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I. PREFACE

The KH-86-4 Cruise of the R.V. Hakuho Maru of Ocean
Research Institute (ORI), the University of Tokyo, was
conducted in the Western Pacific adjacent to Ryukyu,
Taiwan and Philippine Islands during a period of 38 days
from August 26 to October 2, 1986 with port call at Naha
in Ckinawa. ORI has carried out a series of expeditions
on the breeding place and migration of the Japanese eel,
Anguilla japonica. Present cruise was planned as the
fourth one on the same objective,

This volume contains the oceanographic data obtained
during the cruise. Brief summaries of the research
carried out by the scientists aboard are also included.

International cooperation is indispensable for the
study of animals showing wide-range migration such as the
eel. In the present expedition, 5 foreign scientists from
Philippine, Mexico, Taiwan, Korea and Thailand are planned
to be aboard as the first step for the future
international cooperative research on biology of the
mysterious eel. Among them, the latter two were
participants from the WESTPAC Program.

On behalf of all 32 scientists aboard, I wish to
express our sincere thanks to the captain, the officers
and the crew of the R.V. Hakuho Maru for their help during
the cruise. Thanks are also due to the officers in the
Intergovernmental Oceancgraphic Commission, UNESCO, the
Japanese Ministry of Education, Science and Culture, the
Ministry of Foreign Affairs and the Association of East
Asian Relations for their diplomatic arrangement and for
providing travel funds for WESTPAC members.

Takeshi Kajihara
Chief Scientist



IT. BACKGROUND AND OUTLINE OF THE CRUISE

The spawning area of the Japanese eel, Anguilla
japonica, has long been a mistery for biologists, while
that of the American and the European eel were outlined in
the early part of this century by Schmidt (1922) to be
located in the southern Sargasso Sea in the North Atlantic
Ocean. In 1973 and 1975, three Hakuho Maru cruises were
carried cut for the same purpose in the eastern waters of
the Taiwan Island and a total of 54 leptocephali of the
Japanese eel were collected in the area of 21-24° N, 125-
130° E. All collected larvae, however, exceeded 45 mm in
body length and no eggs and newly hatched larvae were
obtained, yet. 1In consideration of geophysical data on
the Kuroshio Current, the spawning area of the Japanese
eel seems to be located in the more southern area than
those investigated in the previous cruises. Thus, the
oceanographic stations are expanded to 14° N in this
expedition.

Under the overall objective of "Studies on the
spawning area of the Japanese eel and the marine pelagic
ecosystem surrounding it", the following research topics
were investigated:

(1) distribution and transportation of leptocephali of
the Japanese eel and other Anguilliform fishes,

(2) hydrographic observations in the study area,

(3) taxonomy and assessment of abundence of
ichthyoplankton, micronekton and fish eggs,

(4) transportation and dispersion of lobsters and
shrimps,

(5) taxonomy and ecology of phyto- and zooplankton,

(6) function and morphology of eyes and luminous organs
in deep-sea fishes, and

(7) characteristics of scientific echo-sounder.

The cruise consisted of two legs (Table 1). 1In the
former leg of the cruise (Leg 1) from August 26 (Tokyo)
till September 14 (Okinawa) 1986, spacial distribution of
Anguillid leptocephali was mainly studied over a wide
range. Based on the result of Leg 1, intensive sampling
of A. japonica was conducted in the latter leg (Leg 2)
from September 20 (Ckinawa) till October 2 (Tokyo), 1986.
The location of observation stations and the track chart
are given in Fig. 1.



‘} ﬂ;& I
> ﬁg
s 4
&
Leg I (Aug26-Sepl4) e
- _Tokyo-Okinawa_._. -
Leg II (Sep 20-Oct 2)
Okimrawa = Tokyo - —
e T ."'t’ il ,’:'/,
19~ . -
3
£’¢
1
‘59
LY
156 N
q 13‘:-5 106:5
! i
129 1
~ O Ab-'

Fig. 1

Track chart and cbservation
cruise of the Hakuho Maru.

—3—

stations of the KH-86-4




Table 1. Cruise itinerary

Arrival Departure
Tokyo folaisiatalaialel August 26, 1986
Naha September 14 September 20
Tokyo October 2 FhAEKKIE

During Leg 1, a single plankton sample was collected
at 35 stations ( Sts. 1-34 and A, Fig. 1) by a
standardized oblique tow using a 3 m Isaacs-Kidd Midwater
Trawl (IKMT) fully lined 0.5 mm Nitrex netting and having
a mouth area of 8.7 m?. Standard tow consisted of two
consecutive oblique tows with W-shaped vertical track.
Its characteristics were: maximum depth = ca. 500 m;
fishing time = 130 min; ship's speed = 2.5-3.5 kt during
reeling out, 1.5-2.0 kt during reeling in; reeling speed =
0.8 m/s. In addition, horizontal tow at sea surface using
ORI Net (0.66 mm mesh, 2.0 m® at mouth) was conducted
twice at each station during Leg 1, each of which was
operated for ca. 30 min at ship's speed of 1.5-2.0 kt.
During Leg 2, 40 min horizontal tow with IKMT was mainly
conducted at 7 discrete depth strata between 10 m and 400
m at Sts. C, Dand E. In addition, 8 horizontal tows with
ORI Net at 50-125 m depth strata for 20 min in each
operation and 2 oblique tows with Hexagon Net (1-8 mm
mesh, hexagon shape mouth of 10.4 m?) at 25-100 m deep for
60 min were carried out at St. C. - Temperature, salinity
and disolved oxygen were measured with CTDO (Conductivity,
Temperature, Depth and Oxygen) profiler (Neil Brown Mark
III B) at every 1 m from the surface to 1000 m deep.
Water current was calculated based on these physical data.

The names and specialities of the 32 scientists who
participated in the cruise are listed in Table 2.
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ITT. PRELIMINARY RESULTS
1. Oceanographic characteristics of the study area

Hiroshi Hasumoto, Yasuhiro Kawasaki,
and Masato Kobayashi

Information on water temperature, salinity and other
oceanographic variables in the western subtropical North
Pacific provides a basis for understanding the
distribuation and recruitment of larvae of the Japaneses
eel, Anguilla japonica. Cast of CTID (Neil Brown Mark III
B) down to 1000 m depth were carried out at 34 stations
(Fig. 1). Stations 1 to 11 were located along 129° 35'E
meridian between 15° and 25° N (Section I). Station A
and stations 12-27 were located along 127°10' E betweem
14° and 25° N (Section II). Stations 23-27 were located
along 124° 45' E between 21° 30' N and 25° N (Section
I11), and station 28 and stations 31-34 were located along
122° 20' E between 21° 30' N and 25° N (Section IV).

Using the data sets of temperature and salinity,
thermosteric ancmaly (cl/t), geostrophic flow (cm/sec) and
geopotential anocmaly (dynamic meter) relative to 1000 db
surface were calculated.

i) Distribution of temperature, salinity and thermosteric
anomaly

Surface temperatures in the study area were commonly
higher than 28° C except stations 1 to 3, and 8 to 11 on
Section I (Fig. 2). The seasonal thermoclines were
shal lowest near the northern end of each section, although
vertical temperature gradient in the thermocline tended to
increase toward east. A saline water exceeding 34.9
extended northward at ca. 100 m depth (Fig. 3). Since
this high salinity water mass was confined between the
isopycnal surface with thermosteric anomaly of 450 and 350
cl/t (Fig. 4), this water mass can be identified as the
North Tropical Saline Water (Masuzawa, 1967). Below 500 m
depth, the North Pacific Intermediate Water (Reid, 1965),
of which core has salinity of less than 34.2 and
thermosteric ancmaly of 125 cl/t, was comonly found in
the north of 20° N (Figs. 3 and 4).
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ii) Geostrophic flow

Figure 5 are illustrated east-west geostrophic
velocities relative to 1000 db. A strong eastward current
with a velocity of 25 cm/sec or higher was present between
22° and 23° N on Section I and between 23° and 24° N on
Section II, IIT and IV. This can be identified as the
Subtropical Countercurrent (Yoshida and Kidokoro, 1967 ;
Uda and Hasunuma, 1969). On Section III, a strong
westward current with a velocity of more than 50 cm/sec
was found between 21° 30' and 22° N. It is suggested that
this current is a part of anticyclonic eddies. Such
wastean flow was not observed on Section IV because the
Kuroshio flows north-eastward on eastan side of Taiwan.

iii ) Geopotential topography

Figure 6 depicts geopotential topography relative to
1000 db in the study area. The geopotential anomaly of
more than 2.5 dynamic meter was found east of Taiwan,
indicating the presence of an anticyclonic eddy. On the
north-east side of this anticyclonic eddy, a cyclonic eddy
was observed. The geopotential anomaly in the center of
this cyclonic eddy was less than 2.1 dynamic meter.
Apparently, the surface water flows eastward along the
contour of the geopotential anomaly of 2.3 dynamic meter
between the anticyclonic and cyclonic eddies. The pattern
of the surface water movement is consistent with that of
the geostrophic current (Fig. 5), suggesting also the
presence of the Subtropical Countercurrent. In the region
south of 20° N (Fig. 5), the eastward and westward flows
alternate with each other, reflecting the presence of many
eddies. Figure 7 shows the zonal volume transport in the
upper 1000 m depth in the study area. There are some
reports about the volume transport of the Subtropical
Countercurrent and the Kuroshio in the east of Taiwan
(Nitani, 1972 ; Hasunuma, 1978). The estimated volume
tr%nsgort of these current are about 15 x 10° m® and 30 x
10 m~”*, respectively. We consider that these volume
transport are the proper values.

iv)Distribution of leptocephali related to oceanographic
conditions

On this cruise, leptocephali of the Japanese eel were
caught at stations 7, 10, 31, C and E. In general,
leptocephali are mainly collected during the night in the
upper layer azbove than 100 m depth, where the temperature

= e



ranged fram 27 to 22° C and the salinity from 34.3 to

34.9.

The areas where leptocephali were collected were
located between anticyclonic and cyclonic eddies. Since
the numbers of collected leptocephali were very limited,
however, it is premature to draw any conclusion as to how
and from where leptocephali were transported.

References
Hasunuma, K. (1978) : Splitting of the Subtropical Gyre in

the Western North Pacific. Jour. Oceanogr. Soc.
Japan, 34, 160-172.

Masuzawa, J. (1967) : An Oceanographic Section from Japan
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Mag., 19(2), 95-118.
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Kuroshio, Its Physical Aspects, ed. by H. Stommel and
K.; Yoshida, University of Tokyo press, Tokyo, pp.
129-163.

Reid, J. L. Jr. (1965) : Intermediate waters of the
Pacific Ocean. Johns Hopkins Oceanographic studies,
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Uda, M. and K. Hasunuma (1969) : The eastward Subtropical
Countercurrent in the Western North Pacific Ocean.
Jour. Oceanogr. Soc. Japan, 25, 201-210.

Yoshida, K. and T. Kidokoro (1967) : A Subtropical
Countercurrent in the North Pacific. Jour. Oceanogr.
Soc. Japan, 23, 88-91.
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2. Distribution of Anguilla japonica leptocephali

Takeshi Kajihara

A survey cruise was conducted in the Western North
Pacific between August 26 and October 2, 1986 to determine
the horizontal distribution of Anguilla japonica
leptocephali.
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Fig. 8 Study area and observation stations, 1-34 and A-E. During
Leg (solid line), sampling was made at 36 st. (1-34, A and B).
C, D and E were surveyed during ILeg 2 (dotted line). Mumerals in
circle are the number of A. japonica leptocephali collected.
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A total of 21 A. japonica leptocephali were collected
mainly by 3 m IKMT with 0.5 mm mesh at night. During grid
survey in the former leg, standardized IKMT oblique tows
(130 min towing from the surface to 500 m deep) showed
that only 3 of the 35 stations were positive for A.
japonica leptocephali (Fig. 8): 2 specimens at Station 7
(1at.189 56'N, long.129° 34'E), 3 specimens at Station 10
(1at.15° 56'N, long.129° 37'E) and 1 specimen at Station
31 (lat.22° 02'N, long.122° 25'E). Most of leptocephali
(18 specimens) occurred in the more southeastern area
(lat.15° 56'-19° 03'N and long.129° 11-37'E) than those
reported in the previous studies. The direction of water
flow in this area was mainly southwest (see Fig. 6).

The size of specimens was roughly uniform and the
mean (SD) was 43.1 mm (2.8), which was ca. 10 mm smaller
than that of specimens ever collected (Fig. 9). The
minimum record of this species (33.9 mm TL) occurred at
Station 10 (Fig. 8).

5 mean1SD (n)

i % Present study : 43.1::2.8 (21)

- DPrevious reports: 53.913.0 (57) -

101

No. Specimens

50 60

Total length (mm)

Fig. 9 Total length of Anguilla japonica leptocephali
collected in this cruise in September 1986
(shaded). In comparison, size data of the
specimens ever collected are also shown (open).
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3. Anguillid leptocephali
Osame Tabeta and Noritaka Mochioka

A total of 27 specimens of the anguillid
leptocephali were collected in the waters east of Luzon
Island, the Philippines, and east of Taiwan during the
cruise. Catalogue number, collection data, sectional
lengths of body, number of myomeres, and number of teeth
of the leptocephali are shown in Tables 3 and 4.

Twenty-one specimens shown in Table 3 were easily
identified as A. japonica from the total number of
myomeres (113-118). Total myomere of the six specimens
shown in Table 4 (103-108) indicated that these
leptocephali belong to the subtropical and tropical eels
other than A. japonica. Tabeta et al. (1976), Tzeng
(1982) and Tzeng and Tabeta(1983) recognized four species
of eels in the Philippines and Taiwan : one short finned
eel, A. bicolor pacifica, and three long finned eels, A.
japonica, A. marmorata, and A. celebesensis. Fish No. 6
in Table 4 which has 4 ano-dorsal myomeres belongs to the
short finned eel, while Fish No. 1-5 in Table 4 which have
8-14 ano-dorsal myomeres belong to the long finned eel.
Therefore, the former was identified as A. bicolor
pacifica, and the latter was identified as A. marmorata
and/or A, celebesensis. The latter is described here as
Anguilla spp. Fig. 10 indicates A. japonica, A. bicolor
pacifica, and A. sp., from top to bottom. A key for the
present anguillid leptocephali is given below :

la Total myomeres 113-118 --- Anguilla japonica Temminck
et Schlegel
1b Total myomeres 103-108 —=—cmmmmmmmm 2
2a Ano-dorsal mycmeres 4 ————-—-— Anguilla bicolor pacifica
Schmidt
2b Ano-dorsal myomeres 8-14 ————————————— Anguilla spp.
References
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4. Anguilliform and elopiform leptocephali

Osame Tabeta and Noritaka Mochioka

A total of 1,497 leptocephali including the family
Anguil lidae were collected at the various depths from the
surface to about 500 m with IKMT, 4 m Hexagon type net,
ORI net, 2 m larva net and MID net at 45 stations. The
results obtained were shown in Table 5.

The leptocephali were found in 103 nets out of 229
nets towed. All the specimens belonged to the order
Anguil liformes except one specimen of the Elopiformes
which was identified as Megalops cyprinoides. The
dominant families were Congridae (957 specimens, 63.3 & of
the total catch), Muraenidae (193 specimens, 12.9 %), and
Ophichthidae (110 specimens, 7.4 %). About 87 % of the
total congrid leptocephali consisted of two groups,
Gnathophis-type (543 specimens) and Ariosoma-type (289
specimens). It was one of the characteristics for the
present cruise that the muraenid leptocephali occupied the
second dominant family (ca. 13 % of the total catch),
while less than 3 % of the total catch in the 1st - 3rd
cruises of this series in 1973 and 1975.

The Congridae, Xenocongridae, Muraenidae,
Nemichthyidae, Ophichthidae and Serrivomeridae larvae were
found commonly in the almost whole study area, while
occurrence of the Moringuidae larvae (11 specimens) was
limited to the waters northeast of Taiwan. Family
diversity showed a high value at the southern stations of
the surveyed waters, and at the stations east of Taiwan
and northwest of Yaeyama Islands. More than six families
were recognized in these stations.
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Table 5, Leptocephali collected in each station.

Negative nets are omitted.

Anguilliformes Elopi
. formea
(=73
8 & N @
Bl b=
5 = s v & 8 2 s 3§
g 3 § 8 &8 2 % 4 8 ¢ 3 = 3
L = o =1 sl el (33 2] [ o © L b Q el
oy [ o] o [ S o E o B [ o by ] &4
S el 82 £ 855 23 % 53 8§ oy 4
— ot <] £ =] = > 0 &y E i + £ & o s
36 5 8 % 8 3 F B 5B RoEYOfodos
el [+ = = c E A + 19} 7] c [ £ (3 Q e
§t. No. Gear &8 & 2 & % 2 & 2 £2 & a & & 2 4 & Total
1 IKPT 1 1
2 HEXAGON 2 1 3
2 TKPT 1 i
3 IKPT 2" 2 1 5
4 IKPT 6 2 8
5 IKPT 4 1 1 6
6 IKPT 7 1 8
6 ORI-1 3 3
7 IKPT 3 3 [3
9 IKPT 1 19 20
10 IKPT 2 as 37
10 ORI-1 4 4
10 ORI-2 1 1.
11 IKPT 1 1 2
A IKPT 2 11 11 6 1 22
A-K2  2m 1 1
12 IKPT 1 3 2 1 i. 4 10
12-G2 ORI 1 1
13-G1 ORI 6 1 7
13-G2 ORI 4 4
13 IKPT 31 3 hd 4 ag
13 ORI-1 1 1
13 ORI-2 4 1 1 6
14 IKPT 5 1 1 7
15 IKPT 1 1 2
16-K2  2m 1 1
16 IKPT 4 1 101 7
16 ORI-1 1 1
16 ORI-2 7 7
17 IKPT 1 1 2
18 IKPT 2 1 3
19-G1 ORI 1 1
19-G2 ORI 3 1 4
19 IKPT 5 4 1 10
19 ORI-1 1 2 3
20 IKPT 4 6 3 1 14
21 IKPT 1 1 2
22-K1  2m 4 1
22 IKPT 2 1 1 4
22 ORI-2 1 1
23 IKPT 3 1 4
24 IKPT 23 1 3 1 1 1 30
24 ORI-2 1 1
25 IKPT 18 5 1 24
26 IKPT 1 1
27 IKPT ] 11 6
27 ORI-2 2 1 3
M~1 MTD{50m) 1 1
M-4 MTD(30m) 1 1 2
M-4 MTD(100m) 1 a
M-5 MTD(50m) 1 1
M-6 MTD(10m) i 1
M-6 MTD(30m) 1 1
30 IKPT 5 1 1 2 g
30 ORI-X 1 1 2
30 ORI-1 1 1,
30 ORI-2 4 4
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Table 5. Continued.

Anguilliformes Elopi
, formes
M & L]
(8] n o
B ¢ @ e @
=] — [ [} (o] o F= o ©
g $ 8 & S % o 8 ¢ 4 5 i
8. 33 L % o8 foEZOfog g0l g
&€ % s 25§ 8 3 & 8% £ & 033
— o =4 = o £ = [ 2] E £ L =] o =] =}
36 0b § S 8 Y% f oS 5§ oES o8 A3
=l £ e 1 £ = E £ + 19 [ = [ £ ; (o] o
St. No. Gear B 5 8 2 8§ £ £ &8 2 £ & & & & 2 @ 5§ Total
M-8 MTD{100m) 1 1 2
M-9 MTD{150m) 1 1
M-10 MTD(75m) 1 1
29 IKPT 1 2 1 1 5
M-12  MTD{10m) 1 1
M=12  MTD{50m) 1 1
M-12  MTD{150m) 1 1
31 IKPT 1 2 2 5
32 IKPT 4 1 g if 8
33 IKPT 1 47 2 7 2 2 1 3 65
33 ORI-X 1 1
34 IKPT 25 2 2 1 30
34 ORI-X 1 1
34 ORI-1 1 1
B-1 IKPT 8 7 1 3 19
B-2 HEXAGON E 3 1 =2 11
B-3 HEXAGON 6 7 1 2 3 1 20
B-4 IKPT 25 12 7 4 2 3 1 54
B-G1 ORI i A 1 3
B-G2 ORI 4 1 2 7
B-G3 ORI 32 11 12 9 2 L 2 70
B-G4 ORI g 1 1 11
B-5 IKPT 78 8 17 2 2 1 108
B-6 HEXAGON g8 9 11 6 =2 2 2 120
B-7 HEXAGON 002 16 6 9 6 1 1 4 145
B-8 IKPT 64 9 6 2 1 1 83
B-9 IKPT 49 8 7 6 3 1 74
B-10  HEXAGON 7 9 6 5 3 1 1 101
c-2 IKPT 2 3 2 6
c-3 IKPT 2 4 1 1 8
C-G2 ORI 1 1
C-G& ORI 5 1 6
C-G7 ORI 1 1
Cc-4 IKPT 15 2 1 1 1 1 21
c-5 IKPT 1 1
c-3 IKPT 3 13 1 17
C-10  IKPT 1 1
C-11  IKPT 3 1 4
c-12  IKPT 2 1 2 5
C-13  IKPT 1 2 1 2 6
C-14  IKPT 2 4 6
C-15  IKPT 7 12 4 23
C-16  IKPT 10 4 2 16
C-17  IKPT 3 1 4
C-18  HEXAGON 5 1 1 1 8
C-19  HEXAGON 2 3 2 12 10
D IKPT 2 1 2 5
E-1 IKPT 1 5 1 5 12
E-2 IKPT 1 5 1 1 1 1 10
E-3 IKPT 1 3 2 1 3 19
Total 21 6957 193 110 68 63 27 13 11 10 4 2 2 1 1 8 1497



Number of nets towed and of the leptocephali
collected with ORI net at the surface and with IKMT at
layers from the surface to about 500 m depth during day
and night (St. 1-34) were shown in Table 6. This table
indicates that the leptocephali were mainly collected with
the IKMT at the layers from the surface to about 500 m
depth during night.

Table 6. Number of nets towed and leptocephali collected at the surface and
0 - ca. 500m layer in day and night during the general survey
(8tns. 1 - 34)

Day Night
*1 *2 *1 *2
Towing layer Surface "0 - ca.b00m ™~ Surface ~0 — ca.500m
Number of nets towed 35 14 47 21
Number of positive nets 1 12 16 21
Number of leptocephali collected 1 58 40 345
Range*3 1 1-14 1-7 1-65
Mean*4 1 4.8 2.5 16.4

*1. Surface tows by ORI net.

*2. Two repeated oblique tows by IKPT.

*3. Range of number of leptocephali collected in a positive net.

*4, Mean value cof number of leptocepahli collected in a positive net.



5. Sampling leptocephali with reference to the diel
vertical migration and the gears

Takeshi Kajihara, Katsumi Tsukamoto,
Tsuguo Otake, Noritaka Mochioka,
Hiroshi Hasumoto, Machiko Oya,
and Osame Tabeta

In order to determine the most efficient sampling
method of Anguilla japonica leptocephali, the diel change
of vertical distribution of leptocephali and sampling
efficiency of gears were examined.

Forty-min horizontal tow at 2.0 kt ship speed by 3 m
Isaacs-Kidd Midwater Trawl (IKMT) with 0.5 mm mesh was
conducted by night and day at each 7 discrete depth
layers, 10, 20, 50, 80, 130, 200 and 400 m deep, at
Station C, lat.18° 56'-19° 04'N and Long.129° 10-35'E,
September 22-24, 1986 (Fig. 8). A total of 13
experimental tows were carried out except a tow at 200 m
deep by night. In order to filter the same water mass at
each tow, a drifting rador buoy with drag was used to mark
water mass and the experimental tows were made arround the
buoy. The details of rador tracked drifter used in the
study and the trajectory of the drifter and net towing
stations would be illustrated below (Figs. 25 and 26,
respactively).

Number of leptocephali taken by night (60 fish) was
2.6 times larger than those sampled during daytime (23
fish)(Fig. 11). Most of leptocephali (85 %) of night
sample were taken at shallow layers, 10, 20, 50 and 80 m
deep, while no leptoccephali occurred at layers shallower
than 80 m by day. All of 10 leptocephali of A. japonica
were also taken at shallow layers between 10 and 50 m
deep by night. Upper limit of daytime sample and the
layers of maximum catch by night roughly coincided with a
sharp thermocline observed at 70-80 m deep (Fig. 12). A.
japonica leptocephali seem to be obtained most efficiently
by a horizontal night tow at layer just up to a
thermocline.



DAY  No. leptocephali NIGHT

20 10 0 10 20

[ 1 | 1

10
A. japonica

o]
Q

o
o

o]
o

Depth (m)

130

200 ==

400

Fig. 11 Vertical distribution of leptocephali collected by
IKMT by night and day at Station C, September 22-24, 198s.

Temp. (°C) 5 10 15
Sal. (%) 33.0 33.5 34.0
0 o] T T
- imm“m"um;:j:——A——— thermocline
L KT
100 sigma-t .
7 200F
: oxygen »
o
()]
)
300~
400
500 !
Oxy. (mi/) 2 3 4 5 6 7
Sig-t 22 23 24 25 26 27

Fig. 12 Vertical profile of temperature, salinity, dissolved
oxydgen and density(sigma-t) between the sea surface and 500 m
deep at St. C3, September 22-24, 1986.
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Two types of nets were compared: (1) 3 m IKMT fully
lined 0.5 mm Nitrex netting with an irregular pentagonal
mouth of 8.7 m?, and (2) Hexagon Net with gradually
changing mesh from 8 mm at the mouth to 1 mm at the tail
and having hexagon-shaped mouth opening of 10.4 m*. No
special opening-close appararus was attached to the both
nets. In order to compare the efficiency and property of
these two types of nets, a pair of tows by IKMT and
Hexagon Net were made twice by day and three times by
night at Station B (Fig. 8), lat.24° 45'-49'N and
long.123° 11'-19'E, September 12-13, 1986. Each tow was
consisted of two consecutive oblique tows with W-shaped
vertical track and its characteristics were: maximum depth
= 100-150 m; sampling duration = ca. 50 min; ship's speed
= 3.0 kt during reeling out and 1.5 kt during reeling in;
reeling speed = 0.5-0.8 m/s. Similar to Depth
Distribution Analysis descrived above, sampling was made
in a fixed water mass marked by a drifting radar buoy with
drag.

A total of 387 leptocephali were collected by Hexagon
Net during 5 experimental tows, whereas IKMT collected 338
leptocephali (Fig 14). Although the. number of
leptocephali caught per unit haul was a little larger
(1.17 times) in Hexagon Net than in IKMT, the sampling
efficiency corrected by the water volume filtered (40.8
and 75.7 X 1000 m> for IKMT and Hexagon Net, respectively)
was higher in IKMT (8.3 s%wecjmens/'IOOO m>) than in Hexagon
Net (5.2 specimens/1000 m”), mostly because mesh size of
Hexagon Net (1-8 mm) was too large for leptocephali
smaller than ca. 25 mm TL. Number of families of
leptocephali collected was equal between IKMT and Hexagon
Net (9 families). Number of leptocephali per haul
collected by night was 2.4 and 7.9 times larger than those
collected by day for IKMT and Hexagon Net, respectively.

The mean TL for both night and day samples by IKMT
(34.6 mm) was smaller than that by Hexagon Net (51.3 mm).
The minimum sizes of leptocephali taken by IKMT and
Hexagon Net were 8.8 and 10.0 mm TL and the maximums were
207.0 and 246.5 mm TL, respectively. Hexagon Net caused a
bias in sampling leptocephali smaller than 25 mm TL while
IKMT could collect fewer leptocephali exceeding 40 mm TL
than Hexagon Net.
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6. Ageing Anguilla japonica leptocephali with otolith

Katsumi Tsukamoto, Akima Umezawa, Osame Tabeta,
Noritaka Mochicka, and Takeshi Kajihara

In order to determine the spawning season of the
Japanese eel Anguilla japonica, age and birth date of the
leptocephali were estimated with the daily growth
increment in otoliths of 14 specimens collected during the
cruise.

The sagitta of the leptocephalus (40.5-47.0 mm in TL)
was a translucent, laterally compressed oval structure of
about 155 um diameter with a dark opaque core (6 ym in
long axis) in the center (Fig. 14). Distinct concentric
growth increments (ring) were observed around the core.
About 80 % specimens examined had a distinct dark ring
(heavy discontinuous zone) with about 11 um diameter near
the core, which may be a "hatch check" formed at hatching.

The age of leptocephali was roughly uniform, 71.9 +
3.4 days (mean + SD)(Fig. 15, Table 7). Their birth date
ranged from June 28 to July 18, 1986 and the mean was July
12, suggesting that this species spawned in summer. This
result roughly coincided with the estimated spawning
season of the elver migrating to the Japanese coast, whose
mean + SD was July 22 + 41.8 days ranging from April to
November (Tsukamoto, unpublished) .

Table 7. Age and birth dates of Anguilla japonica leptocephali
estimated with otelith growth increments.

Fish TL Otolith size(unm) Age Birth  Sampling. .. . Locality

No.* (mm) Diameter Radius(day) Date Stn. Date Lat.(N) Long.(E)
6 40.5 154.0 84.9 75 Jul.28 31 Sep.11 22'02.3" 122'24.9’
7 43.1 148.2 84.1 74 Jul.11 C-G7 Sep.23 19'02.8' 129'25.5'
8 43.0 152..3 81.3 67 Jul.18 C-13 Sep.23 18'58.7" 126'12.3"
g 42.7 160.0 88.7 78 Jul.D7 C-14 Sep.23 18'59.1" 128°13.5'
11 43,4 154.0 B5.3 70 Jul.15 C-15 Sep.23 1B8'58.5" 129"15.2'
12 42.8 154.2 B5.2 70 Jul.l1b ©C-15 Sep.23 18°58.5" 129'15.2'
13 41.8 151.9 82.2 74 Jul.11 C-15 Sep.23 18'58.5" 129'15.2’
14 43.4 161.2 87.8 70 Jul.l5 C-15 Sep.23 18'58.5" 129'15.2"
15 44.0 152.2 78.8 70 Jul.15 C-15 Sep.23 18'5B.5' 1249'15.2°
16 45.4 149.2 82.1 70 Jul.15 C-15 Sep.23 18'5B.5' 120'15.2’
17 45.9 165.5 87.49 78 Jul.07 C-15 Sep.23 18'58.5" 128'15.2°
18 40.5 147.9 85.7 72 Jul.14 C-19 Sep.24 18'55.7' 129'10.5’
19 47.0 162.6 B7.1 69 Jul.17 C-19 Sep.2d4 18'55.7° 129'10.5°
21 44.8 151.9 Bl.7 69 Jul.18 E-2 Sep.25 20'18.5° 125'58.1'

mean 43.5 154.7 84.5 71.9 Jul.l2

SD 1.88 5.53 2.94 3.42 5.5

nax 47.0 165.5 88.7 78 Jul.l8

min 40.5 147.9 78.8 67 Jun.28

¥:corresponding to Fish No. in Table 3.
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7. Otoliths of leptocephali

Katsumi Tsukamoto, Akima Umezawa,
Noritaka Mochicka, Osame Tabeta,
and Takeshi Kajihara

Biological informations of leptocephali are not so
many, and especially, few study has been done on the
otoliths of leptocephali. The aim of the present report
is to accumulate fundamental knowledge on their otoliths
and to examine the possibility of age determination with
the otolith microstructure in daily precision. The
further objective is to apply these knowledge to the
identification of leptocephali.

After identifying leptocephali by N. M. and O. T., a
sagitta or both lapillus and sagitta of right side were
removed under a desecting microscope by K. T. and A. U.
from a freshly caught specimen before preservation.
Asteriscus was not examined here, though it could be
extracted from some specimens. Otoliths were mounted in
Euparal (Chroma-Gesellshaft) on a glass microscope slide.
The core and edge of sagitta were traced through a light
microscope (Nikon Optiphote) with a camera lucida. The
longest part was measured as a radius, and a diameter of
otolith was defined as a extention of the radius to the
opposite edge. A bipartite structure of a narrow opaque
band (discontinuous zone) and adjacent wider translucent
band (incremental zone) was regarded as one growth
increment (ring). Increments were also traced and counted
along the radius through a light microscope with a camera
lucida at 1600x magnification. Total length of
leptocephali of anguillidae and nettastomatidae was
measured after preservation in 10 % (v/v) formalin
buffered with sodium tetraborate, and others were measured
before that.

Leptocephali of a total of 57 individuals of 20
different species were examined. Their size, sampling
location, otolith radius and number of increments etc were
listed in Table 8. Their photographs were shown in Fig.
16, and the summeries of their morphology, as follows:

S/ -



Anguilliformes
Anguillidae

Anquilla japonica (TL: 40.5-47.0 mm)

Sagitta (Fig. 16-1a,b): transparent, oval, flat disk;
a nucleus in the center of otolith; diameter ranging
147.9-165.5 pm; clear distinct increments; the number of
increments counted in an otolith ranging 67-78.

Lapillus (Fig. 16-2a,b): transparent, circular, flat
disk; an almost central nucleus; diameter ranging 83.0-
109.6 pm; growth increments, visible,

Anguilla marmorata/celebesensis (TL: 41.3 mm)

Sagitta (Fig. 16-3a,b): transparent, oval, flat disk;
a nucleus in the center of otolith; diameter, 134.6 um;
clear distinct increments; the number of increments 79.

Congridae

Gnathophis nystromi nystromi (TL: 25.5-96.8 mm)

Sagitta (Fig. 16-4a,b): transparent, circular, flat
disk; an eccentric nucleus; diameter, 49.0-172.8 ym; clear
distinct increments with some checks (heavy distinct dark
ring); the number of increments, 30-95.

Gnathophis nystromi ginanago (TL: 86.7 mm)

Sagitta (Fig. 16-5a,b): transparent, circular, flat
disk; nucleus, eccentric; diameter, 149.8 ym; clear
distinct increments with some checks; the number of
increments, 97.

Gnathophis ? xenica (TL: 40.0-57.8 mm)

Sagitta (Fig. 16-6a,b): transparent, circular, flat
disk; nucleus, eccentric; diameter, 67.9-106.2 ym; clear
distinct increments with some checks; the number of
increments, 31-70.

Gnathophis sp. (TL: 13.4-46.4 mm)

Sagitta (Fig. 16-7a,b): transparent, circular, flat
disk; nucleus, eccentric; diameter, 34.3-92.0 jm; clear
distinct increments with some checks; the number of
increments, 16-53.

Ariosoma type I (TL: 85.8, 150.0 mm)

Sagitta (Fig. 16-8a,b): transpaerent, circular, flat
disk; a nucleus in the center; diameter, 58.4, 85.8 um;
unclear, faint increments.




Ariosoma type III (TL: 194.0-307.2 rmm)

Sagitta (Fig. 16-9a,b): transparent, circular, flat
disk with several additional, fan-shaped bosses arround
the edge; a nucleus in the center; diameter, 101.5-430.0
Jm; clear concentric increments, but uncountable because
of additicnal bosses.

Ariosoma type C2 (TL: 126.6 mm)

Sagitta (Fig. 16-10a,b): transparent, circular, flat
disk; a nucleus in the center; diameter, 95.4 ym; unclear
concentric increments.

Congridae sp. (TL: 63.3 mm)

Sagitta (Fig. 16-11a,b): transparent, circular, flat
disk; a nucleus, eccentric; diameter, 124.2 ym; clear
increments of 57.

Muraenidae

Uropterygius sp. (TL: 46.1, 48.0 mm)

Sagitta (Fig. 16-12a,b): transparent, roughly
circular, flat disk; a nucleus, eccentric; diameter,
154.9, 258.6 ym; clear concentric increments with some
checks; the number of increments, 69, 111.

Muraenidae sp. (TL: 62.0, 95.0 mm)

Sagitta (Fig. 16-13a,b): transparent, roughly
circular, flat disk; a nucleus, eccentric; diameter, 93.7,
186.2 ym; clear concentric increments of 39 and 101.

Ophichthidae

Ophichthidae sp. (TL: 46.0-196.4 mm)

Sagitta (Fig. 16-14a,b): transparent, circular, flat
disk; a nucleus, eccentric; diameter, 48.9-223.0 jm; clear
- concentric increments of 39-133.

Xenocongridae

Xenocongridae sp. (TL: 48.8 mm)

Sagitta (Fig. 16-15a,b): transparent, oval, flat
disk; a nucleus, eccentric; diameter, 137.2 am; unclear
increments of 81.



Nemichthyidae

Nemichthys scolopaceus (TL: 206.7 mm)

Sagitta (Fig. 16-16a,b): transparent, circular, flat
disk; a nucleus, eccentric; diameter, 82.0 um; clear
increments of 62Z.

Nettastomatidae

Nettastomatidae sp. (TL: 123.2 mm)

Sagitta (Fig. 16-17a,b): transparent, dewdrop-shaped,
flat body; a nucleus, eccentric; diameter, 350.7 um; clear
increments of 126.

Moringuidae

Moringuidae sp. (TL: 31.3 mm)

Sagitta (Fig. 16-18a,b): transparent, circular, flat
disk; a nucleus in the center; diameter, 52.0 um; unclear
increments of 62.

Dysommatidae

Dysommatidae sp. (TL: 62.5 mm)

Sagitta (Fig. 16-19a,b): transparent, circular, flat
disk:; a nucleus, eccentric; diameter, 131.0 um; clear
increments of 58.

Synaphobranchidae

Synaphobranchidae sp. (TL: 82.3 mm)

Sagitta (Fig. 16-20a,b): transparent, circular, flat
disk; a nucleus in the center; diameter, 175.8 um; clear
increments of 48 with some heavy checks.

Elopiformes
Elopidae

Megalops cyprincides (TL: 24.3 mm)

Sagitta (Fig. 16-21a,b): transparent, oval, flat
disk; a nucleus in the center; diameter, 98.6 um; clear
increments of 20.
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Table 8. Leptocephali used in this study.
Fish_ Sampling TL

Family Genus Species No. St. Date (mm)
Anguillidae Anguilla japonica 6 31 Sep.11 40.5
Anguillidae Anguilla japonica 7 C-G7 Sep.23 43.1
Anguillidae Anguilla japonica 8 C-13 Sep.23 43.0
Anguillidae Anguilla japonica 9 C-14 8ep.23 42.7
Anguillidae Anguilla japonica 10 C-14 Sep.23 41.0
Anguillidae Anguilla japonica 11 C-15 Sep.23 43.4
Anguillidae Anguilla japonica 12 C-15 Sep.23 42.8
Anguillidae Anguilla Japonica 13 C-15 Sep.23 41.8
Anguillidae Anguilla Jjaponica 14 C-15 Sep.23 43.4
Anguillidae Anguilla japonica 15 C-15 Sep.23 44.0
Anguillidae Anguilla japonica 16 C-15 Sep.23 45,4
Anguillidae Anguilla Jjaponica 17 C-15 Sep.23 45.9
Anguillidae Anguilla Japonica 18 C-19 Sep.24 40.5
Anguillidae Anguilla japonica 13 C-19 Sep.24 47.0
Anguillidae Anguilla japonica 20 E-1 Sep.24 46.5
Anguillidae Anguilla japonica 21 E-2 Sep. 25 44.8
Anguillidae Anguilla mar/cel 14 33 Sep.11 40.3
Congridae Gnathophis n.nystromi 4 22 Sep. 06 25.5
Congridae Gnathophis n.nystromi 10 29 Sep. 10 96.0
Congridae Gnathophis n.nystromi 15 33 Sep.11 53.0
Congridae Gnathophis n.nystromi 17 34 Sep.12 82.8
Congridae Gnathophis n.nystromi 28 CG Sep.22 B1.1
Congridae Gnathophis n.nystromi 34 C-11 Sep.23 57.3
Congridae Gnathophis n.ginanago 54 E-2 Sep.24 86.1
Congridae Gnathophis ? xenica 8 24 Sep.07 42.17
Congridae Gnathophis ? xenica 26 CG Sep.22 40.0
Congridae Gnathophis ? xenica 51 E-1 Sep.24 50.0
Congridae Gnathophis ? xenica 52 E-1 Sep.24 54.2
Congridae Gnathophis ? xenica 53 E-1 Sep.24 50.86
Congridae Gnathophis ? xenica 55 E-3 Sep.25 54.0
Congridae Gnathophis ? xenica 56 E-3 Sep.25 57.8
Congridae Gnathophis sp. 2 18 Sep.05 29.0
Congridae Gnathophis sp. 3 19 Sep.05 46.0
Congridae Gnathophis sp. 6 24 Sep.07 16.3
Congridae Gnathophis sp. 7 24 Sep. 07 13.4
Congridae Gnathophis sp. 27 C-GE& Sep.27 45.8
Congridae Ariosoma Type 1 1 16 Sep.04 150.0
Congridae Ariosoma Type I 5 22 Sep. 07 85.8
Congridae Ariosoma Type I 21 B-4 Sep.13 194.0
Congridae Ariosoma Type MM 22 B-4 Sep.13 219.3
Congridae Ariosoma Type T 24 33 Sep.11 249.0
Congridae Ariosoma Type TI 29 C-G Sep.22 3D07.2
Congridae Ariosoma Type C2 33 ¢C Sep.23 126.6
Congridae sp. 30 C-G6 Sep.22 63.3
Muraenidae Uropterygius sp. 57 C-12 Sep.23 48.0
Muraenidae Uropterygius sp. 539 B-4 Sep. 13 46.1
Muraenidae sp. g 26 Sep.08 62.0
Muraenidae sp. 23 B-4 Sep.13 95.0
Ophichthidae sp. 16 34 Sep.12 54.5
Ophichthidae sp. 25 33 Sep.11 92.0
Ophichthidae sSp. 35 C-12 Sep.l2 46.0
Ophichthidae sp. 36 C-16 Sep.24 186.4
Xenocongridae Sp. 20 B-13 Sep. 13l 48.8
Nemichthyidae Nemichtys scolopaceus 18 B-3 Sep.13 206.7
Nettastomatidae sSp. 3z C Sep.23 123.3
Moringuidae Sp. 19 B-3 Sep.13 31.3
Dysommatidae sp. 13 32 Sep.11 62.5
Synaphobranchidae sp. 12 32 Sep.11 82.3
Elopidae __ _Megalops cyprinoides 58 34 Sep.12 24.3




Table 8. continued
Dtolith size(um) No. Birth Figure

TH PAM PAM/TM Diameter Radius Rings Date No.

1186 71 0.66 154.0 84.9 75 Jun.28

117 78 0.67 148.2 84.1 74 Jul.ll

116 78 0.67 152.3 81.1 67 Jul.18

115 78 0.68 160.0 BB.7 78 Jul.07

116 16 0.66 147.1 76.9 = -

113 76 0.67 154.0 85.3 70 Jul.15

116 78 0.67 154.2 85.2 70 Jul.15

116 79 D.68 151.9 82.2 74  Jul.ll

114 78 0.68 161.2 87.8 70 Jul.15

117 81 0.69 152.2 78.8 70 Jul.15

115 77 D.67 149.2 82.1 70 Jul.15

115 80 0.70 165.5 87.9 78 Jul.07 16-1la,b,2a,b
116 78 D.67 147.9 85.17 72 Jul.14

117 80 D.68 162.6 87.3 69 Jul.17

114 71 0.68 145.2 76.8 - -

116 79 0.68 151.9 81.1 69 Jul.18

102 70 0.69 134.6 75.2 79 Jul.2d4 16-3a,b
121 101 0.83 49.0 25.8 30 Aug.o0T7

123 101 0.82 163.8 105.2 61 Jul.l11

120 101 0.84 88.2 55.2 48 Jul.25

117 104 0.89 172.8 118.9 g5 Jun.09 16-4a,b
115 95 0.83 127.9 B6.2 90 Jun.24

117 94 0.80 - = i -

127 104 0.82 149.8 104.1 87 Jun.19 16-5a,b
152 122 0.80 88.0 40.0 51 Jul.18

145 122 0.84 67.9 45.4 31 Aug.22

143 119 0.83 85.2 61.5 §2 Jul.24

145 122 0.84 - - - -

144 120 0.83 8§2.2 66.6 65 Jul.21

147 122 0.83 B6.2 58.5 64 Jul.23

143 119 D.83 106.2 7.1 70 Jul.17 16-6a,b
132 108 0.82 61.8 38.8 36 Jul.3l

135 110 0.81 92.0 58.2 52 Jul.15 16-7a,b
137 103 0.75 - 18.0 = =

136 83 0.61 34.3 18.0 16 Aug.22

138 114 0.82 86.0 57.9 53  Aug.05

119 109 0.92 85.8 45.0 - & 16-8a,b
119 108 0.92 58.4 26.6 - -

148 64 0.43 430.0 225.0 - -

148 65 0.44 422.0 232.0 - - 16-9a,b
147 104 0.71 202.5 230.8 = =

150 141 0.94 101.5 51.5 - =

156 142 0.91 95.4 5258 - - 16-10a,b
166 92 0.55 124.2 72.1 57 Jul.27 16-11a,b
134 78 0.58 154.9 B6.3 69 Jul.16 16-12a,b,17-2a,b
124 67 0.54 258.6 155.9 111 May.25 17-1la,b
118 58 0.49 186.2 114.0 101 May.30

142 74 0.52 93.7 54.8 39 Aug.05 16-13a,b
158 57 0.36 63.6 43.2 42 Aug.01

153 73 D.48 223.0 138.0 133 May.01

131 61 0.47 48.9 28.0 = =

187 61 0.33 78.2 43.0 39 Aug.l6 16-14a,b
126 46 0.37 137.2 101.9 81 Jun.24 16-15a,b

- 236 = 82.0 52.35 g2 Jul.13 16-16a,b

227 57 0.25 350.7 220 2 126 May.20 16-17a,b
119 75 0.63 52.0 29.0 62 Jul.13 16-18a,b
130 60 D.46 131.0 827 58 Jul.15 16-18a,b
133 96 0.71 175.8 84.1 45 Jul.28 16-20a,b

68 53 0.78 98.86 52.8 20 Aug.?3 16-2la.b




Fig. 16-1a,b Sagitta of Anguilla japonica (TL: 45.9 mm)

Fig. 16-2a,b Lapillus of Anguilla japonica (TL: 45.9 mm)

Fig. 16-21a,b Sagitta of Megalops cyprinoides (TL: 24.3 mm)

Fig. 16 Otoliths of leptocephali. Scale bar in photograph is 20 jm.



Fig., 16-3a,b Sagitta of Anguilla marmorata/celebesensis (TL: 41.3 mm)

Fig. 16-4a,b Sagitta of Gnathophis nystromi nystromi (TL: 82.8 mm)

Fig. 16-5a,b Sagitta of Gnathophis nystromi ginanago (TL: 86.1 T

-



Fig. 16-6a,b Sagitta of Gnathophis ? xenica (TL: 57.8 mm)

Fig. 16-7a,b Sagitta of Gnathophis sp. (TL: 46.0 mm)

Fig. 16-8a,b Sagitta of Ariosoma Type I (TL: 150.0 mm)
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Fig.

Fig. 16-9a,b Sagitta of Ariosoma Type III (TL: 219.3 mm)

Fig. 16-11a,b Sagitta of Congridae sp. (TL: 63.3 mm)

16-10a,b Sagitta of Ariosoma Type C2 (TL: 126.6 mm)



Fig. 16-12a,b Sagitta of Uropterygius sp. (TL: 48.0 mm)

Fig. 16-13a,b Sagitta of Muraenidae sp. (TL: 95.0 mm)

Fig. 16-14a,b Sagitta of Ophichthidae sp. (TL: 196.4 mm)
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Fig. 16-15a,b Sagitta of ¥enocongridae sp. (TL: 48.8 mm)

Fig. 16-16a,b Sagitta of Nemichthyidae sp. (TL: 206.7 mm)

Fig. 16-17a,b Sagitta of Nettastomatidae sp. (TL: 123.3 mm)



Fig. 16-18a,b Sagitta of Moringuidae sp. (TL: 31.3 mm)

Fig. 16-1%a,b Sagitta of Dysommatidae sp. (TL: 62.5 mm)

Fig. 16-20a,b Sagitta of Synaphobranchidae sp. (TL: 82.3 mm)



8. Otolith-tagging of leptocephali with fluorescent
substance, alizarin complexon

Katsumi Tsukamoto and Akima Umezawa

In order to determine the possibility of otolith-
tagging of leptocephali with fluorescent substance, and to
validate otolith growth increments of leptocephali,
marking experiments were conducted for three specimens
collected during the cruise., One individual of
ophichthidae sp. and two of muraenidae sp. were immersed
in 75 or 100 mg/l solution of alizarin complexon (ALC) for
4-14 hours, and were kept for 1-12 days afterwards (Table
9). Fluorescent mark on otoliths were examined under UV
light and the number of increments outside ALC mark were
counted in a successfully marked fish.

One specimen of Uropterygius sp., Muraenidae, was
successful and a red fluorescent band was found near the
edge of sagittal otolith (Fig. 17-1a,b). A distinct check
(dark discontinuous zone) was formed at the same layer
with the mark, suggesting the check formation
corresponding to the stress of marking treatment. Four
faint, narrow increments were cbserved ocutside ALC mark,
but its number disaccorded with the days after ALC
treatment (12 days). The cessation of increment formation
may occurred from the stress of marking treatment.
Marking of other two individuals were unsuccessful.
However, cne of them, Uropterygius sp., formed a check at
the otolith edge which also appeared to be derived from
the stress of handling (Fig. 17-2a,b).

We confirmed, at least, the availability of otolith-
tagging with ALC to leptocephalus as well as other marine
fish larvae. However, the validation of the oteolith
increments was not completed. Fish condition and the
control of the environmental factors during the experiment
seemed to hold the key for the problem.



Table 9 Marking experiment of leptocephali conducted during the
cruise, KH86-4.

Fish Ophichthidae Uropterygius Uropterygius
sp. sp. sp.

Fish No. 25 59 57

Sampling Date Sep 11 Sep 13 Sep 23

Locality 33 B4 212

Exp. Date Sep 12-13 Sep 12-27 Sep 23-26

TL (mm) 8210 46.1 48.0

ALC treatment

duration (hr) 7.8 14 4.6

conc. (mg/l) 100 75 100

W (°C) 28.7 24.0 26.5

Rearing duration 1 15 3

after marking (day)

Fluorescent mark no yes no
Check ring no yes yes
No.increments 0 4 1

outside the mark
and/or check
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9. Fine structure of intestinal epithelium of the eel
leptocephalus Anguilla japonica

Tsuguo Otake and Takeshi Kajihara

Intestines of 3 leptocephali of Anguilla japonica (TL
37.7, 44.0, 47.7 mm) were morphologically investigated.

The intestine of Anguilla japonica leptocephalus was
a simple straight tube. It was divided into anterior and
posterior halves on account of the structural difference
of the intestinal epithelium.

The anterior intestine: The intestinal mucosa was
covered with a simple columner epithelium (Fig. 18-1). The
epithelial cells were about 5 ym in height. The free
surface of the cells were sparcely covered with microvilli
(Fig. 18-2). Each microvillus, 1 pm in length, had long
filamentous materials which projected radically from the
tip. Small vacuoles were seen in supranuclear cytoplasm,
but other organella were few. Those structural aspects
suggested that the epithelium of this portion does not
have an active absorptive function. A circular muscle
layers lay beneath the mucosa.

The posterior intestine: The intestinal lumen was
filled with free cells possibly derived from intestinal
epithelium (Fig. 18-3). The mucosal epithelium was simple
and was composed of tall columner cells, 17.5 - 50 ym in
height. The free surface of the cells were densely
covered with long microvilli, 25 ym in length (Fig. 18-4).
Numerous vacuoles, which varied in size and contained
small materials of varying density, were seen throughout
the cytoplasm. Many large mitochondria were distributed
basal portion of the cell (Fig. 18-5). Membranous
lamel lar structures presented arround the mitochondria,
which was the remarkable feature of the cells. Lysosome
like bodies were found near the mitochondria. These
features seemed to be related to the material absorption
and intracellular digestion. A muscle layer beneath the
muceosa was not seen in this portion.

Those fine structural characateristics suggest that
the intestine of the leptocephalus of Anquilla japonica
possesses absorptive function and it can uptake nutrients
in the posterior portion, although it is not fully
differenciated morphologilcally.

Food organisms were not found in the intestines
examined in the present study.
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Fig.18-1 Longitudinal section through the anterior intestine.

Fig.18-2 Longitudinal section through the epithelium of the anterior
intestine,

Fig.18-3 Transverse section through the posterior intestine.

Fig.18-4 Section through the apical portion of the epithelium in the
posterior intestine, showing the microvilli{Mv) and vacuoles(V).

Fig.18-5 Section through the basal portion of the epithelial cells in
the posterior intestine, showing mitechondria(M) and membranous
lamella structures(LS).

IL,intestina1 Tumen; IE,intestinal epitheljum; ML,circular muscle layer;

MV,microvilli; FM,filamentous material; FC,free cell; V,vacuole;
M,mitochondria; LS,membranous lamella structure; L,lysosome like body



10. Studies on the eyes and luminous organs
in some deep-sea fishes

Hircaki Somiya

Four kinds of deep-sea fishes which showed remarkable
specializations in the eyes were collected during the
present cruise.

1) Evermannella indica, St. 4, IKMT, body length : 9 cm.

The eyes of the fish are tubular and the lenses are
bright yellow. Bacterial luminous organ is observed in
the ventral site of the body. Electron microscopic
observation of the retina and the luminous organ, and
chemical examination of the visual pigments are under
examination.

2) Benthalbella infans, St. A, IKMT, body length : 9 cm.
The eyes are tubular and the yellow lenses are also
found in the eyes.

3) Dolichoptervx sp, Sts. 5, 11, 12, 20, body length :
ca. b cm.

The eyes are tublar but the lenses are non-pigmented
(colourless). The retinal divercula were found. Electron
microscopic observation of the retinal diverticula are
under examination.

4) Larva of Idiacanthus sp., Sts. 7, 9, 18, 24, 32, 33.

Ten larvae of Idiacanthus sp. that has stalked eyes
were sampled. Eyes were fixed for the electron
microscopic cbservation. The morphometric study of the
eye 1s under examination.
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11. List of gonostomatid fish larvae

Takakazu Ozawa, Shohei Okamoto,
and Abellino B . Corpuz

IKMT samples included very abundant fish larvae. Due
to shortage of time, we could not identify all of them.
List presented below is for the gonostomatid fish larvae
collected with IKMT net in Leg 1 excluding Sts. 29, 30 and
B. In it, one set of data (station, no. of specimens, and
range of standard length in mm) is separated by semicolon.

Vinciguerria nimbaria

1, 105, 6.0-16.8 ; 2, 93, 3.8-14.6 ; 3. 605, 4.0-16.2 ; 4,
393, 4.8-17.2 ; 5, 29, 4.2-13.5 ; 6, 681, 3.5-14.3 ; 7,
639, 3.0-14.6 ; 8, 133, 4.5-14.3 ; 9, 770, 5.2-13.2 ; 10,
485, 4.7-13.6 ; 11, 229, 4.8-13.0 ; A, 114, 5.2-13.0 ;
12,, 76, 4.5-13.0 ; 13, 175, 5.2-13.3 ; 14, 371, 3.8-13.0
: 15, 378, 3.3-13.0 ; 16, 408, 4.1-13.9 ; 17, 377, 5.2-
13.7 ; 18, 232, 4.8-13.7 ; 19, 617, 4.3-14.2 ; 20, 163,
4.1-13.2 ; 21, 246, 4.2-13.4 ; 22, 873, 5.7-13.6 ; 23,
333, 4.3-13.5 ; 24, 1247, 2.9-13.00 ; 25, 537, 4.1-13.0 ;
26, 150, 3.6-13.5 ; 27, 782, 3.2-14.5 ; 28, 212, 3.8-14.2
; 31, 449, 2.7-14.5 ; 32, 261, 3.6-14.3 ; 33, 820, 4.3-
14.2 ; 34, 210, 5.8-14.5

Vinciguerria attenuata

Zy D1l Be2-95 § 3y T60; 46-9.0 5 4; 53; .1-9.3 2 &; 7,
5.2~8.8 § 6, 200, 5.0-11.2 3 7, 331, 4.3-8.5 ; 8, 36, 5.2~
8.1 ; 9, 300, 4.5-8.6 ; 10, 11, 5.2-7.4 ; 11, 80, 5.8-9.2
; 12, 6, 5.3-7.1 ; 13, 37, 5.7-7.3 ; 14, 53, 5.1-6.5 ; 15,
80, 4.3=7.6 ; 16, b5, 4.8-8.7 ; 17, 256, 5.5-17.3 3 18, 28,
4.5-9.1 7 19, 39, 5.1-8.7 3 20, 7, 5:3-15.0 5 21, 3, 6.9-
13.7 ; 22, 16, 5.5-14.3 ; 24, 126, 4.3-15.6 ; 25, 82, 5.5-
7

.0 ; 26, 13, 4.3-6.8 ; 27, 313, 5.3-8.2 ; 28, 14, 5.0-6.5
31, 47, 4.0-7.2 ; 32, 37, 5.2-7.6 ; 33, 22, 5.5-8.1.



Cyclothone alba

1, 14, 6.0-11.2 ; 2, 118, 3.8-10.8 ; 3, 50, 3.8-9.5 ; 4,
760, 3.8-12.2 ; 5, 243, 4.3-10.2 ; 6, 553, 3.2-10.2 ; 7,
461, 3.5-11.8 ; 8, 58, 3.2-9.7 ; 9, 199, 3.7-10.4 ;: 10,
430, 4.1-11.2 ; 11, 217, 3.8-11.0 ; A, 119, 6.0-12.0 ; 12,
58, 2.8-10.2 ; 13, 305, 3.6-11.0 ; 14, 100, 4.1-12.0 ; 15,
172, 3.3-10.8 ; 16, 276, 3.9-10.5 ; 17, 182, 5.5-11.1 :
18, 168, 4.4-9.5 ; 19, 654, 4.3-10.9 ; 20, 90, 4.2-10.1 ;
21, 604, 3.4-10.9 ; 22, 1186, 4.0-11.0 ; 23, 186, 3.4-10.9
; 24, 1311, 3.2-10.2 ; 25, 1371, 3.0-11.0 ; 26, 278, 2.5-
10.7 ; 27, 341, 3.2-10.4 ; 28, 317, 2.5-10.8 ; 31, 776,
2.3-12.1 ; 32, 176, 3.8-10.5 ; 33, 530, 4.3-11.3 ; 34,
168, 4.6-11.0.

Cyclothone pseudopallida

1, 5; 11.0-14.5 ; 2, 7, 5.0-7.5 ; 3, 3; 7.0 ; 4, 12, 7.5-
12.5 7 5, 4, 8.2-11.5 7 &, 25, 5.8-12.3 7 7, 4, 7.5-12.5 3
By 2, 6.3=10,5 3 9, 683, 7.1-12.5 3 10, 12, 5.3-13.2 § 11,
Te 73-12.5 ; By 35 6:2-3.3 5 12, 5; 6:8-10.1 § 13, 22,
5.7-12.1 ; 14, 5, 5.6-11.2 ; 15, 11, 5.0-9.7 ; 16, 5, 7.2-
10.8 3 17, 12, 7.8=1T1.6 3 18, 15, 6.5-10.2 ; 19,8, B.6-
12.2 3 20; 6, 6:6-9.7 5 214 57 5.2-11.6 ; 22, 38, 5.9-
12.7 ; 23, 3, 5.6-11.1 ; 24, 27, 6.2-10.4 ; 25, 36, 7.4-
12.3 3 26, 9, 6.4=11.1 5 27, 14, 6.3-10.8 » 28, 2; 6.9~
10.5 ; 31, 2, 8.5-10.6 ; 32, 16, 8.3-12.2 ; 33, 9, 6.8-
11.2 ; 34, 23, 5.8-11.2.

Cyclothonepalilda

, 1, 13.1 ; A, 5, 8.5-10.8 ; 12, 5, 8.0-13.5 ; 28, 1,
2.1 ; 34, 3, 12.4-15.2.

Cyclothone acclinidens

¢ 549

J; 1 30 3 4, 1, 5B 3 10, 2, 10.6-12.5 3 13, ]
~7.6.

24, 2, 4.3-8.4 ; 25, 3, 3.1-4.6 ; 32, 2, 5.3

Cyclothone atraria

4, 1, 8.7 7 9, 1, 14.0 ; 10, 5, 7.7-10.:8 7 T1; 1, 9.8 : &,
2y 8.7-9.5 7 12; 15 10.2 3 144 14 7.8 3 21, 3, 11.2 ; 23,
2, 8.9-10.5 ; 25, 2, 8.0-8.2 ; 26, 1, 8.4 ; 28, 1, 10.6 ;
33, 1, 8,0 3 34, 6, 7.8~-10.4,
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Cyclothone sp. 1
G, 1, 83 5 73 1; 83

Diplophos taenia

2, 2, 19.2-45.5 ; 3, 1, 32.8 ; 4, 3, 7.8-33.2 ; 6, 11,
9.0-46.0 ; ’

7, 4, 19.3-42.5 ; 8, 1, 14.1 ; 9, 25, 8.6-44.1 ; 10, 4,
11.3-44.2 ; 11, 5, 14.2-16.8 ; A, 3, 37.3 ; 12, 2, 25.8 ;
13, 9, 11.9-39.4 ; 14, 3, 16.7-17.2 ; 15, 15, 5.3-30.8 ;
16, 2, 5.8-22.7 ; 17, 1, 33.7 ; 19, 2, 19.2-39.5 ; 20, 5,
7.2-26.4 ; 21, 1, 36.2 ; 23, 1, 7.4 ; 24, 11, 5.2-34.3 ;
25, 6, 6.0-38.5 ; 26, 5, 5.0-13.4 ; 27, 10, 5.1-15.8 ; 28,
2, 12.1 ; 31, 6, 7.3-20.1 ; 32, 3, 9.1-33.2 ; 33, 3, 10.4-
27.3.

Diplophos orientalis

20, 2, 12.8-15.2 ; 22, 3, 11.3-22.4 ; 23, 1, 11.8 ; 27, 1,
213 3 33y Ty 18,2.

Diplophos greyae

21, 1, 14.9.

Pollichthysmauli

2, 5, 5.2-7.3 ; 4, 2, 6.2-7.3 ; 5, 1, 5.8 ; 7, 2, 7.0 ;
32, 2, 9.5-13.3 ; 33, 2, 7.5-14.4 ; 34, 1, 9.6.

Gonostoma gracile

2, 1, 83: 3,1, 86; 4, 7, 5.6-7.2; 5, 2, 5.5; 7, 2,
5.2-7.1 ; 11, 1, 13.3 ; 18, 6, 5.8-8.6 ; 21, 1, 8.0 ; 22,
19, 7.1-10.4 ; 23, 55, 4.2-10.5 ; 24, 82, 3.2-8.2 ; 25,
192, 3.8-7.2 ; 26, 7, 4.3-7.2 ; 27, 145, 2.8-6.8 ; 28, 6,
4.2-7.2 ; 31, 27, 4.1-7.4 ; 33, 27, 4.3-9.8 ; 34, 14, 4.9-
9.2.



Gonostoma elongatum

3, 2, 8.3 ; 12, 3, 7.0- 10.3 ; 13, 9, 4.3-9.2 ; 14, 3,
4.5-5.7 ; 15, 12, 4.2-7.3 ; 16, 17, 4.6-8.3 ; 17, 9, 4.2-
9.2 ; 18, 21, 7.3-9.6 ; 19, 5, 5.8-14.0 ; 20, 23, 4.4-13.5
i 22, 10, 5.4-10.5 ; 23, 4, 6.9-10.6 ; 24, 15, 5.5-14.2 ;
25. 4. 6.0-9.6 ; 26, 2, 7.5-8.3

7.0 ; 31, 2, 8.7-9.1 ; 33, 3, 8.

;i 27y 5; 5.7-9.4 ; 28, 1,
2-12.3 ; 34, 2, 8.2-10.2.

Gonostoma atlanticum

1, 8.2 ; 7, 16, 5.5-9.1 ; 9, 2, 8.0-8.2 ; 11, 1, 10.2 :
3, 7.8= 12.5 ; 12, 12, 5.6-12.4 ; 13, 11, 6.1-8.4 ; 14,
5.6-9.5 ; 15, 19, 4.8-7.8 ; 16, 3, 5.4-9.1 ; 17, 1,

8 ; 18, 4, 7.3-15.3 ; 20, 1, 9.5 ; 23, 10, 5.3-16.0 :

, 4, 3,5-17.2 ; 25, 6, 7.1-9.1 ; 27, 7, 3.9-11.2 ; 28,

, 5.4 ; 31, 8, 3.5-8.2 ; 32, 7, 6.5-7.6 ; 33, 10, 5.3-8.5
: 34, 1, 7.9.

Woodsia nonsuchae

5, 1, 6.3.

Margrethia obtusirostra

25; 6, 6.1-8.2 ; 26, 1y 7.5 ; 27, 6; 6.0-8.5 ; 34, 1,
15.8.

Valenciennel lustripunctulatus

2,1, 25.3 ; 6, 1, 17.8 ; 17, 1, 19.5 ; 21, 3, 20.5-27.5 ;
24, 2, 15.2-17.8.

Gonostomatidae spp. (Broken) (Standard length not
measured)

1+ 333, 3; 4,7 ;6,15;7,2;8,2;9,16;10,1 ;
A, 1 ;13,1 ; 14, 2; 15,12 ; 16, 4; 19,1 ; 21, 1 ;
22, 4 ;23,6 ; 24, 11 ; 25, 14 ; 26, 8 ; 27, 19 ; 28, 1 ;
324 2 3 33; 7 ¥ 34, 1.



12. Preliminary servey on the identification,
systematics and spatial distribution
of percoid larvae

Yoshinobu Konishi

A total of 781 specimens of percoid larvae and
juveniles except apogonid, carangid, chaetodontid,
pomacanthid, labrid and scarid in 41 ichthyoplankton
samples of IKMT and Hexagon nets from St. 5 to St. B in
Ieg. 1 were somewhat roughly sorted on R.V. Hakuho Maru
and identified in my laboratory later.

Table 10 shows the list of larvae and juveniles
excluding 19 unidentified specimens. The family, genus
and species names, and their arrangement were dependent on
"The Fishes of the Japanese Archipelago' published by
Tokai Univ. Press in 1984. One third (33.4 %) of the
total number of larvae and juveniles belonged to anthiinae
and 14.3 % belonged to lutjanidae, and these two groups
occupied near one half of total specimens. The number of
specimens and genera caught per haul were more abundant at
St. 33, St. 34 and St. B than those at the other stations.
A Pseudanthias sp. and Pseudogramma polyacantha were
distributed to the nearly entire sea water chserved.
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Table 10-1. Number of specimens of percoid larvae and juveniles in KH-86-4,

No. of St. and net

5
IK

6§ ¢ T 1 38
IK : IK @ TK

10
IK

)
1K

17
1K

I3
1K

11
IK

15
IK

16
IK

"Symphysanodcntldae

‘Grammistidae

pecies
Perc1cﬁtﬁy1dae

Synagrops japonicus

1+ 3 ¢ 1

1

2

1

“Serranidae

alo is sp.
Epinephelinae spp.
llOE opoma gaculatum
Elec;rantbla SPP.
Caprodon schlegelii
Jdontan hlas SP.
Holanthias spp,
Tosano;des sp. ?
Pseudanthias spp.
Mirolabrichthys spp.
Anthiinae spp.
Grammatonectus sp..

Symphysanodon sp..

Grammistes sexlineatus

Pristigenys sp.
_Priacanthidae spp,

"Walacanthidae

"Bramidae

Sy cinctus .

Coryphaenldae
Qorzghaena uiselis
C hippurus

alacanthys b[gg;xg;__$§
uplolatllus cuniculus

"Pseudogrammidae :
....Pseudogramma polyacantha . . ... NP PN AN
Priacanthidae :

QEHAﬁElLﬁfC hi urusqnpnn“”””””,“””“"E“"“""jn_“”"j"”““"j“”4u”f“"_"_fun_

'Henldae

coMene maculata

Leiognathidae
__Leilognathus sp.

Brama a EOH CQ
. UK'CJ.TI.!.
Taractes asper

Pterycombus petersii
__Bramidae spp,

'Carlstlldae

macropus

'Emme lchthyldae

Erythrocles schlegelii

Erythrocles sp,
Sciaenidae

Sclaenldae 5P,
Hullidae

Hullidae sp,

“Lutjanidae”

Etelis sp.
Paracaesio sp.
Etelinae spp.
Lutijsnus spp.
Caesio tile
Caesioninae spp.
..... Lutjanidae spp, .
Lethrinidae
Lethr]nus SPP.

Abudejduf coelestinus
5 Pumacentrldaﬂ .SPP..
lrrhitldae

Cirrhitichthys sp.

ae

_..Champsodon sp,.

Chiasmodontidae
eudosco

Pseudoscorelus sp,

“Aamodytidae

s scriptus sagamianus

Embolichthys mitsukurii
Anmodytidae sp,
T O T

13

7T 5 7

L
IK; IKPT Net, HE; Hexagon Net

Apogonidae, Carangidae, Chaetodontidae, Pomacanthidae, Labridae and Scaridae exéluded.
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Table 10-2, Continued

No. of 5t. and net

Species

2T 718

ercichthyidae
ops Jjaponicus

"Serranidae
e opholis sp.
Epinephelinae spp.

| maculatum
Plectranthias spp.
Odontanthias sp.

Holanthias spe,
osanoides sp.?
Pseudanthias spp.
girolabrichghzs SPP.
nthiinae spp.
ce-GrBBBALONOLUS SPy i,
Synphysanodontidae
e Y 0dON SPr..iioiiie i
Grammistidae

seudogrammidae

Priacanthidae
Pristigenys sp.

....Priacanthidae spp.

Halacanthidae
Halacant

I : rostri
Hoplolatilus cuniculus
Coryphaenidae i
Coryphaepa equiselis
C. hippurus
8 4%

"Leiognathidae

Bramidae
japonica
B. ercini?

asper
Pterycombus petersii
....Bramidae spp,
Caristiidae

...Laristivs

Emnelichthyidae
Ervthrocles
_Ervthrocles sp, .. .

“Sciaenidae

elii

“Kullidae

Lutjanidae

Etelis sp.
Paracaesjio sp.
Etelinae spp.
Lutjapus spp.
Caesjo tile
Caesioninae spp.

“Lethrinidae
Lethrinus spp.

Pomacentridae
Abudefduf coelestinus

“Cirrhitidae
Cyprinocirrhites polyactis
5 SP.

Champsodontidae

..Cham
Chiasmodontidae

o Q BPowsis
Ammodytidae !

-Sciaenidae SP..

Mullidae sB.. ..o

OUONL BB oo o TS

Pseudoscopelus scriptus sagamianus

S M NRINES Ry P

....pseudogramma polyacantha  .........|..1

Mene maculate; ..o

o bedognathus se,

Lutdanidae (Spe,. oo ne el iniiine e b sans
.oLethrinddae sep.

L Pomacentridae SPP. . ..o e e ]

Embolichthvs migguku:ji
Ammodgtjdae sp, -

4

TS A R R ) ) SRV

I;
IK; IRPT Net, HE; Hexagon Net

Apogonidae, Carangidae, Chaetodontidae, Pomacanthidae, Labridae and Scaridae excluded.
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Table 10-3. Continued

No. of St. and net

Species

29 7 30 ¢ 3%

33
1K

34
IK

Percichthyidae
Synagrops Jjaponicus

. Balakichthvs sp, . ... ... ...

Serranidae

sp.
Epinephelinae spp.
Licplopoma maculatum
Plectranthias spp.
Caprodon schlegelii
Odontanthias sp.
Holanthias spp.
Tosanoides sp.?
Pseudapthias spp.
Mirolabrichthys spp.

Anthiinae spp.

GSrammatonotus SP,.........coomnn

"Symphysanodontidae

L Symphysanodon P . e e e B et 2B

Grammistidae

IK | IK | IK

roto oo W

B B B B U B ' B
: TK-1: TK-2 : TK-3 : TK-4 : TK-5 ° HE-1

2 f: 1% 74 B

N :
™~

,,
L re=d D LI

—

[t
] B LA RO = e

Pseudogrammidae

... Iseudogramma polvacantha . .........|occowiiimeiio o
Priacanthidae ] : :

Pristigenys sp.

Priacanthidae spp. ...

"Halacanthidae

Malacanthus brevirostris
oplolatilus cuniculus?

Coryphaenidae
Coryphaena equiselis
C. hippurus

Kenidae

"Leiognathidae

... Lelcgnathus sp, . . . ..

Bramidae
Brama japonica
B. orcini?
Taractes asper
Pterycombus petersii

LoBramidae SPPL
Caristiidae :

Emmelichthyidae
Erythrocles schlegelii

“Sciaenidae

Sciaenidae SP.......cooo

“Hullidae ‘
O (P LT, 1 R TETR RO N IUTRN: MU,
Lutjanidae

Etelis sp.
Paracaesio sp.
Etelinae spp.
utjanus spp.
Caesio tile
Caesioninae spp.

Lethrinidae
Lethrinus spp.

Lethrinidae spp. .|

“Cirrhitidae

Pomacentridae
Abudefduf coelestinus

...Pomacentridae spp.

Cyprinocirrhites polyactis
Cirrhitichthys sp.

. ChBNPSOdOn 8P, i it

Chiasmodontidae .
Pseudoscopelus scriptus sagamianus
Pseudoscopelus sp.
Ammodytidae e
Embolichthvs mitsukurii

Ammodytidae sp,?

FER

e

10

3
6
1
1

T

A L

55 13

a7

13

47~ 57 T 55 % L

T
IK; IKPT Net, HE; Hexagon Net

Apogonidae, Carangidae, Chaetodontidae, Pomacanthidae, Labridae and Scaridae excluded.
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Table 10-4,., Continued

No. of St. and net

BB B B
Species HE-2 : HE-3 : HE-4 : HE-5 | TOTAL
Percichthyidae ! )
Synagrops Japonicis

. ] O UUURRUUUUUUUUTY U SR SO
Serranidae :
Cephalopholis sp.
Eplnephellnae sSpp.
0 cpom macu H!UII'I
Plectranthias spp.
Caprodon schlegelii
Odontanthias sp.
Holanthias spp.
osancides sp.?
Pseudanthias spp.
Eirolabrichthxs SPP.
nthiinae spp
.Grammatonotus 8Py ...
Symphysanodontidae
. Symphysanodon SP. ...
Granmistidae
....Grammistes sexlineatus ...
Pseudogrammidae
....Pseudogramma polvacantha . ...
Priacanthidae
Pristigenys sp.
_Priacanthidae spp,
Malacanthidae
Malacanthus b1§!1293§£%§
Hoplolatilus cuniculus?
. fronticinctus
CoEyphaenldae
Coryphaena

uiselis
C. hippurus
..... C, equiselis/C, hippurus. ...........f...

Lelugnathldae

Brama japonica
B. orcini?
[a:agtes asper
Pterycombus petersii
... Bramidae spp,
Caristiidae
.. Laristius macropus .. ...
Emmelichthyidae
throcles schlegelii
. Erythrocles SP.,
Sclaenldae
Hullidae
. Mullidae sp, .
Lutjanidae’
Etelis sp.
Paracaesio sp.
Etelinae spp,
ut janus spp.
Caesio tile
Caesioninae spp.
. Lutjanidae spp..
Lethrinidae

S
b G0

—  ohen—
—ra
s

—

Cirrhitidae

Cyprinocirrhites Bolgactis : : Pl
;[;h;t;ghghxs sp. ; i1

Champsodentidae i : :

i CNANDEEAON (BB woo o v ity i S ot s e S e T e T R

Chiasmodontidae : . :
Pseudoscopelus scriptus sagamianus

. Pseudoscopelus sp,

Anmodyticae

Embolichthyvs mitsukurii
Ammodvtidae sp, . |

o e

% s I
35 4T T d8 - B4

-3
exd

T O T A L
IK; IKPT Net, HE; Hexagon Net
Apogonidae, Carangidae, Chaetodontidae, Pomacanthidae, Labridae and
Scaridae excluded.



13. Studies on the distribution of eggs and larvae

Katsumi Matsushita

It is considered that the distributions of no motile
eggs, larvae, and the other plankton are strongly
influenced by various oceanographic conditions.
Especially, ocean currents have important roles in the
distribution and recruitment of pelagic fish concerning
to the transportation mechanisms.

With these points in mind, a survey was carried out
in order to know the general distribution of eggs, larvae,
and settling volume during cruise and the relationships to
the fluctuation of water temperature. The average
temperature and standard deviation of 60 data measured
every 1 minute with RMT (Rigou-sha Co. Ltd.) during cruise
are shown in Fig. 19. Sometimes, the survey was stopped
for reading the memorized data in RMT. At the same time,
the eggs and larvae and the other plankton were filtered
and collected from the Research Water of the R. V. Hakuho
Maru with XX13 mesh nets alternatively. This sampling
interval was 1 hour in principle. The settling volume
during cruise are shown in Fig. 20. The analyses of these
results will be carried in future.

In addition, MTD nets towings (6 sts., 8 layers, two
times and supplemental 1 st.) were carried out at the
cross section of the Kuroshio Current at the Bashi Channel.
The vertical distributions of water properties, salinity
and temperature, at the cross section are shown in Fig.
21. The distributions of eggs and larvae at the cross
section are shown in Fig. 22. Classification of eggs and
larvae have not been completed yet.
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Fig. 19 The average temperature and standard deviations of 60 data
measured every 1 minute with RMT (Rigou-sha Co. Ltd.) during cruise.
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Fig. 20 The settling volume collected from Research Water
of Hakuho-maru with XX13 mesh nets alternatively.
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14, Palinurid and scyllarid phyllosoma larvae

Hideo Sekiguchi

It is, first of all, my purpose to confirm whether
phyl losoma larvae of Panulirus japonicus, commercially
important in Japanese spiny lobster's fisheries and
vielding annual catch of over a thousand of tons, occur in
the western North Pacific, or not. However, no phylloscma
larva of P. japonicus was found in the larvae collected in
this cruise, although those probably referable to P.
penicillatus and P. versicolor were common. This fact is
not always indicative that the P. japonicus larvae don't
disperse and /or are not transported by the Kuroshio
Countercurrent and the subtropical region in the western
North Pacific. I had an impression that palinurid
phyllosoma larvae would be sampled in the investigated
area more commonly than in the Japanese coastal waters
north of the Kuroshio Current.

In this cruise the phyllosoma larvae belonging to
five genera (Panulirus, Palinurellus, Scyllarus,
Scyllarides, Parribacus) were obtained (Table 11), of
which those of two genera Panulirus and Scyllarus were
predominant. Of Scyllarid phyllosoma larvae, those of
Scyllarus bicuspidatus were common and abundant.

Four specimens of a unique phyllosoma (phyllamphion)
were collected in the waters close to the Okinawa and
Taiwan Islands, probably belonging to the genus
Palinurellus of the Synaxisae.

Table 11. Phyllosoma larvae collected in the Hakuho Maru cruise KH-86-4.

Palinuridae

Panulirus 119 4 13 81 217
Synaxidae

Palinurellus 2 0 1 1 4
Scyllaridae

Scyllarus 112 4}

Scyllarides 17 0 1 4 22

Parribacus 8 0
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15. Studies on dispersion of tropical grass shrimps
by the Kuroshio Current

Hiroshi Mukai

Geographical distributions of tropical seagrasses and
grass shrimps associated with them in Western Pacific can
be predicted to be attributed to dispersions by drifting
on warm currents, because the following facts were already
clarified; (1) the center of distribution of tropical
seagrasses was considered to be around Torres Strait in
northern Australia and New Guinea Island, (2) geographical
distributions of tropical seagrasses in Western Pacific
are restricted almostly on the islands along the warm
current, (3) the number of species of seagrasses on their
islands is reversely related with distance from the center
of distribution.

It is likely that wide-distributed grass shrimps. It
is true in the genus Periclimenes of grass shrimps.
However, the gerius Latreutes has a contrary result. 2
hypothesis which can explain well these contradictory
results 1s that two genera of grass shrimps have different
modes of dispersion; that is, Periclimenes disperses in a
larval stage, but Latreutes disperses in adult stage.

To examine this hypothesis, the net samples collected
by IKMT-net and ORI-net in the Kuroshio Current for
collection of leptocephalus larvae of Japanese eel, were
checked. Several specimens of grass shrimps in larval
stage (not identified yet) and drifting leaves of
Thalassia hemprichii, a species of tropical Sseagrasses,
were observed at sts. 33 and 34 close to Taiwan Island.
But, most of samples was not completed to check, yet.
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16. Lucifer, epiplanktonic shrimps,
col lected during the KH-86-4

Tomohike Kikuchi

In order to investigate taxonomical, morphological
and biogeographical aspects of the epiplanktonic shrimps
of the genus Lucifer, samplings was carried out using a
10-foot IKMT and ORI-69 net at more than 30 stations in
the northwestern area of the western North Pacific during
the research cruise of Hakuho Maru KH-86-4 in September,
1986.

Four species of this genus, i. e. Lucifer hanseni,
L.intermedius, L. penicillifer and L. typus, were found in
the survey area.

There is no way to distinguish between the females of
these species, except by scanning electron microscopy.
Further systematic studies are keenly needed for female
specimens.

The relationships between the horizontal distribution

and physical factors such as water temperature, salinity
and surface current are now being analyzed.



17. Taxonomy and ecology of nano- and pico-phytoplanktorn

Nobuhito Hosaka

The purpose of this investigation is to clarify the
community structure of phototrophs of nanco- and pico-
plankton size fractions (0.2-20 jm) in the oceanic water,
and the daily variation in their ultrastructures.

Along the Kuroshio section in Leg 1 (3 stations) and
during the buoy-tracking in Leg 2 (7 stations at 4 hours
interval), seawater samples were collected from 10-m to
150-m depths with Van Dorn water samplers. Ten liter of
seawater samples was filtered through a 20-um mesh net to
remove larger plankton and fixed by addition of 50 %
biological grade glutaraldehyde to a final concentration
of 0.1 % immediately after sampling. The suspension of
cells was concentrated through Gelman GA6 filters (47 mm
in diameter) by gentle suction. The concentrate on the
filters was fixed again with 3 % glutaraldehyde buffered
with 0.1 M cacocdylate (pH=7.8). For electron microscopic
observation, they were prepared as described by Johnson
and Sieburth (1982). From the rest of the seawater
samples, phytoplankton culture, which offered a good
opportunity for reliable identification of species, was
prepared according to the dilution method (Throndsen,
1969).

Reference

Johnson, P. W. and J. McN. Sieburth (1982): In-situ
morphology and occurrence of eucalyotic phototrophs
of bacterial size in the picoplankton of esturine and
oceanic waters. J. Phycol., 18: 318-327.

Throndsen, J. (1969): Flagellates of Norwegian coastal
waters. Nytt Mag. Bot., 16 : 161-216.



18. Echo sounder mesurement for small organisms
and the echo in scattering layer

Tadashi Inagaki

In the fish stock measurement by echo sounder, it is
important to obtain the information on the echo not only
from fish school but also from other substances: plankton,
micronekton, a layer with sharp gradient of sea water etc.
SV value (value of scattering volume strength) for the
echo from other substances has been observed freguently at
the same level as the echo from fish school itself through
the integral method.

In this cruise, the relationship between the echo
from scattering layers of planktons and micronektons and
the value of such small organisms collected by plankton
net was investigated.

An echo sounder (Model FQ 50 & 200 KHz, Fruno
electric Co., Ltd. Japan) and a plankton net (ORI 69 0.69
mm) were used. A total of 20 times horizontal hauls
(towing time, 20 min) were made at 6 stations in daytime
and nighttime at 50 m and 100 m layers from the surface.
The measurements by the echo sounder were carried out
during the period of net sampling simultaneocusly.

The values of small organisms estimated as settling
volume were compared with the SV wvalues in the two
frequencies, 50 and 200 KHz respectively. The coefficient
of correlation was 0.78 in both frequencies. The results
are shown in Fig, 23 and 24.
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19. Measurements of the current of the upper layer with
drifter in the vicinity of spawning ground
of Anguilla japonica

Masato Kobayashi and Yasuhiro Kawasaki

To make clear the horizontal transport of the
leptocephali (Anguilla japonica), the detail of current at
the upper layer must be known in the vicinity of their
spawning ground.

In the second Leg of this cruise, one radar tracked
drifter was pursued during September 22 to 24. This
apparatus was drogued by window shade screen at 2.5 m
depth and attached the Digital Thermo Recorders (DTRs) at
6, 15 and 50 m depth. The schematic view of this is shown
in Fig, 25. Fig. 26 shows the trajectory of the drifter
and CID and net towing stations. The drifter moved
westward with the mean speed of about 27.3 cm/s. The wind
velocity observed on the research vessel and the drifter
velocity are shown in Fig. 27.

Fig. 28 shows the variation of the water temperature
measured with DIRs at an interval of 5 minutes at 6, 15
and 50 m depth. Their water temperature variated hardly
during the drifting period in this area.

These results should give us good ideas on the
transport of leptocephali in the future.

4 Plastic floats
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Radar Radio Light
buoy buoy beacon

Window shade drogue

& 5mX2m
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Fig. 25 Schematic view of the JL || bigital Thermo Recorder
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