REEME

Japan. J. Ichthyol. 34(3), 1987

WS AW

C—
P -
ALXK) nwa

Fig. 26. A, holotype of Raja katsukii Tanaka, ZUMT 13755, adult female, 403 mm TL, west coast of
Aomori Pref.; B, syntype of R. tobae Tanaka after Tanaka (1917: pl. 353), ZUMT 7433, adult male,
467 mm TL, Toba, Mie Pref., the specimen was lost.

unique among the western North Pacific skates,
but also rare among all the skate species around
the world, of which clasper skeletons were so far
investigated. Another species that also has a
bipartite ventral terminal clasper cartilage is the
eastern North Atlantic Raja undulata Lacepéde
(see Stehmann, 1970: pl. 8). Further studies
must be made to elucidate why the ventral terminal
cartilage of both species became bipartite. Apart
from the bipartite ventral terminal clasper carti-
lage, R. (0.) kenojei differs from R. (0.) acutispina
and R. (0.) schmidti in the following: 1) ventral
sensory pores absent on abdominal region (pres-
ent in the latter two species); 2) slit present in
clasper (absent); 3) terminal bridge clasper cartilage
obscure externally (apparent); 4) anterior fenestra
of scapulocoracoid vertically elliptical (almost
circular). Raja (0.) kenojei differs from R. (O).
boesemani and R. (0.) hollandi in: 1) snout less
pointed, dorsal head length less than 4.89 times
the interorbital width (pointed, more than 4.81
times the interorbital width in the latter two spe-
cies); 2) procaudal tail length less than 19.59%; of
TL and less than 41.39 of tail length (more than
21.1% of TL and more than 41.4 9 of tail length);
3) postdorasl tail length less than 5.9%; of TL, less

than 12.49% of tail length, less than 29.29 of
dorsal head length and usually less than 1.5 times
the D, base length (more than 6.5% of TL,
more than 12.7Y%; of tail length, more than 28.8%
of dorsal head length and almost always more
than 1.5 times the D, base length); 4) ventral
sensory pores forming V-shaped pattern at mid-
length of metapterygium (never forming such
pattern); 5) slit present in clasper (absent);
6) terminal bridge clasper cartilage obscure ex-
ternally (apparent); 7) scapluocoracoid vertically
expanded, its height 87.39, of its length (hori-
zontally expanded, 53.3-57.7%); 8) anterior
fenestra of scapulocoracoid vertically elliptical
(almost circular). Raja (0.) kenojei differs from
R. (0.) meerdervoortii in: 1) dorsal head length
less than five times the interorbital width (more
than five times in the latter species); 2) orbit length
less than interorbital width (more than interorbital
width); 3) often more than 4 nuchal thorns (always
less than 3); 4) tail depressed (roundish); 5) disc
without yellowish spots (with yellowish spots); 6)
a pair of dark rings present at centrer of pectorals
in young (no dark rings present on disc even in
young); 7) tooth rows in upper jaw more than 43
(less than 43); 8) total length of adults exceeds
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Fig. 27. Juvenile male of Raja (Dipturus) pulchra,
MTUF 25892, 199 mm TL, collected off
Hakodate, Hokkaido.

38 cm (maximum total length less than 37 cm).
A pair of dark rings at center of pectorals is also
present in young R. (D.) pulchra (see Fig. 27).
However, young of both species are distinguished
by the longer snout and shorter and more de-
pressed tail in R. (D.) pulchra.

Raja (0.) kenojei possesses constant characters
on the one hand, viz., a pair of dark rings at center
of pectorals in young; ventral sensory pores form-
ing V-shaped pattern at midlength of metaptery-
gium; and ventral terminal clasper cartilage
bipartite, but shows a considerable variation in
the length of snout, interdorsal and postdorsal
space and in the coloration patterns of upper side
of disc. In particular, representatives occurring
along the Pacific coast of northern Japan from
Choshi northwards to Shiranuka, differ from those
in other areas in possessing bluntly angled and
extremely translucent snout; numerous nuchal
thorns; upper side of disc with evenly distributed
dark specks or reticulate pattern. These popula-
tions correspond to what Ishiyama (1958b,
1967) described as R. fusca. Moreover, in this
area no other Raja (Okamejei) species have been
recorded. Judging from these characters and
geographical evidence, it seems likely that these

population might have become an isolated local
form. It is still uncertain, however, whether or
not these morphotypes could require a subspecific
grouping.

Distribution. Based on published data and the
present material, R. (0.) kenojei occurs from
Hakodate, Hokkaido, through the East China
Sea to the South China Sea as far south as Amoy,
at depths from 20 to 230 m.

Raja (Okamejei) meerdervoortii
Bleeker, 1860
(Japanese name: Medama-kasube;
English name: Big-eye skate)
(Fig. 28)

Raja meerdervoortii Bleeker, 1860: 66 (descr. in Latin
without illustr.; type locality: Nagasaki, Japan;
remarks).

Raja meerdervoortii: Duméril, 1865: 555 (copied from
Bleeker, 1860); Boeseman, 1979: 279, pl. 8 (re-
marks).

Raja kenojei (not of Miiller et Henle, 1841): Bleeker,
1858: 42 (in part).

Raja (Okamejei) macrophthalma Ishiyama, 1958b: 363,
fig. 76 (descr.; in key; remarks; type locality: Miya
Fish Market, Aichi Pref.).

Raja macrophthalma: Ishiyama, 1950: 35, fig. 1 (egg-
capsule); Lindberg and Legeza, 1959: 120, fig. 74
(copied from Ishiyama, 1958b); ISJ, 1981: 460
(listed); Dolganov, 1983: 57, fig. 80 (in key); Masuda
et al., 1984: 13, pl. 14-D (descr.); Okamura and
Machida, 1986: 21, fig. 5 (descr.).

Raja (Okamejei) macrophthalma: Ishiyama, 1967: 16,
fig. 4, pls. 6 and 7 (descr.; range; ecology); Ishihara
and Ishiyama, 1986: 278, fig. 8 (listed).

Raja sp. P: Ishiyama, 1958a: 14 (egg-capsule).
Material examined. Holotype, RMNH 7432, adult

male, 320 mm TL, Nagasaki, Japan, in the Bleeker

Collection; holotype of R. macrophthalma, MTUF

25150, adult male, 346 mm TL, off Miya, Aichi Pref.,

March 13, 1950, collected by R. Ishiyama; 9 paratypes

of R. macrophthalma: 3 adult males: MTUF 25051,

337.5mm TL, Shizuoka Pref., 1954; MTUF 25053,

345 mm TL, Fast China Sea, 1954; MTUF 25149,

338 mm TL, Tsukiji Fish Market, Tokyo, 1954; 4

adult females: MTUF 25151, 326 mm TL, southern

Hyuga-nada, Sept. 27, 1954: MTUF 25152, 356 mm

TL, Yawatahama, Ehime Pref.,, March 15, 1954;

MTUF 25155, 315 mm TL, off Mishima, Shizuoka

Pref., Dec., 1954; MTUF 25880, 323 mm TL, collected

with MTUF 25155; 1 young male, MTUF 25882,

126.5 mm TL, collected with MTUF 25152; 1 young

female, MTUF 25881, 204 mm TL, collected with
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Fig. 28. Raja (Okamejei) meerdervoortii. A, B, holotype, RMNH 7432, adult male, 320mm TL; C,
holotype of R. macrophthalina Ishiyama, MTUF 25150, adult male, 346 mm TL; D, MTUF 25989,

young female, 216 mm TL.

MTUF 25152, all collected by R. Ishiyama; 2 adult  34917; HUMZ 34967, 318 mm TL, collected with
males: HUMZ 34917, 314 mm TL, Sea of Genkai, HUMZ 34917; HUMZ 48310, 351 mm TL, off Mimase,
Oct. 12, 1952, 50-150 m depth; HUMZ 34964, 336.5 Kochi Pref., Oct. 6, 1972; 1 young male, HUMZ
mm TL, collected with HUMZ 34917; 3 adult females: 34972, 224 mm TL, collected with HUMZ 34917; 2
HUMZ 34965, 340.5 mm TL, collected with HUMZ  young females: HUMZ 34914, 301.5mm TL, col-
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Table 12. Counts and measurements (mm) of Raja (Okamejei) meerdervoortii.

Holotype of
Holo- R. macroph- Paratypes of R. macrophthalma
type thalma
3 3 3 3 3 Q Q Q Q 3 Q % of
RMNH MTUF MTUF MTUF MTUF MTUF MTUF MTUF MTUF HUMZ HUMZ TL
7432 25150 25051 25053 25149 25151 25152 25155 25880 34964 34965

Total length 320 346 337.5 345 338 326 356 315 323 336.5 340.5 —
Disc length 161.5 194 200 187 187 182 197 179.5 178.5 188 189 54.2-57.0
Disc width 200 224.5 234 218.5 218 223.5 231.5 212.5 208 213 220 63.3-68.6
Snout to maximum disc width 107.3 114 125 107 112 107 111 106 106 111 105 30.1-33.7
Dorsal head length 51.5 72 74 69.4 71.2 72 79 74 .4 71.6 70.3 74.1 20.1-23.6
Preorbital snout length 29.1 48.6 49.7 46.2 48 48.8 55.6 50.6 50.4 46.2 50.8 13.4-16.1
Orbit length 13 13 15.9 13 13.5 14.5 14 15.6 14.7 14 14.3 3.8-5.0
Interorbital width 13.5 12.6 13.5 11.1 12 12 13.5 11.7 11.3 11.2 12.3 3.2- 3.9
Spiracle length 9 9.3 10 9.8 10 10.4 9.4 9.2 8.5 8.3 8.8 2.1- 3.2
Interspiracular width 22.5 24.1 23.3 22.3 22 22.5 25.4 22.5 22.2 22.5 22.5 6.5- 7.2
Ant. orbit rim to spiracle end — 20 19.6 17.9 18.2 17.7 18.6 17.4 16.5 17.8 17.7 5.1- 5.8
Procaudal length 61.5 65.5 42.1 65 61 62.5 62 58.5 68.1 63 56.2 16.5-21.1
D, base length 14 12.5 16.6 18.2 16.6 15.6 15.6 14.8 15.3 15 15.2 3.6-5.3
D, vertical height — 9.3 12.2 10.3 10.6 10 10.6 11 9.1 13.5 12.1 2.6- 4.0
D, base length 15 12.7 12.5 15.4 15.9 15.4 16.1 14.4 14.1 13 13.1 3.7- 4.7
D, vertical height — 9.3 13.8 8.6 10.3 9.5 10.5 7.9 9.2 12 10.4 2.5- 3.6
Interdorsal distance 18 19.5 13 12.9 12.3 15 14.4 13.8 17.7 16.2 11.2 3.3-5.6
Postdorsal length 13.5 20.3 — 19.4 14.8 17.2 19.4 16 19.8 19.1 17.3 4.4- 6.1
Caudal fin vertical height — 3 — 3.8 3.8 3.5 3.1 2.6 3.8 4 3.8 0.8- 1.3
Lateral tail fold length — 122 — 125 120 119 121 102 121 124 117 33.9-37.5
Precaudal body length 152 170 175.5 174 170.5 170.5 188 171 167 170 176.5 49.1-54.3
Tail length 168 176 162 171 167.5 155.5 168 144 156 166.5 163.5 45.7-50.9
Ventral head length 76.5 101.5 101 96 96.2 89.3 101.5 95 91.5 98 97 27.4-30.2
Preoral snout length 29 50 51.5 48.2 50 50.1 56.6 54.3 53.5 48 51.6 13.9-17.2
Mouth width 28.5 28.5 29.7 28 26.5 27.2 26.5 25.3 25.5 25 25 7.3- 8.3
Prenarial snout length 20 38.4 37.8 36.3 39.2 39.4 44.5 41.8 40.5 37.4 42.7 10.7-13.3
Internarial width 22.5 24.1 24 23 23.8 23.7 25.6 24 24 23.2 24.7 6.6- 7.6
Nasal curtain length 12.5 18.9 20 17.3 18.1 16.1 18.1 16.9 15.7 17.2 14.5 4.2-5.4
Over 1st gill slits (outer rims) 56.2 57 59 54.5 53 58 60 55.5 56 56 61.5 15.7-18.3
Ant. pelvic lobe length 42.3 37.5 40.7 36.8 36.1 35.8 39.1 33.9 27.8 33.9 33.4 8.6-11.4
Post. pelvic lobe length 54 51 63.3 60.5 56.9 48.9 48.7 47.5 44 .4 60.1 50.1 13.7-18.4
Clasper length 88.3 91 89 83.5 85.5 — — — — 89 — 24.2-27.0
Tooth rows in upper jaw 40 41 38 40 39 38 38 36 40 39 41

Vtr 25 26 — — — — 26 25 —

Vprd 38 41 — — — — — 37 38 — —

Cranium length — 76 — — — — — — — — —

Rostral cartilage length — 39 — — — — — — _ _ _

Prefontanelle length — 28 — — — — — — — — —

Cranium width 37.5 38.5 — — — — — — — — —

Interorbital width 12 12 — — — — — — — — —

Ant. fontanelle length 17.5 19.5 — _ — i _ _ _ _ _

Post. fontanelle length 14.5 16 — _ _ _ _ _ _ _ _
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Fig. 29. Ventral side of Raja (Okamejei) meerder-
voortii, MTUF 25989, showing ventral sensory
pore patterns.

lected with HUMZ 34917; MTUF 25989, 216 mm
TL, East Chin Sea, 1984.

Diagnosis. A small-sized Raja (Okamejei) spe-
cies with a maximum total length of about 320-
370 mm in both sexes. Snout pointed, dorsal
head length 5.33-6.36 times the interorbital width.
Tail roundish, its length longer, or shorter than
precaudal body length. Procaudal tail length
16.5-21.1% of TL and 34.4-43.79; of tail length.
Postdorsal tail length 20.8-28.29; of dorsal head
length and mostly less than 1.5 times the D, base
length. 1-2 nuchal thorns in males and 1 or 3 in
females, and female nuchal thorns often arranged
in triangle. Prickes only developed on both sides
of snout tip, both dorsals and caudal fin in both
sexes, and in adult males additionally anterior
margin of dorsal side of disc prickly. Many small
yellowish spots scattered over entire dorsal side of
disc. A pair of small white spots present at
posterior center of pectorals, which change to
dark spots after formalin preservation. Ventral
sensory pores absent on abdominal region. Several
sensory pores assembled to form V-shaped pattern
at midlength of metapterygium. Dorsal lobe of
clasper with pseudorhipidion, cleft and slit, ventral
lobe with rhipidion, shield, sentinel, spike and
funnel. Tip of spike distally elongated and close
to tip of funnel. Scapulocoracoid rather hori-
zontally expanded, its height 66.4%; of its width.
Posterodorsal margih of scapulocoracoid deeply

concave. Length of egg-capsule excluding horns

3540 mm. Tooth rows in upper jaw 36-43.
Vtr, 25-27; Vprd, 37-41.

Description. Meristic counts and morpho-
metric measurements of the holotype and the new
material are given in Table 12.

External features: Disc rhombic, its greatest
width in posterior half, at 54.4-62.5% of disc
length. Snout hard and pointed, dorsal head
length 5.33-6.36 times the interorbital width;
preorbital snout length 65.6-71.4%, of dorsal
head length; interorbital width usually less than
orbit length. Tail stout and roundish, longer or
shorter than precaudal body length; procaudal
tail length 16.5-21.19; of TL and 34.4-43.7%, of
tail length; both dorsals equal in size, separated
by a distance of more than half of D, base length
and sometimes more than D, base length; post-
dorsal tail length 4.4-6.1% of TL, 8.0-12.7% of
tail length, 20.8-28.2 9 of dorsal head length, and
mostly less than 1.5 times the D, base length;
caudal fin moderately developed, its height more
than width of lateral tail folds; underside of tail
tip with a keel; lateral tail folds narrow and orig-
inating near root of tail. Mouth arched, with
38-43 parallel rows of pointed teeth in upper jaw
in males and 36-41 rows of flattened teeth in quin-
cunx in females; mouth width 45.7-58.1% of
preoral length; internarial width 57.5-63.59% of
prenarial length; distance between first gill slits
(outer rims) 74.4-83.59 of dorsal head length.

Squamation: Dorsal surface of disc with thorns
and prickles; nuchal thorns 1-2 in males and 1 or
3 in females; female nuchal thorns often arranged
in triangle; orbital thorns 5-6: interdorsal thorns
2-4; 3 rows of tail thorns in males and 3 or 5 in
females; lateral tail thorns, if present, arranged in
irregular series; alar and malar thorns well develop-
ed in adult males, both thorn fields connected;
prickles developed only on snout tip and both
dorsals in both sexes; in adult males, anterior
margin of disc including areas between alar and
malar thorns also with prickles; caudal fin some-
times prickly. Ventral side entirely smooth or
only prickly on snout tip.

Coloration: Dorsal ground color dark brown;
snout translucent lighter; many small yellowish
spots scattered over entire dorsal side of disc; a
pair of smaller white spots present at posterior
center of pectorals; they change to dark spots
after formalin preservation; dark specks may be
present here and there on disc. Ventral side
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Fig. 30. Left clasper of Raja (Okamejei) meerdervoortii, MTUF 25053.

B c

A, clasper components (clasper

glans opened); B, clasper skeleton in dorsal view; C, clasper skeleton in ventral view. aTl and aT2,
accessory terminals 1 and 2; Ax, axial cartilage; cf, cleft; dM, dorsal marginal; dT1-dT3, dorsal
terminals 1 to 3; fn, funnel; pr, pseudorhipidion; rh, rhipidion; sh, shield; sk, spike; sl, slit; st,
sentinel; tb, terminal bridge; vM, ventral marginal; vT, ventral terminal. Scale indicates 10 mm.

almost whitish, except for snout tip and margin of
disc, which are sometimes dusky brown.

Ventral sensory pores: Rather sparsely dis-
tributed on anterior half of disc; absent on ab-
dominal region and pelvic lobes; several pores
apparent at midlength of metapterygium and
forming V-shaped pattern; another few pores
present near postero-lateral edges of pectoral
girdle (Fig. 29).

Clasper: Slender with pointed tip, its length
48.8-56.19; of tail length; dorsal lobe with pseu-
dorhipidion, cleft and slit; ventral lobe with bilob-
ed rhipidion, shield, sentinel, spike and funnel;
tip of fn triangular; sk elongated distally, its tip
close to tip of fn (Fig. 30A).

Clasper skeleton: Consists of 3 dorsal terminal,
2 accessory terminal, terminal bridge, ventral
terminal, 2 marginal and axil cartilages: tip of
dM bifurcated, lateral longer tip forming pr ex-
ternally; medial tip only slightly produced;: dTI
semirectangular, rotated onto ventral side and
united with vT; dT2 boot-shaped, proximally
united with dM at above tip of dM, and distally
united with Ax by tb and with dT3; dT3 long and
slender, extending to tip of Ax; longer tip of dM
and dT1 forming cf externally ; tb obscure external-
ly; vT J-shaped, lateral convex ridge running along
entire length of cartilage and forming sh externally;

medial ridge of vT twisted about 90 degrees through
entire length of cartilage, tip of which forming fn
externally; anterior notch of vI moderately de-
veloped; aTl Y-shaped with two proximal arms
and one distal arm; tip of distal arm forming st
externally; aT2 rod-like, as long as dT3, extending
far beyond tip of aTl and forming sk externally;
aT3 absent (Fig. 30B, C).

Cranium: Measurements are given in Table
12. Length of rostral cartilage 51.3 9 of cranium
length; prefontanelle length 36.8 % ; cranium width
50.09; interorbital width 15.8 % ; length of anterior
fontanelle 25.7%;; length of posterior fontanelle
21.1%. Anterior fontanelle arrowhead-shaped
with distinct anterior margin and flat posterior
margin; posterior fontanelle gourd-shaped; both
fontanelles almost equal in length (Fig. 31).

Scapulocoracoid: Measurements are given in
Table 13. Almost rectangular with one anterior
fenestra, one postdorsal foramen and one post-
ventral foramen; scapulocoracoid rather horizon-
tally expanded, its height 66.4%, of its length;
anterior fenestra almost circular; postdorsal and
postventral foramina horizontally elliptical and
almost equal in length; posterodorsal margin
highly elevated, angled at about 90 degrees and
deeply concave (see Ishihara and Ishiyama, 1986:
fig. 8-E).
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Fig. 31.

Cranium of Raja
voortii, MTUF 25150, holotype of R. macro-
phthalma, adult male, 346 mm TL. af, anterior
fontanelle; pf, posterior fontanelle; pr, pectoral

(Okamejei ) meerder-

radials; rc, rostral cartilage.
20 mm.

Scale indicates

Table 13. Measurements (mm) of the left
scapulocoracoid of Raja (Okamejei) meer-
dervoortii, MTUF 25150.

% of
Character greatest
length
Greatest length 25.6 100
Greatest height 17.0 66.4
Premesocondyle length 12.9 50.4
Postmesocondyle length 12.7 49.6
Anterior fenestra length 7.8 30.5
Anterior fenestra height 7.5 29.3
Postdorsal foramen length 6.5 25.4
Postdorsal foramen height 4.7 18.4
Postventral foramen length 5.3 20.7
Postventral foramen height 2.5 9.8
Height of rear corner 11.6 45.3

Egg-capsule: Measurements are given in Table
14. Almost rectangular with horns on each
corner; lateral edges slightly convex; bases of
horns stout; posterior horns longer than anterior
ones; both anterior and posterior horns curved
inwards; both margins concave; apron and lateral
keel indistinct (Fig. 32).

Remarks. Since Boeseman (1979) suggested
that R. meerdervoortii Bleeker, 1860 is not only a
distinct species but also probably a senior synonym
of R. macrophthalma Ishiyama, 1958, the present
author re-examined the holotype of R. meerder-
voortii at the RMNH in 1985. Although the
holotype has a somewhat broken snout and its

Fig. 32. Egg-capsule of Raja (Okamejei) meerder-
voortii extracted from MTUF 25880, 37.0 mm
in length excluding horns.

Table 14. Measurements (mm) of the egg-
capsule of Raja (Okamejei) meerdervoortii
extracted from MTUF 25880.

Character

Length (without horns) 37.0
Width: maximum 24.2

minimum 16.6
Ant. horn length 17.2
Post. horn length 24.0
Ant. apron width 3.4
Post. apron width 4.4

Keel width —

coloration is faded, the clasper structures and
ventral sensory pore pattern showed that it is
conspecific with R. macrophthalma (see Fig. 28
and Table 12 for comparison of the holotypes of
both species).

Bleeker (1860) described R. meerdervoortii
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without a figure. Later, Jordan and Fowler (1903)
misidentified their specimen of R. kenojei as R.
meerdervoortii, because they did not compare the
specimen with the holotype of R. meerdervoortii
(see the remarks on R. (0.) kenojei). Ishiyama
(1958b) synonymized R. meerdervoortii with “R.
kenojei” (=R. kwangtungensis) without a con-
vincing argumentation and at the same time used
the scientific name R. porosa meerdervoortii for
one of the two subspecies of R. porosa (=R.
kenojei). Moreover, he described another new
species, R. macrophthalma, in the same paper.
This irritating concept for the systematics of the
Japanese Raja species has been accepted by many
authors. However, the present study shows that
R. meerdervootii is a valid species, different from
R. kwangtungensis and the senior synonym of R.
macrophthalma.

Raja (0.) meerdervoortii is distinguished from
the other five species of the western North Pacific
Raja (Okamejei) by having simple rod-like ac-
cessory terminal 2 clasper cartilage, which is not
bifurcated and forming clasper component spike.
In addition, R. (0.) meerdervoortii differs from R.
(0.) acutispina and R. (O.) schmidti in the follow-
ing: 1) interdorsal distance more than half of
D, base length (less than half in the latter two
species); 2) postdorsal tail length usually more
than D, base length (always less than D, base
length); 3) maximum total length less than 37
cm (more than 36 cm); 4) ventral sensory pores
absent on abdominal region (present); 5) slit
present in clasper (absent); 6) terminal bridge
obscure externally (apparent); 7) posterodorsal
margin of scapulocoracoid deeply concave (never
concave). Raja (0.) meerdervoortii additionally
differs from R. (O.) boesemani and R. (0.) hollandi
in: 1) orbit length usually longer than interorbital
width (as long as interorbital width); 2) procaudal
tail length less than 21.1% of TL and less than
43.79%, of tail length (more than 21.1% of TL and
more than 41.49 of tail length); 3) postdorsal
tail length less than 6.1%; of TL, less than 12.7%
of tail length, less than 28.2%; of dorsal head length
and almost always less than 1.5 times the D, base
length (more than 6.5%; of TL, more than 12.7%
of tail length, more than 28.8% of dorsal head
length and usually more than 1.5 times the D,
base length); 4) ventral sensory pores forming V-
shaped pattern at midlength of metapterygium
(sensory pores sparsely distributed at midlength of

metapterygium); 5) slit present in clasper (ab-
sent); 6) terminal bridge obscure externally (ap-
parent). Raja (0.) meerdervoortii differs from
R. (0.) kenojei in the eight characters mentioned
above and regarding the bipartite ventral terminal
clasper cartilage in the latter species.

Distribution. Based on published data and the
present material, R. (O.) meerdervoortii occurs
from Mishima, Shizuoka Pref., Pacific coast of
Japan to the East China Sea as far south as the
northernmost parts of the Okinawa Trough, and
the Sea of Genkai at depths from 70 to 90 m.

Key to the North Pacific subgenera
and species of Raja

Key to subgenera

la. Scapular thorns present on disc and arranged
in triangle...... subgenus Amblyraja Malm

1b. Scapular thorns absent on disc.......... 2
2a. Rostral cartilage long, its length from tip to
axils of nasal capsules usually more than
609 of dorsal head length; only one row of

tail thorns in males and three or five in
females; total length of adults usually more
than 55 cm; tail sometimes expanded at
midlength; ventrally, prickles often also
covering areas other than only the snout;
ventral side of disc generally darkish; trunk
vertebrae 30-35; anterior fontanelle of neu-
rocranium without distinct anterior margin;
dorsal tip of medial ridge of ventral terminal
clasper cartilage only weakly developed, thus
funnel absent in clasper; length of egg-
capsule, excluding horns, more than 65
mm........ subgenus Dipturus Rafinesque
(=Tengujei Ishiyama)

2b. Rostral cartilage shorter, its length less than
609, of dorsal head length; three rows of tail
thorns in males and three or five in females;
total length less than 55 cm even in adults:

tail always gradually tapering rearwards;
ventrally, prickles only developed on snout
region; ventral side of disc generally whitish;
trunk vertebrae 25-30; anterior fontanelle of
neurocranium with distinct anterior margin;
dorsal tip of medial ridge of ventral terminal
clasper cartilage well developed, thus funnel
present in clasper; length of egg-capsule, ex-
cluding horns, less than 65mm..........
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............. subgenus Okamejei Ishiyama

Key to species of subgenus Dipturus

Caudal fin low, its height equalling maximum
width of lateral tail folds; underside of tail
tip flat without a keel; a pair of dark rings
present at center of pectorals in young;
sentinel of clasper spoon-shaped.......... 2
Caudal fin rather high, its height more than
maximum width of lateral tail folds; under-
side of tail tip with a keel; dark rings absent
on center of pectorals even in young;
sentinel of clasper rod-like.............. 4
Snout narrowly elongated, dorsal head length
more than four times the interorbital width
in adults; 2-6 nuchal thorns; disc without
any color pattern, except for a pair of faint
dark rings at center of pectorals; ventral side
dusky; prickles covering also skin posterior
to gill slits; ventral sensory pores distributed
from head onto anterior pelvic lobes and
areas aside cloaca; terminal bridge clasper
cartilage visible externally, separating two
clefts in clasper; spike of clasper apparent,
as long as sentinel; egg-capsule with distinct
horns and containing only one embryo. ...
.......... R. (D.) rhina Jordan et Gilbert
Snout broadly elongated, dorsal head length
less than four times the interorbital width
even in adults; usually 1 nuchal thorn only;
disc with more or less distinct color markings
including a pair of faint dark rings at center
of pectorals; ventral side usually whitish or
light greyish, but never dusky; prickles ab-
sent on skin posterior to gill slits; ventral
sensory pores distributed only anterior to
pelvic girdle; terminal bridge clasper cartilage
not visible externally, thus only one cleft
present in clasper; spike of clasper underlies
sentinel and much shorter than sentinel;
egg-capsule without distinct horns and con-
taining more than two embryos.......... 3
Prickles covering dorsal side of disc also
posterior to snout and tail, and ventrally
covering snout, interbranchial and abdomi-
nal regions, and lobes of pelvics; thornlets
present at axils of pectorals dorsally; dark
round markings inside a pair of dark rings
in young, and in adults, a pair of dark large
round markings, surrounded by small yellow
spots present at center of pectorals........

3b.

4a.

4b.

Sa.

6a.

6b.

................ R. (D.) binoculata Girard
Prickles only developed on snout dorsally,
as well as ventrally; thornlets absent on
disc; a pair of dark brown rings at center of
pectorals in young without dark inner
markings, and the rings change to light
blotches, or fade with growth; dorsal side
of disc mottled with additional dark re-
ticulate patterns in adults. . R. (D.) pulchra Liu
Both sides of disc and tail uniformly dark
purplish-brown or greyish-brown; dorsals
usually set close together; anterior lobe of
pelvics long, inserting very deep notch; in
adults, prickles covering dorsal side of disc
also beyond snout, and covering almost en-
tire ventral side of disc..................
R. (D.) gigas Ishiyama
Dorsal side of body dark brown, ventral side
lighter; dorsals widely separated; anterior
lobe of pelvics short, inserting shallow notch;
even in adults, prickles covering only both
surfaces of snout and/or skin posterior to
gill slits
Dorsal side of disc mottled with many light
markings of various sizes; a pair at center of
pectorals largest of these: prickles absent
on skin posterior to gill slits; ventral sensory
pores never extended rearwards to areas
lateral to cloaca........................
.............. R. (D.) kwangtungensis Zhu
Dorsal side of disc with faint color markings
or plain colored; prickles present on skin
posterior to gill slits; ventral sensory pores
extended to areas lateral to cloaca...... 6
Lateral tail folds rather indistinct; tail grad-
ually tapering rearwards; snout extremely
pointed, dorsal head length more than 6.5
times the interorbital width and margins of
snout tip almost parallel; postdorsal tail
length more than 809, of D, base length
.......... R. (D.) tengu Jordan et Fowler
Lateral tail folds distinct; tail expanded
laterally at midlength; snout less pointed,
dorsal head length less than 6.5 times the
interorbital width and margins of snout tip
diagonal: postdorsal tail length less than
809 of D, base length..................
............. R. (D.) macrocauda Ishiyama

Key to species of subgenus Okamejei

Ventral sensory pores rather large and dense-
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ly distributed on entire ventral side of disc,
except for posterior margins............ 2
Ventral sensory pores tiny and rather sparse-
ly distributed on disc, and absent on ab-
dominal region........................ 3
Snout pointed, dorsal head length 5.5-6.0
times the interorbital width; dark specks
densely distributed over the disc dorsally
and usually forming reticulate patterns; at
center of pectorals those specks sometimes
marked off from white markings which
sometimes surrounded by dark rings; a few
additional pairs of smaller white markings
present behind those at center of pectorals;
ventral sensory pores distributed rearwards
beyond pelvic girdle to areas lateral to cloaca;
total length of adults 35-43cm..........
............... R. (0.) acutispina Ishiyama
Snout bluntly angled, dorsal head length
4.0-4.5 times the interorbital width; dark
specks rather sparsely distributed and more
distinct, sometimes forming reticulate pat-
terns; in young, a pair of dark rings present
at center of pectorals, with dark specks
inside the ring, but those rings tend to fade
with growth; ventral sensory pores lacking
on pelvic girdle; total length of adults 45—
S0cm........... R. (0.) schmidti Ishiyama
Postdorsal tail length usually more than 1.5
times the D, base length; ventral sensory
pores sparse at midlength of metapterygium
and never forming V-shaped pattern there

Postdorsal tail length usually less than 1.5
times the D, base length; ventral sensory
pores assembled to form V-shaped pattern
at midlength of metapterygium.......... 5
Interdorsal distance usually shorter than D,
base length; dark specks of upper side of
disc unevenly distributed and here and there
assembled to form rosette-like patches; a
pair of dark rings as large as orbits usually
apparent at pectoral axils, and sometimes
an additional pair of dark rings present at
center of pectorals; no light spots present
on disc........ R. (0.) boesemani sp. nov.
Interdorsal distance usually longer than D,
base length; dark specks of upper side of
disc evenly distributed and never forming
any patterns; no dark rings present at pecto-
ral axils nor on pectoral center; many small

Sa.

5b.
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yellowish spots present on disc..........
....R. (0.) hollandi Jordan et Richardson
Snout rather bluntly angled, dorsal head
length 3.6-4.9 times the interorbital width;
orbit diameter less than, or equal to in-
terorbital width; 2-16 nuchal thorns; tail
depressed; middorsal area and posterior
margin of disc sometimes prickly in adult
females; a pair of dark rings present at center
of pectorals in young, which change to light
or dark markings with growth; another pair
of large white markings (darkish after for-
malin preservation) present behind those on
pectoral center and the posterior markings
with a few inner small dark spots; disc
sometimes with dark specks, which sometimes
form reticulate patterns; tips of sentinel and
spike of clasper placed close together; tooth
rows in upper jaw more than 43; total length
of adults 35-52 cm
.......... R. (0.) kenojei Miiller et Henle
Snout pointed, dorsal head length 5.3-6.4
times the interorbital width; orbit diameter
equal to or greater than interorbital width;
1-2 nuchal thorns in males, and 1 or 3 in
females; three female nuchal thorns set as
triangle; tail slender and roundish; prickles
only covering both surfaces of anteriormost
tip of snout and anterior margin of disc in
both sexes; no rings present at center of
pectorals even in young; may small yellowish
spots present on upper side of disc; a pair
of white specks present at posterior center
of pectorals additionally (darkish after for-
malin preservation); tip of spike of clasper
elongated distally, reaching far beyond tip
of sentinel; tooth rows in upper jaw less
than 43; total length of adults 32-37 cm
............ R. (0.) meerdervoortii Bleeker

Comparative material

Raja (Dipturus) binoculata Girard, 1856

1 adult female, MTUF 25241, 988 mm TL,
58°47'N, 152°01’W, 133.5 m depth, Sept. 1, 1984;
2 young females: ZMH 3771, 175.5mm and
206.5mm TL, Puget Sound, March, 1967; 1
clasper sample, SIO-62-393 D122; 1 egg-capsule,
BCPM 986-60.

Raja (Dipturus) gigas Ishiyama, 1958

4 paratypes: MTUF 25886, young male, 371.5 mm
TL, no data; MTUF 25888, young male, 308.5
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mm TL, no data; MTUF 25885, young female,
425.5mm TL, no data; MTUF 25887, young
female, 368.5 mm TL, no data; 1 adult female,
MTUF 25059, 1145 mm TL, 30°0'N, 128°21’E,
900 m depth, Feb. 2, 1978; 3 young males: MTUF
25058, 445 mm TL, collected with MTUF 25059;
USNM 137886, 281 mm TL, off Hermanos 1.,
18°32730””N, 122°01’E, Nov. 12, 1908; FAKU
37401, 249 mm TL, off Totoro, Miyazaki Pref.,
Nov. 11, 1965.

Raja (Dipturus) macrocauda Ishiyama, 1955

4 paratypes: MTUF 25909, adult female, 970 mm
TL, off Owase, Mie Pref., March, 1951; MTUF
25883, young male, 411 mm TL, off Miya, Aichi
Pref., March, 1951; FAKU 111535, young
female, 606.5mm TL, off Kochi, Kochi Pref.,
Feb. 18, 1944; MTUF 25884, young female,
493.5mm TL, collected with MTUF 25883; 1
young male, FUMT P10514, 850 mm TL, off
Choshi, Chiba Pref., 600-700 m depth, Feb. 2,
1984.

Raja (Dipturus) pulchra Liu, 1932

1 adult male, HUMZ 35033, 937.5 mm TL, off
Hakodate, Hokkaido, June 2, 1972; 6 young
males: HUMZ 35068, 214 mm TL, no data;
HUMZ 92010, 218.5 mm TL, off Omu, Hokkaido,
44°40'N, 142°50'E, 41 m depth, July 12, 1981;
MTUF 25889, 205.5mm TL, off Hamada,
Shimane Pref., 1954; MTUF 25890, 225.5 mm
TL, collected with MTUF 25889; MTUF 25891,
191.5 mm TL, off Tsuiyama, Hyogo Pref., 1954;
MTUF 25892, 199 mm TL, off Hakodate, Hokkai-
do, July 20, 1956; 1 young female, HUMZ 33307,
700 mm TL, Volcano Bay, 42°17'N, 140°44’E,
May 18, 1968.

Raja (Dipturus) rhina Jordan et Gilbert, 1881

2 adult males: FSFL NB434, 824.5mm TL,
59°30'N, 145°37°W, 155-1,000 m depth, June 27,
1979; FSFL NB542, 1054 mm TL, 55°24'N,
134°50’'W, 100-1,000 m depth, Aug. 20, 1980; 1
adult female, FSFL NB330, 1031 mm TL, 56°30'N,
152°04'W, 145-780 m depth, June 27, 1979; 1
young male, HUMZ 49361, 561 mm TL, no
data; 1 young female, MTUF 25240, 780.5 mm
TL, no data; 2 juvenile males, ZMH 2356, 115
and 140 mm TL, Seattle Marine Aquarium,
March, 1963; 1 egg-capsule, BCPM 986-61.

Raja (Dipturus) tengu Jordan et Fowler, 1903
Holotype, SU 12912, adult male, 1105 mm TL,
Matsushima Bay, Miyagi Pref., 1901; 6 young
males: FAKU 111498, 392 mm TL, no data;
MTUF 25910, 390 mm TL, off Kasumi, Hyogo
Pref., May 23, 1952; MTUF 25911, 403 mm TL,
collected with MTUF 25910; MTUF 25912,

1975; USNM 137885, 287 mm TL, off Boguato
1., 12°51’40”N, 123°26’15”E, March 11, 1909; 5
young females: FAKU 111512, 685.5 mm TL, off
Totoro, Miyazaki Pref., Apr. 13, 1954; FSFL
EAOI1, 686.5 mm TL, 32°27'N, 128°27E, 398 m
depth, Feb. 12, 1975; MTUF 25882, 407 mm
TL, collected with FAKU 111512; MTUF 25913,
307.5mm TL, collected with MTUF 25910;
MTUF 25914, 358.5mm TL, off Funakawa,
Akita Pref., Apr. 24, 1952.

Raja (Okamejei) acutispina Ishiyama, 1958
Holotype, FAKU 111488, adult male, 407.5 mm
TL, off Shimane Pref., Dec. 3, 1952; 3 paratypes:
FAKU 111489, adult female, 404.5 mm TL, off
Mishima, Sea of Japan, Dec., 1954; MTUF
25158, adult male, 403 mm TL, no data; MTUF
25915, adult male, 365 mm TL, Wakasa Bay,
Kyoto Pref., Apr. 16, 1952; 9 adult males: FAKU
111541, 398 mm TL, off Kyogasaki Pen., Kyoto
Pref., 80 m depth, June 20, 1979: FAKU 111542,
384 mm TL, collected with FAKU 111541;
FAKU 111543, 409 mm TL, collected with
FAKU 111541; HUMZ 33695, 350 mm TL,
31°0’N, 126°0’E, Apr. 6-11, 1968; HUMZ 33776,
400 mm TL, collected with HUMZ 33695,
HUMZ 37623, 303 mm TL, off the north-west
coast of Borneo, 6°16’N, 108°49’E, 118 m depth,
Nov. 14, 1973; MTUF 25054, 334 mm TL, no
data; MTUF 25157, 282 mm TL, East China
Sea; RMNH D2501, paralectotype of R. kenojei,
400 mm TL, Nagasaki; 1 young female, HUMZ
34872, 365mm TL, Sea of Genkai, 50-150 m
depth, Oct. 12, 1952.

Raja (Okamejei) schmidti Ishiyama, 1958
Holotype, FAKU 111499, adult male, 509 mm
TL, Bungo Strait, between Ehime and Oita Prefs.,
March 20, 1950; 8 paratypes: 4 adult females:
FAKU 111496, 443.5 mm TL, Oita Pref., 1952;
MTUF 24628, 487 mm TL, off Totoro, Miyazaki
Pref., 1952; MTUF 24629, 510 mm TL, collected
with MTUF 24628; MTUF 25130, 509 mm TL,
no data; 1 young male, MTUF 15172, 316 mm
TL, collected with MTUF 24628; 3 young females:
MTUF 24630, 440.5mm TL, collected with
MTUF 24648; MTUF 24631, 391 mm TL, off
Miya, Aichi Pref., 1952; MTUF 25173, collected
with  MTUF 24631; 2 young males: MTUF
25147, 374mm TL, no data; MTUF 25238,
396.5 mm TL, off Kii-nagashima, Mie Pref., Jan.
21, 1985; 1 young female, MTUF 25239, 431.5
mm TL, collected with MTUF 25238.

Acknowledgments

336 mm TL, no data; FSFL EA069, 466 mm 1 am grateful to Dr. Reizo Ishiyama, the pro-
TL, 32°34’N, 128°15E, 332m depth, Feb. 12, fessor emeritus of the TUF, Dr. Matthias Steh-

— 280 —



Ishihara: Revision of Raja

mann, ISH, Dr. John D. McEachran, Texas A &
M University, Dr. Marinus Boeseman, RMNH,
and Professor Yasuhiko Taki, TUF, for their
valuable suggestions and critical reading of the
manuscript. My special thanks are due to Pro-
fessor Shiro Fujita, the Director of the MTUF,
and to Mr. Masaru Kumazawa and Mrs. Miyo
Okada, staffs of the MTUF, for their great help
throughout this study. My thanks are also ex-
tended to Mr. Jin Hattori and Dr. Kiyoshi Fujita,
TUF, for their kind assistance.

I wish to express my gratitude to the following
persons for preparing the study material: Mrs.
Gudrun Schulze, ISH; Dr. M.J.P. van Oijen,
RMNH; Drs. Han Nijssen and Isadc Isbriicker,
ZMH; Mr. Alwyne Wheeler and Miss. Marilyn
L. Holloway, BMNH; Dr. Bo Fernholm, NHRM;
Dr. L. Wallin,ZMUU ; Mr. Bernard Seret, MNHN;
Drs. Tomio Iwamoto and Eric Anderson, CAS;
Dr. Robert Karl Johnson and Mrs. Terry Grande,
FMNH; Mrs. M. Norma Feinberg, AMNH;
Drs. Susan Jewett, Lynn P. Norrod and Jeffery
N. Clayton, SOSC; Dr. Alex E. Peden, BCPM;
Drs. Meng Qingwen and Wu Hanling, Shanghai
Fisheries College; Drs. Deng Siming, Xiong
Guogiang and Zhan Hongxi, East China Sea
Fisheries Research Institute; Professor Kunio
Amaoka, Associate Professor Kazuhiro Nakaya,
Dr. Mamoru Yabe, Mr. Kiyonori Nishida and
Mr. Eiji Yoshida, HUMZ; Mr. Hideki Sugiyama,
Akita Regional Fisheries Extention Station; Pro-
fessor Hitoshi Ida, Kitasato Univ.; Drs. Toru
Taniuchi and Mitsuhiko Sano, Univ. of Tokyo;
Drs. Yoshiaki Tominaga and Tokiharu Abe, and
Mr. Masahiro Aizawa, ZUMT; Dr. Kenji Mochi-
zuki, FUMT; Drs. Kazuyuki Teshima, Takashi
Sasaki, Kiyoshi Wakabayashi and Hiroshi Hata-
naka, FSFL; Drs. Tamotsu Iwai, Izumi Nakamura
and Tetsuji Nakabo, FAKU; Drs. Osamu Oka-
mura and Yoshihiko Machida, BSKU; Dr. Shuzo
Kishida, Nansei Regional Fisheries Research
Laboratory, Kochi.

I am also grateful to the following persons for
their kind help: Dr. Taco J. Bor, Sliedrecht,
Netherlands; Dr. Z. V. Krasyukova, ZIL; Dr.
Wilfred Templeman, Northwest Atlantic Fisheries
Center, Nfd; Dr. Karsten E. Hartel, MCZ; Dr.
Dietrich L. Biirkel, ZMH ; Dr. Douglass F. Hoese,
AMS; Dr. Li Sizhong, ASIZB; Mr. Hung-junn
Chang, National Sun Yat-sen Univ., Kaohsiung,
Taiwan; Drs. Teruya Uyeno, Ryoichi Arai and

Keiichi Matsuura, NSMT.

Literature cited

Aloncle, H. 1966. A propos d’un caractere ana-
tomique interessant dans la determination des
Rajidae. Bull. Inst. Pech. Mar. Moroc, 14: 42-50.

ASIZB (Academia Sinica Institute of Zoology),
Academia Sinica Institute of Oceanography and
Shanghai Fisheries College, eds. 1962. Fishes of
the South China Sea. Science Press, Beijing, xvi+
1184 pp. (In Chinese.)

Basilewsky, S. 1855. Ichthyographia Chinae borealis,
scripta a doctore medicinae Stephano Basilwesky.
Nouv. Mém. Soc. Imp. Nat. Moscou, 10: 215-264,
pls. 1-9.

Bigelow, H.B. and W.C. Schroeder. 1951. Three
new skates and a new chimaerid fish from the Gulf
of Mexico. J. Wash. Acad. Sci., 41(12): 383-392.

Bleeker, P. 1853. Nalezingen op de ichthyologie van
Japan. Verh. Bat. Gen., 25: 1-56.

Blecker, P. 1858. Vierde bijdrage tot de kennis der
ichthyologische fauna van Japan. Act. Soc. Sci.
Indo-Neerl., 3: 1-46.

Bleeker, P. 1860. Zesde bijdrage tot de kennis der
visch fauna van Japan. Act. Soc. Sci. Indo-Neerl.,
8: 1-104, 2 pls.

Boeseman, M. 1947.
by Biirger and von Siebold in Japan.
28:1-242, S pls.

Boeseman, M. 1978. Some remarks on the identity
of the Japanese ray Raja kenojei Miiller & Henle.
(Ms.) Abstract for the 58th Meeting of ASIH.

Boeseman, M. 1979. Some remarks on the identity
of the Japanese rays Raja kenojei Miiller & Henle,
1841, and Raja meerdervoortii Bleeker, 1860. Zool.
Meded., 53(25): 273-281.

Chen, J.T.F. 1948. Notes on the fish-fauna of
Taiwan in the collection of the Taiwan Museum.
1. Some records of Platosomeae from Taiwan, with
description of a new species of Dasyatis. Quart. J.
Taiwan Mus., 1(3): 1-12.

Chen, J. T.F. and I.-H. Chung. 1971. A review of
rays and skates or Batoidea of Taiwan. Dept. Biol.
Coll. Sci. Tunghai Univ., Biol. Bull., (40): 1-53.

Cheng, Q.T., X. W. Zhang, G.Z. Xu and W.L.
Zheng, eds. 1964. Economic animals of China.
Sea fishes. Science Press, Beijing, xii+174 pp., 32
pls. (In Chinese.)

Chyung, M.-K. 1961. lllustrated encyclopedia: The
fauna of Korea. (2). Fishes. Central Book Publ.,
Seoul, 861 pp. (In Korean.)

Chyung, M.-K. 1977. The fishes of Korea.
Publ., Seoul, 727 pp. (In Korean.)

Dolganov, V. 1983. Guide to the diagnostic charac-
ters of cartilaginous fishes from the Far East Sea of

Revision of the fishes collected
Zool. Meded.,

11-ji sa

— 281 —



M Japan. J. Ichthyol. 34(3), 1987
U.S.S.R. and neighbouring waters.
diostok, 92 pp. (In Russian.)

Duméril, A. 1865. Histoire naturelle des poissons ou
ichthyologie générale. 1. Elasmobranchs, Plagio-
stomes et Holocéphales ou Chimeres. Librairie
Encyclopedique de Roret, Paris, 720 pp.

Ebina, K. 1931. Figures of important Japanese
fishes. Maruzen, Tokyo 10+8 pp., 180 pls. (In
Japanese.)

Engelhardt, R. 1913. Monographie der Selachier der
Miinchener Zoologischen Staatssammlung (mit
besonderer Beriicksichtigung der Haifauna Japans).
Abh. K. Bayer Akad. Wiss., 4(3): 1-110.

Fang, P.W. and K.F. Wang. 1932. The elasmo-
branchiate fishes of Shangtung coast. Contr. Biol.
Lab. Sci. Soc. China, Zool. Ser., 3(8): 213-284.

FNU (Faculty of Fisheries, Nagasaki University), ed.
1973. Fishes of southern and western Japan edited
by T. A. Glover during 1912 to 1933. Vol. | (Group
1-7).  Shuko Press, Fukuoka, 429 pp. (In Japanese.)

Fowler, H. W. 1910. Notes on batoid fishes. Proc.
Acad. Nat. Sci. Philad., 62: 468-475.

Fowler, H. W. 1930. A list of the sharks and rays of
the Pacific Ocean. Proc. 4th Pacif. Sci. Congr.,
Java, 1929, pp. 481-508.

Fowler, H. W. 1941. The fishes of the groups Elas-
mobranchii, Holocephali, Isospondyli, and Ostario-
physi obtained by the United States Bureau of
Fisheries steamer ‘“Albatross” in 1907 to 1910,
chiefly in the Philippines Islands and adjacent seas.
U.S. Natn. Mus. Bull. 100, 13, x+879 pp.

Garman, S. 1885. Notes and descriptions taken from
selachians in the U.S. National Museum. Proc.
U.S. Natn. Mus., 8(3): 39-44.

Garman, S. 1913. The Plagiostomia. (Sharks, skates
and rays). Mem. Mus. Comp. Zool. Harvard Coll.,

36, xiii+515 pp, 75 pls.

Girard, C.F. 1856. Characteristics of some car-
tilaginous fishes of the Pacific coast of North America.
Proc. Acad. Nat. Sci. Philad., 7: 196-197.

Gloerfelt-Tarp, T. and P.J. Kailola. 1984. Trawled
fishes of southern Indonesia and northwestern
Australia. ADAB, DGF and GTZ, xvi+406 pp.,
3 pls.

Gray, J. E. 1851. List of the specimens of fish in the
collection of the British Museum. Part I. Chondro-
pterygii. London, 160 pp., 2 pls.

Giinther, A. 1870. Catalogue of the fishes in the
British Museum. Vol. 8. Taylor and Francis,
London, xxv+ 549 pp.

Giinther, A. 1874. Third notice of a collection of
fishes made by Mr. Swinhoe in China. Ann. Mag.
Nat. Hist., (4) 13: 154-159.

Gilnther, A. 1877. Preliminary notes on new fishes
collected in Japan during the expedition of H.M.S.
‘Challenger’. Ann. Mag. Nat. Hist., (4)20: 433-

TINRO, Vla-

446.

Herre, A. W. 1945. Marine fishes from the Chusan
Archipelago and the Chinese coast. Lingnan Sci.
J., 21(1/4): 107-122.

Herre, A. W. 1953. Check list of Philippine fishes.
Fish Wildl. Serv. U.S. Dept. Inter. Res. Rep., (20),
977 pp.

Hiyama, Y. and F. Yasuda. 1961. Japanese fishes.
Uchida Rokakuho Publ., Tokyo, ix+ 155+ xxxix pp.,
210 pls. (In Japanese.)

Hubbs, C.L. and R. Ishiyama. 1968. Methods for
the taxonomic study and description of skates
(Rajidae). Copeia, 1968(3): 483491,

Hulley, P. A. 1972. The origin, interrelationships and
distribution of southern African Rajidae (Chondr-
ichthyes, Batoidei). Ann. South Afr. Mus., 60(1):
1-103.

Ishihara, H. and R. Ishiyama. 1986. Systematics and
distribution of the skates of the North Pacific
(Chondrichthyes, Rajoidei). Pages 269-280 in T.
Uyeno, R. Arai, T. Taniuchi and K. Matsuura, eds.
Indo-Pacific fish biology. Ichthyological Soc. of
Japan, Tokyo, 998 pp.

Ishiyama, R. 1950. Studies on the rays and skates
belonging to the family Rajidae, found in Japan
and adjacent regions. 1. Egg-capsule of ten species.
Japan. J. Ichthyol., 1(1): 30-36. (In Japanese with
English summary.)

Ishiyama, R. 1951a. Studies on the rays and skates
belonging to the family Rajidae, found in Japan
and adjacent regions. 2. On the age-determination
of Japanese black skate Raja fusca Garman (pre-
liminary report). Bull. Japan. Soc. Sci. Fish.,
16(12): 112-118.

Ishiyama, R. 1951b. Studies on the rays and skates
belonging to the family Rajidae, found in Japan
and adjacent regions. 3. Age determination of
Raja hollandi Jordan et Richardson, chiefly inhabit-
ing the waters of the East China Sea. Bull. Japan.
Soc. Sci. Fish., 16(2): 119-124. (In Japanese with
English summary.)

Ishiyama, R. 1952. Studies on the rays and skates
belonging to the family Rajidae, found in Japan
and adjacent regions. 4. A revision of three genera
of Japanese rajids, with descriptions of one new
genus and four new species mostly occurred in
northern Japan. J. Shimonoseki Coll. Fish., 2(1):
1-34, pls. 1-4.

Ishiyama, R. 1955. Studies on the rays and skates
belonging to the family Rajidae, found in Japan
and adjacent regions. 6. Raja macrocauda, a new
skate. J. Shimonoseki Coll. Fish., 4(1): 43-51.

Ishiyama, R. 1958a. Observations on the egg-
capsules of skates of the family Rajidae, found in
Japan and adjacent waters. Bull. Mus. Comp.
Zool. Harvard Coll., 118(1): 1-24.

— 282 —



Ishihara: Revision of Raja

Ishiyama, R. 1958b. Studies on the rajid fishes
(Rajidae) found in the waters around Japan. J.
Shimonoseki Coll. Fish., 7(2/3): 193-394, pls. 1-3.

Ishiyama, R. 1967. Fauna Japonica. Rajidae (Pisces).
Biogeogr. Soc. Japan, Tokyo, vi+84 pp., 32 pls.

Ishiyama, R. and H. Ishihara. 1977. Five new species
of skates in the genus Bathyraja from the western
North Pacific, with reference to their interspecific
relationships. Japan. J. Ichthyol., 24(2): 71-90.

ISJ (Ichthyological Society of Japan), ed. 1981. Dic-
tionary of Japanese fish names and their foreign
equivalents. Sanseido, Tokyo, vii+834pp. (In
Japanese.)

Iwai, T. 1986. A picture book of fishes. 1.
sha, Osaka, 216 pp. (In Japanese.)

Jordan, D. S. and H. W. Fowler. 1903.
the elasmobranchiate fishes of Japan.
Natn. Mus., 26(1324): 593-674.

Jordan, D.S. and C. H. Gilbert. 1881. Description
of a new species of ray, Raia rhina, from the coast of
California. Proc. U.S. Natn. Mus., 3: 251-253.

Jordan, D.S. and C.L. Hubbs. 1925. Record of
fishes obtained by David Starr Jordan in Japan,
1922. Mem. Carnegie Mus., 10(2): 93-347, pls.
5-12.

Jordan, D. S. and R. E. Richardson. 1909. A catalog
of the fishes of the island of Formosa, or Taiwan,

Hoiku-

A review of
Proc. U.S.

based on the collections of Dr. Hans Sauter. Mem.
Carnegie Mus., 4(4): 159-204, pls. 63-74.
Jordan, D.S. and J.O. Snyder. 190la. A list of

fishes collected in Japan by Keinosuke Otaki, and
by the United States steamer Albatross, with de-
scriptions of fourteen new species. Proc. U.S.
Natn. Mus., 23(1213): 335-380, pls. 9-20.

Jordan, D. S. and J. O. Snyder. 1901b. A preliminary
check list of the fishes of Japan. Annot. Zool.
Japon, 3: 30-159.

Jordan, D. S., S. Tanaka and J. O. Snyder. 1913. A
catalogue of the fishes of Japan. J. Coll. Sci.,
Tokyo Imp. Univ., 33(1): 1-497.

Kamohara, T. 1950. Description of the fishes from
the provinces of Tosa and Kishu, Japan. Kochi
Printing Co., Kochi, 34-288+45+48+26 pp. (In
Japanese.)

Kamohara, T. and O. Okamura. 1985. Colored
illustrations of the marine fishes of Japan. Vol. I.
Hoikusha, Osaka, xvi+212 pp. (In Japanese.)

Koo, K.C. 1933. The fishes of Chefoo. Contr.
Inst. Zool. Natn. Acad., 1(3): 235 pp., 34 pls. (In
Chinese.)

Leviton, A. E., R. H. Gibbs, Jr., E. Heal and C.E.
Dawson. 1985. Standards in herpetology and
ichthyology: Part I. Standard symbolic codes for
institutional resource collections in herpetology and
ichthyology. Copeia, 1985 (3): 802-832.

Lindberg, G. U. and M. 1. Legeza. 1959. Fishes of

the Japan Sea, and its neighbouring waters of the
Okhotsk Sea and the Yellow Sea. Part I. Amphioxi,
Petromyzones, Myxini, Elasmobranchii, Holoce-
phali. Trudy Zool. Inst. Akad. Nauk S.S.S.R., 68,
Izd. Akad. Nauk S.S.S.R., Moskva, Leningrad,
208 pp. (In Russian.)

Liu, F.H. 1932. The elasmobranchiate fishes of
north China. Sci. Rep. Natn. Tsing Hua Univ.,
Ser. B, 1(15): 133-191.

Masuda, H., K. Amaoka, C. Araga, T. Uyeno and
T. Yoshino, eds. 1984. The fishes of the Japanese
Archipelago. English text and plates. Tokai Univ.
Press, Tokyo, xxii+437 pp., 370 pls.

Matsubara, K. 1935. Key to Japanese fishes. (3).
Suisan Kenkiu-shi, 30(3): 43-52. (In Japanese.)

Matsubara, K. 1936. Fauna Nipponica, 15-2(2).
Order Plagiostomi II (Rays), order Holocephali.
Sanseido, Tokyo, 70 pp. (In Japanese.)

Matsubara, K. 1955. Fish morphology and hierarchy.
Parts I-1Il. Ishizaki-shoten, Tokyo, xi+1605 pp,
135 pls. (In Japanese.)

McEachran, J. D. and L.J. V. Compagno. 1979. A
further description of Gurgesiella furvescens with
comments on the interrelationships of Gurgesiellidae
and Pseudorajidae (Pisces, Rajoidei). Bull. Mar.
Sci., 29(4): 530-553.

Miller, D.J. and R.N. Lea. 1972. Guide to the
coastal marine fishes of California. Dept. Fish
Game, Fish Bull., (157): 1-235.

Miiller, J. and J. Henle. 1841. Systematische Besch-
reibung der Plagiostomen. Berlin, xxii4200 pp.,
60 pls.

Nakaya, K. 1984. Rajidae. Pages 62-69+306-309
in O. Okamura, and T. Kitajima, eds. Fishes of the
Okinawa Trough and the adjacent waters. 1. The in-
tensive research of unexploited fishery resources of
continental slopes. Japan Fish. Res. Conserv.
Assoc., Tokyo, 414 pp.

Nystrom. E. 1887. Redogorelse for den Japaniska
Fisksamlingen. I. Upsala Universitets Zoologiska
Museum. Bihang K-Svenska Vet.-Akad. Handl.,
Ser. 13, 4(4): 1-54.

Okada, Y. and K. Matsubara. 1938. Keys to the
fishes and fish-like animals of Japan. Sanseido,
Tokyo, xi+ 584 pp. (In Japanese.)

Okada, Y., K. Uchida and K. Matsubara. 1935.
Descriptions and figures in color of the fishes of
Japan. Sanseido, Tokyo, 4+425-+46 pp. (In Japa-
nese.)

Okamura, O. and Y. Machida. 1986. Additional
records of fishes from Kochi Prefecture, Japan.
Mem. Fac. Sci. Kochi Univ., Ser. D (Biology), 7:
17-41.

Pavlenko, M. N. 1910. Fishes of Peter the Great Bay.
Trud. Obsc. Jest Kazani, 42, Pt. 2, 95 pp., 10 pls.
(In Russian.)

— 283 —



M Japan. J. Ichthyol. 34(3), 1987

Peters, W. 1880. Mittheilung {iiber die von der
chinesischen Regierung zu der internationalen
Fischerei-Ausstellung gesandte Fischsammlung aus
Ningpo. Monatsber. Akad. Wiss. Berlin, 1880:
921-927.

Pietschmann, V. 1908. Japanische Plagiostomen.
Sitzber Akad. Wiss. Wien, 117(1): 637-710, pls. 1-2.

Raschi, W. 1978. Notes on the gross functional
morphology of the ampullary system in two similar
species of skates, Raja erinacea and R. ocellata.
Copeia, 1978(1): 48-53.

Reeves, J. 1828. Autograph list of the water-color
drawings of Chinese fishes, painted for him by
native artists at Macao and Canton in 1828-29
with some lists of the subject in Chinese. (Unpub-
lished.)

Richardson, J. 1846. Report on the ichthyology of
the seas of China and Japan. Rep. Brit. Assoc.
Adv. Sci. for 1845: 187-320.

Sato, R. and A. Hasebe. 1982. Picture book in color
of fishes—which are landed at the Kesennuma Fish
Market—. Nozaki Press, Kesennuma, 87 pp. (In
Japanese.)

Schmidt, P.J. 1931. Fishes of Japan, collected in
1901. Trans. Pacif. Comm. Acad. Sci. U.S.S.R.,
2: 1-176.

Shen, S.-C. 1984a. Synopsis of fishes of Taiwan.
Southern Material Center, INC, Taipei, ix+ 533 pp.
(In Chinese.)

Shen, S.-C. 1984b. Coastal fishes of Taiwan. Veterans
Printing Works, Taipei, 190 pp. (In Chinese.)

Shiogaki, M. 1982. A catalogue of the fishes col-
lected from the waters of Aomori Prefecture, Japan.
Bull. Fish Exp. Stn. Aomori Pref., 1982: 1-36. (In
Japanese.)

Stehmann, M. 1970. Vergleichend morphologische
und anatomische Untersuchungen zur Neuordnung
der Systematik der nordostatlantischen Rajidae
(Chondrichthyes, Batoidei). Arch. Fischwiss., 21
(2): 73-164.

Stehmann, M. 1985. Ergebnisse der Forschungsreisen
des FFS “Walther Herwig” nach Siidamerika.
LXIV. Bathyraja papilionifera sp. n. (Pisces, Batoi-
dea, Rajidae), eine weitere neue Rochenart aus
dem Siidwestatlantik vom nordargentinischen Konti-
nentalabhang. Arch. Fischwiss., 36(1/2): 195-211.

Stehmann, M. and D.L. Birkel. 1984. General
remarks, explanation of terms and mode of pre-
sentation for Hypotremata (Rajiformes). Pages
151-152 in P. J. P. Whitehead, M.-L. Bauchot, J.-C.
Hureau, J. Nielsen and E. Tortonese, eds. Fishes of
the north-eastern Atlantic and the Mediterranean.
Vol. I. UNESCO, Paris, 510 pp.

Tanaka, S. 1916. A new species of Japanese fishes.
Zool. Mag., Tokyo, 28(334): 313-314. (In Japanese.)

Tanaka, S. 1917. Figures and descriptions of the

fishes of Japan. 25: Daichi-shoin, Tokyo, pp. 453-
455, pls. 124-127.

Tanaka, S. 1927. Figures and descriptions of the
fishes of Japan. 35. Daichi-shoin, Tokyo, pp. 662—
665, pl. 154.

Tanaka, S. 1933. Figures and descriptions of edible,
poisonous and ornamental animals and plants for
fisheries. Daichi-shoin, Tokyo, xxx--607446 pp.
(In Japanese.)

Tang, D.S. 1934. The elasmobranchiate fishes of
Amoy. Nat. Sci. Bull., Univ. Amoy, 1(1), 111 pp.
Taranetz, A. 1935. Some changes in the classification
of fishes of the Soviet Far East with notes on their
distribution.  Vest. Dvy Filiala Akad. Nauk
S.S.S.R., (13): 89-101. (In Russian with English

summary.)

Tchang, T. L. 1940. Notes on some elasmobranchiate
fishes. Bull. Fan Mem. Inst. Biol.,, Zool. Ser.,
10(3): 159-166.

Temminck, C.J.
Japonica—Pisces.
144 pls.

Teng, H. T. 1962. Studies on the classification and
distribution of the elasmobranchiate fishes from
Formosa. Doctoral Thesis, Univ. of Kyoto, Kyo-
to, 304 pp. (In Japanese.)

Tomiyama, 1., T. Abe and T. Tokioka. 1958. En-
cyclopedia zoologica illustrated in colours. Pt. II.
Phylum Vertebrata, Class Pisces; Class Cyclo
stomata; Class Protochordata.  Hokuryukan,
Tokyo, xiv+3924-86 pp. (In Japanese.)

Tortonese, E. 1939. Risultati ittiologicidel viaggio di
circumnavigazione del globo della R.N. “Magenta”
(1865-68). Boll. Mus. Zool. Anat. Comp. R. Univ.
Torino, 47, Ser. 3, (100): 177-245, 9 pls.

Ueno, T. 1965. The fishes adjacent to Hokkaido. 8.
Skates. Monthly Rep. Hokkaido Pref. Fish.,
22(9): 402-420, (In Japanese.)

Ui, N. 1929. Fishes of Province Kisyu.
shoten, Osaka, 284445 pp. (In Japanese.)

Wang, K. F. 1933. Preliminary notes on the fishes
of Chekiang (Elasmobranches). Contr. Biol. Lab.
Sci. Soc. China, Zool. Ser., 9(3): 87-118.

Wang, K. F. 1958. Fish taxonomy. Shanghai Sci-
ence Press, Shanghai, 304597 pp. (In Chinese.)

Whitehead, P.J. P. 1970. The Reeves collection of
Chinese fish drawings. Bull. Brit. Mus. Nat. Hist.,
Hist. Ser., 3(7): 191-233, pls. 1-29.

Wu, H. W. 1929. Study of the fishes of Amoy. Part.
1. Contr. Biol. Lab. Sci. Soc. China, 5(4): 1-90.
Yamada, U. 1986. Rajidae. Pages 32-36 in O. Oka-
mura, ed. Fishes of the Fast China Sea and the
Yellow Sea. Seikai Reg. Fish. Res. Lab., Nagasaki,

xxxvi+501 pp. (In Japanese.)

Zhang, C.L., Q.T. Cheng, B.S. Zheng, S.Z. Lj,
W.L. Zheng and W.B. Wang. 1955. Report of

1850. Fauna
323 pp.,

and H. Schlegel.
Lugduni Batavorum,

Yodoya-

—284—



Ishihara: Revision of Raja

research in the fishes of the Yellow Sea.
Press, Beijing, xviii4+353 pp. (In Chinese.)

Zhu, Y.D. 1960. Cartilaginous fishes of China.
Science Press, Beijing, x+225 pp. (In Chinese.)

Zhu, Y. D. and Q. W. Meng. 1984. Chondrichthyes.
Pages 13-104 in Y. D. Zhu, ed. The fishes of Fujian
Province (Part I). Fujian Science and Technology
Press, Fujian, 244528 pp. (In Chinese.)

Zhu, Y. D., C. L. Zhang and Q. T. Cheng, eds. 1963.
Fishes of the East China Sea. Science Press, Beijing,
xxviii+642 pp. (In Chinese.)

Science

(10-11-203 Minamifujisawa, Fujisawa 251, Japan)

EEAFEES >+ T4 BERAOSEFNER
BE %

FEKFEHEEN ¥ 4% Raja 0EXR%E, Z0if
WDiE1ET < To nominal species o type A L i
BULRER REAFTHN ¥ 4L & h Twicfliid
HH R. (Okamejei) boesemani < 3 Z L 3B 5 &
Bofe. EEKFEEEAH # = 8B R.(Okamejei) »
T OMIE, Loy, Vv procaudal 3k O post-
dorsal length, Ji\» interdorsal distance, f#& - » &
BRRBER, MR L7 scapulocoracoid ##o>Z &ix
ET, ¥7vH A (HMH) R. (0.) hollandi Jordan
et Richardson o T X < lTwv T, Ui (1929) sk

WMAEZREAI W TE/h, L2lAy T rFo03x
Frh AL, RFE - interdorsal distance, 2 &
BOREE S AS A L 7o rosette-like patches, g Uth g
n 1 o B4 ring, MUFEERRSERT 5 atr 1
clasper cartilage, scapulocoracoid iz [#;» anterior
fenestra 2> L ETRAEH B,

Raja porosa Giunther, R. fusca Garman, R.
japonica Nystrom, R. tobae Tanaka, R. katsukii
Tanaka, R. meerdervoortii sensu Jordan and Fowler
(1903) v ¥ R. (0.) kenojei Miiller et Henle
@ junior synonym TH 5T EMNHHLLDOT, = E
vhHZARD¥41E R. (0.) kenojei r 1%, Raja (0.)
meerdervoortii Bleeker i3 valid T, 2 ¥~Hh =z
~ R. macrophthalma Ishiyama senior synonym T
HBEZLBPWELN L, BoloH ¥4 Raja kenojei
sensu Okada et al. (1935) 1 R. (Dipturus) kwang-
tungensis Zhu ¢ junior synonym & ¥B L7z, LA
EoZ L» o Ishiyama (1967) BE#H L7 v S =4
BB R. (Dipturus) 4, # 7 2 = 4 #jg& R. (Okamejei)
T,# INLBORNSBIELAPEREI RS, KXo 1H
FMEMA T KEREICE, FYIS=AHRE S, 2
AR 6, Il EoF v Fo A BAENKSHATSZ
ik ofe, Zo Nl BCARKREEET VA BB
» 2 #, R. (D.) binoculata Girard & R. (D.) rhina
JordanetGilbert # nz 7= 3 HEoOKRBEREZER LT,

(51 BERHEIHER 10-11-203)
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BFEMEE 34 B3ZTUTORI A ELIL. &
FEOLTETEWLET.

Japanese Journal of Ichthyology, 34(3), contents:
cover page 1, left column, 13th line, read “EHEASK
E” for “BALKA".

Ishihara: page 242, left column, synonym list, 8th

line, read “Raia fusca” for “Raja fusca”.

1E + Errata

Page 269, legend for Fig. 25, 2nd line, read “30
cm” for “30 mm”.

Page 285, right column, 2nd paragraph, 9th line,
read “BI6 2 ke otc.” for “PAbind, fnot,

Nakabo et al.: page 290, right column, abstract
in Japanese, 6th line, read “Bfiff#g” for “BAGEENT".
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