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Fishery Biological Studies of the Oval Squid, Sepioteuthis lessoniana around Tokushima Prefecture
Yukio Ueta
Abstract

The oval squid, Sepioteuthis lessoniana (Lesson, 1830) is a loliginid squid widely distributed throughout the
Indian and western to central Pacific Ocean. In Japan, this squid occurs in inshore waters extending from Okinawa
Islands to southern Hokkaido and is one of the commercially important squids for neritic fisheries, especially in
southern Japan. In outer waters adjacent to the Kii Channel around Tokushima Prefecture of Japan, oval squid is
caught by set net fishery and squid jigging fishery throughout the year and is one of commercially important
marine invertebrate resources because of the high price.

The genetic similarity of oval squid around the Japanese Archipelago was examined by isozyme analysis. Of the
three genetically highly divergent forms (SHIROIKA, AKAIKA, KUAIKA) that have already been
established for S. lessoniana, ten of SHIROIKA-form from waters around the Japanese main islands, and one
AKAIKA-form from Okinawa were identified out of eleven local examples. Isozyme analysis by horizontal starch-
gel electrophoresis detected 21 enzymes and 1 non-enzymic protein, with 34 presumed loci. The genetic
independence of AKAIKA reported elsewhere was reconfirmed by the complete replacement of alleles at 5 loci
between the AKAIKA and SHIROIKA-forms, with the average genetic distance (D value) between them being
almost 0.2. In the SHIROIKA samples, the LDH-4™ locus showed complete replacement of alleles between those
from the Japan Sea and those from the Pacific, the degree of genetic difference between the two groups being over
0.03. This suggested that the S. lessoniana (SHIROIKA) around the Japanese main islands comprises of two
genetically independent groups.

Data from monthly landings of the oval squid by same four small set nets and one small trawler in Harima-
Nada, Kii Channel, and the Pacific coast around Tokushima Prefecture show that not only the spawning group but
also the newly recruited group appeared in these three areas. However, no squid were caught in Harima-Nada
from January to April when the water temperature was under 12.6 C. This suggests that they moved to the Pacific
coast or south-western deep water in Kii Channel where water teperature was over 14.8 ‘C during this period.

Migration of the oval squid around Tokushima Prefecture, was studied by tag-and-recapture. Fifteen squids
were recaptured within 110 days after release of 305 individuals. All recaptures were conducted in waters within
16.2km from the release sites. These results indicate that this animal remain in this water throughout its life,
except for every winter when it migrates offshore.

Both the gonad gland and nidamental gland of female oval squid matured from April to Sepember, while the
gonad gland of males matured from Decmber to October. Copulated female appeared from January to Sepember.
These results show that male oval squid copulates with female before maturity of the gonad gland. Biological
minimum size of oval squid was estimated to be 15.5 cm in mantle length.

Occurrence and character of the capsule mass of oval squid in the outer waters adjacent to the Kii Channel

around Tokushima Prefecture were studied. Investigations for observations and sampling were carried out by
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SCUBA diving from August, 1988 to October, 1991. All capsules or egg masses were collected during the period
from May to October. Each egg capsule contained 0-9 eggs (mean 5.5) and the range of number of eggs per egg
mass was [37- 1,141(mean 553.2). The date of egg-laying and hatching of each egg capsules or egg mass collected
were estimated from the relationship between the length of embryonic development and water temperature under
rearing conditions (Segawa 1987). The period of egg-laying was estimated from late April to early October and
that of hatching from early June to late October. The main period of egg-laying was estimated from May to July
and that of the hatching period from June to August.

Spawning grounds and spawning beds of oval squid in the coastal waters of Shishikui town were observed by
SCUBA diving in July 1988 and in June-July 1991. Most egg capsules were observed in calm waters, such as
inlets or the shade of islands.

Selection of spawning grounds and spawning beds of oval squid was studied by use of four different types of
man-made spawning beds settled in the coastal waters of Shishikui town. Underwater observations and sampling of
egg capsules were carried out by SCUBA diving during the period from May 1990 to September 1993. The
number of egg capsules laid on the man-made spawning beds placed in the calm waters of the inlet was much more
than that in the ground facing to the open water. The number of egg capsules laid on man-made spawning bed was
ranked by the bed type as mid-water cage type>steel type> fiberglass reinforced plastics (FRP) type, with small
difference. These three types of man-made spawning beds were recognized to be superior in respect of the mass of
laid egg compared with the neighboring natural spawning beds composed of Sargassum and Zostera. These results
obtained suggest that spawners prefer calm waters, and select in relatively wide range of artificial materials for
egg-laying. Moreover, the number of egg capsules laid on the man-made FRP spawning beds of the narrow space
type, was much higher than that on the wide type in the same material. The results obtained suggest that spawners
prefer relatively narrow spaces for egg-laying.

Growth and life span of oval squid around Tokushima Prefecture was studied from the mantle length
composition of fishery landings during 1987-1999. The life span was one year: oval squid hatch out in spring-
summer and die after several spawnings in the next summer. Theoretical growth equations of Gompertz were
applied to monthly cohorts by sex. These growth rates in summer and autumn were much higher, compared to
winter and spring when water temperature is low. Mantle lengths for the 1994 and 1998 year-classes with high
water temperatures were larger than the mean value of mantle length during 1987~ 1999, while the 1987 and 1990
with low water temperature were smaller. Water temperature has a marked effect on mantle length for both the
hatching period and the growth rates. High water temperatures appear to result in early hatching and higher growth
rates.

One oval squid was reared with variously sized smallscale blackfish Girella melanichthys as prey in aquarium,
and the predation behavior by squid, the relationship of prey-predator, the portions of prey discarded and size
selection of prey were observed. The results of a total of seventeen experiments show as follows ; (1) The predation
behavior was divided into three motor patterns ; attention, positioning, and seizure. During attention, squid
oriented toward a particular prey. The arms and tentacles were formed into a tight cone which was pointed towards
the prey. The squid with a thin mantle approached the prey until it was within attacking distance. Squid quickly
grasped the prey from the head with all its arms, if it captured the prey with the buccal lobes of the tentacle arms.
Squid primarily started to bite a deep wedge-shaped piece from behind the head for killing the prey. (2) The shape
of discarded prey by squid were divided into five types. (3) Squid tended to select prey smaller than 0.5 in total
length of the fish/mantle length (FTL/SML ratio) or smaller one than 0.05 of the body weight of fish/body weight
of squid (FBW/MBW ratio), and normally consumed all the food organism without leaving in this size. (4) The
discard ratio of prey by squid became larger when the FTL/SML ratio was more than 1.0, and the discard type that
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squid left the muscle of body, appeared more than other types. (5) Squid were fed on by G. melanichthys or starved in
FTL/SML ratio larger than 1.5. (6) Feeding ratio of squid became slow and the size of prey captured was smaller in
December- February when the water temperature was lower than 20°C. /

This paper examines the size selectivity in the squid jigging fishery for the oval squid in Tokushima Prefecture
using an extended SELECT model for analyzing size frequency distributions of squid caught by the squid jigging
and by set nets. The SELECT model is extended to utilize size frequency distributions constructed from repeat
measurements of catch in the squid jig as the test gear and the set nets as the control gear where data on the fishing
efforts is not available with variable fishing efficiencies. As a result, the size selectivity r(/) of squid jigs of a body
size from 12 to 15cm is expressed as a logistic function of the mantle length [, r())=exp (-10.0 + 0.485 /) / [ +
exp(-10.0 + 0.485 /)]. This equation indicates that oval squid of a size smaller than the jig are not caught by the
jig. As the squid attacks the jig as a prey, the size selectivity of the squid jig found here is a type of prey size
selectivity.

Oval squid is mainly caught by squid jigging at dusk and at night. Daily catch of oval squid in set net and squid
jigging (trolling) trends to rise around the full-moon period. Moon light with suitable luminous intensity seems to
accelerate their movemeut.

Relationship between year-class abundance of the oval squid and selected environmental factors are examined
using multiple linear regression analysis. Landings from April to August, an index of the spawning stock size,
had no relationship (r = - 0.123) with the landings during the subsequent September to December as a recruitment
index. This implies that no relationship between spawning-stock and recruitment occurs in this species. Landings
from September in a given year to the next August were employed as an index of the year-class abundance in the
year (criterion variable, ¥). Average monthly values of four environmental factors during the period from April to
September which includes the spawning and hatching season and the early life period of this species were
examined as explanatory variables: water temperature (X,); salinity (Xz) at 10 m depth; atmospheric pressure; (X)
and rainfall (X.) measured in Tokushima City. The year-class abundance was expressed as ¥ = - 3297.4 + 37.0X, +
79.9 X,. From the multiple regression equation with environmental data from April to September, year-class
landings are predictable. Year-class landings are closely related to the water temperature and salinity during April
to September. High water temperatures and high salinities during this period are associated with successful
recruitment.

A great number of small oval squids below 300g in body wight are caught by set net and by squid jigging during
July to November. Since the growth rate of oval squid during July to November is much more rapid, catch method
expected to be improved to effective catch. Stocking efficiency in the case of releasing all the small individuals
below 300g in body wight caught during July to November was estimated. The recaptured ratio of the population,
catch, and expense accounted for 0.25 to 0.75, 0.97 to 7.8, and 2.2 to 219.7 relatively. These results indicate that

the release of small individuals below 300g in body weight was very economically efficient.
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Fig. 1-1-1.  Collection localities of the specimens of the oval

squid examined for biochemical study of population

heterogeneity.

Table 1-1-1. Data of the specimens of oval squid examined for electrophoresis or biochemical study of the population heterogeneity

Locality Collection date

Catching method Specimen number

Ishikawa (Uchiura) Oct. 15, 1997

Kyoto (Ine) Oct. 27, 1997

Saga (Karatsu) Oct. 14, 1997
Kagoshima (Kasasa) Oct. 22,29, 1997
Miyazaki (Nango) Feb. 17, 1998

Oct.1 —Nov.10, 1997
Oct. 15, 1997

Nov.27, Dec.10, 1997
Sep.22—Nov.21, 1997
Nov.6-16, 1997
Nov.10, Dec.12, 1997

Tokushima (Mugi,Hiwasa)
Tokushima (Kitanada)
Mie (Hamajima)
Shizuoka (Kawana,Atami)
Chiba (Tateyama)
Okinawa (Ie Is.)

Small set net 39
Small set net 32
Small set net 36
Small set net 54
Small set net 26
Small set net, Jigging 63
Small set net 32
Small set net 31
Small set net, Square lift net 24
Small set net 51
Small set net 22%!

"1 All the specimens are genetically identified as AKAIKA.
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Table 1-1-2. Enzymes, protein and tissues of oval squid examined for the biochemical study of the population heterogeneity

Enzyme or protein name Enzyme Locus Subunit Tissue
number structure
Aspartate aminotransferase 2.6.1.1 AAT-1* Dimeric Buccal mass
Acid phosphatase 3.132 ACP-1* Caecum
ACP-3%* Monomeric Liver
Alakaline phosphatase 3.1.3.1 ALP* Tetrameric Liver
Creatine kinase 1.6.99.7 CK* Buccal mass
Diaphorase 1.6.-.- DIA-1* Buccal mass
Fructose biphosphate aldolase 4123 FBALD-1% Tetrameric Buccal mass
FBALD-2* Tetrameric Buccal mass
Fumarate hydratase 4212 FH* Tetrameric Buccal mass
Glycerol-3-phosphate dehydrogenase 1.1.1.8 G3PDH-I* Tetrameric Buccal mass
G3PDH-2* Buccal mass
G3PDH-3* Tetrameric Liver
Glyceraldehyde-3-phosphate dehydrogenase 1.2.1.12 GAPDH-1* Buccal mass
GAPDH-2* Monomeric Buccal mass
Glucose-6-phosphate isomerase 5.3.1.9 GPI-1* Buccal mass
GPI-2* Dimeric Buccal mass
Ck-1ditol dehydrogenase 1.1.1.14 IDDH* Tetrameric Buccal mass
Isocitrate dehydrogenase (NADP*) 1.1.1.42 IDHP* Buccal mass
Leucine aminopeptidase 34111 LAP* Monomeric Liver
Lactate dehydrogenase 1.1.1.27 LDH-1* Buccal mass
LDH-4% Buccal mass
Malate dehydrogenase 1.1.1.37 MDH-1* Dimeric Mantle muscle
MDH-2* Mantle muscle
MDH-3* Mantle muscle
MDH-4* Buccal mass
MDH-5* Buccal mass
Malic enzyme (NADP™) 1.1.1.40 MEP* Tetrameric Liver
Mannose-6-phosphate isomerase 53.1.8 MPI* Buccal mass
Phosphogluconate dehydrogenase 1.1.1.44 PGDH* Dimeric Buccal mass
Phosphoglucomutase 5422 PGM* Monomeric Buccal mass
General protein PROT-1* Buccal mass
PROT-2* Monomeric Mantle muscle
Superoxide dismutase 1.15.1.1 SOD* Caecum
Xantine dehydrogenase 1.1.1.204 XDH* Dimeric Liver
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Table 1-1-3. Allelic frequencies with values to indicate genetic features of oval squid populations

Locus Allele Ishikawa Kyoto Saga Kagoshima Miyazaki ~ Mugi Kitanada Mie Shizuoka  Chiba Okinawa FST*1
AAT-1* *105B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.021 0.000 0.000 0.030
*100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.979 1.000 0.000 0.030
*75C*2  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 -
ACP-1* *-85B*2  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 -
*-100A 1.000 1.000 1.000 1.600 1.000 1.000 1.000 1.000 1.000 1.060 0.000 -
ACP-3* *70D*5  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 -
*-100A 1.000 1.000 1.000 0.952 1.000 1.000 1.000 1.000 0.958 0.941 0.000 0.032
*-105C 0.000 0.000 0.000 0.038 0.000 0.000 0.000 0.000 0.000 0.059 0.000 0.031
*115B  0.000 0.000 0.000 0.010 0.000 0.000 0.000 0.000 0.042 0.000 0.000 0.040
ALP* *75C 0.095 0.083 0.014 0.096 0.120 0.078 0.094 0.000 0.208 0.098 0.091 0.037
*-100A  0.649 0.600 0.714 0.712 0.660 0.698 0.672 0.667 0.604 0.667 0.659 0.006
*-120B 0.257 0.317 0.271 0.192 0.220 0.224 0.234 0.333 0.188 0.235 0.250 0.011
CK* *0A 1.000 1.000 1.600 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
DIA-1* *110B*2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 -
*100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.060 1.000 0.000 -
FBALD-1*  *1i5B 0.000 0.000 0.000 0.000 0.000 0.017 0.000 0.000 0.021 0.000 0.000 0.015
*100A £.000 0.974 0.986 1.000 1.000 0.983 1.000 1.000 0.938 1.000 1.000 0.032
*85C 0.000 0.026 0.014 0.000 0.000 0.000 0.000 0.000 0.042 0.000 0.000 0.025
FBALD-2*  *100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.990 1.000 0.006
*50B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.010 0.000 0.006
FH* *100A 1.000 1.000 0.958 1.000 1.000 0.981 1.000 1.000 1.000 1.000 1.000 0.033
*95B 0.000 0.000 0.042 0.000 0.000 0.019 0.000 0.000 0.000 0.000 0.000 0.033
G3PDH-1*  *125C 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000 0.000 0.010 0.000 0.005
*100A 1.060 1.000 0.931 0.972 1.660 0.982 0.984 0976 0.917 0.931 0.932 0.029
*95B 0.000 0.000 0.069 0.019 0.000 0.018 0.016 0.024 0.083 0.059 0.068 0.030
G3PDH-2*  *-100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
G3PDH-3*  *120B 0.244 0.188 0.153 0.157 0.269 0.185 0.192 0.210 0.125 0.234 021 0.011
*100A 0.744 0.797 0.819 0.833 0.654 0.778 0.788 0.742 0.854 0.734 0.737 0.018
*80C 0.013 0.016 0.028 0.010 0.077 0.037 0.019 0.048 0.021 0.032 0.053 0.013
GAPDH-1%  *0A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
GAPDH-2*  *-100A 1.000 1.000 1.000 1.000 1.000 0.988 1.000 1.000 1.000 - 0.977 1.000 0.009
*-150B 0.000 0.000 0.000 0.000 0.000 0.012 0.000 0.000 0.000 0.023 0.000 0.009
GPl-1* *100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
GPI-2* *100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.983 1.000 0.989 1.000 0.011
*65B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.000 0.011 0.000 0.011
IDDH* *150B 0.038 0.078 0.028 0.039 0.021 0.055 0.047 0.100 0.077 0.059 0.000 0.011
*105C*2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.091 -
*100A 0.962 0.922 0.972 0.961 0.979 0.945 0.953 0.900 0.923 0.941 0.886 0.011
*95D*2  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.023 -
IDHP* *100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.600 0.000 -
*60B*2  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 -
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Table 1-1-3. Continued

Locus Allele Ishikawa Kyoto Saga Kagoshima Miyazaki Mugi Kitanada Mie Shizuoka  Chiba Okinaawa FST*!
LAP* *135B  0.000 0.000 0.000 0.000 0.000 0.008 0.016 0.000 0.000 0.000 0.000 0.010
*120C 0.128 0.016 0.000 0.039 0.077 0.000 0.000 0.000 0.021 0.041 0.045 0.052
*100A 0.872 0.984 1.000 0.961 0.923 0.983 0.984 0.984 0.979 0.959 0.955 0.038
*80D 0.000 0.000 0.000 0.000 0.000 0.008 0.000 0.016 0.000 0.000 0.000 0.010
LDH-I* *100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
LDH-4% *-60B 1.000 1.000 1.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.165
*-160A  0.000 0.000 0.000 1.000 1.060 1.000 1.000 1.000 1.000 1.000 1.000 1.165
MDH-1* *120B 0.000 0.000 0.600 0.000 0.000 0.016 0.000 0.000 0.000 0.000 0.000 0.009
*LO0A 1.000 1.000 0.958 0.991 0.981 0.984 1.000 1.000 1.000 1.000 1.000 0.019
*90C 0.000 0.000 0.042 0.009 0.019 0.000 0.000 0.000 0.000 0.000 0.000 0.027
MDH-2% *100A 1.000 1.000 1.000 1.000 1.000 1.000 1.600 1.000 1.000 1.000 1.000 -
MDH-3% *100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
MDH-4* *-100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
MDH-5* *-100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
MEP* *125E 0.013 0.031 0.028 0.009 0.058 0.024 0.033 0.000 0.000 0.010 0.048 0.015
*115C 0.289 0.094 0.236 0274 0.250 0.167 0.150 0.161 0.174 0.225 0.238 0.021
*100A 0.592 0.813 0.556 0.594 0.558 0.635 0.717 0.790 0.543 0.588 0.571 0.038
*30B 0.105 0.063 0.167 0.113 0.115 0.159 0.100 0.048 0.283 0.176 0.119 0.035
*55D 0.000 0.000 0.014 0.009 0.019 0.016 0.000 0.000 0.000 0.000 0.024 0.009
MPI* *100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -

PGDH* *140D 0.013 0.031 0.000 0.009 0.000 0.000 0.016 0.016 0.000 0.000 0.000 0.013
*135C 0.038 0.047 0.097 0.065 0.115 0.087 0.078 0.000 0.083 0.029 0.045 0.019
*100A 0.910 0.859 0.847 0.889 0.865 0.833 0.859 0.903 0.917 0.912 0.955 0.008

*65B 0.038 0.063 0.056 0.037 0.019 0.079 0.047 0.081 0.000 0.059 0.000 0.012
PGM* *-60C 0.000 0.016 0.000 0.009 0.000 0.008 0.000 0.000 0.000 0.000 0.000 0.007
*-100A 0.987 0.953 0.972 0.935 0.942 0.960 0.953 0.935 0.938 0.941 1.000 0.006
*-1408 0.013 0.031 0.028 0.056 0.058 0.032 0.047 0.065 0.063 0.059 0.000 0.007
PROT-T* *100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
PROT-2* *100A 1.000 1.000 1.000 1.000 0.980 1.000 1.000 1.000 1.000 1.000 1.000 0.028
*80B 0.000 0.000 0.000 0.000 0.020 0.000 0.000 0.000 0.000 0.000 0.000 0.028
SOD* *100A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 -
XDH* *100A 0.971 0.983 1,000 1.000 1.000 0.919 1.000 1.000 1.000 1.000 0.958 0.032
*75B 0.029 0.017 0.000 0.000 0.000 0.081 0.000 0.000 0.000 0.000 0.042 0.032
Alleles/Locus 1.412 1.471 1.485 1.606 1.441 1.618 1.412 1.353 1.469 1.529 1.424
p* 0.147 0.147 0.152 0.152 0.176 0.176 0.118 0.176 0.250 0.235 0.152
P 0.088 0.118 0.152 0.152 0.088 0.206 0.118 0.088 0.094 0.118 0.091
P+p* 0.235 0.265 0.303 0.303 0.265 0.382 0.235 0.265 0.344 0.353 0.242
Average Ho 0.055 0.045 0.058 0.054 0.066 0.058 0.045 0.049 0.058 0.060 0.065
Heterozygosity He 0.059 0.053 0.061 0.058 0.065 0.064 0.052 0.052 0.070 0.066 0.063
Ho/He 0.944 0.858 0.953 0.915 1.012 0.903 0.860 0.941 0.831 0.900 1.024

*1 Fixation index calculated without AKAIKA. *2 Peculiar allele to AKAIKA.
P*, Polymorphism less than 0.95. Ho , Observed heterozygosity.
P, Polymorphism over 0.95. He , Expected heterozygosity.
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Table 1-1-4. Nei's genetic distance (D value) among localities (below the oblique line), with numbers of loci in which significant

differences in allelic frequencies among localities were recognized by chi-square test (over the oblique line)

Ishikawa Kyoto Saga Kagoshima  Miyazaki Mugi Kitanada Mie Shizuoka Chiba Okinawa

Ishikawa 2 3 3 1 3 2 4 5 4 8
Kyoto 0.0021 1 2 2 3 1 2 2 3 8
Saga 0.0015 0.0023 4 2 2 3 2 4 7
Kagoshima  0.0326 0.0337 0.0324 1 4 0 3 2 0 6
Miyazaki 0.0325 0.0344 0.0334 0.0011 1 1 4 3 1 6
Mugi 0.0331 0.0330 0.0326 0.0008 0.0012 i 4 4 3 6
Kitanada 0.0329 0.0321 0.0327 0.0007 0.0012 0.0005 2 1 1 6
Mie 0.0337 0.0321 0.0337 0.0019 0.0024 0.0014 0.0007 3 2 8
Shizuoka 0.0344 0.0350 0.0336 0.0014 0.0025 0.0017 0.0019 0.0037 2 5
Chiba 0.0327 0.0338 0.0328 0.0005 0.0008 0.0008 0.0008 0.0016 0.0013 6
AKAIKA 0.2089 0.2100 0.2095 0.1694 0.1720 0.1720 0.1710 0.1719 0.1708 0.1696
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Fig. 1-2-3. Monthly change in landings of oval squid by small-
sized trawler based on a catch-log-book research of
sample boats at southern Kii Channel. Black solid
colums show the catch during the spawning season.
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Oval squids were released at stations a-d. Open star is
the station of which water temperature was measured at

10m in depth.

Table 1-3-1. Data of released oval squid with tags

Date Site No.inds. Mantle length(cm) Tags
Nov.5,1987 A 56 12.8-25.8 Anchor tags
Nov.6,1987 B 104 123 -26.5 Anchor tags
Nov.17,1987 C 71 95-237 Atokins tags
Dec.15,1987 D 39 10.5 - 18.5 Atokins tags
Dec.17,1987 E 35 10.7 - 17.7 Atokins tags
ARMH A % FE M L 72 (Table 1-3-1) o MUICH 727
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Fig. 1-3-2. Two types of tags used in this study.
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Fig. 1-3-3. Geographical distribution of the sites released, and

recaptured of the oval squid.

Table 1-3-2. Result of the tag-recapture-survey of released oval squid

Date of Date of Sex  Days from Migration Migration Mantle length ~ Mantle length Growth rate Fishing gear
release recapture release to Distance speed at release at recapture (D-CYyA
(Recovery %) recapture(A) (km)* B/A(km/day) C(cm) D(cm) (cmv/day)
Nov.5,1987 Nov.§8,1987 % 3 2.8 0.93 17.0 17.0 0.000 Jigging
(3.5%) Dec.23,1987 & 47 52 0.11 18.2 22,3 x* 0.087 Small set net
Nov.17,1987  Nov.18,1987 & 1 1.6 1.60 21.0 21.0 ** 0.000 Blanket net
(12.7%) Nov.25,1987 2 8 6.6 0.83 15.3 15.3 ** 0.000 Small set net
Nov.28,1987 ¢ 1 134 1.22 13.2 132 0.000 Small set net
Dec.4,1987 & 17 7.6 0.45 14.5 17.0 0.147 Small set net
Dec.11,1987 ¢ 24 7.6 19.2 20.0 0.033 Simall set net
Dec.15,1987 & 28 7.6 027 17.5 17.5 0.000 Small set net
Dec.21,1987 £ 34 1.6 0.05 21.2 212 ** 0.000 Small set net
Dec.24,1987 ¢ 37 1.4 0.04 14.0 19.7 0.154 Small set net
Mar.6,1988 & 110 7.6 0.07 20.6 28.4 ** 0.071 Small set net
Dec.15,1987 Dec.25,1987 e 10 0.8 0.08 17.2 18.2 0.100 Small set net
(5.2%) Jan.9,1988 F 24 16.2 0.68 15.0 15.6 0.025 Small set net
Dec.17,1987  Dec.21,1987 ¢ 6 14.8 2.47 16.4 16.4 ** 0.000 Tigging
(5.7%) Jan.19,1988 T 34 11.6 0.34 17.7 18.0 ** 0.009 Jigging

* The shortest distance

** Mantle length calculated from body weight with modified equations discribed Ueta and Jo(1989).
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Fig. 2-1-3. Monthly change of gonad somatic index of male oval squid off Tokushima Prefecture by size.
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Tabie 2-1-1. Number and ratio of copulated female by size of oval squid

Year Date Sample Mantle length class(cm} Total
number 0~(1) 5~(n) 16~(n) 15~(n) 20~ (n) 25~ (n) 30~ (n) 35~(n) (ML= 15cm)
Jan. 19 4 0023 0(2) 0{4)
Jan. 23 2 (e} o(1) 0023
Feb. 13 8 B3 0(S) e
Mar. 29 9 o3 05} o1y (L6
Apr. 30 10 o 5(8) [£8)] 59
May 31 9 02) 35y 22 5(9)
1991 June2d 7 2(3) 242y 22y 6(7)
July 17 8 245 3(3) 58)
Aug. 17 27 003) 023) o) o)
Sep. | 6 0y 04) o) (6)
Sep. 3 6 3(6) 3(6)
Sep. 7 18 0(5) 0(13) 00)
Oct. 4 17 (&) 0(12) a(12)
Nov. 1 4 0 L))
Nov. 20 8 o7 o) 0(8)
Dec. 21 6 0(3) 0(2) 1) 0(6)
Jan, 23 5 0(2) 12y o) 1(3)
Jan. 24 3 0(2) o) 0(3)
1992 Feb. 15 10 0(4) 04) 0(2) 0(10y
Feb. 26 17 19 07) 0ty 1(17)
Feb. 27 2 o) 1 1)
Mar. 18 10 o7 0(3) 0(10)
May 6 33 2(6) 12(16) 5(10) ) 2033)
May 15 2 2(2) 22)
1994 May 28 15 (D 9(9) 3(3) 2(2) 15(15)
June 30 27 10010y 12(12) 5(5) 27(27)
July 3 7 7 7(7)
July 15 20 8(8) 11 1 20020)
Mar, 22 22 o 0(10) 310y ) 2D
Apr. 27 25 01 Hh 15¢15) 242) 24(25)
1995 May 19 81 511 34(34) 34(34) WD (1) 75(81)
June 21 42 106017 15(18) 6(6) L 3242y
Dec. 18 77 0(13) 0(23) 0034 o7 0(64)
Jan. 31 73 o 0020 0(32) 0020y 072y
Mar. 29 19 o o 510} W 6(19)
Apr. § 4 0(2) 22y 244y
1996 Apr. 25 43 [Ue)] 15 F(10) 22{22) 5(5) 35(42)
May 24 37 4(5) 13(13) 15(15) 4(4) 36(37)
May 30 19 2(3) 8(8) ey 4(4) 18(19)
June § 12 3(5) 4(6) (1) 8(12)
June 28 36 5(6) 22(23) i) 34(20)
July 25 22 3(6) 14(14) 1 1 19(22)
Tan. 23 30 0G) 0(17) (%) o 0030)
Feb, 24 20 0(4) 0(8) 0(8) 0(20)
Mar. 28 39 02 2(22) 3(14) 1(n 6(39)
Apr. 25 23 22) 10(10) 10(10) 1 23(23)
May 16 51 4(4) 212 23(23) 33) 51(51)
1997 May 28 26 3(3) 13(13) 99) 1« 26(26)
TJune 23 29 9(12) 9(9) 6(6) 2(2) 26(29)
July 30 29 6(6) 17(17) 44) 2(2) 29(29)
Aug. 25 5 4% 1(1) 5(5)
Sep. 29 1 1 1)
Oct. 14 2 02) 0(2)
Jan. 21 29 0(5) 0(12) 0(12) 029)
Feb. 16 28 0(3) 0017 A1 11 3(28)
Mar. 17 29 0(s) 111 110 23) 429)
Apr. 17 27 o 0(2) 15(16) 5(6) 1(2) 21(26)
May 21 22 ) 13(15) 6(6) 20(22)
June 16 30 5(12) 14(15) 3(3) 22(30)
1998 July 9 12 1{6) 4(4) H1 1589} 12y
July 24 9 48) (8] 49y
Aug. S 14 10(12) 2{4) 12(16)
Sep. 9 18 O(1) 015 [Ee3] ol 017
Sep. 9 31 02y 0(28) o) 0ez%
Oct. 9 28 0020 o) 0028)
Nov. 5 28 04y o2 03) 028}
Nov. 27 27 ocn oD 03) 027
Dec. 2 16 0% a8) 0(3) (16}
Dec. 10 85 o) 0(13) 0(40) 0(28) 03) 0(84)
Jan. 5 74 0(12) 0(33) 0(28) o) 0(74)
1999 Feb. 8 37 02) ol 0(15) 08) o) 0(35)
Mar. § 90 0(2) 0(13) 0(38) 130 1(6) o) 2(88)
Jan. 220 0(3) 1(46) 0(100) 0(69) 0(2) 1217)
Feb. 122 02) 1(34) 057 327 H2) 5(120)
Mat. 208 0(2) 0(25) 3(93) 13(75) 6(12) o1y 22(206)
Apr. 132 0(3) 3(12) 44(51) 54(56) o(10) 110(120)
May 295 22(36) 126(134) 103(108) 16(16) 1163} 268(295)
Total  June 183 44(65) 78(85) 30(30) 3(3) 155(120)
July 107 20031) 60(64) 78) 3(3) 1 91(107)
Aug. 46 03) 0(23) o1y 14(16) 3(5) 171
Sep. 62 0(0) 0(3) 0(44) 3(12) 13) 4(59)
Oct. 47 0(5) 0(32) 0(10) 0(42)
Nov. 67 O{4) 0(18) 0(39) 0(6) 0(63)
Dec. 184 0(14) 0(44) 0(84) 0(39) 0(3) 0(170)
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BOOLNLholzd, 627 HIZIET < EHIZ 90
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8 L 1 B EA s s 7=, 9 H 18 H, 10H 27
FUSIRFEBL DL AEATIESD & U - 726 1990 4E D FAT
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Table 2-2-1.

three different substrates in the research area by oval squid*

Sampling date and number of egg masses spawned on

Sampling Number of egg masses Total number
date Substratum of egg masses
Zostera  Sargassum Man-made
maring spp. spawning bed**
Aug. 3,1988 11 0 11
Sep. 1, 1988 3 0 3
Apr. 27,1989 0 0 0
May 23, 1989 0 0 0
June 27,1989 =90 2 =92
July 13, 1989 2 0 2
Aug. 18, 1989 1 0 1
Sep. 18, 1989 0 0 0
Oct. 27, 1989 0 0 0
May 23, 1990 0 2 0 2
June 12, 1990 0 3 0 3
June 26, 1990 0 3 4 7
July 11, 1990 0 1 10 11
TJuly 27, 1990 0 0 1 1
Aug. 16, 1990 0 0 0 0
Oct. 3, 1990 0 0 I {
May 24, 1991 0 0 19 19
June 6, 1991 0 0 18 18
June 27, 1991 0 0 5 5
Aug. 6, 1991 0 0 18 18
Sep. 3, 1991 0 0 5 5
Oct. 15, 1991 0 0 0 0

*  except egg masses which were found in the previous investigation.
** set April 11,1990
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1987), &3 M H T 1500 ~ 2,000 ('fr' KB 1961),
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~ 64, BIEHMF CE - KB 1961) TiZ2~9 THH
58 Tholoe R (1R 1981) Tl 1 IgEN 720
DIRFLNE 2 ~ 8 THIDTSR & 3.0 D2 70— T 1255
n, HEDVRKEEGOEINCL 2 0THY, HE
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4 ~8BLY1~3D2 7 V=720, WED
uLJMJmJU& PEONISI], BREEML OIS A 2 B = &
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Table 2-2-2. Numder of eggs and egg capsules in each egg mass of oval aquid collected from 1988 to 1977

Sampling Code of Number of eggs contained in one capsule Total number  Total number
date egg mass 0 1 2 3 4 S 6 7 8 9 Mean  of egg capsules of eggs
Aug. 3, 1988 { 1 0 0 3 8 55 109 13 0 [ 5.61 189 1,061
Aug. 3, 1988 2 0 t 4 2 5 30 2 6 99 2 6.95 51 1,049
Aug. 3, 1988 3 0 0 0 1 9 54 63 35 0 0 575 162 932
Aug. 3, 1988 4 0 0 0 2 12 74 55 0 0 0 5.27 143 754
Aug. 3, 1988 5 0 0 0 0 7 54 23 2 0 0 5.23 86 450
Aug. 3, 1988 6 0 [} 0 1 9 29 30 2 0 0 532 71 378
Aug. 3, 1988 7 0 0 0 1 5 21 29 1 0 0 5.40 58 313
Aug. 3, 1988 8 0 0 1 2 1 7 19 15 1 0 5.96 46 274
Aug. 3, 1988 9 0 t i i 38 4 i 0 0 0 4.00 46 184
Aug. 3, 1988 10 0 0 0 0 0 19 7 0 0 0 5.27 26 137
June 27, 1989 1 0 0 i 1 2 12 69 66 24 0 6.52 175 1,141
June 27, 1989 2 0 0 26 41 16 31 19 0 0 5.09 115 585
June 27, 1989 3 0 0 1 3 8 30 31 21 5 2 5.78 101 584
June 27, 1989 4 0 0 0 0 1 7 28 45 0 0 6.44 81 522
June 27, 1989 5 0 0 1 5 25 33 i9 5 0 0 4.90 90 441
June 27, 1989 6 0 0 0 0 2 10 49 9 0 0 5.93 70 415
June 27, 1989 7 0 0 0 3 20 52 2 0 0 0 4.69 77 361
June 27, 1989 8 0 0 0 1 S 16 6 1 0 0 5.53 59 326
July 13, 1989 1 0 12 7 5 12 23 13 4 1 0 4.13 77 318
July 13, 1989 2 0 8 11 12 22 13 3 0 0 0 3.43 69 237
July 13, 1989 3 0 7 4 7 26 4 8 2 0 0 3.83 58 222
July 23,1997 1 5 17 23 54 102 64 2 0 0 [ 3.61 267 965
July 23,1997 2 0 0 10 20 42 8 0 0 0 0 3.60 80 288
— 95 —
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Fig. 2-2-2. The periods of egg-laying and hatching of the egg of the oval squid estimated from the

relationship between the embryonic developmental period and incubation temperature(Segawa

1987).
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Table 2-2-3. Spawning season of oval squid at ten localities in Japanese coast

Waters Spawning season

Reference

Wakasa Bay Mid May-late August
Mid May-August
Kagoshima Prefecture May

Mid June-late August
Mid May -late June

Goto  Islands

Kominato and adjacent water
Atsumi water
Tokushima Prefecture
Late April - Early October
Late April - late August

Okinawa Island Late April - mid October

Late February - late October

Ishigaki Isloand Late February - October
Late April - early October
Iriomote Island

Philippine All the year

Late May - carly September

Late January - late September

Suzuki et al (1983)

Dotsu et al. (1981)

Yamamoto (1943)

Segawa (1987)

Choe and  Ohshima (1961)

Ueta and Jo (1989)

Ueta er al. (1992)

Ueta and Segawa (1995)

Inoba and Sezoko(1967)

Okinawa prefectural experimental station{1977)
Okinawa prefectural experimental station(1976)
Segawa et al. (1993)

Tsuchiya(1981)

Kawamura(1990)
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,000mm

1,000mm

FRP(3,9mm in diameter)

.................. 500mm

Steel and FRP types

Fig. 2-3-1.

Rope 12mm
Steel (13,19mm in diameter)
I I 500mm

Froat
300mm in diameter

Net (40*40mm)

300mm

500mm

1,000mm

Mid-water cage type

Three types of the man-made spawning bed used for the present experiment in area 1.

Poles of FRP ( ¢ 3mm and 9mm) and steel ( ¢ 13mm and 19mm) were provided on the

concrete block (ImXTm>50cm) of FRP type and steel type, respectively. Mid-water cage types

comprised cylindrical cage with a float and were fixed on the concrete block. Ropes( ¢ 9mm)

were stretched between the walls inside of cage.
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Fig. 2-3-2  Five types of small scale artificial reef for the present experiment in area |.
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—_ A
* Rope 12mm 500,
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500mm
1,000mm 1,006mm 1,000mm
A FRP type B Steel type C Mid-water cage type C Mid-water cage type

{W=58,100,150,200)

(H=2000,1000 and 500mm)

Fig. 2-3-3  Three types of the man-made spawning bed for the present experiment in area 2. Poles of FRP (9mm and 12mm in

diameter) were provided with space of 5, 10, 15 and 20cm on the concrete block (Im > Im X 50cm) of FRP type. Steel types

consisted of 49 vertical poles and 0-6 horizontal poles of
Mid-water cage types consisted of cylindrical cage(50cm,

steel(19mm in diameterjon the concrete block (Im X 1m X 50cm).
Im, 2m in height and 4 linked cages) with a float and were fixed on

the concrete block. Ropes(9mm in diameter) were stretched between the walls inside of cages.
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Table 2-3-1. Monthly change of water temperature and salinity
on the bottom at sts. A, B and C in Nasa

Date Temperature(C) Salinity(pst)

St.A St.B St.C StB

May 23,1990 20.0

June 12 20.4

June 26 22.4

July 11 23.1

July 27 235

Aug. 16 25.3

Oct. 3 25.1

May 24,1991 187 18.7 18.6

June 6 19.5 192 197

June 27 21.2 21.1 21.5

Aug. 6 25.1 252 255

Sep. 2 278 27.5 27.9

Oct. 15 24.0 235 234

May 15,1992 199 20.2 20.4 330

May 27 212 211 20.9 336

June 22 21.9 22.0 22.1 33.6

July 21 24.0 24.0 247 335

Aug. 28 24.0 24.0 24.7 32.6

May 20,1993 19.4 19.3 19.4 343

June 22 21.4 21.8 21.8 335

July 22 22.6 22.5 235 32.0

Aug. 21 26.2 26.1 26.4 32.6

Sep. 29246 247 24.6

FTIAAD

DE WY F e

By ATOIHAEBRLSTNTOY 4 7O N LEIED
L ORI RE S A4 T D8 A9 Y FEIIRE THRIEDSPE A
D ENTWe, THITH LTS H 16 HIZHE, RKko
FEPHAEME B KO8 A BRI 9 S b IR FEBE O 47 A 1
RO LN Do 7oA, 10 H 3 121 D M oo /N £
4T ONLHFET 1 IEEMATED Sz,

1991 EDORA TIEI AT EINECIBE I EHE S
72035, i DRIRDIE BB~ OFEINIFE D SN
o7z (Table 2-3-2) AMLICWES H2dH &6 H 6
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e, BHLE TS B 24 H~8H 6 DORAET, 347
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WO NG h 72,5 H 15 HICIEB#b ok
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LA, KNDILAED & > 7 SHT 7 PR FEY
M7z (Table 2-3-2) s CHLE T, BH LY BV 6
220257 H 21 BRI S,

1993 4T & 1990 ~ 1992 4R [al Ak A L 15 T UL AT A R

IIVE=

Table 2-3-2. Existence of egg masses of oval squid attached to four different types of spawning bed settled in stations A-D and natural sea-weed bed in Nasa

Staton StA St.B St.C StD No. of capsule mass
Man-made spawningbed* C1 C2 €3 Il 12 I3 FI F2 F3 C4 C5 Co 14 I5 16 P4 FS F6 C7 C8 C9 CI10 I7 18 I9 110 F7 F8 F9 ¥I0 Bl B2 B3 B4 BS  insea-weed bed**
May 23,1990 2
June 12 3
June 26 + + o+ 0
July 1 + P + oo+ " 0
July 27 + +oF o+ 4 4 - o
Aug. 16 - 0
Oct. 3 N 0
May 24, 1991 -+ o+ o+ - + o+ + o+ + o+ 4+ + o+ o+ + o+ 0
June 6 -+ o+ - B S S S R S S S S 0
June 27 L A T + F o S T 0
Aug. 6 + o+ + o+ o+ + o+ o+ o+ 0
Sep. 2 + o+ + 0
Oct. 15 0
May 15,1992 o4+ + Z
May 27 - O o
June 22 T A A T 0
July 21 + N "
Aug. 28 o+ o+ N
May 20, 1993 o+ o+ 4+ 4 0
June 22 R T S S s A + 0
Tuly 2 T I I o R - - 0
Aug. 21 + N + + + 0
Sep. 29 E T S R I T 0

* Cl-ClO:Mid-water cage type, 11-110:Steel type, FI-F10:FRP type, B1-B5:Small artificial reef type.

** Observed in the all research area.
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Fig. 2-3-4  Egg capsules laid on man-made spawning bed.
(A)Egg capsules laid on FRP beds on June 27, 1991.
Newly spawned egg capsules (partly) covered the older

ones. (B) Egg capsules laid on the mid-water cage type
beds on June 6, 1991. Egg capsules were laid on both
inside and outside of the cage. (C) Egg capsules laid on
FRP beds provided 289 poles with space of S5cm on June
26,1991. Newly spawnd egg capsules were laid at the
base of poles of 49 vertical poles and 0-6 horizontal
poles of steel(19mm in diameter)on the concrete block
(Im*1m*50cm). Mid-water cage types consisted of
cylindrical cage(SOcm, Im, 2m in height and 4 linked
cages) with a float and were fixed on the concrete block.
Ropes(9mm in diameter) were stretched between the

walls inside of cages.
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Table 2-3-3. Monthly change of water temperature and salinity
of the surface and bottom at the research area of

Shishikui fishing port

Date Temperature ('C) Salinity(pst)
Surface Bottom Surface Bottom

May 24,1991 19.3 18.5

June 6,1991 20.5 19.7

June 26,1991 222 212

Aug 6,1991 26.7 26

Sep. 2,1991 28.1 27.5

Qct, 15,1991 232 233

May 15,1992 20.4 19.8 31.8 329

May 27,1992 21.3 21.2 33.2 33.6

June 22,1992 21.8 22 333 33.7

July 21,1992 25.8 24.6 33.1 33.4

Aug. 28,1992 25.8 24.6 31.5 32.5

May 20,1993 19.6 19.4 33.9 34.1

June 22,1993 22.6 21.5 32.8 335

July 22,1993 24.9 23.5 30.7 314

Aug. 21,1993 27.0 26.5 313 324

Sep. 29,1993 24.9 24.7 315 32.5

May 13,1994 20.6 21.4 324 33.4

June 23,1994 23.4 23.8 31.7 33.3

July 19,1994 28.2 27.8 33.7 338

JBHIRIERE Y A T IRETT ) A S DIp
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5 A 72 IEI TR iz,
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HEL 10 em [HFA 1 AECONEEILASTRD H 17206 H 23 1
[ ZIEFRP 7 4 7D 5 cm HFR 1L 10 em B 2T
DR S Tz, F/2, TAUA B OYPTEE & [

_33 .

U A B OB A RS

Table 2-3-4. Existence of egg masses of oval squid in each
man-made spawning bed of steel type

Date Man-made spawning bed (No. of horizontal poles)
A(0) B(3) C(6) D) E@0) F@3) G(6) H®)

May 24,1991

June 6

June 26

Aug. 6 - -
Sep. 2

Oct. 15

May 15,1992

May 27

June 22 - -
July 21 - - - +
Aug. 28

May 20,1993

June 22

July 22

Aug. 21 +

Sep. 29 - - - - - - - -

May 13,1994
hne 23
July 19

Table 2-3-5. Existence of egg masses of oval squid in each
man-made spawning bed of FRP type

Date Man-made spawning bed (Space of poles}
I(5em)  H{I0cm) K(ISem) L(20cm) M(Scm) N{10cm} O(15cm) P(20cm)

May 24,1991

June 6 - - - - +

June 26 e - - N +

Aug. 6 + - B - + +
Sep. 2

Oct. 15 - - R

May 15,1992 . . - - +

May 27 - . - . +

June 22

July 21

Aug. 28 - - . - +

May 20,1993

June 22

July 22 + +

Aug. 21 + +

Sep. 29 + +

May 13,1994 + +
June 23 4 + - - o o
July 19 - B . R + +

*: observed egg masses of Sepia lycidas at the same time.

Table 2-3-6. Existence of egg masses of oval squid in each

man-made spawning bed of mid-water cage type

Date Man-made spawning bed (height and number of cage)
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May 24,1991

June 6

June 26

Aug. 6

Sep. 2 R - R - R +
Oct. 15




K2 FRP # A 7@ 5 cm MWE 25 £ 10 em [HIFE 2 55T
BT A OIRERSERD bz, T H 19 Hi
cm B 2 HE & 10 em RIFR 1 HETINEW RO S iz,
1991 ~ 1994 45D 4 HAEF B L T b % < IPEMY
RSN/ DESemBBOFRP ¥ 4 7O TH o 72
(Table 2-3-5) $7=, FRP ¥ A /TSN T F Y
A A OYRFRBL, HER OB TE (D s
7, w\%u4ﬁmw EYLIE FRP A0 2 ORI A A 1w
K’#otocmivuzﬁ4ﬁﬁ@uwﬁﬁgmﬁ
FENZEEN AEMARD S hizoizxt L, 74 A
T A B O TINC EEIN S 5 M A3ER0 Sz,
TA ) A IITEINGIT E LT I ICE S e vz
[ % IS B AR b T,

$I & A TIEEIZERP ¥ A T E R Y EO
PR KRR 2R S, k7 A T OmERO
ffEIE 15 em TR B % C EINPTRO LI/ FRP ¥ 1 7
D5 em M2 TR 4 DAEOFRE %58 U CRFE
HOBWEDOTENTH, 6 ROKFHEDDH L b O THE
N HERPALNOARTH -7 (Table 2-3-4)
Iwm%947 L FEOE S5 100 cm O B HEEE
THIEE 48K Y A T DR TIE~NDRIIH A ST,
ENLI DI ~DEIRPED LN iro ol L h b
(Table 2-3-6), A B, KES, 6m TR S
G4, 5 m ORI A BT B AR5 7z,
SRS AT D WIS B VT, o THEOKR
PROUHFERAL A B ASAEAE U 7 RS I R BN 2 351
Lizb CABIEEO SN Eh s, EIEDSE
WD/ 7 ) A ORI ER S N,

EIME DM
AR A, B, CHEIIRBE SN TFY 4
71N L BN O FEEE X # 2 300m LA ARG L

By, 1’< A OEB ORI RE R ENAS ﬂ@w,
WA S L BT 26, AR KEILE
THELWb D EEZOR, 2D M5, A, B,

C D3 Tz fRE Lz A LRI B AFEMNE B X
UIEIREEIR 2 &, A A LI & LCid B g o &
PRI 32) 7 SoL dbE  A0F S AFNURIROY Ciiud e
AEbDEFEZ LN, ZOZ L, SN B
TRINDFEIVFEAE A D L 5 O INFEW S BIEE S 7z il
BT RTANIL, BABLUCREBOBEECH /22
EERS-FLT,

FEIN O 4L LT, kE (1981) 13k 3m DLk
DFNGFT, LR WI &, BAoBRASIZR
57 32 a7 Enhalus acoroides 75 & OWEELHE A L
Twb I e, WROBEPY NI L, A H o4t
WD, APRAEI S BT 2 T L R AR L7z W
FHERE QEAGR 1975) TIXKBE 15 ~ 15m T, J&H°
HOTHEIROEE N L AP EINEOLENE ShTnwi,
F 7, &MWKH(KWMMDT@TﬁU4ﬁ®&W
S K15 ~ 20m DFEHAD L 22

——

TEHE PR ETH, mmmmﬁa TR E 2 A,
BTN (B 295 RV ED4
PR PP Cwb, 20M, MRS G KRB

1961) T id i O ¥ 33, T}KL'T’/J\(J\\(SegaWd1987)’C

FIKGE 2 ~ 10m D5k %7 58w, TR ILEs (4

A 1983) TIIAKE 10m DBk v 47 5869, 1
AR Fesdl, CRIEL © 1995) TR 1 ~ 40m D & >
TG, TVE, RO LA TTE

Biﬂi@ii LR OR) T A ) A DRI o Tw

SHE SN TS, RUPEORE, HBEIRE
DOWEOBIZIBDT 4 ) A D OEIOHF#EIIZ 2 - T
Wbk, 5, ViEE, BBRAE, FallkE
%Wu,fﬁﬂ(mmkivmﬂﬁmﬁmwmxii
=8 Bo £/, FEINKED RGO 30 ~
40m B L RGEAEO 15 ~ 20m 75’“ WCHEL 15m
DIEEOEHRTHH L, KRR E L {87
Bo LML GG, MEBETHAE 16m IZHE S
U CREINATHERR S 72 1), FRELBEEE AR 20
~30m TLINEIL AR L T hH Z &hn, Slog
G D BB I L 0 S HAICHGIEINC b EEIN M T b
TV A EEMEA W S & DRI S 7z,

FEBEROME SHEIEICT 2 ERGE
&%ﬁﬁt%z%ﬂtma“%HéﬂAﬁ&%&
B HAEE > #k15 > FRP O M2 JEI RS

mﬂﬁ%ﬁﬁ%ﬁﬁmﬂ@7w<ﬂﬁm@bﬂét/

ZHNl, COZEns, AT DWW TIEMHE

&R DT 2> ST BB B 5o HIRFIC B

LIRFEBL O FM & L TR s v T v (k

FH 5 1992, Segawa 1987), w7 3 =w 7 ()& 1981),

KT GEMN 1990, TARKEVE LS 1977,

MARBZKEN 1973, 11T S 1992, Segawa 1987, $57K 5 1983)
e EOWRE (H ) ER A B O o — SE (R 1981,

Segawa 1987) 7x &b, A v NF (A 1973),

— 34 —



& FET A A T OB AR AT

2 R PRGN LS 1977, Segawal987, i
RAKF 1973, Segawa ef al. 1993)7 LV L O F Tk
ENTBY, FORBIROWEIEIFEICL, KEFFED A
TEEINFETS, B, 205, FRP O, A
HY, NLHEEE 2 &00 b JRaEs
RSN NGRS o0 NS MOV /S 1B N
b O F THEO RO
BRIV R BRBEER & LT, TR s
/i, FRP M CIEAE S O MR 2 © O JHEEC 2525380
%ﬂ%oﬁﬁﬁiwmw&4im:yﬁu~b7uy
Z O E e R ST 5 b, FORERICE EM
ow%ﬂt:&@m%%@Tv%%47N+«@%w
Be LT 2, HIBHEE S 1 71305 Hk
EAMWELY Im ML TBY, av2)— L

;V||S i)’[gl 75’111,&/)[0%?1/37&\/‘\._&7)\% 7+ ’)/fﬁ
A R 3 i @1%%%gﬁ$®?d&<
BT W e RS B TN AT S L AR L

Twh, Jhid, k25T S TITHEE T, < H
o= L OWFREOEZEINT A 2 L (Segawa
1987) £ L —HLTwD, LLad s, 1991 4
DBg, B XU ERP ¥ 4 7 CB i & Pz R
B S A7 C LS OB ERE 5 4 7T, AR
W% U T 1993 4F 6 H 22 H o> 1 ) L A pEgl A%a8
bNgrolc, CHBEOKELS ~5m EEL, 2o
P2 S A AE I E TOMBAS L ~3m &<, i
BRATEY D72 D53 I 2B B iz, T
UADDEIREE UCTR Lotk 2 615,
L7z, BEIMIHOHE M A A3 5 PRI £ <
RO LMD &R, 8, FRP 7 A 7 Tldhidiic i
OAATZHEDOFEIMT IO L CBEIPRALNL Z &
b, HAEBEH A HLA RN % pE
TAELbDEEZEZBND,
MEIC BV TIE, EVEBLU Y SEENLITY
177 Livistoma chinensis) D3R W/ pIEE Y 4 70
NLPEJIHEA R S 7z (PG 1973) S hubid2

I//Jk u\L_}}

BroZ b, KETm I0RE SR 8E, BB
2&1}@4@“":75‘77\ NI TEONEENL S0 7

CMRILRE RIS 1973)0 F72, 740> (K
1990) X° % A (Chotiyaputta 1991)CTIEF @ 2 1Y 2 OFY
MAEIC NGRS & )5 S, % s B EEE (squid trap)
WZANT, BSOS AR L8 A » 2 i 2
WMEPBATH B, 74 )T, KFE6~8m T,
5 A TUEIREE 14 ~ 25m THEDTDOI, &4 TIREE

-3

B REAFITHENTEY,

EWwbDEHEZONS,

DEEIIWIRL Y 2~ 3m FHIZEEBE IR TWD, &K
ML PRI BT 5 AT, 719y, 24
DPEMECHETER L L, EIROBE LTONE
FREOREEW LB EKRIC Lo T R E#
ZENDLLDD, 6~TmEh L OKREDH PR 5
PSS 2 ~3m B CwTh, 0 nksld 2/
&%@&%zbh%oit,w&ﬂmkl?WM@m
HAOPLRNTEBY, 74U A 8o
Pdy B AT Do REFFETHIV 288, ERP % A
WZBWTH A & REIIAS AR S AL, FE SRS
NDOFEINZ DTS B0 OFENFTEI AR S b,
IO ORI, FACEERSED T D, A
RO HND Ty A HHESS, PRI O
%rﬂkﬁ*Mﬁ< (L - AR 1998), hba))\%)llﬁn%La>ﬂJ
WHREL, #2200 AHTLETRNELE LS (I
M&%mo
INHDOITEING, O L b A LI i
DMAOHEE 2 5 ET

O R W W ¥ i TE e 1) i
WA LCHBIED, IDANABETHLZ EHHS
&R o7,

RHERBRORRK E B
T A ) A T DIRFERAS A FR AR B SR AR D
HENE LT, FEFEOM B X O & o B
EJBIRDE 2 5N Do BB L OTFRP & A 7 TIERETR
ORI A DT L), THIEBHRRO T~ ER
A VINFANDEIRERE KL Twb, $7-, 8
ML FRP ¥ A4 T CTHMENLER LIS 20 b BT,
PRI EAEENHO SN o2 Lh b (]
%m%x&ﬁﬁ47tﬂw&47,,cwﬂﬁib
IR M OME S EE BN LI 505,
BERGEDRERN L, ACPBEPRIE SNG4 1S
NOHEIZE LB LB SN, FO—Fb TEk
DIFNEIRENT SO TH /22 Eh s, KFEICH
ﬂéﬁtﬂ%%%#?ﬁU%ﬂ@%ﬂﬂ%&ﬁ
(Segawal987) 12443 L b 4 T2 WITHE A% 2 &
Nbo 72, FAFE TIPS N72 5 cm D FRP
5 A TP IAT, B O B ATS em K& 2o
7210 cm MW DOWAERT 5 A4 T CHEINDHRO SN T WA D
&k Mb@%)ﬁ%JmP&47&ﬂ%74f®@
BHOZEEM B L 20T % <, BOMEOEEIA
FwnwrEzohs,

5cm MPED FRP ¥ 1 714

i R DR A~ o



BUAY% {388 & L7z (Tables 2-3-5) 74 1) A4 71 D FEGR
iR omE SN IEEY T~V E v THEE
BT A SH LT EPME SN TS (Segawal987)
IO ENS, BINCHVBEORA I ORI ER
HEHOBBIREBRDLLEREEZONE, IPHEIL
%&wﬁ%&1ibm%éﬂt7ﬁu4ﬁ@M@&%

B EINGIINEERE 155em TH Y, WAL Mo
mﬁ%ﬁm LE320em Th o2 T4 A I ONER

FLigEo 7o 2 M) =3 (Segawal987) S fif %
2T A TR 155 com DR T ~ V247
~73cm, WEFEDZm D ~VEEY 89 ~ 14.2
bl b }JVJ%M YIARAT ) T A A W OB

cm &7

Ho B
NEINY Bz KG,%%%@M@&T e mwnwe
%i%h%oﬁ4ﬁuﬂw94fﬁi0%%94f®
HEEERA~FEIN T 4 72012 FRP B #0205 FRP #E D
IR T AT AVEYN S D 2 LWL NPT, I
AR OMBIIREEHTAIOBIZANS 2T OME
WL, TA U A B ONE “E&&&itﬂ'?"@?tl} b
1) —3%, (Segawa 1987) 2 LUHIREZHET H &, HEW
E155em OERIEH 4en TH Y, HETEH 2
BEIRIE 4.5 ecm EHESE S, SO END, NETE
2 em LFO 7 A1) A 4 7% & FRP RO M & 3 A§
B LSRR L B 2 BTz,

AHGF5E 0 N L PEIRAE LS B Vv CRESH S N7z IR EEIL Ol
B S, T A A h ORI AR B L O
BT BB S i E i, T2 ki, 4
BT A VA S OREIEL RN 5 L CEET AT
3;) Z)o

EEINIGIERL D AT RETE

BAEMK Iz BT AT EINEORER, 1990 45,
6H’iﬁw%¢5HKkl%WW%ﬂmﬁ5%w@
—ERAOEIH AR &, MERR O A TEIIER LD
T B R KREANDEIRPRO LN 2oz, ZO
T EMS, AEOMLI Vo8, FRP B X U
R EDEM AN LT ALK A TONLE
PRI PP PRI B R L CT R BBV I &
DRKFENEE FHEZLDEEZ LN,

F 7z, BAEHIX O B T <0 SRR IE IS ET O REIAE O 5%
EHE L, BB E R ER KRR 4 2 T
R Ta b, EINGE LT ASHHENT
Wiz b b HY, NI L HE S5 2
ETTANAIOEINPHRD NI, TDZE LD,

2 il

PEke, KIROAFEFIEDEAE L e Vil e & AR
MEARRET A IS L DH R EINGE ERTE S
EDEF L L E T,

SRR T 4 ~ 7 A O E 2 B IR

éﬂ%d”ﬁ@%é‘?ih} LT, EBROIREIE R Il

AR P T E B XU HRE O 5 INGEA
BRMTH LRV YT IRUTER AT 2010 L

TALEIRE T2 7 1) —

W B AN S B 2 D, HEREINY L L THH

AT o IS 2 S O A A7 3 2 B

T % 2 LA XY GRERBLOA AR HRE D4R AT A

R ERAZ &, T4 A A BROMEEARICR S
ST A MRS EWEEZ b D,

IZFRE SILTB Y R




BT 4 ) 4 B OB A

i
s
=
b
Ay
Kirig
3

1B CHBIINRICAERT 2740 4 OS5
PN RIRICH 5 2 &S Sz 8, 82 ETan
BRI, PEURHE, SLEREAB X IV S s &
Too ABETIRBEBERERBIIBNTILERICh-T
WRONINEEEME L O FMBEC 7TV 440
FaR R EAR T OIS, BGOSR HY
BEEBI, IR LB RO E T L,

1. SEERBERC K DBERT

TAN)A N DRE EFFIIOWTIE, SHOWE A
%o RE(R - BE 1949), BUEHRN A (B 5 1983),
VORI 199112 BT A Y O ET B,
DR A ST A DS, b BEMROHE
IR > Ty, Jackson (1989) &4 —A M5 7
BEDT A A 2w T, F7z, Jackson et al. (1993)
TR ARFEOR PR TRE SN ARET 4
AR DWT, PAICASNAHRRYT AR TH L 2
EREEH L, z@%%uﬁdwfkﬁw@ﬁﬁmm@
HlGAT S 2 955 L 725, SV 25em % 8 2 4 KM

KOHUBEERIZE Tk, KB B (1961),
MK B (1961), =@k EN (1964), jHIE (1967),

Mindanao State Univ. (1975), ZH1H (1976), fit4= (1979),
A2 (1982), Segawa (1987), FkilIs (1997) B L ¥
Lee eral. (1994) 13 fil & 25 & B R & M LT
Vb, FRIZ, Lee eral. (1994) 13KIE 23°C OIEEIR
RETHAREDINZ H € 3 RIS R S REIEH © 5
L, btk 2200 HAES TOBIBIZRK
F36em, HRE2210g FTHEKL -, LB
AR5 &, WRE DA T Ofilf B 5
4L/J>b£;zm 306 HH L, 7MEH R 26 om, R 810g
B L7202 OISR B W % i L
WEEHH LD DTH B,

AEITIE 1987 ~ 1999 D BT (M ni:
A1) A 5 ONETFREMR D SEBEINR BT 5

T A A D OBERR A R S I L,

M T

1987 4F 5 A ~ 1999 4¢ 8 J] 2,
ORI TABT S e 7
MEHEZ W L 720, Wl

H1~3H&EE X
A M I)\PJ} T

mm HALCE L 72. 1 6,068, HME 6,003, PEASHIE K
3,663 DEE 15,734 KON EE R T~ 274 ) A
B DEDIIH W, 15 ‘/M}”“LK@T %

oA 1 4 c:ﬂtﬁfﬂ:é TN 2 em BIIEOIEE KM

72‘;}‘{&/)/*:0
EEIREICOMT AT T4 05k 6 H

TH~8 AT (LHS 1992), FHHsABommE
MAZFILED 7T AP oA 022 EHLRPIIS R
Twh (,,:: H - W1 1995) s S A S DIfER 2 & RS
TIRSMEBEHTH LT H 1 Hax 20EREOSALH

(1=0) B L TEDBRDOWEROMNT 21T - 720 K
fF9E Tl AR O LR 2 Wiy A 72012, 3
HIMARED LA 11 Th D I X237 E (- b
1987), METF AL D 7 ~ 9 H ORIV R & i 1 1
VAR D 50T 726 1 MORE CTHREC$Rb 10 BE LR
DT =8 PG O NI E R, 7 1]
ENI4ER Lﬂ)xﬁLL THELNIEHAH O i &
MEFRE R L 2,

¥ f:, TSR T S L 74 ) A F @ 1987 4
5 H ~ 1999 4 8 J DN e et % B & 23 4 H il
C, B PIZE NS TOBRN S HmIcER L,
TRAE (1985 D X /MU R BRIz B W I X ) E
ot ML, £HCBTLT4 ) A HOTFHNE
WEEZROZ, 7T H EAESMUA & AGE L TR R
FEDT A VA ADEAD TR~ FOPHIETEI Y
VA Sa— N rEr
Gompertz O & & % T
il To s 6 A (FHS 1992)
ELTHETEMBD 95% BERX MO LRIz, b &
WAL T® 2 9 [l hay (LIS 1992) % 510

(t=0) & LT, SEHEMRD 95% EFEX IO TR

WCEBENEZEN Lz 74 YA 7 O ERRE D
LA RIS 2 R 2o 22T 5720102, AIC %

MW TEBER 0BG 21 Lz,

Gompertz D JEEEFAT1987 ~ 1999 ED 7 4 ) 1 H
IR J@)ﬁckﬁu&f BRORBCEHALLZEps, #48
AR J s & PN ETEORRBICOVWT Y A -
S b ik T Gompertz DRI A B L 72,

KA, TR T 4 A h ORI L 20 EYE
BLUEEOEI IR e JIETHERE LT bED
i ENEFTREDORRIE DWW TR & ) 7z,
KU 7 A ) A A E AT AN EREE DR D % il
BN, IR B L e A TEE PR O

H v T Logistic,
WH U7z, AR i & v b
© 51LH (1=0)

Bertalanffy,

— 37 -



@M%mﬁ%<,M%m
PETRAE 7, BRI H 1
BT =5 2 FDOHOREME LTH, 7~ 1
BT~ 12 HOEFMEE LTELL,

200 200
Female Jai‘i 141 B. Juvenile July (n=772)
100 ®=L14D) | 149 52 , ,
ﬁ s : g Male
0 - e "|:' :l., ] 0 3
0 10 20 30 40 0 16 20 30 40
80 800
Aug. (n=2,387)
40 400
0 0 F
72} 0 0 10 20 30 40
[t
&
_g 140 400
o~ Mar. (n=701)
20 200
=)
R=E 0
S 0
@
o 100 600
< Oct. (n=2,184)
’E 50 300 -
2 0 0 = ':}j-‘— T T
0 0 10 20 30 40
140 500
Nov. (n=2,401)
70 250 |
0 O Ll ¥ Ll T
0 0 10 20 30 40
200 400 —
June (n=854) L, Dec. (n=2,129
100 | - 200 i
0 = 35’35 R . 0 ,_‘,.F!: ¥ j’}L :
0 10 20 30 40 0 10 20 30 40
Mantle length in cm
Fig. 3-1-1.  Monthly size distribution of oval squid landed in Shishikui and Mugi markets from 1987 to

1999. Dotted, white and black, columns show the number of male, female and juvenile, respectively.
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Table 3-1-1. Growth equations and AIC applied to means, and 95% confidence limits of oval squid cohorts from Fig.3-1-1. ML is

mantle length(cm) at £ months after hatching.

Sex Applied data Assumed Growth equation (AIC)
hatching period Logistic Bertalanffy Gompertz
Mean Early July ML=27.5/(1+exp(-0.838(+-2.59)))  (20.7)  ML=29.0(1-exp(-0.304(-0.083)))  (203)  ML=278exp(-exp(-0.576(+-1.86)))  (16.9)
Male 95% confidence upper  Early June ML=38.9/(1+exp(-0.717(+-3.19)))  (31. ML=40. 8(1 -exp(-0.268(+-0.205)))  (394)  ML=39.3exp(-exp(-0.506(+2.31)))  (29.8)
95% confidence lower  Mid September  ML=152/(1+exp(-146(+-1.07)) (19 5.6(1-exp(-0.608(++0.128)))  (14.5)  ML=153exp(-exp(-0.992(+-0.684)))  (17.7)
Mean Early July ML=24.0/(1+exp(-0.849(-2.51)))  (31.7) ML~ 25.8(1 -exp(-0.284(1-0.0002)))  (29.3)  ML=24.5exp(-exp(-0.554(+-1.79))  (30.1)
Female  95% confidence upper ~ Early June MLA3L3(1exp(-0.796(+2.75)))  (20.6)  ML=32.8(1-exp(-0.293(-0.094)))  (23.1)  ML=31.6exp(-exp(-0.547(+-1.96)))  (1.72)
95% confidence fower ~ Mid September =151 4exp(-1.53(-1.05))) (19, ML=15.6 (l-exp{-0.604(0.134))  (16.8)  ML=153explexpl-0.997(1-0.634)  (17.7)
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Fig. 3-1-2.
cohorts and Gompertz growth curve and its equation

Monthly mean mantle length of each year class
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Fig. 3-1-3.  Summary on growth (Gompertz glowth eguations) and reproductive cycle of the oval squid off Tokushima Prefecture.
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fifh (= 1982) 122w Th, REFFEOFEE (Fig.3-
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Table 3-1-2. Gompertz growth equations applied to means

of oval squid cohorts in 1987-1998 year-class. ML is
mantle length(cm) at t months after hatching.

Sex Year-class Growth equation
1987 MIL=23 dexp(-exp(-0.810(+-2.77)))
1991 ML=30.2exp(-exp(-0.450(r-2.41)))
1994 ML=28 8exp(-exp(-0.685(2-2.17)))

Male 1995 ML=28.3exp(-exp(-0.592(1-2.53)))
1996 ML=28 2exp{-exp(-0.594(1-2.44)))
1997 MIL=25.Sexp(-exp(-0.806(s-1.92}))
1998 ML=27.5exp(-exp(-0.606(1-1.79)))
1987 ML=19.0exp(-exp(-0.972(s-2.54)))
1991 ML=22.0exp(-exp(-0.651(+-1.93)))
1994 ML=24Texp(-exp(-0.703(+-2.01}))

Female 1995 MIL=23 Sexp(-exp(-0.600(s-2.22)))
1996 ML=23.Texp(-exp(-0.641(:-2.17)))
1997 ML=22 4exp(-exp(-0.822(r-1.85)))
1998 ML=23 2exp(-exp(-0.682(1-1.57)))
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-1-4) o 1991, 1995, 1996 B £ U8 1997 4E4 14 J fEo ot
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BB AR & D IS T d - 72,
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Fig. 3-1-4.  Gompertz growth curves applied to means of oval
squid cohorts in 1987-1998 year-class. ML is mantle
length(cm) at £ months after hatching. Hatching day(r=0)
is assumed to be July Ist.
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Table 4-1-1. Experimental conditions of prey-predator relationship between oval squid and smallscale blackfish

EERORT
A AATHE

Exp. No Squid size (mm)*! Prey size*? FTL/SML Prey Tank Temperature Date
start end (mm) ratio*3 number (liter) ) (start - end)
1 18 - 23-66 1.28-3.67 9 198 25.4-26.2 Jul. 25,1996 - Jul. 27,1996
2 24 - 23-66 0.96-2.75 9 198 25.8-26.9 Tul. 28,1996 - Aug. 6,1996
3 29 - 23-66 0.79-2.28 9 198 262 Jul. 27,1996 - Jul. 28,1996
4 34 40 44-82 1.29-2.41 12 68 26.4-27.2 Aug. 12,1996 - Aug. 23,1996
5 45 42 24-62 0.53-1.38 9 198 25.4-27.3 Jul. 25,1996 - Aug. 10,1996
6 55 64 : 32-75 0.58-1.36 10 198 26.9-27.3 Aug. 6,1996 - Aug. 10,1996
7 59 - 29-102 0.49-1.73 9 198 26.4-27.3 Aug. 20,1996 - Aug. 29,1996
8 79 89 43-114 0.54-1.44 10 198 259-26.7 Sep. 8,1996 - Sep. 15,1996
9 95 109 33-110 0.35-1.16 10 198 26.6-26.8 Sep. 3,1996 - Sep. 7,1996
10 109 114 34-112 0.31-1.03 10 198 26.3-26.7 Sep. 9,1996 - Sep. 13,1996
11 124 148 49-117 0.40-0.94 10 198 24.7-25.1 Sep. 26,1996 - Sep. 29,1996
12 133 144 62-125 0.47-0.94 9 198 23.0-23.2 Oct. 21,1996 - Oct. 26,1996
13 148 170 63-114 0.43-0.77 9 198 24.0-24.4 Oct. 3,1996 - Oct. 7,1996
14 164 164 61-149 0.37-0.91 8 198 17.5-18.7 Dec. 13,1997 - Dec. 29,1996
15 164 167 75-137 0.46-0.84 8 198 14.7-15.9 Jan. 16,1997 - Feb. 12,1997
16 185 194 39-123 0.21-0.66 9 198 22.9-23.2 Oct. 21,1996 - Oct. 27,1996
17 212 212 62-119 0.29-0.56 9 198 19.8-20.7 Nov. 14,1996 - Nov. 21,1996

*1 Mantle length.
*2 Total length.
*3 Fish total length / mantle length of squid.
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During the initial observation period, the squid
oriented towarda prey. During positioning, the
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——

The squid with a flattened mantle approached the
prey toward a striking distance and extended a pair
of tentacle arms. The squid captured the prey with
the buccal lobes of the tentacle arms.

—

The squid quickly grasped the head of the prey
with all the arms.

\

The squid initially bitten a deep wedge-shaped
piece just behind the head of the prey to kill the
prey, and bitten off the head. The squid fed on
the body of prey while turning the prey.

Fig. 4-1-1.
blackfish, Girella melanichihys.

Predation behavior of oval squid on smallscale
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squid. The discarded portion of prey body were
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fin; C, discarded the head and

fed on a part of body and discard the

discarded the caudal
caudal fin; D,
remainder; E, bit a deep wedge-shaped piece from

behind the head and discard the remainder.
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Table 4-1-2. Feeding rate and discard types of prey in relation to FTL/SML ratio of the oval squid fed on smallscale blackfish
FTL/SML Complete Discard type*? No Fish predated Total
ratjo*! feeding Type A Type B Type C Type D Type E predation on squid*? No.
0.5> 27 0 0 0 0 0 0 0 27
05~1.0 54 5 4 3 4 3 2 3 78
1.0~15 4 i i 5 11 0 1 4 27
1.5~20 5 0 0 0 2 5 0 5 17
2.0~25 0 0 0 0 0 0 1 3 4
2.5~3.0 0 0 0 0 0 0 0 4 4
3.0= 0 0 0 0 0 0 0 2 2
Total 90 6 5 8 17 8 4 21 159

*1 Fish total length / mantle length of squid.
*2 Refered to of Fig. 4-1-1.

*3 Assessed from the number of survived fish.

Table 4-1-3. Feeding rate and discard types of prey in relation to FBW/SBW ratio of the oval squid fed on smallscale blackfish

FBW/SBW Complete Discard type*? No Fish predated Total
ratio*! feeding Type A Type B Type C Type D Type E predation on squid*3 No.
0.05> 39 0 0 0 0 1 0 0 40
0.05~0.10 27 2 2 0 0 1 0 2 34
0.10~0.20 15 3 2 3 5 1 1 2 32
0.20~0.40 4 1 1 4 4 0 0 3 17
0.40~0.60 0 0 0 1 5 1 1 2 10
0.60~0.80 3 4 0 0 2 1 0 1 7
0.80~1.00 1 0 0 0 1 1 1 1 5
1.00~2.00 1 0 0 0 0 2 0 3 8
2.00= 0 0 0 0 0 0 1 5 6
Total 90 6 5 8 17 3 4 21 159
*1 Body weight of prey/ body weight of squid.

*2 Refered to of Fig. 4-1-1.
*3 Assessed from the number of survived fish.
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Fig. 4-1-4. Relationships between the feeding ratio and discard types of prey by FTL/SML ratio of oval squid fed on smallscale
blackfish. Feeding ratio(%) is expressed as number of fish predated by squid against number of prey.
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Table 4-2-1. Fishing effort (number of fishermen catching oval
squid) on each day

Date Number of fisherman

catching oval squid

Set net Squid jig

19-Oct-94 N 2
21-Nov-94 5
16-Dec-94 8
17-Jan-95 1
19-Oct-95

10-Nov-95
07-Dec-95
18-Dec-95

31-Jan-96

NN O Ny

24-0Oct-96
25-Nov-96
25-Dec-96
23-Jan-97
24-Feb-97
14-Oct-97

[ I N S N R L T -~ B T Y N T -

[ N -]

12-Nov-97




RS 7 A4 ) A 7 OB AW 000

30 ¢ r
20 L 19 October | 21 November
1994
10 F -
0I5 30 40
10 F P
20+ -
30
30 r - -
17 January * 19 October * 10 November
20 F - L
1995 1995 1995
10 F - -
0 - 1 VU ST RIS NS -lll-ll!l!'!l! 5
o b 10 40 Im"mﬂ 20 30 0 P ti Illllilll 0 40
20 - b
) 30 -
‘5‘ 30 r r
= 20 7 December | 18 December | 31 January
%54 1995 1995 1996
N i : '
§ 0 . . .Ill |=I , P
z S
Gy 10
o 20 | -
5 30 b L
O 0 r r
E 20 - 24 October [ 25 November [ 25 December
~ - 1996 1996 1996
= [ L
e N SRR 111111121 T A by
S 40 10 '!m I I! ) 40 10 30 40
= b I
3
O i
20 k 23 January | 24 February | 14 October
1997 1997 1997
. “ e i
) SR 5 NS S-S SR S || 11| S
» 10 20 3 40 [0 w020 30 40 W 3 4

[ ] squid jig
Set net

Mantle length (cm)

Fig. 4-2-3. Mantle length data on catch by squid jig and set net used for the analysis.
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Table 4-2-2. Estimates of parameters

Parameters Estimates Proporion of jig
fishermen to total
Logistic curve
a -10.01
b 0.4850
Split ratio of each day, pr
19-Oct-94 0.689] 0.29
21-Nov-94 0.5269 0.44
16-Dec-94 0.6885 0.38
17-Jan-95 0.4322 0.21
19-Oct-95 0.4199 0.14
10-Nov-95 0.6356 0.40
07-Dec-95 0.6762 0.36
18-Dec-95 0.3701 0.25
31-Jan-96 0.5402 0.45
24-Oct-96 ©0.7125 0.36
25-Nov-96 0.4731 031
25-Dec-96 0.6576 0.44
23-Jan-97 0.6800 0.40
24-Feb-97 0.4602 0.20
14-0Oct-97 0.8415 0.40
12-Nov-97 0.6256 0.62
T, NI A=F PP L2\ 2T LT, A

FECIRA L7207, W BRI 2 R 7o 1)
BB T THROHOT— & b HRICFIHT % 25
BEH %,

z =
112 cm DRG0 S 2R OARICH LT, 10 em
g il %@”&zh074u4w#m%éﬂ A%
TR 30 em DL CEIEIE 100% O BRE & 7% - 72 (Fig.
4-2-5) D L) Tt A KRRV U7z AN D W
THEHET 5,

C ORIAROENL, MR E A & F 2 T L &
JELTHARICE D DOWATE ) A BPH%RiET LI &
XD ORHLRE AT ki
Wg4+nowﬁmm,4wﬁu%ﬁmﬁ¢ﬂtm
BEHFL, WRAEWE Wi LTEFO0 A4 XhHY
& I LRI AEATE 247 9 (LaRoe 1971,
Bolentzky and Hanlon 1983}, + # O AL~ i
FrEhiE, F PR LTRE & BT, RIS

g 1
2 0.8
<=

S 06
j=8

g 04
E 0.2
g0

0 10 20 30 40 50
Mantle length (cm)

Fig. 4-2-5. Logistic selection curve for oval squid by squid jigs.
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oK E LT, 74V 142, Tl cs sk
&3 ODﬁlTﬁi%%ﬁi/uf“?ﬁﬁf"\Vé“%, il f;ﬁl:]ﬂj*{ AR
HEo CWA RN B 5 o W72 E )T 4
VA BEEETICBWT, MR s R &
O HTAHMOMER HUFATHET 2L L b2, 7
FNABDEOTHRERHITL > THEICHEINS Z
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BT ENIRENT VA (O Dor et al. 1980), 5, =
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DRESFAVAHDOERIYRECTUI LS %

B REIZH S T B A (Bolentzky and Hanlon
1983) SNEHDZ &, 74 ) A WIS EFEDS

CHWONTOAHADRE S 12 em & ML EOY
s, COMPRICIIETEI AR L, €OffRe LT
s n/zZ k (Fig 42-5) % k%LTkU,MAi
D/NS T4 A S ETE 2RI S hdo 72T h
PEARIR SN D,

BT O 4 ORGP HRE SN TB Y (Werner
1974, Lg¢kkeborg and Bjordal 1992,
1993), MOFALITH 5 A DEPRPE D HE ST
% (Lgkkeborg 1990), Segawa(1993) 1, 741U A 7
HHEHOOBEI ) REREREHRELE) EL2EED
BB EIE/N S W E A HE L Twv b, Werner(1974) 12,
MEHETHLADOTOKE S EMAEYORE S LD
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Johannessen ez al.

G S22 DH B 7 K& SOHIPEASH 1,
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Table 4-2-3. Total length and lengths of arms and tentacles of

oval squid of 100, 200, and 300 mm mantle length, estimated
from the equations respectively

Mantle length(mm)

100 200 300
Total length(mm) 184.68 368.18 551.68
Length(mm)of
First arm 2712 55.42 83.72
Second arm 35.89 71.99 108.09
Thied arm 44.9 89.2 133.5
Fourth arm 42.17 84,47 126.77
Tentacle 75.18 154.58 233.98

WL AHEMEDYE Ve Segawa(1993) 1 XX, 7 AU 4
TIEIIRE TR F 2 7ok, BT & TR TR & R
T 5, Segawal(1987) WSRO N EFRITHT 5 R,
il D F &, H WO S OGRS, BIREDNIZIT 0%
TH LT E 10 em, 50% @RV E 0 20 em,

1T 100% EHUED CHETERE30em D74 ) A 7
BT LFNEFNOESERKD (Table 4-2-3), flE
Binm THWL NS ERDIMEEL, FH T 70.33mm
THholze TN LE, NHEFE 1I0em DFE 1,

m%wﬁém%ﬂ%ﬂﬁ&mwuw%mfﬁb,%
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DE OBV IGEAS A o 72 IRRET 7 A4 ) A 7 3
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OO CRER ZIHTITIC Lo BB 2 & T, §Hi
WL ERH L, SO &iE, ERTOMBEIZIZDL
FTLOED, MTL b LB ERET L L)
W EEEET S, L2, BdL2ET7E A
BN L o THLO A AEIND A H = A0 LT,
9 L72RERT A 2 ESATHE R R & S DAL A SRR
LT v,

A, T A A S ORI B E TR R £
DEEL KO 2 & & BT, Bl (1995) 0 & 9 1/l
VT AT & TR 7 2 & o TRR I
T AT OWTHPEL NI LZET, T2 TR
7ot A DERMEOEMEE L D BER L T LEDPH 5,
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Fig. 5-1-1. Two types of squid-jig operations ; squid-jigging at
Mugi fishing port and trolling at Yuki fishing port in
Tokushima Prefecture for oval squid.
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Fig. 5-1-2. Two types of small-sized set net at Mugi fishing
port in Tokushima Prefecture for oval squid.
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Fig. 5-1-3. Relationship of the age of the moon and daily catch, boat, and CPUE of oval squid by squid-jigging in Mugihigashi market

from September 1994 to January 1995.
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Fig. 5-2-1. Annual changes in the year-class abundance of oval
squid (sum of the landings of the year-class from
September to the next August), and the mean values of
the four environmental factors (water temperature and
salinity at station F, rainfall and atmospheric pressure in
Tokushima city) during the period from April to October,
which includes the spawning season and the juvenile
stages

DRI R RUEE L NSz b 67,
1994 B D F NI K E S -7z (Fig. 5-2-1) .

MABERA NEORAR

6] —AERREE IS BT 5 9 ~ 12 B OB ARFO 5
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y

Table 5-2-1. Correlation coefficeint matrix of landings for each year-class of the oval squid between the eight main fishing ports in

Tokushima Prefecture

Tsubakidomari Abu Higasiyuki Hiwasa Mugihigasi Mugiche Asakawa Shishikui
Tsubakidomari 1.000
Abu 0.937 * 1.000
Higasiyuki 0.936 * 0.984* 1.000
Hiwasa 0.909 * 0.961* 0.973* 1.000
Mugihigasi 0.894 * 0.833 % 0.845* 0.860* 1.000
Mugicho 0.873 * 0.801 * 0.842* 0.892% 0.935 * 1.000
Asakawa 0.922 % 0.891* 0.913* 0.948 * 0.922* 0.952* 1.000
Shishikui 0.928 * 0.861* 0.893* 0.888* 0.878 * 0.941* 0.932 % 1.000

* Significant at 0.1% level.
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in the year and spawning stock size index is the landings
from April to August of the following year. Dotted
curves indicate 95% confidence limits of expectations
from the fitted equation.
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Fig. 5-2-3. Abundance index of recruitment of the next year-
class in relation to the spawning stock size index.
Numbers indicate the year-class of the spawning
stock. Spawning stock size index of the year-class is the
landings from April to August in the year and abundance
index of recruitment of the next year-class is the
landings during the subsequent period from September
to December in year.

RO SN G- 72 (Fig. 5-2-3, r=0.123, P > 0.05),
B2, 1994 SEFREEZ BV TIE, 1993 SERBEOHL 1 o #
BT L b S, AR O KEEILIER 125
$, HE< 1995 EMEEIC DT b IIAKIEIE 2 5 720

W2 1991 FEFHHEIHA AR EVIZ b 5T
1992 FERRBEDOMA BTN E P oTzs TRHEDTFT— 51T,
BRSO T 4 ) A D ORFIZBTHOE EIIA
%K%%(ﬁ&%%%)ﬁ&w:k ERTHEDTHY,
DIA BT BB BRI R LTV AR W S & &
iji@“%@(‘%%o

BRREBERETF S ERBHNREE DMK
AR, RIS 7z 8 AL (Fig. 1-2-1) 3%
ZI 4~ 10 oM, ¥ 22 a3 5. Fic, B
OB A R B St. A DRI B £ O IR
W ZFV (Table 5-2-2) 0 Z 2L LT IR D R % 5%
B AKED St G RO St H TR R 0
AR ZAR N & RS (Table 5-2-2) 0 KEHD 4 ~
10 ] DSE#goKL B & O S5 45 & AR AREE & o0 Al
RIS B, D, B, EB XU G OFE KRB
SR R B E H R AR T E T 5 2 & 2R
THDOTHH (Table 5-2-2), FEIRAKEN D L <1
FOULFEALE T S St F & St G A B (P<0.001)
TR L7270 St F BT 5 EMERES RSB 722
k#%(mﬂ%@’mmazw,&mem,mﬂ%
BRI OACHRME & LTl )QLtOSLFKiﬂiémﬁd
T—=8DOEABLVEABOMAEHE & EMTELE
WZOWTEMBST AL 72 &2 5 (Table 5-2-3),
4 ~9 HOMAELEVROBEWVEEZRLIZZ L0,
FOBOINTINE, 4 ~ 9 H O & 15 % i
=& L L THW,

Table 5-2-2. Oceanographic factors (mean monthly water temperature
and salinity during the spawning and early life period of oval
squid, from April to September) at stns. A to H and multiple
correlation coefficients between year-class abundance
and oceanographic factors for each stations, data from
1984 to 1996

Oceanographic factors Multiple

Stations Mean monthly values Correlation coefficients

Temperature (‘C)  Salinity(psu)

Stn. A 22.89 33.74 0.584
Stn. B 22.85 33.74 0.712%
Stn. C 22.57 33.62 0.611
Stn. D 21,93 33.37 0.733 %
St E 21.65 33.31 0.838 **
Stn. F 20.74 33.00 0.946 ***
Stn. G 19.73 32.33 0.939 #**
Stn. H 19.52 31.95 0.753 %

*  Significant at 5% level.
** Significant at 1% level.

**#*Significant at 0.1% level,
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Table 5-2-3. Highest fifteen multiple correlation coefficients between DEEER A CUARBAATRED S M7 425 72 (Table 5-2-4) 6

series of hydrographic data at station F and year-class COEICHOHFELMBEOA SN L & BKEIC
abundance DV TR IEE B A 51, % IO ME
Series of Multiple MDD BSOS IR & Bk g R [
hydrographic data Correlation coefficient ) - + ]
April to September 0.955%% HANL S Ll LO
April to October 0.946%*
April to Avgust 09197 ﬁ&ﬁ%ﬁ&%t%ﬁ%ﬁt@i@ﬁﬁﬁ
May to July 0.914%* B e R S o
i s i FO & BTEK T w5
May to October 0.890%* jj L, g R I}f / )% 7 I }{ i
June and July 0.881% BHH-f& L, e os iz s LCER
June to October 0.878* J oM & 41> 72 (Table 5-2-5) FEAHBAMREI, Ml
July to October 868* ] " _ e
e o B OB IR 20C 0.812, KL & 4 DML A D
July 862%
May to September 0.850% AT 0955, JKik, ok L REEOMAGDET
June 0.847* 0.956 & i\ EATBGR D S, Kl & B T b
Miay fo August 08427 0.906 % 1477 (Table 5-2-5) Fzk i & AMO M AL b
July to September 0.841% o 3
Aptil to July 0.824 % HE U B L KIBOM A S b O A EM RS
September 0.813% Ehro . WTNOBERIFERD FIREI L dsey
* Significant at 1% level. 2 /ffjf‘:&/( 3!?) y) , (m 54 0) ]/, (HU i/fj )JJ k K 5N 5

** Significant at 0.1% level.

(Table 5-2-5) o

FRIER 7/ O AHRE %R s DM
RN ORKES X KRGS ERBEE L AR Maf L2k oh, K LSO 2 BHOMAEHEDS
BPR D88 & 727 = 72 (Table 5-2-4) o B F-H b G E» o720 T, KIRETSICRATE
MR AN E 2D, BkELEGOMIZORE MAGhEL &, BEMBRIIERRE (R DA, AIC
B BRSO 572 5(r=-0.609, P <0.05), O WRKEL o7z, TR, ZOF—% T, KEE

Table 5-2-4. Correlation coefficient matrix between abundance index of oval squid year-class and four environmental factors from
April to September

Abundance index Water Water Rainfall Atmospheric
of year-class temperature salinity pressure
Abundance index of year-class(tons) 1.000
Water temperature ("C) at Stn. F 0.812 ** 1.000
Water salinity at Stn. F(psu) 0.496 -0.008 1.000
Rainfall {mm) -0.496 -0.120 -0.609 * 1.600
Atmospheric pressure (hPa) -0.194 -0.415 0.442 -0.414 1.000

* Sigaificant at 5% level.

** Significant at 1% level.

Table 5-2-5. Stepwise multiple linear regression analysis on year-class abundance of the oval squid in relation with four environmental

factors (from April to September) affecting the recruitment

Partial regression coefficient of each explanatory variable

Value of Water Water Atmospheric Rainfall
Step y-intercept temperature salinity pressure R F AIC
i -658.0 36.8 - - - 0.812 193 % 116.4
2 -3297.4 37.0 799 - - 0.955 465 ** 102.2
3 -3306.0 36.9 775 0.087 - 0.956 285 ** 103.8
4 -545.9 34.6 - - -0.409 0.906 20.7 ** 110.7

R, Multiple correlation coefficient,
F, Ratio of variance.

* Significant at 1% level.

** Significant at 0.1% level.

AIC, Akaike's information criterion,

_6.__
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Fig. 5-2-4. Comparison between observed catches (closed circles) and predicted ones (open squares) of oval squid for year-classes
from 1984 to 1995. Y denotes landings (tons) ; X, Xz,mean values of water temperature (‘C); and Salinity (psu) measured once
a month from April to September at station F.

BUHER L UTHARTL S HI L 2R 2w & % AT, FEIN B & O E B okiis & O
BHLTWh, ZOKIEE G %A bY - EE Word L ERERED, 208G SE s
RN s, MEBEERICBIT L 74U 4 0 OERBEGED BHoMBEERROI &, SHIEHA OB EEICH
TR LR, EUME S T 5 &, A AHEFEOBIEHRLTVWLZE WL L, 2
bl H 121985 B LU 1992 BT T OED NEOZ &, T4 A D OEFERZBU 5 EARE
b BT LR N, BRI EEE LT SNTEROERE 2 AT 2 BB N o B EE A R

vz (Fig. 5-2-4) 6 Wl Cwah, EERRTEBESLLZIF) AN
Sepia lysidas 3 & U217 A 71 Sepia esculenta \22T
% = AEWIZEHATHY, WHARDA DI 2 - T
AL TR BRSO 7 4 U A oY E I W5 Z LS (Roper 1984), 74 ) A 1 & [AIKEIC DD
WA S N2 S (Table 5-2-1), MRS W B X OHEAT 7 O] 0w K A LS £ i 2 8 o0 B inde
o 8 i CiE S L TEE M & LTio 7o, fxb7zooT I EmESsNTns (1H 2000), b
FERIREE 74 ) A BRI A - BB - g izow KVGHED A H Hlex illecebrosus T % [HAR 12 5 K HLIEE 12
TUE, TA A Lo, BERBOR (LH - 5% 1990) BOWIMAL ANV fifF L2 e shTn s
B LSRR (L 1992) ([CHD Wi T b (Dawe and Warren 1993), $72, #LfTh, ¥ 78
TWd, TA VA LGHICE B LBEHOALEEOM Gadus morhua |2 BT & HBAEREE 7 SO
R, KPR HAME R £ OIS ORI 2 i m v KRB L CHD I LN, s DAH XL TE
EEHBES B D, A—8THL I EPWEE MR B3N TS (Serchuk er al. 1994, Ottersen ef al.1994) o
T2 (Fig. 1-1-3) o BERRACIT I & & F2Hh i I (3 RSB OB C BN A WO MBI T, Zok
HBET 16.2km LN T Y (Table 1-3-2), I IS 4E 3 7 A TG SRR HEA D UK ATE M T H B YA IR S R EM
WhizoTnb Z bt (Fig 1-2-2), fEEE S WZIEEd 52 s ST v b (Augustyn er

AT BT A A BEED SRS TOBEKER I al. 1992, Koonce et al.1977, Taylor et. al. 1987, Donald
—HRDFEDHPAE D S FREEE I 0 TAL L, A8 1997, Busch et al.1975)

SRPAGE D & W R E TH T3 ARET, e AGBICB LT, S ERIC K - T, BN, S ML
e LTREGEBRHEEWOIDLEZONL, 2D FCTOIEEMM AT 15C T 54 ~ 56 [1,20C T 33 ~ 36
DT Lid, ARHICHEERI A :*er*&é?ﬁ' JAA H, 25C C24~27H,30C TI19~23 Ha®T5Z

A =S L TRO P/ e xsiF L Twd LB KA AT DI ONTHAEREIR RS
64 —
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ZEPWMESINTVS (Segawa 1987). F72, #02g
DUF O EIGSEINC & 725 74 ) A 7 oS 15 ~
25°C DAKEHI PN T, ih {2t LK
% (Segawa 1995), MBI OREIIMIL 4 ~ 10 H

DEWTH Y (LW -9 1980, L - I 1995, 1

El/,
J\(mL@ e

5 1995), FECEED, b L 720 o, HTER
DGR FHESNCH 720 (Table 3-1-3), BLERERED

BAFERBEES, LT, ARIBENRTHY
(- KIS 1961), HARTOSE AL & 72
etal. 1984) 74V A A E 2T, 4~ 10 ORI
RHEAHH B O @A I & T, 5 AN
KON L e n 2 k%, RUFREEI
T%ﬁ%@hém%ﬁ%i%:t&;b,(h%®m
FELTHEBREFEEY, S8VIAL ANV Ll
RoCURREZ oNL, T4 4O, b
BLZL ) ICZOERGRLHEHE S R TH Y
(HH - Bk 1989, L - W) 1995, RRH S 1995),
) LR E TR T Wb oL b,
Bz owTd iR G - KB 1961) 205,
B ds & O SAEHE & & AR 1 L THRBU R AR
ZEPREHEIN T L, 4, FHFORE ko
1983) Tid, MR LS OMBEIRALLZVL D
D, TAHIATOMMBHOMERSL 6 ~8 HETok
Wi & OIS WE OIS 55 2 & Hss
nfméocﬂ%@wm#b$ e i i DB R AR
IR R SALHEAT O AR 1R % b 72 & 3l RS
% ﬂ%oﬁmf“%ﬂfiJmmfé i Y 2
FEOME A, FAE0REOMYEEEL, WHOW
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EDFEBUAELETFL TS
Z 2T, StF(Table 5-2-1) % # A T2 O rEEIE L
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OHRERIES & S 1T AR T B 255U B L O
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TR L 72 R SRS CGE PR 2 2T, RAtE st
O WEA G LA ir(*’? 1981, 4 e ﬁ%*19%5;o
I EVING]

> % (Roper
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A EPTEENSE, T, BERFORANT
&, HEIROK OB < A Y KBS D
2 (Table 52-2) 0 2D &0, ABBIL O 1545
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U772 Bie s L UEER - Lo b2 2B L
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FITHHE S VA BT R Sem LT AIEL T, #
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WoC, TNHLDOWX TOMERIZE, FESRLTWY
LN EE R Sem LT O /NUAMAIL G F LT e g,
WD R & 7 Z/ANRREE S Tn b,

K2, bk L7z AR 6, TR & 7 % 1
Wi O/ NRE R O B R & AR Bl L7, o
DO, AT B 7 ~ 11 Fi2, KB L UE
WX DB & §9 ) TS Wz T 4 ) A 5 OFER
oW THEFRZER L2280 5, H BN HERHER
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“Lﬂ)®W$@%ﬁtM$%W ERT L L
b, FNREROWRERNIME S MR L RS, 4
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Fig. 5-3-1. Monthly change of catch number of oval squid in

1984-1997 year-class.
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Table 5-3-1. Monthly total mortality rate and survival rate of oval
squid estimated from monthly change in catch number

Year- Number Total mortality ~ Correlation Survival
class of data rate coefficient rate
1984 16 0.243 0.916 %+ 0.784
1985 7 0.201 0.916%* 0.818
1986 10 0.162 0.705* 0.851
1987 10 0.127 0.690* 0.881
1988 6 0.176 0.923 %% 0.839
1989 10 0262 0.889 *** 0.770
1990 10 0.238 0.793 ** 0.789
1991 10 0.251 0.915 *** 0.778
1992 10 0.194 0.906 *** 0.824
1993 7 0.111 0.89] ** 0.895
1994 10 0.358 0.928 *** 0.699
1995 10 0.262 0.941 #** 0.770
1996 10 0.271 0.934 #*x 0.762
1997 10 0.319 0.948*** 0.727
* Significant at 5% level.
**  Significant at 1% level.
**#% Significant at 0.1% level.

FATL DG 5 Z L RWB T LV Bk

BEL NG, F12, T4 A N OEIFR SMUHAT

WA TR & A b A RSN & 1 C

WLIREMED D B

A DA WA RN T 2 BB v s,
AN A A FTiE 0456 month! (1H - )11 1979), 0.08
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DEPERENE 2V A A BTSN B OHPIPI I
BB o DBEDMNIASREREE 7 A4 1) A 7 B
155 AR & UC 14 SR O EIME 0.227 & e
2D TR E 2% 0.157 8 £ 1050296 D 3 DO % 1]
WL A O Sz ST,

month (£

BASE TRk
HARE TS, OWES ) & e RO R 55

e+ 5 Kk (Widrig1954), QUELGRI/SA F v R &3
OGRS S HEET 5 J: (Doi 1982), GHFRIG/NA
F AL RBAGB & U‘}; OBR, HHEE T B )7k

Gk 1980), @WHGOMED S OHEET 5058 (I

P 1960), ®LLCEFICOERMB S e T 5 H
1 (E54%1987), (6) Von Bertalanffy D ER D5 A —
& — EPIEAR R O BIAR A & T 3T & H TR
%S A7 (Paulyl979) 12k bR o,

ZITHE, 4AEMOPTEMDRBEINS o T
1993 AER#ED 0.111, 1987 4EMHED 0127 2B #I12 L
THAIBT O 1557 0.05, 0,100 8 L0150 &
Wi Ulze A O PRI CTREICE T 2 8E b 47%
<, A AA AT 0431 month! (H- I 1979),0.03

A A A OB SRR

Table 5-3-2. The unit cost of production(yen/kg) of oval squid by
size category at Mugicho market

Size category

Year-class Very small® Small** Large***
1994 353 435 937
1995 613 490 1,258
1996 401 574 1,429
1997 336 554 1,209

*  below 100g in body weight.
** from [00g to 300g in body weight.
*** over 300g in body weight.

month- (4 4 JH AEATFE T — 2 1984), 0.431 month-!
(Z71988), 7 AU B A& T B A 5 Dosidicus gigas
(Ehrhardt et al.1983) C 0.05 ~ (.08 month!, Loligo
vulgaris reynardi (Augustyn et al.1993) C 0.081month-!
(0.0203week? & 1) 45 & LTHM) L s Tnd,
TG TRE L7 T A4 U A 5 O BIRIECTR BTNk
DANTHET AN I FT HA B L Loligo vulgaris

reynardi W2V E T o 72,

TFAY /fjw)%ﬁﬁﬂﬁfﬁ

HESem LT O@EEIIHImS L
Tnh I Enh, %@Hﬂi BOM&E LA, 7HUAA
DEGIE, NTOHIIZ L D # %D, FE LT
*/M"'”MllfmuJ/ﬂr Folt L 72SRIRIRI T, SR
I, SRR AALDT D
T W nzols, FpIl MNJ\ FE N Thv, &
DZENS, RIFH I8
W 2 A X

BESHET mi—l—‘ii@ 1[’&‘1 o SRR O STE ) HLAT
& LTk 7z (Table 5-3-2) o X HAMHZAMEEIC L -
Th B2 555, KE 100g DUF oMK CIE 353 ~ 613 [
/kg, K I 200 ~ 300g T 435 ~ 574 [ /kg, 1K & 300g
BT 937 ~ 1,429 [ /kg Td o720 T4 1 A 113
BAZ RO S DIEESANCIT S D75, ATk
Z O RE 100g BL T O/NEMERATIE S D 8,9
HAZBR S AL, 1995 4EMAETIE, # ORI BRI 2
AR DS DN D o 7272010, IR THRT AT
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Fig. 5-3-2. Recovery ratio of expense in each natural mortality
coefficient and fishing mortality coefficient in the case
of releasing all the oval squid below 300g in body
weight.

Table 5-3-3. Estimation of economic effect in the case of releasing all the oval squid below 300g in body weight

Year- Fishing Natural Number of Number of Recovery Weight of Weight of Recovery Expense of Income Recovery
class Mortalit: Mortalit: release regovery. ratio release(kg) recovery(kg) ratio release{yen} {yen} ratio
0.050 54,102 45,719 0.845 8,793 30,850 3.51 3,780,625 28,906,918 7646

0.296 0.100 54,102 35,822 0.662 8,793 24,432 2.78 3,780,626 22,892,401 6.055

0.150 54,102 24,829 G459 8,793 16,912 192 3,780,627 15,846,937 4.192

0.050 54,102 40,481 0.748 8,793 28,155 3.20 3,780,628 26,385,012 6.979

1994 0.227 5.100 54,102 27,866 §.515 8,793 15,477 222 3,780,629 18,249 863 4327
£.158 54,102 15,337 §.283 8,793 19,661 .21 3,780,630 5,989,231 2,642

08.050 54,102 31,043 0.574 8,793 22,260 2.53 3,780,631 26,857,326 5.517

8.157 0.100 54,102 15,339 §.284 8,793 10,986 125 3,780,632 10,294,168 2.723

0.150 54,102 1,659 0.031 8,793 Li77 §.13 3,780,633 1,102,507 8.292

0.050 180,711 81,332 0.808 5,382 45,748 8.50 2,688,921 57,551,555 21.403

6.296 0.100 160,711 61,632 4.612 5382 35,200 6.54 2,688,921 44,281,616 16.468

0.150 160,711 41,479 0.412 5,382 23,653 439 2,688,921 29,755,559 11,066

0.050 100,711 71,619 [ 5382 42,044 7.81 2,688,921 52,891,563 19.670

1995 ©.227 0.100 100,711 47,743 0.474 5,382 28,223 5.24 2,688,921 35,505,060 13.204
0.150 190,711 25,552 0,254 5382 14,990 2.79 2,688,921 18,857,821 7013

0.050 160,711 54,517 €.541 5,382 33,402 6.21 2,688,921 42,019,105 15.627

0.157 0.100 100,711 26,145 0.260 5,382 15,996 2.97 2,688,921 20,122,860 7484

0.150 100,711 2,754 0.027 5,382 1,663 031 2,688,921 2,091,581 0.778

0.050 33,192 27,902 0.841 3,382 16,352 4.83 1,883,640 23,366,818 12.405

0296 0.100 33.192 21,771 0.656 3,382 12,949 383 1,883,640 18,503,804 9.823

0.130 33,192 15,034 0.453 3,382 8,927 2.64 1,883,640 12,757,101 6,773

0.050 33,192 24,689 0.744 3,382 15,069 4.46 1,883,640 21,533,554 11.432

1996 0.227 0.100 33,192 16,927 0.510 3,382 10,401 3.08 1,883,640 14,863,740 7.891
0.150 33,192 9,284 0.280 3,382 5,663 167 1883,640 8,091,778 4.296

0.050 33,192 18,916 0.570 3,382 12,024 3.56 1,883,640 17,182,615 9.122

0.157 0.100 33,192 9,312 0.281 3,382 5911 175 1,883,640 8,447,023 4.484

0.150 33,192 1,004 0.030 3,382 629 0.19 1,883,640 898,644 0477

0.050 23,614 19,877 0.842 3,924 11,169 2385 2,120,880 13,502,793 6.367

0.296 0.100 23,614 15,530 0.658 3,924 8,788 224 2,120,880 10,625,245 5.010

0.150 23,614 10,737 0.455 3,924 6,072 1,55 2,120,880 7,341,552 3.462

0.050 23,614 17,591 0.745 3,924 10,088 257 2,120,880 12,196,244 5.751

1997 0.227 0.100 23,614 12,076 0.511 3,924 6,948 1.77 2,120,880 8,400,165 3.961
0.150 23,614 6,631 0.281 3,924 3,802 0.97 2,120,880 4,596,690 2.167

0.050 23,614 13,481 0.571 3,924 7,890 2.01 2,120,880 9,538,854 4.498

0157 0.100 23,614 6,645 0.281 3,924 3,886 0.99 2,120,880 4,698,607 2215

0.150 23,614 717 0.030 3,924 417 0.11 2,120,880 503,885 0.238




T ESELEE 7 4 1) A B OB RSN

HoE A EE

$1~5EOMBERKENS, BEYFHARE LTO
HEBTHEISNL T4 HIE ol pBCRFE
ARICE L, RELBE 27D T oA HSEERD

CH BT L, Qg &, EINB L USEORY]
WEELTA~10HICH LT &, EIGILT < ERK
YT T, A VNT L EOINFEIA A RS D B 15m
DEDWRD L AR B TH B Z b, Ok
B LAET, 7 2 BWEIA L, KiEOBEWEENIC
JREAE C, BAED 4 ~ 10 FICEINRILHT 5 2 &
@MKM&%%%XE”WﬁﬁFL,MAmw@MM

DIEUDTNT &, ©T 4 4 5 OFFEELFEINH
55t & OHEAFE I O WS BREE, 4% KR &
KRG LTWwAZ E &k%ﬂﬁbﬁ\:é%wa

61T, TNLOEYFIMEICE DDA

fFge & U COBRARROBEINY; & SRR 75 Bk 7
ToRER, RETAHADOEICHELT, A5
I3 % 720 Ol 2 e 35 He g M}”x/itul)ﬂ XAl Y
Z&, YA ALEIEA AT LI L
WL DB E R DR RSH H T &, X H ISR A
TRESMEOME T A28 Ll e f8-2 8, @7
FUA NP OO DFEAR (FEEET) (24 4 R
Wb LR, ROV A LR ETL I8
D, WESNLT7HIA OV A X el cEssz
&, ®4~9I®mmkmﬁ%t<immtijw
# o2 PRI W CERIFESAT T BT
V,@%w”»dmm@ S EHETTHTE
LIl BB E L > TV AIERE § cm LT o4
TR R @¢ébWMflxMcm/%?3myld
TONERE RS A kY, EESEA K
SEDLIEFTETHL I EVFHL TSN,

KREFBIEO B IR B TAERIE ORI P 6 B &
OHEAFE B O M5B, #5124 ~ 9 A o7k &350
WAREEL T B 72, N LRI X 2 eI i o

R, L ORREALT B L HIZHEZHNLI,
BAFACR B R I AR T 7 {, FFITE4E
f@m%@mx@@mw# ST R s, JKO
BEES T OB R OB D B S LR O A TR
DEVIFE 2 BE L CHRET A4 5 EAWIZIE 74

U A BEBICE o THER BT LLDEEZ
bbb, E7z, Eﬁyﬁfﬁﬂiﬂﬂ’ﬁ%ﬁ!ﬁj-'ié“@f%i‘ﬂfkﬁﬁ)

BT DS, REOPA 5 % T B 7200 ORI F
b5,

RIS, MEBEICBWTT U A 7, RERET
%%AmiﬁMZﬁ,ﬁhﬁ@%zﬁ\IM%MW@
ANIUSETE AT 144 4% (18R B AR SRR TR 6 4R ~
1045 5 7 FF¥ME), BHRETH 2890 £ 300 £ (L
HIsRFEE), OB/ U &M 322 & (T8 B
HEERRTEHE R 6 4F~ 1048 5 7 HPI9MH) 3 L OV
HEISANW 725 AH S B DB IR & P4 & 08y b T
ENTWh, 2O i, BRNTHESK S M40
DETRS T4 VA D IZBETLRELEN S EER
BAEO—HETHDL L2 b,

1994 AF LU, ki % Boml U CEBRENE o
TWH I ENs, BB TN ERRELHW L
U 73800 T B AT B B 2 9 B L B e v & B
ZoNb, B LA, TEIVANEGHINIETHL 2

LS FDEDEFEEATM T S I TE B 4
SIE, —EDOWA DB TE S IHER T % 5D b

ZELERTEETHLEELLND,

L Lad s, BEEMICED Z Ly NE DS
B N/20, WMEINTWDLEENRD Y, MBI
UETLHEMPDHLOOHETH DL, AHTOLRE
300g LA T O/NIEE DGR (k) 30 w2 h’s b
B DREERNRD B B SNz NEME AR

FEVZ T T B AR O O B A A 1T 3

- L ASE
ZEDHE

HEORWEFED Lo ds, ARLoBED S 521
), REMREO TS S, .
W& g, SORFRICHIb o T E - Hfeg e LT

WMETHHDTH A,



Lomow B

WD E EFE BT LRI NT,

THLHEIT-ME L ~9 AoMcHILL, 6s1B
L OSNSI OFFZALE A D LM 4 ~ 9 A0S %,
AN A I A ¥ NER S ARSEEIS TR IS WO GSIE 12 A LA Ligo, BEDIHFTH

=iy
Gy

5

AL, NARTEALHEEER R S W E ot A, WV, INSEDTEDE, THAYA BIEED TR K
PR AAREECl, WEREOEREERE hoTwh, AL, MISAEIRDIEIAT 2RI EZ D 5, MO

MBI R TIE, FETE L TEBMRH ) THES EWFRRANENETE 155 cm TH -7, 1988 4F
NEACIE | END 2 b, FREIICEE 2 KETR 8ﬂ~wmﬁHOﬂC#HTSGBA:i@,@HF

WkiroTwh, A0 A T OFRGER O MBI, JH D FEA IR O
HARGHACER S 2 74 ) A 1 OHJTHER D EAR WﬂZOWTﬁRK%MLtm%,Wﬁﬁﬁéfﬁi
RN Z 7 A VA LHTIC & B SRR DT ~ 10 H ORI IR S 7z, BIEEH 72 ) DBRELL 0

Lo TNz, 7TA A DB EMISEE ML ~ O MK (¥ 5.5 84K), 1 ENFEYS 72 ) D IN g 137
tzm<yu4wm,7w4wm,a74wy>@@ ~ 1, 1418 (F¥ 5532 M04K) TH o7z, JIEEY Y
T BN T WA DY (Tzuka ef al. 1994), A [A1E H A4 @%Mﬁ%m%ﬁ%i&ﬁ%@ﬁ%wmmﬁﬂm%ﬂ

TR S S 10 M A AT & i 720 SREEILO WG B X OV R I B A S AR R
FED T HA B A SOV TRz, K EARIROEE (Segawa 1987) 7 5 FEIIMHIE 4 1 TH) ~
ﬂ?yfyfw%Mﬁ:;674VW4Aﬁ%@%%, 10 H kA), SMEEENE 6 A B4~ 10 A T4T, FE
20 R LIRSy oy wRil L, B34 AL W%u5w7ﬂ F 5L 6 ~8 H &M &,
He5i2 U7eds, “THA B/ L “vafhfl” su—7F TR 0 N LR IE % B8 L, 1990 4E 5 H ~
DT 5 BIRHE TH LR IAF 25 Sl L TB Y, &B¢9H:smmA&43yﬁ:i@7ﬁu4ﬁ@

T OB =0 IO Sl IE 02 1238 <, Tzuka et al. FEORN S & DNIUAT o5 JL A )4 4 3RV & oS R
(1994) ok o THE RN “THA AR OEEN VS O EFS I RS S e N LEINE~FEA T 5
ST IR SNz, F72 “YaA BT o7 - 72 RSB ORI AR U 7z i e S e AL

THCIE LDH-4% S5 HEPS R T, B A B FEONAE X O WIS 228 o 1o 3RO AL IEINAE
ERTFHOERIM T VAR T aER L Ts Y, FEAT B AL R SR B Y 4 T >y A
IR & 5 26 2 BEOB{RRAHE ORI >FRP ¥ A TONIC 5720 TNHD3 54 TDONT.
PRV IRIBICE LT SO &b, HAER FEONHE LS g A IR OB IS 2 75 ¢
RO T A A B (uA HR) FHAGEERE K L% 7B LTS o s IO OREEND
SFEEEARBEOS DI E N, BERET I A I A A iﬁ;wJa/& L CHpfEIE A BRI L, Sk ige) E
KPR T A H—EFMTH L LE 2 BN, &S EIN T 2 Z E RS M oy S5

W, FOIRE B & OSSR RS 2 Nz FRP % A4 7@ NI B\ T ERP #R D [ BE 55
HORAHE & AL IIGETFT SR CHESE 4 A /N OV S IR BEONME ISR L2 e s, 7)) A4 hid k-
o R DR S, THHD 3N TIET T o T HICEINTE) 2 AT Vg S 2 & L Tk

DA T OFEINEEE MAREAS & Al S D 2 L HH WEM B EH LN E R o7,
SIS olze L LGAE, HEEHECIEKEA 12,0 1987 4F-72 & 1999 4EIZ BT & IEY OALET BALK
CTUTIET T2 1 ~4 JiciEs iy, Zoric MO T A A B OB EFEIIOWTRAEE, 7
BOKIELAT 14°C DL 1 dy % AP RE e Rl K B B SRS~ F AN DT 1VETH L LIRS, EiTsl
BELTwbborEz ohi, UBLED KD S B I L7250 5 2 &A% &5 2
B AR BT 1l ~ 12 HIZAME R 95 ~ WZENTze T A A ORISR L D TR O E
26.5ecm D7 A A 1 305 MM REROE L 728 2B, B BRI TS, REAMR T T 5 4 O B

15 M ARDSER S M7z PRI R o T2 Bl I HE |3 AR FALE 9 50 & H OEYHETEDOHETLIZ Gompertz

T16.2km LUT &/ Sip o 722 L ip HIEEBRET A+ 1) DA & Cla Lz SAETRISERERIC LD R

4ﬁM%FiA% MEAATDT, AFICHIEEAL BV, R T U A D OREACKE RREEE RITT,
. 7 2 .



'T”" =N =R }'1

B pE AR

VEBROT ) A B EHADKEED I T A DS
~ RBEEREE L TR L, 74 ) 4 7 offif
178, fEO A XBPVES L OFRELOFIRZ B & A2
L7ze 7H VA B OWEATENE, R, ERY) B X
CHilED 3 DOB & 55 bz, 74 A B304
AT ONBEFEDOL (FTL/SML) 5505 LUF Of
TR AT AN A SN, FTL/SML 1,05 BT
TUEGRE D 2 {, 12T L7275, FTL/SML It
B0 TR D IR OEEDKE ke B MDA 5
n, WEOHAEZET S O > 2 FTL/SML 3
L5 &R A LT 40 A WG TE P, ML
D, S5 7EAVFICL B ORI EHE S NI,
2B ADEIR (B $90 &EiEig
WX DS NE T4 ) A D ONERE (ML) HI%IC
P5k L 72 SELECT £ 7 )b & & Cidd T, AR O iiE
P RD 7z IARDBINMES Kb B 201212, [7—
Fiﬁﬁﬁkﬁbfﬁﬁéﬂt7ﬁv4ﬁwﬂf“
MUB % BRI 2 728002, il [ O ik ) O/ E S 2 1)
BRI R AT 7 B A 126 C SELECT
BTV R L7z, MR OMPERIYE (D1, S4ET
Frd LU Tri=exp (-10.0 + 0485 1) / [1 + exp(-10.0 +
0485 D) LHE SN2, SO TRIEEBLKE 12
em (BEF) < 15em (MEEZ /) ALY kX
BT ANAAANE S, ZOBRMEEST A A4 B D
4 EPUC L b D EEZ SR,
TAUATETE L THIY OFHEREA 5% B2
THHE SN B, MBEITIR RO ) L EBIZ BV

BRI

T A A T ORI

FIA T ORES, 6 He ¥—2 & LUk
S, BIEII AR AL NS ZER S, T
AN DWENTHT DATE IR IR A 32T 5
EVH B 072,

%wu«%u COT ) A HERETFANODIZ,

B LAEWEED EIE L # DRIV D S AT E W % &
0T (4 WU@%M%W&@%&*@UMﬁMTW
VAN FHE U CTRIPARENIEDRE 10m DGR
<x/1 <»giww%m@kaww»t%m%
(XD & FWLR, T2, FREEEOREE LTr
@1&(@%@@ HOHPLBESAEFC)RHMW

BRI T, AIC I & 0 BH0E IR L CR R Y
=-3297.4 +37.0X, + 799 Xz %1572, ORI Y EMR
B o DWER 2 FUCE L, 7)1 I OFEREELS
VEDSHEININ & REAF i A O KR L4 & B L
b, WK E BRSNS IF L
TWwakE2Z6N5,

T EEoTIMADR AL, Do L i RE A
W7~ 11 FIZBRE L THRIE 3008 LT o/ N A % 15
HOROi) L7Y B O Rema i & 5 L 720 AR
VHERERASE 2 4T o T kS R AR 3008 DT 0~ 3 H
BEICHIS L, A L B4 225, 23 T~ 101 T
BERPRDOH G e Y, 2D 256 ~ 84.6% AR E
m%M[@W%t co TS B RER E 2o 72,
, REFO BRI LT 0,98 ~ 8.5 4%, 4k
ERAUZ BT B 2 8 L T2 ~
204 BEAS N S A, BRI 2R L 72,

AR A=




I ¢

4m T Lo b
U OR B % 15 - t)ﬁ

IH7oo T, BYLMEE, )
OKEERFHITEN e
ikﬁ%ﬁ&ﬁ% EE-ECHLE ) BHLH L LTS,
%72, ﬁz}ﬁ\:&ﬁ@ﬂﬁbg%mt 7R eI, BB
DOV THIBOR 72 720 72 K BE R A B S50 VR BT B

R OAE R % By 7o UK EE R P HBIRER T

RNGES €71l & aot o W LB € o0 W N L
AL, LEDEIBILERL TS, &6, T1V
FA A/ﬂ‘ff)rm%%‘]Téi - 727 R R A e v
FATMFE H A & OBARERAE A J) 72 7280 72 5 I
TR EE R %@”M ‘3
NLFEIIED AR, WA DS L UHHAIZ B W T
L7 A o T Fe 720 22 SR I Y SE T R A 2 13 U,
WA VA T P p o Zoskig, W, N, AR
Wr, AEE, FAE, RN, R, BT, A Lo

i

%

Jeka S R OB R N EER ICE R L E T, &
#T$,mﬁmm%%ﬁwnmkﬁﬁz&:iﬁmmM

&ﬁﬁ%%ﬂ@%%ﬁ@}%:ﬁmf SR EE ST
EOFEHISFEIE X UMAE KIS EFF LR Of
4%@@@%%:£wf AM*ﬁfld,ﬁ Kt

BIGIZIE T4 ) A H OSERREL ISR I oV TRl

RIS & BRI o 2 B CHBERLET,

FIFGEDOWE S, BEROTE, HHFAES LU
BRIV ICHB &, BERIEE W/
W B IR B R L, R IEREE
BNE HMRE, BBOBOWARIGEIZ BV TEREY
WHE Y, CEE BN ORI w2 72 v

UL T LT oIS B ISR OM
HrEkLET,
RICABIE O BATIZH 2 Y, W) L T

o TF & o 7ol I AGERERY,; 7 5 ORISR ERR
DEMIESEHHOF R LT T,



5 1 SRk

AR

Todarodes pacificus

R RS S8 e s BT 5 AW X A 7,
STEENSTRUP O {3 4 1) 5 1y

WHgE. BRI PESBAIT R, 6, 1-91(1988).
R T ) A OWEIRDUIE T BT v — b
ARG HIZ DOV T, (1988).

LHERM BB BT D7 4 ) A B ORISR
WZDWT, AREE7 Ty 7 RERTgede s, 28, 8-
94(1993).

Adam, W.: Cephalopoda. Partie 1. Le genre Sepiotethis
Blainville, 1924. Siboga Expedition 55a, Leiden,
1939, pp.1-33.

ALK < TR A AIC &7, DR & gk
O  BIEEE, 153, 5-11(1976).

ARAAEERR « Polymodal 72 1 4055 A5 % 1E B4 A ~ 40 iR 4
% BASIC 7'01 75 L DR H AU X K,
35, 129-159 (1985).

RIAEZ o BEFET o AF % 74 ) 4 5 OfMH
B L TR AT I OHEYE . BRI

TEITEGE R, 18,  83-88 (1997).

RIS - 2 A OB - W = M B
WA B DITE DK EIZE. HKEE, 61, 713-716
(1995).

Augustyn, C.J., M. R. Lipinski, and W. H. H. Sauer:
Can the Loligo squid fishery by managed effectively?

A synthesis of research on Loligo vulgaris reynaudii. S.

Afr. J.omar. Sci., 12, 903-918 (1992).
Augustyn, C.J., B. A.Roel, and K. L. Cochrane: Stock
assessment in the chokka squid Loligo vulgaris

reynaudii fishery off the coast of south Africa. Recent
Advances in Fisheries Biology, Tokai University Press,
Tokyo, 1993, pp.499-511.

Bidder, A. M.: The digestive mechanism of European

Alloteuthis media

91, 143,

squids Loligo vulgaris, L. forbesii,
and A. subulata.
{(1950).

Bolentzky, S. V.

Quart. Jour. Micr. Sci .,
and R. T. Hanlon: A review of the
culture of

44, 147-187

laboratory ~maintenance, rearing and
cephalopod molluscs.
(1983).

Busch, W. D. N,

Mem. Mus. Vic. ,

R. L. Scholl, and W. L. Hartman:

-7

5

A A T DER Y RS

Environmental factors affecting the strength of walleye
(Stizostedion vitreum vitreum) year-classes in western
1960-1970. J. Fish Res. Board Can., 32,
1733-1743 (1975).

Lake Erie,

Caddy, J. F: The cephalopods: factors relevant to their

population dynamics and to the assessment and

in "Advances in Assessment of

FAO

management of stocks,
World Cephaopod resources” (ed. by J.F. Caddy),
Fish. Tech. Pap., (231), 416-452 (1983).
EOM e KESME: 7o) A 0 (Sepioteuthis lessoniana
Lesson) D FE 4 & Hi{f D 12 21,
462-476 (1961).
Chotiyaputta, C: Squid Fisheries in Thailand. - 7
RO &) S TRAT TR, 108-116 (1991).

™%
T

DT Venus,

-
BUE IR

Chotiyaputta, C.: Biology of bigfin reef squid (Sepioteuthis
lessoniana) in the gulf of Thailand. Technical Paper No.
8, Biological Studies Sub-Division Marine Fisheries

10-28 (1989).

and W. Whitworth: Effects of

Division, Department of fisheries,
Crecco, V., T. Savoy,

density-dependent and climatic factors on American
recruitment:

shad, Alosa sapidissima, A predictive

approach. Can. J. Fish. Aquat. Sic., 43, 457-463
(1986).
Dawe, E. G., and W. G. Warren: Recruitment of short-

finned squid in the north/west Atlantic Ocean and some

environmental relationships. J. Cephalopod Biol., 2,
1-21 (1993).

,,,,, IR - N R
BEC SRR BRI

Doi, T.: Practical and rapid diagnosis method exemplified

HKLMT

, 99, 65-83(1979).

by red sea bream, Pagrus major, in the Seto Inland Sea.

Bull. Fish. Res. Dev. Agency Korea, 28, 127-145(1982).
Donald, D. B.: Relationship between year-class strength
for goldeye and selected environmental variables during
the first year of life. Trans. Amer. Fish. Soc., 126, 361-
368 (1997).

g B B EA B AROEY, SN
X & DRI, ESIEICBITA T 0 A DERE
LU R R, 1981,
465.

Eckmann, R.U., U. Gaedke,

Ry, pp. 457-
and H. J. Wetzler: Effects
of climatic and density-dependent factors on year-class
strength of Coregonus lavaretus in Lake Constance.



Can. J. Fish. Aquat. Sic.,
Ehrhardt, N.,
J. M. L(pez,

45, 1088-1093 (1988).
F. Garc(a,

and A.Sol(s: On the fishery and

P. Jacquemin, G. Gonz(lez,
J. Ortiz,

biology of the giant squid Dosidicus gigas in the Gulf of

California, Mexico. FAO Fish. Tech. Pap., (231),
1983, p452.

Fields, W.G.: The structure, development, food relations,
reproduction, and life history of the squid Loligo

opalescens Berry. Calif. Dep. Fish Game, Fish. Bull.,
131, 108 (1965).

AN 5 - AW - B H TEAR
T A A OB O
32, 229-238 (1996).

R
IOoWT, KELE,

J_L . /\Jl)d_l»f

e

RIS % 23 A I TRRFER AR H A O Wk
fi &AL, SRR, 1997,  pp. 618.
YRR HAE R IEEIC B VT B AV A A T D5
FEEEIOIEGE. HOKAFRR, 10, 1-45(1962).
PEHHRE - 74 ) A o WA OIS, 4 28 [al 4z Bk
HAEAR G AT B RS 2 R B R, 13-1688 (1982).
B BT A A A N OB T BATSE 5720

Bk HUKRE, 36, 995-999(1970).
Helen, E. B. and A. A. Frederick: Observations on feeding

of the squid Illex illecebrosus (Lesueur, 1821) in

captivity. Can. J. Zool., 47, 913-915 (1969).

AR —IE ORI & B AR IR ORERT AT IR — 2%
T A= FffEE kB TOVER mTEKN, 29, 57-
114 (1992).

Hovgard, H. and F. F. Riget: Comparison of longline and
trawl selectivity in cod surveys off West Greenland.
Fish. Res., 13, 323-333 (1992).

Hurley, A. C.. Feeding behavior, food consumption,
growth, and respiration of the squid Loligo opalescens
raised in the Iaboratory. Fish. Bull., 74,176-182 (1976).

BRERANGL  EEEIIC B T 5 7 4 ) A Ok
&éi::f&'é:tomf. A AR - BRI S
Wi, 92-93 (1991).

A AR AT FEF — & 0 FREED 2V A A &
W 57 4R FRATE 200 F A 1) AN U0 3 B I A
R, 182-184(1984).

|)} i

oW E AT & U A Sepioteuthis lessoniana
FERUSSAC @ 128 & M 2 BEAL & MR & OB
1%, Venus, 3, 324-329 (1933).

PHF AT - R FR: 74 U A F (A 5 ) Sepioteuthis

S

IE

J)TJI

lessoniana DIERER. BBk ERH,  74-80 (1967).

A RAT  E IR SR IR S 5 37 4
ELfAS LA I NIR B IE RN R AR, 4047
(1991).

Xj“lxr\{milélfjljﬂﬂ % L Z\ :
). A INELEY « JEHRI BLRILE,

Tzuka, T.,

7o) A T A (BRI
HIN, 1984, 19p.
S. Segawa, and T. Okutani: Identification of
three species in oval squid, Sepioteuthis lessoniana
complex by chromatophore arrangements on the funnel.

Venus, 55, 139-142(1996a).

Izuka, T., Segawa, S.and Okutani, T.: Biochemical study
of the population heterogeneity and distribution of the

in

129-

oval squid Sepioteuthis lessoniana complex

southwestern Japan. Amer Malac. Bull., 12,

135(1996b).
Izuka, T., S. Segawa, T. Okutani, and K. Numachi:
Evidence on the existence of three species in the oval
squid, Sepioteuthis lessoniana complex in Ishigaki
Island, Okinawa, South-western Japan,

analyses. Venus, 53, 217-228(1994).

by isozyme
Jackson, G.D.: Age and growth of the tropical nearshore
loliginid squid Sepioteuthis lessoniana determined from
statolith Growth ring analysis. Fish. Bull . U. S., 88,
113 — 118 (1989).
Jackson, G.D., A. 1. Arkhipkin, V. A. Bizikov, and
R. T. Hanlon: Laboratory and field corroboration of age
and growth from statoliths and gladii of the Loliginid
squid Sepioteuthis lessoniana (Mollusca: Cephalopoda).
in Fisheries Tokai

1993,

Recent  Advances Biology,

University Press, Tokyo, pp.189-199.
Johannessen, T., A. Ferno, and S. Lokkeborg: Behaviour
of cod (Gadus morhua) and haddock (Melanogrammus
aeglefinus) in relation to various sizes of long-line bait.
196, 47-50 (1993).
) A T AT DR

SREPAE,

ICES mar. Sci. Symp.,

BHIZ R - PIRFRAE
b 7% ) WEOFEFE & TR O 58]
15-20(1996).

25,

MBS . 74 ) A s DRSNS & O S LR
B SN 5 AR B AR M S IR A SRR T B B A S A S
A E 75-79(1994).

Kawahara, S., Y. Uozumi, and H. Hatanaka: Is it possible
to predict ommatrephid squid abundance in advance of

the fishing season?, in “Recent Advances in Cephalopod



it ;[)]i T4 HD 'U“/l [k {’JM}

Fishery Biology” (eds. by T. Okutani, R. K. O’ Dor,
and T. Kubodera). Tokai University Press, Tokyo,
1993, pp.728-734.

T HE < BEIRIRAT O 72 & O IO S AW 5191

=1V, - /1 IRHED By R

AR, 103, 31-40(1980).

IR - OEO R RED & Az os, 7404
B EEE. KEOWZE, 9, MAMW%)
WL . 7oA ) A OmIngEsk. 932 Hais

ﬁ%%ﬁkmm%ﬁ%ﬁkﬁﬁﬂu4&%0%ﬁ

FEAEAN - BILMEZ - Al o N BR o a o B osy

FREF I PR Sy AP
&, 1998, p.14.

ANFRENE - TEFOA AN HRBAE RN BT 2 T 4 ) A
B OREIR. IR E R BRGAT FL Y, 25,
16-22(1995).

Kojima, S., R.

1998 4F JE H A £ 2

Segawa and 1. Hayashi: Genetic
differentiation among populations of the Japanese turban
shell Turbo (Batillus) cornutus corresponding to warm
149-155(1997).

R. E Carline, K.E. R

currents. Mar. Ecol. Prog. Ser., 150,
Koonce, J. F., T. B. Bagenal,

Hokanson, and M. Nagiec: Factors influencing year-

class strength of percids: A summary and a model of

temperature effects. J. Fish. Res.

1900-1909 (1977).

SUABHE T R A gy - UM K BB « kA
T (TA ) AT ) FIKEY (HERBIHE ). AR BV AL
WEmPAE, B, 1976, p.20.

Board Can., 34,

L.aRoe, E. T.: The culture and maintenance of the loliginid
squids Sepioteuthis sepiodea and Doryteuthis plei. Mar.
Biol., 9, 9-25(1971).

Lee, P.G., P E.Turk, W.T. Yang, and R.T. Hanlon:
Biological characteristics and biomedical applications of
the squid Sepioteuthis lessoniana cultured through
multiple generations. Biol. Bull. 186, 328-341(1994).

Lgkkeborg, S. and A. Bjordal: Species and size selectivity

n long-line fishing-A review. Fish. Res., 13, 311-322
(1992).

Lgkkeborg, S.: Reduced catch of under-sized cod (Gadus
morhua) in longlining by using artificial bait. Can. J.

1112-1115 (1990).

and R. W. Tait:

Fish. Aquat. Sci., 47,
Lu, C.C. Taxonomic studies on

Sepioteuthis BLAINVILLE (Cephalopoda : Loliginidae)

I D B g iw

from the Australian region. Proc. R. Soc. Vict., 95,
181-204(1983)

A MSIREIC BT 7 o~ s adhfaoii
FN O FERIRIIATIC & BN, HIKES, 65, 1703
1706 (1989).

Messenger, J. B.: The visual attack of the cuttlefish, Sepia
officinalis. Anim. Behav. 16, 342-357 (1968).

ZHOKE: T A ) A AR SRR, IEA] 37 R S
WARGGRERSE L, 123-125 (1964).

Millar, R. B. and S. J. Walsh: Analysis of trawl selectivity
studies with an application to trouser trawls. Fish. Res.,
13, 205-220 (1992).

Millar, R. B.: Estimating the size-selectivity of fishing gear
by conditioning on the total catch. J. Am. Stat. Assoc.,
87, 962-968 (1992).

Millar, R. B.: The functional form of hook and gillnet
selection curves cannot be determined from comparative
catch data alone. Can. J. Fish. Aquat. Sci., 52, 883-
891 (1995).

Mindanao State University: Observations on the culture
and life history of the broad finned squid Sepioteuthis
lessoniana Fer. and Orb. IFRO Ann. Rept., 76,115-119
(1975).

Munekiyo, M. and M. Kawagishi: Diurnal behaviors of the
oval squid, Sepioteuthis lessoniana, and Fishing

strategy of small-sized set net (Preliminary Report).

Recent Advances in Fisheries Biology, Tokai

Tokyo, 1993, pp.283-291.

TR - H W REELRT B EEAEY D%
s~V 74 UAAh, YA, FotE
A 5 OREMB B & CHERICOWT, HkGE, 15,
161-165 (1949).

University Press,

Murata, M.: Population assessment, management and

fishery forecasting for the Japanese common squid,

Todarodes pacificus, in “Marine Invertebrate Fisheries:
their asscssment and Management” (ed. by I.F. Caddy),
Wiley, New York, 1989, pp.613-636.

Myhre, J. R.: Gear selection and pacific halibut. Int. Pac.
Hal. Comm., (51), 1-35 (1969).

Nabhitabhata, J.: The culture of Cephalopods
Commercial scale attempts in Thailand Aquaculture
towards the 2Ist century, INFOFISH, Colombo,

1995, pp.138-144.

— 77 —



AIERERY - ARIRBIEL - AR - R BERS
12 & B HEFTPIRIE S & 7 54 7 L ORIERT .

BIPERATER, 26, 9-19 (1993).

Fes - Wi BRI BT 2 KIED TG,
1953 ~ 1980 4L DR Kl & 2 OFEHER 2 . H AW
Ty 7 RERTEINER, 5, 1-100(1985).

RBWRKERBS . 74U A4 Le {08 EFERD

WE,  FlE, 1983, p.o-10.
B AT BT A~ T D A O,
Pl 7 SolAk axakfk, 55, 7-10 (1991).

Nei, M.: Genetic distance between populations. Amer.
Nat., 106, 283-292(1972).

Nei, M. and W. Li.. Mathmatical model for studying
genetic variation in terms of restriction endnuclease.
Proc. Natl. Acad. Sci. USA, 76, 5269-5273(1979).

BFIER - 1AL R, SEaE, S,
H AR BE (3R ): YA AT H A SRR B,
BLEL, 1982, pp.77-83.

FAREE S S BT ET 80 2 - HAR R END R
BRI, B 1985, pp.630-641.

VERS =B - HoER OO & iy, P My B 1)
WsEE, SRR, 1981, pp.1-284.

O’ Dor, R. K, R. D. Durward, E. Vessy and T.

I R,

I(;é

Amaratunga: Feeding and growth in capative squid,

Hlex illecebrosus, and the influence of food availability

on growthin the natural population. [Int. Comm.
Northwest Atl. Fish. Sel. Pap., 6, 15-21(1980).

KM G RO BR, B RE, H, 1977,
pl64.

KEBLME, B M. oo A PEBLX T A S
DEBAZDOVT, HIKEE, 27, 979-986(1961).
R LI 5 5, 5 PR B S AR Sk B R H BT D5
Ry E . PR 6 AR B g

K, 1995, p23.
B HH B — B RS IAORE . N, B,
1978, pp.7-15.
TR R - B 47 45 2 R B U0 S R VR T ARl
Eil, N TETR, TAUA S, 23-29(1973).
TAR LR« SRR 1A 3 U0 30 U AR TR R A e (MR
47 ~ 49 LA ), 30-41(1975).

AARIEL KGR NEE 1L S ) - 42 T R T R A A
1-21(1977).

WAEHE - AT g T T2 B3, A 7 o5

1990, p.433.

e
P,

TEOFF &, FRKKENIEHT R
(1973).

74, 83-111
Okutani, T. and T. Watanabe: Stock assessment by larval
surveys of the winter population of Todarodes pacificus
Steenstrup (Cephalopoda: Ommasrephidae), with a

review of early works. Biol Oceanogr., 2(2-3-4), 401-

431 (1983).
BAMEE - 7 A ) A A OEIG, AT, 13, 69-75
(1984).

Ottersen, G., H. Loeng, and A. Rakens: Influence of
temperature variability on recruitment of cod in the

Barents Sea. ICES mar. Sci. Symp., (198), 471-481

(1994).
Pauly, D: On the interrelationships between natural
mortality, growth parameters, and mean environmental

temperature in 175 fish stocks. Cons int. Explor. Mer,
39, 175-192(1979).

Rao, K. V. : Biology and fishery of the Palk-Bay squid,
Sepioteuthis arctipinnis GOULD. Indian J. Fish., 1, 37-
67(1954).

Roper, C. F E., MJSweeney, and C. E. Nauen:
Cephalopods of the world, an annotated and illustrated
catalogue of species of interest to fisheries. FAO Fish.
Synop., (125) 1-277 (1984).

(SIS SR
A AT D NEE R & PEIRHIT
DWRE &R EA AL DT
BRIPFE4ESE, 17,  18-29 (1990).

F. K. and J. Z.Young:

CEETICB B AL
B B A
NEESIVARRE

Sanders, Learning and other

functions of the higher nervous centres of Sepia. J.
Neurophysiol., 3, 501-526 (1940).

T AN A D DERIIONT,
KR TPNERIES e YNy ¢

Segawa, S.: Life history of the oval squid Sepioteuthis

25 [l 4 =i
85-88 (1979).

lessoniana in Kominato and adjacent waters central

Honsyu, Japan. J. Tokyo Univ. Fish., 74, 67-105
(1987).
Segawa, S.: Food consumption, food conversion and

growth rates of the oval squid Sepioteuthis lessoniana by
laboratory experiments. Nippon Suisan Gakkaishi, 56,
217-222 (1990).

Segawa, S.: Body size and oxygen consumption rate of the

oval squid Sepioteuthis lessoniana.  Nippon Suisan



TESLBE 7 ) A 1 DB A WS 52

Gakkaishi, 57, 1651-1656 (1991).
Segawa, S.. Field and laboratory feeding studies of
Japanese oval squid, Sepioteuthis lessoniana. Recent

Advances in Fisheries Biology, Tokai University Press,

Tokyo, 1993, pp.499-511.

Wi A HER,OARTT YA D 0)/’&%%’3 (#
AL A B - WO DURET SRR RIS (TR 4
FHEY,  41-50 (1994).

WL e T HANIC BT 2 7 4 A A iR o
AN DOWT (EF ). A 2 BRI - DU &k
PFFETT (P4 4R ), 7879 (1994).

Segawa, S.: Effect of temperature on oxygen consumption
of juvenile oval squid Sepioteuthis lessoniana. Fisheries
Sci., 61, 743-746 (1995).

Segawa, S., S.Hirayama, and T. Okutani: Is Sepioteuthis
lessoniana in Okinawa a single Species?.  Recent
Advances in Fisheries Biology, Tokai University Press,
Tokyo, 1993b, pp.513-521.

Segawa, S., T.Izuka, T. Tamashiro, and T. Okutani: A
note on mating and egg deposition by Sepioteuthis
lessoniana in Ishigaki Island, Okinawa, Southwestern
Japan. Venus, 52, 91-106 (1993a).

Serchuk, F. M., M. D. Grosslein, R. G. Lough, D.G.
Mountain, and L. O'Brien: Fishery and environmental
factors affecting trends and fluctuations in the Georges
Bank and Gulf of Maine Atlantic cod stocks: an
overview. [CES Mar. Sci. Sympo., 198, 77-109(1994).

WRIEDS . 74 ) A (F A1 )Sepioteuthis lessoniana
OAFHARRT BHE. 1967 4 TLskok i 9807 F1 3
ey,  139-145 (1967).

Shaklee, J. B., E W. Allendorf, D. C. Morizot, and
G. S. Whitt: Gene nomenclatare for protein-coding loci
in fish. Trans. Amer. Fish. Soc., 119, 2-15(1990).

RGP HCE R ~ & A OB U .. B
WD 7280 DRAEFRAT ( S Z ), A FTIEA M,
HT, 1987, p. 88-101.

GIER 7 A0 A A EINR ORREIZOWT. 436 [
SENAM LS NEB EER R RS ER,  44-53
(1990).

Squires, H. J.. Feeding habits of the squid, [llex

1321 (1966).

TR S AR BERES

C IR T B AN A ) AT R S T, 59-64

illecebrosus. Nature, 211,
FRSEE . T AU A T OEINE R
U0 26 U AT 5

(1994). ‘
KB HE BRI « BEALEH)
&5LEE,M,%Q%M%) ‘
NG %ugg“é$m SRS R Tl &
o7 o4 VA A DR K
FEWFFe AR, 42, 21-27 (1983).

FITY 5 WA, WAH, D, a, 1989,
p.259.

TR B KEEEY O Popu ation Dynamics & Jfi3E& i
(L Hiwwﬁiﬂ<ﬁﬂﬁﬁ¥& 1-200(1960).

B & fokdhz }m/hiuf’ VARVAS B8 51 ¥ 2 A
Y RF7v s, %Z&iﬁimmm, e L, B,
1984, p.1-48.

LRI« b FAAIZ B0 5 74 ) 4 hofdE.
1 49 A7 R PR UL AGE B RIS, 47-48 (1976).

Taylor, W. W., M. A, Smile, and M. H. Freeberg: Biotic

IHLWROHME. )

and abitoic determinants of lake whitefish (Coregonus
clupeaformis) recruitment in northeastern Lake
Michigan. Can. J. Fish. Aquat. Sci., 44(Suppl. 2), 313~
323 (1987).

Tokai, T., R.Sato, H.Ito, andT. Kitahara: Year class
strength of the ocellate puffer around a spawning area in
the Inland Sea of Japan. Nippon Suisan Gakkaishi, 59,
245-252(1993).

Wi IF : MS-Excel @V L N— |2 & 2 BT OHE H R
P logistic /X A~ ¥ O TR, KEHEHIZE,
61, 288-298 (1997).

WlEOF - SARE S e BERSETERRIC BT B AU
w%*@%$1Mﬁ%%wKow(.mﬁﬁ%M%,
62, 235-247 (1998).

Tokai, T. and Y. Ueta: Estimation of size selectivity for
oval squid Sepioteuthis lessoniana in the squid jigging
fishery of Tokushima Prefecture. Fisheries Sci, 65, 448-
454(1999).

BB RIS < R ARSI & % B M OV B i vt
O i P28 By B AN 54 4R E R R R R, 128-

134(1981).
LAREETEN T A A 7 BEN e R, R R

PGB R A AT L #, 74-80 (1992).
LRIEGA  RTIE S - HGEICBIT AT AU 4 H o
PEBRIC DT L RSP E AT E R, 3, 53 —
75(1981)

TRRIEEL i - TWRBIZ B 5 7 4 U A 7 D 51U




I

T OHE EBAZ DT ORI 5 T & k)
4, 49 — 70(1982).

WUF 3 B PRE VRO T
IR - LR v 2 — R,

FWARIEE )Y 4 O R, B OB E)ERE
BI9 B ME9E . P PRI, 19, 1-42 (1983).

RS BRI BT AT Y A O L

V) A DR EES
2, 101-108 (1978).

BV E O BRI EEI9E, 8, 61-69 (1992).
FHIEES BN RIS BT 520 A4 DO B &

ORI EE IS ST RIEEN P2, B
HEEEAFSE, 1, 45-60 (2000).
LHEES « W R RGBT 4 ) A ok

&

2

REZEMOIN AL . FJKEE, 55, 1669-1702 (1989).
LD o W B HBRET SV AORE) . K
FEMAH, 38, 221-226 (1990).
=S e @A T v PP AT 4

AN PIDWFEFERE & T OREE . B TGS & R

TigE, 14, 33-43 (1998).

R . dvs B T U A S OB RO
JEIR . oKpETE, 44, 67-72(1996).

LHEES sy N - REIER - W R
Tk B FENEEE . 7oA A S ORI L O
INFESRA 25 B O IRk, JKEE T54xak, 31, 189-
194 (1995).

LHEE I e KETERe W . bp =

o KRk A e TENIACHE ALPNGEIERE T 4 ) A H 2B
VP B BN EESR O ) & RIS KON & A AR
OHEE . KEERGE, 40, 469-474 (1992).

D I A RO SNERE T ) A T DL
GHAERE & HEAFOIA . KEWETE, 59, 409-415
(1995).

Ueta, Y., T. Tokai, and S. Segawa: Relationship between
year-class abundance of the Oval Squid Sepioteuthis
lessoniana and Environmental Factors off Tokushima
Prefecture, Japan. Fisheries Science, 65, 424-431(1999).

Verrill, A. E.: the

Report on the cephalopods of

northeastern coast of America. Rept. U.S. Comm. Fish.,

(1879), 211-455 (1882).

FIHEERE - 74 ) A 7 DL RIASEIS DT . GRS
PE v & —HFR, 16, 58-60 (1993).

AV FER, « /R ETE - 74 ) A D OZREINIZ DN T
[KEE, 61, 151-158 (1994).

FVHE PTG o VEIE A0« HE RS « RUMRHT IO FRIs i 2Rl

#

TBTHYAH DR Uﬂ/l‘”'“ oW HKEE, 67,
838-842 (1995).
handling time

J.

Werner, E. E.: The fish size, prey size,
relation in several sunfishes and some implications.
Fish. Res. Board Can., 31, 1531-1536 (1974).
Wickstead, J.: An unusual method of capturing prey by
cuttlefish, Nature, 178, 929(1956).
Widrig, T. M.: Method of estimating fish populations,
U.S. Fish and Wildl.

1-166(1954).

with application to Pacific sardine.
Serv. Fish. Bull., 56,
Wilson, D. P.: A note on the capture of prey by Sepia
officinalis L. J. mar. biol. Ass., 26, 421-425 (1946).
Xu, X.and R. B. Millar: Estimation of trap selectivity for
male snow crab (Chionoecetes opilio) using the
SELECT modeling Approach with unequal sampling
effort. Can. J. Fish. Aquat. Sci., 50, 2485-2490 (1993).
LTS RA - LR 56 BYEUB D 217 A 9 Sepia esculenta
WAH TSI BT AR E OBR. KELS,
34, 257-262(1998).
ARG A 8 a, WEOREE, 3, 55-59 (1943).
BINEW  BARDRSIC BT 2 H0 8 7547 v DM
FHE (RSB IFAT . S 10 4 fr AR RAEFRE
M E R, p 99, 1998.
Yokogawa, K.: Morphological and genetic differences
between Japanese and Chinese red ark shell Scapharca
63, 332-337 (1997).

broughtonii. Fisheries Sci.,

Yokogawa, K. and Y. Ueta : Genetic analysis of oval
aquid(Sepioteuthis lessoniana) around Japan. Venus,

59, 45-55(2000).

METHECH - ACFE — - BBRGE K - 9K —
BT By VA OBREEEIRIC X B i Tl

HREE,
Yu,

64, 975-978 (1998)
T. C. and T. Y. Tung: Studies on the culture of
Sepioteuthis lessoniana. Bulletin of Taiwan Fisheries

Research Institute, 46, 203-206 (1989).

__80_



http://www.tcpdf.org

