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Grazing Selectivity of Herbivorous Fishes on Five Macroalgae

in Sublittoral Zone at Nomozaki, Nagasaki Prefecture

Setuo Kiyomoto, Taku Yoshimura and Shogo Arai

ABSTRACT

Based on an assumption that grazing by herbivorous fishes is one of important

factors responsible for the large scale disappearance of macroalgae blades, grazing

selectivity of these fishes on large brown algae was studied in sublittoral zone at

Nomozaki in Nagasaki Prefecture, Japan. Five species of brown algae, Undaria

pinnatifida, Ecklonia kurome, Sargassum macrocarpum, S. yendoi, and S. serratifolium,

were sampled on March in +333 and arc�shape scars on each individual were

investigated in detail.

The proportion of individuals having blades less than half of the normal blade

area was 2-� in U. pinnatifida, clearly higher than that of * to -� in the other .

species. Also, the proportion of individuals having arc�shape scars, thought to be
the evidence of grazing, was 3-� in U. pinnatifida, ,-� in E. kurome, and less than

/� in the remaining - species. These results clearly indicate selective grazing by

herbivorous fishes on U. pinnatifida.

The scars on the midrib of U. pinnatifida closely resembled the tooth marks

artificially made by pressing the teeth of Calatonus japonicus, therefor C. japonicus

is thought to be one of the grazers. More researches are needed to make clear

participation of another fishes in grazing activity, and to elucidate the influences

of fish grazing on the community structure of algae.

,***
 -�,+� �� �received March ,+, ,***�
�����������0*0� �contributions from Seikai National Fisheries Research Institute, No. 0*0�
*��������  2/*�*3/+ !"#$%&-�-* �Seikai Natl. Fish. Res. Inst., -�-* Kokubu, Nagasaki, 2/*�

*3/+�
**'()* �+���  2++�*++. ,-./01�2&34-�3�. �Marine Algae Research Co. Ltd., -�3�.
Minatozaka, Shingu, Kasuya, Fukuoka, 2++�*++.�

����5 �12� 67+,
 0�
Bull. Seikai Natl. Fish. Res. Inst., No. 12, June ,***

67



� � � �

+332� 3�������������	
 Ecklo-

nia kurome ������
��	
��
����
���� ��
�����������������
 !"#$%����&'�����(���� )*
+�� +333,-�������������
���.
�/��0��� � 1�'���'����23�
���4.����5&617�8�9��- :1
 � !"#�;<=>$�?@
 Undaria pinnati-

fida 7!"#$��	
� �4A� BCDE�F"G
?H$�I!JKL� Sargassum macrocarpum� M
NCI!JKL� S. serratifolium� O"PML� S.

yendoi ��23� /���Q R!�S�
��6

T"����� #$UV%
� �&'W(�V&�)
*'�9��X+U�.�- Y�� ,Z��Q��[
\7&6�&'W(�-.U/]�� :���^0
U1_`6-
&�� 1_�23a� 4b5�#G=U6c
��
�d�����78e9:f�;<=>?� '� �
���gh@��d������i>jkh�Al�
Bm�n� op< �=Nqr�C1U6c
���
d�����8es�ht�u$DE?� $FUvw

�G�����Hl8e/bI�xyJKI��L

zMN
O{6-

� �

��U�.��������P3QT |� +332�
R�}7~���	
���������	'���
�
 )*+�� +333,� �	
�S�TU��V���
�� +333�WY �������
���O|�	

�S|}�XY��Z�/�
� )[$�� ,***,-
SCUBA \8�46��U�� �|�	
�S�
/�
�7]���+333� -�,/^��.�- ��_
^�`+*a�bR8c�+-����68�|+141� 
�.�-
�Z�%��de�0��������`��U�
@f�6���� ����23���Q R!�S�

��6bg&T"U����7
� )Plate +a,- 1
�T"|bR8c� 1����� :����|h+*�
�,*�� �i`6�	
� ?@
� I!JKL�� M
NCI!JKL�� O"PML��j�|� :���
.*� -*� +*� / � /� �.�- ����k��� �	

l
� �	
m
� ?@
� I!JKL�U:��
�h-*$�9� MNCI!JKL�U+2$� O"PM
L�U+1$V%
�-
V%
�%�|� n%�8e��o�pa��� �
(g7�������9��q.���
� -r &
�
�9��st��U�.�- �	
�9��|�
uv�wx )+330, �y.��z�.U��� {��
| ��� ¡�}��Uq.
�- Y�� �¢�£�

�¤{&�
7��Q�4.�� ����~�¤{&
�
��d�O����U�.
�- ?@
� I!J
KL�� MNCI!JKL�� O"PML��9��
|{�Uq.
� ¤{&�
7��Q�4.����
�c��¤{&�
��d�O����U�.
�-
¥��V&¦���U� �	
l
����|[$�
),***, 7���| �7l���§�d����	

m
 |���{
 � ?@
����|� }� )¨
��,� 2�� |�� ©�ª�� )�«��O���,
�����¬`6�d,� �«� )l4�, �d���
­�- I!JKL�� MNCI!JKL�� O"PM
L��9��|� ��
����9��� +�
��
����Up9Il|���On -$���U)A�
��2�����7� ����6¥��V&¦���
U�­�-
%���(�L`6�&'W(�V&)*'UX.
`6���� ��
��
�7V&¦��6�
�U
®�� Steel�Dwass ��� )¯v�°v� +331, �4
����QU�.�-
�±���%��de`6�2��&'W(7
�
#G=��.������ +333� -�,0^����7
�28� ²
��4�S³���#G= ,�
��
O��´UV%
� 1�U�µ �?@
|��¶

_�617 ,ZU��� 1�7V����?@
�

[$�°���y68



��������	
���
�����

� �

������������ ,���������
 � ,��!�-+"�#$%&'(����� )��
�*+�,2,/+� -./.+4*�0 �� 123+�,*,
.1� -./-.41�0� 4563+�++,-*� -./+34/

�0 ���� -Table +0� �	
�123#����
!�� 1"��� 7+89:#����"��;<�
�� =�� 63>?�@ABC�"�� +"����
��
���D�#$%&�� 63�E�F�&%;%!
�-*"��'(��� *+� 0,--� -./,,4,�0
��G� �	
�3�H#������ ,"��� 3
�H�>?�@ABC�"��;<�� -Table +0�
����IJ�-*"� -*+,+,++0�� ./1043

�0 ��KL�"��3�H�M�LNO�&%�
-Plate +b, c0� 63�P*;"��@ABQ���!

�� ."��R��G -Table ,0� %S�!*+/*�
TU�VW"������ �	
�,2"��XYF
�� HZ[#�63 -,2"�0� \] -,+"�0� 1^
-+*"�� Plate +d0� _`3 - 2"�� Plate +e0� a
3b�H - ,"�0 �c����� d#1^#e%&
�����	
�3�HfGgh�� )������
i]�jkl� /,.2� -./,-43�0 �� d#+/,
-*��KL� *��2*m�n � -Fig. ,0� =�� ,

"���1^#���o�pqHZ�i>#����
)���l�r�s�,,4*�� +-41������
tuvwx�-*"� -*++-,/*�� ./,240�0
��� yz{|����}1-~����]H���&
7+8�;%!��++~���� -Table -0� 3#�
	
�R���!�� +"��R��G� 3�>?�
@ABC�!��;<���

Fig. +. Map of study site.
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Fig. ,. Size frequency of chords of arc�shape
scars on the midrib of Undaria
pinnatifida.

Table ,. The size of U. pinnatifida and the proportion of individuals having blade less than half of
normal one and having arc�shape scars.

Number

Total length

mean�SD cm

�Min.�Max.�

Half blade lost�
Arc�shape scar existed

Lateral blade Top Midrib Transit part** Sporophyll

No. � No. � No. � No. � No. � No. �

-*
1043�,*41

�,+�++0�
,0 21 ,2 3- ,+ 1* +* -- , 1 2 ,1

*Number of individuals whose blade area were less than a half of normal one.
**Transit part of stipe to leaf.

Table +. The size of E. kurome and the proportion of individuals having blade less than half of
normal one, and having arc�shape scars on their blade.

Age Number Length �mean�SD cm� Half blade lost� Arc�shape scar

Total

�Min.�Max.�
Primary blade

�Min.�Max.�
Longest lateral blade

�Min.�Max.�

Primary blade Near growth point**

No. � No. � No. �

, -+
.+4*�/40

�,2�/+�
-.41�04*

�,*�.1�
+34/�.41

�++�-*�
+ - 1 ,- * *

* -*
,,4,�/40

�0�--�
,*43�.43

�0�-+�
* * , 1

*Number of individuals whose area of lateral blades �, years old� and blades �* year old� were
less than a half of normal one.

**Five lateral blades from transit part of stipe to blade.
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Fig. -. The occurrence of arc�shape scars on the five
brown macroalgae. Observed �shaded�, not
observed �clear�. Alphabet characters above
the bars show the result of multicomparison
by Steel�Dwass method.
S.ma : Sargassum macrocarpum, S.ye : S. yendoi,
S.se : S. serratifolium, E.k�y� : young Ecklonia
kurome, E.k�,� : , years old E. kurome, U.pi :
Undaria pinnatifida.
a vs. b : pF*4*/, a vs. c and b vs. c : pF*4**+.

Table -. The size of the Sargassaceous algae and the proportion of having arc�shape scars and
having blades less than half of normal one and having the main stems without apical
growth point.

Species Individuals

Total length

meanGSD �cm�
�Min.�Max.�

Arc�shape scars Half blade lost�
Number of

main stem

Growth point lost

No. H No. H No. H

S. macrocarpum

������	�
-*

,240G240

�+-�/*�
+ - * * 1- ++ +/

S. serratifolium

���������	�
+2

0.41G+-4.

�.0�3-�
* * * * ,1 . +/

S. yendoi

�;<=��	�
+1

,243G+-4*

�+,�/3�
* * * * .+ +* ,.

�Number of individuals whose leaf area were less than a half of normal one.
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Plate +. Photographs of sampling site, sampled Undaria pinnatifida and the teeth of Calatonus japonicus.

�a� Sampling site. �b� Blade disappearing U. pinnatifida at collecting
site.

�c� Blade disappearing U. pinnatifida. �d� Arc�shape scars on the midrib.
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Plate +. �cont.�

�e� Scars on the sporophyll. �f� Bite mark found on the midrib.

�g� Artificial bite mark made by pressing the
teeth of C. japonicus.

�h� The upper teeth of C. japonicus. The
length between allows were measured as
the chord in Table ..
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Table .. The length of chord and between teeth of C. japonicus as shown in Plate + @hB

Body length

@cmB

Upper teeth Lower teeth

Chord*

@mmB
Distance between teeth

Min.�Max. @meanB @mmB
Chord**

@mmB
Distance between teeth

Min.�Max. @meanB @mmB

No. + .-4. +243 *42�,4* @+40B +341 *42�,4+ @+4/B
No. , -+42 +.42 *40�,4, @+4,B +-4. *41�+40 @+4+B

*The length between allows in plate +h.
**The length of the part to engage with the measuring part of the upper teeth.
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