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Ontogenetic Intervals based on the Development of Swimming- and
Feeding-functionsin the Amphidromous Cottus pollux L arvae and Juveniles

Jyunya Shinagawa' 12, Kouichi Kgji*"3, Hiroshi Kohno"1"4 and Kiyoshi Fujita'*

Abstract:

Based on the development of characters related to swimming and feeding functions, ontogenetic intervals

were established for larval and juvenile Cottus pollux. Consequently, the following four and three phases were recog-
nized during the development of each function. Swimming: 1) less active phase (from hatching to D-8); 2) ability
acquired by appearance of characters (to D-16); ability increased by development of characters (to D-27/30); functional
juvenile phase with normal swimming ability (beyond D-31). Feeding: 1) ability acquired by appearance of characters
(from hatching to D-11); 2) ability increased by development of characters (to D-24/29); 3) functional juvenile phase
with normal feeding ability (beyond D-30). Comparisons of these results with the distribution of larvae and juveniles
in natural waters suggest that the critical period exists during post-hatch to about D-10, in which floating larvae in tidal
areas would be exposed to danger such asto be preyed and to be starved.
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Changes in swimming-related characters with days

after hatching in Cottus pollux.
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Figure2. Changes in feeding-related characters with days

after hatching in Cottus pollux.
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Figure3.

Schematic representation of the development of swimming-related characters with days after hatching in Cottus pollux.

o : cartilaginous elements or fin rays start appearing, or notochord flexion start occurring; @ :bony elements start appearing, or
cartilaginous elements start ossifying; O : all cartilaginous elements start appearing or fin rays become completein number; o : all
cartilaginous elements start ossifying, al bony elements start appearing, or notochord flexion becomes complete.
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Figured. Schematic representation of the development of feeding-related characters with days after hatching in Cottus pollux.

o : cartilaginous elements, or teeth or branchiostegal rays start appearing; @) : cartilaginous elements start ossifying, or bony
elements start appearing; [0 : al cartilaginous elements start appearing, or flexion points of teeth number are observed; o : all
cartilaginous elements start ossifying, all bony elements start appearing, or branchiostegal rays become complete in number.

gboboobobooboboooooboobooboob
gbobobobobo4boo3nooboobonbo
gooboboboooboboioobobobooo
gboboboboilcoogonog

goono
gobooboobooibsmooooooooo
gooooobooboboboobooooooooo
gooobooboobobobobooooooooo
goooboobooboboboboooboboooo



30 gobooooooOoooOoooooooo

000000000000 D0000D0O00D0O00O
000000000000 0O00D0O000DO00O
oDoooo

000000000080 16MO00D00nDn
000000000000 D0000D0O00DO0O0O
000000000000 0O00D0O000DO00O
000000000000 D0O00O0D0OO00O0O00On
00000000000 DGosine®O Kohno et a.90
ooooo¥oooo®Woooooooooooo
000000000 000000O0000DO00O
000000000000 0O00O0D0O00D0O00O
000000000000 D0000D0O00DO00O
00oO00000D0100000000000000
0000000000000 0000D0016000
00D0000000000000
0000000000 16027/30M0000000
000000000000 00000000000
00000000000000000000000
0000000000000 000000
0000002730000 0000000000
000000000000 00000000000
000000000000 000O00000000
0000000000 O000000000

oooo

0000000000010 0D1I00000
0000000000000 00O0OO0ODOoooon
0000000000000 000000O0ooo
0000000000000 D0DO0000OOooo
0000000000000 D0O00000O0ooo
0000000 0O00o0oOoooooone®opooQo
0000000000000 000000O0onoo
0000000000000 0000000ooo
0oo0on 17,18)

0000000000 1024/28[0000000
0000000000000 0D00000O0ooo
0000000000000 D00000000oo
0000000000000 D0000000onoo
0000000000000 000000O0ooo
0000000000000 00O00OO0OoOOoon
00000000000 ¥ooooooooooo
000000000000 000000O0o0ooo
0000000000000 D00000O0o0ooo
goooooooooo

0000002428000 0000000000
0000000000000 0000oOoooo
000000000000 00000O0o0oooo
040000000000000000000

ooooooo
0000000000000 000O0O0o0onDoo
gooo0o0oOoooooo
0oo0o00D00oooOo®gkene®OoOoOOO
0000000o0oDoD0o0D000ooooooo
0000o0o0o0o0ooooDo0oDoDoooooo
oo0000o0oDo0O0YWoooooooooooo
ooDoOooo¥®oooooooooooooono
0000o00000000oO0moooooo
0000000000000 DOO0OoDooooOo
0000000000000 0DoDDooooooo
00000o0o0o0oooooDooDooooo0ooo
000000000o0oDooDo0oooooo0ooo
0000000000000 D0D00000oO0oOo
0000000000000 0ODDOoDoOoooOo
0000000000000 D0DOD00000OoOon
000000000000O0OOD10000000
00000000030 00000nnonononon
000000000000 oooo®Ogogooo
0000000800000 n0noooooon
0000000000000 0OD0D0OD00o0o0oOon
oo
000o0ooooooo®oKome®oooon
0000000000000 D0D00000o0ooOo
0000000000000 OoOoDooOooonD ™o
ooo®ooooooooooooooooooo
0000000000000 D0D0000000Oon
0000000000000 0D0D0O00o0Oooo
0000000000000 0OD0D0O0Oo0ooOon
0000000000000 o0O0ODDoooooOon
0000000000000 0OD0DOoDoOo0oOoOo
0000000000000 O0DOO0DO0DOonDOo
000000000000 00sS00000000
0000000000000 D0DO0000oO0oOo
0000000000000 O0O0OO

gboooooooboobobobobooogo
gooooooobobobobobooboooo
gboobobooboboooooboobobobon
gboobobooboboooooboobobobon
gbooboobooboboooobooooobobon
gboboooooboobobooboobooono
gboooooobooooboboboboooboo
00000000000 890 104mm 000000
D000000000D0068010.6mm 0000
gbooooboobooooboboobobb230dn
gboobooboboobobobooooobobonn
gbobobobobooooboobobobon
000000000000000000%®0000



gooooooobooooo 31

0000000000 000000°70000
0000000 0ooOooOoO0?000000000
000000 00500000000000000
oooooog
00s50000000000000000000
0000000000000 0O0000OOoooO
0000000000000 0000000noDO
000000000000 DO0O00000OOoooDO
0000000000000 O0O0D0OO0OO0DOoOO
0000000000000 00DO000O0DoDO
0000000000000 D0D0O0000O0OoO
0000000000000 00000n®ooon
000D 10012mmO0030000000000
00 wmO0O00O0OD0O000D0O0D0MODO00000
0000000000000 000000D000O0
0o0oo0’000®0000000 880 16.6mmO
0000000000001WBmmOOOO0O0000
0000000000000 000000D000O0
0000000000000 00000D00O0OO0
0000 1BmmO000LBmmO000000000
OoDO000Oo0DOoDoDoOOoOooDoooo®ooo?”
000000000 1600360mmO0O000000
000000000000000000000 130
166mMO0O0O00000000000000000
00000000000000000000000
000000500003048000000000
ooo
0000000000D000000000090
016000000000000000000000
00000000000000000000500
0000000000000 00000O0O0O0OO0
000090 00000000000000000
0000000500090 000000000000
0000000000000 000000D00O0O0
00000000000 O0D0O000000D0D0OO0
03x000000000000000000000
000000000000D0000000000O0
oooooQg
000000000 O?0002mmO0000
0000000000000 000D000000
26mmO0000003mmODOO0O00DO000
00000000000 0O0000DODO0OO0OT79
0970000000000 DODODDOOODDO
000000000 000000002030000
OoOo0D00000D00000ODO

uog

1) Jooooooomoooooomuoooo
0000000 moooooooooaness, pp.
666-667.

2) Kurawaka, K. O Study of speciation in fish. Doctor
Dissertation, Kyoto University,1976, 55 p., 31pls.

3y JUdooooomooooooomooo
000000000 Odmoo[moss, pp. 845-846.

4) 00000000 MMO0000MmOmmoo?, 142p.

5 0J00000000o0oooooooooooo
O0DO0O0OO0DO0DOO0 Cottus polluxd O O
OOo0oOoOoOooooooooooOoOoOoOog49
O 66 (1994).

6 J00000000oOooOooDOooooOoODOOO
0000000000 0ooooooDoooog
35, 37-44 (1996).

7 00000oO0ooooooooOooooOOoOoOoO0
go00o0oO0oO0oOoOoOoOoOOoOOOoOODOODOO
00000000000 1999, 36 p.

8) G. Dingerkusand L. D. Uhlerd Enzyme clearing of
alucian blue stained whole small vertebrates for
demonstration of cartilage. Sain Technology, 52,
229-232 (1977).

9) H. Kohno, Y. Taki, Y. Ogasawara, Y. Shirojo, M.
Taketomi and M. Inoue] Devel opment of swimming
and feeding functions in larval Pagrus major. Japan.
J. Ichthyol., 30, 47-60 (1983).

10) H. Kohno, M. Shimizu and Y. Nosed Morphological
aspects of the development of swimming and
feeding functions in larval Scomber japonicus. Bull.
Japan. Soc. ci. Fish,, 50, 1125-1137 (1984).

11) Y. Teki, H. Kohno and S. Harald Morphological
aspects of the development of swimming and
feeding functions in the milkfish Chanos chanos.
Japan. J. Ichthyol ., 34, 198-208 (1987).

12)000000000000000000000
oo0oooOoOoDoDDoDOoODOoODOODODODOOOOO
0 0 O 84, 75-92 (1997).

13)H. Sakai Larval developmental intervals in
Tribolodon hakonensis (Cyprinidag). Japan. J.
Ichthyal ., 37, 17-28 (1990).

)ooooooooooooooooooooo
oooU0oUooUooUooUooUooUooUooo
000000046, 333-342 (1998).

/oooooooooo0ooooooooooo
oooU0oUooUooUooUooUooUooUooo
OO0O0OOQooos3s, 77-86 (2000).

16) W.A.  Godined Functiona  Morphology and



32 gobooooooOoooOoooooooo

Classification of Teleostean Fishes, University Press
of Hawaii, Honolulu, 1971, 208 p.

17) E. Ottend The development of a mouth-opening
mechanism in a generalized Haplochromis species:
H. elegans Trewavas 1933 (Pisces, Cichlidae).
Netherlands J. Zool., 32, 31-48 (1982).

18) H. Kohno, R. Ordonio-Aguilar, A. Ohno and Y.
Taki Why is grouper larva rearing difficult? an
approach from the development of the feeding
apparatus in early stage larvae of the grouper,
Epinephelus coioides. Ichthyol. Res., 44, 267-274
(1997).

Yooooooooomoooooooomo
Oo0oooooooOoODoDOoODODOOoOOoOOoOOoOOo0n
O00MDOO0D00OO0000O0DO1984, pp. 309-

315.

20) H. KohnoO Early life history features influencing

larval survival of cultivated tropical finfish, in
O Tropical Maricultured (ed. by S.S. De Sylva),
Academic Press, London, 1998, pp. 71-110.

21) D.S. Pavlov, A.M. Pakhorukov, G.N. Kuragina, V.K.
Nezdoliy, N.P. Nekrasova, D.A. Brodskiy and A.L.
Erdef] Some features of the downstream migrations
of juvenile fishes in the Volga and Kuban Rivers. J.
Ichthyal., 17, 363-374 (1978).

2000000000 ooooomooooo
O00o0ooU0oOooUooooOooooooooo

goooOoOoOooOoooooooomuooog
0 0 1992, pp. 60-112.

goobobooooboobobobooooooooboobob

goboooooocooobooOooooooo

gooooooooooooo

gobobooooooooboooOooooboOoOoOOoOoOoOoboO0oOoOOoO0OOOOODObOOOoOOOOoOn
gobooOooooooo0oOooOoOooOoboOooOoOo0oDOboOoOO0oO0DOb400O0sODO0O00O0O0ODOO
obbobilpooooboooooOobp-sm20obooooOoooD-s0D-16300000000O0OD-160
D-27/300400000D-27300000000001000000000000D-11Mm200000000
0D-110 D-24/29030 0 0 00D-24200 0 OO0 0000000000000 000000000000
goooooooooooooooooooo0ooooooooOooooooooOooOooooDooOoOooooo
gboloocoooboooobooooooOobooOooobooOoOoOooOoboOoOooOoboOoOobOOoOoOooo

ooboo0o0oooo0oooOoooooooobooooo



