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Fisbery Biology of Ribbon Fish, Trichiurus lepturus
in Western Wakasa Bay

Masahiro MUNEKIYO

Abstract

The ribbon fish, Trichiurus lepturus is one of the most important commercial fishes in
Japan. It’s fisheries have been developed for a long time in the western Wakasa Bay off the
northern part of Kyoto Prefecture. The decline of T. lepturus standing crop is remarkable
recently because of the rapid decrease of the catch in the western Wakasa Bay, and in the
middle part of the Sea of Japan as well. Biological aspects of 7. lepturus of the western
Wakasa Bay and fishery managements for effective uses of T. lepturus resource were studied.

1. The ribbon fish fisheries in the westen Wakasa Bay

Ribbon fish fisheries are mainly carried out between June to July and October to Novem-
ber in the western Wakasa Bay. The annual catch of 7. lepturus from this area is from 100
to 350 tons since 1973. The catch by longline is decreasing since 1976, although the set net
catch is increasing since 1973. The annual yield of 7. lepturus with longline is larger, because
of higher market prices due to larger size of the fish caught, than that with set net. The
ribbon fish longline is the most important for longliners to earn their annual incomes
effectively.

2. Age and growth

The annuri on otoliths are formed from February to March. 7. lepturus are divided into
two broods, narrow type brood (r;</2.0mm) and wide type brood (r;=>2.0mm), from sizes
of l-ring radius (r;). The narrow and wide types of brood are estimated to be born from
June to September and from April to June, respectively. The two types of brood are similar
in size at full ages, though females reach larger sizes than males.

According to back-calculation of anal length at l-ring formation, the wide type of brood
grows faster and attains larger sizes than the narrow one. There are no differences in growth
rate on sexes for each type of brood. Between I- and 2-ring formations, the growth of the
narrow type of brood overtake that of wide type.

Growth compensation during 1- and 2-ring formations seems to be explained by a diffe-
rence in the time of the first maturation between the two types of brood and decrease of
growth rate of the first growing group due to maturation.

The narrow and wide type of broods are estimated to be recruited from the adjacent
waters of the western Wakasa Bay and the western part of the Sea of Japan (far west off
Hyogo Prefecture), respectively.

3. Maturity and spawning

The spawning season is from June to September and the highest value of gonad indices
of both sexes appears from July to August. In the early spawning season, maturation of
gonad is found in large sized fish more than 300 mm in anal length, and maturation progresses
in order of size. The spawning ground was estimated to be formed in the offshore waters by
comparison of the maturation of both sexes captured in both offshore and inshore waters.
Ovarian eggs mature at 2 gonad index of more than 50 and the fish spawns once a vear.
The female and male mature at about 220 mm and 210 mm in_anal length, respectively. Some of
narrow type of brood aged l-year attain maturity, and all of the fish aged 2-years are mature.
On the other hand, all of wide type brood aged l-year attain maturity. The spawners are



composed of T lepturus aged 1 to 6 years, and mailly the fish aged 2 and 3 years. The
relationships between anal length and number of mature eggs were fitted to a linear regres-
sion, and the numbers of mature eggs were calculated.

Just before spawning season, schools of larger sized 7. lepturus with the sex ratio 1:1
appear in this area. In the spawning season, females and males dominate in the inshore and
offshore waters, respectively. The sex ratio of size groups skews to female with progress in
order of size due to a lower growth rate of males.

From comparison of size, age of maturation and number of spawning eggs in four fishing
grounds, the population of the East China Sea was imlpied to be intermixed with that of the
western Wakasa Bay and also with those of the Kii-Channel and the Kumano-Nada.

4. Progressive changes in food habit with growth

Favorite preys for 7. lepturus (1.9~397.0 mm in anal length) were described, based on the
progressive changes in the gut contents with growth. The occurrence method and the number
method were used in analysis of the food habits of 7" lepturus.

T lepturus of less than 20 mm in anal length are zooplankton feeders. The food habits
of the fish of 20~100 mm in anal length are carnivorous, the main foods being Natantia,
Mysidacea and Pisces (mainly anchovy larvae). The fish of more than 100 mm in anal length
has piscivorous food habits and the main foods are anchovy and sardine.

T. lepturus even at early postlarval stage has high feeding ability and positively feeds on
pelagic copepods such as Paracalanus parvus and Paracalanus sp. The main food of the fish
of 10~40 mm in anal length are females of Acartia erythraca which make swarms and generally
occurre on or slightly above the bottom near the shore. The fish of 10~40 mm in anal length
shift their habitats from offshore to the bottom layer near the shore with the change of the
main food from the pelagic copepods to the epibenthic copepod.

5. Morphological changes in early development

Meristics, morphometrics, and developmental processes of osteological elements and
digestive organs in 7. lepturus were described and the developmental stages of the fish were
defined.

During the larval development, the anal, head and upper jaw lengths show positive allo-
metry and the head spination characterized larvae of scombroid fishes develops. Besides
them, gempylid type serration appears on edges of dorsal and anal fin spines.

Based on cleared and stained specimens, developmental processes of the bone structure,
and the fin and digestive organ constructures were examined:

(1) The vertebrae begin development from the anterior end at about 10 mm in total length
and ossify toward posterior parts. The vertebral column is established at about 57 mm TL
(39~41+4128~133=168~173).

(2) First appearances of dorsal, pectoral and anal fin spines and/or rays are at about 6,
7 and 10 mm TL, respectively. Dorsal and anal fins are formed from anterior to posterior
and ossify toward posterior parts. The full complement of III, 131~136 (dorsal fin), 11
(pectoral fin) and I, 104~108 (anal fin) are accomplished at about 57, 1l and 57 mm TL,
respectively. Pelvic fin was not found in any specimens observed.

(3) In a 10 mm larval stage, a cartilaginous hypural is found at the tip of notochord. The
cartilaginous second hypural is found in contact with under the notochord axis at about 29 mm
TL. The two hypurals are made into one and have increased in size at about 47 mm TL.
Any notochord flexion was not found in these specimens. The urostyle is formed at about
57 mm TL and four caudal fin rays appear at about 58 mm TL. Even if these fin rays are
very small (about | mm in length), they are still present at more than 500 mm TL and cover
hypural complex deeply. Ossification of the hypural complex was not found in any specimens
observed.

(4) Six pairs of branchiostegal rays are formed at about 6 mm TL and the full complement
of seven pairs is accomplished at about 8 mm TL.

(5) Preopercle spines (at 6~20mm TL) and upper and front ridge spines of orbital (at
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7~57mm TL, 10~76 mm TL) appear, then they are reduced with growth. A supraoccipital
crest is formed at about 139mm TL. A pair of parietal foramen is formed at about 91mm
TL and is reduced at more than about 78 mm TL. A pineal foramen was not found in any
specimens observed. .

(6) Lateral lines are formed at 42mm TL. A transverse section of the lateral line scales
changes with growth from a circle-like to an oval-like. Lateral line scales are modified into
a flattened oval tube-like structures with two holes and neuromasts situated on ventral side
and then become into the adult condition at about 295 mm TL.

(7) Teeth of upper and lower jaws appear at about 6 mm TL. The teeth change with
growth from denticle (at 6~20mm TL) to canine-like (at 23~117 mm TL), and to hooked
canine-like which is the adult condition (more than 125mm TL). Upper and lower pharyn-
geal teeth and palatine teeth are present in the form of canine-like teeth at more than 6 mm
TL and 23 mm TL, respectively. Vomer teeth are found in the form of canine-like teeth
at 7~51 mm TL and then are reduced.

(8) Convolution of the alimentary canal starts at about 7mm TL. The pyloric caeca appear
at about 19mm TL and the completion of number achieves at about 61l mm TL.

Based on these results, the developmental stages of the fish were defined. Functional and
behavioral developments of the fish observed are closely related to the developmental stages
defined.

6. Distributions and movements

T. lepturus eggs and larvae are mainly distributed in from the middle to deep layers in
the offshore waters (120 m in depth) from May to September. Early to late developmental
stage eggs are distributed at the same layer, and when temperature and salinity discontinuities
appear at middle layers (July-September), peak densities of eggs are observed from the middle
to deep layers. The eggs appear from surface to deep layers when temperature and salinity
discontinuities disappear (June).

Based upon the elapsed time in developments of the eggs and larvae and the velocity of
Tsushima Warm Current in summer, it was estimated that some of the late stage eggs and
larvae of more than 7mm in total length which occurred in the western Wakasa Bay had
been transported with the Tsushima Warm Current from far more than 40 and 60 nautical
miles away (from the western part of the Sea of Japan), respectively.

From monthly changes in horizontal and vertical profiles of the larvae distributions and
total length compositions of the larvae between the offshore and inshore waters, an inshore
transport process of the larvae was estimated to be carried out by their own positive move-
ments.

The juvenile and young fish are mainly distributed in the shallow waters (20-50 m in depth)
from early September to late October. The juveniles school and attain swimming ability
enough to avoid the larva net towing.

Immature fish of the narrow type brood are distributed in 50-60 m deep from November
to December of the following year, until their habitats shift to the wintering sites at the far
west of the western Wakasa Bay. On the other hand, immature fish of the wide type brood
are distributed in the same areas as those of the narrow type brood from October to the
spawning season (August) of the following year, except for January and February. After
their first spawning they move out of this area with other older spawners. Concerning the
wintering migration, larger immature fish shift earlier to their wintering sites.

Adult fish migrate into this area just before the spawning season (from mid to late May).
These spawners with sex ratio 1:1 come into the inshore waters. Males mature faster than
females and larger females mature earlier than smaller ones. Faster matured males shift to
the offshore waters (spawning ground), and females stay still in the inshore waters. Females
having attained enough to a maturity stage move toward the spawning ground and the spaw-
ning is carried out in nighttime. After spawning, females move toward the inshore waters,
though males in high sexal activity stay in the spawning ground. Then females in various
maturity stages and males are dominant in the inshore and offshore waters, respectively.



After spawning season (early September), the adult fish move out of this area.

Adult fish clearly show diurnal vertical migration. The fish are distributed in mainly
from middle to surface layers to make scattering schools in nighttime, descend to bottom
layer just before sunrise, make dense school at bottom layer in daytime, and ascend to be
scattered from middle to surface layers in twilight.

An adult fish, which was tagged and released off the Yamaguchi Prefecture was caught
by longhine in this area. This fact implied that the adult fish which migrated into this area
had habitats from the middle to western part of the Sea of Japan, or even more further
waters out side of the Sea of Japan such as the East China Sea.

7. Fishery managements

Standing crop of T. lepturus is depressed to a lower level by increased fishing efforts in
the East China Sea and the Sea of Japan. In the middle part of the Sea of Japan, which
involves the western Wakasa Bay, a downward trend of this resource begins in 1981 which is
seven years after the start of the purse seine’s catch. Then coastal fisheries (especially long
line fishery) are damaged. The purse seiners prevent reproduction from this resource by
catching the adult fish gathered for wintering and spawning. Besides that, the fish caught
with purse seine have lower market prices. In the case of set net fishery, there are similar
problems. On the other hand, longline fishery is estimated to be the best to usefully utilize
this resource from studying reproductive and economic aspects.

Simulations for effective fishing efforts and landing market selections were made accor-
ding to the results of economic analysis of data concerned with the management of longline
fishing (catch, yield, expenditure, income, working time etc.). According to the simulations,
some of the objectives for rationalization of longline fishing of 7. lepturus in Kyoto Prefecture
were proposed.

For useful maintenence of the 7. lepturus resource, it is need of continued study of inte-
grated fisheries managements, because these fisheries use this resource and other fishes as well
in their annual fishing cycle. From this point of view, comprehensive and long-range national
plans are necessary for the coastal fisheries of Japan to continue stable productions.
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Fig. 3. Annual changes in catch of 7. lepturus caught with longline and
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circles indicate the catch with longline and set net, respectively.
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Table 1. Annual yeilds and mean unit fish prices of 7" lepiwrus for ribbon fish fisheries
in Kyoto Prefecture in 1983.
Ttems/Fishery Longline Set net Trawling Gill net Danish seine Total
Yeild (1,000 Yen) 717, 382 18, 887 6, 985 498 233 103, 985
Percent (%) 74, 4 18.2 6.7 0.5 0.2 100
Unit fish price (Yen/kg) 979 272 846 777 277 —
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Table 2. Management analysis of longliners at Ine, Kunda and Obase Fisheries Cooperative Associations (FCA) in 1983.

FCA Fisheries Yield Expenditure Income Income per unit effort Net earnings Income rate Net earnings
(1,000 yen) (1,000 yen) (1,000 yen) (1,000 yen/houreman) (1,000yen) (%) rate (%)
Ine Ribbon fish longline 708. 4 170.9 537.5 3.0 318.8 75.9 45.0
Other longline 3,054.3 856. 1 2.163.9 2.5 1,120. 1 70.8 36.7
Shrimp beam trawl 122.0 287.6 —165.6 —0.5 —563. 4 —135.7 —461.8
Hand line 103.8 26. 2 77.6 3.4 53.0 74.8 51.3
7and; Ribbon fish longline  1,503.2 342.5 1, 160. 7 3.0 715. 4 77.2 47.6
Other longline 2,698. 9 871.3 1,827.6 1.8 703.9 67.7 26. 1
Shrimp beam trawl 146.5 42.1 104. 4 0.9 —29.6 71.3 —20.2
Hand line 130.6 32.5 98. 1 0.9 —24.7 75.1 —18.9
Beam trawl 235.0 34.6 200. 4 2.5 111.1 85,2 47.3
Sea slug beam trawl 320.6 105. 3 215.3 0.9 —41.6 67.5 —13.0
Cockle beam trawl 221.5 32.3 189. 2 0.6 105. 5 85. 4 47.6
Others 825.0 160. 5 664. 5 2.6 334.5 80.5 40.5
" Obase  Ribbon fish longline  1,361.8 673.5 668. 3 11 ~277.0 49,1 —20.3
Other longline 368. 3 183.9 184. 4 0.8 —141.9 50.1 —38.5
Hand line 167.7 107.6 60. 1 0.8 —84.6 35.8 —50. 4
Gill net 1, 406. 7 886.9 519.8 1.1 —375.9 37.0 —26.7
0.6

Others 266. 5 96. 1 170. 4 —273.2 63.9

—102.5

VRS Bl S

o
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mEEEL v 2 - 35 1991

<, BEOREROETE, RERMCALNDHEOM
EIEH s L R DR £E, AEORKEE L T
R LMAE L L 5 &7,

FH HARMMEAE

19814F 6 A2 5 19824E12 7 & TofifTic, 5 5eismmey

faig (Fig. 1) v\ CEEM T8, Gkl NMIER
WTREINI2F 74 2,313 % ME L Lz (Table
3)o ZHBHOFEHCOGTIL, EREO ¥ F MERERI AT
£ AL 2JEL, TOoBBEAYER L, #RXLCE
Gerpedts, RRAE L, BALxF > L vrBL, A
B TSI R LT F o gl e $ 7 r A — & —T

Table 3. Summary of 7. lepturus specimens used in this study.

Month Number of specimens Fishing gear
Jun., 1981 230 Longline, set net and purse seine
Jul. 166 Longline and set net
Aug. 59 Longline and set net
Sept. 48 Longline and set net
Nov. 90 Set net
Dec. 305 Longline and set net
Jan., 1982 20 Set net
Feb. 26 Set net
Mar. 92 Set net
Apr. 29 Set net
May 123 Set net and Danish seine
Jun. 196 Longline, set net and purse seine
Jul. 135 Longline and set net
Aug. 135 Longline and set net
Sept. 82 Set net and Danish seine
Oct. 184 Set net
Nov. 258 Longline and set net
Dec. 103 Set net

Total 2,373

Fig. 8.

r

ra

rs

R

Otolith of 7. lepturus with three annuli and measurements.
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A, Ay TELULEBITORE XI5 LY LTE
PR tobi B pEm s kg L ic AR TH S GF
3EH 581, LIctioT, FHHREFEREIICILER S.
(81, S3) & La (L, L) THKb L2 20BN FEL
TWBZ bbb,

X T, HEBAHHEOZBONI L IRAKE 2R
BRI OVLTIER L 1 %R 1 OFES ik ib &,
| EARETIEE 1.3~15mm + 24~26mm 12, 2
WMAETIGE 14~16mm & 2.3~25mm i€ — V
PAHE LT (Fig. 10), 2D X5 iREs 8 1 R
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1980) D & 57+ ThADd LI, T2 20HE
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Fig. 9. Monthly changes in anal length com-
positions of T. lepturus caught by beach
seine and set nets in the western Wa-
kasa Bay from June 198l to Decem-
ber 1982. Shaded and open columns
indicate the beach seine and set net

catches, respectively.
Ko RH, 1980), L7cado-T, bl BRI B

W A RAER O R % 200 25 v ARLFE
LB ERRLTWD, Uk, D200 FKAR
HEAMUTHEENE r A 2.0mm RO $ 0 ENF
£t (narrow type), ri % 20 mm Ll ko &2 WEIEE
(Wide type) LMESZ 2t T 5,

F1e, Fig. 9 iR Urc A BIRLFIRMRD 3 b, 1982
E3HAOIMERRER LR B2 THEAE 1k
B ZUEL, ToXREJESE, AEEE NI
EWEIRRZ KA L, MmO B % R o (Fig.
11), oh & Fig. 9 iR L7 19824E 3 A D ITF AR
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A BDHARIEREOESERRD B & (Fig. 12)
RS 2MANO NERE . WAIRE S EABUK =
RORHETI~12ACRAELRL, 2~ 3 AN
fExRT o Ehboh ol Lich o, B4 H, 2
~3ACHREND IO LHEEING, s, | ARH
LAUIHEHNL ORADHZTH Y, 2o HOoFERRUNE
BIRDDENTERM T,

E48 BREMMIIFER

NI WRIBEO B A& #EHES 100 Mk, A4
EFOFEARZRERCFES XS L, FREE M
R L OBFERD o, BB, MEEINOFEEZER (nm)
xR AL (mm) oEYERIZ RO X kD
btz

NHBEoHE  AL=97.03R—54.08 (r=0.950)
NEZOHE  AL=10022R—65.52 (r=0.947)
WHIBEOME  AL=97.88R—57.12 (r=0.949)
WHIEEOKH:  AL=102.64R—74.17 (r=0.945),

| BREAMECHS WA AT otk & B, ATBOW
ek b B E HTPR & OBIRICEN D & L 7g 2o
Teo LichioT, @bk iy ie B AR 5 IIFR
DEIRFIIRD X REZ i

AL=99.22R ~61.86 (r=0.947),

—F, NEREEWEBOWT, DI & REEO
¥iigE% Tables 4, 5 iR Uic, SWEED & BUEER,

MAR,, 1982
S—— nz92
] AT |
150 200 250
LENGTH (mm)

Anal length compositions of the narrow and wide type of

T. lepturus broods caught by the set nets in March, 1982.
Shaded and open columns indicate the narrow and wide
type of broods, respectively.
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Monthly changes in proportions of
marginal increment of otolith of
T. lepturus. Closed and open circles

indicate narrow and wide type of
broods, respectively. Vertical lines

indicate standard deviation.

Propor-

tions of marginal increments of 1I-
and 2-rings otoliths were estimated

by the following equations:
MI (r1)= (R-r1 )/rl,
MI(rz)= (R-rz){ (ra-r1).

MEHERI D PR EOELRE Lic, FORE, H1HT
CRMERE & N TR BB TSR R | ok
THEENED b, T, FI~FE5HBTIT1 %D
fERBECHE L b E TR O PHHR R BB X
PED b,

EFFHREY BROEARE IR & BRI AA
THZER L - THRESINL:, $HUBORBERIIME
% Table 6 /R Uiz, #EP o T, MHRIOWHT
BRI F IR A % &, WAL LE 2RI E T
MR B LR EIRED by, LnL, 3
BRTUEREF DA Cr e R AV E U, MEA X b K
ELmho ELT, WEHEINT IR Lo TEDE
BRELRBEAND B,

HERE DT NEUEE & W O BTSRRI PR % bl
T5, ML HE | PRECIIWERIBE S NABE L bk
L, WA TEELRREVNRD bR, 28T
HIRFHE TIHERMOREZIREA LR D b
Vo TOXBK, B RERS OE 2 REREE T
B NEBEO R AWEIB O T B o B
ROMWEER) @D,

E5ET FELAR

TR T X OHERE P BRTZRFSATFE S &> WaLrorD
(1946) oEZREER L1 (Fig. 13), £EEME 3
Li-Le g% B SRR LB L CEB R Ry, 52

Table 4. Average radius of each annulus on otolith for narrow type of

T. lepturus brood.

Radius of otolith in mm

No. of No. of
Sex p R .
rings individuals r I rs re rs rs
1 257 1. 49
2 190 1.54 3. 51
F 1 3 85 1. 68 3. 45 3.99
emate oy 9 157  3.48  3.97  4.30
5 3 1. 63 3.57 4,10 4.12 4. 45
6 1 1. 34 3.35 3.83 4. 14 4,67 4.75
Mean 1. 59 3. 49 3. 99 4,25 4,57 —
1 207 1. 45
2 89 1. 54 3. 43
Male 3 38 1. 62 3. 36 3.76
4 12 1. 51 3. 14 3.85 3,94
5 2 1.77 3.42 3. 66 3.94 4,13
Mean 1.55 3.39 3.78 3. 94 4. 13
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Table 5. Average radius of each annulus on otolith for wide type of

No. of No. of Radius of otolith in mm

SX rings individuals - N N . -
1 162 2.74
2 87 242 3.55
) 3 60 231 3.45 404
Female 12 2.30  3.53  3.94  4.26
5 1 2.31  3.50 3.88 414  4.08
6 7 2.30 3.4l 400 435 460 4.79
Mean 242 3.51  4.02 429 4.5 479
1 101 2.49
2 42 240  3.46
3 18 2.21  3.48  3.89
Male 4 9 2.27  3.42  3.79 4.0l
5 5 2.35  3.16 3.5 3.87 410
6 1 238 3.65 3.94 430 43¢ 4.8

Mean 2.42 3.45 3.81 3.98 4,15 —

Table 6. Calculated anal length of 7. leptwrus in mm at time of ring
formation.

Type Sex 1 1o lg 1y ls lg

Female 95.9 2840 3340 359.8  391.5 —

Narrow type
Male 91.9 274. 4 313.1 329.0 347.8 —

Female 188.1 286. 3 336.9 363.7 390.5 413.3
Male 188.1 280. 4 316. 1 333.0 349.8 —

Wide type

(mm)
£ 400 FEMALE . MALE
-
E 3°°L ° 0 [~ e o
Q
E 200
o} =
]
< 100 |~ -
4
<
(] 100 200 300 400 5000 100 200 300 400 500
ANAL LENGTH In

Fig. 13. Warrorp’s finite difference diagrams of anal length of 7. lepturus.
Closed circles with solid line and open circles with dotted line
indicate the narrow and wide type of broods, respectively.
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ETHE, WHBORARNI4~6 L5,
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Lanrry (1938) ofERY, oM Z-THE
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NEFEOM  L;=465.5 {l-e—0.321+1.530}
NEBEOHE  L,=365.7 {l-e-0.522Ct+1.160}
WEIBE D i L;=464.6 {l-e—0.307(t+1.370}
WIRIFED L;=369.9 {l-e0.487Ct+1.160}
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DRI 3517 5 BEAROPHELY R, Ibic,
Z DfEH TR D - AR 5 IFE o BiR e 4
ATHZER L - T | mEEOIIFIRL R 1o,

Table 7 76, NARIBFEL WRIEHE O £ IERHRO L
P B+ 2 L MEMES 3 NRBEDO FHAWEIEEY bt
PREENBEEHAR LIS, §hlo X 5 2 #6E
BRI COm B O RZEIREAERD bR
Vo EREO RERRE BRSO %L, NEETI
Y3 HATHD, LIchi-TC, LB mAEED %
R E MR OER R bR I - TELD D
DEELLND,

DER, HMEBRICI T B R OITFIE % Hik+
Bo W52 BERE TR AR EREEIDRD b
Ly UL L, i3 RILIE Tl H2 L Y RENR
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£ BIG b AU ST HRIREE 2 ¥ v F DR E R
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Table 7. Estimated anal length of T lepturus in mm at full age.
Full age
Sex Type —
1 2 3 4 5
Femal Narrow type 207.0*  315.8  356.9  386.7  408.3
U Wide type 204.0%% 299.7  343.3  375.4 3989
al Narrow type 205.0%+  295.5  324.0  341.0 3510
ate Wide type 206.0%% 290.7  321.3  340.0 3515

* Back-calculated anal lengths of l-ring fish derived from ring radius at August.
** Back-calculated anal lengths of l-ring fish derived from ring radius at May.
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Table 8. Comparison of anal lengths of T. lepturus in mm at full age
estimated at four fishing grounds.

Full age
Fishing ground Sex -
1 2 3 4 5 6
East China Sea and - BI*  206% 289%  345%  382%  407%
ellow Sea
(Misu, 1958)
Kii-Channel
(spring brood) — 198 283 348 399 — —
(SakamoTo, 1976)
Kumano-Nada
(spring brood) — 209 299 359 400 — —
(autumn brood) — 175 282 347 384 407 —
(Suzukr and Kivmura, 1980)
Western Wakasa Bay Female** 206 308 350 381 404 —
(This author) Male** 206 293 325 341 351 —

* Estimated by Suzukr and Kimura (1980)
** Average anal lengths at full age of the narrow and wide type of broods

(Table 8),

EAEVEIRIEREE x 5 v A Tk, ¥ 3 BELIRE,  MERE
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H, R BEE (S 1958), RFEKEE (BE
1976, 1982) 35 X O'MeRpBER (45K « K+, 1980) OFF
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WEE R, WEREO BB IR 25 & BIHBAIAT £
SHEREENETCI-TRIBEEZBRS,
NIUBECLE % 0 Je AR I AYE SRISTE B Js1T B A
OB E G LTV 5D, WAEOE AL EO T
HNE bR, Tikhb, WHETIE, ToZ4EEmN
B PRETE IR & 7 o A TR IR\ ATBEE A R X
Nb, F2C, NHBEEELWHESEFC LT TFio#
5, Bl & 3BT TS 2 F v 4
DEJMATI6 ATH1AHIF LATHS, Lrl, WE
JOEE Ao EIENL 4 ABIIA L IR Ty
% (FEpd, 1986), FERGVEIHYEEK & Bl U T F¥gIRLL
PO LSS CIIAROEIAR 2 HIAE vl
S#ebon LIEEES NG, T, HPETERERC ST
B X F U FREAO—IIC O\ T RBER LIPS o 1
BEHEI LW IR WD 2 &, B IOE ISR EER
TR LA T H - THKBUC X BIHH - Wike
WT 5 &, TOLTHEBER TS, REREETH L
ERRSIRGZ EAMEIER T B (B 6 B8 2 #), 1A
Loz EBHBT LT, NI BRI E BRI
O RAR LOEHIRLIPE D | LEh &gt & e T 5
T EAHEKB, BT, WS OWT b E ok
SRUSTRAREER T H 2 PRI ME S, ATl & & BRI
PHO LS SR B D o LHEEI RS,

H3E RALEI

HEORE LR « I X o aaasmy, &
FRBEEC A > T 5 & & (LEEd, 1965 ; 11
H, 1968), S#HOEFEEESY BIFTET, hbofg
PRI DOV T ORI R T2 AT E R, I
CRE - IR BT B AR, T oBoF AR L EER
O DWTWB T REETCHS,

AFVAORMEERCRE T 5 M AT, Woid .
WY CEMG (1959), I (1971) A%, BB /M@
(1967) »%, #HAGH-TREA (1975, 1982) 7%, HETF#EE
THAR - RE (1980) 2%, HAYEF RS T A AR

Wik v A EEPTE S — 24 (1988) rhZFh#dL
TWb,

B CILEREHERERC BT ¥ F v A DR S BE
Op7e & DR b L, ZhieFE DT
RO FHMEC I ER L,

Bg HEMMLEAGE

19814 6 B 2519834 7 A Oflic, F HuBrEEpEiN
T\ THEME, By, FEM el SRR fi
THREI NI F 7414, 851 L UN19854 3 A Al
REEE /MR A T L » THREI i 2
F 7 A8IRBDAETLS, T50REMELE Lic (Table 9),
FPISTEIRYEIREE X v 4 2, 708 B 8 L ORI EEE
BMEIEREARE 899 I, Ao ¥ FHRE TR
AL (mm), £l ESE GW (g) EZh, M2
W AR X 5 A RO BBENRRE I i, B
h D12, 13RI RATREBRME S HEASRHS Tl
MM ED ZNRPE I NI, 2012, 43RBT FFRIEYE
i B 5 ERNC RS hicb o TH Y, EINY
DRI Z I T 5 K THRE BT 50T
I X o THEED JIM T dodte, AMIRIEE GT i
Wbk b

GI=(GW,/AL?)x10?
i, —MoFRNIEAT X AEREE RN 5
BIPE DA T, &b OOV TR &
THabT 5,

W2EN OE O

19814E 6 A» 519834 2 § & Co M, 7 HisvEsy
BT B CIER, gy, EEM, el NEBERET
WEI Nz 774 1,836 Bl oW C EMIRIEE D AZ
{bEME LA (Fig. 14), WEOBHMELS AxbHmL
I, T~8 ALY — 7R LIz, TO®K, HBEMELE
DU, RRCREEER L, —F, REofEEL3 A
P55 A CmL, 7TREDO Y- s %R L,
o, FEEIEAS L, HE Rk 12 CRE#E LR
Lz &0 X 5 iniBiRieEo AL b, BT
IR RS 25 v AOERHL 7 A2vb 8 At T
O EMEEING,, 723, HETIIMEE Ml U CA g
TF S RET B HEAFED bl

PR X % PR B0 BUSAE o 2B b B REDR % X
DI EMIC e T 5 e, IPROBBMENKIEL LT O
I3 Ed: :
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Table 9. T. lepturus specimens used in this study. Figures in parentheses indicate
the number of specimens whose anal lengths alone were measured.
Number of specimens
Month - — e e e e

Longline Trolling Gill net Set net Purse seine Danish seine Total

Jun. 1981 1,480 58 1, 548
(1, 335) (1, 335)

Jul. 914 914
(784) (784)

Aug. 8 17 45 70
Sept. 16 32 48
Oct. 30 30
Nov. 38 38
Dec. 22 22
Mar. 1982 1 28 29
Apr. 60 60
May 39 39
Jun. 3, 950 1,165 720 324 7 6, 166
(3,787)  (1,159) (720) (279) (5,945)

Jul. 2, 547 369 134 3,027
(2,370) (337) (2,707)

Aug. 1, 468 71 1,539
(1,372) (1,372)

Sept. 182 8 190
Oct. 33 132 165
Nov. 35 25 4 64
Dec. 10 5 15
Feb. 1983 12 3 15
Jun.-Jul. 404 468 872
Mar. 1985 899* 899
Total 10, 854 1. 543 468 1, 531 1, 221 55 15, 750
(9,648) (1,678) (720) (279) (12, 125)

* Caught at the west side off Noto Pen.,

Ishikawa Pref.

OB IIESRFAE TR/ NS (RN 1lmm GETRDORI, Fio, ~k*&\‘n{fé1ﬁ<&7ﬁﬂf¥@{ﬁﬁ:m7
A i) ALt 8 BT aenid T4 L BT 5 E@» R
G IREAREL, IR RELBBEPING M, LEXN-T, IPEOBIMED HE,bIaD J:,
>V (B QAN FEORIE 6 A TAn 5 9 AFEE ToOWIM, RS
55 B INEARSREL, REIKEL, BN TREANL8ATHETCOMMLEEE S h b, O ¥
Teho W, AILFRBEOEMMEE O HE LIS 5 A &5,
HOORHL - BRI, PRBRIBhAEL, W& LCRA  MIFHE 350mm Ll b3 XU 300~350 mm oBETIE 6

NEDLND,
198246 Amb 9 AR i & TOMMIC 387 LA E414
x5 B LR (G0 mm BIF) @iy, #FES
L DD Atk Fig. 15 iR L e, EEIRIMIZIE
ETH ETEEREREAOHEL 6 A Tans 9 A

AT, IIFE 250~300mm oBETIE 7 A Lfgn
b, P& 200~250 mm OFTIL 9 B L b FhE
SERMEAGSR B Lz, Liatio T, Mo AR i/J\"!{
B L CEN D X b BB B IR BRI T
bOEWEIND, Ei, IMHE 200~250 mm Oﬁf‘
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4. Monthly changes of 7. lepturus gonad
index with standard deviation. Open
and solid circles indicate female and
male, respectively.
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Fig. 15. Occurrence of each maturity group

of T.lepturus females for length group
in the spawning season. I: immature,
P: premature, M: mature, S: spent,
AL: anal length

(L9 H By sy —H#E R TR DR EE R T B
DETAND, ENEFHINME 250mm Ll ED&RH
ThiHEEZBNE,

B3E E W OB

198348 6 B0 7 AT, EE 100~160m 0%
ISP R A R\ TEE 15 [E o) B AR R A 5E
WL, ¥ickh i @R, FEE 40~60m oS
ISR T B\ TIFE S W RO DAL bR
#al7c (Table 10, Fig. 16), f#RER RS X OIER
THEI NI & F 7 AT 2\WT, T TR
Kb, FOPHELFAEH Z & Fig. 17 Wi Lz,
FRERL X 5, P CREIRI.2F 74 DHED
AFERRIFR O A, FEMM LB U R CHRES
NIz v ADHEDEN L D AENMETH o7, iz
T THRES W2 7 7 A OMETIE, HEhCBRRE
DEEFHEAMYLECHMET D S 0HEL AbhicDT
, EREOLJEARBHOTFHETZIbEECEYTT O
LEZbh5,

WAKASA v\ e
‘o7 "
BAY ] ~
N

3540N

TR20E
Experimental fishing locations with
gill ‘net (closed circles with fishing
number) and commercial longline
fishing ground of 7. lepturus.

Fig. 16.
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Table 10. Fishing records of experimental gill net and commercial longline.
Figures in parentheses indicate number of fish caught per net.

Fishing No. Date Fishing time No. of fish Bottom depth of

caught fishing ground (m)
Gill net -
1 22 Jun. 1983 sunset 6l (8.7) 130
2 23 sunrise 51 (7.3) 120
3 27 daytime 3(0.8) 119
4 27 sunset 88 (14.7) 115
5 28 sunrise 7 (12 123
6 8 Jul. sunset 22 (5.5) 122
7 8 sunset 35 (8.8) 153
9 sunrise 3 (10) 146
9 sunrise 7(23) 118
10 13 sunset 94 (23.5) 129
11 13 sunset 53 (13.3) 118
12 14 sunset 5 (1.3) 100
13 14 sunset 20 (5.0) 111
14 21 sunset 4 (1.0) 159
15 21 sunset 15 ( 3.8) 108
Longline
24 Jun. 1983 sunrise 100 40-60
29 sunrise 124 40-60
14 Jul. sunrise 110 40-60
24 sunrise 70 40-60
300
= [ FEMALE
w 2001
a L .
Z 100+ 1
- L I T
Q o 7 T T T i J
<
= 200
(o] L MALE
¢ 100 : ; ’
L R

Fig. 17. Daily variation in gonad index of T lepturus caught by gill nets
and longlines. Open and solid circles indicate the mean gonad
index of the fish caught by gill nets and longlines, respectively.
Vertical lines indicate the standard deviations.

LR TREShIc 2 F v A 0F T, EORE D, LOFEHEEL Table 11 KRLA, 2L, #IH
HERIC X - CssavBE & Hl & hicfo A miRie ey & THEE XNt 2 F 7 A e oW T SERE L M S e
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Table 11 Gonad index of mature females of T. lepturus caught by
experimental gill net and commercial longline.
Female
Fishing

gear No.of  No. of

Mean gonad index Max. gonad index Standard

fish  mature fish of mature fish of mature fish deviation
Gill net 148 29 319.6 502.0 97.1
Longline 358 14 184.9

224.6 52.5

WMo 5 b, koo IR AE T o BOREAIE S HER
Too FETHRE SN 5 v A OO EREAE T, *
DA TSGR O FHE 319. 6, BRAfEIL 502.0 TH -
foo TAUTH L, MEMETHEI o & 5 7 DM 5ER
AR TIx, £ EFERIEH O THEL 184. 9, T KET
224.6THYH, FBCREIN: 2FTAOMOBEL
s LT S B EY F L,

—77, PR THEEIN 2T VA OO AR RIER O
P, EETEEIRIc v Ao TR L L
T, BAEMMEYB U CKERERAbR g oTe, L
L, B CHEEI T, HEE AR BRERE T
SUBRE LIz L b, BREOMEINCATHES
HWoENRIVEVWDDEEZLRS,

DER, FEARGELEETRES I EF YA D
HEoWT, RO NIRRT X 5 ZHBEH oS E D
HWHRLHAEAN Z e Fig. 18 wiRLi, 3 L#ETIH
Eahicz F oA olEcir, MEMMLYE L TRII%D
EtA b - &b B HBEL (75.8%), R SEEE A
A MBI L (25.8% ), WEEGIL 6 H27H ~28HIC
bIpwcHB L (1.4%), Zhick L, EETHES

Niez+ v x0T, LboBs & RfCEAENR Y
BUTHIIEDOEEN S - &b B L 62.7% )0
LanL, SEEfEREo HBAied (4.9%), 8, R
AERL D BB L (EREhn23.9%, 18.4% )
Pllm&ER s, IE 100~160 m o 2551575 9
AT, BIMAR LU EROMIESH LTS E
E, EE 40~60m oFBHRAFETE, BOMEOME
AR % DB B 5 DS/ LT 5B Z LN
bhhkinots, ¥, ARG TEEHOML, HE
CHATHENRENT, FLLRENEL, ENE
ORI HD 0 LHMEte, LT, HRE
PO S AT 5 2 5 v A OBRT, BN - HoEH
THE JUENO M L - THERIhTwWs Z Liei
h, 2FUAOENEFREBETFECERIN TS L
LWL TH B, T, HPERHERC kTS 27
o APPOSFO BONLERE 120m ok b, EE
60m LIEORETIY 2 v AIIOHBELZE L D
(B8 5 B 2 80 &\ 5B S FEPEIITIENC 3175 2
F U ADEIFPIHETHFET D BT W5,
Table 10 7R L7 filfE00R . (BREEFREE 100~160

GILL NET

No2-23 228 Vb 21
x &% LONGLINE
(4] SPENT
Q
50 MATURE
o PREMATURE
o IMMATURE
JUN,

Fig. 18. Daily variations in occurrence of four maturity stages of
T. lepturus caught by gill net and longline.
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m) ToWwT, HRERESEoWERNE KBTS &,
HEEe BT 2 RERIIIAHE, Efloth i 4
WEERRB R, TOBRND, 2F VA OEINGE)
R E UCH B LRI CIfThh s & & o HEE
INb,

F4m IEMNIRORHERR

2FUAOINBEIELEMENSR Y, ARILEELD
EX, @b RELTVS, RO REIRES
IRBOBME X » TR BN E I ERET S DI,
198247 ARSI hic it Bt b 10 &4 (GI 118~
215) RARPEAVCHRH Lico £EE & IR EAE X
ORT » &5« 35D 6 WL HVF, BIALOFHIEDZE
% | HOBHRETRE LI, TOKE, EAHEHRTI
B, F-d3  HHET L EfC TR 2R ERENR
Bdhhto, Lnl, ToMoEETRINEORAIC L5
SEHINRICEEZIRD bRish o T, LicdisT, %
2 A O PN B AN D BRAR BT II B DAL BRI, &
ER—DOREBEH5 EELDBND,

DEE, JFEAINORBRRICOWTIRET 5, 1982
F6 B b 7 BN TIRE Licz 57 A 75RO Tl
e (GI) wkd, | BIC > ZRIEIPEIIL DI 200

RoORBERMEL, ¥7, EMEREEE 0K, 30~

50, 50~70, 70~100, 100~150, 150~200, 200Li k35
L0t Spent @ 8RR KL L, &M% T 0L FERIEE
ST b OB S L, o¥r, SRS
LA 4 RO L, MRS & DR R R
Wic (Fig. 19), ARMIEHE0RN &R A I B
IR IR 0.1 ~0.2mm DORMIIEE G 1 JPFD T
B SR T T, REIEAS0~50% 73 EEO IR TLX
S5 1 ONEEE B IRER 0.7 mm 1o e — N b DRI
DTSRG E b BEA D bty BEA0~T0% 7T
FETIIIIR 0.8mm 2= — M4 O RBINE (F2
OREE) OB E -7, TOMH 2 PFOINERE —
Fid BRI > TRE L Inote, FEHAEN 100
~150% RS EMROIIE T 1 RS, H 20081 5l
CIPEE 0.4~05mm & ®— F&doRBONE (B3P
D) MR o, IEEIEN150~200% =3 EEOINE
T 2 i PFE=E— Fik 13mm kb, Z O
FRIARBINEE GF 1, 3P L3HREL, WROW
BLE BN b —Hi 7B bty $EEED 200 BLL
R EE QIR TR 2 IPFEOIPE = — Fix 1.4~15
mm r75H, FHEIESIBR ISR, —F, RS
#100~150% R~ 3 {EEDIIH TR S h iz JiE 0.4~05
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Frequency distributions of ovarian
egg diameter of 7. lepturus in each
maturity stage classified by gonad
index (GI).

Fig. 19.

mm & E— FE b0 3 IR IREEO BT f - T
FOIMEE — FRETHEARRD bR ok, Hbko
X 5 Ie e BERME L O BT A 5 SRR O B LA b, A
FEIRHER0~T0% R TGO I B TR E hie g 2 IIEE
(P — ¥ 0.8mm) 13, AMERRER200L) & RT

- EROIIBNT & b B SERER BT BRI B AT LT

LIEETE S, i, bk &REREHI100~150% 7R3
EEDINE TR Eh-5F 3R pF=e— F 04~05
mm) ¥, AR OB RS TIFEE — K2
THEEBZED LT, ZONRIENCELLWHO
EHEIND, T, BEREERERCKETS 55V
FREROENENY T A Ear b8 ATHTHSL LT
Anb, FHOEINIEIRTHS S LEEINL,

FHE RBIMER
1982450 EEIRER (6 ~9 F) REEINIFZF V4D
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HE217R8, HE188% 50 mm [HMHOILFIE RV, %
ICFR#E 2 & i oV T BRI ES0 L -, Mo
TRAERRERI0L,  (E R B Bl T 1
Tl L e o BTRIER O R/MEIZI0TH 0, £
FERRIERIO Lo R AL T2 b0 L E X
o) DR RTEEOHER, ThbbHBERYRD
o Thb¥ Fig. 20 &7 ey, + L, REARRLHE
E Uiz, MECERRRIERO0LL L, HETAmRERI0Ll
OIE AR TREED HBEENS0% it 5 [LFHE 2 P
IR ETDE, ToXkEXX, MTIIFMER 220
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DR T B R E SR E S TP 250 mm B |
EHEEEND, Toks, EMBIREOOL Lo fErRT D
5, BAOEEIIIE 199mm Thote, 20X
5V HERE Lo BT i IR 2 & v A+ O o BT
Eifthiigskee QUR, 1971 ; B4, 1975, 1982 ; 457K -
AKF, 1980) DFH & KEN

BoH RAEH

19826F D FEIII (6 ~ 9 A) WS HiETa#Rdg i TR
ShiczF v+ OM4I5 B L, BAC L 2EBEE
ATV, HARFINC R L RS T Table 12 2R L
oo BERTED BT 1 IRFET33. 2%, 26T T98.1
%, 3H~6WBTIIVThd 1004 Thot, B
PEIRERIC I WEIRE & NTURED 2 DO R BENERAEL
ZORERFII TR EN4~6H, 6 ~9FLHEEIN
Too THEEMBHI 6 ~9 ATHEINLLOTH D, Tk
DB NEIBE D IS ERICE LTV B, Lichio
T, BOfiiiEmy i3z L vsEEL50%,
Pz &hb, BHREBEREIC RIS 2 57411
BEHTL—HENCHESY T AL 0NnRbN, 25%AL
FOBTIRIZE A ETNTOBEIRENCEST 5 40
LHEINS,

LBV 2 7 v F i 2 REBNEAEL, &
AEVRE n 2 20 mm KO b D% NTEE (narrow
type), ri 2% 20mm Ll ED b DEWEIFE (wide type)
ELT, £2T, FRORBEL SR NS {5
Bie | BEEL 2ERBAC O C RS L2k = 5 (Table
13), 1 BB CINEFEORMITL2]. 4%, WHEDCX
L83 3% TH o1, Eie, 2WMFFCIINEPED K
1297.3%, WEBEO ZHITI00%ThH T, LichioT,
HIRERBIERE 2 7 v A 0B4, NEBETHRE KT
—IMOBEEPEET BT E T, Ko oBELE 2 5
THHATHOEK L, WHEEETIRE | B TASHS oFEE

Table 12. Mature rate of female 7. lepturus in each ring group.

No. of female

No. of mature and

Mature rate

Ring group fish examined spent fish %)
) 190 66 34.7
2 160 157 98. 1
3 100 100 100
4 14 14 100
5 5 100
6 6 100
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Table 13. Mature rate of female T lepturus of the narrow and wide type
of broods in 1- and 2-ring groups.

No. of female

No. of mature and Mature rate

Ring group  Type fish examined spent fish (%)
1 Narrow 154 33 21. 4
Wide 36 30 83.3
Total 190 63 34.7
2 Narrow 111 108 97.3

- Wide 49 49 100
Total 160 157 98.1

AEE TS b0 L HEIhD,

ot (UE, 1971), RBEFEE BAK - KH,
1980) Tkl 1 FECT—HAPWAL, B2 TREAL
OEEREHT D, Zhiex L, BFKEE (F,
1975, 1982) Tilili | IRCHEATH LI NTWBH, L
L, L »T 1 RAOHBEN0~85% S EBLTHE
b (BRA, 1975, 1982), fofFACGEREWC 2T % Lk 2
WL R | R T—WMARAL, W2mTIREAL
OEEDRHT D EELDFVELTHS 5, — T, ®
15« WEEE (586, 1959) Tl 2 B T—EH A L
W3 Tz A Y OBBE AR TS, Lich-T, -
PRSP IRIREE & = ¥ A4 OMEORBGERII I > iR
(UM, 1971), RBfFREERRA, 1975 1982), ARE
BEE (844K RKS, 1980) LFMETH b, K - HigE
(=#E, 1985) L1 S LWz Einind,

BTHE ENBOFEEMN

EPETEEEIC R LT B & 7 v 4 EIHOR
% age-length-key ¥z X b i L7z, 1982486 B
R G TER, 58, EEM EETHRES
Nz # v A EIRREG, 1598, (3,954, K2, 469F)
OMERERIIT P EMMR T Fig. 21 iR L, HETH-
TAEEEEED M ELD 5 198148 & 19824ED 6 B 7 A
CEREINAT2T0E (46308, HE264HED X b
age-length-key #fERNC/ER L, Fig. 21 ©RL
T EEINEE O HERERIBL PR AL & age-length-key i
X o CABOERBEYH#EE L (Table 14), it¥k
EHBTEHRERTHRE Lic | RO AE 2K 250
mm RGPS TH D, ZhborRERT R IR

* BRRT R ERFRTCH AR LT,

BThb, Fig. 2l R LIIMRERIC S END 1 5,
BREIIH TR, 2B Lo EIRFY MRS &
THIEM SH0RBHEROBETREES IO LE
2bhd, LicsisT, ZnblEAalsismEsneg
B SEHE LT < B EIBREO SRR O BRE M DBV,
Table 14 7 bl b 2 BRRADEED56~607% 5,
DWT 3RO 271 ~30%, 4BDO8~11% D ETE
{, 2~3RRAT83~0%E EDbD I ENbhb, ML
DOFERD G, FHRETETRRCEEL T B2 F U4 E
INERIHEEE XS LT 2~3ATHER IR TS
DEWEIND, L ZHT, ERERERERCRTS 1
EOENIIIA LG THB, —F, BERCKET
3 2R EoEINFRL 8 A TRk EINEE R T L
TREBE, D T 5 CGE6EE 4. Zofed, |1
BEOENFEL 2mAN Lo IR L iz s A KR
IR, BEREETRECRE L | RAEDI33
BV EINCE ST LEEE R, Ak s 1
BRSO LRI FEOSRER Y EETH Z &k TE
i,

EERE E O OB

PTG Lic & 5 & A EEDR B IR 3K
TELEITHS EHEEEINT, Tk, BEADRERIN
FBEAETRTENENRD D L E 2 LD (58
1959) Lichi»T, A HEEEINFT IEARD R
DA T AR Lo TRDBZENTED, 1982
F7~8 AIEREARER CREI Nz Fv 305
b, JIE FHITE 2 LR 256 mm 25 451 mm
o5 B W TIMROHIE & & bIe AREIIES
R DINE—IEREL, BEERC X 2RI LD
Too SERUNELE LIFTR AL & ORICIIERY Bk
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Table 14. Percentage of
age group fish

Frequency distributions of anal length of T. lepturus spawning school.

occurrence of T. lepturus for each
from the age-length-key method.

Sex

Age (years old)

4 5

Female (%)

7.7 1.4 1.2

Male (%)

10.9 4.4 1.8
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Relationships between anal length
and number of mature egg of 7.
lepturus.
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Fig. 22.

PR bh (Fig. 22), WOEMRERBRSELNA
E =493.4AL—103,583 (r=0.994).

e B ILPTR B | BMY b o JEEEIN R R, I
HREC TR E B Lok = 5 (Fig. 23), BB
HEIEEE, WooordgmE QUE, 1971), fegriolsE (R,
1975, 1982), MEBHEEE (8K « KK, 1980) DRt
TTFIE Ao 1 {EfF2 b o HEEEIIFIC BT b
Moite LAsL, N« Eigs (5, 1959) TirM
FBAREL BB Lchi o T LB b o BEIPEILET 4
FBID DL s EmAED bR,

B M =4

(1) MHoFEmHEL

19814E 6 H 2 19824512 B 45 $RYETE 3 ¥ I 3o\
T, R By, EEH el DEERBTHRESR
TexForo ML (2 (6+9)) 2FWELL,
KRG oMESRHT A IIPE 250mm #iiE LT,
250 mm RO F CRERHE & 250mm Bl ko
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Relationships between anal length
and number of mature eggs of T.
lepturus in 5 fishing grounds. Closed
circles, squares, open squares, trian-
gles and circles indicate the East
China Sea and the Yellow Sea (Misu,
1959), the East China Sea (YAaMmADA,
1971), Kii-Channel (SakamoTo, 1975),
the Kumano-Nada (Suzukt and KI-
MURA, 1980) and the western Wakasa
Bay, respectively. The relationships
between anal length and number of
mature eggs in the East China Sea
and the Yellow Sea (Mwsu, 1959),
and the East China Sea (YAMADA,
1971) were estimated from the original
figures.
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(AR 0 2BesF T, 2hboBilkkogits
Fig. 24 R Uine BEHo i DTk thai 1 ¢ 1
THHME SR _ZIERE LT, Fig. 24 256 IR
250 mm FHEORK ATETIL 3 ~ 10 B DIBHE b3 #E ke A3
1: 1 ThbH, LicdioT, REARIRERSFCH
o CHEHIC R b DI B TR T 5 b 0 LHEEE S Wi,
AR L, ITFYE 250 mm Bk ko B AT EESRIART o
5HE6 AT ¢ 1 ThHote, LinL, EFNHIL
%, 128 ¥ CoMECriEr S MR LT, 7ok, 1985
E 3 AR BeeEL B E (BE 180m) ©
T Y > T I N 2 T 7 AR B0 AR (WEE
#3260 + v, HIF3E 250 ~400mm) @ 5 899Dt
A LICE A, H51E, 2R TH D, Lol
AR DAL 0T, M EDERM D, LR 250
mm Bl EORARIELM (1 ~38) » b ENET
D5 BHBH\E6 B F CoMERETRE D o7 Er
MR L, EIVHILE, 127 F CoORIIMEREE S Ha—
HeE LORBHERT 5 b0 L RIS,

(2) EIfREEEdLE LicEbn BEL

& 7o A BUARET BT IL  TR b o vy
WL, BEDRERLMRTHERE S B b —He i R % 3
BT A L HbMhETLole, £ T, 2D XD
PRI R & Y EHICHRET T 5 fodi, 198142 & 1982
£ FEORHARTA B BEIN N 2 TR SRIB I 1
T L ERTHREI e 2 7 7 A IR B Btk ek
sebts (Fig. 25), HBIMELLITHIEE MO HFETHR D

DHFELRE L,
Fig. 25 wiR Lz X 5k, 19814 TCit 6 § Aoty
1 1 Thotont, 6 Ahfcies Lkl &

bhh—HRBHLEDLND LI IeoTe, 7 A

spawning
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1981

Fig. 24 Monthly change of sex ratio (2/(®+ 3 )) of T. lepturus.

1982

Circles

and triangles indicate the sex ratio of the fish of more and less

than 250 mm in anal length, respectively.

Solid and open marks

indicate that the sex ratio is 1:1 and not so at 5% significance

level, respectively.
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Fig. 25. Daily change of sex ratio (2/(2+ &)) of T. leptures.

Circles and

double circles indicate the samples caught by longline and purse
seine, respectively. Solid and open marks indicate that the sex
ratio is 1:1 and not so at 5% significance level, respectively.

AB LI D £ B b —HIRBEEDHEL A D
iz, 19824 T 6 J LEOMHE 1 1 1 Th-tohd
6 A A bIE, MM S B — iR B B A
B b, EIMEHEET 2R L inn o sEEdl
o, 19814 L1982 - % 6 H FAILRERC D b
R, FiEs 6 A TAURCEIR A -t b0 & HiE
Ehd, BEn X 5Kk, 19814 L 19825FED#EREN D,
LA S B b — R b 10 S EIR ok &
FIlAMEHRET A ENTES, LT, 25w
AP OB CR ) RHIED B BHBUL, 2 F VA DE
TR ED 1 DOEREETHZ LN TES,

27 MAY = 9 JUNE

10-16 JUNE

(3) FEIHICHIT B RIERMEL

19855E 5 27 Hax b 6 H20H oflic # 5 7 A JERRY 3
fR oD IRFEATE TR b A & EIR L« v & -
HHOV— &~ LB & F v BN O R BT
R A ER LT, Fig. 26 ©19854E5 H2TE 25 6 A
0T D27 v ERBEOEER LI, &7
v A MERRIAESE 5 27 B SRS it o EIR 30 ~40m
O (AR Wik Lo TRER IR, TOWRBIL6
BORETHEH L, LrL, 6 HI0A»BI6HITT
EEL O (B & REPAIOERK 25 m ok
(CH#8) © 2 AFICEEITR I N, 6 BlTHIC:

177 —20 JUNE

ueemmmm~40m

- 3_2'

3530'N

L
135°20'E 22'

Fig. 26. Changes in longline fishing grounds of T. lepturus around the mouth

of Maizuru Bay from 27 May to 20 June in 1985.

Alphabetized/

shaded parts indicate the longline fishing grounds.
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5 EHUEBELT (DES) KTRBIZIERI L
Tro FOMH, FIBEFT 40~50m FELEDELD
i, 6 A2 ERIEL TR L TRABE L (E
W), b X 5ins v BRSOy b, B
ORERERT D 2 ¥ A S 0 e R & Ui s
WEIE O s\ T oSy BT b 2T
HT bbb, £ T, HABCELDORD DRI
Wo> 2 59 ABOMEFREL, Table 15 KRLT,
19852E 5 H29A D A#EB T & 5+ 7 A B DR v i
Tirote, B> X 51 6 A10A 4 516 Bt Tl
BB, CHBoML, 6 FI3RICHETO &+
ROV B Tl CRBTIIMERCR 57, 6
BI19R o DT 2 F 7 A B0 M LI BT - Too

DAlloiEfr b, EHRETEREEO < in i kil
Licg &9 A BR, SRR R b o oW BER TR
LTWwB e &, EWNHNESL &, oL s
TUHE RS 2 BB L, phEV LB S\ TEDTER
Sh, BT S BEREE SRS Z &, Hios
AETCTh TRBECH Y, LrbaELTw%
Z &, e S ek e REC IR S B, oA
I DTS & &, (RGN BT R B B
FHELZ ETERR LI T -7,

DER, 198346 A D 7 BT, ERETEE
oA TREI N RARBRIEES LU RBRO R R
THREINCERC L > TEh PRI hic 25 v+
FESREEO M A 382 Lic (Fig. 16, Table 10), Table
10 KR LICRERSNAB VA NO M L E KD,
Table 16 iR L7z, DR D OFEILE «TH & Fff
DFHETHE LT, Itk HEORERREREED > b,
WEEH O - EEFS S, 5, 8, 9, 12, 14
O 6 [EC oW TR M O MR 2 s Lic, JM o fEY
O BEERS 1, 4, 10, 11, I3TIXAEKES S
THEBETHY, MR- Tvlo, Fi, fliEOREREY

3% 1991
DY SRR - T\vie, Shicxt L, EEo£FAER
B2 BEYOELRVTh L BEKES FTEETH
D, MR- Ttz LictdsC, 198346 Bnb 7 A
3T o MiEe B s e & (BRE 100~ 160
m) OEJBICBHEOEVERFHLTLETE, BI
UEgRn A (R 10~60m) W idfo 2\ B4
LTwBZ ERHLE TR -1,
SRS AR & DR 100~160m D iifific iy 2
F A OEIENHE Ih b, Table 16 ©RLI-X 5
I, EIMBCET R 25 v A HOMIITE XL e
LTHE2DEEGTHD, LinL, D5 Bbnfg25% 0 H
DEBEETHE &2 Hh D, BRCENES TR
OYEITHE L CH LT DEl & &b, 2D XOKHE
BT 3513 % 2 5 v A+ O PEINE TR A O 525k
DEE SBOHI X - TERNTORS b O LRI K
o

2FVAD LS, EINCERL TR OM:HAE L
CARL FfEE LT, 972 Takifugu rubripes (I,
1962), A% Vv #5 Theragra chalcogramma (B[ «
SENN, 1977), -~ Y 4 v A v Diodon holacanthus (A »
SR, 1978),
al., 1980), 7+ 7 7 Takifugu niphobles (HoNMA et
al., 1980) #3%%, £OFT, +F7 7L Y wrHEY
1 BoMEHRBOBNR—FE fo->THI - T 5
(B » 57K, 1978 ; Honma et al., 1980), —J5, + 5
IXA T RoMEE B HE L TEINA TS 2,
ORI BoME: | EOBENCELH (2 0%
A, b o L AREOREIVED LI - L, (0
BERCBOHESZOX7OR ) THETH V54 DT
#% (Suzukt et al., 1980),

#F AR EROVGThoOERESE L >TwB L L
Th, M & > T, EBOREE O THER » BET5
LD, MOZEREFDHIEBTELTHD S,

5 a &4 Chaetodon nippon (SUZUKI et

Table 15. Sex ratios of T. lepturus schools in each fishing ground. “A”,
“B”, “C” and "D” fishing grounds were shown in Fig. 26.
Date Fishing No. of fish Sex_ _ Sex ratio
a ground examined Female Male

29 May, 1985 A 225 121 104 0. 54
13 June B 94 35 59 0. 37*
13 June C 96 84 12 0, 88%
19 June D 93 74 19 0. 80*

* Sex ratio is not 1:1 at 5% level of significance.
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Table 16 Sex ratio of 7' Ilgpturus caught by experimental gill net and

commercial longline.

No. of fish caught

A Sex ratio
Fishing No- Date Female Male Total (¢/(2+8)
Gill net

1 22 June, 1983 12 49 61 0. 20*
2 23 20 31 51 0. 39
3 27 1 2 3 —

4 27 20 68 88 0. 23*
5 28 5 2 7 —
6 8 July 7 15 22 0.32
7 8 23 12 35 0. 66
8 9 1 3 —
9 9 4 7 —

10 13 24 70 94 0. 26*

11 13 13 40 53 0. 25%
12 14 1 4 5 —

13 14 5 15 20 0.25*
14 21 1 3 4 —
15 21 11 4 15 0.73

Total 148 320 468 0.32*

Longline

24 June, 1983 80 20 100 0. 80*

29 119 5 124 0. 96*

14 July 95 15 110 0. 86*

24 64 6 70 0.91*

Total 358 46 404 0. 89+*

* Sex ratio is not 1:1 at 5% level of significance.

bR, ¥I2FARALNGEIRAOHE T,
WIROSZEENE T L LV OFIEL B L5 TR, B
DTN R i R & LCHIN « BT T &
e h, L EfEoBC-TREYBTIREEL - &
ChBTHBLY, Fie, #F U+ TILEEERCELT
KEFE L NEUFE L D6l Size hierarchy DFEEEAVRE
ENRTWS (FEE«RBE 1983), Lica-7T, ENG
B\ T h, KBFEE NURE L e Size hierarchy
PHFELTWBIERNSS, 0BG, 57 7%~
Ve vAVvRHELNDERATH > TLl & - Tk
R B I OREE DORITHIN « B TEB Z LT
e, MR X WENARTREB IS - el
BTHAY, —H, BT E T, lolEs X
TLVELOMEDOHTEIN - BETHC LTE, B
LOTHE L DEBTEENTREE D THA I,

HEn s, #5vrTidEs LTEMCDS 1 B
BHVE—HOREE | BoMie oI TEINA TR, =
NEDEEINTVE 0 EHRINS,

(4) HHEIPREDORE

19824 6 FICJEMB L RN X » T Wic s 5 v o+
PEBNEES, 928BICO\T, thb% 50mm [EHFEO L
BRIV, ABoMOE|&% Fig. 27 iRl I
FIE 200mm KO, 200~250mm #, 250~300
mm Ff, 300~350mm #, 350 ~400mm Efo i &
BN ENITY, 51%, 53%, 13%, R%THD, 8
BRKELBRBE LN - THEDEI &R E L T b A%
HRLlt, b, ILfE 400mm [ EoBETiidXT
M X > T DT, ZD XAk
LI MRS D & 5 g s (UM, 1971;
FRA, 1975, 1982 ; $47K « ARHY, 1980) i\ T s
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Fig. 27. Relationships between T. lepturus size
group and sex ratio (2/(24+8)).

TRTD, AEDOKAE Sff - THEAZMET 5 b
ELUT, MEEEBROZE (FL, 1956 ; #A « RF,
1980), HEBE¥L (1L, 1955; F 132, 1963 ; Fujm,
1971 ; MoogE, 1979 ; $57/RiZhs, 1974, 1978) 7o &'iSE
Z b, HIREEERE 2 5 v AL TR R
b, HEOHEERAITFHRYL 457 ~465 mm, HED Th
13 366~370mm THELHEL W K& LB, LibL, E
OPFEO FIARERLD O FINT U CHERER] CRRZE A IR D 75
TEEB LIV, i, KPR CATERO ARBELT
5723, 607 D 5 b, MR ETHEMEEYLOLD
ERD HIIEh oty Lo Tid, HRiEv e
2F U ADEE, BENKERbBEHNSL D,
TR 400mm Bl EOEESFTHETHSD LV 5B
B3, HOPKMEOHRREC XSO THD,

BI0E & =

RIBWBE % 7 A ORI 1 X, FRBER, EINEY
W UIcHER, FrugmmmdeE, ®o e (UH,
1971), #oGtAEEE (B4, 1975, 1982), AEEFMsE (4
Ao KK, 1980) iEREOMER R LI, LvL, &
i U (5, 1959) V2 ol 4 ¥eisEE & i L <
BEBVERSDS 1 IR &, BEPAKRE s E 1 EEY
DOENBR DI b Z EMBAbLNE ot &2 A
T, W« WHEE (SHE, 1959) &> oigEE (L,
1971) @ & F 7 FLHIEH1954~1957 £ Y4 I, #HE M
1966~ 19694 M L DR S DD, (ZISEEERT
BEINLLDTED, LMo, LAOFEEND
1966~ 1969 24 RE D F o F-HERE # F v 4 O & EEIRT
BIT % MR T 1954~ 195744 1 & FLise U TR
Ao B E & BEIPE O RIRBIIEA D FEc L LT B

Tllinh, DI, 4Eo Pt ORI T 1966~1969
ELARE, FR - gAMb T 2 7 U A OB BN E
T 5 EFRRE I REN L LIRS,

Wy rigE s 5 v A OFEREC AL A B E BN
B4 5 et o2k o, Il (1971 13,
BEZE OB X - Cx 5y A ERENEL L, Wb
P A BERIRMNE Ul Cllioy i & % o R HE
LTWw3, —F, A (1982) /340 # AH BE & 1954~
19574E 4B D B > g (ZWf, 1964) O 2 F v AL
WCE O BREREIY L, MEIBECHTED
BESEEMNZE LIV LEBEL A TH D & 5
LTwb, il X 5 i KEE 2 57+ (&
1975, 1982) 131954~ 19574 MR D B+ g (=4
1959) & B U CRBERA 13N & L, 1 AfES YD
FEUREL S MR R & Vv bbb, TIERBET N
THRRERTEGI b vt & TR B (L & BER
B ORI AYR ZBNSE, LictioT, LB fliiE
v FYREE £ F v A DB E BEEINC BE T B A EFERY ST
b5 R s B BEDRET Tl L, Thst
DERIZ L » THE U TWA ALY REBL TV, W
Thic LTh, 25 730s, BEENVRE HER
B4 T 5 & population DEFH AL X5 &3
S0 X TefFRPAETL, FBRE VTR L BN
DS B R E S b D L RIS D,

xFvAREy ¥ QUAE, 1971), EfKE R,
1975, 1982) TR R T, HIRETEREK REERH
AR « K, 1980) TixE & LCER 0, EEMT
WHEINW TV, Lid-TC, gEfickT s 254
T BEN S TR LR ich, B 2 B0 T
ARECR LRI EEEI L bh w5 (LH,
1971 ; A, 1975), Power and Grecorre (1978) i1,
Bl BRETHDHHIKT 3 F > Phoca vitulina DS
T ABITR, RIK7 ¥ 5 i Xk - T Lake trout Salve-
Linus “namaycush O KEBRIERPCHE I ISR
Lake trout Dp#h& BEINCEIT 5 AM S0, ik
K7H7vDERL vl Lake trout o % &g
Lyl (Bfdo/ N, HaomEie 23, AfEY
D OEEOEM) BRT ERBEL TV, B
8, AOFRECHREINAERMEY 2 7 v ITHT 5
NTHAEE  EELD L, BB 4 BIREX 5 v 4 23%
RZERIST L7 population TH 5 i H X, Lake trout
DEHHHLN X3, Lind & SEy HEE, T
IKIHEPE & B P vE G, RENTEEEE & OB TR &
I BT 5 S K X R ERPRE LT ThH
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%o LaL, Jeliod X 51 1966~19694E LAk, 1K + ¥
WA b3 4 # v 4 OB E EINC BT 5 £ RN
AR REMN S, T &0, W/ FiglE~h BB
Wi, o R ~ICPKEE~ R EED x 77 4
ORI, B X % EERNLSRLIR - #EFROWEMN
EVCIOHTORRAENFEL TH I EERELTL
%o

FTA4E RRIESEEOEL
2 F ARG T OB G, e i
(=M, 1964 ; B8 « 08, 1965), B Gz,
1967), sPERvE (THpY, 1973), ABR¥S bk, 1978),

Table 17.

HEETEE (5K - KA, 1980), Bk (BRA, 1982)
T T D, HEROWT TIRRARBORB B B
B ToaEAERHLLATE D, EEOHD
IOV E o T RS,

RETE, HPEREHEE e S Lo F il b
APETO 2 F YA ONT, LORBIRIES BHOE
RO T S & &b, BB EFoEEND
BAE bARBEOFHIE I DV TEE L,

18 HIEMEEAE

= DB W TCH BN 198048 9 A4 5198342105 ¥
T AR ST SR TFT » fe—H O BRERA &
TELhLDTHL (Table 17), /D x5 5 i

Data of 7. lepturus specimens examined

Date of catch Gear

Number of Range of anal

Sept. 8, 1980 Beach seine

Sept. 12 Beach seine
Oct. 3 Beach seine
Oct. 25 Beach seine
Jun. 16, 1981 Purse seine
Jul. 6 Larva net
Aug. 25 Larva net
Sept. 22 Larva net
Oct. 5 Larva net
Oct. 5 Beach seine
Oct. 24 Beach seine
Mar. 12, 1982 Danish seine
Mar. 13 Danish seine
Jun. 21 Purse seine
Jul. 9 Larva net
Jul. 21 Gill net
Aug. 24 Beam trawl
Sept. 3 Larva net
Sept. 3 Beam trawl
Sept. 7 Danish seine
Sept. 20 Larva net
Oct. 14 Larva net
Oct. 24 Beach seine
Nov. 4 Larva net
Jul. 25, 1983 Larva net
Aug. 29 Larva net
Sept. 19 Larva net
Oct. 26 Set net

specimens length (mm)
26 29.0- 64.0
15 23.0- 54.0
47 37.0- 54.0
31 35.0- 72.0
63 189. 0-370. 0

2 7.4~ 8.4

4 5.3- 6.7
2 56- 6.7

3 9.8- 13.2
62 35.0- 79.0
51 32.0- 94.0
16 180. 0-282. 0
12 216.0-273.0
35 254, 0-361.0

1 2.2
13 307.0-397.0
51 . 19.4- 43. 4

3 4, 3- 11.0

5 194. 0-212. 0

5 282.0-358.0

1 6.1

1 9.0

1 25.6

1 15.9

8 1.9- 3.1

7 2,1- 24.0
16 4,2- 21.0
30

98.0-186.0
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Table 18. Change in frequency occurrence by food items with growth of 7. lepturus

+a 50%>f>10%, r, 10%>f>0%a >

(occurrence method).

c, £>50% ;

f=0%; f, percentage of T'. lepturus feeding on each prey.

Anal length (mm)

0

!

10

10
!
20

20
1

30

30
|

40

40
I

50

50
60

60
|

70

70
|

80

80
)
90

90 100 200 300
100 200 300

Food items
BACILLARIOPHYCEAE
Coscinodiscus wailesii
DINOPHYCEAE
Ceratium sp.
CEPHALOPODA
unidentified Decapoda
CRUSTACEA
Paracalanus sp.
P, parvus
Clausocalanus sp.
Temora sp.
Acartia sp.
A. erythraea
Tortanus sp.
Oithona sp.
Oncaea sp.
Corycaeus sp.
Harpacticaida
Euterpina sp.
unidentified Copepoda
Copepodites and nauplii
unidentified Mysidacea
unidentified Cumacea
unidentified Amphipoda
unidantified Natantia
(Zoea and mysis larvae)
Megalopa larvae
PISCES
Sardinopus melanostictus
Engraulis japonicus
(larvae)
Maurolicus japonicus
Trachurus japonicus
Acanthocepola krusensterni
Chaeturichthys sciistius
Bregmaceros japonicus
unidentified Gobidae
unidentified Osteichthyes
unidentified larvae
Egg
Invertebrate eggs

+ + +

-

33 —
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DWW O 130cm B L p#E 160cm OHEARD
KR, Ml HEfEc X DERE LT, fEAME BEK
HIEB LR (KE 8~100m) THH, KHE 40m
LIETIE B GKYE 20m 7y L 25m, 50m, 75m)
LERM LI, KBD & 5 o 4o CHERM, NUE
B, R EEoREH O —BE MR L Ui, HER
W, NI CER Lok e oV Ty LT 1098 K + v
=V VIR CEES, s ERNL, MR AL ofl
52, HILENEYREL T, TOMDMBTEREL
Tk Ehie oW Tl o F E R ECEDR Y, Lo

FEBEBICHD LA~ Y VEEER ok B
T WEET-%,

B2H B jid

2F T ABERCHE S THEY LY F 0 L B3R
ThNEELIET AR, IMEREED & LY
R Y MBS X bR, Table 18 iR L1,
7o, HLPIR#EL 100mm RigoHEhc 2w T 10
mm i@, IIF3E 100 mm Bl okt iz 2wtz 100
mm [EfFRE Ui,

Table 19. Changes in food composition of 7. lepturus with growth

(number method).

10-20 20-30 30-40 40-50 50-60

Anal length (mm) 0-10
Food items
BACILLARIOPHYCEAE
Coscinodiscus wailesti 0.5 — — — — —
DINOPHYCEAE
Ceratium sp. — — 0.3 — — —
CRUSTACEA
Paracalanus sp. 51.3 17. 4 3.9 17.0 3.3 0.1
P. parvus 6.6 1.9 — — 1.0 —
Clausocalanus sp. 12.2 3.1 — — — —
Temora sp. — 1.2 0.5 — — —
Acartia sp. 1.5 0.4 2.6 — — 0.1
A. erythraea — 26.0 65. 4 39.0 3.3 —
Tortanus sp. — — — 0. 4 — —
Oithona sp. — — — 0.8 3.9 0.1
Oncaea sp. 6.6 0.8 0.3 1.5 0.7 —
Corycaeus sp. — — — 5.4 4.6 —
Harpacticaida — — — 1.0 — —_
Euterpina sp. 1.5 — — — — —
unidentified Copepoda 14.2 45.0 11.5 22.2 14,1 —_
Copepodites and nauplii 1.0 — 11.0 — — —
unidentified Mysidacea — — — — 35.0 45. 4
unidentified Cumacea — — — 0.2 — —
unidentfied Amphipoda — — — — 0.3 —
unidentified Natantia 0.3) 3.9 2.9 8.7 4.6 —
(Zoea and mysis larvae)
Megalopa larvae — — — 0.2 0.7 —
PISCES
Engraulis japonicus — — (1.6) (3.7) (28.8) (52.1)
(larvae)
unidentifid larvae — -— 0.3 1.9 0.7 —
Egg
Invertebrate eggs 1.5 — — — — —
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P& 20mm FKiFD &+ A, Paracalanus par-
vus, Paracalanus sp., Clausocalanus sp., Acartia eryth-
“ raca, Oncaea sp. % O HBHEAY L HREL TV, T
& 20~60 mm W ff Ui Bk Bm o> BB e in
% CTHHME © Zoea, Mysis, 7 i, »hxrsF4 Vv
Engraulis japonicus O v 7 A FEELZ S HRE LT
7o FIFAE 80~100mm o b DI HEMEEAYIZ & A L
BLIcEY, hboTha 54V ET 1 ERS
CHIA LT, JIFIE 100~200 mm oEEFE1
7 Bregmaceros japonicus & h xR 7 FA VR <AV Y
Sardinops melanostictus 54 7 VEH HHEL Tz,
2 ¥, [IFHR 60mm oz + v AR LhEho
A EOBEFR LTV e EEHEEY AV TR
@, Table 19 ViR Ui, BB TR A EHEWTER
ey, JTF9E 10mm Ko x + v Ak Paracalanus
sp. & &L IHAL, DWW Clausocalanus sp. %
HHAL T, COMIPIRBOHT, FIFETRINE
T B AHERD F R SE A RIS T e W B O 3
#FE (AL 2.0~22mm) &E\WTh, EHEREHIO
EEAE Y P. parvus X Paracalanus sp. DFEELHEL
T, 2O &b, 2 F v AREHTRHAOR G
Wb ECECIHRENDEFL TV b0t EF 2 bh
o JIf9E 10~20mm DB Aeartia erythraea %
% HHAT S X Ol b, DOUWT Paracalanus sp. % %%
CHRELTWI, MK 20~40mm ofEfir 4. ery-
thaea %3 L HSHREL, 2F v+ LEY D Tk 4

erythraea % TS COMEMEA, FHT 19. 6[EFLHEL 4

T, ¥, FFUABHR LTI A. erythraea O
KEDDHEDOEAETH > T Fhe, TR 30~40mm
D% offitkiy, | EGY D oA EEFI RV,
+BHE (BL 3~8mm), vFAlh x 7 F1 7 o fFf
(BL 7~15mm) & HR LT\, TR v 5 A M
DR IFAT N FROKEIPERIIEME T LI
BLTKkEL, thboAEHbIIfR 30~40 mm O x
FUACE > TREETFEEY L E 2 bh b, TFE
40~60mm o B IR HhE D flitLind D,
o Ty AMA 2 7547 Y FHERT B
LT, ¥, BRSO v A 227547 >
FRIILRAZRER B BTV S hicREETA LR,
FTRTETME BT IR Tvt, COHEEML ZF V4
EACHT I DIEEEL, TR RERLD B L%
et L CTakAAT b D L HEEE I D, To¥s, fELED
¥ AETHEELT, RECEEShizz 59 HFED
HEAFIERO T E KB LMo # T L Kk

1991

WL Bbhiz, 20O X5 BEDOHLREL D,

& F VA FRERRECEMICRELT do L #ESh

5o

M EDERENL, 279+ ORECES AEOT{LE
FEDBEERDID>ECHED, 2 FVAIFTE 20mm
R TR EHELEAL, BOL2REH S5 v 2 b v A

HERT, IR 20~60 mm W BGR Lc@A T seiiis

2 HNEREE, YT LR AT
HEMBRAZLNS, [IFHR 60~100mm oOEE& T
DOEFEN L VEE S, IR 100mm Ll EcFEELR
{EA T NP RV IR A SRR LI b, 1 7vE
L E LEBAENCBITT S, T, 2F 70 HAR
LTOWkEEHORE IR R B L, BREL L ST
—>+HEE, 7T iEovIaMlrrrF4 v o FRoDA
7F4 7 FERoY AL v A=A Y R ERATL LT
W B AR B T,

BIH & 3

LTI IRE % 7 v AR 20~30 mm L)k
CHETHEVSAMI Z 754 7 VFREBRETES
BEN%E Tk, JIFHRE 100mm Dllciks s @R
PIEBTT5 e LM ETR o, —Ff, Ho i«
wiE (58, 1964), B (FEW, 1973), KR
Bk, 1964) TR NT 2 F VoA 2816 F
HREZE, R ZRIME 250mm Lk, 230 mm
D, 175mm BlEEIRTWE, LT, EWRE
PESRURIREE 2 5 v A O REVRABCE LT 5 A ¥ X
i, BEEEEAREO T L L THLA /N WE &
b d, 1B (1973) &, WEEWE £+ v 4 T
PMEM 230mm %iEL UL TEOTERISO EmR N F
Wt I b A O HTREEELIRL S h e gyl 25 1L
U, fAMTITEE R b REA LT 5 SR
LT\ B, —F, FPETEREERE O AL HEde i
HOLEEL, ZhE KDDL EERE TN LT
KAAL SO EHEINI, Lhi-T, 257 v A0
LT s BT, B sy LT s L TR
D R BRI RO M & B LT X » BE A
a0 ELLRD, 2 FVADL s THEEMROKSE
REIIIPES 40mm (&R 125 mm) i HEgHls
mh (HB5F), ToKEITAERIAERLOX D
N0 B EESOHIIEN L EENCEB LTV b
DEFEZLND, TORMPLTBE, BN X > TR
OEMPRAMCET T KE IBRR L BHEOWT
i1, FEBOEREHBERBS IOCLoEORICED

<
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VTG B R RIS,

2 FUAOMPAERBE LT, IRE L FHEAROK
MBS (Tsuxanara, 1961; K5, 1961), §F, {7
BOSATAERE R, 1965 ; A, 1979, 1981) 7e& '™
WRATHR TV B, FOWMEROEMTELEL
PTETIR Z 8 TS &V 5 Al b AEO T
EFECOWTERT D, — I IIFRINES O FaLE
BHEIIHEEL, FOBAEMERY 75 v 7 b v B
D=7V ANETH D, FEEHENO R Lo THE
BEORGE HETH L5 sd & 2T\ 5 (SHEL-
BOURNE, 1957; Last, 1978), ZiErEm B iR B\
Th g=HFv)YES R Pseudorhombus pentophthalms,
<2} VA Limanda yokohamae, * A % 3 vA Pleuro-
nichthys cornutus, ¥ 5 * Paralichthys olyvaceus, A <
# VA Kareius bicoloratus, > a¥ A Sillago japonica,
7 v XA Acanthopagrus schlegeli, < X4 Pagrus major
O 8EDFATE, REVHOEHENIMEY 7S v 7 b
YRR s -7y v AYETHB (FE, 1981, 1982
a, 1982b, 1984 ; IR - 45K, 1982, 1983a, 1983b; 45
AR FF 1983), —F, FRROMETIE, 257+
HEFEHoRHc s T b B P. parous % Para-
calanus sp. DFEAFELZBEL Ui, LT, x5
v & bl 8 fafEi o U AT 31 5 AR
NERETHE, 27V HIINLORE L D&V B
BEORELTwDb0EHELONS, ZOBAR DT
i, 2FvAROKE &2 1.59~1.88mm (LI - %
&, 1965) THBHOEKL, i 8 BEDOIIDOKE X2
0.61~1.24 mm (B - M, 1954; Mk - BEM, 1964 ;
AR o %4, 1965; FE, 1983) o#ifiThH H, xF vt
Pz hn 8 BEOIIL VAR, LT, HLfF
RO AR LhREL, EPENNECC LEhD &
Exbhn, LR 10mm Kifio 2 57+ R
Wiy, Paracalanus X2 Clausocalanus 250 JEHErE HEH
Thotze, i, IIFIE 10~40mm wE Licx Fv
F OEETEEYNT A. erythraea DHEDBAETH - 1o,
—H, A. erythraea DOWEDFAIIERM, BHBOBENT
i swarm RiC-Sy FEHRTHZEBMO R T W5
(UEDA ot al., 1983), EEAHOHALRIS S 2 77 4 #E
FRIEL LTEMCEE®IT ) EE2bhB 2 L, %
F v |G D FE0EERD A. erythraca DHEDRL
BRBREIN O e el ¥l LT, FIME 10
~40mm D F F VA3 A. erythraea O <y FERFIFAL
TIREZ{T-> CO LRI EEL bR 5, —7,
EREFETERC BT 2 2 F A FRRO S ML 2D

&, ILME 10 mm o 2 F vz REEe (EE
80~120m) o -« BB £ 4L, LR 10~40
mm O & FvAEERRE (EE 30~40m) 0B
BGMLTwD CE6EF28), Lichti->T, Lk
DIDIEF YA FRROTEEAN DL E ED
B, FFUVAFHEROS I A SEW LT, IR
10mm Rifio 2 F v A3 EoF « BECEEEEY
LT, IR 10~40mm wlET5 &, THhET
DEFIEETED SIREOEB~LKFE « REACZ OS54
BAEEL2HLOEHEEZIND, £LTC, B (1977 #
HiET5 L5, A. erythraea OMEORED X 5 7,
WEOERBY RL 2y FREHT B BB OFIEX
2 FUFAOWEDHDIREOERB~OBEH ¥ RT —D2D
FBRERTWHDTHH S5, ks, IIPIE 10~40
mm DX F VAL A erythraea O IFEHEM:EHEO
Paracalanus sp. 2S5 AH 2 7+ 1V HFR Y LB
MEIHEL W2 AL, ZoOKEIDZFUF
SR REAETERIT 5 O TR, BEMTY 4GS
OFLELEADLDS, FEMLEBCHTTCORE VA
HEME b obo LfEINS,

FES5E REVHOREXRL

259 X OFIPPEF R oW, P (1933), K
F (1961), ¥l (1979) @ & 5 RKRI, AHEROTE,
Tsukanara (1961) ic X 5 AT ORAE & SLTR
DWFE, ¥ (1965), HEAR (1979, 1981) & XBIF,
HFROSHOMERER AL, ‘

ARETIE, 2FVFORBPREFOLE LTEDHE
WREOEL, BHE, SBEZOMEE LUCHEIRERT
DTN, AEOFEEBEK GO RAARD,

B1E HEMBEAE

1981457 & 19884E.0D 8 4F Bl 25 RIS TE iRYBIRIC 35 C
fEBA b, WO, MURAE EEHE EMEIC LoTE
#, BEIN 257 Y H115E (£K 5.0~995mm) &
FOIEMEE L,

CRBOREE10% 5 v~ ) VRCEER, TIEk<
wEhiaRk TL, [Tf% AL, @R HL, kiR UJL,
R ED oREX T -1z (Fig. 28), # R O—ERZsHR
HREOBEC A oo B A % R L, DNGERKUS
and UHiEr (1977) R XA HB  BEHE_EHLMEL
Tavior (1967) X5 7 V) v, FEREDPHL
T, TE FHESOHERIT -1,
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TFig. 28. Diagrammatic illustration of the
measuring methods for 7. Iepturus.
TL, total length; AL, anal length;
HL, head length, UJL, upper jaw

length; ED, eye diameter

B28 REVHOIFEEROEL

25 55~65.2mm O xF v ARFRONMRILE Y
Fig. 29 R Lico

Fig. 29. Lateral views of T. lepturus in early
life stage. A, 5.5mm TL; B, 7.4mm
TL; C, 11.lmm TL; D, 147mm
TL; E, 20.7 mm TL; F, 65.2mm TL.
Scales indicate 1 mm.

&R 5.5mm: BRehD LTw5, JEE MBI BA
LT3, g (fin fold) o « [RANCE RO B
TS I LT\ 5, RIS S BR O BRI ETE
T 5, T, Ui BaFRIEET B, BRI
BAEbh5,

&£E T4mm: JIFEYFEREHEE LT 5, SEHAE
T KE L Inb, BRECIIBRERBYREEL V%,
BIEENFRIN T %, PET L {FEEL, E-TF
B NERDERY AL 1D, TIEEETHRT 4 HHRE

DoND, [T LuEs b 3REIHE S h, TR

ILERBIERTH D, WHOWESHBIN TV, &
HEOTERILENF D b BT THET LT 5, 55
A L AT O R 2 A T5 3 AR EhTw3, 3
BOEHERL, B BELHLBELTRCRATH
%, Thb oML, o ER R s
DS EEITR SN B, LD WRIIIIIIE LE
TIZEL T, AERBIEEO XX ThHL, IfIRILE
REoMB%THD, ROFRINIBE LI - 555, Tk
EHic A BN D,

ZK 1l.lmm: 4AXOMEEEHWIBDOOND, B
WEET CIRE LR | BirFERE S h D, ITME LMk
TEEEREOHEDSET LT\ 5, TEERTIMD 3 ML
e B & TR TR 7B o REEILEEED &
¥THD, BEOWESHAS N, BEIRHC 1 B2
HEND, TOBFBREEEN KRS, BERTILEE
Thd, BENMHO | BMOBBIEEIALNE, kg
RGN A BN, WEVESET LTV 5%, R
THLT, MIkERk AT KR B #Y 607l LR iR
B RS T = vAEETHELh W5 (RERER).
LR &R O#50% T, ILMFAOHEMHINELR 2K 7.4
mm OEED LN L Y EF~NBIT T 5, LM & B
Loz g 05 mm DEMY S5, BARMULILE
7.4mm OfEGEEREIHLICALRS,

af 147 mm: YifEEHEC 5 RO bh b,
WA IITMIE B X b #h E THRB I T %, BHfik
D ThE, BEEOHEIIEBOTMEI HT LT
WA MO T E CET LTV 5, BEEBT I g
QPGB LTES, REIEATHD, IFEILSE
BE0#56% TH Y, Mo E £ E [L.lmm
DEEDEN L VY BH~BET 5, L& BiEmE o
O EE 1.l mm oBEOER I VEHL TV
%o BOFRERDW, WEEER, BEEN, L.
TEREWE, lEmesashs,

2k 207 mm: BIEEHETIHRC 3 BAED S5 B,
RLRFHEEC D5, Wi EHBOMRILLI v EHET

T LTS, BETIIROBICE  BREIET IR

BETHLOMRTD, 8 B L SHRRIEZD
FETHD, b THELERTCREREI RS
%o MPIRIIEREDOMS4S TH Y, MO IEHHAET
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&R 4.7 mm OEEOFREIER T, Th XDl
CHDEABLDND, [IFEBBHE T LA SET
HLoehn, BaFZfur4eRk 147 mm oA S BT
SR bid,

45 65.2mm: FEETHEOMIELL TV,
wal, BEEL AWENSET L, WEE SBESEIHEELT
Wh, BT E BT LD BT TEOMEIE
TT5, BERIMETRCRETS2, HicHt < Bk
FETC@EER L, hErfiRieetT5 04 Th
Bo LL, RBHHEL 0 BBREIETHCEETS X
Sl FTFEERL Wy (ERoBmcHE-
THEBIRED K TIBRT AP BMIE < ¥ THRX
L, &5 163.0mm o {EfCiL3T 05 ik 4 2 K&
TR LT NEEAMERIC BT A DR T b ), 4
] b BRI BEF R IR T 5, BHEIRET
FEL DK 0lmm RHTHOKRT, 48, Sl
Tolsv, FITELCERT S, IIFHRIEER D39
% T, IO HENPIERI£E 207 mm ofifkoth
I vaifred s, BOBIRERDY, WHEEDR,
LEEER, TEEAWE, RTE, BReiabhia,

DEWR, RERLOFRCHE SRR OB O
TR T2,

200

100 |- AL
so [

20 +

10 uiL

2]

T T T ITTY

N

MEASUREMENT OF BODY PARTS mm)

o
[9]

0
sty FooY [ A N R L L

5 10 20 50 100 300
TOTAL LENGTH mm
Relationships between total length
and measurement of four body parts
in T. lepturus. AL, anal length; HL,
head length; UJL, upper jaw length;

ED, eye diameter.

Fig. 30.

2k TL w® T 50L& AL, Ak HL, L#HE
UJL, R ED o fRREX Fig. 30 KR Ltk dic
%o FHAMNEECBEGE T r A ) ~R TR Dok
R, ThERDTRRT &5 o BITA L OER
BIERAME b iz,
£k — PR :
TL<9.7 mm
log AL=1.775 log TL—1.049
9.7 mm=TL<17.8 mm
log AL=1.100 log TL —0.382
178 mm<TL<134.2 mm
log AL=0.728 log TL+0.0833 (r=0.998)
TLZ22134.2 mm

(r=0.976)

(r=0.978)

log AL=0.947 log TL—0.383 (r=0.997)
S — AR ¢
TL<6.4mm
log HL=5.268 log TL—4.018 (r=0.810)
6.4 mm=<TL<8.3 mm
log HL=1.856 log TL—1.274 (r=0.970)
8.3 mm=TL<119.9 mm
log HL=0.623 log TL—0.143 (r=0.999)
TLZ=1199 mm
log HL=0.851 log TL—0.614 (r=0.978)
AF— LIRRBIE
TL<6.0 mm
log UJL=6.825 log TL—5.574 (r=0.888)
6.0 mm=TL<9.8 mm
log UJL=1.081 log TL—1.090 (r=0.988)
98 mm<TL<48.9mm
log UJL=0.447 log TL—0.466 (r=0.995)
TL=48.9mm
log UJL=0.917 log TL—1.260 (r=0.996)
& — IREBSGR ¢
TL<7.3 mm
log ED=2.006 log TL—1.939 (r=0.988)
7.3 mm=TL<58.3 mm
log ED=0.436 log TL—0.580 (r=0.991)
TL=>258.3 mm
log ED=0.726 log TL—1.092 (r=0.993)

HEBMNOHSREC ST, BEFToAbhS 4
B3 OB REMREK 0 & {bh Fig. 31 ©F
Lo IIMEIZ4E 9.7mm, 17.8 mm, 134.2 mm
EETaxdb, £ 178mm ¥ CREREYR L
P, 2k 178mm LI ETRSHELYR L, HES
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TL-AL |k=1778 ’ k=1100 ‘ k=0.728 l k=0947
k=5268 - -

TL-HL Tkzu!!ss k=0.623 ‘ k=0,851
k26825 -

TL-UL k=1_oet‘ k=0.447 ‘ k=0917

TL-ED k=2006 k=0.436 k=0726

T 7TTT 2Io ¥ ) 5Iol 1 l1loo 260 i 400
TOTAL LENGTH (mm)

Fig. 31.
(K) in T. lepturus.

E 6.4mm, 8 3mm, 1199mm & REBITLEL L b,
£F 83mm FTCIEHRRE R LY, £K 83mm
U ECRgEEYR L, FHEER4£E 60mm, 9.8
mm, 48.9mm CEERBRFEE B, £ 9.8mm ¥ T
REREER LG, £ 98mm L BT SREY
Rl BERAE 7.3mm, 5383 mm CREREITSY
L, £F 73mm ¥ CHERELYR Lt NLeE 73
mm B ETCREEEYR LI,

Pl ~ie 2 5 7 A O RBEWH O/ HRO HEL
0 5b, MMo%BEESe, BEE Bt HEfomMLRL
LW SRR, S ARRERFRIC A DR D B ORE
ELTHERBEIN T 5 (N, 1963 ; #iil, 1979), %
fo, 27U AEFRTIREES X OB SO B (Blh T
BEh, BEEFRCOE R IR, ThbolEY
LGRS IhD 7 v 2 7 < AR BE Gempylidae
DELCHALNDREFIAOH BRI L X< —FHLT
% (GorsuNova, 1977, 1982; 7§)I|, 1987),

FIEH HHEE HMoRRERE

F & LTEBERCE SV THERE, AfoTRee
PRI ARRT Uiz

(1) ¥#E, £8E BRBOERBGE

BHE, &85 WBEROMBEE LY Table 20,
Figs. 32, 33 &R Lice .
HHE : 2R 63mm OFEFEOFEILE 1 ~H4
HES MO KERRIBBRIN TV, &R OoMEmE &
L S E OTBBILETRRD b 5 I 1 5 - THERT
L, MHA»LOERL 25 iy, KFEMHTOR
BT DI DA\ CHTT 5, 2R
104 mm OEETIRMEOEHITBR Ih, - hiek
WT T lDRBHEITERINT D, £ROMME LB
RO RBEe T GETL, Hhmhborh
REB LI, KR TR ETHS 0 /LB 2 &7
L, BB chieitl, £k 104mm hHeR 267

Growth inflexions of four body parts and growth coefficients
Abbribiations are the same in Fig. 30.

200

1 1

l
-

3

NUMBER OF VERTEBRAE
o
=

oL
Lt

0

1 1 ]

20 40 60 80 100

TOTAL LENGTH (mm)

Fig. 32. Relationships between total length
and number of vertebrae in 7.
lepturus, Arrow indicates the size of
attaining the number of vertebrae
constant.

mm ¥ Tk &R OWINCH T2 RO Bosls | ©

PEVY, £F 26.3mm HHLE 57.0mm i T
DEFUILIET & WU TET 3% (Fig. 32), £& 57.0
mm 78 b L FHEFOERIET T 5, FHEEOEK
13.39~41+128~133=168~173TH %,

WhE : &R 50mm OEFTCIIITFBIREBR THS .
&k 5.6mm OEETIIE | FHEHOBRNZ D b h
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Table 20. Developmants of vertebrae, fin rays and branchiostegals in

T. lepturus.
IEI?;‘}I] . Fin rays " Branchio-
(mm) Vertebrae Dorsal Pectoral Pelvic Anal Caudal stegal rays
5.0 0 0 0 0 0 0 0
5.6 0 I, 0 0 0 0 0 0
6.3 0 m, 5 0 0 0 0 6
7.2 0 m, 11 0 0 0 0 -
7.4 - - 2 - - - -
7.8 0 m, 27 4 0 0 0 7
9.0 - - 5 - - -
10. 4 46 m, 53 10 0 I, 6 0 7
1.1 - - i1 - - -
16.9 70 I, 87 11 0 I, 46 0 7
26.0 143 o, 109 11 0 I, 70 0 7
26.7 152 I, 108 i1 0 I, 73 0 7
51.0 160 1, 125 11 0 1, 93 0 7
57.0 169 1, 133 11 0 1,105 0 7
57.5 ~ - - - - 0 -
58.7 171 1, 135 11 0 1,108 4 7
64.0 171 I, 135 11 0 I,108 4 7
76.6 169 I, 136 11 0 1,106 4 7
94.6 170 M, 135 11 0 1,108 4 7
116.7 171 I, 135 Il 0 1,107 4 7
125. 4 170 m, 132 11 0 1,105 4 7
164.0 170 m, 135 11 0 1,106 4 7
214.0 170 I, 131 11 0 1,105 4 7
265.0 - - - - - 4 -
285.0 168 I, 131 11 0 [,105 4 7
305.0 171 I, 132 11 0 1,104 9 7
371.0 173 [, 131 11 0 1,106 () 7
406. 0 - - ~ - - € -
592.0 - - - - - 0) -

b, 2F 6.3mm OFEAETIT 3 ML BRESTK & T
W, BREUBRBRFTOMELTIIER D& HEE L T
—DDBENEREN T ERALBER A DN D
(Fig. 34), B&x 08, L v, PifuiseRk 63
mm TERED, 2ROWINE & B AR
LB AT TR I R, LokiyEd, 2K 56
mm 2 b4E 2660mm ¥ CIReEOHE MR T 5 %
BRBEROMMOE S & WA, 28 26.0mm 25
28 57.0mm Tk DT e s L TE T3
% (Fig. 33), £ 57.0mm 2ics & H BT
(I, 131~136) wET 5, HREMATRGCLER R

b (Fig. 35), ZofFiiseRk 94.6mm OEET
B LB, £F 1167 mm OffEk Tk ELLT
VWho

[o%s : 2K 74 mm KoM Tl Bk chd
5o &K 74mm, 7.8mm, 9.0mm, 104 mm O{E4E
TRERLhigEc 2, 4, 5, 0KELATBR IR T
Who & 11l mm OO g ik 11 BEPR 2
, MSEREABUIBECET 5, WEHRET BHE» D
TR A TR T L, o, SR Lisv,

JE8E : TRTOWEMBCHEEBOT LB D bhi
Vo JER R XU E RS FED B,
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Fig. 33. Relationships between total length and number of fin rays in
T. lepturus. Arrows indicate the size of attainning the number
of each fin ray constant. D, Dorsal fin; A, Anal fin; P, Pectoral
fin; C, Caudal fin :

Fig. 34.

Process of dorsal softrays formation
in T. lepturus (6.3mm TL). Scale
indicates 0.1 mm.

Fig. 35.

Dorsal fin spines of T. lepturus (7.8
mm TL) with lst to 3rd serrated.
Scale indicates 0.1 mm.

B &k 104mm o EETIL LB 6 BREVHHI
nTW5b, BEREIIFEOER & R IE OBREN
BEELT—ROBREL Lot db D THD, T OWKEKILS
M, S Licwv, HEteE 104mm TERERD,
EROEME & HRKFMEERCHT TR A ET
L, ZOo¥*HET, £F 104mm 55 26.7mm FT
REROEINCHT 5 BHEELEOBM OB &R E W
M, & 26.7mm b £E 57.0mm ZhToER
REIBREE LU CTETT % (Fig. 33), ££ 57.0mm
TEEEEATER (1, 104~108) w5, BiEMC
QEHERE ARRCER A BB I h s (Fig. 36), £E
104 mm OEE TR EHERCI SR BD L,
£k 1.l mm OEFTREERCEERALNS, &
& 169 mm OEE TIXHEON « BECER L L B R
% o&F 76.6 mm DOEMETITIEBEOERIZE £ L,
BRTH O F BB LTy 5, 28 116.7mm o o
TIHATEOER D MEET 5,

B TRE R IV BEOUEBRE Y Fig. 37 i
Lz, && 104mm RO MG TEFRERCESY
BED LIV, 25 104mm OEE T ERESC
TEE 1 Ih5, £ 260mm ofETIITRE
B1RIDREHCMET S, &8 293mm OEET
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Serration and reduction of the first
spine of anal fin in 7. lepturus. A,
104mm TL; B, l1.l mm TL; C, 16.7
mm TL; D, 57.0 mm TL; E, 76.6 mm
TL; F, 116.7 mm TL. Scales indicate
0.1 mm.

Fig. 36.

RTEFICNZ CERTACTRE 2R3N,
&R 472mm OEETETEE L, 21EEL, BX
Thy, ¥, MALETEEL, 20HFEHRLHEELT
FHe b HETs, £F 104mm 7 47.2mm Off
BCRFRERO EREED bt v, 2Kk 57.0mm
OEGTILEREREI RSN, BELETRE L,
2R EBRIBATS, £K 58.2mm OEME T 4 ks
DRENAVERSh, BHESIERCETD, BEKkE
RN BE L EHTEOXTHE, Sl &8
371.0 mm oEGE TR EBHEkEO MR, BEGLITER
1, 20BAMAHZLND, && 500mm Ll EOXKE
BETLVEELETREL, 2:BEHRE R HE L
o 727, Thbo AREG TR BERSGO IR E it
FTRUARBPLCE D, TREL, 23FRENALEHL
TWEBEPDEL Zbhb, fuk, £& 50mm Ll ki
o THTRERLE LRV, REBKEOLIMITRE
LERRYEY (Fig. 38),

HR4E : &K 5.6 mm o AE TR BEEIL KRBT
HB, £F 63mm OEFETIL 6 /O MBEEV TR X
RT\3%, 2 78mm OFEMETIE 7 Mo BEETNE

Fig. 37. Development of hypurals and caudal
fin formation in 7. lepturus. A, 10.4
mm TL; B, 26.0mm TL; C, 29.3 mm
TL; D,47.2mm TL; E, 58.7 mm TL;
F, 371.0mm TL; HI, Hypural 1; H2,

Hypural 2. Scales indicate 0.1 mm.

Fig. 38. Lateral view of the caudal fin rays
and hypural in 7. lepturus (116.7 mm
TL). Scale indicates 0.1 mm.
BRah, BEFBIZOXETITER LD,
(2) TRERSH - BEOER
BIAEEEE AR, IRE L&
Figs. 39~41 o3 Lice
M B - &8 6.3 mm O 4 T FiiEEs
"R A BATR SN T 5, £ROMINE & LI FIEE
EBWoO BT ML, £F 7.8mm, 88mm, 119
mm OEEETECRLIIH 68 8WE x5,
Zh O OGRS bR, £F 169mm o
A TR TR 2 R L, £& 200mm

7 AT B 11 R &
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Development and reduction of preo-
percle spines in T. lepturus. A, 6.3
mm, TL; B, 7.8 mm TL; C, 8.8 mm
TL; D, 119mm TL; E, 16.9mm
TL; ¥, 20.0mm TL. Scales indicate
0.1 mm.

Fig. 39.

L ko AT ot s (Fig. 39),

Mg bEam : 4 6.7 mm o & TR BT B
BRDLRIEV, 25 78mm, 104 mm OfEE TR
w RN 4 RS bR, &K 16.0mm OfEEk
TRZOMRL6ME D bR b, £ 187 mm, 29.3

N
N
—

Fig. 40. Development and reduction of upper
ridge spines of left orbital in T.

lepturus. A, 7.8 mm TL; B, 16.0mm
TL; C,180mm TL. Scales indicate
0.5 mm.

mm OEE TR ONEOBAEA L, F o ik 25
b, &K 47.2mm OEE CRBRE GO /NRIIE
WERETOATHD, £K 57.0mm DEETIIZ D
BuTLET S (Fig. 40),

BEEH: £58 104mm OEETIRREN BT
2B LD, £E 160mm, 18.7mm ofFEET
oo WA 3EES NS, 2K 20.0mm, 29.0mm,
472 mm OEE T BRI 2 e BT B, £F 570
mm OEETREZNGOMIEEN &Lt h, 2K
76.0mm OEE TR oTE% TS (Fig. 41),

L4

Fig. 41. Development and reduction of front

ridge spines of left orbital in T.
lepturus. A, 10.4mm TL; B, 16.0 mm
TL; G, 200 mm TL. Scales indicate
0.1 mm.

LA  LHAEERE £ R 1388mm ML
OEECREOHEN A D S h s %, £F 1285 mm
LUF o fE{E TIRE oBULRD B iviot

(3) HEEFLOER

FAEILOMEES Fig. 42 15 Uiz, &£ 56mm o

B CREEAOEHILED b ity £E 88mm

Fig. 42. Development and reduction of a pair
of parietal foramen in T. lepturus.
A,88mm TL; B,51.0mm TL; PAF,
parietal foramen. Scales indicate 0.5

min.
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Fig. 43.

Development of lateral line tube of left side (7. lepturus).

Cc

A, cross

section; B, lateral view; C, dorsal view; a, 4l.7mm TL; b, 89.5 mm

TL; ¢, 297.0 mm TL.

DG IS & FERH B ECEET 2 1 doBHELD
HREEDOIDL, 25 51.0mm OfEECIELE-EE
DIFHEAEB A, BEEALOKH NI th, 2R
726 mm OEETIXREELIFEVES CEE bR
T b, £F 77.7mm [l o B4k Cri B /bErt
7L, BRI TER V., ik, BELVWTho
MR B\ T RTEBFLOBRIEZED il

(4) [EigEOFRBE

EARMILPTE LR o g o MR B % Fig. 43
R L, &8 293 mm OEFETIRESIIRBETH
B0 &K 417 mm OFEECIABEIHE IR TV 5,
PSR RS LR E TS T 5, AIRRE RN
EIFRTH B, FRRECIIE & 8T 5 flohdusst
S FPRD 1 3B b, BEREEEFIROBAL 2
hn (Fig. 43-2), 25 895 mm OEKOMEE I
LIROPREEOFPRD A ERIRE I b, FOE
IR R 5, ¥, SmHo¥HEBARA TS
BIREY, BARRII=ARIRE B, —F, Y
D & Uit WA E O LR b HRBER [ T
BROBOCEANRLZLNS, ZOWREBAOHRIE X
UHBEHOE T RS 1B AL R B, Thb oD
ireepd T HeERT: (&RoEME b
LOFOBFOIE LMD THEL X515 ),
R OB RERH % 2T 5 (Fig. 43-b), &E
294.5 mm OEEO QKRS IR & ET 5 Mo Hifc
HHBEAROARDE L, ZABROIASE - T B,
—7H, BREELBRGAOBREATIH LSO THE
L, 2lof X THERERTS, ZhbofcilEEs
FIET B, Qg oMARERARE2T 5, 28
2947 mm OEGEO QRGO E DO TH &M
%%

Scales indicate 0.1 mm.

(5) BEROFERKBE

SR, MREASE, @, PEEWOHELERE R Table
21, Figs. 44~47 1255 Liz, :

SHH  &F 5.6mm o K T k- FHE LEED
HRIRD bty 28 63mm o @& Tt LT
MmN RS RD bR G, 2Kk 229 mm ©
{8k Crz E - THEHOEM 47.2 mm o {EE T FEE5E0
3R, THEMC 2 RKOMAKIL LRkt b
5o &R 1254 mm OEF T L - FHEER O MK
Lo RER D LML & R0 i E % 4o X 5
wirs (Fig. 44),

———

Fig. 44. Development of jaw teeth in 7.
lepturus. A, 6.3 mm TL; B, 22.9mm
TL; G, 472mm TL; D, 1254mm
TL. Scales indicate 1 mm.
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Table 21. Developments of jaw teeth, upper and lower pharyngeal, vomer
and palatine teeth in 7. lepturus.

Total Jaw teeth
length (tips of upper
(mm) and lower jaws)

Upper and lower

pharyngeal teeth Vomer teeth Palatine teeth

5.6 Absent Absent Absent Absent
6.3 Present Present Absent "
6.7 ! “ Present \
‘ [
|
(Denticle) ‘

: i

: » (Canine-like
20.0 Present ; teeth) Absent
22.9 Present | Present

| ‘, =
! ‘ |

51.0 (Canine-like

o Present :
(Canine-like i
57.0 teeth) teeth) Absent i
| | |
116.7 Present f | (Canine-like
125, 4 Present | j teeth)
'} (Reduction) !
i [ |
(Hooked canine- ; \‘ |
like teeth) | i
| i 1
| l .
995. 0 Present Present Absent Present

L« TEEEH - £F 5.6 mm o {Efk 12 k- FHEE
BB D bR, 2Kk 6.3mm L oM T X%
®Ro k- THFEROBESEDBhS (Fig. 45),

Fig. 46. Ventral view of vomer teeth in 7.
lepturus (18.7mm TL). Scale indi-
cates 0.1 mm.

Fig. 45. Upper and lower pharyngeal teeth

(left 51d§) 1.n AT. leptures  (20.0 mm b bR, 2F 229mm Ll EoEE TR AR
TL). Scale indicates 0.1 mm.

OEREIEE IS (Fig. 47),
gy 0 &R 56 mm OEE TSI D b

flvo £F 67mm oEE TN, 28 78~200 /"”“_:—“
mm OEETIE 3%, £ 22.9~51.0mm oOfEfTCr - .

. L
AROREROBEEIHREN T B, LL, 2F 3
57.0mm L EO@ETIEERILEE TS (Fig. 46), Fig. 47. Palatine teeth in 7. lepturus (51.0 mm
NEEN : £5 200mm RKiGOMAE T oZEEiL TL). Scale indicates 0.5 mm.

— 45 —
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(B) BB OREREE
BECHD 259+ DS O T BE (L Fig. 48
iR LT, &% 5.8mm DM & 72 JigE & ek % 2
FIRTHY, HREMITVEELBNRD, oK
TIHEEIEEL, BEBLRroBribhs LU
NeXoTKANTE %, 2K 6.lmm @A TIRE
BESOBRL, BREERTHCERTS, 2K 7.2
mm OEFETCIIEEEFLIbME T 5, BEN
L, BhRRBLmAENEnTs, 2K 185mm o
BECIEEETIZ L SR L, ToBMIIIFE £
WREETS, BREHOTEsEHB e rF T T
HECHFIEO TR B A s, MMIERXETEK9
fH, ETECI3E, AF2EERIshv%, £5& 613
mm OEACITEEFESIIPE L ET 5, S
R L, ERlclofd, AAk13E, SFsEEREh
T2, HbEoBEIREO T EREAEE D,

Fig. 48. Development of digestive tract in 7.

lepturus. A, 58mm TL; B, 6.l mm
TL; G, 7.2mm TL; D, 185 mm TL;
E, 61.3mm TL; I, intestine; PC,
pyloriccaecum; S, stomach. Scales
indicate 1 mm.

Bam & 2

REEXIDH 277D R, £F 20mm ¥E TR
THRBEEXDO X b0 Bhs A, zhd LiE
5L LTHEAL, ZoBBBIHBLEVWEZ3h Ty
5 (P, 1933 ;45 F, 1963 ;B - %4, 1965; 3%
& - P, 1986), L, 25 7+0REIIEE 587
mm O/NEUE fh B4R 500mm LA ko KHEE E©
EOWEIAER I, REACE-THBBIIHEETSC

TR, Tk, 2 F 7 A0 BBIIRBMER, b
RRHTHORTH D, FOKREEHBHE L THOH
&, FRERE Vo BERKOMEBRE Lo E# X
BIB, i, AEAREECIIERBREO X
TRTHERBTHRABRE Abhic, EHx a7+
BREYIEATHEL, ToRMOTEYEHE LK
2 F v ALY KEECAT T e[ &5 X5
Wk (LBkE) THZERHEL TS, 2nXdh
BERGALHHAM LT 25 v+ KEE GO BBO—IE
TRTNTUBRETLEANEL Zbhiz &k Bdo
X5 TelER A TENC R LT b LR WD, BPEHE
IR IS 5 2 7 v AR BEBEEMEC S/ LT
% GE6EF L), LichioT, BEYECE XT5
L5tk ¥ T 5 AEOWHATENE, AR YRER T
CEMT BT 0fTE) & RS h, B —REoEw
vV —DREE I LT ADTHS D,

R F I ADRGRCONTIL, ThETCREDHED
PRI TR Ty, £ 2T, AETHLM
Licx F o4 DREETHIL PO E UeBREE bic Sy
TAMED BRI G R HETT5,

BHORETEER S OWTILERN D X Xk ik
2R E X L (Husss, 1943: SerrE, 1943; HH .
EEE, 1958 ; NAkarn, 1962; Nimxorski, 1963; 37,
1970), ¥ » BRI (1971) I X T Zhb o Hitsd
BT Twb, i, il (1979) 1IFHEAO TR
MESED B LVEEROWTE LIRS T
WG R R & & UTHRRRO ERBEY RERMEX
SO L T5%% 7 (MosER and AHLsTROM, 1970;
MOSER ¢t al., 1977; KENDAL et al., 1984) i B LC
W,

ZFIAOEEREXKSTHEHI-- T, KFEOL
IS BERRMS EE L& 2 A0, KPRl
W RS (1971) ORERMEXSICE Ulc, RIS
RO HELEREREX S & 0B R % Fig. 49 R
Lico ARMD, 2F7+OREEMIILTD X 5K
=Y B

bF Esgg

TR OLSEETCOMM LI E U, I
Nakar (1962) w# UTE bic A, Bl XU
D 3 FEEICXS LI,

AR RS B IR MBS E T oM,

B Allo#s b RBEOEMIINE LD &

TOREHE,
CHl : BEADKHS B &1k E T iR,
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| Juvenile

Stage Egg | Prelarva | Postiarva
items™~ ABC[ Pr1  Pr2| Pol 1 Po2 P03 | 31

Young |immat mature

1 12

Total length (mm) 50 56 GP 6].3 2]0

e

11|7 163 300 865 (650)
I3 i1

4

= i t f T

Anali length (mm) - - 21 23 11
Blastphore closure t o : : :
Separation of tail bud t

from yolk :
Hatch out
Mouth open
Eye ball melanization
Air bladder

Yolk absorption
Oil globle absorption |[--------- Sermaesannaes FREEEET 1
Body surface guanlzation : : :

|
Relative growth Inflexion

Vertebrae formation
Fin formation
Pectoral fin
Dorsal fin
Anal fin
Caudal fin
Serration of spins

T
24

T 4 T T
39 52 92 250 (191)

Dorsal spins
Anal spin
Hypural formation

Branchiostegals formation
Preopercle spins formation
Spins of upper ridge of orbit
Spins of front ridge of orbit
Parletal foramina |
Supraoccipital keel formation
Lateral line formation

Teeth

Pharyngeal teeth
Vomer teeth

Palatine teeth

Allmentary canal formation

Stomach [ |

intestine l oy
Development of blind sac : ;
Tortion of intestine : : 4

Pyrolic caeca

Fig. 499. Morphological changes of 7. lepturus in corresponding to developmental
stages. Shaded parts indicate the differentiation of items. D, denticle;
C, canine-like teeth; HC, hooked canine-like teeth. Arrows indicate the
size and range of size of morphological changes occurred. Numerals in
parentheses indicate the minimum size of mature fish.

Bl Prelarva (TL 5.0~6.0mm)
St BRI A sE 4 RIS b F T JA & 3
fFEIE L, sbkrohy Pr 1, Pr 2o 2%

B X S Lo
Pr 1#f: st Bl ETolfiis]l (TL 5.0~55
mm ),

Pr

240

Pro1 o 440 b BNE A A TR S
NHETOME (TL 55~6.0mm),
Z O REEOTME A E S 1,
EHBRBIRR ISR BT 5 (TL 5.6
mm), ¥7, BB Bl @y )
RER, EATHHELE S BRI D
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(TL 5.8mm), L, L%E, BEx
MR E LN ERERY T T,

#MfFE Postlarva (TL 6.0~59mm)

AR, AEEEESETT5 2 To LR
WFRHEL, &biczhk Po 1B Po 2fikX
U Po 3JH0 3 REMCKS LTz,

Po [H#§:

Po 2J:

HEBAE, WY ELCMIREND &
ToOR (TL 6.0~6.3mm), =il
Mk B EBGOMESBEKE & h (TL
6.1 mm), L« FHED/IRERE, -
TUREEY, FIMREFTROME LT,
FREOWEOMEMBAE (Whd TL
6.3mm) OFEEINE TS, IR,
AR, LR, BRE DHEMRRTER
E&RL, 2F 60mm & EFHE O K
REFIRDOND,

Po 1 {io#&iin sk« FHEERC K
RSB Eh5 £ To i (TL 6.3
~23mm), O IR EE O
(TL 6.7mm), B0/ (TL 7.2
mm), OB (TL 7.4mm),
RE Lo R, BEEOBKET
(TL 7.8mm), BEEFLOE, (TL 88
mm), [RERTEROTK, BiEOED
1R, B, TREOHEEE CGThi
TL 104 mm), kD 77 = vEEH
B, MgEOTERSET, WO MREILR
(3 d TL 1l mm), MEFIEO R
(TL 185 mm), F@EEMOME (TL
200mm), NEEY, k- FTHEEMD
RupRETEE (TL 229 mm) 20 PRE
ENE LD, i, FIEORERT
1314E 9.7mm, 178 mm @b Hh,
PFEOZNILAEE 64mm & 8.3 mm,
EEEOFIAR 98mm, RE0%
WIEE 73mm DL DL, Zh
LORERBIEEE LT, SHEREER
ITFE CIREBRED S EERE, &b
CHEEN, BETRELVERE,®D
BRE~, EbEHHE~, EERTIX
IFEREN LE LWEREN, BET
HERENHELVSRENE TR TH
EiLT5, b, aRkoinckds
BTHEER, B LB BERONME

IRFEER (Po 3HA) LHBELTHL
{EV

Po 3}i1: Po 2ok bEBHESETE To
ik (TL 23~59mm), = oEECIT
WO (TL 41.7 mm), GEHoM
% (TL 51.0mm), §RHES Lok,
TS, B BHoWBHRET (TL
57.0mm) FD MR 4L Uh, %
7o, L3RR o BERIN LK 489 mm
&, REoZhII2E 583 mm D
bh, SREENLXEL Lo Lhif
HERIELCEHERLDEEREAEE
T %, AR, EROENCT5H
HEBH, LB BRBOBINER
MIRBM (Po 28D & HBLCETT
%,

#f  Juvenile (TL 59~163 mm)
BEBO AP BRI E LTS, TNT OBk %
DETFREE (o nfkFegd) 35 Fcol
flxeERIAE L, aorohe2 J 18, J2lo2%
B Ka L,
J 1 B0 EEEERcE Licts, Biio
SEHAEST S E T o MR (TL 59~117
mm), ZOMEEC I B e IIE L
ZEL (TL 61.3 mm), REHTEREOM K
(TL 75.0mm), SHIEAOW% (TL 76.6
mm) FEOWPREEIE LS,

J 28 J 1 o T N T OBy BT
CHR (RO AEROER) T5FT
DR (TL 117~163 mm), = XK
Lk TEEALSO KRB VL D iy
Weich (TL 125.4mm), EHFABEE
AgEE 5 (TL 138.8mm), ¥,
EOREFEH 12 £FE 1199 mm ©, I/
BoXThiisk 1342mm @b o5h 5,
Zh b OREE BT SR EE 0 MR
HHEPDERRCESE, [IFROTH
EHERED S BESRENEELTS,

#f Young (TL 163~300mm)

R G EROREEYF LR, MRS pRE L
7% ECOMMEERINE Lz,

K HE Immature [TL 300~ (650%~865%* )mm

BRI R ERFEE LB, R RE
B KRR E L,
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Stage Egg | Prelarva | Postiarva [ Juvenile-
ltems~ |mBCIPri.prol Pal 1 Po2 . Padl it ,la] Youns | immature | Mature
Total length{(m m) 50 56 60 63 2 59 17 183 300 865 (650)
¥ T 1 ¥
Anal length (m m) " 25 23 11 24 39 52 92 250 (191)
Life cycle Feleding : :
: . Wintering :
. Feeding
: ; : : : Spawning
: ; : : : : . Feeding
Behavior Drifting A : : : : : Wintering
. B . L Increase of swimming ability : S
Schooling N
Distributlon Mlddle and bottom layers of offshqge__gp_ters :
_B_g_tgggn layer of inshore waters
: : : B_qgtgm layer of deep_er Inshore waters
o ‘Migration _
Food Pelaglc Cogegoda . '
. Eplbenthlc Cogegoda H
Pisces and Misidacea :
' . : Pisces
Sampling and ; : : : :
fishing Larva net : : : : :
""" Beach seine and beam traw! ' :
o . : Set net
: : Longline
d : 4 : Purse seine
i . Danish seine
: ; : Trolling

Fig. 50. Ecological changes of 7. lepturus in corresponding to developmental
stages. A, B, G, Prl, Pr2, Pol, Po2, Po3, Jl and J2 indicate the
substages in the developmental stages. Numerals in parentheses
indicate the minimum size of mature fish.

Bt Adult {TL (650%~865** )mm~)
ATHRET A b, EEINCBES-T 5 ERpE R B A &

oo

BEOWE, GEOBTEBIITIIZE AL Hs T £
LD, RO BRI LR i5%
D, BROZTHCRLABENRSVEIh TS (K
H, 1966) £Z T, L@~z s 404 %H B
s X OB 51T 5 THRBEE L & KBTI B AW L
AREMZELE BB O TREMT A (Fig. 50),

OR3A, BRI

DA B B2 bRD N X H 3 AT
5o A+ B« CHIIRE bihaoh - BB EELTE
D, BWWESE-BreofLTv5,

TR I & R 8l b5z & v deiir

* BB R
RS OEELRIT 5 2R

LD REETT B, MHFREIIE R, a0 -
BT ANE Y %o T b, Pr 2 ilic iz Baskian
RELUCEBENBE D, ¥, Zoflickids L5
EOMRBENE LBRELRTC EhbB bk
S OBOREIERL, BLBAIT S, 2hb0
W R EE AL SR B 52 B hie & DB FIF
3% BB AR BEHT. I o T ot BB~ Rl
EEZbID, ¥h, Pr 2 HIERHET B, O
TBAE RO I 4 5 BN DE T AR SO EE2 b
L, 2o Bl LA RO RIS X o TREIEROT
b s BE~OBITOMMEEL bND, LkhoT, -~
Pr 2 M EBREBIAE, D 52 bhi b0k FIET5
BYBn> B 4+ R BBENC & o TIT ot B B~ T35 7=
DO L HET B Z EpiTE S,

ey ilsgehl

Po 1 MifFfzZE LT & « B CIEwEE Y
BEoTbe Po | ICIRIBEABIIAS b, 1R
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B En@Em e - Tob, BHEBAT R L THER
PHBROFEENALRD, L L, FREERIER
LTEDH, CoZREHE Nkosku (1963) O~ 5 R4
SIS T 5, Licai-T, Po 1HE,1BEX
DSy R 5 Brfn & AN X 5 4 iEN o B
HAOBITIRRIEHET S 2 LN TES, BEOITEEY
T B2 SRS R R B L
PRI S R S h, Fo—2 L LTHEEO M5
H#ridd s h s (WHE, 19373, 1937b), 2 F 74T
WL Po | M @B EEAEN S h 5, oLt
CLBER D RO 4 5 RO IFIET 24 5 B
ThoLHEIND,

Po 2 HiFBIIIREGOF « IRECG Tl L iRROEE
EhHMTs LoD, Po 2 MHCIIMERD BILAHE
B, SEREPUIEE A B oo SR G i
B) Rk T5, ZoBEMCIERLHELBRNIS
CHREL, BREOEDS WEOHBRETERALH
B, ¥, ZoORFMCIIFAo%E, HIE . EEL
B WAL B+ ~TEENET L, 25704
EROFTE o & bR LPBEIBD bh b, Po
2 i il B R L, WMIIEAE RS, i
(1975) BB DM LAROFEENE T L WIE7e R
2H Y, EoMMELMIECERHA~OBTIHC
BZBELTWS, —F, Po 2Hiicki) 5 FRREBE
HhE HEHBEAROERIAT AR E V2, Po
3o & ZDWMBIET T2, ZOHEL Po 2
s, EE, o b R EN I BREY B X
HTEERLT NS, LedisT, Po 2 W fEmAl~
DOEEWN BT R I D,

Po 3fiFfani T RO KBS HT5 Lo h,
PR BRI A2 T < IR M b e e A - T
BXORRD, COEEIMTIILHEE, 5 BEow
AT T5, ARBUOFRITHERS v P TlXHE D
BEIIEL D ETHMNG, hish Ok % EE
LTuwa e hs, L L, fiflillEcasns
ERME E B LTV v, —H, Po 3Hlcii4R
ERTHIROHMNBRENEREEZTRT Lo, X
FEFoMENLLN, BEO Y XV ETT S,
TDLHKE, BFVHFRIEEO Y A R ST
LI T o £ By N E ToOTHEDOH « KB B

RREBEOIXBCBE LS, AF0 ) AR, » .

F AT e RIEY I EOEBI LB BT X el
TN BB E R R, TORE E L TR I -
TolEEENRTVS R, 1963), Zfho, 2F 48

AR AR LW B0, 8% L L 2RBCER
PHEEICBE - TkKicdbntE LR T W5 (HH,
1933), “D X5, Po 3EHFRIC AL LS HRER, 4
REFZE AR (1963), MM (1933) o#EEE L%
BEFRLTED, 259+ TCHBGREREOFR - O%H
EDOBENFREN L b0 LM I D, Doz &
75, Po 3flRfRAM~OBOULBATEEN, OR
HII AR O BHE O TR B BRI T 5 &
R L -THELD LHEIRS,

skl

R~ DOBITIX, MEMCISBERI EELTD
BRCELCRHE RTINS, BT AEED
FERERE LT X bR il & a3 5 R
W p, HEEMC s & xF oA BEEF o+ ORFH
T E ST REIRT, HMRECHETHREIND X
SWieB T OFRFRLMRLD x v A X—EOHEKN
M ARE ST EXRLT B, b, HMBMT
BEBRAEHEEI REINRL 2D, 25 v ARH#
B AL EBAERT AL 5 cksd 0 L fEE S h
Bo ¥t J 1Mo R COIEESEHEE h 5 754
Ty s AT E T S ENREREEYE o TS,
o kA, MENo 2y XX ViR IR MR
MoOEEYE AL T D, fEyoms» s bR
72 EERAPEINT B Z ENEMT HRE, T, &
W75 v - it BEEVCEERCET T A
REHBIE, —F, J 2tk « TR KEk
WL D&Y R R & RROT L e b, ko FHlk
ORI VEDLN, LVEHROREEREVOIED A
HELT, BREOEANMED, T, 2REHTS
WP E O FREE T FREI HRESHE L5, 20
T EREMO ) AR EOBITSAEIE L e & & B B
L, #AREEO%ET (Po 28D wiiTH#T Licx
F oA EEOREN ] 2 e T T35 LExbh5,

ERi
ERINNOBTORC I BEELESE TCEEL

FERTEEBEAFORMERT I OTiRs, R
TEAENILIEE D, OB BINC LN R
B BN X W IERAN L OTIREBE S RIED 5,
KL

RERAIENC 102 & 2 5 7 AR BRI SHED X
DERAE SR BH R, & LTEERTRES
NhHo REMCIRBE R E 0D, BERRAEN L
D, FELTHE 754 7 >R INS, KA
BITT5 & LD fiRErRAR, ThbbREOHFE

._.50 _
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T3 2 Al SO ME, S TEICHL X okied, £
¥ AR IEN BB Tl Lk E) T207T, ZoBED
FEETS 2 fiAxa C ki h, §iHOEDRY
K, Ko {tr BT s LT & b, Lichs
T, REOHEIET S 2 fLrMRE o WE A & T HE <
YB3 n s bit, 2FvAINEEOIEL RSy LT
ik Grbik®) +5 & LT 5 BE B REELT
BHHELHEEIND,

B

R OREE &SI BMEBTT 5, Tikbb,
NPT | BRO—E0, WHEET | RoXES
PREH~BTL, 2MATIHMRE & T TofEfk
PR BM~BITT 5,

Pt X 5 RE, MRS L b o MREIE#EE
(LR MR RED B LCE SO THRE L2 F VA DORE
B, BEMIOKSE, ToERIESLE ISRHEL
TuAg

B6E 9% -BH

A F o ADORH  BEICOWTORRE, Hy 7Y
FOCIThR TR D, £& LTHRERTER O @
SWTWB (S 1955, 1961, 1964 ; [@H, 1957 ; A
s, 1960 ; (LF, 1964 ; B E « &, 1965)s —
P pee L AR Y g (M E » K8, 197D),
Y (A, 1982), HzygFpims (g
i & = v A LREPTEF — 2, 1988) T Tl b,

FETILL 574 OREEMIKGIEDT, %F
BHER S L Ao S i - B RE Lic

BEH HEMELAE

198348 5 A 2B 9 Ao Fig. 51 iR L7 St 1
~11 cEA | moREEY e IpEFO &8 Rk
(B4 | H52) % £ L% (Table 22), JELAE
RN L T10% K+ v ) YR X o TREES R
foth, ERETrF o4O L RO B AT
Foo BRI R B ANCIN BT R 1, HESL
T 4E TL LIIPE AL ZREIhi, EBAcH
2o, CTD %% ST £ —x % AVTEER
DEBHLEBETONKE, BHYRE L, i, 19
8345 BB 1LFK AT, Fig. 51 Rz St 1~9
TiEH 1 BloERREE (BRE 1 EDD) RFERL
7o (Table 23), $R4 L& BHIM £ TL0%HEAK R
<V VR TEEINE, ERETrrv4 Lo AR
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Fig. 51. 7. lepturus sampling sites (solid circles

with station number) of multilayer
horizontal tows of larva net in the
western Wakasa Bay from May to
September in 1983.

L OFERM TN, BRI i 2 FvA4 k2K TL
LIIFE AL PAEEI i, BT, FHBrESiEg
THEEX W AR 7K (198148 6 A ~1983412H)
L EEgE2] r it (1981456 A~19824E12H) WG &L
T, 2+ v ADORBERROBER LUCRESINcx+
+ DOITFIR BTS2 i L,

198248 5 A5 9 Bie i TE ST SRR 1T 5
MRS E YRS & LT, BERGT X 5 BEM
8, FEROWELER LI, ¥, 198555 Anb 6
Biemd TEEE O R S 2 F o+ EELER O
ENBRER LORBBCR T g oML, AR
o3 Gl oFAA TR Lic, 19854 6 Hic BEEE nitic
BUWTRED A8 T OVERC X% & 7 v + 8
B IXORBRAEC L 2 B RoOMEYER L,

B2E BN FROSH

(1) BIDKTE - HESH
19834 5 Am b 9 Bierld T4 BRFEREN D



EPETEREENC BT B 2 F 7 4 DI E AW

Table 22. Details of 7. lepturus sampling sites and towing of larva net.
Sar?ilft)(lfmg d(lfa;;)tﬁo(nrln) horich)Ar?t)ﬁrtgva (m) Larva net used Ts(;)v;:(;g
St. 1 10 0, Bottom 1.3 m? mouth nets with 10 min at 1.0m/s
0.334 mm aperture mesh (2 knot)
St. 2 20 0, Bottom s z
St. 3 30 0, Bottom 2 7
St. 4 40 " 0, 20, Bottom 2 7
St. 5 50 0, 20, Bottom z ”
St. 6 60 0, 20, Bottom 2 2
St. 7 20 0, Bottom z ”
St. 8 30 0, Bottom 2 7
St. 9 40 0, 20, Bottom s 7z
St. 10 80 0, 25, Bottom 2.0 m?> mouth nets with z
0.334 mm aperture mesh
St. 11 120 0, 25, 75, Bottom Z 7
Table 23. Details of 7. lepturus sampling sites and experimental beam trawl.

Bottom depth

Sampling site (m) Beam trawl used Towing speed

St. 1 10 4.4 m width and 0.8 m hight of mouth 10 min at 1.0m/sec
with 1.7 cm aperture mesh net at cod (2 knot)
end covered with 0. 4 cm mesh cover net

St. 2 20 % »

St. 3 30 z 7z

St. 4 40 4 7z

St. 5 50 p P

St. 6 60 p P

St. 7 20 % 2

St. 8 30 7z Y

St. 9 40 ” »
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Fig. 52. Monthly changes in vertical profiles
of T. lepturus eggs distribution in the
western Wakasa Bay in 1983. For
station, see Fig. 51.
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Fig. 53. Profiles of vertical distribution of 7.
lepturus eggs at each developmental
substage collected at St. 11 in 1983,
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Fig. 54. Monthly changes in vertical profiles

of temperature, salinity and 7. lepturus
eggs distribution at St. 11 in 1983.
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TFig. 55. Monthly changes in vertical profiles

of T. lepturus prelarva distribution
in the western Wakasa Bay in 1983.
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Fig. 56. Monthly changes in vertical profiles
of T. lepturus postlarva distribution in
the western Wakasa Bay in 1983.
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Fig. 57. Total length compositions of T lepturus

postlarva collected at the offshore and
inshore waters in September 1983.
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Fig. 59. Monthly changes of anal length com-
positions of the juvenile and young
T. lepturus caught by the beach seine.
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Fig. 60. Changes of 10 days catch of T lepturus
by longline fishing in each official
block of the western Wakasa Bay.
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Table 24. Fishing records

males have hlgh sexual activity”
during spawning season

Representation of possible movement and distribution of T. lepturus

the western Wakasa Bay.
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of experimental longlines.

Fishing Date Fishing Depth of fishing No. of Depth of
number time ground (m) basket main line (m)
1 18 June 1985 12:10-13:40 33-38 1 12
2 18 12:36-14:00 33-38 1 1.5-36.5
3 18 20:33-21:58 37-44 1 7.5
37-44 1 35.5-42. 5

20:33-21:56
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Fig. 62.

Hourly changes in depths of 7. lepturus hooked and the bait attacking
by the fish from the period of the nighttime to sunrise.

Closed circles

and open triangles indicate the depths at the fish hooked and the bait

attacking by the fish, respectively.
Small and large arrows show the time of the dawn and

individuals.
sunrise, respectively.
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62. An open square indicates obser
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shows the time of the sunset.
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Echo traces of 7. lepturus. Large
arrows in “A”, “B” and “C” indicate
the echo traces of the fish at the day-
time (17:30), before sunset (19:00)
and nighttime (20:00), respectively.
A small arrow in “B” shows the echo
trace of one fish hooked and hanged
under the fish finder.
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Table 25. Catch in number of the fish caught
with experimental longlines.
Fishing Catch in number
Number o hiurus lepturus  Scomber japonicus
1 0 11
2 20 5
3 37 0
4 23 0

LAEDFFERY L, HRENTERC SIS 27740
HRAL e o96 - BENWIL To LR h LHEEIN S, T
i, BED & 77 AR Y BT
Ho HIRBERNC T HBETEREEC R S 4L5 23,
B B Lo RBRSHEEREY T T, ARELS
CrFvAORIER»LRBCEEL, FALOEARE
Lk, CORBIRMMEIhD, BHITCs L8
DEHAREL TR AR 5 0s, HHEROEAHL
Tn > KB HOELOSHRIEN B th, Ll
T OFERRREILE <, B0 S KRR TR T
F TS, A HETBERMA T CRERBSEER I
B



PRI 351 B & F ¢ + DEEA MR

By rgE R F v A onTiE, EREOBR®EI LS
BEEOR AL, T oHFAEEILFEOTMEFE S
WRTHEME EL, EEOoXBERRERCRREE L
THA, REASEH, JNEIBAEESE LT 5 LfEs
% (FEF, 1957 &HE « /NG, 1960), ZhicHt
LT, #Fi (1960), MM - kg (1971) 1k BERIER
PIEHER ORER A & BFE O KN REE & R, AR
KELTA 2 E2HbMC LTV 5B, 2DL5 K, H
v I@BE R F v A TIES, R, okt
THRPPHREBBORERNE -l b 2 & 8
BEE TS, LaL, #0BH> - TIIHL»
Tk < (EF, 1957), ¥SoRESEC L b s
FlhkT5EE2bRTH5 G, 1960), HHEMHE
S 8 545 Eo B RHMRERBE o & X1 F 1l
(1960), FAM « K#E (1971) OIS LicH v g ki
HENE—HLTB, =i (1964) BH> FEL
VADORNERREL, AMOEAEHELTHIEIFAY
G o kb &L, DWTEF YA, 5 Pseudosci-
aena manchurica OIEICE < HEL, HEVHEED LR
DT E, ZoO3HETHEHEDDORYEY DD &, HA
THEAHPEIN . oM N EET LN 2 D5
NBZEXWPLMRRL, 2+ ARBEESTIEED
BN RERIAVER LTV NS EEW & e -
TWb & Lic, |E /DS (1960) RAEOHERBEIT
HTHD 7T v b vREBOTE L EABRAH B ITT
7o, BV EEELEERSL EHEFEL T B, —
Fi, IR < AL (1986) 132 o KA -~ Chaenogobius
laevis ZBl& LT, BETIERETO X st
DI o MR OSBRSS S s & 57l
B bR R LT %, 70, ERIC S HEIT
B 7ekf RS LTH b oEB RN R e 5 &
LB TS (DAVIS and BarpacH, 1965; 75|
A%, 1975; Sawara and Ocawa, 1984), Lot -
T, 2 FvARALRDEEFEE MR, FERE
BB X B EEEORE (RE - /NG, 1960), Mk
DREIXC L > TEEHENEN R b & GFE -
I, 1985) L BALTVLEDTHS S,

LI AT, EREETERIC KT 2+ vz &
75T ok TEAEH E LTV 5 GRig - BE,
1985), —A$) b RLEMC X 5 AR Ic L FEEEREL
DOEEBE MO TEMIIER » 2 7 F 147 o NSEX
Nice AR 7F47 IRRTBRELFYERL, *0
SRR B, RHERXRBCELLToT
5 eV 5 B ENGERBEYTT S GEE « VA, 1958;

B « 90 « KA, 1985), Brli~<ick 5 c s+ v
AIEMIERCIE T L, BERERBASTBCHATT
BET5E05 HRANMSMERERXT-TE Y, TG
o Y TEEEY TH LI & s F A T o DTFR
CRFAZ R TS AR, ZhiC L D, 2594
NEAY L OB Y IIENC L, EEOEELYEED
IS5 LT 5D THAS,

HHBIDZEARS < s - By, FhE Thaic
BB AR R LT & 57+ O G IRKIE R
ORI D BRPED ORI, T, —AEHE#E
RHBROFT, HHETOZENHD { fn- bRl & A EEE
ORZILUATIITH L) S ERCE T 2o,
CNERBEEE AL GAC EBCHT TV GRRT
FFUANGEI N, Lo, fEoNCEY W
BR” B0 L5 VG BENKBRME b,
RO 2CBUGRE A RAD bR, LL, Aliiog
AS { To o okl & BIREZ ORI, 99 \EIE
BT T T, FED LB THcRED
DLW REBEETARD b, DX s FvAD
REZlic X5 9D T hoa e M, e X 5 {RE
BoOERIOR, Tibb BT RS
TvBEDEELLNDE, LI -T, &5V A3
HWERCERIGLEIEE Y75 b o L HERh, A HiI
DZEMRAB  Te > R D b h e AEOF LEHS
3, TOEBEREHEHC I - TELLbDEELLR
%o

ERBARER Tt s -y i E LUEE@C L -
THEING, ZOEEOEE, HHEETOZEAES <
e o ekl A B S h, BB BEIhS, —
F, 2F U AT AHETOZENE D L o A
B bdBerd i EL, BHERCAS & E—CT
TLlize LIchi»T, EREETERC TS 2 v+
RO, $R8E 4 7 v o L O MEBRY TR
LT Y, KEOLEESORIELFIR LB
BThHESTA D, i, EHOFHFIHEG IS
%5 &, BHOFERO RBREERER» S LW b X
51, BER»LRECHT Tz + v AREBLLFB
MFTEETAZ ERFALT, oBHc s
¥ T 5 L THHMEC L B0 ERFIANVREE 5
5

(4) #® E
FETR IR ET, RE, EIPO DI REFERE
B SR Lie 2 F o A BEAO RBRAC S T 557 «
B o CREMIC Bt LT & 7,

J— 62 —_—



HEEEr vy 2~ 35 1991

BAERNC TS 2+ v FREOBE) « @EEZ2VT
3, RELEE Y 2 -, BHREKERES, B)IE
KERES, BLRKERRS, FrERKERREOE
B TIZ 1981450 & 19854E 1 o 13T % F 7 A+ DB
BEEIR, TOBRERY D HAEPTERC BT
RAEOBMREIEEIh T3 (RAEhEmEx &
v LA S — &, 1988), Zhic IhiE, o
E (5 196D o4 &L AR, BABHRERD 2
7 A BRI A (RIS RZiE s By
EAMEEE) & BRI CERERELE R
Win &) LoMeBE - BEELTED, 5~6Frigs
B0 LEIRE A~ T EEEER TV, 10~ 125 i
ZFAFT TR REERZTT 5,

—75, 19864E5 H 6 B e ILDEwE (35°25° N, 131°
05" E) T ARERIEREE KEBERENTR
DI X - TSR S hicz v A 1B (&
EH Lkg) 2, E4E7 A19H & EWBERENCHERH
EhTws GE, 1988), S oY, EPETEITNG
IR KT B 2 v AR R E R IR 12 T
<, BARBETHECAHEL GBI EHRLTE
D, T OAIEE B AR O EE R SRR
TOLRVRIBACES S D EELDbRD, EHIT, WER
DS, UNERER, W S CEIINR RO
BHORA R I AU, EHEra i kT 5 i
O EERT RS o ¥ TEAT A WEEE R § » T
Who

FHEWIEEICE TS
SFIXBREDHDFIZONT

BTE

W1ENLE 6 ER BT, HREERERNCET
ZF 7 A REDERR, £ F U OWBEY ISR L
CABFREDOWTH LM Lic, AT, FELTZ
ORI 25 v A EELFHDHRATS
DWEDH D HLOWTEEH Lic,

1 HEMEEEE

ARG CRIEPBTEIRIE IS 1B 2 F v A ORE
AR R O O R R & U C e R A
etk (1959 ~1986), SEBIERFHEE  BEHIE
(1959 ~1986), HUERRIIREN) A & il A &b ek
(1981~ 1986) & F\ too Eio, EERFTOFIRE A
WA, EHEERRRES, MERERRRSTHET 2
JERBRFR A 10 2 o R SR RER A 35 L OV 2 ol

YR LI, ZhbORBEEIIEER D LhLTY,
19834E. 0 i # AT L1,

B2HE EREBAE

BB R S+ 5 2 - v AL, HA¥Ehimde
BT T BABATEESE Y riBe g mT s 2 5
oA & O bR I 5 EENRRES, I, #TE
DEMESHTORERL Y, SBEXHL b2 ED
BVIIEOTHERSEC EAH b AR Ret, £ 2
T, BEREERERCRTS 2 F v A EREOD D HEE
FTHIELD, BRI AR TB 257
FEROBURE 2 77 APFEORBESRE 2 v THREFT
%o

(1) BROBRIX

EIRKE 19595 519865 % T 284K D W o 78
PE & HAREE (LR R~BIR EEgEs 7 v -0
EEOFFLE Fig. 65 wRLi, oy rigEL BA
MRTa SR 2 7 A OWBEEIV T b 19674F% v —

50000

40000r

< 20000}

(&]

10000

c)l|lll!llllllllllllll
60 65 70 15 80 ‘85
Y E AR
Annual changes in catch of T lepturus
caught from the East China Sea and
the western part of the Sea of Japan.
Solid squares and circles indicate
the catch from the formar and the
latter, respectively.

Fig. 65.

— 63__



ERB TR 31T B & F 7 F DY o

7 (B2, #942,000 b v ; &, #18,000 1 v) & L
TERETCOEMER»OBADERCIE LT\ 5, %
Fz, 1977ELIBEI9B6EE TILHE Y FEE D b 0 TIL#H
16,000 b v B 10, 000 b v~ & E2R Y e BAER % R
L, BABAEATIERED DO T 500t v EEMTE
BLTWS, 20X 5 HMBERCETs 277+ R
DEFEAE, D, UEESECREZIESHL (L
A, 197D © X - THERD 2 F v A EFEENE LI
PLTWBZ EFRR LT WS,

D F e H ARG B EEE & 01 RIBIRE 2 7 v + D4
BEEOEL% Fig. 66 iR Lic, HARGEPIERE
X F 9 A ORI 195945 5 19704F F TIXH 500 + v~
Thoteh’, 197EMBEEMER LR L, 19805k
#3,300 vOE— s wR LI, LvL, FofiEEr

35001

3poof

(ton)

2500/

H

¢ 2000F

1500

1000}

ol el b et ligelil

60 66 70 75 80 85
Y E AR

Fig. 66. Annual changes in catch of T'. lepturus
caugth from the middle part of the
Sea of Japan and off Ishikawa Pre-
fecture. Solid circles and triangles
indicate the catch from the former
and the latder, respectively.

198 I4E AR AMBE AV 5 U, 198641213 1959~ 19704F
MR L IS RS0 b VIZ ETHA LTCV5, Fi,
FIXD b B A FFRER T 2 7+ 7 + EROTENIA
MNEEBETO 2 7Y A REROCSECED L ZANKE
< ANBEEBRTORERR H AT RiERoRERD
#350% LA L2 \Ed T b & Evbh b, B)IBEETIT
19744E DA RERER D L BE S RO ICIERE, —& 8y, EE
W T, Ry, EHE P, ek S oREnE
AZh, BiEgfoBEAR L - TEBERTO 25+ v +E
R ECBREE DAz bhte (AREPESERs 5 v
FIERFEF — &, 1988), Lichi-T, BFMEHHE
B35 2 7 v A RBEROWAIEE LR
wHRLE LICBERED 0Bt X - Thebdhicd o
ThY, BEEEE L E L BAREREERD 2 7 v o+
BEEIZLLBI LTV L0 EHEINS,

PlEn X 5, 19864 S COR Y + e A AT
% 25y oBERICThEHKEBCHS bOL
Exbhd,

ERBEORL BAERRERD 2 5 v+ BT
L CEGREEE D A3 N % b v T 7o Rl (1963~1970
) ERNBEERALFRLE LTEL S RWCREE DA N
z bR L0 h DB o R (1981~19834F3% X
TR1984~19864F) DT, HREBERPEBE~O 25 ¥
FREORIERT Y KEHE T 5 & X ), BRED
v ARFEOEOELA HEET 5,

A CHEIND 2 F v A0S, 8K "X T
»Y, IIME 250mm LA EORBTHSB, 1963 ~ 1970
4, 1981~19834F % & U 1984~1986 4E D FIHIFIC 3311
BB LB BRPER 2 7+ v+ B % Fig. 67 &R
L7z, 7538, 19804ELIATI DV T 2B /F DA
Bz F oA REROERAH B DHRT, WEEHMNOL
NI RMC BV, 1963~19704 F TO XM AT X
52 F v RERPSBREREATF O SD D EF
PTT~94% L E\ME% R L - (Fig. 3), £z T, 1963
~19704E 0 £ REGH G0 A AER 2 7 7 + RS
EHEOERC L5 ThiGEBT2 30 & LTI I H-
2o

FHOERRC L5 ABIES 2 F v A R Y & 5
&, 1963~1970FE DT 6 ~7 B L 10~12AK 2 @
DR EERD € — 723580 bh b, 1981~1983FD
W, BRI 6 ~7 AR v -7 & 10~11
HORBERLE - 7 EARDLRBH, 127 3R -EE
BlioTwh, 1984~19864E D R DB AT RER
it 6~7 BOBEE— 2R bRS 00, 10~

J— 64, —_

—— T



e

AR 2 —PhER 3% 1991

(ton)

0
JFMAMIJ]J)ASOND

M ONTH

Fig. 67. Monthly changes in catch of 7.
lepturus caught with longline belon-
ging to Kyoto Prefecture. Solid,
open circles and open squares indi-
cate the monthly mean catch from
the period of 1963-1970, 1981-1983
and 1984-1986, respectively.
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Annual income isopleth diagram of
ribbon fish longline fishery. Broken
line indicates the annual income per
fisherman at 9 longline basket opera-
tion per fishing boat when number
of the fishing boat changes from 0
to 150. Open circle indicates annual
standard income (1.16 million yen)
per fisherman.
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