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COMPARATIVE STUDY OF THE SPINE OF ECHINOMETRA IN PALAU,

OKINAWA AND KAGOSHIMA

Junzo Tsukahara, Tsuyoshi Uehara and Makoto Tsukashima

Abstract

Four types of the sea urchin genus Echinometra are seen on the coast of Okinawa islands,

south-western Japan and recently they have been treated as four different species (A, B, C &
D) based on chromosome studies and spicule characteristics. In this study, species distribution
of Echinometra in Palau and Kagoshima (southern Kyushu, Japan) was studied. We could col
lect three species, A, B and C, in Palau and four species in Kagoshima.

Ultrastructural study of the surface of the spine of species A, B and C, from Palau, Okina

wa and Kagoshima was carried out to clarify the geographic variants among them. It might be

concluded that the three species of Ehinometra in Palau have almost equal characteristics to the
Okinawan species. However, species A and C in Kagoshima have some peculiar characteristics.

It is suggested that geographic variants among intraspecific specimens are going to occur in sea
urchins in Kagoshima.

Introduction

The sea urchin Ehinometra mathaei (Blainville) occurs conspicuously throughout the
Indo-Pacific shallow water and has wide morphological variations in some characters such as

shape of test and color pattern of spine (Mortensen, 1943). However, Okinawan E. mathaei
have been divided into types A and B by spine color (Tsuchiya & Nishihira, 1984). Recently,
additional types, C and D, were discovered based on chromosome studies and spicule characters

by Uehara and co-workers (1985, 1986, 1987, 1990). The distinctiveness of these urchin types
suggests that they are in fact separate species (Uehara et al., 1986).

Though these four species of Ehinometra are widely distributed in the Indo-Pacific Ocean,

it does not necessarily occur everywhere. For example, only E. mathaei (species B) and E.
oblonga (species E) lives in Hawaii (Kelso, 1970) and only species A and B live in Guam
(Uehara, person, com.) In Palau, we collected three species, A, B and C in 1995 (Uehara et
al., 1996). In Kagoshima, the southern part of Kyushu, Japan, four species of Ehinometra could
be collected and have the same characteristics in appearance as Okinawa. What about geog
raphic variants among intraspecific specimens from Palau, Okinawa and Kagoshima ?

In this paper, we study the ultrastructural characteristics of the surface and the transverse

section of spines to compare the specimens of species A, B and C from Palau, Okinawa and
Kagoshima.

Materials and Methods

Specimens of Echinometra, species A, B and C, were collected from the shallow reef of

Ulong Island and Kongaura Island in Palau, from Sunabe reef of Okinawa and Shioya coast of
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Kagoshima. Species Ahas white-tipped or entirely white spines with a bright white ring at the
base of each spine. The spicule in gonads and tubefeet is the needle type. Species Bhas spines
totally brown, green, cream or pink with no white tipped spine and a faded white ring at the
base of each spine. The spicule in gonads and tubefeet is the needle type like species A. Species
Chas spines with most abundant color variations and some of them resemble species B, except
for an evident white ring at the base of each spine. The spicules in gonads and tubefeet are trir-
adiated.

The longer spines were taken out from the side of the full grown specimens and were im
mersed in 5-8% sodium hypochlorite solution for 24 hr to 48 hr. This treatment removed all
organic material covering and connecting the spine. After rinsing five times with sea water,
spines were fixed with 1% Os04 in 0.05 Mphosphate buffer (pH 7.4) and 0.5 MNaCl for 1hr
at 0°C. The samples were then dehydrated through alcohol series, freeze-dried in 2-methyl
2-propanol, and coated with platinum-palladium. They were observed by a Hitachi S-4100
scanning electron microscope.

Results

1. Surface structure of the spine

(1) Basal portion of the spine with a basal ring
The surface of the spine was surrounded by narrow longitudinal columns with mesh-like

trabecular components between them (Fig. 1). From the cross section of the midpiece of the
spine, the number of columns is slightly species specific (Table l). The column number of spe
cies A from Palau, Okinawa and Kagoshima is just 34, species B is 37-42 and species C is
37-38. However, Kagoshima's species C with 43 is an exception.

Basal ring can be seen clearly in species A and C, while it fades in species B. From the
SEM observations the size of the ring is bigger in specimen A and C than B (Table 1 and Fig.
1). However, specimen Cfrom Kagoshima has the smallest ring among all of them.

The surface of the column is almost flat with many cones or nose shaped risings. All speci
men of species Aand Bhave cone shaped risings (Fig. 1). The density of risings of species Bis
slightly higher than that of species A (Table l). However, in species Aof Kagoshima there is
higher density of cones with many low banked lines between them (Fig. 1, AK, arrow). In spe
cies Cof Palau or Kagoshima, most risings are nose shaped (Fig. 1, CP, CK). On the many tips
of risings of Kagoshima specimens there are two tiny hooks (Fig. 1, CK, arrow).
Species Cfrom Okinawa has both cone and nose risings on column surface (Fig. 1, CO).

In species B from Palau or Okinawa many cracks appeared in the cross direction on the
column.

(2) Mid-portion of spine (Fig. 2)
Most of spine surface of three species in mid-portion are almost smooth with rare cone or

nose type risings. However, in species Cfrom Kagoshima there are many rows of nose type ris
ings on the surface of a column.

In species Bfrom Palau deep cracks appeared in the cross direction of a column.

(3) Tip portion of spine (Fig. 3)
The end of the column follows to a plate or mesh-like structure covering the tip of the

spine. There is no clear morphological species specificity around the tip of the spine.
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Table 1. Ultrastructural characteristics of the basal surface of spine and transverse observa

tion of mid piece of spine (number of columns).

basal ring
longx width(p.m)

width of column

(jum)
type of rising density of risings

(80x80//m) number of column

AP 240x180 140 cone 30±2 34±1

AO 260x180 137 cone 25±3 34±1

AK 220x140 110 cone 50±2 34±1

BP 180x150 120 cone 43±2 42±2

BO 180x120 110 cone 45±3 39±1

BK 160x120 100 cone 52±3 37±2

CP 210x185 162 nose 36±2 37±1

CO 208x175 132 cone & nose 53±3 37±2

CK 120x90 75 nose 105 ±3 43±2

The tip of the spine might be easy to break during natural living, and it was often found

that many tips of specimens were partially broken.

2. Transverse section of the mid-spine (Fig. 4)
On the surface of the section, there is an inner zone consisting of a reticular meshwork con

tinuous with an outer zone of radially arranged, narrow wedges of relatively dense calcite. Short

pillar-like calcite bridges connect adjacent wedges. The fine structure of a spine is characterized

by a pattern of calcite radial wedges and meshwork bridges. There are no clear species specific

morphological characteristics on the pattern of these structures.

In the outer zone of species A from Okinawa and Kagoshima (Fig. 1, AO and AK), radii
of narrow wedges grow their width gradually and continue to the outer column. However, on

the other specimens the radii sometimes make concentric larger rings at almost regular intervals.

These rings might be appear according to the deferential growth rate by seasonal or other natu

ral periodical changes.

AP: Species A in Palau

AK: Species A in Kagoshima

BO: Species B in Okinawa

CP: Species C in Palau

CK: Species C in Kagoshima

Abbreviations

AO: Species A in Okinawa

BP: Species B in Palau

BK: Species B in Kagoshima

CO: Species C in Okinawa

Magnification of figures

Magnification of each picture is represented as the scale of dots on the corner of each picture.



-j
璽
曝
露
露
墾
 一
言
∵
∴
.∵
 -
--
.-
一
一
一
孟
--
'露
発
露
 

電車
警鷲
eTd
.葦
閣露
 一
〇1
 --
--､
百 
1〇
〇一
°"
∴ 
_雫
憲.
,←
 一
:真
義 
��

ー
←
‡
豪
雪
-
饗
:
慕
-
-
麓
宣
誓
 

瞭
請
畳
語
韓
窪
嚢
_I
,_
__
_-
--
H 
･一
一
一
i 
剌
�
 

∴一
章 
Ap-
モ去
∵_
-_ 
868
465
5.e
kV×
256
 偖
�ﾚ
r�
��
zｳ)
^門
555
2�

一
一
畷
二
義
議
詣
i"
,-
ー
 �
+(
+8
+2
�
�
ｸ4
�
�
�
ﾂ�
球
ゞ
ヾ
 S
lさ
: 
÷
●
 ･
恕
 �
�
B�
+�
�
B�
?ｨ
揀
�
�
�
�
B�
ﾘ�
ⅵ
4ﾂ
�

ノ
浩
一
.
*
.
:
.
餐
.
.
_
.
.
汰
 

ノア
こi一
. li
t 圧
∴三
選 �
��
��
��
械�

:I
:/
嫁
三
宅
壷
讃
国
璽
i_
一
一
i 

題額
 Li
t- 
〟.
.ふ
_プ
 

葛1
∵ 

言
筆
書
--
t 
ee
95
5t
a5
- 
�
ｨ�
�
�
�
+8
ｼ�
�
Vｵ
e�
3S
c�
�
 

i
〇
〇
〇
〇
～
_
i
 
�
 

rI
 t
.t
･'
.I
:･
 '
.
…
享
荒
事
i

､
ヾ
1
,
T
J
一
~
㊨
J
i
:
筆
端
襲
 

申
し
'
E
難
事
 

..8.
-._.
3,.-
_..T
E畷 
t 一
一 

E
F
S
l
 
塔
S
矛
e
�
3
�
/
�
譁
末
�
.
�
纈
ﾈ
8
ｲ
�
 
�
�

.
-
 
4
●
_
.
薯
_
罵
国
政
S
.
'
.
 
≡

こ
千
七
時
‡

Iー
†
:㌔
 8
〝
K 
�
?�
粨
耳
�
�
ｧG
Bﾔ
停
謦
�
�
ﾈ�
ﾈ�
ﾈ�
ﾈ�
ﾂ�
ー
 

8
8
8
4
9
5
 
�
�
 

統語主薬吾幸 い' ) ○○
 
剃
､
�
�
c
 
Z
○
 
�
&
�
�
�
�
+
8
�
ｶ
�
6
r
�
_
-
.
I
J
 
〇
三
 
�
�
ﾂ
�
R
續
ﾂ
�
イ
ャ
s
R
蔬
､
ｦ
ﾒ
�

-
i
/
ノ
そ
→
　
~
(
 
-
《
~
 
_
_
｢
二
二
,
 
_

-;蕊
--息
二.
't-
景ふ
《 
i:ヽ
 

豊
∴
-
｣
_
～
_
L
L
_
〟
_
二
.
ー
∴
∴
 

子
､
∴
 
們
ｦ
傀
ﾊ
#
ﾙ
k
)
?
�
�
?
�
?
�
耳
自
?
�
蔟
�
"
ﾘ
�
B
ﾒ
�
�

1
'
:
三
等
 
�
ｨ
爾
ﾖ
�
�

i
-
ま
き
.
.
 
点
 
締
ｦ
矛
B
�

守
.
｡
､
~
 

螺ei
罵gT
一一
､ ､二
と 

F
i
g
.
 
1
.
 
B
a
s
a
l
 
p
o
r
d
o
n
 
o
f
 
t
h
e
 
s
p
h
e
 
w
i
t
h
 
b
a
s
a
l
 
h
n
g
 
o
f
 
t
h
r
e
e
 
s
p
e
c
i
e
s
を
o
m
 
P
a
l
a
u
,
 
O
k
i
n
a
w
a
 
a
n
d
 
K
a
g
o
s
h
i
m
a
.
 
a
r
r
o
w
:

A
K
.
 
l
o
w
 
b
a
n
k
e
d
 
l
i
n
e
.
 
C
K
,
 
h
o
o
k
.

C
n
J
>

･ t I t  I .

● ● ●

･ ･ J i . e ● - 〟

-  , I ) ･ 簾 ● B

T . T s u K A r l A R A e ( a - .



i 
1丁
,:
 �
�
｢,
i.
+ 
予
言
 亳
�
ﾂ粫
巳
狽
�
ｴY
�
�
�
ﾇﾂ
�
�
り
�
hﾋ
隧
b�

･k
Ji
IL
亘
 

軸雌
 ･i
i.(
./1
 

墜
 
�
�
-
∴
.
∴
∵
:
∴
∴
子
.
 
t
つ
で
｢
±
竺
 

十'
JnT
 SS
t �
�
i
◎
J
.
'
げ
-
r
F
-
1
㌔
_
)
.
:
_
∴
二
一
一
T
 
O
e
O
5
1
3
5
.
6
k
V
X
l
,
O
O
K
3
6
.
㊨
-
 

′

t

._　_-
SIt m

間
　
聾

囲
　
閏
閏

紅
黒
糖

I
 
.
鹸
1
　
　
　
　
　
.
ヽ

･
∴
∴
標
｣
ー
 

＼
■
 
去
一
一
二
 

一
一
-〟
 言
_ 
i-
=一
一
一
零
時
__
_一
一
 '
L'
+.
.-
-､
ー
 l
 曝
∴
_-
&=
一
一
-,
?,
一
里
毒
∴
寒
1 

∴
亘
∴
∴
十
一
十
一
∴
∴
 

い
　
　
1
一
事
､
　
i

●
ヽ
∴
十
 弗
∵
_ 
鍛
ﾂﾓ
｢�
ﾅ)
N�
�
ﾒ�
轡
 

照
誓
器
誓
l
S
の
レ
∪
 
�
 
傚
�
�
詛
ﾈ
�
ｨ
�
ｨ
�
ｨ
�
ｦ
ﾒ
�

･
嶋
,
_
　
滞
-
翰

鷲
,
譜
葉

Qi
+

ヽ
ノ
~ .
_
志
き
い
`
-
I
-
･
予
-
　
　
●
d
○
○

誌
義
治
.
r
･
･
缶
　
諒
幸
　
一
鴫
涼
q

i国
容

ヽ
 ∠
⊆
三
二
三
iヽ
J_
{_
__
__
二
二
三
_i
iL
｣墓
室
二
と
.二
重
1屋
! 

ー
~
c
ー
阜
∴
 
O
l
,
8
5
9
1
5
.
8
 
鋲
ン
涛
3
5
�
7
�
ﾒ
�

F
i
g
.
 
2
.
 
M
i
d
 
p
i
e
c
e
 
o
f
 
t
h
e
 
c
o
l
u
m
n
 
o
f
 
t
h
r
e
e
 
s
p
e
c
i
e
s
血
o
m
 
P
a
l
a
u
,
 
O
k
i
n
a
w
a
 
a
n
d
 
K
a
g
o
s
h
i
m
a
.

C
b
C
n

. _  , / J ･
JI.

-

〟

.

　 　 　 　 　

g

辞 . .  ･ ･ 生 鴨

) 日 当 日 周 刊 ~ 当 当 日 1 - )

&

　 範 　 　 　

､

雷 繚 -
･ J e

!

●

i l i t r l

撃 .  ･ 詰 繊 ∵

･ S j ･ 0 ,  )

C o m p a r a t i v e S t u d y o f t h e S p i n e o f E c h 2 n O m e L m



二~ーitt=
＼ 蓋糞繋

重義案 一
一__一一一

､--さ穏-＼
 辻�

〇〇
〇〇
〇〇
〇一
〇〇
〇. 
葦箋
嚢≡
≡三
雲墓
..i 
一∴
 

率
一
三
三
二
 
�
ｨ
耳
耳
耳
�
ｨ
耳
耳
示
�
ｨ
耳
耳
自
?
�
?
�
�
�
�
�
�

-
i
i
l
〃
中
年
二
二
,
ト
 
�
�

ー
 

-
-
i
-
諒
｢
ー
 

f
窯
-
=
害
≒
糖
三
 
�
�

茜
雲
茎
三
二
三
三
= 
�
 

_.
l.
-.
rT
T.
:;
. 

三三
 圭
i A
- 唳
G僞
�蓼
蓼蓼
ｪh抱
ﾉ�
�耳
��
耳耳
自t
��
ｨ耳
�ｨ
�ｨ
耳耳
��
�

率
一
三
三
二
 
刪
鼈
鼈
鼈
黶
Z
一
一
一
i
一
一
一
一
二
二
∴
＼
 

f窯
-=
害
意
三
千
 �
�

1′
7ヽ
- 
�
 

一
-
"
 
�
�
 

_.
l.
-.
rT
T.
:;
. 

g
s
e
e
S
普
 
�
&
�
5
5
9
J
ﾘ
�
8
ﾖ
)
�
h
璽
�
ﾒ
�

･i
 

-
_
二
 

､
 

撃
二
三
三
三
鶉
三
 一
一
一
命
iE
j蒜
●
. 

一
一
_
一
一
,
〟
,
｣
.
.
二
二
二
二
二
-
.
'
=
 

＼
 

の
畷
 �
�

耀
 i
,.
..
.i
 摩
 耀
㊥
 �
ｨｴ
x7
�
6｣
ﾘ耳
冑
5x
4h
6ｨ
�
ｹ?
�
?�
而
�
?�
?�
?�
�

一
丁
.
 
し
'
i
1
-
-
で
 
一
′
∴
∴
 
�
�
 

ふ
∴
 

一
三
三
一
一
一
一
二
三
三
一
一
一
ヾ
一
､三
二
二
二
三
二
二
- 

一
一
一
三
一
二
｣∴
=-
--
:二
一
一
一
一
二
番
書
馨
三
三
茎
塞
蓋
三
重
 

-
:
一
㌧
.
.
,
,
.
T
T
l
拶
町
~
T
.
 
�
 

1
_
諒
.
i
-
-
 

_
,
誓
ー
/
●
●
 

/
露
盤
 
�
�
 
�
�
I
-
/
 
之
女
露
語
要
撃
要
壬
 

'
一
一
二
1
 

-
-
-
←
 

j i
 i
 

/
一
〇
｣
 
�
 
辻
ﾒ
ﾒ
ﾖ
�
�
�
�
 

/
/
,
′
 
I
r
/
ィ
.
●
ー
 
勍
'
.
ら
.
J
T
 
､
L
t
,
 
刄
j
ー
話
手
i
誓
書
畜
…
三
寒
≡
 
〟
_
-
i
ー
l
S
S
S
S
S
S
S
S
S
S
S
S
g
 

I
-
B
,
,
遜
 
凛
�
�
�
B
ﾒ
�
剏
ｾ
ヽ
.
∴
∴
 

B
,
一
｡
 

_
9
6
6
5
7
a
S
r
T
T
r
㌔
1
1
ら
-
i
粥
.
3
.
読
 

=:
竺
鶉
｢_
_ 
∴
●
二
子
∴
 

i
 

＼,電
工 ∴
∴一
一 

ヽ :-=
一一三
三二三
一~閲 
×1562
99 

e
E
 

二
二
三
寒
雲
二
二
三
三
三
.
望
 
劔
 

一
一
一
一
一
一
一
一
二
一
.
一
一
 
剪
ﾒ
ﾘ
ﾇ
3
V
r
�
�
粥
 
8
'
＼
-
 

一
章
-
i
n
F
q
.
/
 

一一
一一
i一
三欝
漣 
吭h
 iト
ら 

∴
蕎
謎
 劔
 

ー
 
�
-
,
(
.
 
�
 

＼
一
歳
議
 �
:+
 

-
空
調
,
 
舶
�
�

一
一
〇
°
一
一
°
"
一
一
一
一
∴
-
 
劍
蓼
蔗
�
�
�
 

E
一
章
一
一
〃
'
"
"
一
一
二
二
∴
-
 
劔
 

窒
襲
J
_
蟹
妻
妾
_
i
r
i
i
=
窪
 
�
ｨ
蓼
�
�
�
�
�

÷
｢
∴
∴
∵
 
帝
?
�
耳
耳
蒔
B
ﾒ
ﾕ
�
ｩ
?
�
?
�
爾
ﾂ
�

!
@
嘩
-
,
,
,
r
i
 
�
�
�
�
�
�
Ｙ
�
モ
�
3
�
ﾒ
�

F
i
g
.
 
3
.
 
T
i
p
 
o
f
 
t
h
e
 
s
p
i
n
e
 
o
f
 
t
h
r
e
e
 
s
p
e
c
i
e
s
を
o
m
 
P
d
a
u
 
O
k
h
a
w
a
 
a
n
d
 
K
a
g
o
s
h
i
m
a
.

① ① ) . T s u K A H A R A e t a I .



ー
欝
態
 
剪
�
�
�
�
�
ﾋ
s
ｳ
｢
ﾂ
ﾂ
ﾂ
�
�
�
6
ﾒ
ﾒ
�

'i
i 
劔
|�
�
�
�
ig
蜜
..
;=
雪
 

辛
.
,
 
i
 
�
�
∵
千
 
劍
ｬ
�
�
D
･
｢
�
u
2
�
｢
r
�

i
l
n
B
 
劔
｣
.
_
〕
 
僮
 

8
6
6
5
4
3
､
5
 
剳
�
ｵ
e
イ
e
�
.
r
篦
粨
7
X
8
�
�
H
B
�

∴ 
繋i
… 
.tt
_. 
偖ﾈ
��
�｣
��

･亘
:篭
-∴
∴
弱
∴
 

ヽ
∴
 鷲 監_

 

ー
熟
 
9
9
5
4
く
ら
5
_
⑦
k
V
 
�
4
5
.
0
6
6
7
p
m
 

諸
=
,
三
註
､
ノ
/
｢

･ご
ざ
辛
註
 俤
Yk
r�
㌣
'ず
 ∴
÷
 �
�
IT
H蒔
B�
�
�
�
�
�
�
ぺ
�
�
�
ﾄ�
�
一
､諒
 

砂
､
.
漣
｢
.
.
 
�
�
ﾘ
�
�
�
6
ﾘ
�
ｲ
ﾘ
+
R
�
�
�
"
�
ﾒ
褪
ﾒ
ﾖ
�
�
�
�
�
～
 
∫
 
号
○
聞
1
〇
〇
〇
〇
〇
 

.
I
-
,
,
+
 
言
∴
｢
:
∴
 
e
e
t
a
5
4
5
5
 
�
�
�
2
�
�
ﾈ
�
2
�
 
粕
｢
�

k
V
X
 

i-4
倍ふ
､ ｢
∴ 
Ll-
~ �
�員
ﾂ�
�疫
ﾈ鹵
� 
��
h6ｨ
��
�ｧ
E4ﾈ
爾�
ﾈ�
�x
��
�.
ぶ＼
.. 
･~;
.モ
ー＼
 離
弼 
ui:
 �
�y
?�
糴�
r�
]ｨ�
��

髪
;
 
迩
辻
�
I
_
 
I
-
*
 

B
I
G
 
～
t
Z
ら
○
i
 
�
｢
ﾃ
ｨ
ｻ
�
�
�
ｸ
�
ﾃ
�
�
�
 
�
�
∴
㌻
∴
∴
∵
-
∴
 
*
:
.
.
r
z
l
 
i
 

i-
/一
議
 冖
iw
b�
襲
騒
 

/i＼
i璃
 S'
IS-
. �
ﾂﾔ�
��
3�
ｷﾙ.
b�
I蟻
IS-
 衣
-il
一 

ら
i葉
, 

'
t
r
,
:
∴
 
責
へ
'
ー
'
 
言
ノ
ヽ
 
�
-
i
 
冓
J
,
 
＼
 

･
､
′
 

鶉
 

綴
喜
i:
 ･
バ
葦
.i
,i
 江
華
雪
 約
言
. 
:∴
∴
 �
 �
�
-､
il
.A
..
.A
.+
-.
: 

!
⑥
㊥
.
 
�
�
�
�

8
6
0
5
4
7
5
 
�
 
�
�
4
5
.
6
6
6
7
)
.
m
 

_
∴
､
/
 

i ､､一一
･,-i ＼
亀 ,/: 

⑥
⑯
 
�
�
●
ヽ
 
�
�

S
o
O
6
5
4
1
 
�
�
ｨ
�
ｨ
�
ｨ
�
ｦ
黙
�
�
�
ｨ
�
ｨ
�
ｦ
ﾒ
�
ヽ
〇
〇
〇
{
葛
と
S
i
 
偵
�
c
h
7
H
8
ｶ
ﾒ
�

./
- 
;∠
∴
. 
ら
 ,
-義
--
.I
 �
�
ﾈ�
ﾂ�
}�
�
 調
鵤
�
�
�
�
�
�
X�
�
�
-8
�
�
�
蔗
�
�
�
�
�
Br
v末
�
�
*ﾒ
�
ﾍﾂ
�
�
｢�
6ﾘ
耳
爾
�

渇 ･事濁
 羊ヽヽ
 こ〇〇
〇〇 �
6俣｢�X
ｴ"���

�ﾙ+"�
o(8H�ｲ
�停ﾖ�
�x偵b�

闇
=
?
.
-
 
剩
�
4
粕
粕
粕
辻
ﾒ
ﾒ
ﾒ
�

F
i
g
.
 
4
.
 
T
r
a
n
s
v
e
r
s
e
 
s
e
c
t
i
o
n
 
o
f
 
m
i
d
 
p
i
e
c
e
 
o
f
 
s
p
i
n
e
 
o
f
 
t
h
r
e
e
 
s
p
e
c
i
e
s
を
o
m
 
P
a
l
a
u
,
 
O
k
i
n
a
w
a
 
a
n
d
 
K
a
g
o
s
h
i
m
a
.

C o m p a r a t i < e S t u d y o で t h e S p i n e o f E c h i n o m e L r a 園



68 J- Tsukahara et al.

Discussion

The ultrastructural characteristics of the basal ring and basal portion of the column of three

species from Palau, Okinawa and Kagoshima, are species specific in the size of basal ring, the
type and density of risings on the surface of it, and the number of columns around the spine.
However, species C from Kagoshima has very different characteristics from Palauan or Okina
wan species C. It has the highest number of columns around the spine among them, and a lot of
dense nose shaped risings with tiny hooks on them. Species A of Kagoshima also has special
characteristics. There are many distinctive low banked lines between the cones on the basal sur

face of the column.

Arakaki and Uehara (1994) reported that the Indonesian four species of Echinometra had
not completely equal characteristics to the Okinawan species. Even within the Indonesian spe
cies, the characteristics were not completely equal within each species which lives in different is

lands. In this study it might be concluded that the three species of Ehinometra in Palau have
almost equal characteristics to the Okinawan species. However, species A and C in Kagoshima
have some peculiar characteristics. Kagoshima is in the temperate zone, almost the northern
limit of the region in which Ehinometra lives. During low tide in mid winter in Kagoshima, it
becomes around 0°C in the shallow tide pool or on the reef crest of the inter tidal zone, where

most of species A, C and D are lived. It is suggested that geographic variants among intraspeci
fic specimens are going to occur in the specimens in Kagoshima.

It might be taken the periodic growth pattern on the surface of transverse section of the re
generating spine (Heatfield, 1971). Although direct evidence of the natural growth rate and
the aging of the Ehinometra is still lacking, it appears likely that the growth pattern of the radii

is indicative of the growth rate and aging of the individual.
*•
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