, male, 593 mm TL. B, A. platana, UER]

1383, male, 372 mm TL; C, Atlantoraja cyclophora, MNR] 117184, female, 583 mm TL. hmb, hyomandibula; mck, Meckel’s cartilage; pq,

palatoquadrate. Scale bars = 20 mm.
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FIGURE 18 | Teeth of Atlantoraja species. A. Symphyseal region, B. Commissural region of A. castelnaui, UER] 1853, male, 593 mm TL. C.

Symphyseal region, D. Commissural region of A. cyclophora, MNR] 117184, female, 583 mm TL. E. Symphyseal region, F. Commissural region

of A. platana, UER] 1383, male, 372 mm TL. Scale bars = 5 mm.

ni.bio.br | scielo.br/ni

to the lateral surface of jaws (Fig. 17). Dorsal and ventral pseudohyoid rodlike and
laterally situated to the basihyal cartilage. Basihyal wide and slender, slightly arched and
with anterolateral projections; medially notched in A. platana (Fig. 19). Hypobranchials
Il small, trapezoidal and restricted to the medial portion of ceratobranchials I and
II. Hypobranchials IIT and IV fused in A. cyclophora and A. platana, separated in A.
castelnaui; not reaching the anterior portion of basibranchial copula. Ceratobranchials
[-IV overlapping medially; ceratobranchial V articulating directly to the basibranchial
copula. Epibranchials I and V longer than the medial ones. Pharyngobranchials IT and
III longer than the first; gill pickax short. Anterior processes of basibranchial copula
long and similar in size to its posterior portion; laterally concave in A. cyclophora and
A. platana, and nearly straight in A. castelnaui (Fig. 19). Basibranchial copula with
rounded posterolateral margins in A. cyclophora and A. platana while nearly straight
in A. castelnaui. Accessory cartilage of the basibranchial copula distinct, triangular and
corresponding to one-fourth to one-third of the basibranchial copula.
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hblll+IV

abc hblll hblV

FIGURE 19 | Hyoid and gill arches of Atlantoraja species. A, B. A. cyclophora, MNR] 117184, female, 583 mm TL. C, D. A. castelnaui, UER] 1853,
male, 593 mm TL. E, F. A. platana, UER] 1383, male, 372 mm TL. abe, anterior portion of basibranchial copula; bbe, basibranchial copula; bh,
basihyal; ¢b I-V ceratobranchials I-V; cph, cerato-pseudohyoid; eb I-V, epibranchials I-V; eph, epi-pseudohyoid; hb II-IV, hypobranchials II-
IV; Ipbh, lateral projection of basihyal; pb I-V, pharyngobranchials I-V. Scale bar = 10 mm.

Pelvic girdle and fin. Pelvic bar transverse and nearly straight, with lateral prepelvic
processes triangular and directed anteriorly from the outer corner at each end (Fig.
20). Median ischio-pubic region and lateral iliac regions, penetrated by the obturatorial
nerve foramina for the passage of the diazonal nerves. Condyle for articulation with
enlarged first anterior radial situated ventrolaterally; obturator foramina posterior to the
puboischiac condyle. Pelvic anterior lobe with six or seven segments; first one stout and
elongate with very concave articular surface for puboischiac condyle. Posterior lobe
with 17-20 radial segments.

DISCUSSION

32/39 Neotropical Ichthyology, 19(4): €210096, 2021 ni.bio.br | scielo.br/ni



https://www.ni.bio.br/
https://www.scielo.br/ni

Karla D.A. Soares, Renan A. Moreira, Rafael F.L. Silva and Ulisses L. Gomes

FIGURE 20 | Pelvic girdle and fin of Atlantoraja species. A. A. castelnaui., UER] 1853, male, 593 mm TL. B. A. cyclophora, MNR] 117184, female,

583 mm TL. C. A. platana, UER] 1383, male, 372 mm TL. 1pvr, first pelvic radial segment; 1pvre, condyle for the first pelvic radial segment;

bpt, basipterygium; obf, obturator foramen; Ipp, lateral pelvic process; pib, pubischiac bar; pvr, pelvic radial segments. Scale bars = 20 mm.
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Differences among species of Atlantoraja are found mainly in neurocranial morphology,
squamation, coloration and maturity size. According to our observations, Atlantoraja
cyclophora and A. platana are more similar to each other than to A. castelnaui in
regards to their smoother dorsal surface, position of orbital foramina, overall shape of
neucrocranium, presence of dark blotches or ocelli on the medial region of pectoral
fin dorsal surface and body measurements (Tab. 8). In addition, Gomes et al. (1997)
reported some differences in the morphology of the synarchual cartilage with a greater
number of spinal foramina in dorsal and ventral roots and cervic-thoracic vertebrae
centra in A. castelnaui than in A. cyclophora and A. platana (41 vs. 32-36 and 9 vs. 6-8,
respectively). Also, the dorsal margin of the anterior lateral flap of the synarchual is
undulated in A. castelnaui (Gomes et al., 1997:98, fig. 5) while it is slightly convex in
A. cyclophora (fig. 7) and A. platana (fig. 6). In relation to egg capsule morphology, A.
castelnaui differs from the other two by the absence of longitudinal striae on the egg
surface, being smooth to touch (Oddone, Vooren, 2008).

A close relationship between A. cyclophora and A. platana was already hypothesized
by previous studies (Barbosa, Gomes, 1998; Naylor et al., 2012; Coelho er al., 2020),
however, clasper morphology seems to contradict this arrangement. Clasper external
morphology of Atlantoraja cyclophora is markedly distinct from A. castelnaui and A.
platana by the presence of proximal and distal clefts, eperon, pseudorhipidion and grip
component (Moreira ef al., 2017). Furthermore, Atlantoraja castelnaui and A. platana
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TABLE 8 | Summary of morphological differences observed among Atlantoraja species.

Body dorsal surface

Nasal capsule

Anterior region of cranial roof

Anterior extension of anterior
fontanelle

Posterior fontanelle

Preorbital process

Foramen for the trochlear nerve
av)

Foramen of the optic nerve (II)

Optic pedicel

Foramen for the abducens nerve
(VD)

Densely covered by prickles and

e —_— Smooth

Smooth

Strongly oblique to the
anteroposterior axis

Slightly oblique to the
anteroposterior axis

Perpendicular to the
anteroposterior axis

Broad Slender Slender

Half-length of rostral cartilage Posterior fourth of rostral cartilage Posterior fourth of rostral cartilage

Subrectangular Teardrop-shaped Teardrop-shaped

Inconspicuous Conspicuous Conspicuous
On the same line of foramen for

the optic nerve (II)

Dorsal to the foramen for the optic
nerve (II)

Dorsal to the foramen for the optic
nerve (II)

Posterior to half-length of orbital
wall

Anterior to half-length of orbital
wall

Anterior to half-length of orbital
wall

Between the foramina for
oculomotor and the abducens
nerves

Ventral to the foramen for the
abducens nerve (VI)

Ventral to the foramen for the
abducens nerve (VI)

Closer to the posterior margin of
orbital wall

Closer to the half-length of orbital
wall

Closer to the half-length of orbital
wall
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possess spike components on their claspers, which are absent in A. cyclophora (Moreira
et al., 2017). Regarding skeletal clasper components, all three Atlantoraja species share
a dorsal terminal 1 cartilage with inverted U-shape and a dorsal terminal 2 cartilage
extended proximally to the dorsal marginal cartilage, both proposed as diagnostic
characters for the genus (Menni, 1972; Moreira ef al., 2017; present study). Given the
relevance of clasper features for the systematics of the tribe Riorajini, characters from
this anatomical complex as well as from external morphology and internal anatomy
presented here need to be included in a phylogenetic analysis and tested cladistically
in order to better understand the interrelationships within this clade and also among
Riorajini species and other arhynchobatids.
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