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Study on the inshore migration mechanism
of Conger myriaster leptocephali

Hiroaki KUROGI

Abstract Conger myriaster is an important commercial fish species in Japan, Korea and China.
The larvae have only been caught in shallow coastal areas, and most of them are large individuals
(80-130 mm TL) at the late leptocephalus or metamorphic stage. Because of the lack of information
on distributional ecology of small leptocephali, recruitment mechanism of C. myriaster has been a
mystery in spite of many catches of large leptocephali in coastal areas. Because mature individuals
have not been collected from inshore waters to continental slope where commercial fishing takes
place, the spawning ground has been presumed to be in deeper offshore waters. The early life
history of C. myriaster from spawning in offshore waters to their inshore migration remains
unknown.
The distributional pattern of leptocephali in the genus Conger was investigated around the
Kuroshio, the Kuroshio Extension in the East China Sea and the western North Pacific in order to
determine the inshore migration pattern of C. myriaster leptocephali. Conger leptocephali were
collected along the Kuroshio, extended southerly to latitude 26° N near the Ryukyu Islands and
northerly to 38° N of the Kuroshio-Oyashio transitional zone. The leptocephali were mainly caught
in the mainstream and inshore side of the Kuroshio in areas south and north of latitude 29° N,
respectively. Two types of C. myriaster leptocephali were recognized in a total of 211 leptocephali.
External pigmentary features indicated 79 individuals were C. myriaster (Type A), most of which
were larger than 80 mm in total length (TL) and caught at low water temperature (<16C) .
Most of non-type A leptocephali (N=132) were smaller than 80 mm TL and caught at higher water
temperature (16-26°C) , and 89.3% of randomly subsampled individuals (N=25) were identified
as C. myriaster based on mitochondrial DNA analyses (Type B). Thus, C. myriaster was estimated
to occupy approximately 90% of the Conger leptocephali collected in this study. Negative
relationships between TL and water temperature indicated that the inshore migration of C.
myriaster leptocephali occurred along the thermal gradient from warm offshore Kuroshio areas (20-
26°C) to colder coastal areas (<16°C) with their growth; however, the mechanism of the inshore
migration is still unclear. Generally, there is a negative relationship between temperature and
density of sea water; therefore, the leptocephali should experience increasing environmental density
during their inshore migration. It is not known whether the leptocephali, which are devoid of a swim
bladder, regulate buoyancy. To examine the presence of buoyancy regulation of the leptocephali, the
body density of live leptocephali caught from cold coastal areas in which sigma-t ranged from 25 to

20074E12H17H%#  (Received on December 17, 2007)

IR AR L (BBRUCKE LERBE i > T—EIBIE L 72)

* R RERF SR RIS T 238-0316 #P%s)1| ULAZEE i Bt 6-31-1 (Coastal Fisheries and Aquaculture Division, National Research Institute of
Fisheries Science, Yokosuka, Kanagawa 238-0316, Japan)



106 AR

26 (13-15C) were measured. Repetitive measurements of the same specimens (N=10) revealed
that the mean body relative density was higher in the day (1.029) than in the night (1.026) ,
indicating that the leptocephali actively regulate the body density diurnally. The body density of
leptocephali at mid-night ranged from 1.025 to 1.028, and larger individuals had a higher density,
indicating the increase in the body density with the body growth. The body density of the
leptochphali is ascertained to be lower in the offshore areas before migration than in the coastal
areas because sea water density in upper layer of the offshore Kuroshio in which the leptocephali
maintain neutral buoyancy ranging from 1.023 to 1.024. Therefore, the leptocephali are considered to
increase the body density through the inshore migration process. The ability of the larvae to
regulate body density is important in controlling their migration from warm to cold water areas
because of a negative relationship between seawater density and temperature. The findings of the
present study suggest a hypothetical pathway of the migration in which the larvae vertically
migrate into deeper depths to approach coastal areas. Simulations of larval dispersal or retention by
hydrodynamic models should incorporate the information on larval body density fluctuation.

Key words: Conger myriaster, leptocephali, mtDNA, Kuroshio, inshore migration
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MAMTFEE R W~ 7 - TOENEERITIED
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Fig. 1. Distribution of Conger myriaster in the
western Pacific. C. myriaster is widely distributed in
East Asia. Although many larvae and adults are
caught commercially, mature individuals have not
been captured.
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7eHS AR, MBS IR OIS hb 6§ E
OWPEANLOENDL L) h>TELIEDNS (K
K, 1996, ; iEAK, 2003). EEZREYE 002 A KR
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Fig. 2. Annual yields of Conger myriaster in Ise-
Mikawa Bay (Mie and Aichi prefecture) from 1980
to 2004.
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Table 1-1. List of Conger leptocephali used for morphological observation and DNA sequence analyses in this

study.
. No. of
Catch location Catch date Lo TL(mm) range
individuals
Coastal area Yatsushiro Bay 17 Mar. 1998 13 86.6-118.2
29°10'-30°59'N, 129°00'E Nov. 27, 1999~Nov. 29 3 53.5-63.1
. 30°30'-31°29'N, 126°59'E-127°29'E Nov. 11, 2000~Nov. 18 2 57.8-63.6
East China Sea
27°30'-29°00'N, 126°33'E-127°30'E Nov. 23, 2000~Nov. 27 11 45.8-83.5
27°30'-29°00'N, 126°34'E-127°35'E Jan. 15,2002~ Jan. 16 3 66.0-75.8
32°20'N, 132°10'E Dec. 3, 1999 1 69.2
Kuroshio-area 32°24'-34°21'N, 132°15'E-137°24'E Jan. 19, 2002~ Jan. 23 2 66.0-75.8
34°00'N, 135°00'E Jan. 24, 2003 1 75.3
Kuroshio
35°30'-36°00'N, 141°00'-142°00'E Jan. 11, 2002~ Jan. 14 2 71.5-76.1

-extention are
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774~ —B
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Fig. 1-1. Melanophore distributions on the lateral
midline of three types of leptochephali of genus

Conger .
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SE VY 70 FEI & I S Nz,

2—2 X b2 K T7DNAEERSIIC & B Conger
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Table 1-2. List of adult Conger fishes used for making library of mitochondrial DNA sequences in this study.

Species Catch date Catch location NO of TL(mm) range
individuals

Conger myriaster Oct. 17,2004 Sagami Bay 4 36.7-55.4
Conger japonicus Jan. 31, 1998 Hyuga-nada Sea 2 unknown
Conger japonicus Mar. 24, 1998 Hyuga-nada Sea 1 unknown
Conger japonicus Nov. 14, 2003 Sagami Bay 1 78.3
Conger japonicus Oct. 17,2004 Sagami Bay 1 59.7
Conger erebennus Feb. 17,2000 Tokyo Bay 2 83.8-118.2
Conger erebennus Apr. 16, 2000 Tokyo Bay 3 81.6-94.0
Conger erebennus Oct. 10,2004 Sagami Bay 3 106.5-117.5
Conger erebennus Oct. 15,2004 Sagami Bay 4 84.0-120.5
Conger erebennus Oct. 17,2004 Sagami Bay 2 84.5-113.5
Conger erebennus Oct. 18,2004 Sagami Bay 4 95.7-108.5
Conger erebennus May 25, 2004 Ogasawara Is. 1 159.2
Conger erebennus May 25, 2004 Hachijo Is. 1 135.8
Conger cinereus 1999 Ishigaki Is. 2 unknown
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Fig. 1-2. Mitochondrial DNA sequence of approximately 550 bps containing the 16S ribosomal RNA region of

four Conger species around Japan.

DOCOGTATTTTGADOO TOCARAIGTADCET AN TCADCTETC TETTRAATA

ARG L T AT et T R A TR G T d T TAL ST L TEL T L LA .
TCAA TEAAR T TEA TC AL CT G TR AGM A ST G T AT RARARC A TARGAL G
RS AAIGES ATk T A A A ATEARATATOTAALLEACE A NA
T TR TR T R R AR T A L A R AT AT TAAT SR TTARTT
AT T T e e CACG oL AR T CCCAC AT OANTE
T T T T T R A G R R R R T T TG AN AR RTTTE .
AR R N R TR LN T L TN R TN LN TN
L TALSGA TRAL A T R T O T T TLL L AGAL T AT A TC AL AR AL,
T T Ol T T T O T R D GG o, T T T AT GG TR AT e TG Ty

AR EATTUUT T D POAAL AT TAA T ADOOCT

Fig. 1-3. Mitochondrial DNA sequence of 532 bps
containing the 16S ribosomal RNA region of the
three types of leptochephali of genus Conger (see
Fig. 1-1), which had a sequence homologous to that of
the adult Conger myriaster.
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N, DNAK L ZRIEDPLETH LI EDHL NI
o7z,

H A& B iE% 2 B 1F B Conger |& AT fa D ¥ Zs
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TN—=TDORLXVOGFIEE L THWONTE
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FEFESE % RE &£ DNAIZ X 5 2 filA A b T,
UTOEZBTIERZ LI2T 5,

ARANE RS0 o TERREFEER 2 & —FNZ ik SR AR
faz A9 A (Figl- 1;a1, a2 b) 1&, Z&H, 2
i (1988) Zfit > T~ 7 F I Conger myriaster & [FE
BN, i TlE Conger myriaster Type A& L7z,
<7 F ITOBEROREE 2 % v Conger I8 3ETAT
i (Figl- 1;c¢1,c- 2) &, Z3MH, 2 (1988) 12
X, 2 a7 I Conger japonicus £ 72 5H, <7

L r.‘_l._ i.}"'
il 1198 i BEEj (Tl (P | it

Fig. 2-1. Survey areas of this study. ECS: East

China Sea, WNP-KS: Western North Pacific, Kuroshio

area, WNP-KO: Western North Pacific, Kuroshio-
Oyashio transitional area.
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Dlx. Conger myriaster Type B& L72,

2% Conger BERATRDHARE TOMTER

BERATARIL, AL LTiImo TRRIT, R
WM EZBEIT L, MOED L) LRELERELEREY
FoZ &nb, WinEIZ L 55280 7% ERE0Tis @
IBL72bD&EZLENTYS (N, 1937), ¥ 7+
DOREIS A (1959) & %A, W (1986) AYH%E
L7z &) IS TlEIcH b L v, <7 F TOER
FFAEAHAROBEEE TEET 5121, Bz Lo
WIS L B REHOBENLETHSL ), LL, Th
T TR T~ 7+ TOERFASRE S NS
7\,

B1ETHRA/ LB Conger |BIEAF % HLER
RN OFET 5 2 L ITREET, RO
WL E M, W (1988) 12 & %5 < 7 J TConger
myriaster FERAFHRLE =L 2 THETF IO
DUEEMED D 5, RETIE, TR LSO K
T S R £ TOIRHEIP A SIRE I N EER
Ff %A 5 2 & 12X - TConger BEFATF A D55
Ml a B L. & 5 ICDNARHTIC X 2 FEFRE T (56
1 %) % I\ CConger BEMATHOHIZII T F I05E
DREEENZ DHFX, WEEH TOSAmF 2 EET
bo TOFERNS ., %7 F TTADWFIHA~O [ #
R BT B ERRWEERRE IS O W THEm T 5,

Y7 FOARRAFAORE - SHERICE T B 0h
MR ETE

1) FAEBE & AERL

PRATHEIE, B~ T S IR OEEICEE R
ExE R LT b D EMGE L, IO D
o TEREEEOBETEM LM L W ILTERED
LI A N - a1/ 1 o e S E A MY
% BT E L 2 S I, B X OSHAb b oo B
BATHIC W2 2 ILE o AEc#%E L7 (Fige-
1)o W OMHT L, Bl & OB fREIEEICL
CThitE2o, (1) "o il (ECSEmET), (2)
PEERAL AT, - Bl (WNP-KS). (3) PHEBdbAF
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- BB TE (ki) (WNP-KO) o 3 il
WX LTiTo 7 (Fig2- 1), #AEIZ1IA»56 A%
TOMMIZHE L, FROE A H O (Tanaka
et al., 1987;Mochioka, 1989;Lee and Byun, 1996,
20, 2001) 25 HEE S NEIIHO 9 Ao 1
HOWIE 25 InRSIRiEST 211826 6 B (2,
2001) T COMBZ I N—TEB L) IZ L7z, AT,
0 L (BN (k). BIEAL (K EERTZERT) |
bt (PXOKERZERT) . Bl (RIFERY) . B
PEAL OKFEFT) O 5 FAAARIC & - T19974E 4 5 20034F
222 CEME S N2 1058A M (Table2- 1) 12X D
Fig.2- 1 \IR iR CHAORERLEZ 1T - 72,

2) REHE

<7 F IR AR E LS ORI ATZE
BHMOTTHY), ZNFTORFFLELENZ L0
5. A NI BT A~ T TR0 5 I A iR
HTiLZeagE—OHME L, BMELREREITEEL
Lhrolz, ZD72®, Wt Z & OFERAEEIL. HH
L=ty MR HEC»r2bLT, —Ri@H7-) o
BTRL7,

FIFEHLA Ay ME, #OR3mD7 A F v 7 A
Fo FEIdE T — L# IKMT: 3-m Isaacs Kidd
Midwater Trawl) T. 7Ki£50, 100, 300m 2> 5 DEF}FE,
%47 - 72 (Table2- 1)o 20004E11H 1247 - 72 A &
HIZEBEY FHFFHETIZ, FM—RAEET, ERRE

(0-300m) & EPELAELE (KEE30-130m) DB THE L
HHo BB EX %477 (Table2- 1), ZOfIZ,
K Mo — v ofi#E (HEW15em) 125]2 5% T
TeREAT R S 5 H7 i R iR REM @ 19974

FIGA) . FOmE S5 7L —24 ha—)L (MOHT;
Matsuda-Oozeki-Hu Trawl: Hu et al., 2001) ® 7K#E50m
5 OMEFRAEIC & 507 (REBERATIE | 19994F
I, KMok o — g (=5 E 7 #NST-60-
K1 ; &#E=202m, 2 v F=» FHA&=12mm) O
KIE50m 2 b OMEFFRAGIZ L 5 FiEIC L D ERTLD
4E%4T-7 (Table2- 1),

2000411 H O FEiLs £ 020024 1 H o BdE i &
% 2 M CIEERMIZ A v MREZITV., ZFDMOME
TlE, A oMk (Castonguay and McCleave,
1987) Z &R L THRICREZIT- 72,

KE G ORERAEH CTIIERIC, RED2 S KE
500m¥ T OCTD (Conductivity -Temperature -
Depth) 2 & 28l %47\, Kk (C). BAIZERE

(35 3[PSU: practical salinity unit]lc#1485) . /K5

(st kg/m?)DEBETO 7 7 A N EE-, -, ik
FRIC BT 2 Bl o & EHRIE, i LR IS
HEEATO [ERR RN ] OT7— 5 » 615
726

3) REELAONES LVURE

Khy VTRESNLTT 7 by TV B
FCEIRAT R R L. WBE e By A AR AR 1 ThRE
SREIZ X BE L ME R AT - 720 M ETOMED kK
HAIE, T095% T8 ) — L& B\ 5 % Fkk L
<) K BEERICEEEE R T o7, BL AL
T CTOREITLEM, 2h (1988) 2Ht-> TITw, 1k
RIDSHISEIR TR 2RI CH 2 2 & L 138-149D#H
WA ETHI L2 IBE L L CConger B DIERFA
@R L7z SOOI L TaRolllE., LM

Table 2-1. Description of 10 research cruises for Conger leptocephali investigations. See text for details of the

gears and their operations.

Cruise Area Gear Towing method No. of tows
Torishima Nov. 24 - Dec. 7, 1999 ECS, WNP-KS 3 m IKMT oblique tow (0-100 m) 39
Soyo-maru Nov. 16 - Dec. 1, 2000 ECS 3 m IKMT oblique tow (0-300 m), step tow (30-50,70-130 m) 41
Yoko-maru Nov. 9 - Nov. 20, 2000 ECS 3 m IKMT oblique tow (0-50 m) 24
Soyo-maru Jan. 11 - Jan. 24, 2002 ECS, WNP-KS 3 m IKMT oblique tow (0-300 m) 45
Yoko-maru Jan. 14 - Jan. 30, 2003 WNP-KS 1.8 m IKMT oblique tow (0-50 m) 39
Nagasaki-maru Apr. 2 - Apr. 10, 1997 ECS Large otter trawl, 2m Ring net bottom to surface 14
Torishima Jan. 16 - Jan. 23, 2001 WNP-KS 3 m IKMT obligue tow (0-100 m) 25
Kaiyo-maru Jan. 10 - Jan. 25, 2002 WNP-KO Large mid-water trawl oblique tow (0-50 m) 33
Soyo-maru May 27 - Jun. 9, 1999 WNP-KO MOHT oblique tow (0-50 m) 55
Kaiyo-maru May 22 - Jun. 4, 2001 WNP-KO Large mid-water trawl oblique tow (0-50 m) 48
Total 363

ECS: East China Sea, WNP-KS: Western North Pacific, Kuroshio area, WNP-KO: Western North Pacific, Kuroshio-Oyashio fransitional area.
IKMT: Isaacs Kidd Midwater Trawl, MOHT: Matsuda-Oozeki-Hu Trawl
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AR & AR I O S e EORLEORHEB L O
AN S B FEROIREEZBIZE L2,

Conger B IEFRNFHOFEDOFRIELB L ¥ 14 7471,
1 EOMERINE - TIRREILE & DNAMAT 2 A G
b TITo 72,

S

1) REEXORTERR

LOFA AT I B\ THRE S N2 ERAT OB
6.944ff AT, 7 FFHDI3E, BS54 T THD 1 EL
VAFAHIBPOBRENTBY, 209557+ T
BHI6,0698 4K T D8T74% % 72 (Table2- 2),
TFIRDHE, Congerld (7 TRz a7+ I8)

AR

D ETAF 3 A FF21VE R A R 4E S L7z (Table 2-
3)o Conger B¥EATHDH) b, BORBOFH2S
<7+ T L[E%E T & %"Conger myriaster Type A"l
YRR T, &Y ©"Conger sp. non-Type A" (132fF1%)
D9 B D28 I D TmtDNAD16SrRNAFHIR O
SrHRFERCE (#9550bp) Rz L 2 A, 89.3% (251H
1K) 23~ 7 F T Conger myriaster DECH| & —F L7272
W, %7 F 3 (Conger myriaster Type B) & If&E L
72 (Table2- 4 ). "Conger sp.non-Type A"®D%% 1) 104
BHRIZOWTIE, BABHEROMELEZ 5ND
DNADW A ALIZ & Y BWEBOIEEES O 7 — % %
BAZENTERDPoI720, BETOREICE &
I 57

Table 2-2. Classification to the family level of all leptocephali collected in this study.

Cruise DY SY MO NT OP AG MR SR NM CH CG SC EL NO Ul Total
Dec. 1999  Torishima 136 1 8 32 68 53 2 16 1 479 5 801
Nov. 2000  Soyo-maru 145 1 27 29 42 3 17 10 655 2 10 2 951
Nov. 2000  Yoko-maru 16 9 101 11 1 114 252
Jan. 2002  Soyo-maru 11 8 13 6 112 93 152
Jan. 2003 Yoko-maru 5 1 8 0 2 19 6 4401 3 4447
Apr. 1997 Nagasaki-maru 1 2 127 131
Jan. 2001 Torishima 16 16
Jan. 2002  Kaiyo-maru 14 14
May 1999  Soyo-maru 1 2 2 2 1 144 2 154
May 2001  Kaiyo-maru 26 26

Total 297 26 10 92 210 116 8 64 19 6069 2 12 2 8 6944

DY: Dyssomatidae, SY: Synaphobranchidae, MO: Moringuidae, NT: Nettastomatidae, OP: Ophichthidae, AG: Anguillidae,
MR: Muraenidae, SR: Serrivomeridae, NM: Nemichthyidae, CH: Chlopsidae, CG: Congridae, SC: Saccopharyngidae,

EL: Elopiformes, NO: Notacanthiformes, Ul: Unidentified

Table 2-3. Classification to the genus level of all Congridae leptocephali collected in this study.

. Bathymyrinae Congrinae
Cruise
A. spp. G. spp. C.spp. other Total
Dec. 1999  Torishima 47 388 13 31 479
Nov. 2000  Soyo-maru 41 483 78 53 655
Nov. 2000  Yoko-maru 87 6 19 114
Jan. 2002  Soyo-maru 50 29 7 93
Jan. 2003  Yoko-maru 78 4316 1 4401
Apr. 1997 Nagasaki-maru 7 13 19 88 127
Jan. 2001 Torishima 16 16
Jan. 2002  Kaiyo-maru 14 14
May 1999  Soyo-maru 7 81 9 47 144
May 2001  Kaiyo-maru 26 26
Total 189 5418 211 251 6069

A.: Ariosoma, G.: Gnathophis, C.: Conger
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Table 2-4. Sizes and classification of Conger leptochephali collected in this study.
Conger spp. C. myriaster Type A Conger sp. non-Type A (C. myriaster Type B)*
Cruise No. of TL(mm) range No. of TL(mm) range No. of TL(mm) range No. of TL(mm) range
individuals Mean=SD. individuals Mean=SD. individuals Mean=SD. individuals Mean=SD.
Torishima 13 53.5-77.0 0 13 53.5-77.0 4 53.5-69.2
Nov. 1999 66.7+6.7 66.7+6.7 61.3+6.6
Soyo-maru 23.9-97.5 23.9-97.5 45.8-83.5
78 0 78 11
Nov. 2000 57.6x19.2 57.6x19.2 59.4x10.1
Yoko-maru 6 53.8-63.6 0 6 53.8-63.6 5 57.8-63.6
Nov. 2000 59.3£3.3 59.3£3.3 60.7x4.1
Soyo-maru 2 43.3-106.2 10 62.3-106.2 19 43.3-95.3 5 66.0-76.3
Jan. 2002 76.1x12.2 84.3x11.6 71.8+10.4 73.8+4.4
Yoko-maru 1 75.3-75.3 0 | 75.3 | 753
Jan. 2003 75.3x0 75.3 753
Nagasaki-maru 19 77.0-97.5 12 83.0-97.5 . 77.0-95.1 0
Apr. 1997 88.8+5.2 90.5+4.6 86.0+5.4
Torishima 80.7-107.8 83.7-107.8 80.7-94.0
16 10 6 0
Jan. 2001 94.9+9.0 99.4+7.6 87.3x5.4
Kaiyo-maru 14 71.5-100.4 1 75.7-100.4 ) 71.5-76.1 ) 71.5-76.1
Jan. 2002 88.3£9.3 90.8+7.6 73.8+£3.3 73.8+3.3
Soyo-maru 89.3-110.1 89.3-110.1
9 9 0 0
May 1999 99.6+7.7 99.6+7.7
Kaiyo-maru 95.2-115.0 95.2-115.0
26 26 0 0
May 2001 104.0+6.2 104.0+6.2
23.9-115.0 62.3-115.0 23.9-97.5 45.8-83.5
Total 211 79 132 25
76.0+20.0 96.4=10.1 63.9+13.6 64.5+9.9
The numbers of C. myriaster and Conger sp. non-Type A are equal to the number of Conger spp. C. myriaster Type B is included in Conger sp. non-Type A.
See chapter 1 for details of Type A and B.
2) Conger BERATADKES
S10FRATALHE T3 5 172 Conger J& AT L D IR EE
F e
ST O % Fig2- 2 (SR L7zo RO L~ T i 2
o I & [Al %€ W] §E %" Conger myriaster Type A", pats r’j:- - ™ i
. NN e . - - ol AR § el &
Jeith > B BT 5 TR A O TR y i e d
i
XA, HAH RO AT B C IR ' | o S e
Wy - Lo
OFHABIIZB S 1L, HS F 5T I RI00m Lhik T
L & - 1 '
DOREM LIRS 72y —F., "C myriaster Type B" ~ L,_'i'
% & t"Conger sp. non-Type A" FAA I O 12 1T 4 S o ‘h‘l
" 4 SHA ZH 3 k) > 3 - q
iﬂyﬁ)r’)ﬁ(%éﬂf:o %(ﬁﬂﬁ(iﬁ%ﬁ‘Tiﬂ&Lj‘ablfli\ "IlOl'l- b B Lomge mpuane Tips= &
o N . iy N N < 5 5 B Comgr o Ty &
Type A"1&36° NfFE O Bt D < IS CIdiRE S s |y P =S RANA
N7z o 72h3. BARREO KB TR ML L ' =
12F1 (Big ] Ly Lo Ll 4! L2 o LL 2!

W T3 "Type A" L FFT» HRE S, "Type AW
EINL o 72 LIE O BEIAMEchIRE SR
7o Y FETIZAUNTE 5 O KEEMIFE DA A 5 FE v
BT CoORMMEESULVWEBTRES L
7oo LUF. VAN - BARTIER 12 Conger JRIETAT- DS
PRAE S NPT L IRFEREE IO W TR § %,

Fig. 2-2. Horizontal distribution of Conger
leptocephali collected in this study. See Chapter 1 for

details of the types of Conger .
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2) —1 HIFiE (ECS) ~PHEbIbA e - Hiis
(WNP-KS) (il LLvg)

1999F12H D [& ) LE | 2000117 O [EEA]
BLO [XA] (Table2- 1) OFAIZ X Y Conger
BIERAFE GH97TMEIE, Table2- 4) S FE SN2
% (Fig2- 3) (2R L7z Conger J&3EAfa D54
i, dERE29E IR T Ik Bl s AR Ic /R s iz
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BWTId, BEIGEA T TIRRES T, RIS
T LA - Tz, "C myriaster Type A"l3 4 <
REI N Do 7205, 277 30NB L U29° 00N E i
FEENAT T THE4E S N 72"Conger sp. non-Type A"®
12"C. myriaster Type B"2V& T\ (Fig2- 3).
F7-, Fig2- SITRL7Z4ARDOWMET A V'N1", 'N2
".'N3", 'N4"ETOCTDEIIZ DO W THEE E 7z
JKEEB00m 7> 5 DA E (Ki, ) = T heh, "N
1" #Fig2- 4, "N2" #Fig2- 5. "N 3" #Fig2- 6.
"N4" %#Fig2- 7SR L7ze 25D A & Wi
WREND K H 12, FEKRIZ201~255C D&PHIC
H YRR Y O BEli i TlE24C Do
K TH-72 (N1,N2,N3), Bl ion20C
SERIRA LK IELS0~200mIc B 1) . B NI ¢ I3 s
AIRAUE B E < 2 D L AKER100m A 31 12 K i HE g
BB SN Tz, BE (o t:kg/m®) OFERED
KimE M- fEEE LTB Y, RO TIZSERE
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Fig. 2-3. Locations and sample sizes of Conger
leptocephali collected by the research cruises of
Torishima in December, 1999, Soyo-Maru and Yoko-
Maru in November, 2000. See Table 2-1 for details.
Arrows show the collection sites of Conger larvae,
which were identified as C. myriaster using the
mtDNA analysis (Type B; see Chapter 1) .

100-150mIZTEHR SN TEB Y, W FiEORET 1 ~
(N1, N2, N3) Ti, ¢ t 292324 kg/m* LT D

WK TIKEL00m UL g 23 b v T 72, JUIH R
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BEIEV [HRM] 28NS,

20024E 1 A12AT - 72 B EAFIA (Table2- 1) 1235
WTH11H & FBEIC, Conger )@ EERAFA (17K,
Table 2- 4) (&, JbiE295 Dipg Il B#lmahfoic /&
SFAS, dbfE29EE Db ¢, BElEE AT Tl RE
ST, AT o ARRE S N7, C myriaster
Type AlFFRES N h o725, 277 30NB L U29° 00N
D BBARGEAT T THE S N 7-"Conger sp. non-Type A"
D HIZ"C myriaster Type B'2S& N CTw7: (Fig2-
8)o

20034F 1 H A HKGET A 5 BEIRTE 2 MY > TR
F1229° NfHE F CTodgs (135° 30EZ 14 ») Tirb
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AT BB NS o J94E 5721 C 1 84k (Table 2-
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Fig. 2-4. Vertical profiles of water temperature
(C) and density (o t[kg/m’]) across the Kuroshio
Current obtained during the research cruise of Soyo-
Maru in November, 2000. Measurements were
performed at N1 line. See Table 2-1 and Fig. 2-3 for
detail. @indicates the position of an axis of the
Kuroshio. Thick solid lines indicate sea bottom.
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Fig. 2-5. Vertical profiles of water temperature (C)
and density (st [kg/m’]) across the Kuroshio Current
obtained during the research cruise of Soyo-Maru in
November, 2000. Measurements were performed at N2
line. See Table 2-1 and Fig. 2-3 for detail. 4 indicates
the position of an axis of the Kuroshio. Thick solid lines

indicate sea bottom.
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Fig. 2-6. Vertical profiles of water temperature
(C) and density (o t[kg/m’]) across the Kuroshio
Current obtained during the research cruise of
Torishima in Decmber, 1999. Measurements were
performed at N3 line. See Table 2-1 and Fig. 2-3 for
detail. 4 indicates the position of an axis of the
Kuroshio. Thick solid lines indicate sea bottom.

Fig. 2-7. Vertical profiles of water temperature
(C) and density (o t[kg/m’]) across the Kuroshio
Current obtained during the research cruise of
Torishima in December, 1999. Measurements were
performed at N4 line. See Table 2-1 and Fig. 2-3 for
detail. 4 indicates the position of an axis of the
Kuroshio. Thick solid lines indicate sea bottom.



118 A

Iy 13wl 1T s DTWEE R

Fig. 2-8. Locations and sample sizes of Conger
leptocephali collected by the research cruises of Soyo-
Maru in January, 2002, Yoko-Maru in January, 2003.
See Table 2-1 for details. Arrows show the collection
sites of Conger larvae, which were identified as C.
myriaster using the mtDNA analysis (Type B; see
Chapter 1) .
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Fig. 2-9. Vertical profiles of water temperature
(C) and density (o t[kg/m’]) across the Kuroshio
Current obtained during the research cruise of Yoko-
Maru in January, 2003. Measurements were
performed at J1 line. See Table 2-1 and Fig. 2-8 for
detail. 9 indicates the position of an axis of the
Kuroshio. Thick solid lines indicate sea bottom.

EE N/ (Fig2- 8), Fig2- 9IciAES 1~ [J1] E
(Fig2- 8) TOCTDEMNIZFED W THE & N7k
500m7» & OHEFEMEE Ok, &) 2R L7z, £E
RiEIZ17.9~21.6C DHEHHIZH > 72 B EA T
1315°C SRR LK ZEA00M AT T 12 & - 7255, Bl
2> & AR TIE 280 E < % ) KER1I50m AL £ T
ER L7, BEREIZKES00-400mDFEVEIZH D |
o t A%25kg/m® O 8 AR L BT Eh AT L Tk
280m i IZd - 7275, BEIPNANE TIEKE E Ta L
L7
19974F 4 I > Fil R B (OKiEE70-100m) T

[ 2] ] ]
Yollow Sea "
Crf s ?é
'
]
Eual Ching San |
i
i
- o
1:5-1141'5* 1 3P E
J
ik,
100N . . ™
L a®
J -
@ &£\
"
00N F lom
1 ; ' - .
126"DI'E 13 0E

Fig. 2-10. Locations and sample sizes of Conger
myriaster Type-A leptocephali collected by the
research cruises of Nagasaki-Maru in April, 1997. See
Table 2-1 for details. Symbols indicate the types of
collection gear: circles, wing net of otter trawl;
triangles, 2 m ring net. Open signs and closed signs
indicate locations with fish catch and no fish catch,
respectively. Numbers in the open signs indicate the
number of specimens. Arrow shows location where
other Conger leptocephali (non-Type A; see Chapter
1) were collected (N=7). The shaded line (F) shows
the thermohaline front between Continental Coastal
Water (west) and Tsushima Current Water (east).
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Fig. 2-11. Vertical profiles of water temperature

(C) and salinity (PSU) along the central line of
survey area by Nagasaki-Maru in April, 1997. See
Table 2-1 for detail. Thick solid lines indicate sea
bottom.
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PERE SN % (Fig2-12) 1SR L7z, HiEENZ
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Fig. 2-12. Locations and sample sizes of Conger
leptocephali collected by the research cruises of Soyo-
Maru in January, 2002, Torishima in January, 2001
and Kaiyo-Maru in January, 2002. See Table 2-1 for
details. Closed and open circles indicate Conger
myriaster Type A and Conger sp. non-type A (see
Chapter 1) , respectively. Arrows show the locations
where Conger myriaster larvae, which were
identified as Type B C. myriaster using the mtDNA
analysis (see Chapter 1) , were collected.
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Fig. 2-13. Vertical profiles of water temperature

(C) and density (o t[kg/m’]) across the Kuroshio
Current obtained during the research cruise of
Torishima in January, 2001. Measurements were
performed at J2 line. See Table 2-1 and Fig. 2-8 for
detail. 4 indicates the position of an axis of the
Kuroshio. Thick solid lines indicate sea bottom.
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Fig. 2-14. Locations of Conger myriaster Type A
leptocephali collected by the research cruises of Soyo-
Maru in May, 1999 (blue solid circles) and Kaiyo-
Maru in May, 2001 (black solid circles) . Blue solid
lines indicate survey transects of Soyo-Maru. Open
circles indicate locations with fish no fish catch.
Conger sp. non-Type A were not collected

throughout these two cruises.
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Fig.2-15. Total length frequency distribution of
Conger leptocephali. ECS: East China Sea, WNP-KS:
Western North Pacific, Kuroshio area, WNP-KO:
Western North Pacific, Kuroshio-Oyashio transitional

area.
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Fig.2-16. Relationship between water temperature
and body size of Conger myriaster leptocephali in
the East China Sea and the western North Pacific.
Water temperature was averaged from the surface
to the maximum depth for each tow at 1 m intervals
obtained from CTD profile.
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Fig.2-17. Total length frequency distribution of
Conger leptocephali collected at a station on transect
N1 at 27° 30N in the Kuroshio mainstream in the
East China Sea by net tows ranging 0-300 m depth

(upper) and 0-100 m depth (lower) conducted in
the same night, November 23, 2000. .See Fig. 2-3 for
details.

wom

1) HEETO~YT7FIERAFAOD T

<7 F TERFAOGAE, INFTHARB XU
FE ORI IRE SN TWwWiz2' (LEH, 2,
1988 ; Lee and Byun 1996) . ARAFZED#ER, 27° 30'N
DEVEFE BT < DH Y FifEh b H AL vh o Bal Bl 1T
WICELILFRADWSIC AT 2 PN E Lo
72 (Fig2- 2 ), /R CAMO BRI L 20O
TWRWnWZ s, MEPLIREENERETL LD
CHERI ST W72 (B, 19595 % H, 1961; Tanaka
etal., 1987;%%H, £, 1988;Lee and Byun, 1996;
WK, 1996, 2001, 2003, 2005 ; =, ¥#E, 2001 ;
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Fig. 3-1. Areas where Conger myriaster
leptocephali were identified to be caught as a bi-catch
of sardine larvae fishery along the coast of Sagami

Bay, Japan.
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Fig. 3-2. Sea water temperature of the coastal
waters (@) in which the Conger larvae appeared
(blue area) in the coast of Sagami Bay from 2000 to
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coincide with descend of the water temperature
below 16 C.
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Fig. 3-3. Temporal changes in total length distributions of Conger myriaster larvae collected along the coast of
Sagami Bay from 2000 to 2002.
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Fig. 3-4. A schematic showing of the inshore
migration of conger larvas involving swimming
across a thermal gradient from warm offshore waters
(20-26 C) to colder coastal waters (<16 TC) .
Horizontal migration aiming for colder temperature,
may automatically lead the larvae to cold coastal
waters (<16 C) .
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Fig. 4-1. Sampling locations (St.1-4) of Conger
myriaster leptocephali in Tokyo Bay, used for
analysis of length-weight relation (Feb 5, Feb 14, Feb
25, March 8, 2002) .
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Fig. 4-2. Relationship between wet-weight and dry-
weight of Conger myriaster leptocephali (N=30)
collected in Sagami Bay on April 27, 2002.
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Lotz

woom

mEELZESIEEVHESAL N, BEEIK
EVWERITE R 2 KBNICE D EEINRKEVOTIELR
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HetsF EoMBEYETEDLNTED, 20
FRGE ) a2 ) Ay (UTFTGAGERET) T
»5 (Pleiler, 1984b), = DGAGIIZLEERIZfibN S
IANVF—JHTHSDT (Pleiler, 1986). KIIRRET
bbb I A NF-ERHOEEE L TR A X% 155
HFlX, ERIVBERZME) FHPEYTH 5,

ERFAPELZ P TREL ZE2DTHNI,
HREIEEDOIFTCH/KTALZ LR, ZOGA.
THA M) —=XObftiiE 3 L%b, T2, blEDT 3 Kl
DHEE HRELYVEREPRECEoT0wE] 2E%
R, WICHEA 3 #iB 2 2 A T2k L ) S RED
KE&LroTWwW5b] T E&%ERT I %5, Donnelly
etal. (1995) &, 7+ IR =I5 > 7 JT& Ariosoma
balearicum DIETLAFH OB L L O & T RS
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bbb, MlaEEe L, RELVEESHER 5| I
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Fig.4-3. Relationship between total length (TL) and wet weight (WW) of conger myriaster larvae collected

in inner Tokyo Bay, outer Tokyo Bay, central Sagami Bay, and offshore from the Kuroshio mainstream to coastal

side of the Kuroshio.
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3% AA I phase I ICHESRTEH D EER D
TLENTEL, DRICXY, REESHICHE R S
bfii & H\ T, ~ 7 F TR OB =R R & RO
IR Z LT ICRReE T 50 B2 BERL L3R/t % -
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f1Cl3Tanaka et al. (1987) 251 CH A OMH % fi
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(Mochioka et al., 1987). FE#AH 7 ff1& D EL#K (Lee
and Byun, 1996) ., M@ L& 546 (Otake et al., 1997)
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Table 5-1. Conger myriaster leptocephali used for otoliths observations. Sampling locality, sampling date,

sampling gear, number of specimens.

. . . No. of
Sampling locality Sampling date Gear o
individuals

Yatsushiro Sea off Yatsushiro city, Kumamoto Feb. 19, 1997 Takehaze® 20

Yatsushiro Sea off Yatsushiro city, Kumamoto Mar. 23, 1997 Takehaze® 20

Yatsushiro Sea off Yatsushiro city, Kumamoto Apr. 24,1997 Takehaze® 20

Yatsushiro Sea off Yatsushiro city, Kumamoto May 9, 1997 Takehaze® 11

Coastal Tosa Bay off Haruno town, Kochi Apr. 2,2002 Boat seine 10

area The Seto Island Sea off Shimotsui town, Okayama Apr. 24,2001 Boat seine 10
Sagami Bay off Hayama town, Kanagawa Mar. 17,2001 Boat seine 15

Sagami Bay off Hayama town, Kanagawa Apr. 27,2001 Boat seine 30

Tokyo Bay off Futtsu, Kanagawa Feb. 21,2001 Boat seine 62

Sendai Bay off Ishinomaki city, Miyagi May 17, 1999 Midwater trawl 16

Subtotal 214
WNP-KO 37°30'-39°35'N, 147°30'-150°45'E  May 28-Jun. 9, 1999 MOHT 9

ECS (Continental Shelf) 31°25'-31°45'N, 125°55'-126°23'E Apr. 4, 1997 Otter trawl 12
ECS (Kuroshio mainstream) 27°30'N, 126°33'E Nov. 23, 2000 IKMT 7

* Takehaze: a small set net with lattice of bamboo poles.

WNP-KO: Kuroshio-Oyashio transitional area, ECS: East China Sea

B EORMEEN, DEONLERFE/SINT
& 72 (Lee and Byun, 1996 ; Otake et al, 1997 ; ¥
fil, 2001 ; A*f, 2003 ; Kimura etal., 2004), L %
L FRLARATIIZE Tl BRERED 7' a2 2125 e L 72
BIESOBREZHHTEITICEE-TBELT, &5
VZEE 2 AR RE IS R AR R & IS L - B A 4 & o s
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MR L, 2820 HAZTHL 2L L2ERT
O FENEEHE L B AOEE L OBREHL 2T
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E OIS O 2212t U - 3547, R
AL U TIND S HALIZ 72 5 &M B THRAE &
N7MER S LR O~ 7 > TERAF A 21410815,
WA - AN OREAR L L C R RITIHRCIRE S I
72 9 fRR, BT O KM L THRE S 212181k,
WY o Bt CRESN-TEETH S
(Table5- 1), A TOMRMIZ, FE LTV
ARV E A, AreliEdE Galis 2 FIUR L7/ Rl o g i dE)
SEDWEDORIE 0 S 15725, BHE TIZZI Rk
BEHiT v 7 —HE L AR E IS X B, UG
BT eI K EM R ~ ¥ — 23 L 7248 b
O — VI X BRI L 2RED D SHB,

anferior

Fig.5-1. Conger myriaster in fully grown
leptocephalus stage. Sagittal otolith viewed with
transmitted light microscope (X300) . HC: hatch
check, FFC: first feeding check, TC: trigger check.
See text for details of signs.
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FEARBEMGE T ORI L, A+ kE95%Ty ) —)b
TENEN LS L2, A4 NI ALRIZYT
77V L= MEECUE L, A LERIE,
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N TR E CHFE L7212, 2kl 2 il %
72O TS 21T o 720 2D, BRI
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FFCE COHARKE I E LI FLMIRZED, 20
BITAHICHEDPR L, BAOREIFEVZD, BA

SRTR L EBTTIROL LI E 2 5, INFETHR
EINTKEFOBEAEDOFEHICIE, BEvl1RKo) 7
ELTIE- &) LRGETE B ORNERT (20X
9 7238 (2 Campana and Neilson (1985) (2 & ) F =
27 (check) EFrENTWB 0, LLTFARHXLTIX
[Fxzvr] LR, B/ (Figh-1). &
DF = v 7 IIMEREFRBETH okl RE 2 KT
DY, BALSERZEETLE, Foy 2 BBERELT,

1) RFEMBEIC L IHE

KM EMO~ 7 F TEBATHO T A ONFEHEME
@%mg51:ﬁ¢oHEﬁﬁﬁﬁf®ﬁﬁu NE
WKIRE o CWaRBOHAOm & 2L LT, Y2
MMz [Ridil %, BEbicm imE [#)5] &
LTRL7Z BADOZOERITRENE LHIZ, BA
HULERIC IR L, T ORMERILEICER S

i

e :
Clusters of growth incremsniy,

Fig.5-2. SEM photograph showing the otolith microstructure of Conger myriaster in early metamorfic stage.
" TC: trigger check (see Fig5-1.)

, M1: first increment in metamorphic zone in which the width of growth increments increases. See text for details

C1: most inner part in "clusters of growth increments (Lee and Byun, 1996)

of signs.

Table 5-2. Sampling areas, numbers and sizes of Conger myriaster leptocephali in which characteristic

structures were observed in the otoliths.

CL’ in otolith TC" in otolith
Sampling area No. of individuals No. of individuals No. of individuals
TL(mm) range TL(mm) range TL(mm) range
214 214 202
Coastal area
77.4-133.1 77.4-133.1 93.4-133.1
9 7 3
WNP-KO
89.3-110.1 92.1-109.6 100.4-109.6
. 12 12 0
ECS (Continental Shelf) 83.1-97.5 83.1-975 .
. . 7 2 0
ECS (Kuroshio mainstream)
55.8-97.5 82.8-97.5 -

*CL: "clusters of growth increments (Lee and Byun, 1996)", see Fig.5-2.
TC: "trigger check", see Fig.5-1.
WNP-KO: Kuroshio-Oyashio transitional area, ECS: East China Sea
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BHOEAREPSHICELSRY, Ty 7 OIMIIT
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D) BN ERETH LD, ¥ T FTOELT
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HM7ze BEBMEEIZ L VBB SINTCY — 7 13,
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Fig.5-3. Schematic diagram of the otolith
microstructure of Conger myriaster in early

metamorphic stage. See text for details of signs.
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Fig.5-4. Conger myriaster in early metamorphic
stage. Profile of the otolith Sr:Ca concentration ratios
averaged around trigger cheek "TC". Error bars
indicate standard deviation (N=4).
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Fig.5-5. Profile of the otolith Sr:Ca concentration
ratios of a Conger myriaster in early metamorphic
stage. Error bars indicate standard deviation (N=3).
Vertical broken lines indicate positions of characteristic

structures shown in Fig.5-3.
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Anguilla rostrata \Z 7, &5 A 258 F = v 7"MC"& JE
WM EETHL I L xE2HbEL L, X7+ T
ERICR SN ASr/Calkd ¥ — 713, LRERIG T HiE
BRT 2L 0OTIE WIS L, [Z55E ] ICBE S 2Rk
MHLTHLTREMIEIEETE 2\, TCY— 7 5L
D& B EEEX S E2ERT DN TIE, #
6 HICBWTHEEROHERDS T TRHLIERT
5o

F6E BERFAOEERMREMST

AT M OZERIZE T A7 S\ A5, B 2R
ZALATE Z B ERERMBHRO 7O AZEH L2 b 0dt
FHETHbH, ¥T7FTIZONTIE, ZREOMEITICE D
%9 BRE LATBY O ZAL (BEH, 1961 ; INH, 1964 ; i%
B 5, 19785 ¥ 5, 2004), HUIRMR AV E C OHRE
(Yamano et al., 1990). HADEE/ Sy — v & =
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Tt#EZE) (Lee and Byun, 1996;Otake et al., 1997)
e ENFFEHICRR O N TV B, —h, EREBIMGKETIC
B L7WResliE, JEREAALIC & b 72 ) B A O
e MEILEDOEILIZET 5 5 D (Lee and Byun,
1996 ; Otake et al., 1997 ; Arai, 1997) IZBE 5 LT
Wb,

R EREZ2 AT 20, BPrs & UREE &1
3. ZOBROMAR B30 & k> 5 EE L ER T
H5, FFICERATAIL, WO TREMoOFENN AT
FTIEND, EERBOY A IV IHIADEEGIC KR
ETRBIEIHETHS ). INERICREL~YT T
AR, TORTEREXRIG L TERTUE, £
DWIITMA L7 ER E AT LTS HH,

[LD &) IRBOERATMAED X ) P CARE
RBIGT 500 L) MBEICOWTIEARA Lm0
xS

ZITARETIE, v 7T ITERFATEELEETT
LREFIMGDFHE SN D U e T L2 L I2X o T
RS ITERT 2N R ENEZHEE L. 2O/KREFE
o7 4 =V FICEBH L T R BREERZHET 5
ek oT, ERERMGET T AER EANERO
WME»SEET AL EZHNET S,

B, TERE] BNTWICERSNER/HRETHY, K
K [ZRERIG ] (FNWFH a2 ke L TRl S5
RETHLHP, TOMHEMARHHI AT W

(Yamano et al., 1990 ; Pfeiler, 1999), —#fk |24 RE
i3 [EREOZAL] LS T35, BREMRZEAL
HSHE Z AUTBEL R TRATE) & o 7oA RE 2 2 L 2 B |
ERIFTHIDOELEZOLNS, Lz > THRGLTIE,

[ZRERAAG] % AR8 & BT TS 572012, N
SUWFN A TIE R L [AEAs L 625 2 878
WHRERICREM R AL DSIE T A 2 & | 2 ERERROESE
£ 5,

1 ANZERICK 2 ERTAOCETRERADIEE
ERERT DA 2 M — DB T IZBWTHEE L,
LHRET AR E Lk i 2 R, AREREE
L LB HBETNTOEBRBEKCTH L ¥ 5 LN T
&L, KREMKRIIERTHRB GO [N ERH ]
WE2bDEEZDLIENTEL, #ZTARETIE,
7T F TIEIAF M PRAE L I L, BERG AT
DEE G T CERERIG O A M % P72,

mHEFE

1) @A
20014F 3 A 18 H IZABBIS IR ot 43 )1 IR =i ff 52

AT H#%E (35° 16" N, 139° 34" N) T T AR &4
A X D RE SN~ 7 F TOERFAH3VEERZE H
W7z, FRESATOKEIZ13m, KiRiZ128°C T, Ml
PRARIC X o THERA- R L HEE S N5 RUSIZKE 3m
IS > 72,

AT, 05tHIET AR S T A4 b A I INE
L. Kifi141C T2 HEBIE L 728, LREZHBL T
W WK E R A CTERRICHE L 72,

% BEBERAOHEIZ, 2 (2001) 12fEv, 28
&b %) IEREE L R b B KRBT & % LM oH)
| O B L7 LM B s B fk o e mh B Ek 12t
9 % It (number of pre-anal myomere / number of
total myomere; LT, PAM/TMIEE S 9) 12X D475
720 b B PAM/TMIEO.79LL F ORI ZRER D
[ME RS, PAM/TMAEO.79A M O M4 1E 2R
I L7z,

2) KKEINES T COZRERIG DR

T IERATEOKEERIT, BLLREER1g
RERE L7 A AOKR/NZ K BEEN 2 2 B30
TATH T k&L, KEEE (ARE) (157K, 4RK1225
+70mm (F¥ + E#FE DTRERL) [ BHE=
1.189 £ 0.259 g) &, /NEIEE (BHE) (16fE1A, 21109
+ 7.7 mm, BE=R0792 + 0.164 g) % %N F160cm
KA (950 ) (I L7z KN 2 BEDOFfa % IUEE L
722 00KME, BRI TESHESH 725 %
WENIZEE L. BARGGEHTERET-72, 2200

T T WY
T ] I

] -

X1

| on |

2 SOV D R,

@ Y 4 & R 1002 04 b6 IR 20 1
Days afler starl of rearing

Fig. 6-1. Daily changes of Conger mpyriaster
leptocephali in ratios of pre-anal myomere to total
myomere (PAM/TM) after rearing without feeding.
The leptocephali were divided into two groups in 20
days after the start of rearing: about one-third of
(named "ON"
individuals) and the rest remained at leptocephalus

which started metamorphosing

stage (named "OFF" individuals) .
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TR UL [ — AR D K % [R5 | & 58 A THK TR
L. 28 72 1) Ot AKE DTN N O KRR &
FIZEHE LR D L)1 Lz, SFEmKIE, M5 IEAS
BT E e, SBUK L 2Kk 2 AL 0%
v, KIROFEIIATD %o 720 EERFR O IKIRHFH
1314.1-15.0C TdH » 7=,

ERATFHOREHZOHE LT, 2HH, 9HH.
14HH, 200 BIic&%ERAZKER ST 2, 01%
Phenoxy-ethanol {7k TR L 72, PAM/TMIE %
HIE L 7o MERIZERPICTCOKIEICRE L. B
MEARERBIE L2 2o 72,

S

Fig6- 1 ICABE LBED 2 B %2 & bW 7231k D
PAM/TMEZS, AR EHOBKE L IZED L)
WZEAL L 72 AR L7ze KA 2 HEH OB T T, &
TOMAKTPAM/TMAEIZ08LL L& 0 | ZERERIHEHT D
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R &b S 7z, 9 B HICIZPAM/TMAE %%0.63
~0.79DHBICH 5 6 HASHIAL, ZREZE L
MR SNz, 14H HIZ I S PAM/TMIE 2 E
WEARIZ038L 72 1) | ZEREMI & A7 S 5079 D
ERIEIVEAR BN L 720 140 HORIEH T, B
DIRFETH —/N=7 0 —HEPFEAL, FEL Tz
16 AT O 8 AT L7272, DO kil
23MEK & 7 o720 20HHICIE, 9 HHE OB TZRERH
LTV 22 1VRE O HE 13031~ 048D #i P & 72 1) 25
REDSHEAT L7245, 72\ CZERERAAG 3 A AR IS B2
FOLREL 22k L L WA IS 7z
(Fig6- 1)o T b b, EERBHAGRF T CTld 4 THE
THY ., HATREEUP ORI, TNEDOHFITE
RE# PG C & MR (LUFONfEfR L IER) & T&EAw
g (LLFOFFEMAK L IER) ANRIEL TWwicZ Ll
5o F 7z, KEMEMR (ABE) OONMEMARIZISME KA 114E
ik (733 %) Tdh o775, AEEAE (BE) (CIZONFE
RIIEEIN TR D572 (0%)s T7HBLON/OFFD

Fig.6-2. Otolith microstructure at the start of rearing was estimated by back-calculation for 20 days using daily

growth increments. Photograph shows "M" stage of otolith of "ON" individual after the 20 days rearing, which was

"L2" stage of otolith at the start of the rearing.

Table 6-1.

Fig. 5-3) The stage at the start of rearing was estimated by back-calculation for 20 days

Otolith growth stage of conger myriaster defined by existence of characteristic microstructure (see

(i, e the duration of

rearing) using daily growth increments. Red and blue characters indicate ON and OFF individuals, respectively.

Otolith growth stage L1b L2 M
START 13 10 0 “ON” individuals
- “OFF” individuals
END 9 4 10
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ZIVA XL 720 DTHY ., ZOEFRIIB L%
(ﬂﬁi 1 g‘f\é)’) 7):0

2 MEEREBRACANERICKY) ZEREBLF
B ATV BEGEHRT 58EORE

B EFRTHRIC, EBOBIBRAIZSHhDIZ- T
ERERIIEDSNINICHFE SN TV 00 G %2 HET 5
7o iE, MEOBEBRPRAE ST BEM &2 VT
WA 0ENH L, I TRETIZ. HLNVTH
EREZREL TV HAPREL 2 ) 155 e L
72

M EFE

FERR TS, TR L7 S AR % B < 23Rk D 3T
FRPSHAZRI L, s 2B L7, HaE
AH, 555 TR L7 H ARG E 2 & 2 R B REX
5y (L1a,L1b L2, M) OLoEpEIzHhLPHEL
BIZ, BABELH S H R % 20K 72 & 5 TE
BREAMGIF O B AR B A 2 L7z (Figb- 2).

S

Table 6- 1 (ZFEERE T % & W8 e L 72 £
HOBEOORERRE (L1aLlb L2 M) %2R L7,
ONEEDOH 1L, EERBMGRICIZETL2 LiEES N
72D12xf LT, OFFERD B A 13 EERBIIER 121345 T
L1b& e &, ON/OFF D& (3 H A o i & 12
Lo THHREICXI &N/ L1 bEREEL 2 Bt E W
BEAICTCY—20FETHY) (BE5ESM), 200
D F2ERh (228 RE % BIAE L 72 ONVREMA 1 K R R 28 oD B
BT CIRERIETCY =7 FE L Tz Z & oH
SN otze LI THAD [TC—2 ] 1%, #
B EERBIARE S TP ERIC X ) ERERBFE SN
TV AR BT 258 L LTHERITH o 72,

3 AMERICEUZEERIBSSEES O AERFAD
%ERLE

WIZERNIC & ) ZREFIMGAFHE S - @Ak (ONfA
) 1k, EBRICEREDSIEE 2RI TH o THIRNTER
1725 & TV LIRS E V. T 72, oK
[t (RNA/DNAK) EEABREICRBENE Z &8
5N TW5S (Clemmsen and Doan, 1996), AEiC
. WY ERERGBHEEDO A (ON/OFF) % H At
XD HE L (RIEISHR) . ST RO RKEIRIE R B
FBERBOALEREL LTHY LN TW A2 ZERL

(RNA/DNAL)  (Donnelly et al., 1995 ; Bishop et
al., 2000) Z2WTON-OFFEMAM TOLE 4T .

mHEFTE

1) A

AIER & FARIS . 20014F 3 H 18 H I ARBLE IS Fed o> fif
ZN R = AL LHT #i5E (35° 16”7 N, 139° 34" N) 7»
5. VI AU EHEEANC L VIRES N~ T F T
Az o, HRISRERED L7ZIRETHES 2
WCEBZICE DR D . 0.1% Phenoxy-ethanolifi/k 1 ¢
RO %, &F, BHEE, PAM/TME% #l%E L 72
PAM/TMAE2%0.8LL EOREFICERERMG L T ne
HIWF S A ISEMRZ AT~ TR D, #2522
80C Tl iRfF L 72,

2) ANLGZERIAFEDOEE (ON - OFF) O3

9. BRI OERAT AL BGHIREO T F Higit
U L7z, REEIE e FaGE L. YD EEL 7
FHERIE95% L & / — )V CREE L7z, BHED S B A & ¥
L. 5 EHOHETHIELIL L T H AR SO B85
Aol BIHiORERIC L2 T, HEGIZTC~ —
7 DL S N BRI ONMEAR", BiEE S e Wk %
"OFFfER" & HE L7z,

3) BELEOBIE

e (DNA, RNA®) % I IZTEH & B v 7ok
WA . HAEIRAE (-80C) D IO, K
RICU TR IR L 720 walRIL L 720 > TV ig,
8R4 ICDNAR, RNA®Z % L7 DNA, RNAD
#1132, Schmidt-Thaunhauser-Schneideri® (STS:)
%, JKEP (1969). WEH, <FI (1975) 25—k R L7
STSZEEICHE L T, B (1988) DFINEIZHE > TITV,
¥, (RNA/DNAM) #&H L7,

B R

15K D AT O T A fiRE & O #IZE oFE 5. 10
EAASON, 5 fEKAOFF & )5 7z, ON/OFF®D
B IZRNA/DNAL O E % ik L 72 & & A (Figs-
3). ONAIEDSEEICE WMl L5 L bho 7z (t-
test; p<0.05) o

4 WEEILHTHEERBBN
RT T IOFEERW &% > TV AREEIZBWT
3, ERHFAIILFENIREL TS AT THD,
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RBEHIERE - BRTAGIMDPHFETEHDEEZD
Nb, ZZ CHEBOBLI CERAFBOGA LIE
Bk (BREOFM) 2B L1280, s
RN & B EBRERIG S 2 faiT L 72,

T/, YT T TERFAORKEE TOME L LT
. RBHE OF v ARV o) 25— HIKRI XS
THETFYHORE ONT A) BHAISN TS

(Mochioka and Iwamizu, 1996 ; Sato et al., 2001),
ZZC, ERMARARIEETH 5 WRTE IS BT 5 50k
REZIERT L2700, AERCTEST2RIEDOT A
L F % < K Oikopleura dioica D Ai & DO EEHEAL &
BETAT SR DB LI BT B HETIC & 280
I L 72

MHEFE

RNA/DNA
i

I

OFF ON

t-tesi p=0.0068

Trd

Fig. 6-3. Comparison of RNA/DNA ratios between
ON individuals (N=10) and OFF individuals (N=5)
distinguished from the otoliths microstructure. Error
bars indicate standard deviation.
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i
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Fig. 6-4. Sampling sites of Conger myriaster
leptocephali (St.1 - St4) and their dietary plankton
(St.1-St4, OP) .

1) ERFAREES

RTFIOFEELRMGEDO—DTH L HEEBEDEILTH
2 4 A E 2% (Fig6- 4[St1~St4]). 20024 2
H5H., 2H14H., 2 A25H, 3 H 8 H® 4 [al, #h%s
JIEIKBE RS AR ZE AT AT AR L 72 AR O S faian (45 N0
EAL 12Xy BFRIL RO E DT T ARV
S L BEREREZITo 720

RIS NIz T F TEERAT MK G T CHEBREICH
LRy, &F, BEE, PAM/TMEZHIE L7z,

2) RRBOHEMRERE

AR, KR & 25 L 72 114%36cm, HA0.1mm
DT7Fr7 bray b (CMSO* v b B, 2,
2005) 12 X BHED HKIEE THER S THELNY
¥ 7V O Oikopleura dioica DAKRE %54 L. 1
m*dH 72 ) OEEEE L TR L7, S himdFHZA
ZIERAT MR O 2 HSt2 (Fig6- 4) 1ZBWT,
20044- 3 H 8 H, 4 H15H. 7 H14H. 10H29H. 2005
£1 H24H O 5 MIFHAE L7z SERAT R (20044F
3H8H) I, BERATARAEWIRD 4 F &
(St.1°St4, Fig6- 4) ICHWH B OB IMAE S
(StOP, Fig6- 4) ZMZ 75 AELHICBNWTT T~
7 N URERITV, HEEBIIBT 20 mE T
720 F 7ZARAT IR O MR 1 (IR IR BE AT & >
& —EHWeb ECAB L T A [HEEHEN |
M of572 (Fig6- 5)o

SN (}
'_"'h._'l\.l_ ,

"y ‘H“*._. -.'-'\-. I
150N "'\-\“R'. E.' £ .f;'l‘:.-

15 et

13%3E  13940'E  |WR0°E 140700 E

Fig. 6-5. Horizontal distributions of sea surface
temperature (C) and salinity (PSU), March 8, 2004,
obtained from "Daily Oceanographic Chart of mouth
of Tokyo Bay' drawn by Kanagawa Prefectural
Fisheries Technology Center and Chiba Prefectural
Fisheries Research Center.
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1) BREATOERFADOY 1 X ERRERRE

Table 6- 2 ICKRMEH TH 4 DDHFAEE (St1~
Std) 1B B~ T F TERATHORER LR L. W
(FEIMPY) & LC&REl (PAM/TMAE<0.79) DA
a7z, RREMOMEKRIZ, Bl s 53z iAo
O CERENE) OSt1B L USt20 I HH
L. #osMIl REEINE) OSt3s L USta T E
HIOMEE L P RE SN o7z LD > THEEN
BERT F TERG AP LR G0 5 i &
Zibhb,

Fig6- 6 |2, AL 2 B U -ERHESTHRES N
7o T FIERGFAOLEE (mm) LRER (g) OF
iz R L7zs BEBNE (Stl, St2) OfFfoH A
ZNEHGUEINE (St3. Std) DD L) bHEITKE
L BMELRDOIEPLNBENLRETL0DL%E
AN, Fz, YA XA T 5 NN % R RERIG O
FEOAME (ON/OFF) #iBE & 1 g% L2 L CH
ESAHE (6- 1EISH), AR 2B MEN D%
TEAF 125 © A ONfEAE o E) &1, St.1: 94.7%., St.2:
58.0%. St.3:22.0%. St4:32.7%& 70, ANEBED HNE
ICAZBEMTONE 2 W ERRDPHIBET 25D EEZ D
n7z.

(L]

2

TL {mm)

K5
-1 | b1 e SL3 sS4

12
4
L8 7
1.5
1.4 1

g 127 ’

] ——

1 | a2 3.3 514

ight (g}

Wet

Fig. 6-6. Total length (mm) and wet weight
(g) of Conger myriaster leptocephali collected at 4
sites in Tokyo Bay (St.l - St4, see Fig. 6-4.) . Error

bars indicate standard deviation.

2) Oikopleura dioica B ENZEHZELH LU IFHE

2) —1 ZFEHEit

WSS L 0w A (St2) 12 B B Oikopleura
dioica 5 Fi OB EAL # Fig6- 7 128 L7z AKIEAS
RNWAD HFIZHT TORHIE 1 m® 72 ) 600~2000
RO BEEE TORANALNTZH, KRB E D
LRICPT TURIZE AT L T h ol E72,
AW % @ U CTERE S N7z )R HUHE 13 Oikopleura
dioica —FfiCT&H > 72. L72H3> T, Oikopleura dioica
AR D S WIHHICEI L T~ 7 F TERSAIEN
WZRHE L TWB 2 EDURE S N7z,

2) — 2 WHEBBOIIIBIT S5

WIIEE OO 5 A& S 2B 5 Oikopleura dioica
Do AiwE EFig6- 8 IR L7z WEBEBOHWIZALIZE
Oikopleura dioica D3 Aig 34 . ¥ 7 F TIERIFMA
& o THREEMNEOHHREIIRFTH S Z LAVR
Sz, F7-, MuOFAEM (StOP) THfED
Oikopleura B3 DT D ITHRE S NTZHS, EDOMDE R
Tl Oikopleura dioica —FE L »FRE SN 572, L
72h5 5 T, HWEIEIZ B\ Tld Oikopleura dioica 732 1
HOPRCTHERMNRELETHSL I EDPHL NI -
72

wo®

1) ANERICK ZEERIBOFE

RETIE, KREROETAZFE C&MA T CRER
1 g B & L2/ 2 BRSO TR ICINAE L
EERWIEREA LB Lo 2 A, BREEHB L7

Table 6-2.
leptocephali collected at 4 sites (St.1 - St.4, see Fig. 6-
4) around mouth of Tokyo Bay from February to

The number of Conger myriaster

March, 2002. Number-s in parentheses indicate the
number of metamorphic individuals judged from
ratio of pre-anal myomere to total myomere
(PAM/TM) less than 0.79.

St.1 St.2 St.3 St4

Feb. 5, 2002 0 0 19 (0) 0
Feb. 14,2002 0 45 (3) 0 12 (0)
Feb. 25,2002 0 43)  30(0)  20(0)
Mar. 8,2002 50(31) 30(4) 10(0)  17(0)
Total 50(31) 79(10) 59(0)  49(0)
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BRI RE VTV —TORHEB L7, LRERIGT 2
RSB L7222 L id, AEICNET 5 L) T5D
LREBIIG UG AR & 13 7 S v & R R T
bo Fo, FBEFEBRICED LIRS FERE T
NCCR—&E R s, EHHBHSIIBY
THARERSM TR R BMAC & MMk (ONME{R) & T
& WEME (OFFEMAE) MRAEL T bnLEZRS
N, ZEERIROMINZ: ) T — DIEIEDTRIE S 7z,
ZONWZE M)A —IARRELEELTBY ., Ak
BREBAIG 2 W T A RS NS FICB W T, BE
EPRH1geBRAETHELRVENNZ MY I —
MRHANE L ERnbDEEZ LT,

7o, EBRRHGREOFE AlEE 2 HER» 588 LT
e L7z & 2 A, RRERBER (ONfEK) OFHIZIE
TC~ — 7 WEBRBIE DR STz by, 4R
L7z o 72k (OFFfEM) 1ZIETC~Y—2 (555 ES
M) 2R TH o7z, L7z2h > TON/OFFOE 1E
HAfgE 0@ L D HBIEETH ) . IYERIC X
LERERMGOFEOF EZ HIET H4RIE L LTHAIS
R ENE [TCY—27 | BB Y =Nl &S
RENTZ,

SHIC, COHAEEESL LTHI Lz 2 #M T
it (RNA/DNALL) # JEL7- & Z AONfEARL A
FICEWMEEZR L2 LD S, BREEROEKHNTY ~
SNBSS E o TWA I EARIBEENS, =
AR T B ZRERT OB ICRNA/DNAK O € — 7 H%
FAETAIEMONTBEY (fRH, 1988). {FfM D%
RETE A IZRNA/DNA 7S 2310 F 2 HGITEE 1
LD, LN, BEAOTCY— 7 B ENT
O EBICEREN R EREEZRGT 2 TOBEEN T
d, [ZRERGOMEMPIE] LESIT 5N 5,

2) SHERICK ZERERR

J-ag=]
—— a4 Otomslrerar dicn
B s
=
=
E il .
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Fig. 6-7.
Oikopleura dioica at St.2 located in inner Tokyo Bay.
(see Fig. 6-4.)

Monthly changes in abundance of

FORB I TOREORR, ~ 7 F TERFMITE
CTHLERERBBT ADTIE R L, By & Bl
KA ZBUAL DO TBENBIZA > Th O LR FET
B2 EMWDL DL 0Tz, Z OUEHEIIARR A ARKIR
BT ORMESH V) FEEEAELTBY (Figs- 5).
B A OBRIEDS S 2 AR ZE REBR G B2 R &
o TWATRMENEZ SN D, TR O &
BT BT b IR IR FE 2 T A TR I e
mLTHRSN A ErHEESNTBY UNE,
1996) . MEE T OB R TIE Vv, F/2, KuFEDHE
I BWTH, EWIRREEROBRES LG O 2
HoZALEBEBL TV L AREENERSATWw D
(Pfeiler et al., 1990), —7J5. & DKE000m % i8
25 BEBEMBATIH CRE I N~ T F TERITMAIL
P A ZHRENMARD GOETHIILENS BB L2
BRI CH o720 (F2EZH) . TOHAICIETCY —
IH3GDVIHEL (555 EEBM) , MG TE S
WRBHTH 5720 DLl s, KRS E BRI
EELFTCRERLBB LAV O LEEZ N, &
REBHIA DRI 72 b ) 7 — 13AV R 7 BRI X B W] Re
A

o, AREOLBYOMKIIEER2g%BR 5
bDb %, KN TIIERERIBTE 2R A XD
WMEEH1gE RE BRI TV, 2D Lid, &R
ABBCTE LN REEDNE > TR 2hbb
¥, RERGBOMEMPI A EE L CERFAE LTO
BRAEHT TWzZ EERELTEY, miako EiEls
WRBATHOB S HbeTEZ L, FHRBFONNR
ZRZFCRERRGO TS 3R bnwI %
HRT %,

U EEHBETHE, WHRER &/ 72 ZR AT A
EH 0BT TERETHBTESAbDEEZL
N5 o (TR IE R BRI E ) D F TARE

| Hildk .
E (E0T Chkapdeura oodcn
&
= iioe
=
= B
.E Riaa
B ®
g 380
ol @ L]
il
7 I 1 k| 4 ]

Fig. 6-8. Abundance of Oikopleura dioica at 5 sites
around mouth of Tokyo Bay, March 8, 2004. (St.l -
St4 and OP, see Fig. 6-4.)
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ESELENEY Y THEICART AABTL LN TE
D (Victor, 1986 ; McCormick, 1999). [ZEREBHLED
AR 242 2 LIIRE S TH 5 s 2 BRI
FEEICHEETD720DWIEE 2> TWEDES D,

3) BRROEBAD S H-REKBHOAEBICEET B
HEENER

Oikopleura divica D53 FiENPHRA L, 7+ T4
A1 & > TORPRIERBIZEYL & X THE TIdIE
WICRWZ EDURB SNz, & 512, FaDYhED S
WBIZA > TL 58T, SER#HED LA L ERTM
DI A ZOBRDFEPT 5 2 & bRENTz, AETR
L7-fEEBROMERED S, ZREMBONBG R )
H—HREELEHEL7-bDTHLIEIREENTS
D, BIFRE=1 g2z 5 L LREMIFTE 5IREE
E e bo FRRIEBREE & D) ALY 2 BRI AT R IR R
EERL TSI ExEx L, NEOEE TR
BESERERIIG D b ) T — L kol v ) BT HEET
%5,

— IR IR R TR LA 77 v 7k
COTN—3 v THBE (Carefoot, 1977) 2SR SN,
T T IFROERNNEANERETS2A~4 A0
AR (45 3ESMI) 13, KRS EFME NS
CHEMEENMER EEZ ONHD B TH HD5, HEEIC
B2 REHOBAE I REAKRMICERTRAT
Holze T iR NE IS RIET S 2 L
X RHEA PR & T2 ERAT RO BRI IO
F 2 RS TH 5

—Ji, ERELBIELBO~ T F THADEENZ,
3R EONRIFBRER S B & O/ RA
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Fig. 7-1. Body relative density of Conger myriaster
leptocephali. Leptocephali in a pre-metamorphic state
were held in a 500 litre tank; three groups were
recognized according to their position in the tank:
upper layer at alltimes (group SS) , upper layer
during the night but lower layer in daylight not
including group SS (group SB) , lower layer at
alltimes (group BB) . Diurnal fluctuation in body
relative density measured 4 times in 24 hours (2:00,
15:00, 21:00, 2:00) from group SB (n=10, without
replacement). Error bars indicate standard deviation.
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Fig. 7-2.

each group as measured at 2:00. Error bars indicate

Body relative density of leptocephali in

standard deviation. see Fig. 7-1 for full explanation.
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Fig. 7-3. Body relative density and ratio of pre-anal
myomere to total myomere (PAM/TM) of Conger
myriaster leptocephali in metamorphosis.
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Fig. 7-4.

inshore migration pattern for Conger myriaster

Schematic diagram of hypothetical

leptocephali from Kuroshio mainstream to coastal
areas. The findings of the larval body density
increasing through the inshore migration process
suggest a hypothetical pathway of the migration in
which the larvae vertically migrate into deeper
depths to approach coastal areas.
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Fig. 8-1. Approximate sea surface temperature
(SST) on February 13, 2003, The SST reaches its

lowest level around this time of the year. SST map

was obtained from the Naval Research Laboratory
(USA) .
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