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TAIL SPINE CHARACTERISTICS OF STINGRAYS (ORDER MYLIOBATIFORMES)

FREQUENTING THE FAO FISHING AREA 61 (20°N 120°E - 50°N 150°E)
OF THE NORTHWEST PACIFIC OCEAN

Frank J. Schwartz
Institute of Marine Sciences, University of North Carolina
Morehead City, NC 28557-3209, USA

ABSTRACT. - Tail spine characteristics were examined in 46 stingray species (171 males, 252 females) with
intact spines from the Northwest Pacific Food and Agriculture Organization (FAO) fishing area 61 (located
between 20°N 120°E - 50°N 150°E). Of these, 34 species possessed tail spines, 10 did not and two species
either had all their spines broken (Dasyatis navarrae) or were not examined (D. gigantea). The distribution,
spine length, base length, total number of serrations per spine, the prebase / total spine length percentage ratio
and the presence of a dorsal spine groove are discussed for each species. The number of spine serrations
appears to be related to the specific habitat frequented by each species: 1) open water and highly-active
swimming species (eight species) possessed total spine serrations exceeding 100; 2) active midwater species
(12 species) possessed 70 - 100 total spine serrations; 3) benthopelagic species (seven species) possessed 50
- 70 total serrations and 4) benthic species (seven species) possessed 25 - 50 total spine serrations. Spine total
lengths (STL) varied widely and were not correlated with disk widths (DW). For example, Aetobatis narinari,
a large (300 cm DW), active species had spine lengths of 60 - 78 mm with 102 - 112 serrations while the
benthic species Dasyatis ushiei (38 cm DW) had a comparable spine length of 92 mm but only 46 serrations.
Likewise, the length of the serrations varied in length from minute in D. ushiei (38 cm DW), to stout in D.
izuensis (32 cm DW) and long in D. bennetti (30 cm DW) although they were of similar disk widths. Some
spines also had serrations on the sides of the spine base. Thus, stingray spine characteristics are good indicators
of the species and its habitat preference. Spine morphologies can aid ichthyologists, paleontologists and

physicians in species identification and elucidating fossil relationships.
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INTRODUCTION

The Pacific Ocean is the largest and deepest ocean on earth.
It is made up of the Pacific Plate, the Philippine Plate, deep
ridges and troughs and islands (Springer, 1982) that are
subjected to volcanism (Packham & Falvey, 1971). This paper
reports on the tail spine characteristics of 46 species of
stingrays found in waters of Food and Agriculture
Organization (FAO) fishing area 61 located between 20°N
120°E and 50°N 150°E (Garibaldi & Limongelli, 2002). This
area includes China, Japan, the Japan Sea, Korea, the South
China Sea, Taiwan, the Ryukyu, Penghu and Ogasawara
(Bonin) Islands and Okinawa.

Humans have long been aware of the venomous and toxic
aspects of stingray spines (Halstead, 1970). However, it has
not been regarded as a taxonomic character. This paper reports
on the tail spine serrations of 34 species of stingrays
frequenting the Northwest Pacific Ocean. Synonyms,
geographic distribution of the species, the existence of

bilateral spine serration asymmetry by sex (Schwartz, 2003,
Leamy & Klingenberg, 2005), total, base and prebase spine
lengths, the presence of dorsal grooves, percentage spine
dorsal groove length, the presence of lateral serrations or
spaces on the spine base and the number of tail spines per
species were examined.

MATERIALS AND METHODS

Preserved stingray specimens (171 males, 252 females) with
intact tail spines were examined at the Chinese Academy
Sciences (Beijing), Hokkaido University (Hokodate, Japan),
the University of Tokyo (Tokyo, Japan), the National Sciences
Museum (Tokyo, Japan), the Taiwan National Museum
(Taipei, Taiwan), the Commonwealth Scientific and Industrial
Research Organisation, CSIRO, (Hobart, Tasmania,
Australia), the Australian Museum (Sydney, Australia), the
Cape Town Museum (South Africa), Rhodes University (J.
L. B. Smith Laboratory, Grahamstown, South Africa),
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Naturhistorisches Museum (Vienna, Austria), the U.S.
National Museum (Washington, DC, USA), the California
Academy of Sciences (San Francisco, CA, USA) and the
Scripps Institution of Oceanography (La Jolla, CA, USA).

Geographic localities, by species, are designated as follows:
China (C), Japan and Japan Sea (J), Korea (K), Taiwan (T),
South China Sea (SC), Penghu (P), Ryukyu (R), Ogasawara
(Bonin) Islands (O) and Okinawa (OK). The use of common
names of the stingrays discussed follows Compagno (1999).

Most of the spines of the stingrays examined while still
attached to the tail, while a few were excised at the base of
the spine by teasing the skin loose to expose serrations or
spaces (in mm) on the sides of the base. All large and small
serrations occurring from the tip to the spine base were
counted for each side of the spine. Spine total length (STL)
was the spine length from its attachment to the tip of the spine.
Spine base (pb) was the STL minus the length of the spine
tip to the point where the spine was attached to the tail. Spine
base / spine total length (pb / STL) ratios were expressed in
terms of percentages. Percent length of the dorsal groove was
the length of the groove from the basal end of the spine to
the spine tip. Body disk widths (DW) are expressed in
centimeters (cm).

The order of the species presented in Table 1 is on the basis
of serration numbers and not generic relationships.

OBSERVATIONS

Himantura fai Jordan & Seale, pink whipray: A species
(150 cm DW) that occurs from the waters off Japan
Southward to the Indo-Pacific area and Australia (Last &
Stevens, 1994; Randall & Lim, 2000) (Table 1). The STL
averages 184 mm and it possessed the most highly-serrated
spine of all the North Pacific stingrays (183 serrations). No
serrations or blank spaces occurred on the base. The pb/STL
was 70% and a dorsal groove extended an average of 70% of
the length of the spine. Himantura fai is an active species
that frequents a range habitats from open water to atolls
(Randall & Earle, 2000).

Pteroplatytrygon violacea Bonaparte, pelagic stingray: One
of the largest (Last & Stevens, 1994) stingrays with an average
210 cm DW frequenting the waters of the China Sea, off
Japan, Taiwan, Korea, the South China Sea and the Ryukyu
Islands (Ishihara, 1990; Nishida & Nakaya, 1990; Last &
Stevens, 1994; Randall & Lim, 2000) (Table 1). It has been
placed in the genus Dasyatis by some authors (Nishida &
Nakaya, 1990). It is dark both dorsally and ventrally. Its
anterior disk profile is arched. The spine of the female was
slightly longer than that of the male (121 mm STL vs. 109
mm STL) (Table 1). Average total spine serrations of the
males were 166 while the females had 169. There were 3 -
20 serrations on each side of the spine base. The average pb
/ STL was 72% for the males and 75% for the females. A
dorsal groove extended an average of 20% of the spine’s
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length. The most distinguishing feature of the spine was the
cul-de-sacs located medially, between each spine serration.

Pastinachus sephen Forsskael, cowtail stingray: A species
(180 cm DW) with a conspicuous lower tail fin fold is found
across the world from the Red Sea, South Africa, China,
Taiwan, Korea, Indonesia, the Ryukyu Islands, Japan, the
South China Sea and Okinawa (Fowler, 1941; Nishida &
Nakaya, 1990; Last & Stevens, 1994; Randall & Lim, 2000)
(Table 1). The tail spine was long, with the STL averaging
157 mm in males and 159 mm in females. The average total
spine serrations were 124 for both sexes and 5 to 26 serrations
occurred on the sides of the spine base. The average pb /
STL was 75% for males and 76% for females. No dorsal
groove was evident in this multi-spined species.

Dasyatis izuensis Nishida & Nakaya, Izu stingray: A species
(37 cm DW) that is found off Japan and Taiwan (Nishida &
Nakaya, 1990) (Table 1). The average STL of males was 68
mm and 79 mm in females. The spine was stout and had an
average of 112 serrations in males and 130 in females with
10 to 33 serrations occurring on the sides of the spine base.
The average pb / STL was 69% for males and 74% for
females. A dorsal groove extended an average of 10% of the
spine’s length.

Himantura granulata Macleay, mangrove whipray: A
species (90 cm DW) that occurs in the South China Sea and
is widespread in the Indo-West Pacific (Last & Stevens, 1994;
Randall & Lim, 2000) (Table 1). The average STL was 52
mm in both sexes. The average total spine serrations were
124 in males and 97 in females. There were 2 - 13 serrations
on the sides of the spine base. The average pb / STL was
72% for males and 81% for females. A dorsal groove extended
an average of 70% of the spine’s length.

Aetobatis narinari Euphrasen, spotted eagle ray: An active,
open water species (300 cm DW) that is found off China,
Japan, Taiwan, Korea, the Ryukyu and Ogasawara Islands
and in the South China Sea (Fowler, 1941; Shen, 1984,
Ishihara, 1990; Last & Stevens, 1994; Randall et al., 1997;
Randall & Lim, 2000) (Table 1). The average total spine
serrations were 102 for males and 112 for females with 4 -
16 serrations occurring on the sides of the spine base. The
average pb / STL was 76% for males and 66% for females.
A dorsal groove extended an average of 50% of the spine’s
length in some specimens and there were up to 8 tail spines
per specimen.

Plesiobatis daviesi Wallace, giant stingaree: A species (200
cm DW) that is found off China, Taiwan, the Ryukyu Islands,
Okinawa and in the South China Sea (Ishihara, 1990; Last &
Stevens, 1994; Randall & Lim, 2000; Chen, 2004) (Table 1).
It possessed a long serrated spine with an STL average of
114 mm in males and 81 mm in females. The average total
spine serrations were 114 for males and 87 for females. On
the sides of the spine base, either 6 - 15 serrations or a space
of 2 to 18 mm occurred. The average pb / STL was 71% for
males and 74% for females. No dorsal groove was evident.
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Dasyatis lata Garman, brown stingray: A species (52 cm
DW) that occurs off China, Japan, Taiwan and in the South
China Sea (Nishida & Nakaya, 1990; Randall & Lim, 2000)
(Table 1). The total serrations averaged 83 mm in males and
122 mm in females. The spine base had 1 - 13 serrations or
an 8 mm space on each side. The average pb / STL was 56%
for males and 58% for females. A dorsal groove extended
50 - 80% of the spine’s length.

Rhinoptera javanica Miiller & Henle, Javanese cownose
ray: An active (114 cm DW) mid- and benthic swimming
species found off China, Taiwan, the Ryukyu and Ogasawara
Islands and in the South China Sea (Fowler, 1941; Ishihara,
1990; Randall & Lim, 2000) (Table 1). STL averages 52 mm
in males and 112 mm in females. The average total spine
serrations were 36 for males and 72 for females with 2 - 10
serrations occurring on the sides of the spine base. The
average pb / STL was 69% for males and 64% for females.
A dorsal groove extended an average of 40% of the spine’s
length. A specimen labeled as a Hainan cownose ray
(Rhinoptera hainanensis) that Chu (1960) examined in
Beijing, was found to be R. javanica.

Dasyatis bennetti Miiller & Henle, frilltailed stingray: A
species (30 cm DW) frequenting the waters off China,
Taiwan, the Ryukyu and Ogasawara Islands and the South
China Sea (Shen, 1984; Ishihara, 1990; Nishida & Nakaya,
1990; Randall & Lim, 2000) (Table 1). It possesses a long
tail which is upturned at the tip. There were only male
specimens available for examination. The average STL was
51 mm, total serrations were 95 and 8 serrations usually
occurred on the sides of the spine base. The average pb /
STL was 77% and a dorsal groove extended an average of
60% of the spine’s length.

Dasyatis ushiei Jordan & Hubbs, cow stingray: A species
(38 cm DW) that is found off China, Japan, Taiwan, Korea,
the Ryukyu and Ogasawara Islands and in the South China
Sea (Fowler, 1941; Ishihara, 1990; Nishida & Nakaya, 1988b,
1990; Randall & Lim, 2000) (Table 1). Only one female
specimen was available for examination. Its STL was 74 mm,
46 right serrations and 46 left serrations and many small
serrations (92 in total) occurred on the base. The average pb
/ STL was 59%. No dorsal groove was present.

Dasyatis matsubarai Miyosi, pitted stingray: A species (44
cm DW) that is known from the waters off China, Japan and
Taiwan (Nishida & Nakaya, 1990) (Table 1). The STL
averaged 65 mm in males and 77 mm in females. The average
total spine serrations were 90 for males and 87 for females
and a 6 - 27 mm space occurred on the sides of the spine
base sometimes extending on to the beginning of the spine
proper. The average pb / STL was 70% for males and 71%
for females. No dorsal groove was present.

Taeniura meyeni Miiller & Henle, fantail stingray: A wide-
ranging (118 cm DW) species found off China, Japan, Korea,
Taiwan, the Ryukyu and Ogasawara Islands and in the South
China Sea (Fowler, 1941; Last & Stevens, 1994; Randall &
Lim, 2000; Randall & Lim 2000; Chen, 2004) (Table 1). The

average STL was 60 mm in males and 61 mm in females.
The average total spine serrations were 111 for males and 65
for females. On the spine base, either 5 - 10 serrations or a
space of 1 - 23 mm may occur on each side. The average pb
/ STL was 72% for males and 74% for females. A dorsal
groove extended an average of 80% of the spine’s length.

Hexatrygon sp. H, H. sp. I, H. brevirostra (Shen, 1986b),
H. longirostrum (Chu et al., 1981), H. taiwanensis (Shen,
19864, 1993) and H. yangi (Shen & Liu, 1984) may all be
H. bickelli Heemstra & Smith, 1980 (Table 1). There was
difficulty in confirming the identity of the species as the spine
of the H. bickelli type specimen described by Heemstra and
Smith (1980) and examined at Grahamstown (as well as others
in Taipei, Taiwan and CSIRO, Hobart, Tasmania) were
broken. Most of the Hexatrygon spp. (long-nosed stingrays)
(44 - 80 cm DW) occur off China, Taiwan, Okinawa and
Southward to Australia (Last & Stevens, 1994; Randall &
Lim, 2000) (Table 1). The STL varied between 64 and 124
mm. Total serrations varied between 61 and 139. Spaces up
to 22 mm in size may occur on the sides of the spine base
depending on the specimen and/or ‘species’. The pb / STL
varied between 58 and 79%. A dorsal groove extended 40 -
60% of the spine’s length. All the specimens examined except
for H. sp. I may be of the same species.

Himantura uarnak Forsskael, leopard ray: A highly
dangerous (125 cm DW) species whose broad range extends
from the waters off China, Taiwan, the Ryukyu Islands, the
South China Sea and the Mediterranean (Ishihara, 1990; Last
& Stevens, 1994; Randall & Lim, 2000) (Table 1). The STL
averaged 63 mm in males and 55 mm in females, although
other specimens may possess longer, narrower spines. The
average total spine serrations were 92 for males and 73 for
females and 2 - 12 serrations occurred on the sides of the
spine base. The average pb / STL was 65% for males and
64% for females. A dorsal groove extended an average of
25% of the spine’s length.

Himantura imbricata (= walga) Bloch & Schneider, dwarf
stingray: A species (23 cm DW) that is found from the Yellow
Sea to the South China Sea (Ishihara, 1990; Randall & Lim,
2000) (Table 1). The average STL was 45 mm in males and
40 mm in females. The average total spine serrations were
76 for males and 75 for females. On the sides of the spine
base, either 11 serrations or a 4 - 6 cm space occurred. A
dorsal groove extended an average of 79% of the spine’s
length.

Aetobatus flagellum Bloch & Schneider, longheaded eagle
ray: A large, active species (97 cm DW) found off China and
in the South China Sea (Ishihara, 1990; Randall & Lim, 2000)
(Table 1). There was only one female specimen available for
examination for this species. Its STL was 42 mm and
possessed 115 serrations. On the sides of the spine base, 2 -
4 serrations occurred. The average pb / STL was 67%. No
dorsal groove was present.

Dasyatis microps Annandale, thickspine giant stingray: A
species (22 cm DW) that is found in the South China Sea
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(Fowler, 1941; Randall & Lim, 2000) (Table 1). Only one
female specimen was available for examination. Its STL was
91 mm and total serrations were 75. Twenty-five serrations
occurred on the sides of the spine base. The pb / STL was
74%. A dorsal groove extended an average of 75% of the
spine’s length.

Himantura jenkinsii Annandale, pointed-nose stingray: A
species (105 cm DW) that is found in the waters off China
and the South China Sea (Fowler, 1941; Last & Stevens 1994,
Randall & Lim, 2000) (Table 1). The STL averaged 40 mm
in males and 34 mm in females. The average total spine
serrations were 69 for males and 73 for females and an 8 - 30
mm space occurred on the sides of the spine base and often
extended onto the spine proper. The average pb / STL was
88% for males and 89% for females. A dorsal groove extended
an average of 55 - 87% of the spine’s length.

Dasyatis akajei Miiller & Henle, red stingray: A species (30
cm DW) that is found off China, Japan, Taiwan, the Ryukyu
and Ogasawara Islands and in the South China Sea (Fowler,
1941; Okamura & Kitajima, 1984; Shen, 1984; Ishihara, 1990;
Nishida & Nakaya, 1990; Randall et al., 1997; Randall &
Lim, 2000; Chen, 2004) (Table 1). The STL averaged 42 mm
in males and 41 mm in females. The average total spine
serrations were 68 for males and 72 for females and 2 - 19
serrations occurred on the sides of the spine base. The average
pb / STL was 54% for males and 61% for females. A dorsal
groove extended an average of 20% of the spine’s length.

Himantura sp. A: A species (30 cm DW) that is found off
China and the South China Sea (Last & Stevens, 1994;
Randall & Lim, 2000) (Table 1). The STL averaged 46 mm
in males and 41 mm in females. The average total spine
serrations were 45 for males and 44 for females. On the sides
of the spine base, 6 -11 serrations occurred. The average pb
/ STL was 67% for males and 63% for females. No dorsal
groove was present.

Taeniura lymma Forsskael, blue-spotted ribbontail: A wide-
ranging species (30 cm DW) that occurs from the Red Sea to
China, Taiwan and in the South China Sea (Fowler, 1941;
Last & Stevens, 1994; Ishihara, 1990 (Table 1). The STL
averaged 58 mm in males and 37 mm in females. The average
total spine serrations were 68 for males and 69 for females.
At the spine base, 4 - 21 serrations or a 4 - 13 mm space may
occur on the sides. The average pb / STL was 79% for males
and 85% for females. A dorsal groove extended 59 - 96% the
length of the spine.

Dasyatis kuhlii Miiller & Henle, blue-spotted stingray: A
wide-ranging species (38 cm DW) that is found off China,
Japan, Taiwan, Korea, the Ryukyu and Ogasawara Islands
and in the South China Sea (Fowler, 1941; Ishihara, 1990
Nishida & Nakaya, 1990; Last & Stevens, 1994; Randall et
al., 1997; Randall & Lim, 2000; Chen, 2004) (Table 1). The
STL averaged 49 mm in males and 65 mm in females. The
average total spine serrations were 60 for males and 73 for
females. At the spine base, either 4 - 5 serrations or a 16 - 18
mm space may occur on the sides. The average pb / STL was
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71% for males and 65% for females. A dorsal groove extended
an average of 80% the length of the spine.

Himantura gerrardi Gray, bluntnose whiptail ray: A species
(45 cm DW) that inhabits the waters off China, Southern
Japan, Taiwan and the South China Sea (Fowler, 1941;
Ishihara, 1990; Randall & Lim, 2000; Chen, 2004) (Table
1). Two forms may be encountered, one with a banded tail
and the other with a uniformly-coloured tail. Average STL
was short: 23 mm in males and 37 mm in females. The
average total spine serrations were 41 for males and 83 for
females with a space 2 - 24 mm in size occurring on the sides
of the spine base that extended on to the spine proper. The
average pb / STL was 71% for males and 52% for females.
A dorsal groove extended some 50% of the spine’s length.

Dasyatis laevigata Chu, Yantai stingray: A species (19 cm
DW) that is found off China, Taiwan and in the South China
Sea (Ishihara, 1990; Nishida & Nakaya, 1990; Randall & Lim,
2000) (Table 1). The STL averaged 42 mm in males and
females. The average total spine serrations were 60 for both
sexes and a 6 mm space occurred on each side of the spine
base. The average pb / STL was 61% for males and females.
A dorsal groove extended an average of 63% of the length of
the spine.

Dasyatis zugei Miiller & Henle, pale-edged stingray: A
species (29 cm DW) that is found in fairly deep waters off
China, Japan, Taiwan and in the South China Sea (Fowler,
1941; Shen, 1984; Ishihara, 1990; Randall & Lim, 2000)
(Table 1). The STL averaged 53 mm in males and 49 mm in
females. The average total spine serrations were 54 for males
and 64 for females. A space 8 - 30 mm occurred on each side
of the base and extended on to the spine proper. The average
pb/STL was 62% for males and 61% for females. No dorsal
groove was present.

Dasyatis acutirostra Nishida & Nakaya, sharpnose stingray:
A species (52 cm DW) that is found off Japan and Taiwan
(Ishihara, 1990; Nishida & Nakaya, 1990) (Table 1). The
average STL was 39 mm in males and 34 mm in females.
The average total spine serrations were 52 for males and 56
for females with a small space occurring at the forward edge
of the spine base. The average pb / STL was 66% for males
and 65% for females. No dorsal groove was present.

Mpyliobatis tobijei Bleeker, kite ray: A species (= 35 cm DW)
that is found off China, Japan, Taiwan, Korea, the Ryukyu
and Ogasawara Islands, Okinawa and in the South China Sea
(Fowler, 1941; Shen, 1984, 1988; Randall et al., 1997; Randall
& Lim, 2000; Chen, 2004) (Table 1). The STL averaged 42
mm in males and 28 mm in females. The average total spine
serrations were 60 for males and 42 for females. Six serrations
or a5 - 8 mm space may occur on sides of the base of spine.
The average pb / STL was 74% for males and 60% for
females. A dorsal groove extended an average of 20% of the
spine’s length.

Himantura (= Trygon) pastinacoides Bleeker, round
whipray: This species (35 cm DW) is found in the South China
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Sea (Randall & Lim, 2000) (Table 1). The spine is long and
thin. The average STL was 59 mm in males and 60 mm in
females. The average total spine serrations were 65 for males
and 76 for females and a space 3 - 15 mm may occur on each
side of the spine base. The average pb / STL was 69% for
males and 66% for females. No dorsal groove was present.

Urolophus aurantiacus Miiller & Henle, sepia stingray: A
species (28 - 37 cm DW) that is found in the waters off China,
Japan, Taiwan, the Ryukyu Islands, Okinawa and the South
China Sea (Shen, 1984, 1988; Okamura & Kitajima, 1984;
Randall & Lim, 2000) (Table 1). Only one female specimen
was available for examination. It possessed a long 42 mm
STL spine whose tip is bent upward and 41 total serrations.
The pb / STL was 75%. No dorsal groove was present.

Himantura microphthalma Chen, smalleye whipray: This
small, long-spined (45 cm DW) species is found in the waters
off China, Japan, Taiwan and the South China Sea (Ishihara,
1990; Randall & Lim, 2000) (Table 1). The STL was short
and averaged 28 mm in males and 31 mm in females. The
average total spine serrations were 44 for males and 39 for
females with a 12 mm space occurring on each side of the
spine base. The average pb / STL was 66% for males and
59% for females. No dorsal groove was present.

Aetoplatea zonura Bleeker, zonetail butterfly ray: A species
(85 cm DW) that is found off China, Taiwan and in the South
China Sea (Shen, 1984; Ishihara, 1990; Randall & Lim, 2000)
(Table 1). The STL averaged 15 mm in males and 17 mm in
females. The average total spine serrations were 50 for males
and 28 for females and 2 - 7 serrations occurred on the sides
of the spine base. The average pb / STL was 33% for males
and 46% for females. No dorsal groove was present.

Gymnura bimaculata Norman, twin-spot butterfly ray: A
species (39 cm DW) that is found off China, Japan, Korea,
Taiwan, the Ogasawara Islands and in the South China Sea
(Fowler, 1941; Randall et al., 1997; Randall & Lim, 2000)
(Table 1). Only male specimens were available for
examination. Average STL was 15 mm and total serrations
were 31. At the spine base, 13 to 15 serrations occurred on
each side. The pb / STL was 42%. A dorsal groove was not
evident.

Gymnura japonica Schlegel, Japanese butterfly ray: A
species (77 cm DW) that is found off China, Japan, Taiwan,
the Ogasawara Islands and in the South China Sea (Shen,
1984, 1988; Ishihara, 1990; Randall & Lim, 2000; Randall
& Lim, 2000; Chen, 2004) (Table 1). The STL averaged 8
mm in males and 15 mm in females and the average total
spine serrations were 21 in both sexes. On both sides of the
spine base, 3 - 7 serrations or a space 4 - 6 mm in size may
occur. The average pb / STL was 50% for males and 42% for
females. A dorsal groove extended an average of 30% of the
spine’s length.

DISCUSSION

Elasmobranch classifications have had many interpretations
(Compagno 1973, 1986, 1999; Nishida, 1990; Nishida &
Nakaya, 1990; Lovejoy, 1996; McEachran et al., 1996; Dunn
et al., 2003; McEachran & Aschliman, 2004). Nishida &
Nakaya (1990) which have listed 17 species of stingrays
frequenting FAO fishing area 61. Randall & Lim (2000)
recorded 53 species from the South China Sea. Ishihara (1990)
considered 56 stingray species of the genus Dasyatis to occur
in the Northwest Pacific and further referred several stingrays
to the genus Dasyatis (i.e. Urolophoides) and considered D.
ushiei to be D. matsubarai. Other authors have also listed
various members of stingrays from the area: Fowler (1941);
Garman (1997, reprint); Randall et al. (1997); the genus
Mobula by Notabartolo-di-Sciara (1987, 1988); Okinawa
Trough species by Okamura & Kitajima (1984, Okinawa
Trough); Australian species by Last & Stevens (1994);
Penghu species by Chen (2004); species of the Okinawa and
Ogasawara Islands by Randall et al. (1997) and the Taiwanese
species by Shen (1988).

New species of stingrays described from the Northwest
Pacific include: Dasyatis acutirostra (Nishida & Nakaya,
1988a) and D. izuensis (Nishida & Nakaya, 1988b). There
was also ambiguity in nomenclature and identification.
Dasyatis cheni being a synonym of D. zugei. Raja africana
being a synonym of Urogymnus asperrimus (Eschmeyer,
1998). Rhinoptera hainanensis actually being R. javanica (see
text). Isouchi (1977) considered Gymnura bimaculata to be
a synonym G. japonica. Nishida & Nakaya (1988a) felt that
D. acutirostra may be D. zugei. Compagno (1986) placed D.
sephen in the genus Hypolophus which Ishihara (1990)
considered to be Dasyatis. McEachran et al. (1996) removed
several American species of stingrays from the Family
Urolophidae. Also, Pastinachus gruveli is P. sephen (Fowler,
1941).

The various spine characteristics of the 34 species of stingrays
are described (Table 1). Ten additional species did not have
tail spines: Aetomylaeus maculatus, A. milvus, A. nichofii
(although Halstead, 1970 illustrates a specimen with a spine),
A. vespertilio, Urogymnus asperrimus, Manta birostris,
Mobula eregoodootenkee, Mobula tarapacana, Mobula
thurstoni and Dasyatis sinensis (the 38 cm DW holotype
examined in Vienna has no spine). The tail spines of all the
D. navarrae specimens from Taiwan were broken. Also, the
178 cm DW taxidermized D. gigantea specimen from the
Peter the Great Bay was not examined (Soldaton & Lindberg
1930; Lindberg & Ligeza, 1967).

Overall, eight stingrays (the pelagic stingray, pink whipray,
cowtail stingray, Izu stingray, mangrove whipray, spotted
eagle ray, giant stingaree and brown stingray) which had
average total spine serrations > 100, were usually associated
with open water habitats. The 12 species (the Javanese
cownose ray, frilltailed stingray, cow stingray, pitted stingray,
fantail stingray, various Hexatrygon, leopard stingray, dwarf
stingray, long-headed eagle ray, thickspine giant stingray,
pointed-nose stingray and red stingray) with average total of
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between 70 and 100 total serrations were mid-water
inhabitants. The seven species (the blue-spotted ribbontail,
blue-spotted stingray, bluntnose whiptail ray, Yantai stingray,
pale-edged stingray, sharpnose stingray and kite ray) with
average total spine serrations of 50 - 70 were near-substrate
or benthic inhabitants. Finally, the seven species (round
whipray, sepia stingray, smalleye whip ray, zonetail butterfly
ray, Himantura sp. A, twin-spot butterfly and Japanese
butterfly ray) with 25 - 50 average total spine serrations were
benthic inhabitants.

Spine lengths varied and were not correlated with disk widths.
Aetobatis narinari which is a large active (300 cm DW)
species had spine lengths of 60 - 78 mm with 102 - 112
serrations while the benthic species Dasyatis ushiei had a 38
cm DW but a similar spine length (92 mm) with only 46
serrations. Likewise, the length of spine serrations varied in
length and was dependent on species. It ranged from minute
in D. ushiei (38 cm DW), to stout in D. izuensis (32 cm DW)
and long in D. bennetti (30 cm DW). This was despite similar
disk widths.

Rosenberger (2001a, b: 390) commented that “swimming
behavior can be coordinated with habitat and life style”.
Benthic species employ undulating fin movements while
pelagic species use oscillatory fin movements. However, little
correlation exists between comparison of tail spine serration
counts to habitat usage (present study) and swimming
behaviour of the species [Taeniura lymma (benthic species),
Pteroplatytrygon violacea (pelagic species), Gymnura
bimaculata (benthic-pelagic species) and Rhinoptera javanica
(benthic-pelagic species)] in Rosenberger (2001a, b).
Taeniura lymma have 68 serrations, P. violacea has 166, G.
bimaculata have 31 and R. javanica have 65. On the basis of
undulation or oscillation swimming, 7. Iymma (1.4 fin waves)
would be very different from P. violacea (0.7 fin waves) and
G. bimaculata (0.6 fin waves) would be similar to R. javanica
(0.4 fin waves). McEachran & Aschleiman (2004: 8 - 9)
affirmed that the systematic proximity of Gymnura to
Rhinoptera and that Pteroplatytrygon were closer to Dasyatis
and Taeniura, yet their behaviour is very different. Thus, fin
movements and spine serrations are not correlated.
Furthermore, spine serration variation differs greatly within
a species (e.g., Dasyatis spp. had spine serrations ranging
from 52 to 112). Spine serrations also do not correlate to
increasing evolutionary complexity (from primitive to
advanced), i.e. Dasyatis - Taeniura - Himantura - Gymnura
- Myliobatis - Rhinoptera -Mobula.

Stingray spines can now be used as an additional
morphological character in defining a species and their habitat
preferences. Spine morphology will aid ichthyologists,
paleontologists and physicians in species identification and
elucidating fossil relationships.
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