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Migration of Whitespotted Conger (Conger myriaster) 
Leptocephali to the Harima N ada Sea, 

Eastern Seto Inland Sea, Japan 

Shigeaki GORIE1,2, * and Kazuya NAGASAWA2 

Abstract: This paper describes the occurrence, migration period and vertical distribution of 
whitespotted conger (Conger myriaster) leptocephali in the northeastern Harima N ada Sea, part 
of the eastern Seto Inland Sea, Japan as fundamental information for fishery stock management 
of the species. In 2003 to 2009, a small midwater beam trawl net with a 2.4 mm mesh aperture of 
a codend was towed with a small boat (9.1 mt) in the three (surface, middle and bottom) layers of 
the study area (20-25 m in depth) from January to May. The leptocephali migrated to the sea from 
February to May (mainly from March to April) when sea surface temperature measured 8-1SoC. 
They occurred in the bottom and middle layers (mainly in the bottom layer) in the daytime, but 
they spread to the surface layer at night. A half of them migrating to the sea were at the metamor
phosing stage, which implies that many of the leptocephali move to the northeastern Harima Nada 
Sea with metamorphosing. 
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The whitespotted conger (Conger myriaster) 

is a commercially important, marine benthic 
fish in Japan. Both its pre- and metamorphos
ing leptocephali (transparent willow-leaf-shaped 
larvae) have been recorded from various 
regions in different seasons: the Suo Nada 
Sea from October to June (Takai 1959), the 
Kii Channel from November to April (Utsumi 
2009), both Ise and Suruga bays from February 
to May (Kubota 1961; Mochioka et al. 2006), 
and the southern Tohoku waters from January 
to July (Onuma 1995; Katayama and Shimizu 
2006). Based on such information, it is evident 
that whitespotted conger leptocephali tend to 
emerge earlier at the lower latitudes of Japan. 
They also have been considered to conduct 
multiple migrations intermittently (Shimizu 
2005; Katayama and Shimizu 2006; Mochioka et 
al. 2006; Kurogi 2008). 

Received 16 August 2011; Accepted 18 November 201l. 

Whitespotted conger are usually caught 
by the small trawl fishery in the eastern Seto 
Inland Sea. They migrate as leptocephali to this 
region, spend a certain period, and then leave 
probably for the spawning ground. Since 1993, 
a survey for the fishery stock management of 
whitespotted conger has been conducted in the 
eastern Seto Inland Sea off Hyogo Prefecture. 
Clarifying their migration characteristics can 
provide basic knowledge to choose options 
for the stock management (e.g., conservation 
of the leptocephali), but we have only limited 
information on their migration and its period in 
the eastern Seto Inland Sea. 

The primary purpose of the present study is 
to clarify the migration ecology of whitespotted 
conger leptocephali in the northeastern Harima 
Nada Sea in order to get knowledge for the fish
ery stock management. In this paper, various 
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aspects of the migration of whitespotted conger 
leptocephali, such as migration season and 
period, vertical distribution and metamorphic 
stage, are presented based on a fishing survey 
in the northeastern Harima Nada Sea and a 
PAL/TL (preanal length/total length) analysis 
of the leptocephali sampled. 

Materials and Methods 

Fish collection 
The surveys were conducted from January 

to May in 2003 and February to May in 2004-
2009 (except for 2005 and 2007), usually once 
in January, February and May, and twice in 
March and April. The survey areas were 20-25 
m in depths near Kami Island in the northeast
ern Harima Nada Sea, part of the eastern Seto 
Inland Sea, off Kakogawa, Hyogo Prefecture 
(Fig. 1). 
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Fig. 1. A survey area (crosshatched) to collect whitespot
ted conger leptocephali in the northeastern Harima Nada 
Sea. 
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Whitespotted conger leptocephali were col
lected by a small midwater beam trawl net with a 
2.4 mm mesh aperture of a codend (Fig. 2). The 
net was usually towed in the middle and bottom 
layers for 30 min at a speed of 1-2 knots using 
a small boat (9.1 mt) in the daytime. In 2003, 
three (surface, middle and bottom) layers were 
towed both in the daytime and nighttime. All 
the night surveys were conducted from 30 min 
lag time after sunset. The net was held in each 
layer during the net towing by monitoring the 
water depth position of a net recorder unit (Type 
CN-8, Furuno Electric Co., Ltd., Nishinomiya, 
Japan) attached on the square net. In the sur
face, middle and bottom layer samplings, the net 
recorder unit was kept 2-3 m down from the 
surface, at an intermediate depth, and 3-4 m up 
from the sea bottom, respectively. The ground 
rope was usually 1-2 m above the sea bottom 
when towing the bottom layer. The catch per unit 
effort (CPUE) was expressed as number of the 
leptocephali collected per 30 min towing. 

Before the net was towed, oceanographic 
data, such as water temperatures, salinities 
and depths, were collected using STD (JFE 
Advantech Co., Ltd., Nishinomiya, Japan). 

Fish measurements and determination of meta
morphic stage 

Whitespotted conger leptocephali were fixed 
in 5-10% buffered formalin solution on board 
immediately after capture and then brought to 
the laboratory, where they were measured for 
total length (TL) and preanal length (PAL) (i.e., 
length from the tip of the snout to the posterior 

Net reeorder tra nsm itter un it 
FURUNO Type CN-8 

17 Setsu, 10.2m111 

Inner diameter 18.2 mm 
14.2mm 

Fig. 2. Diagram of a midwater beam trawl net to collect whitespotted conger leptocephali in the northeastern Harima 
Nada Sea. 
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margin of the anus) and counted for the num
bers of preanal myomere (PAM) and total 
myomere (TM). All length measurements were 
taken in millimeters. In this study, those larvae 
with a value of PAL/TL<0.88 were identified 
as being of metamorphosing stage, based on 
a PAM/TM-PAL/TL relation analysis (see the 
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Discussion section). 

Statistical analysis 
Statistical difference between the CPUEs 

in individual towing layers was analyzed by 
Kruskal-Wallis test each for daytime and night
time samplings in 2003. Wilcoxon signed-ranks 
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Fig. 3. Monthly changes in CPUE (number of whitespotted conger leptocephali caught per haul for 30 min) using a 
midwater beam trawl net in the northeastern Harima Nada Sea in the daytime (left) and at night (right) from 2003 to 
2009 (except for 2005 and 2007). Open triangles, surface layer; open circles, middle layer; closed circles, bottom layer; 
line with dots, sea surface temperature (,C). 
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Table 1. CPUE of whitespotted conger leptocephali caught with a midwater beam trawl net in the daytime and nighttime in 
the northeastern Harima Nada Sea in 2003 

Bottom layer Middle layer Surface layer 
Date 

Daytime Nighttime] Daytime 
in 2003 

CPUE wr CPUE wr CPUE wr 
21 Jan. 0 9.2 0 9.2 
20 Feb. 0 8.3 0 8.3 
21 Feb. 0 8.3 
13 Mar. 11 8.3 23 8.3 0 8.1 
31 Mar. 6 9.0 4 9.2 10 9.5 
11 Apr. 5 10.4 3 10.4 4 10.4 
12 May 15 13.7 6 13.7 0 14.6 
26 May 0 14.9 0 14.9 0 15.4 

1 The night surveys were conducted from 30 min lag time after sunset. 
2 Water temperature at 10 m in depth. 
CPUE, number of leptocephali per haul for 30 min. 

test was used for the CPUEs between the day
time and nighttime in 2003, and for the CPUEs 
between the middle and bottom layers in the 
daytime. Difference in PAL/TL between the 
daytime and nighttime was determined by t-test. 

Results 

Occurrence and distribution 

Whitespotted conger leptocephali were col
lected from February through May with being 
abundant especially between March and April 
from 2003 to 2009. They were sampled when 
sea surface temperature (SST) ranged from 
8 -18°C (Fig. 3). They usually occurred in 
the bottom and middle layers (mainly in the 
bottom layer), but not in the surface layer in 
the daytime. CPUEs in the bottom layer were 
higher than those in the middle layer (Wilcoxon 
signed-ranks test, P<O.OOl). 

In 2003, there was also a significant differ
ence between CPUEs in individual towing 
layers in the daytime (Kruskal-Wallis test, 
P= 0.037), but not at night. The leptocephali 
were caught in the surface layer at night 
(Table 1). CPUEs at night tended to be higher 
than those in the daytime although there was 
no significant difference. 

Total length and metamorphic stage 

Based on the analysis between PAL/TL and 
PAM/TM, PAL/TL was found to be strongly 
correlated with PAM/TM: [PAL/TL= 0.986 x 

Nighttime Daytime Nighttime 

CPUE wr CPUE wr CPUE wr 
0 9.2 
0 8.4 

0 8.4 0 8.3 
17 8.3 0 8.2 1 8.3 
63 9.4 0 10.0 3 10.7 
0 10.6 0 10.5 19 10.7 
5 14.3 0 15.7 0 18.0 
0 16.1 0 18.3 0 18.3 

1.0 • PALlTL=0.986(PAM/TM)+0.087 

0.8 
/=0.98, 11=361 
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Fig. 4. Relationship between PAL/TL and PAM/TM of 
whitespotted conger leptocephali caught with a small mid
water beam trawl net in the northeastern Harima Nada 
Sea. 

(PAM/TM) +0.087, r2=0.98, n=361] (Fig. 4). The 
pre-metamorphosing leptocephali (PAL/TL> 0.88) 
ranged from 94-132 mm TL, and the latter size 
was the largest recorded in this study. The fish 
size of leptocephali tended to decease from March 
to May. A half of the leptocephali caught in March 
were already at metamorphic stage, and the rate 
of pre-metamorphic leptocephali decreased coin
cidentally with decrease in TL. Almost all the 
leptocephali (98%, n = 43) caught in the daytime in 
May were at metamorphosing stage, but the rate 
of the metamorphic leptocephali caught at night 
remained only at 44% (n=9) (Fig. 5). PAL/TL 
values in the leptocephali taken at night were sig
nificantly higher (Hest, P<O.OOl) than those in 
the daytime (Fig. 6). 



Migration of Conger myriaster Leptocephali 

140,--------------, 1.0 140 ,---.----------------, 1.0 5'0 

130 0.8 

120 

110 

100 

2003 A 
.. 0 0 I • 
~. Q 

i Ng I · • I o· • 
o • • 

0.6 

0.4 

0.2 

'2' 130 

~ 
120 

~ 
c 
B 110 

'" ~ 100 

2003 
is 
en 

0.8 :.a 
fr 

0.6 E 
is 
'-' 

0.4 ~ 
2:: 
0.. 

0.2 '0 
<> 

90 f------;----.---.----;---i 0.0 ~ '-.-. 
90 f---~--~--__.--~---I 0.0 

140 1.0 

· ~!N 
100 , __ ~_./'_,--__.-(!)--,__-~, 0.2 
90, , 0.0 

130 

120 

110 

2004 0.8 

0.6 

0.4 

140 ,-----------------, 1.0 5lJ 
s 
Vl 

~ 130 

~ 
2006 0.8 (,) 

! I ~: 0 ~ 06 I ..c 120 
en c 
B 110 .\ b·· 0.4 ~ .\! . 0 ~ '" ~ 100 ~ ~ 0.2 t; 

." • B 90 f---_----r---.--•• ~.~ 0.0 ~ 

140 ,----------------, 1.0 

: 0 i 
·-0 I 

~~ I 

130 

120 

110 

100 

• I 
0.2 

2008 0.8 

0.6 

0.4 

.-.~. 
~ O~ 

140 ,----------------, 1.0 

130 . 2009 

120 

110 

100 

I 
i • 

I· I i~~1 .. \ I 
I 

90f---------.---.---~·==~-

Jan. Feb. Mar. Apr. May 

0.8 

0.6 

0.4 

0.2 

0.0 

Jan. Feb. Mar. Apr. May 

Fig. 5. Monthly changes in total length distribution and rate of the pre-metamorphic stage in whitespotted conger lep
tocephali caught with a small midwater beam trawl net in the northeastern Harima Nada Sea in the daytime (left) and 
at night (right) from 2003 to 2009 (except for 2005 and 2007). Open triangles, surface layer; open circles, middle layer; 
closed circles, bottom layer; line with dots, rate of pre-metamorphic stage (PAL/TL> 0.88). 
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Discussion 

To differentiate the metamorphic stage of 
whitespotted conger leptocephali, PAM/TM 
(number of preanal myomere/number of total 

myomere) ratio has been used in the studies 
of leptocephalus development (Lee and Byun 
1996; Otake et aL 1997; Utsumi 2009), and 
PAM/TM<0.8 has been employed as a cri
terion for metamorphosing stage (Katayama 
and Shimizu 2006; Mochioka et al. 2006). Also, 
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Fig. 6. Relationship between total length and PAL/TL of 
whitespotted conger leptocephali caught in the northeast
ern Harima Nada Sea in the daytime and at night in 2003. 
The value of PAL/TL less than 0.88 is used as a criterion 
for metamorphosing stage. Open circles, daytime caught 
specimens (n = 64); closed circles, nighttime caught speci
mens (n=142). 

like in the present study, PAL/TL ratio has been 
successfully used in classifying the metamorphic 
stage for whitespotted conger (Yamano et al. 
1991) and two other related species, European 
conger (c. conger) (Correia et al. 2002a, 2002b, 
2003) and American conger (c. oceanicus) (Bell 
et al. 2003; Correia et al. 2004). In this study, we 
used PAL/TL=0.88 instead of PAM/TM=0.80 
as a criterion for the metamorphic stage because 
PAL/TL was found to be strongly correlated with 
PAM/TM (Fig. 4). Therefore, as an indicator of 
the developmental stage of whitespotted conger, 
PAL/TL has a higher advantage than PAM/TM 
in easily obtaining measurement data and avoid
ing myomere counting errors, especially when 
formalin preserved specimens are examined. In 
addition, although PAL/TL=0.88 was used as a 
threshold value of metamorphic stage in this study, 
it should be noted that the threshold value must be 
determined based on both external and physiologi
cal events. Further study is needed to determine 
the metamorphic stage based on PAL/TL. 

This study has revealed that whitespotted 
conger leptocephali migrate to the northeast
ern Harima Nada Sea from February to May 
(abundantly from March to April), when SST 
ranged from 8-1SoC. In the nearby, southerly
located Kii Channel, the leptocephali appeared 
from November to April with SST ranging from 

8.8-20.0°C and being the most abundant when 
SST was at lOoC (Utsumi 2009). Although no 
data were presented, Nabeshima et al. (1995) 
mentioned that the leptocephali were also found 
in the nearby Osaka Bay from January to April. 
Furthermore, in the northeastern Harima Nada 
Sea, the leptocephali were not collected in 
January and June (Gorie and Tanda 2004; pres
ent study). These results suggest that whites
potted conger leptocephali are drifted from 
the offshore Pacific waters to the Kii Channel 
in November, transferred and/or move to the 
northeastern Harima Nada Sea through Osaka 
Bay with lag time, when SST ranged from 8-
20°C. Unfortunately, we cannot refer to the pos
sibility that the leptocephali reach the Harima 
Nada Sea through the western Seto Inland Sea 
and/or the Naruto Strait, because no survey 
was conducted both in those areas. It is, how
ever, reasonable to infer that the leptocephali 
migrate through the N aruto Strait as well. 

Multiple migrations have been suggested 
for whitespotted conger leptocephali in Tokyo 
Bay (Shimizu 2005), the southern Tohoku area 
(Katayama and Shimizu 2006), Suruga Bay 
(Mochioka et al. 2006) and Sagami Bay (Kurogi 
2008). It has also been assumed that the migra
tion is not continuous but intermittent. In this 
study, the length frequency distribution of the 
leptocephali and their rate of pre-metamorphic 
stage did not fluctuate but decreased consis
tently from March to May (Fig. 5), which sug
gests that, unlike in other regions, the migration 
of the leptocephali into the Harima Nada Sea 
was not multiple. Also, it might be possible that 
the intermittent migration was hidden by buff
ering effects of the waters because, as above 
discussed, the leptocephali are thought to pass 
through the Kii Channel and Osaka Bay to reach 
the northeastern Hmima Nada Sea. 

This study has shown for the first time that 
whitespotted conger leptocephali do not occur in 
the surface layer but in the bottom and middle 
layers (mainly in the bottom layer) during the 
daytime. They, however, spread their distribu
tion to the surface layer at night (fable 1). Also, 
both the pre- and early-metamorphosing lepto
cephali may stay just above the sea bottom in 
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the daytime and spread more widely at night, 
because the pre-metamorphosing individuals 
were collected at night in May (Fig. 5, right) 
and PAL/TL in the leptocephali caught at night 
is significantly higher than that in the daytime 
(Fig. 6). Consequently, it is very likely that the 
pre-metamorphosing leptocephali migrate inter
mittently into the Harima Nada Sea even in May 
and/ or that those leptocephali stay just above 
the sea bottom in the daytime but spread widely 
at night. 

It is known that almost all the leptocephali 
caught in the southern Tohoku area (Katayama 
and Shimizu 2006), Suruga Bay (Mochioka et al. 
2006) and the Kii Channel (Utsumi 2009) were 
at the pre-metamorphic stage. However, the 
results of this study were different form those in 
such regions. A half of the leptocephali caught 
during the early migration period (February
March) were already at the metamorphic stage, 
which implies that many of the leptocephali 
migrate to the northeastern Harima Nada Sea 
with metamorphosing. The difference in migra
tion period and metamorphic stage between 
the Harima Nada Sea and Kii Channel can be 
explained by the following reasons: 1) the former 
region is slightly more northerly located than 
the latter region in the eastern Seto Inland Sea; 
and 2) when the leptocephali are about to arrive 
in the Harima nada Sea after migrating from the 
Kii Channel, they may recognize that they have 
reached appropriate waters to begin metamor
phosis (Kurogi 2008). 

The leptocephali caught in this study ranged 
from 91-132 mm TL. In other inshore waters 
around Japan, the leptocephali of similar sizes 
(80-140 mm TL) were captured (Shimizu 2005; 
Mochioka et al. 2006; Utsumi 2009), and a speci
men of up to 155 mm TL was collected in the 
open waters of the Pacific Ocean (Katayama 
and Shimizu 2006). The largest size of the spe
cies at the pre-metamorphic stage may vary 
between the regions, and, as suggested by 
Kurogi (2008), the leptocephali appear to con
tinue growing until they are drifted to appropri
ate waters to settle down. 

More information is needed on the relation
ship between horizontal distribution of the 

leptocephali and oceanographic environment to 
clarify their occurrence patterns in the eastern 
Seto Inland Sea. Also, for forecasting the fishing 
conditions of the species there, it is important 
to assess the abundance of the migrating lep
tocephali near the Kii Channel. We need more 
work to understand the migration ecology of 
the leptocephali for the efficient stock manage
ment of the species. 
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