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ABSTRACT•• A new species of deep water skate. Raja(DiptllTus) crosnieri, is described from 23
specimens, juveniles and adults of bothsexes, trawled on the continental slopes of the north-western coast
(off Nosy Be) and south-western coast (off Tulear) of Madagascar, between 300 and 850 m depth. The
laXoncmic status of subgenera Dipturus Raflllesque,l81O, and OkafMjei Ishiyama,19S8, is discussed and
thenew species is compared to its congeners of subgenus DiptllTus.

RtsUM& • Une nouvelle espece de raie bathyale, Raja(DiptllTus) crosnieri, est dCcriteapartir de 23
specimens, juvmiles et adultes des deux sexes, chalut~s sur les pentes continentales des o&es nord-ouest
(au large de Nosy Be) et sud-ouest (au large de Tulear) de Madagascar, entre 300et 850 m de profondeur.
Le statut taxinomique des sous-genres DiptllTUS Rafmesque, 1810 et OkamejeiIshiyama, 1958, est dis~
et la nouvelle espCce est comparee asescongeneres du sous-genre DiptllTUS.

Key-words: Rajidae, Raja(DiptllTus) crosnieri. ISW, Malagasy Rep.,TuOIlomy,. New species.

Seret (1986 a) recorded three juvenile specimens of a new skate of the subgenus
Dipturus of genus Raja, and two other specimensreferable to Raja (DiptllTus) johannisdavisi
Alcock, 1899, all trawled off the north-western coast of Madagascarduring the shrimp stock
surveyingoperatedby the ORSTOMCenterof Nosy Be between 1971and 1975 (Crosnierand
Jouannic, 1973; Crosnier, 1978).Two similarsurveysrecentlyperformedby ORSTOMoff the
south-western coast of Madagascar, off Toliara (Cleva, 1986 ; Von Cosel, 1987) brought
additionnal specimens of the new species.

Thisnew species ishereindescribedaccordingto themoderntaxonomicstandardsused
for the Rajoidei. The type specimens are deposited to Museum Nationald'Histoire Naturelle,
Paris(MNHN),BritishMuseumof NaturalHistory,London(BMNH),SmithsonianInstitution,
Washington (USNM), and IL.B. Smith Institute, Grahamstown(RUSI).

The present paper is the thirdof a series on thedeep waterskatesof Madagascar(Seret
1986 b; Seret, 1989).

Methods: External and skeletal measurements were taken accordingto the methods
proposed by Hubbs and Ishiyama (1968) and McEachran and Compagno (1979, 1982). A
paratype, MNHN 1988. 1091 (adultmale 582 mm TL) was dissected to reveal the structureof
theneurocranium.Ieftscapulocoracoidandrightclasper.Terminologyofneurocraniumfollows
Hulley(1972),McEachranandCompagno(1979) ; tbatofscapulocoracoid followsMcEachran
and Compagno (1979) and that of clasper follows Stehmann (1970) and Hulley (1972).
Anatomyof thepelvic girdlewasobservedfromradiographs.Meristicscounts ofvertebraeand
pectoral radials were enumerated from radiographs.Tooth counts were taken fromspecimens
and radiographs.

(I) Mus~um national d'Histoire naturelle, Laboratoire d'Ichtyologie g~n~rale et appliquee, Antenne
ORSTOM, 43, rue Cuvier, 75231 Paris Cedex 05, FRANCE.

Gybium 1989, 13(2) : 115-130.
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RAJA (DlPTURUS) CROSNIERI SP.N.
(Figs 1,2)

Raja(Dipturus) sp. : Seret, 1986: 258 - 259.

Holotype : MNHN 1988. 1089, adult male 573 mm TL, shrimp stock survey of trawler
«Mascareignes Ill» off the south-western coast of Madagascar, 22° OS'S - 22° 30'S, 43° 00' E - 43° 09'
E, 300 - 850m depths,8 September1986- 5 December1986,col.R. VonCosel-ORSTOM, shrimptrawl
48 m headline, sea bottom predominantly mud.

Paratypes: MNHN1988.1090,adultmale597mmTL; MNHN1988.1091,adultmale582mm
TL(dissected); MNHN 1988.1092,adultmale 554 mmTL; MNHN198"8, 1093,adultfemale610mm
TL,MNHN1988.1094,adultfemale575mmTL,MNHN1988.1095,juvenile male474mmTL;MNHN
1988.1096,juvenilemale 436mmTL ; MNHN1988.1097,juvenilefemale414mmTL; MNHN1988.
1098,juvenilefemale 404 mmTl.: capturedata as for the holotype, MNHN 1988.1099,juvenile male
474mmTt; MNHN1988.11oo,juvenilemalemmTL; MNHN1988.llot,juvenile male269mmTL;
shrimpstock surveyof trawler «Mascareignes Ill» off the south-western coastof Madasgascar(Toliara)
22°S, 43° E,425 -500mdepths,17December 1985-25 January1986,co1. R.Clcva-ORSTOM,shrimp
trawl, sea bottommuddy.MNHN1988. ll02,juvenile male 317 mmTL; MNHN1988.1103,juvenile
male265mmTL; MNHN1988.1104,juvenilefemale 189mmTL; MNHN 1988.1105,juvenilefemale
161 mm TL; shrimp stocksurveyof trawler«Mascareignes III» st. 6,22° 27'S, 43° 06, 3' E, 425 - 500
m depth, 21 December1985,col R. Clcva - ORSTOM, shrimptrawl, seabottommuddy.MNHN1988.
1106,juvenilefemale 233 mm Tl., shrimpstock surveyof trawler«Mascareignes ill», st, 19,22° 18,7'
S,43°04,5'E 400m depth,7 January1986,col.R, VonCosel- ORSTOM, shrimptrawl,seabottommuddy.
MNHN1988. 1107juvenilemale 481 mm TL,RV. «VaubllJ1», CH 33, 12° 28, I'S, 48° 12,2' E, 600
605m depths, 13September1972,col. A.Crosnier- ORSTOM,shrimpbeamtrawl.MNHN1988.1108,

juvenilemale 264mmrt, R.V. «VaubllJl», CH 49,15° 18'S, 48° 10'E500- 550m depths,8November
1974,col. A. Crosnier-ORSTOM, shrimpbeamtrawl RUSI28021,juvenilemale 463mmTL, capture
data as for theho1otype. BMHN1988.7. 25 : I, juvenilemale461mm TL,capturedataasfor theholotype.
USNM297040,juvenilemale 454 mm TL, capture data as for the ho1otype.

Diagnosis: A relatively small Raja(Dipturus) species with a maximum total length of
about 600 mm, and with the combination of the following characters: disc distinctly rhombic
with sharply rounded outer pectoral corner ; tail long and slender, its length about equal to
precloacal distance, and only slightlyexpanded at level ofdorsal fins.Upper surface of disc with
prickles or asperities, at least along anterior margins and on snout; ventral surface with prickles
along anterior margins and snout, and asperities scattered sometimes on head and abdomen.
Orbital thorns present, up to 13 in adults ; a constant median nuchal thorn ; and only a
mediodorsal row of 14 - 31 thorns on tail ; adult females with an irregular lateral row on each
side of tail. Dorsal side plain brown to greyish brown ; ventral side plain brown, mottled with
white in early juveniles. Rostral cartilage long, its length more than 60 % of cranial length ;
rostral appendices flat, long and attached to rostral shaft Anterior fontanelle with distinct
anterior margin. Clasper glans external components sentinel and spike present, but funnel
absent; innerdorsal lobe with two clefts separated by terminal bridge; shield and rhipidion well
developed; no dermal denticles..Clasper glans skeleton with seven cartilages : large ventral
terminal (Vt), accessory terminal one (atr 1) Y - shaped with only one developed arm ; accessory
terminal two (atr 2) J - shaped, three dorsal terminal cartilages (dtr I, dtr 2 and dtr 3), and a
terminal bridge cartilage. Ventral lobe cartilages covered by a piece of fibrous tissue (ft).
Scapulocoracoid with elevated rear corner, large anterior and postdorsal fenestrae, small
postventral fenestra and a postventral foramen, mesocondyle greatly depressed and laterally
expended. Tooth rows in upper jaw: 31 - 37. Trunk vertebrae (Vtr) : 28 - 31. Predorsal tail
vertebrae (Vprd) : 51 - 60. pectoral radials : 84 - 91.
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Fig. 1 ;Raja(DiptUTUS) crosnieri sp.n.,holotype, MNHN 1988. 1089, adult male 573 mm TL,in dorsal
view.

Etymology:Thenew speciesisnamedinhonourtoMr AIainCrosnier(ORSTOM) who
initiated the deep trawling surveys off Madagascar in the seventies, and who entrusted the
present author with his valuable collectionof skates fromMadagascar.

Description:
Morphology: Detailed morphometricproportionalmeasurements based on 23 speci

mens (4 adult males, 2 adult females and 17 juveniles) are presented in Table I.



p

Fig.2 :Raja(DipIUFUS) crosnieri sp.n., holotype, MNHN1988. 1089,adult male 573mm TL,in ventral
view.

Discbroadlyrhombic,1.3timesasbroadas long; itswidth1.3- 1.5timesin totallength.
Axis of maximum disc width 63.5 - 65.5 % of disc length, behind level of shoulder girdle.
Anteriormarginsundulatedfrom snout to outerpectoralcorner; slightlyconcaveimmediately
behind snout tip, convex at level of nostrils, then markedlyconcaveat levelof spiracle.Outer
pectoralcornerssharply rounded.Posteriorpectoralmarginregularlyand gentlyconvexfrom
outer corner to inner corner; the latter broadlyrounded.Snout long, its preorbitallength 4.3 
5.0 timesthe interorbitalwidth; producedandpointed,itsmaximumangle in frontof spiracles
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71 . 87° (early juveniles: 90 .95°). Orbits large. their horizontal diameter about equal to
interorbital width, and about5 times in thepreorbital snout length. Spiraclesabouthalf as long
as theorbits; interspacebetween them 1.2· lA times the interorbitalwidth. Each spiraclewith
9.11 pseudobranchial folds. Pelvic fins deeply incised; anterior lobeslender. its length from
pelvic girdle O. 8 times as long as the posterior lobe, to 1.1 times longer than the latter; both
lobes separated by a deep notch.

Claspers of adult males very long and slender. their postcloacallength 45 ·52 % of the
tail length : their tip somewhat expanded and falling short in front of level of firstdorsal fin
origin.Tail long and slender. its lengthfrommiddle of cloaca45 ·54 %oftotal lengthof body ;
a depressedoval in cross-section at level of pelvic axils ; cross-sectionsemicircularwith a flat
ventralside at levelof dorsal fins. Distalpart of tail little expandedat levelofdorsal fins.Lateral
tail foldsmainlydevelopedin theposteriorthirdof tail. andrunning forward as a low keel: fold.
keel length48 - 70 % of tail length. Dorsal fins about similar in size and shape. triangularwith
a broadlyrounded apex and posterior margin: separated by a short interspaceof one-fifthone
third of first dorsal fin base length. Postdorsal section of tail long, its length 1.1 - 1.9 times as
long as second dorsal fin base length. Caudal fin a long and low fold,continuedventrally as a
very low fold to below the third posterior tip of postdorsal section of tail.Preoral snout length
about 2. 5 times mouth width, the latter somewhat smaller than the internasal width. Distance
between fifth gill slits 60 - 68 % (x = 63) of that between firstgill slits.Mouthslightly arched.
Nostrils with an anterior comet-like fleshy flap, slightly and finely fringed on its posterior
margin; nasal curtain subrectangularwithundulated outermargin. posteriormargin transverse
and set with relatively long lobelets, some of them bifid or trifid No oronasalpits. Upper jaw
with 31 - 37 (mean = 33.7) tooth rows. Teeth of adult males with a large pointed cusp on a
rounded crown, arranged in quincunx to jaw corners and in more or lessregular parallel rows
to symphysis ; shape alsochanging along the jaws, cusp becoming almost indistinct at jaw
corners.

SpinllloJion : The upper surface of a early juvenile of 161 mmTL is totally smooth.
Juveniles longer than 182 mm TL are partially to totally set with asperities. Adults exhibit
spinules mainly on anterior disc margins, tip of snout, head, trunk and tail. and asperities
scattered all over thedisc. The ventral surfaceof early juveniles is predominantlysmoothwith
a few asperities along anterior margins of disc and tip of snout. Juvenilesalso predominantly
smooth with spinules along anteriordisc margins, tip of snout and rostrum; some specimens
exhibit scattered asperities around mouth. on branchial region and BJlterior abdomen; lower
surfaceof tailsmooth. Adultshav.e close-setcoarsespinuleson anterior discmarginsandsnout,
and asperities on head (around mouth, on branchial region), anteriorpectoral and abdomen;
lower surface of tail smooth.

Thorn pattern : Early juveniles with only 1 preorbital thorn and 2 widely separated
supraorbital thorns ; 1 single median nuchal thorn ; 14 mediodorsal thorns more or less
embeddedinskinof tailand 1inter-dorsalthomlet Orbital thomnumberincreaseswithgrowth :
4 - 9 (juveniles) to 8 - 13 (adults). No interspiracular thorn, 1 - 2 mediannuchal. no scapular
thorns. and a mediodorsal row of 14 - 26 (juveniles) to 20·31 (adults)of hookedthornson tail
from levelof pectoral axitsto firstdorsal fm origin; 1 interdorsal thornlet(sometimeslacking).
Adult females with an irregular lateral row of spinules (female 575 mmTL) or 13 - 14 lateral
thorns(female 612 mmTL). Adult males withstrong malar thorns and14 -34 alar thorns in 2 
4 longitudinal rows.

C%uration : (after fixation in formalinandpreservation in alcohol): Dorsalsurfaceof
juveniles and adults plain medium brown to grey brownish. some specimensdarker. Lateral
areasofrostrum translucentyellowish.Orbits. tipof tail,dorsal andcaudalfinsblackish.Ventral
surfaceof earlyjuveniles Iigth,«dingywhitish»with widedark brownpectoralmarginstoning
down to centerof pectoral. Posteriormarginsof anteriorand posteriorpelviclobesdarkbrown.
Tail brownish. tip blackish. Pores on head dark pigmented. Ventral surfaceof larger juveniles



Table I : Morphometric measurements expressed as percentage of totallenglh of Raja(DiplwllS) crosmerisp.n. ; means, standard deviations (s.d.), minimums and
maximums calculated for the type series (6 adults and 17 juveniles).

""'ill CtDStIItHt Aclulta JuvenU.. Total
mun a.d. mini. mul. N m••n a.d. mini maxi N m.an a.d. mini maxi N

DI8c Illnalh 55.2 1.8 52.9 57.1; 8 54.0 1·7 51.1 57.D 17 54.3 1.7 51.1 57.9 23
OlllC wtdlh 72.11 1.1 71.1 74.3 6 70.4 3.5 65.0 75.4 17 71.0 3.3 65.0 75.4 23
Snout till 10 max disc wldlh 35.4 1.5 33.3 37.7 8 34.' 1.1 32.8 38.9 17 35;0 1.3 32.8 37.7 23
PreorbllBl Ienath 111.3 0.7 18.4 20.2 6 111.2 1.0 16.8 21.3 17 111.2 0.9 18.8 2' .3 23
PrenllS8l lenalh 16.' 0.8 15.7 17.8 8 16.8 1.0 14.3 18.8 17 111.8 0.9 14.3 18.8 23
PIllOf8I IlIl'Ioth 111.11 1.0 189 21.8 8 20.3 1.0 1811 22.3 17 20.2 1.0 18.8 1111.3 23
SnouIIOmiddleof cIOBca 51.7 2.2 49.8 55.9 • .... 11 1.7 45.3 52.0 17 411.' 2.2 45.3 55.9 23
Head Ienath Wl1Irallv 32.11 1.0 32.0 84.0 • 31.. 1.1 29.8 34.2 17 32.1 1.1 29.8 34.2 23
Middleof cIoaca to 01 32.' 1.6 29.7 34.2 8 32.5 1.1 30.4 34.8 17 32.5 1.2 29.7 34.8 23
Middle01cIoaca to D2 3'.' 1.5 35.8 40.3 8 311.0 0.9 38.8 40.5 17 38.11 1.1 35.8 40.5 23
Middleof cIoaca 10IIIIl 1111 4'.5 1.7 453 49.8 8 50.' 1.3 49.2 54.0 17 50.3 1.7 45.3 64.0 23
Orbll diameter 3.' 0.2 3.4 4.0 8 3.11 0.2 3.8 4.3 17 3.' 0.2 3.4 4.3 23
SlIlracle 2 3 0.2 2.1 2.5 8 2.1 0.2 1.7 2.4 17 2.2 2 1.7 2.6 23
Orbll + aDlracla 4.' 0.2 4.7 5.1 8 4.' 0.2 4.6 5.3 17 4.' 0.2 4.6 5.3 23
Interorbital width 4.1 0.1 4.0 4.3 8 4.1 0.1 3.9 4.3 17 4.1 0.1 3.9 4.3 23
InteralllrlK!ular width •• 1 0.2 5.D 8.4 8 5.' 0.2 5.8 8.3 17 8.0 0.2 6.8 8.4 23
InternaaBI wldlh '.4 0.3 8.0 8.8 8 ••• 0.3 8.1 9.0 17 '.5 0.3 8.0 9.0 23
MoUlh width ••2 0.4 7.7 8.6 8 7.11 0.4 7.3 8.8 17 '.0 0.4 7.3 8.8 23
Nasel curtain I"""'" 4.' 0.3 4.4 6.2 8 4.7 0.3 4.2 6.2 17 4.7 0.3 4.2 5.2 23
WldIhof II88lI/ IobeI 2.1 0.2 1.9 2.3 8 2.0 0.2 1.8 2.5 17 2.1 0.2 1.8 2.5 23
DllIIlI/lClI b8IWaen IobeI '.1 0.4 5.8 8.7 8 5.3 0.4 4.4 8.0 17 5.5 0.8 4.4 8.7 23
1 al alii alft Ienath 1.3 0.2 1.0 1.8 8 1.1 0.1 0.8 1.2 17 1.1 0.2 0.8 1.8 23
31d all aUt Ienlllh 1.4 0.2 1.2 1.7 8 1.3 0.2 1.0 1.5 1 1.3 0.2 1.0 1.7 23
5th 0111 allt lenoth 0.11 0.1 0.8 1.1 8 0.' 0.1 0.8 1.0 17 0.8 0.1 0.8 1.1 23
Inlarbranchlal wklth. ,. 13.11 0.8 13.2 15.0 8 13.' 0.4 13.0 14.4 17 13.8 0.5 13.0 15.0 23
lnlarbranchlal width Iilh 8.7 0.8 7.8 10.1 8 '.7 0.3 8.2 9.2 17 '.7 0.5 7.8 10.1 23
Ani. D8Ivtc lobe fl1lm .11 12.11 0.4 12.2 13.4 8 12.' 0.7 11.5 13.9 17 12 •• 0.8 11.5 13.9 23
AnI DaMe lobe tlllm "1_ 1 ..... 0.8 13.7 16.2 8 ,..... 08 13.4 15.8 17 1 ..... 0.8 13.4 16.8 23
Post. DeIY. lobe fl1lm olldle 111.7 2.0 14.3 19.6 8 13.9 1.1 . 12.4 16.8 17 14.7 1.9 12.4 19.6 23
01 haI..... :J .1 0.3 2.8 3.5 8· 2.7 0.5 1.8 3.5 17 2 •• 0.5 1.8 3.5 23
01 baMlllnath 4.11 0.4 4.3 5.2 6 5.1 0.3 4.7 5.8 17 5.1 0.3 4.3 5.8 23
Dlatance DllD2 1.1 0.2 0.9 1.3 6 1. .. 0.3 1.0 1.9 17 1.3 0.3 0.9 1.9 23
Ill!. halah1 2.11 0.6 2.3 3.8 6 2.7 0.5 1.8 3.5 17 2.7 0.5 1.8 3.8 23
Ill!. base IenaIh 4.4 0.5 3.8 5.2 6 4.11 0.4 4.2 5.6 17 4.' 0.5 3.8 5.6 23
P""t-D2 'leMIh 5.4 0.8 4.0 6.3 8 7.1 1 4 5.3 10.8 17 '.7 1.5 4.0 10.8 23
Caudal helohl 0.9 0.1 0.8 1.1 6 0.8 0.1 0.6 1.0 17 0.8 0.1 0.6 1.1 23
Caudal --h 5.1 0.7 4.0 6.3 6 7.0 1.3 5.3 10.8 17 6.6 1.5 4.0 10.8 23
Tall helaht at oeMc axlls 1.8 0.2 1.6 2.1 8 1.7 0.1 1.5 2.0 17 1.8 0.2 1.5 2.1 23
Tall width at D81v1c axlls 3.3 0.2 3.0 3.6 6 3.1 0.3 2.7 3.7 17 3.2 0.3 2.7 3.7 23
Tall helahl In fronl 01 01 1.0 0.1 0.9 1.2 6 1.1 0.1 1.0 1.2 17 1.1 0.1 0.9 1.2 23
Tall width In front of 01 2.2 0.2 1.9 2.6 6 1.8 0.3 1.5 2.3 17 2.0 0.3 1.5 2.6 23
Lateral lall fold lenath 27.8 3.3 21.7 30.9 6 32.3 3.9 24.5 37.9 17 31.2 4.3 21.7 37.9 23
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becoming predominantly brown with light, greyish to dingy whistish areas : pectoral axils,
anteriorpart of pelviclobes, cloaca, branchialarea.Tail brown. tipblackish.Poreson headdark
pigmented. Subadults and adults plain dark brown. darker than the dorsal surface; tip of tail
blackish; pores in head dark pigmented.

Meristics (Table ll) : trunk vertebrae (Vtr) : 28 - 31 (mean = 29.6). Predorsal tail
vertebrae (Vprd) : 51 - 60 (mean = 53.8). Pectoral radials : 84 - 91 (mean=87.6).

Clasper morphology (Fig. 3) : Claspers of adult males long and slender; ventrallobc
of clasper glansonly little expanded.Outer surface of dorsal lobe withneitherdermal denticles,
nor pseudosiphon.Two deep clefts (cf.) on the inner dorsal lobe ; theproximalcleft is formed
between theaxialcartilageand thedorsal terminal2 cartilage; the distalcleft is formedbetween
the axial cartilage and the dorsal terminal 3 cartilage; the clefts are separatedby the terminal
bridge cartilage.Thedominant component of the inner ventral lobe is the elongate, plate-like
shield (sh)extendingfrom level of hypopyle to distal tipof the clasper; its outer lateralmargin
is free and sharp-edged.The component rhidipion (rh) composed of porous tissue is situated
medially, along the inner border of the shield. The tip of the accessory terminal 1 cartilage,
covered with integument, appears as a fmger-likesentinel (st), medially situated in the inner
ventral lobe.The hooked tipof the accessoryterminal2 cartilage. alsocoveredby integument,
appears as a spike (sp) in the medio-distal region of the glans. Skin of clasper brown, inner
surfaces of the glans white with the component rhipidion ligth pink.

Clasper suleton (Figs 4, 5,6) : the basic shaft of the clasper consistsof 3 cartilages ;
an elongate axial cartilage (Ax) extending form the pelvic basipterygiumto tip of glans; an
elongate plate-like, distally expanded ventral marginal cartilage (vmg) and a gutter-shaped
dorsalmarginalcartilage(dmg);dmg andvmgaretightlyattachedtotheaxialto formtheclasper
groove openon theouter lateral surfaceof theclasper,The skeletonof theclasperglansconsists
of 7 terminalcartilages.The dorsal terminalone cartilage (dtr 1) is a curvednail-shapedpiece
coveringtheproximaldorsal regionof theglans; it is tightlyattachedto theaxialandto thedorsal
marginal.The ventral terminalcartilage (vt) is a complex piece witha largefiatcutlass-shaped,
sharp-edgedoutermargin(formingthecomponentshield), a innerridgeeventlyrunningdistally
andsomewhat twisted.withadistomedial processwrappingaroundtheaxialanda short, finger
like, proximo-medialprocess connected to the accessoryterminal 1 cartilage(art 1).The latter
cartilage is Y-shapedwith the medial arm reduced to a shortprocess; it is proximally attached
to vmgand itsdistalfmger-likeextensionforms thecomponentsentinel.The accessoryterminal
2 cartilage (art 2) is a I-shaped rod with its hooked distal extension forming the component
spike: it is proximally articulated to atr 1 and vmg. A large piece of fibrousconnectivetissue
(ft)extends fromtheinnersurface of theatr 1 and atr 2, and attachesto theouterdistalexpanded
end of the vmg. The dorsal terminal 2 cartilage (dtr 2) is a depressed rod,proximally attached

Table II : Meristics of Raja(Dipturus) crosnierisp. n. ; means, standard deviations (s.d.), minimums and
maximums, numbers of specimens (N).

Raja (Dipturusj crosnieri mean s.o, mini. maxi. N

Trunka' vertebrae 29.6 0.8 28 31 20
Predorsal vertebrae 53.8 2.1 51 60 19
Total number of vertebrae 142.4 5.2 128 149 16

Pectoral radlals 87.6 1.6 84 91 20

Tooth rows. upper jaw 33.6 1.3 31 37 23
Tooth rows. lower jaw 32.2 2.0 29 36 19

Pseudobranchial folds 9.5 0.5 9 1 1 23

Snout angle 80.8' 5.7 71' 95' 23
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Fig.3 : Raja(Dipturus) crosnieri sp.n.•lateralviewof rightclasperglansof paratypeMNHN 1988;1091.
adultmale 582 mm11.. cf : cleft; hp : hypopy1e ; rh : rbipidion; sh : shield; sp : spike; st : sentinel.
Fig. 4 : Raja(Dipturus) crosnieri sp.n., dorsal view of right claspercartilages of paratypeMNHN 1988.
1091.adultmale582mm11..ax: axial; atr1 :accessoryterminalone; all2: accessoryterminaltwo; dmg :
dorsal marginal; dtr2 : dorsal terminal two; tb : terminalbridge (Vt removed).
Fig. 5 : Raja {Dipturus} crosnieri sp, n., ventral view of right clasper cartilages of parstype MNHN
1988.1091 adultmale582 mm11..ax: axial; atrl andatr2: accessorytenninalone andtwo ; dmg: dorsal
marginal;dtr I, dtr2 anddtr3 :dorsalterminalone.twoandthree ;ft :fibroustissue; vmg :ventralmarginal
(Vt removed).

to the dorsal region of dmg and distally to proximal region of the dorsal terminal 3 (dtr 3)
cartilage. The latter cartilage is an elongate flat bar distally joined to tip of axial by connective
tissue. Dtr 2 and dtr 3 form the frame of the dorsal lobe. The terminal bridge (tb) is a linking
bar-like cartilage. proximally attached to dtr 2 and dtr 3 and distally to the axial, it separates the
two clefts of the dorsal lobe.

Pelvicgirdle (Fig. 7. after radiograph, and Table ill) : Pelvic girdle consists of a stout
and thick central bar of cartilage with its front edge slightly convex and its rear edge a deep
concave arc ; deeper in males than in females. Maximum width is 59 - 62 % in females and 66
-68 % in males of that ofpectoralgirdle. Prepelvicprocesses conical. bluntly pointed and slightly
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1cm
'--------',

Fig.6 :Raja(DipturllS) crosnierisp.n. dissectedcartilagesof right clasperofparatypeMNHN 1988.1091
adultmale582mm n... atr 1and alr2: accessory tenninalone andtwo; dtr l,dtr2anddlr3: dorsaltenninal
one, two and three ; tb : tenninal bridge; VI : ventral tenninal.

Fig. 7 : Raja (Dipturus) cros
nieri sp, n., pelvic girdle of
holotype, MNHN 1988. 1089,
adult male 573 mm TL (after
radiograph). 1cm

I-- ...J'

anterolaterally oriented. Diac processes massive and greatly curved anteromedially. There are
two obturator foramina.

Pectoral girdle (after radiograph, scapulocoracoid dissected, Fig. 8, Table ID) :
Maximum width ofpectoral girdle is 1.5 times that ofpelvic girdle, and about equal to greatest
cranial width. Lateral face of scapulocoracoid is subrectangular, elongate, its length 1.6 times
its height. Anterior margin, between procondyle and anterior corner, is almost straight and
slightly diagonal. Anterior corner is broadly rounded. Scapular process islittle elevated. Dorsal
margin, between anterior and rear corners, is gently sloping and slightlyconcave to rear corner.
Rear corner well developed, elevated, and extends to base of metacondyle. Coracoid base is
straight. Premesocondyle length is about equal to postmesocondyle length. Procondyle and
metacondyle are hemispherical in outline; mesocondyle greatly expanded and depressed, as an
elongate ovoid. Anterior fenestra is large and circular without anterior bridge. Postdorsal
fenestra is oval and postventral fenestra is small. There is a postventral foramen below the
posterior base of mesocondyle.

Neurocranium (after radiograph and dissection, Fig. 9, Table ill) : Rostral shaft is
extremely long and moderately slender, its length about 62 % oflengthofneurocranium. Rostral
appendices flat, long and narrow, attached to rostral shaft over entire length. Nasal capsules
rhombic and rather narrow, set at about a 18° angle to traverse axis ofneurocranium. Preorbital
and postorbital processes moderately developed, continuous with the supraorbital crest.
Anterior fontanelle, elongate, arrowhead-shaped, and with a distinct anterior margin, not
preceded by arostral groove. Posterior fontanelle long, elliptical andslightlyconcaveor forming
a small bottle-neck extension. Jugal arch moderately slender. Basal plate and internasal plate
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Fig.8 :Raja(Diplurus)crosnieri sp.D., lateralviewofleftscapulocoracoidofparatypeMNHN 1988. 1091,
adultmale 582mm TL.af : anteriorfenestra; msc : mesocondyle ; mtemetacondyle ; pdf : postdorsal
fenestra; pre : procondyle ; pvf : postventral fenestra; re : rearcomer ; sqJ : scapularprocess.
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Fig.9: Raja(DipIUTUS) crosnieri sp.D., dosalview
of neurocranium of paratypeMNHN1988.1091.
adultmale582mmTLaf: anteriorfontanelle ;ja :
jugal arch ; ne : nasalcapsule; oc : oticcapsule;
pd :parietaldepression;pf : posterior fontanelle;
poc : preorbitalcanalforamen ; postp: postorbital
process; prep: preorbitalappendice ; m : rostral
node ; rs : rostral shaft. Sern
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Table III

Table ID : Neurocranium, scapulocora
coid and pelvic girdle proportional
measurements respectively expressed
as percentage of nasobasal length, grea
test scapulococaroid length and maxi
mum pelvic width, of Raja (DiptllTUS)
crosnieri sp. D.,paratype MNHN1988.
1091,adult male 582mm TL.

Raja (Dipturusj crosnieri MNHN 1988.1091
mal. 582 mm

mm %
Neurocranium
Nasobasallength 57.0 100.0
Cranial. length 152.0 266.7
Rostral cartilage length 95.0 166.7
Prefontanelle length 75.0 131.6
Cranial width 72.0 126.3
Interorbital width 23.3 40.9
Rostralbase 13.5 23.7
Anterior fontanelle length 32.4 56.8
Anterior fontanelle width 6.1 10.7
Posterior fontanelle length 23.0 40.4
Posterior fontanelle width 7.5 13.2
Rostral appendicelength 26.0 45.6
Rostral appendIce width 3.3 5.8
Width across otic capsllles 32.2 56.5
Least width of basal plate 18.1 31.8
Greatest width of nasal capsules 30.0 52.6
Internarial width 13.2 23.2

Scapulocoracold
Length 39.0 100.0
Height 24.3 62.3
Premesocondyle length 14.4 36.9
Postmesocondyie length 14.6 37.4
Mesocondyle length 10.0 25.6
Anterior feneslra length 11.7 30.0
Anterior fenestra height 11.7 30.0
PostdorsaJ fenestra length 12.5 32.1
Postdorsal fenestra height 7.6 19.5
Postventra' fenestra lenglh 7.1 18.2
Postventral fenestra height 3.4 8.7
Height at rear corner 18.6 47.7

Pelvic girdle
Maximum width 48.0 100.0
Total length 24.5 51.0
Length of prepelviC process 9.0 18.8
Median depth of anterior arc 6.0 12.5
Median depth of posterior arc 13.0 27.1
Tranverse length of central bar 48.0 10.0

broad, 77 and 58 % of interorbitalwidth respectively.No nasobasal fenestra,but the preorbital
canal foramen forms a short groove on roof of nasal capsule at base of rostral shaft.

Discussion and lnterspecific comparisons: The distinctionbetween the subgenera
DipturusRafinesque,1810,(introducedby Stehrnann,1970)andOkamejeiIshiyama, 1958,has
long been questionable (McEachran and Fechhelm, 1982; Seret, 1986).In their investigation
of theNorthPacificskates,Ishihara andIshiyama(1986)recognizethegreatsimilaritybetween
these two subgenera, and they state that «problemsremain concerningtheir status». However,
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these authorsconfirmthe validityof both subgeneraon the basisof clasper anatomy: clasper
component «funnel»present in all Okamejei species andabsent in all Dipturus species.They
alsostate that the twosubgenera«cannotbe distinguishedby theirscapulocoracoids». The dis
tinctionbetweenDlpturus andOkameje! is alsoconfmned by McEachran and Miyake (1986)
on the basis of neurocranium, scapulocoracoid and clasper structures. These authorsconsider
Dipturus as the plesiomorphicsister groupof other Rajini, with the shape of scapulocoracoid
(mesocondyle greatlydepressedandlaterallyexpanded)as the synapomorphic characterstate
shared by Dipturus species. Also, the anterior margin of anterior fontanelle is distinct to
indistinctandprecededby a moreor lessdeep grooveinDipturus, whereasthe anteriormargin
isdistinctwithor withoutrostralgrooveinOkamejei. InhisrevisionofthewesternNorthPacific
speciesof genusRaja,Ishihara(1987)providesakey tobothsubgenera distinguishing Dipturus
from Okamejei by length of rostral cartilage, thorn pattern, maximum size of adults, tail
expansion,dorsal and ventralspinulation,number of Vtr, shapeof anteriorfontanelle and that
of egg-capsules. The new Malagasy species exhibits character states in accordance with
McEachranandMiyake's arrangementof Rajini ; it is inaccordancewithIshihara's keyexcept
fortheanteriorfontanellewhichisrostrallydistinctandlacksarostralgrooveandforthenumber
ofVtr (28 - 31 inR. crosnieri ;30 - 35 for Dipturusand25 - 30 for Okamejei species).About
30nominal specieshave beenassignedto the subgenusDipturus and about 10 to the subgenus
Okamejei, and a worldwiderevision is still in need to determinetheir interrelationships.

However,Okamejei. speciesaresmalltomediumsizedskates(theydonot exceed66cm
TL) and they occur almostexclusivelyin coastal watersof the continental shelfs (20 - 240 m
depths; 260 - 457 m for R. heemstrai) of the Indo-Pacificregion. All exhibit more or less
variegated color patterns including reticulations, blotches, spots, dots, rosette-like patches,
rings, ocelli and cross-bars (on tail). The Indian Ocean species R. powelli and R. philipi
(probablysynonymousof R. powelll)havedarkpectoralrings; andR.heemstraihas numerous
symetricallyarrangedocelli.

Detaileddescriptions includingneurocranium, scapulocoracoid andclasperstructures,
areavailableonly for abouthalfof the30nominalDipturusspecies.However, R.crosnieri can
bedistinguishedfromitssubcongeners. Dipturusspeciesaremediumtolargesizedskates,most
exceed 1DO cm TL and somereach up to 250 cm TL.

The eastern North Atlantic species R. basis, R. nldarosiensls and R. oxyrinchus have
been investigatedby Stehrnann (1970); they are large-sizedspecies(150 to 250 cm TL) with
very long and pointed snout. R. lintea from Norvegian Sea, assigned to subgenusDipturus
(McEachran.pers, corn. of unpublished data) differs from R. crosnieri mainly by its thorn
pattern (a continuousmedio-dorsalrow of thorns from nape to firstdorsal rut ; tail with three
rows) and its ventral coloration (white withdark margins).

The westernNorth Atlanticspecieshave been investigated by BigelowandSchroeder
(1953, 1958, 1962).R. bullisiresembles R. crosnierlin shape and coloration; the species is
probably also a medium-sizedskate (greatest immaturespecimen: 400 cm TL) but it differs
from R. crosnieri in having only two preorbital thorns, a postorbital one, and smooth dorsal
surfaceof disc. R.floridana is a large-sizedskate (greatestimmature specimen: 772 mmTL).
it has a sharp pointed snout, no nuchal thorn and smooth dorsal surface of disc. R. garricki
reaches1DO cm TL, it has a continuousmedio-dorsalrow of thorns fromnape to firstdorsal fin
and a scapular thornon eachshoulder.R. laevis is a large-sizedspecies(165cmTL). its tail is
armedwiththreerowsofregularlyspacedthorns,nonuchalthorn,dorsalsurfacewithdarkspots
and eye-spot markings,disc white with dark margins ventrally.R. olsenl is a medium-sized
species (about 600 mm TL), itdiffers from R. crosnieri by shape of its disc (roundedouter
pectoralcorners, tipof snoutlittleproduced),dorsal surfaceof discpredominantlysmooth,and
withobscure spots.R. oregoni is a large-sizedspecies (140 cmTL) with narrowlyprojecting
snout,no nuchal thorn,tail armedwith threerows of largeclose-setthorns,andventralsurface
pale bluish-grey.R.teevaniis probablya large species(greatestimmature specimen: 635 mm
TL), it has a pointed snout, no nuchal thorn, dorsal fins confluent,tail expandedrearward and

..._----



I -

127

disc creamy below. The westAfrican R. doutreiwhich reaches 115cm TL, is distinct from R.
crosnieriin having a produced snout, widened and depressed tail, smooth dorsal and ventral
surface, except snout and anterior margins, 43 - 49 Vprd (versus 51 - 60), and 82 -84 pectoral
radials (versus 84 - 91).

The western South Atlantic species, R. trachyderma and R.leptocaudawere described
by Krefft and Stehmann (1975). R. trachyderma is a large-sized skate (183 cm TL) with long
and pointedsnout, bothsidescompletelycovered with prickles anddarkbrown, no nuchal thorn,
98 pectoral radials. R.leptocauda is probably a medium-sized skate (juvenile: 479 mm TL), it
is distinguishedby its.long andpointedsnout, dorsal surfacesmooth, but scapular thorns present,
dark brown above, dark grey below, 98 pectoral radials.

R. chilensis(= Rcflavirostris, McEachran pers. com.)from the continental shelfof the
western South Atlantic and the eastern South Pacific (Chile) is a medium-sized species (880
mmTL) distinguished by its short and wide tail usually armed with lateral thoms, head rugose
ventrally, snout yellowish markedly contrasting with the dark brown coloration of both sides
of disc.

The South African specieshavebeen investigatedby Wallace (1967) andHulley (1970,
1972, 1986). R. pullopunctata is distinct from R. crosnieriby its much greater size, extremely
large nuchal thorn, broadly rounded pectoral corners, high number of tooth rows in upper jaw
(53 - 58) and color pattern (dorsally brownish with dark brown and light spots and blotches,
irregulardarkbrownblotchat the baseofeachpectoralfin, grey below) ;R.pullopunctata attains
125 cmTL. R. lanceorostrasa is markedly distinguished by its extremely acutely pointed snout,
narrow tapering tail. dorsal and ventral surface largely smooth, lateral row of thoms on tail in
both sexes, and color pattern, (dorsally grey with numerous ligth spots). R. stenorhynchus
known from a single late immature female (890 mm TL) has a broadly wedge-shaped and
markedly produced snout, depressed fleshly tail, dorsal and ventral surfaces largely smooth
except for some spinules on tip ofsnout and anteriormargins. R. springericlosely resembles R.
crosnieriin shape, spinationandcoloration, but ithasno nuchal thorn, highernumberofpectoral
radials (105 - 106) and attains a much greater size (immature holotype male: 620 mm TL.
Additional specimens withtwo adolescent males 1074 and 1253 mmTL, and a larger adult male
over about 120 cm long (20 kg) were recently collected by L. J.V. Compagno, (pers. com.),
According to L. J. V. Compagno (pers. corn.) R.campbellishouldbe a validspecies, and distinct
frornR. crosnieriby «snout tip more acutely pointed, pectoral fms morebroadly rounded, dorsal
and ventral surfaces largely smooth except for prickles on underside of snout, thicker tail base,
shorter anterior pelvic lobes, disc gray above with scattered small black spots, graying below,
somewhat greater size».

Raja crosnieriresembles R.johannisdavisi in shape, but the comparison between the
two species has been done with the avaible juvenile females ofR.johannisdavisi from the John
Murray Expedition (BMNH's specimens). The holotype preserved in the collection of the
Zoological Survey ofIndia is in a very bad stateofconservation (cf. Stehmann, 1976) and could
not be examined. However, the new species differs from R. johannisdavisi in the following
characters : prickles or asperities scattered on dorsal surface of disc, at least along anterior
margins, tip of snout and on rostrum versus dorsal surface totally smooth in R.johannisdavisi.
Also the flesh of R. crosnieri is firm while that of RJohannisdavisi is soft. Number of
pseudobranchial folds somewhat higher in R.johannisdavisi(11 - 13 versus 9 - 11). Number of
tooth rows in upper jaw also somewhat higher in R. johannisdavisi (32 - 42 versus 31- 37).
Although mostofthe proportional measurements have theirrange ofvariation overlapping, the
following measurements are slightly higher inR. crosnierithat inR.johannisdavisi :disc length
about 55 % TL versus 51 %, disc width about 72 % TL versus 61 %, interorbital width 4.1 %
TL versus 3.4 %, internasal width 8.5 % TLversus 7.6%, nasal curtain length 4.8 % TL versus
3.8%.
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TheNorthPacificskateshavebeen investigatedby Ishiyama(1958,1967)andIshihara
(1987).Sevenskatesfrom thisregionhavebeen assignedto subgenusDipturus.R. binoculata,
R.gigas,R.macrocauda,R.pulchra, R.rhinaandR. tenguare largegrowingskates(100 to240
cm TL). Moreover,R. binoculata has two prominent eyespots on center of pectoral and it is
whitishbelow.R. rhinahas a extremelylong and acute snout, and twodark ocellion center of
pectoral.R. gigas is uniformlydark purplish-brownor greyish brownon both surfacesof disc
andit hasnonuchalthorn.R.macrocaudahas its tailexpandedlaterallyatrnidlength, dorsalfins
widely separated, prickles limited to snout on both surfaces, and is dark brown dorsally. R.
pulchra has a dark ring on each pectoral or exhibits reticulate calor pattern. R. tenguhas an
extremelypointedsnoutandtaperingtailrearwards.R.kwangtungensisi» a medium-sized skate
(500 - 750 mm TL) ; it is dorsallydark: brownmottledwirhmanyligthmarkings,andventrally
dusky white.

The western Sourh Pacific species have been investigatedby Whitley (1939, 1940),
Garrick and Paul (1974), and Last et al.(1983). R. nasutafrom Tasmaniaand New Zealand is
averylargeskate,reaching200cmTL, it isdorsallybrownishmottledwirhnumeroussmalllight
spots interspacedwirh dark spots, blotchesand rnarblings, freshspecimenswith a pair of dark
ocelli, predominantlypale or white below, tail wide and notablydepressed,Vtr =33 - 35. R.
gudgerifromsouth-westernAustralia, TasmaniaandNew Zealand,attainsat least100cm TL,
it has a long and pointed snout, dorsal surface of disc mainly smoorh with thorns generally
absent,somewhatrugose on snoutandanteriormarginsventrally,darkbrownabovewithlarge
scatteredbluish-greyblotches, Vtr=35. The smoothskate, R. innominata fromNew Zealand
is a largespecies(150cmTL); it is greyishabovewith largedarkblotches,predominantlygrey
below,Vtr=33 - 35. Lastet al. (1983)mentiontwoprobablynewskates,of whichthe «green
backedskate»,Raja sp. 1 shouldmostprobablybe assignedto subgenus Dipturus;it is a large
skate(140cm TL) closelyrelated toR. gudgeri, but it is grey-greenaboveand whirhish below,
often mottled with dark patches.

Aprobablynew speciesfromNewCaledoniaknownfroma single female643mm TL
(under study by the present author) and related to R. macrocauda; is distinguished from R.
crosnieriinhaving: tail wideanddepressedon wholelength, dorsalsurfacegreyish-brown, and
ventralsurfacegreyish wirhpalemarkings(30 Vtr,56 Vprd, 92pecloral radials,39 toothrows
in upperjaw).
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