KB
Bull. Nansei Reg. Fish.
Res. Lab. No. 19, 1985

Y Y4 h0E, RBRRCBEARIZET AU
E m 1 E

Studies on the Growth, Maturation and Migration of

the Shiriyake-ika, Sepiella japonica SASAKI.

Kazuo Ugpa

Sepiella japonica Sasaki, Sepiidae, is one of the important fisheries resources in Japan. The
Sepiella is distributed in the coastal waters of central and southern Japan, south and west coast
of Korean Peninsula and East China Sea. In Japan, it has been found in Tokyo Bay, Mikawa Bay,
the Seto Inland Sea, along the coasts of shikoku and Kyoushu and along the coast of the Sea of
Japan to the west of Toyama Bay. About 70% of its catches in Japan is landed from the Seto
Inland Sea. The author has investigated and elucidated the relationship between the growth
and maturity of Sepiella japonica and its migration in the western part of the Seto Inland Sea

and the adjacent waters of the Uwa Sea or Uwa Kai.
Fisheries of Sepiella japonica

In the Seto Inland Sea, some Spepiidae are caught by small trawlnets, ika pots; also called
hoop nets and small set nets, Besides these fishing methods, there are gill nets, boat seines,
surrounding nets and ika anglings. 88% of the landings of this cuttlefish come from catches
by means of small trawlnets, ika pots and small set nets. The average catch (1978-1980) in the
six fishing grounds from the innermost Inland Sea area (Hiuchi Nada) to the outer coast (Uwa
Sea) indicates that the fishing season extends all the year round. The two main fishing seasons
are in spring (May-June) and winter (December-February). The species is caught in the
shallower fishing grounds of the Seto Inland Sea in spring and also caught in the Suo Nada to
Iyo Nada and the Uwa Sea in autumn and winter. The annual landings of this species roes
from the 5,000 ton level in 1975, to the level of 10,000 ton in 1978, but decreased sharply to the
level of 3,000 ton by 1980.

Growth

Sepiella japonica is known to have a one year life span. The samples taken from 1979 to 1980
indicate that there is no difference in the mean body lengths of male and female (the shell
length was taken as the body length). The young cuttlefish of about 20-65mm in body length
which appear in the shallow sea along the coast in September grow rapidly to be 30-110 mm by
the time they begin to migrate to the deeper waters in October. They continue to migrate to
wintering area in December reaching 70-140 mm in body length. Then the growth slows down
attaining only 80-115mm by June. The average body length of the samples caught in the
spawning season is largest in April, becoming smaller as time passes. It is assumed that groups

growing and maturing more rapidly start to migrate earlier to the spawning grounds.
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During April and June, the decreasing pattern in in viscera-arm-head weight excluding genital
organs and mantle weight resembles closely to the tendency of body weight decrease in the
samples of the same body lengths (100-130 mm). This may be due to the exhaustion of spawning.
Also, deaths take place in large quantities immediately after the spawning season. From these

facts, it is asumed that the life span of the species is one year.

Relative growth

In order to clarify the growth stages of the species, the following investigations have been
carried out. 1) Relatioship between the body length and the body weight, the mantle weight,
the shell weight and the liver weight. 2) Changes in the ratio of the mantle weight, the shell
weight and the liver weight to the body weight in the course of growth. 3) Changes of con-
dition factor in the course of growth. 4) Changes in the mantle width, the shell height,
locular index and length of each arms (Ist, 2nd, 3rd and 4th arm) in the course of growth.

The principal changes in the body form and the measurements of the main parts of the
body are found in cuttlefish with body lengths of 35, 75, 105 and 125mm. Thus, the growth
process can be devided into five stages; juvenile (20-3) mm), young-lst stage (85-75 mm), young-
2nd stage (75-105mm), adult-Ist stage (105-125 mm) and adult-2nd stage (above 125 mm). Since
the species has few morphological features in the course of development, the changes in relative
growths mentioned above were examined collectively in order that the growth pattern and the

period of spawning may be understood.

Maturity

On maturity, the following relationships were examined to elucidate the spawning season and
the spawning pattern: Sex ratios, the relationship between egg diameter and maturity stage,
quantity of eggs in the gonad during the spawning season, the seasonal changes of maturity
factor of each sex, the relationship between the body length and the maturity factor in the
spawnihg season.

The monthly change of maturity factor show that the spawning season of this species is from
April to July. The sex ratio was roughly 1:1 throughout the year. The survey of relationship
between the body length and maturity factor by months show that the primary change of
maturity factor occur in male with body lengths of 75 and 125 mm, and in female with body
lengths of 120 and 130 mm. The ratio of the weight of nidamental’s gland (which stores
substances to make eggs adhere to the substrate at the time of spawning) to the body weight
increases with the increment of body length when the body length reached the first and second
growth stages of adult.

The development of eggs become clearly discernible as the ovary develops: Immature eggs
of less than 2mm in diameter, maturing eggs of 2-3mm and matured eggs of over 3mm.
Spawning occurs many times, and 1,000-1,500 eggs are spawned in the first spawning. The
shape of the newly spawned eggs are similar to chicken eggs having the size of 3.7-42mm by
2.9-39mm.

Migration

The discussion on migration is based on the surveys of fishing ground for each growth stage
and maturity ecology. These surveys are based on monthly body length composition from the
samples obtained through the main fishing methods in the different fishing grounds. Results

indicate that from April to July, large cuttlefish migrate from the deeper water to the shallower

—_ 2 —




VYA 4 ORE L

seas, then the smaller cuttlefish appear in the shallow areas in the coast. From autumn to
winter, on the other hand, small cuttlefish migrate down to the deeper waters of the Uwa Sea
and Iyvo Nada from the bottomed area of the inner waters of the western part of the Seto
Inland Sea.

The results of the questionnaire survey on fishing methods, fishing grounds and fishing
periods conducted at the various fisheries cooperative unions show that the migration from the
wintering grounds to the spawning areas takes about three months. On the contrary, it takes
three and a half months for small cuttlefish to migrate from the bottomed area of shallow seas
to the deeper waters of wintering grounds.

The relationship between the catch amount of spawning groups and that of wintering groups
was examined to determined to the relationship between the amount of spawning adult and the
young progeny resources. From this survey, it is assumed that there are close relationships
between the wintering adults and the spawners which migrated up to the shallow seas and
also between young cuttlefish and the adult groups which migrated down to the deep wintering
grounds.

The conclusions drawn from these facts are as follows: Adult cuttlefish migrate from the
deep sea of the west coast of Iyo Nada and the Uwa Sea to the shallow seas of the western
part of the Seto Inland Sea for spawning. The reproductive maturation occur during the end
of March and early April. Spawning begins in all spawning grounds from the end of April to

early May.
Distribution and Migration by Growth Stages

Migration ecology by growth stages was elucidated collectively from the information on
each environmental factor in fishing ground.

1) Spawning stage: The spawning season was from April to July with the full season from
May to June in the shallow sea of the inlet. The water temperature at this time is 10.8-22.8°C
and salinity was 30.60-33.40 %. As the eggs of this species are adhesive, an egg develops in the
same environmental condition as in the spawning grounds.

2) Young-lst stage: Juveniles being hatched in the spawning grounds grow to 35mm in
body length reaching the first stage of youth, The distribution expands from the shallow
waters to a little deeper area. The water temperature and salinity of the area are 23.2-27.8°C
and 31.22-32.95%. The species of this stage show greatest increment in body length and weight.
The cuttlefish of this stage are caught by small set nets and small trawlnets.

3) Young-2nd stage: In this stage, the increment of body length slows down. Although gonad
weight of both male and female are still very small, it is in this stage that the differences
between male and female gonads become discernible. The water temperature was 15.5-23.6 °C
and salinity was 31.82-3395 %, at the depth of 7-10m. In this stage, the cuttlefish are caught
by small set nets and small trawinets.

4) Adult-lst stage: The growth increment of this stage, which is 105-120 mm in body length,
is smaller than the previous stage. The same can be said about the body weight. Testis develop
and spermatophore appear in the spermatophoric sac. Gonad weight increase at the end of this
stage and eggs mature constantly though matured eggs are not yet found in the oviduct. The
wintering migration start at the beginning of this stage and cuttlefish reach the wintering
ground at the end of the stage. The water temperature is 8.3-13.5°C and salinity is 32.68-34.15%
at the depth of 30-40m. The cuttlefish of this stage are caught by Ika trawlnets.

5) Adult-2nd stage: Cuttlefish of body length over 125mm show smallest growth rate. Gonad
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oviduct weight increase rapidly in this stage and matured eggs are found in the oviduct.
Nidamental’s gland weight also increase rapidly and is ready for spawning at the middle of
this stage. The cuttlefish mature as the migration for spawning begins. The water temperature
is 7.6-12.4 °C and salinity is 33.00-33.78 % in the surrounding waters where cuttlefish of this
stage migrate for spawning. The cuttlefish of this stage are caught by Ika trawlnets and Ika
anglings. Also, the cuttlefish just before spawning are caught by small set nets and small

trawlnets. On the spawning season, the cuttlefish in this latter course of growth further are

caught by ika pots.
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Fig. 2. Map of the western part and the Eastern part of the Seto Inland Sea,
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the commercial catch.

1. Uwa Sea (Bungo Suidd), 2. Iyo Nada, 3. Sud Nada, 4. Aki Nada,
5. Bingo geivo Seto, 6. Hiuchi Nada, 7. Kii Suidd, 8. Osaka Wan
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Table 1. Annual catches of Sepiella Jjaponica by fisheries in the western
part of Seto Inland Sea in 1980 (ton).

Sea area Suo Iyo Aki Bililgoo Hiuchi Total
Fisheries Nada Nada Nada §etZ Nada Catches
Small trawl | 346 | 2083 235 201 138 3003
Small set net 61 62 2 75 34 234
IKa-pot 142 27 93 63 76 401
Surrounding net — 31 — — - 31
Lift not — — 10 31 — 41
Gill not 24 64 82 66 28 264
Angling 1 14 11 29 0 55
Boat seine 8 76 6 23 0 113
Total catches 582 2357 439 488 276 4142
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HOOP NET >
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LIFT NET/K/
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Fig. 3. Fishing ground of the cuttle-fish on each fishing method in the western
part of the Seto Inland Sea.
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Table 2. Mean catch in Uwa Sea and the western part of Seto Inland
Sea from 1978 to 1980, in ton and % in parenthesis.

‘ Bingo
Uwa Iyo Suo Aki 18 Hiuchi Total
Seaon Sea Nada Nada Nada g:tlgo Nada [ catches
|
Spring 5 256 243 121 346 162 1133
Apr.-Jul. ©. 4 (23.6) (21.4) o.7 | (30.5) (14.3) (100.0)
Summer — 45 5 2 6 3 61
Aug.—Sep. (=) (73.8) (8.2 3.3 9.8) 4.9 (100.0)
Autumn 28 1315 107 71 54 41 1616
Oct.~Dec. a.n (81.4) (16.6) 4.4) (3.3) (2.5) (100.0)
Winter ‘ 305 2779 62 7 4 1 3158
Jan.~Mar. 0.7 (88.0) 2.0) 0.2) ©.1) (0.03) (100.0)
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B RRETEE ROREIC B 6% 1 S Fig. 4. Annual catches of Sepiella Japonica

T2, EFLL1IFDS L TR EER DA and total catches of cuttle-fish in

L . the western part of the Seto In-
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Fig. 5. Lateral view (upper) of Sepiella “r
Japonica and ventral view of its or
shell (lower). ML, SL. and ot
L'L. are used in this study. 1 ) L L L
ML.: Mantle length, S.L.: Shell ® 2 40 50 8 70 s 90 100 110 120 10 WO 160 160
length, L.L.: Length of locular, Shell length o)

St.A.: Striped area, Ch.A.: Chi-

tinous area. Fig. 7. Relation between shell length

and mantle length.

Fig. 6. Ventral view of shell length
(S.L.) used in this study.
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of the Seto Inland Sea.
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Table 3.. Seasonal ratios of each arm (2nd, 3rd, 4th) length to Ist arm
length on each sex.
(%X: Mean, s: Standard deviation, c.v.: Coefficient of variation)

Male Female

Number of arm 1Body l ?odyh
Year —I\Et_h\\ ! I m v ?l;%h I I i v e(ll;t%)t
1972 | OCT. 1.0 roz| 108, 125! 738 1o .00 1.06| 1.17| 7.6
” NOV. ” .00 1.20| 1.40| 9L.3) ~# 0.96 | 1.02| 1.17| 103.2
v DEC. ” 0.98| 1.09| 1.24| 100.3 ” 0.94| 1.00] 1.22| 103.4
1973 | JAN. ” 1.00 | 1.08| 1.20| 110.0 v 0.96| 1.04| 1.19| 108.0
” FEB. y 1.51] 1.64| 1.30| 124.6 » 1.20 1.28| 1.26| 119.3
” MAR, ” 0.97 | 104} 1.15| 111.4 ” 0.98| 1.01| 1.16]| 110.1
P APR. ” 1.00| 1.09| 1.21) 110.9 ” 0.98 | 1.02| 1.19| 115.7
” MAY ” 0.94° 1.05| 1.14]| 125.5 ” 1.00| 1.00| 1.14| 119.6
” JUN. ” 1.00| 1.07| 1.13| 69.6 ” 1.00| 1.07| 1.17| 69.7
” JUL. ” .04 | 1.10| 1.28 92.3 ” 0.93! 1.04| 1.29| 89.9
w NOV. | »# 0.94 | 1.03| 1.14| 109.6 » 0.94| 0.98| 1.16| 104.6
” DEC. | #» 0.94| 1.04| 1.15] 117.8 ” 1.00| 1.05| 1.22]| 115.2
1974 | JAN, ” 0.98| 1.09| 1.17| 106.4| ~» 0.96| 0.96| 1.15| 103.5
” FEB. | . » 0.96| 1.08 1.22| 104.6 | ~# 0.96| 1.04| 1.24| 106.0
” APR. ” 0.99| 1.041 1.13| 105.4 | 7 0.98| 1.02| 1.18]| 114.1
P JUN. ” 1.02| 1.11 1.33| 128.9 # 0.84| 0.87| 1.10| 122.7

z 1,00 1.02| 1114 1.22| — 1.00| 0.98, 1.03| 1..19| —

s — 0.13{ 0.15| 0.08| — — 0.07| 0.08| 0.05| —

CV. — 13.21| 13.08| 6.63| — | 7.32 | 7.98| 4.03| —
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Fig. 20. Inflection periods of some biological characters with growth of Sepiella
Jjaponica.
M.W.: Mantle weight, S.W.: Shell weight, L.W.: Liver weiht, B.W.:
Body weight, Body length* : Increment of body length.
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Fig. 21. Male reproductive system(left) and female reproductive system(right)
of Sepiella japonica.
Te.: Testis, Sp.s.: Spermatophoric sac, : Pe.: Penis, Go.: Genital opening,
(An.): Anus, Ov.: Ovary, Ni.g.: Nidamental gland.

Table 4. Sex ratios of Sepiella japonica by sea area and fisheries from
Dec., 1979 to Nov., 1980.
(8.T.: Small trawl, LS.N.: Large set net, S.S.N.: Small set net,
LP.:Ika-pot, G.N.: Gill net)

Date Sea Area 5 Q 5+ 2 /9 Fishery
1978 DEC. Iyo Nada 6l 64 125 1.05 S.T.
1979 JAN. Uwa Sea 28 21 49 | 0.75 LSN.

” FEB. Iyo Nada 95 120 215 1.26 S.T.

” ” Uwa Sea 20 30 50 1.50 LS.N.
” ” Su6 Nada 21 39 50 1.37 SS.N.
” MAR. Iyo Nada 40 39 79 0.98 4

” ” Sud Nada 36 45 81 1.25 ”

" APR, Sud Nada | 53 31 84 0.58 LP.

” ” Iyo Nada 24 26 50 1.08 G.N.
” ” Bingo geiyo 35 43 78 1.23 LN.
#” MAY Sud Nada 147 135 282 0.91 S.S.N.
” » Bingo geiyo 69 43 112 0.62 L.N.
” JUN. | Sud Nada ; 63 86 149 1.37 1P.

” JUL. ” 5 7 12 1.40 S.S.N.
” OCT. Sud Nada 60 53 113 0.88 ”

” NOV. Sud Nada 73 43 116 0.59 ”

” ” Uwa Sea 31 14 45 0. 45 LS.N.

SUM. 861 ' 829 1,690 0.96
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Fig. 22. Seasonal changes of group maturity factor on each sex in the western
part of Seto Inland Sea Jrom Sept., 1979 to Jul., 1980.
(—®—; Male, —©0—; Female, from the data in Mar., 1978)
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Fig. 23. Seasonal changes of the ratios

of nidamental gland’s weight
to body length.

(Ni.W. : Nidamental gland’s
weight, BW. : Body weight)

R AHIBO~100mD LB/ X 7 DA FEIRBEIERL, 4.0 LT E LTV 5, T DFEIHD /N

Table 5. Ratios of individual number of Sepiella japonica having spermatophore
in the spermatophoric sac or matured eggs in the oviduct to observed

ones.
Individual numbers of Ratio of S. japonica Ratio of S. japonica
observed S. japonica having spermatophores having matured eggs
Male Female Male (%) Femal (%)
Oct. 20 28 0 0
Nov. 25 24 4 0
Dec. 32 40 83 0
Jan. 42 39 78 0
Feb. 81 99 98 0
Mar. 64 66 100 24
Apr. 40 34 100 100
May 53 27 100 100
Jun. 9 10 100 100
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Fig. 24. Relations between body length and maturity factor on each sex in
spawning season from Apr., to Jun., 1979,
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Table 6. Number of eggs and some other records related to Fig. 25.

Date Sea area Body gﬁ:i?::tand Numbers
weight (£) weight (2) of egg
Apr. 26, 1979 Bingogeiyo Seto 354 26.5 1266
May 26, 1979 Bingogeiyo Seto 396 35.0 2582
Jun. 4, 1979 Bingogeiyo Seto 415 28.5 3126
Feb. 17, 1980 Iyo Nada 309 | 3.9 462
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Table 7. Mean number of eggs and standard deviation and some other
records related to Fig. 26.

Mean numbers of eggs Body |Body Ovary | Oviduct .
Date Obsex];\:ed ‘ length | weight| weight | weight i\giturlty
numbers | (yyary | Oviduct | Total | (mm) | (g) (g) (g) or
Apr. 24, 1981 15 }4301 95| 67512261105+ 247 1301103 390+66{12. 0t 1. 9|15.9:t 5.0 7.8
May 13, 1981 9 1617+ 113/1097 £456/1712+ 460 130+ 10 420+89 11.7+£1.725.2+10.0 9.7
May. 19, 1981 18 648+ 147| 178+ 147 826+236 131+ 7 362+50[12.1+1.9 4.4+ 3.2 3.9
Jun. 1, 1981 22 849+ 137| 1291126 977+ 214| 133+ 9 3724+73(12.24+3.2 3.4+ 2.4 4.4
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Fig. 26. Relations between body length and mean number of eggs in ovary and

oviduct.
(O : Matured egg in oviduct, @ : Maturing egg in ovaty)
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Table 8. Water temperature and salinity in the witering and the spawning
grounds in Mar.— Jun., 1978-1981.

Water temperature Salinity
o %)

. Min. Mean. Max. Min. Mean Max.

March Wintering ground(A) 83 - 10.3 - 11.8 33.10 - 33.54 - 34.02
Spawning ground(B) 7.4 - 8.3 - 9.2 31.83 - 32.81 - 32.87

April Wintering ground(A) 9.5 - 11.0 - 13.3 33.00 - 33.34 - 33.43
Spawning ground(B) ;10,6 - 11.0 - 12.0 32.01 - 33.02 - 33.94

May Wintering ground(A) 13.1 - 13.1 - 14.2 33.00 - 33.38 - 33.79
Spawning ground(B) 13.4 - 15.4 - 17.3 31.54 - 32,92 - 33.77

June Wintering ground(A) 16.8 - 17.1 - 17.4 33.33 - 33.46 - 33.63
Spawning ground(B) ' 154 - 19.2 - 20.7 32.48 - 33.06 - 33.70
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Fig. 36. Schematic diagram of the migration and environmental conditions cor-
related to the change of growth and maturity in Sepiella japonica.
* : Ebikogi-type, ** : lkakogi-type.
—>» : Wintering migration, ----+ : Spawning migration.
(See Fig. 33. and Fig. 34.)
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