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Abstract

Three leptocephali of Japanese eel Anguilla japonica were collected in the presumed

spawning ground of 12"30'-14 υ

30'N and 131
υ

30'-140"30'E, on 16 to 23 Augu 哎 , 1995. It

was the first time of such 亡。 Ilection by Taiwanese researchers. Total lengths of the

leptocephali were measured as 27.4, 28.8 and 31.4 mm, respectively. Their daily ages were

estimated to be 46, 50 and 51 days by counting otolith growth increments, and growth rates

be 0.577-0.6 另 8 mllrd-1. The daily ages of these three leptocephali were back-calculated for

birth dates be July 1 and 3, and the spawning dates were on June 2 and 4 of the lunar

calendar which were in the period of new moon. This study confirms that Japanese eel

spawns in summer. Based on the localities of collections and the westward direction of

ocean current, the body lengths and the daily ages of these three leptocephali are difficu It to

depict the spawning ground as previously known. Spawning ground is probably rather

widely spread.
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Spawning ground

The Japanese eel Anguilla japonica Temminck &

Schlegel is a temperate catadromous fish, widely

distributed in rivers of the northeastern Asian

countries, i.e. Taiwan, China, Korea and Japan(1).

Development stages of the eel including

leptocephalus, glass eel, elver, yellow eel and

silver eel, are similar to those of Anguilla

anguilla(2). The eel was presumed to originate

from the same panmictic population(3), and its

spawning grounds were recently assumed to be

the North Equatorial Current west of the

Mariana Islan 啦 , 15 �N, 1400E(4). The leptocephali

In
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drift with the North Equatorial Current from their

spawning grounds. When they approach the

continental shelf of the Philippines, they turn

northward into the Kuroshio 仁 urrent conveyed

by the mechanism of Ekman transport(S). After

reaching a fully grown size, leptocephali

metamorphose into the glass eel stage and leave

the strong Kuroshio Current(6) The glass eels

become elvers upon arrival at estuaries. The

period for the fish migrated from spawning

ground to the estuary takes approximately 5 毛
months(6-11). Life history of Japanese eel is little

known particularly in leptocephalus stage because

} 口1
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Leptocephalus was collected using three

different sampling nets, ORI, IKPT and Bongo net,

at 50 stations in the eastern Philippines during

the period from 10 to 23 August 1995 (Fig. 1).

The net structures were described in Table 1.

The ORI was towed for the 50 stations in

daytime or night time, while the IKPT was towed

for 31 stations and Bongo net for 15 stations in

the night time only. The towing depth was

different among these nets (Table 1). The

duration of sampling was approximately 10-20

minutes for both the ORI and Bongo nets and

30 minutes for the IKPT. During sampling, the

oceanic structure of the stations from surface

monitored by

and depth

leptocephalus.

Leptocephalus exhibit diurnal vertical migration

from deeper waters during the day to shallow

waters at night(12-16). It was seldomly collected in

the daytime(17,18). The Japanese eel leptocephalus

has been abundantly collected in the assumed

spawning ground in 1991 (4). Thereafter, there is no

document to report the leptocephalus in the area.

Taiwan Fisheries Research Institute attempted

to collect the leptocephalus in August 1995 and

was the first time to have the sample collection.

is therefore recording such information

concerning the ecology of the leptocephalus.

The purpose of this paper is to describe the

oceanic structure where the leptocephalus was

collected and the related biological information.

I. Sampling designofcollectiontheIndifficultytheof
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Fig. 1. Map showing the 50 sampling stations. Leptocephali were collected in station nos.
22, 43 and 50.
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Table 1.

109

Comparison of three sampling gears.

Gear
Net length

(em)
Net mouth

opening (m1)

IKPT 900 3

Bongo net 340 0.28

ORI-200 740 2

II. Data analysis

identifiedwere

meristic

were

Otolith was polished from antisulcus to reveal

primordium. Daily growth increment in the

otolith was examined with SEM. Maximum

diameter through primordium to hatching

check and first feeding check were measured,

respectively. The procedure of otolith preparation

for daily growth increment examination was

similar to Tzeng(9), and Tzeng and Tsai(lO). The

Mesh size
(mm)

Sampling duration

(min)

Sampling

depth (m)

5
(Cover net 3 cm)

。 -250 30

0.1 and 0.33 0- 1 75 10-20

2 。 -75 10-20

age of leptocephalus was determined by the

assumption of the growth increments in their

otoliths being deposited in daily interval(22-24).

The birth date of leptocephalus was

backcalculated from daily age and the date.

Growth rate was calculated from total length and

dail γ age of the fish at capture.

Results

,. Species identification

A total of 27 leptocephali was collected from

the 50 stations. Three of them were identified to

be Anguilla japonicar which were collected each

from the stations Nos. 22, 43 and 50 (Fig. 1 and

Table 2).

Table 2. Age, birth date and growth rate of the Japanese eel Anguilla japonica leptocephali
collected in the spawning ground eastern Philippines.

Specimen

no.

Sampling

station

Depth
(m)

Sampling

date

Location

5T22
12 � 30'N

131 � 30'E
Aug 165130

2 5T43
14 � 00'N

137 � 30'E
Aug 224120

3 5T50
14 � 30'N

140030'E
Aug 234330

Sampling

time

Birth date Growth rateSampling

gear

TL
(mm)

No.
DGI (mm'ell)

20:43

-21 :14
July 1 0.65827.4 41IKPT

5:05
-5:35

July 3 0.577IKPT 28.8 45

19:36
-19:54

July 3 0.61731.4 46ORI
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Fig. 2. External feature of the leptocephalus of Japanese eel Anguilla japonica, 27.4 mm TL

Table 3. 亡。mparisons of morphometric and mcristic characters of the Anguilla leptocephali collected in

the wcstern Pacific Ocean.

Species A. japonica

Length (mm) Total 27.4-31.4

Standard 27.3-30.9

Head 2.5-2.9

Snout 。 7-0.8

Eye 0.7-0.8

Upper jaw 1.4-

Postorbital 1.0-1.4

Pectoral 0.8-

Preanal 21.6-24.7

Predorsal 19.2-21.6

Ana-dorsal 1.5-3.1

Depth (mm) Before eye 0.9-1.1

At pectoral base 2.0-2.3

At midpoint between

pectora I and vent

At vent

4.2-5.2

4.0-4.1

Myomeres Total 114-118

Predorsal 64-71

Preanal 77-84

Ana-dorsal 11-13

1 5t vertical blood vessel 18th-19th

2nd vertical blood vessel 32nd-40th

3rd vertical blood vessel 46th

Anterior margin of gall

bladder

30th-45th

Teeth 。 -1 + 1 +2-4+2-

4/1 +2-4+3-4

th i s studyReference

A. japonica

33.9-47.0

33.3-46.0

3.5-4.1

1.0-1.3

0.9-1.1

1.5-1.9

1.5-2.0

。 .9-1.2

25.8-35.7

23.0-32.4

2.2-4.0

1.5-2.0

2.6-3.2

6.3-8.3

5.7-7.1

113-118

65-71

76-81

6-11

15th-19th

37th-42nd

44th-48th

26th-29th

A. japonica

24.0-31.8

23.6-31.2

2.7-3.4

0.7-0.9

門U-QO門
υ

1.3-1.6

1.1-1.5

0.5-1.0

19.0-25.5

19.0-22.0

2.2-2.4

1.2-1.5

2.2-2.7

4.2-5.9

4.0-5.0

112-117

68-70

77-81

nu

16th-20th

32nd-42nd

44th-8th

29th-34th

。引 1+4-6+7- 1+1+3-6+3-

12/1 +5-7+3-7 5/1 +3-6+3-4

Tabeta and Ozawa et al.

Mochioka 19 日 8 1989

A. marmorata

32.5-47.3

31.9-46.1

3.2-4.0

0.9-1.1

0.8-1.0

1.5-1.9

1.5-2.0

0.7 -1.3

24.6-35.2

20.8-30.1

3.2-5.1

1.5-1.8

3.0-3.3

7.5-9.3

5.9-7.8

103-1.6

56-61

68-73

8-14

15th-18th

37th-39th

42nd-45th

22nd-25th

。 -1 + 1 +5-6+8-

12/1 +3-7+7+4-9

Tabeta and

Mochioka 1988

A. marmorata A. bic%r

pacifica

47.833.5

33.0

3.4

QUnu

0.9

1.6

1.5

內
Ul

26.1

24.8

1.3

1.6

2.6

6.4

5.6

105

64

74

9

17th

38th

44th

28th

1+1+5+7

/1+7+3

Ozawa et al

1989

46.8

4.0

nu1

nuI

1.7

1.9

1.2

35.3

33.5

1.8

1.5

3.0

8.2

7.5

QUHU1

71

75

4

17th

41st

46th

23rd

。+1+6+12

/1 +3+9

Tabcta and

Mochioka

1988
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Total lengths of the three leptocephali were

27.4 mm, 28.8 mm and 31.4 mm, respectively.

The leptocephalus of 27.4 mm was shown in Fig.

2. Morphometric and meristic characters of the

leptocephali were similar to those identified by

Tabeta and Mochioka(20J, and Ozawa et al.(21).

There could have 4 species of Anguilla in this

area(25-27J. Total myomeres of the leptocephalus

was a key character to discriminate A. japonica

from the other three species, A. celebesensis, A.

marmorata and A. bicolor pacifica (Table 3).

II. Oceanographic structure in the spawning

region

Oceanographic structure of the'

where leptocephali were collected was shown in

Fig. 3. Thermocline was obvious. Temperature

was approximately 29.5 �C in the surface layer,

and decreased to 8 � C at the depth of 400 m.

Salinity was approximately 33.8 %0 in the surface

ased and a

III. Age and birth date

ructure eelOtolith microst

leptocephali exhibited L

Primordium in the center, is a deep

etched hole with a diameter of 5.29::1:0.31 mm,

followed by a less CaCO3 layer with a deep-

etched hatching check, diameter 10.43 士 1.25

mm, the third layer was a radical crystalline

吼叫 cture with no discernible

diameter 19.05 士 1.26 ml
一 . .

parts.

EDT A-

門1,

increments,

layer was
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deposited in yoll
﹒

, 一 E

exhibited discernible daily growth

which was assumed to be deposited after the fish

has begun external feeding (Fig. 4).

Daily growth increment in otolith of the three

leptocephali collected on 16,22 and 23 August

was counted to have 圳 ,45 and 46 rings, respe-

ctively (Fig. 4). The fish was assumed to deposit

their first increment 5 days after hatching(91. In

1 outer layer

Increments

other words, their true ages were 46, 50 and 51

days old. The birth date back-calculated from

the age was on 1 and 3 July. Growth rates of the

fish WE

0.617 mm.d-l.

�re 0.658, 0.577

Discussion

The leptocephalus was collected by the ORI in

Fig. 4. Micro-photography showing daily growth increments in otoliths of two leptocephali

collected in station 43 on 22 August 1995 (a and b, 28.8 mm TU, station 50 on August 1995 (c
and d, 31.4 mm TL). b & d, magnified from a & c; P = primordium; HC = hatching check; FFC

= first feeding 仁 heck. Scale bar = 30 μ m (a, d, 15 μ m (b, d).
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Fig. 5. Modifying from Tsukamoto (1996((,1), a comparison of locations where leptocephali

were collected by this study (cross marks) and by Tsukamoto (circle marks). Numbers in

circle indicated the number of leptocephali collected, and star mark indicates a possible
spawning site.

1400

the layer 0-75 m and by the IKPT, 0-250 m. This

indicates that tr
vertically to the upper pa 此 of the thermoe! i ne at

night in salinity maximum layer which originated

from tropical water.

The birth date of the three leptocephali

collected in this study was estimated to be on

July 1 and 3, which was close tl

estimation of Tsukamoto et al.(28} at July 13 :t

5.3. This indicates that Japanese eel spawns

in summer which is striking in contrast to the

common understanding that the A. japonica

spawns in winter(29,30)

Furthermore, Yu et al.(31) showed that the

ferti I ized eggs of Anguilla japonica

captivity hatched after 48 hours at the water

temperature of 19.5 �C and the salinity of 35 ppt.

Accordingly, the eggs of these three leptocephali

were probably layed two days before hatching,

i.e. on June 2 and 4 of the lunar calander, in

other words, the eel spawns in the period of new

In

3

刊layIe

moon.

The presentation of Japanese eel leptocephali

in the collections of this study is very meaningful
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because it is the first time for the research vessel

of Taiwan to find the leptocephali of Anguilla

japonica. The spawning ground of Japanese eel

was first described in 1988(1
弓嚕。、

1 was

waived later in a systematic investigation

1991 (4). The location of leptocephalus found in

this study was similar to that by Tsukamotd4) (Fig.

5). Leptocephalus passively migrated westward

with the North Equatorial Current from spawning

ground at a speed of 20 cm's-1(S). Therefore,

Tsukamotd4) postulated that the spawning

ground was in the eastern side of the location

where the leptocephalus was collected (Fig. 5).

Supposely the leptocephalus was transported

westward from the spawning ground, the age

of leptocephalus should be increased from

east to west and the size increased as well(32),

however, the age and size of the samples

collected in this study increased from 46 days

and 27.4 mm in the west to 51 days and 31.4

in the east. TI

positively correlated to the sampling date and

increased from west to east. This might be

indicated that t�

widely spread and might not be concentrated

the small area in 1
一‘

indicated by Tsukamoto(6). Otherwise, the

leptocephali could drift with the eastward

currents, which w

westward transportation of larvae(17,32). Those

questions as above mentioned may be solved

when more leptocephal i are collected and the

location of spawning ground is confirmed.

mm le were

Ie was

In ea 1400E

as
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台灣水產研究者首度捕獲日本鰻的柳葉形仔鰻之記錄

摘要

1995 年 8 月 16 日至 23 日
, 台灣省水產試驗所「水試一號 J 試驗船於 12

� 30'N 一 14 �

30'N 與 131
� 30'E - 140

�

30'E 之間 ,
也就是菲律賓以東的海域

,
捕獲 27 尾柳葉形仔鰻

, 其中三尾是日本鰻。這是台灣有史以來
,
第

一次捕獲日本鰻的柳葉形仔鰻
, 其意義非常重大。三尾柳葉形仔鰻的體長分別為 27.4 '

28.8 以及 31 .4 mm ,

由耳石日週輪數目研判
,
其日齡分別為 46 '

50 及 51 天 ,
體成長率為 0.577 - 0.658 mm.d-1

, 孵化日期為 7

月 1 日及 3 日
, 產卵日期則為農曆的 6 月 2 日及 6 月 4 日

, 因此
, 鰻魚可能在新月期間產卵 o 綜合以上各點 ,

本研究再次證實日本鰻是在夏季產卵 , 惟根據採集地點與海流方向 , 這三尾柳葉形仔鰻之體長與日齡不足以肯

定或說明目前所認知的產卵埸
, 所以推測產卵場的分布範圍可能更為分散。

關鐘詞 : 柳葉形仔鰻 ' 日本鰻 ' 台灣研究人員
, 產卵場
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