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FISHERY BIOLOGY OF LIZARD FISH, Saurida undosquamis, IN
THE INLAND SEA AND ITS ADJACENT WATERS

Kaoru Tatara

In order to improve the fishery productivity, ground fish resources in the Iniand Sea and its
adjacent waters have been under stﬁ&y since 1951 by the Inland Sea Regional Fiéheries Research
Laboratory in Hiroshima. In 1957, this study was placed under the coopefétion plan of this
laboratory and its relatedithirteen prefecturai fishery sﬁrvey statibns

Although there are many commerf‘lally explo1ted fishes m this area, a so-called true lizard
ﬁsh,v Saurida undosquamis, was taken up for investigation by the author The resulté obtained
from 1951 to 1962 are .repo'rLed here in this paper. | )

Because it is one of the important 1tem> of this rebearch propgram to cralify the mechanism
of biological production based on the energy flow through fish resources, a special emphasis was
placed on analysis of feeding mechan1°m of this species. ) )

The (stapled) data used were obtained from “Annual Report of Catch Statistics on Flshery
and Aqu1cu1ture of J apaneoe Government, the teat f1sn1np‘ by two-boat trawlers and small type
trawlers, and the survey on the commercial catch of trawl fsheries in the Inland Sea and its
adjacent outer coastal area.

The summaries of this report are as follows :

1. There are three species of Genus Saumda in the coastal waters of South-west Japan
including the East China Sea. They are S. fumbil, S. undosquamis and S. elongata. S. tumbil
is the most offshore species and one of the most important fishes for “trawl ﬁshéry in the East
China Sea, while S. elongala is the most \insh(_)re of the three. S. undoéqﬂamis, called Maeso in
Japanese (meamnfr true hzard fls‘a) is intermediate in distribution, and well exploited >ny coastal
trawl fisheries. k ' o ‘ '

S. undosquamis taken up for study is not only one of the most important commerc1a1 spec1es

.for small type trawler in the Inland Sea and trawl fishery of the continental shelf expanding along

the outer coast of Shikoku Island, but one of the piscivorous species ranked highest in food chain

of the bottom fish resources in these waters, playing an important role in population dynamics.

2. These hzard fishes are a part of the important trawl catch, and hold 6. 1% in weight of
total catch in the survey area, especially showing 15.2% in the outer coastal region (Table 1).
Although this species occurs all over the area under survey, its heavy distribution is seen

both in the Kii Channel, the eastern entrance to the Inland Sea, and in the Bungo Channel,
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its western entrance (Fig. 1). By further analysis of catch patterns (Figs. 3, 4,5), catch data of
test fishing  (Table 5), commercial catch (Table 6) of this fish, and the topographic features of
the continental shelf along the outer coast of Shikoku (Figs. 1, 2); it seems to be probable that
the stock of this fish in the survey area is divided into two distinct sub-populations. Based on
geographical “distribution, they can be called respectively Kii Channel (or Eastern).-sub-population
with - its spawning area in the Kii Channel, and Bungo Channel (or Western) sub-population that
spawns heavily in the Bungo Channel.

The Eastern sub-population spreads in east part of the Inland Sea from Bisan Seto to the outer
coast of Tokushima Prefecture, fishing grounds being indicated by Nos. 12, 8, 9, 10 and 11. On
the other hand, the Western sub-population distributes in western part of the Inland Sea,
reaching Tosa Bay through the Bungo Channel, with fishing grounds indicated by Nos. 1,2, 3,4,
5,6 and 7 (Fig. 1). ; ‘

The trawlers in the Inland Sea are rather of very small type, about 75% of their catch
being made by boats under 5 tons (Table 2). But after World War 1II, the modernizafion of
fishing boats has been carried out in size and eduipment, and consequently the catch composition
has changed raising the level of exploitation in higher rank species, such as lizard fish, in prey-
ﬁredator relationship of the bottom fishes (Table 3). There are also some geographic features in
fishing intensity, that is, eastern half of the Inland Sea is generally more exploited than its
western half. As for trawl fishery, the fishing intensity given to the ground fish resources in
‘eastexjn waters is presumzd about twice that in Westei;n half (Table 4).

" Because these two sub-populations are considered to have many biological differences depending
on different fishing intensity and population size as known from above and later descriptions, it is
very interesting especially to work out their comparative biology from the standpoint of fisheries.

3. ”-I‘he true lizard fish taken in the Kii and Bungo Channel proper showed the widest range
of total length in size composition in each sub-populatibn (Fig. 6), larger size dominating on ‘the
outer coastal grounds and smaller on the inner grounds of the Inland Sea respectively. Though
the general feature of disiribution by fishing grounds was similar to each other, size composition
of eastern sub-population was biased toward younger groups than western sub-popula.ion, and
this feature was clearly recognized in age composition by sub-populations as described Iajcer.

Mode of total length by age groups showéd a little variation yearly in both sub-populations.
For example, mode of total length in Septemder, the end of the most rapid growth season,
ranged from 18 to 21 cm in l-age, 20 to 27 ¢m in 2-age and 31 to 32 cm in 3-age group (Fig. 8,
Table 7). ‘

‘ Next, sex‘ratio (9 /8 +¢2) by size classes was examined,‘ and the larger in size the more
.females in both sub-populations. In fact, sex ratio of recruitment showed 30 to 40%, while it was
overvASO% in the size classes larger than 20 cm in the eastern sub-population, and 26 cm in the
,w'estern sub-population, though sex change is not seen in this species (Fig. 10). In spite of the
fact that.,the eastern sub-population was biased toward younger (smaller) size groups in total size
coinposition, as previously mentionedt, he sex ratio estimated for the total eastern sub-populatitn
v (47%) was larger than that of the western sub-population (35%).

°  Spawning season of the eastern sub-population (May to August) was earlier than that of the
western one (June to September) (Fig. 11). Spawner of the former was smazller in size than

that of the latter, and size of spawner varied a little year by year (Fig. 12).




Distribution of this fish changed little by little as its age advances ; it occurred mainly in the
channel waters in larval and fry stages, and then covered all the Inland Sea in immature stage,
range of migration becoming wider in adult stage. -Its distribution in winter was limited to the
channel waters, ~but its range expanded both in spawning and feeding seasons (Fig 13).

4. Recruitment of this species varied in number distinctly year by year: . Number of age of
those caught in fishery was rather. small, consisting of four at moest. Therefore, in . calculation
of total mortality, the relative number of brood produced in-1957 was pursued for four . years

(Table 11).

Supposing that there are no.differences ketween sexes in fishing mortality, the differences in
total mortality between sexes seemed to ke caused by natural mortality. .

Separation of total mortality into fishing and natural mortality was tried . for two sub-
populations, by using the differences of total mortality by sexes and sub-populations. The results

thus obtained are as follows :

-Sub-population |Sex|Total mortality | Fishing mortality | Natural mortality
] 0. 96 0. 87
Eastern s 0-87 0.69 0.59
& 0.988 - 0. 87
Western e | 072 0.45 ~0.59

Estimated fishing mortality of the eastern sub-population was about 1.6 times that of  the
western sub-population, and has increased up to two times since ten years before (Fig. 15
Table 13).

5. In the following, qualitative and quantitative analysis of stomach conterits was done for
the study of feeding mechanism of this fish.

At first, species composition of stomach conterts was examied. As a result it was made clear
that preys seen in stomach differed between waters rand between months, especially the
difference between the Inland Sea and outer coast being most distinct (Table 14). Number of prey
species appeared in stomach was most in the channel waters and least in the innermost of the
Inland Sea (Fig. 16). Interesting was that number of prey species found in stomach corresponded
to number of possible prey species in the sea estimated by test fishing. The prey species were

usually composed of both adult fish-of small type and young stages of the other fish. Weight

“composition of prey in stomach contents differed to that of catch, anchovy, sand eel, etc. generally

appeared_mich more in stomach contents than in catch, while some other species were vice versa
(Table 17). Shape of prey eaten showed a considerable variation with the size of rredator (Table
15). Small sized groups preferred those preys lower in body height and circular in section, but
larger groups fed on even those higher in body height. Among the prey fishes of this species,
anchovy was one of the most favourable and devoured - very much by all the size -classes (Table
15, Fig. 17).

From these observations, it was thought that this lizard fish fed selectively from among the
possible prey animals after all. Therefore, the indices of preference for prey may be calculated
by species by following formula,

I.P (i)=SG)/C@{) where. . .

I.P.i :Index of preference for Sp.i
S i : Percentage in weight composition of stamach content of Sp. i

C i : Percentage in weight composition. of catch of Sp.i ..
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The indices thus obtained were bigger in anchovy, Champsodon and mackerels (Table'18). But
because preys that distribute so widely as anchovy are very few, it was common that lecal species
like Champsodon of outer coast and gobiids of the Inland Sea, were found taken as prey. '

Species composition of prey, ‘however, differs between groups and tetween sub-populations, so
it does not be thought that the “analysis of the $pecies composition and index of’préference-alone
is enough to make clear the qualitative feature of feeling mechanism of predator that migrates
rather wider range as this lizard fish. ' : ‘

6. Therefore, in order to analyze feeding mechanism qualitatively, it will te better to deal
with variability of prey in stomach contents (@) caluculated by the following formula,

a :§’si - vi, where S is the weight percentage of prey under consideration and #» is its serial
number in the list of percentage values (in weight). '

Examiﬁing the the values of @ thus obtained, qualitative features of stomach contents may ke
brought to light, not disturbed by lacal features of prey species. It was clearly recognized that
variability of prey found in stoméch contents on some fishing: ground is similar to that of possible
prey species in catch there (Table 19). Then, how varies the variability with the size of this
predator in each fishing ground was studied. As a result, the size group occupying larger amount
of catch in weight showed smaller variability, that is, the variabilities of preys féund. in stomach
were in reciprocal propotion to the deunsity of their predator shoals, In other words, the size
groups of predator in high density fed on the dominant prey species like anchovy (Table 20). Oa
the other hand, the size groups representing small amount of catch rely on many prey species
according low value of preference. As for sex, female’s variability, if catch in weight was epual,
was smaller than that of male, and when the catch weight of male was two times of female, it
was expected to ke of equal value ketween these (Table 21, Fig. 19).

Between the stock size of sub-population and the variability of prey in stomach contents,
there was a proportional relation {Table 22), that is, in the western sub-population or the year
of higher population density, the variability becomes larger and prey:expands:to offal prey
species carrying low value of preference.

The results thus obtained in sub-population level concerning the variability of prey are
opposite to. those in shoal level—ketween size classes,.age groups or sexes— However, these
points have not yet been confirmed, so it is necessary to study further about the relation between
population size and distribution pattern or shoal structure. !

7. For analyzing the quantitative features of feeding activity coefficient of stomach content
weight, used as feeding rate, was calulated by the following formula.

P IS.c.w.
T 3IB.W. (25.C.W.+3G.W.)

x 100 S. C.W. : stomach contents weight

5. W. : body weight
T G. W. : gonad weight
Feeding rate by sexes and by size groups showed the same tendency for two.sub-populations,
l-age group under 20 cm in male and about 18 to 24 cm group in female indicated largest feeding
rate, and the larger the size, the smaller the feeding rate (Fig. 20).
Feeding activity varied month after month, and it was very remarkable from May to
September (Fig. 21), so these analyses and following studies were conducted based on the data

obtained insummer. Feeding rate by size group relates to the amount of catch in weight, and the
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group larger in catch weight shows a relatively larger feeding rate (Fig. 23). But relation
kFetween the amount of rrey and {feeding rate of this fish deces not show any depencency in
analysis by haul (Table 23).

Then, the relation tetween feeding rate .a'nd population size was exainined by sub-populations
and years, The results obtaired were slightly different tetween age groups, but, in one-and two-
age groups that occupy the most part of each sub-population, it was clear that the feeding rate
of sub-population in heigher den_si'ty was smaller than that of lower density’'s (Table 24).

~ That is, in sub-population level of this fish, feeding rate and density showed an inverse
relation. ‘ ‘ ' v ]

Feeding rate worked out for -sub-population level showed a different trend from that for shoal
level referred to tefore, but these results of quantitative study were simialr to those of
qualitative one. Then, it is necessary to make a quantitative study in order to clarify the relation
between distribution pattern or shoal structure and population sizes, as in the qualitative study
for stcmach contents.

From these investigations, it may ke concluced that feeding activities of this species depend,
first, on the conditticns of individual fiish—such as sex, size, age and spawning, etc. —and
also, on its own density both in shoal and population levels, as well as the qualita.ive and
quantifative feature of prey environment.

8. As the author mentioned Lefore, fishing intensity of the eastern sub-population was about
two times that of the western sub-population, and the population density of the former was ore
third that of the latter. Moreover, according to the fluctuation of the amount of recruilment, the
size of .both. sub-populations varied greatly year by year (Table 25). ’

Relation between the censity and biological featnres of each sub-population was summarized
as in Tables 24 and 25. In Table 24, the difference in sex ratio and size comnosition of spawner
mzaans that the sub-population smaller in density gets the bigger reprodutive rate; and also the
difference in feeding rate and growth rate results in the bigger growth rate of individuals in the
lower dénsity sud-population.

Therefore, it will be reasonable concluded that variation of the population density causes the

change .of the biological features of its own individuals, and then this process to some extent

' regulates the population’s own size and density.
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Table 1 Catch composition of trawl fishery in the Inland Sea and its adjacent coasfal waters

(from Ann. Rept. Catch Statistics Fish. Aquicult., 1959)

Species Total Inlrirgoiea Outix‘;gfigistal

ton % ton % ton %

Lizard fishes 4,859 6.1 2,350 3.7 2,509.| . 15.2
Other flounders 3,175 3.9 3,020 4.7 155 0.9
Croakers 1,433 1.8 701 1.1 732 4.4
Sharp toothed eel 989 1.2 852 1.3 137 0.8
Skates and Rays 980 1.2 415 0.6 565 2 3.4
Red sea bream 688 0.9 448 0.7 240 | 1.5
Frog flounder 595 0.7 568 0.9 27 | o
Sharks 532 0.7 15 0.2 417 2.5
Mackerels 444 0.6 207 0.3 237 1.5
Gurnards 276 0.3 40 0.1 236 1.4
Hairtail 157 0.2 103 0.2 54 0.3
Bastard halibut 140 0.2 97 0.1 43 0.3
Black sea bream 47 0.1 47 0.1 0 .0.0
Common sea bass 30 0.0 29 0.0 1 0.0
Other fishes 23,622 | 29.2 14,604 | 22.7 9,018 54.8
Prawn and shrimps 26,299 | 32.0 25,225 | 39.2 1,074 | 6.5
Crabs 2,743 3.4 2,738 4.2 5 0.0
Cuttle fishes 2,791 3.5 2,203 | 3.6 498 3.0
Octopuses 1,681 2.1 1,667 2.6 14 0.
Other squids 1.664 2.1 1,196 1.9 468 2.9
" Other animals 7,571 9.4 7,565 | 11.7 6 0.0

Total (80,716) (64, 280) S (16,436)
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Table 2 Actual fishing unit in operation and its annual catch in weight by
type of boat and strata in tomnage in the Inland Sea
" (from Ann. Rept. Catch Statistics Fish. Aquicult., 1959)

Numter of units in operation Catch weight in-ton (%"

\Non powered boat

\ - . . 097 - . C e o4 1y
Powered boat(in temrage) N . .

0 ~. 3 C 8,758 . 07,326.6 (43.2)-
3 ~ . 5 . ‘ g 3, 467 . 21,851.7 (34.6)
5~ 10 . ‘ | 1,068 10,515.4 (16.6)
0~ 3 ' 311 2,875.2 (4.6)
Sub-total ‘ (14,581) - (63,243.1)
Table 3° Changes of species composition in catch by trawl in tHe Inland Sea
(from Ann. Rept. -Catch Statistics Fish. - Aquicult., 1959)
Species : L1 9 5 19 5 9

ton % ton %

Lizard fishes P ; 783 B 2,350 3.7
Other flounders | {1,450 3.2 3,020 4.7
Croakers i 180 0.4 701 11
Frog flounder ’ : — — ‘ 568 0.9
Red sea breem ‘ - 267 0.5 448 0.7
Hair tail P S 47 0.1 103 o2
Other fishes ‘ 14,604, 22.7 12,300 * 26.6
Skates and Raysi ’ - — 415 0.6
Sharks P e — 15 o2
Gurnards ) = — 40 01
Mullets ‘ T 27 0.0 10 - 0.0
Sharp toothed eel 955 2.1 852 - 1.3
Mackerels | "219 0.5 07 0.3
Bastard haljbut 1398 0.7 97 0.1
Black sea bream, © 79 0.2 47 0.1
Common sea bass © 75 0.2 29 0.0
" Squids - L2 150< 4.7 3,489 5.5
Other marine animals 2 105( 4.6 3.511 1% 5.5
Crabs g ’ ) 1972 ‘ 2.1 2,738 4.7
Octopuses I 723 1.6 1,667 | - 2.6
Shell fishes P 4,950 < 10.8 4,054 | " - 6.3
Prawns and shrig‘nps [ . 18, 350 39.7 25,225 39.2
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Table 5 Numker of tows and catch (weight and numter of 1nd1v1duals) per tow in test
fishing by month and fishing grounds

Serial numtger of 5 7
_fishing ground 1 2 3,4 | 5,6 8,9 10 1"
Year Month — ’ ’ (western)| (eastern) ’
(N. of tow) (12) ()] () (5 (€] 3 ©) (10) 3
1958 May Numter 12 47 4 —_— 0 — 0 86 133
Weight 607 2.194 157 — 6 — 18 1.522| 4.093
(N. of tow) @ @] e 3 “ @ an| @] ©®
1959 Jun. Numkber 99 223 51 — - —_— 4 58 77
Weight 8.111 7.545] 1.730 — — o — 124, 2.101] 5.055
(N. of tow) D ©) (12) (6 (5) (@ oy ©)) any
1958 Jul.. Number | 272 151 19 — — — 20 9 1
Weight | 19.891| 9.436] 1.740 — — —| 774 409 62
(N. of tow) (8) ()] (10) (%) ) 6D (13) %) (€))
1960 Sep. Numker | 221 180 491 80 2 41 187 39 3D
Weight 17.250 12.730 23.611] 3.334 95 1.930 768 1.880; 2.420
(N. of tow) 1) Gy an 3 (2) | a2 (8) €)]
1957 Dec. Number | 134 153 0 — — —_ 0 46 230
Weight | 17.625 11.588 3 — — - 11 441 8.323
(N. of tow) (8) (10 1 (1) %) €) (3) (%) D) (8
1960 Jan. Number 1 302 3 0 — — — — 108
Feb. Weight 784 6.614 33 4 — — — — 7.450
Total (N. of tow) (44) (B0 | (71) | (28) (16) sy | (62) | 47 | 42)
Numker | 149 179 77 14 0 11 43 42 85
Weight 12,450 8.074] 3.614 596 8 515 3231 1.040] 4.141
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Table 6 Commercial catch (numver of individuals and weight) per

trawler in the Inland Sea by month and fishing ground

trip of small type

\SeriaI. numbter of 7 7 )
“ ﬁshmg ground 3 4 6 (w 12 8 9 10
Month e west. )| (east. )
Jun. Catch 49 36 — — — 2 15 10 67
Weight 1.462 880 — — — 48 170 165 2.762
Jul. Catch 83 50 0 — 0 2 1 8 32
Weight 3.240 2,208 4 — 6 65 28 260 1. 500
Aug. Catch 102 50 1 — — 25 2 105
Weight 5.242 2.763 35 14 — — 255 3 3.430
Sep. Catch — 1 — — — — 7 138 35
Weight — 66 — — — — 94 536 1.330
Oct, Catch 2 1 — — — — 5 — 10
Weight 123 2 — — — — 44| — 322
Nov. Catch 1 1 — —_— — — — 3 19
Weight 10 14 — - - — — 46 321
Dec. Catch i — — — — — _ 4 10
Weight 12 — — — — — _ 16 14
Jan. Catch 6 — — — — — _ — 11
Weight 36 — — — — — — — 116
Feb. Catch 1 — — — — - _ — | 80
Weight 3 — — - — - _ = 741
Mar. Catch — — — — — — — 2 33
Weight — — — — — — — 8 - 1.040
Apr, Catch 1 — — — — — — — 225
Weight 6 — — — — —] — —  3.922
May Catch 3 3 — — — — 0 30 137
Weight 4 24 . — — — 2 595 3.390
NUMBBR :0F
Jun. to Aug. are the average of 1958 to 1959 \ nl‘;ginzwm (;ifﬂﬁcszijﬁ: pattorn) 3
Sep. to Dec. are of 1958 i o ) g
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Table 7 Mode of total length and
body weight of 1-age group

in September by year and

sub-populationt

Year

Eastern
sub-popu.

Western
sub-popu.

T.L. | BW.

T.L. | B.W.

1957
1958

cm

g
19.2| 46.0

cm

g
19.0 46.0

18.0

37.0

21.

0 55.0

MONTR

1959
1960

21.5
18. 5

67.0
41.0

18.0
19.2

38.0
48.0
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o~ FIE1951~624F Lk 0 E TR E il
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Table 9 Catch number of S. undosquamis by sex, tow and sub-population

in test fishing

\ Year, Month July, 1958 June, 1959 Jan, 1960
Sub-
- population| Eastern Western Eastern Western Western
Sex 3 Q 3 Q 3 Q 3 = 3 e
16 6 63 26l 40 | 46 140 | 50 10 | 14
35 7 16 10| 49 | 4 a2 | 20 ] 25 | 11
9 | 23 183 790 30 | 26 16 | 20 45 | 45
o0 | 11 277 511 23 | 29 12 | 44 o1 | 73
15 | 15 50 23l 10| 14 o | 60 132 | 20
Numter of 13 9 21 4 a9 | 37 97 | 64 87 | 43
R 97 1471 76 | 84 83 | 55 122 | 65
individuals N 45 69 105 60 64 | 13 U
— | = 18 55— | — 109 | 72 — | =
— | = 17 15— | — 23 | 26 — | =
N 39 48— | — 35 | 17 — | =
— | — 30 13— | — 76 | 35 — | =
S — - | = 98 | 90 — 1 —
- — — N o4 | 20 — | -
(Tota)* ‘ (239) ‘ (102)1 (897) . (578)1 (406) I (356)’ (985) ’ (621)’ (549) ‘ (295)

% T-test was done for the tow caught more than 20 individuals
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I.) by size (T. L. ) group and sub-population
X 1 141~160mm A : 181~200mr ] : 221~240mm

SUB-POPULATION

L, 200™ ) 300"”‘. . O : 261~280mn @ : 301~320mn
20%
- Zi\\\\\ j i) BESRROEERR
> [~ AR 1958 - 19504 0 AL SFIIO AR B R B Wit L, 512
0% CERESEERE LCH L, BB BIC 2 B
" 1959 L ’ &, HARCRERBICEAC,. 48 260mEl Lo
T RBROBARE L SR ERAD B,
_ "1 CCTIRETREOMC L TCE R ERBEONT
WESTERN [ ’ R T DEE - EIVKIBOBBASIC LY, <>y DEH
e Lo BT LOSHORREROBIIBICE L,
207°
» 1959 /\/\ ‘ 0

2007 ' 300”‘“
Flg 12 Percentage composmon in size (total

length) of the spawmner by sub-population
-and year

— 920 —




1, Larval
.|and fry stages
AN

.

Y

3. Adult stage
: ip winter

;__—_—1-
4. Adult stage
: in spawning|
season

5. Adult stage

:in feeding
seagon

Fig. 13 Distribution of S. undosquamis by growth stages
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Table 10 Mode of total length in mm by age, year and sub-population

.\\\Su‘b-population
— Eastern Western
~ . \'\ —_—
~._  Age
1 2 3 1 2 3
Year
1 9 5 7 19.2 — — 19.0 ) — —
1 9 5 8 18.0 25.0 — 21.0 27.0 —
9 5 9 21.5 26.0 — 18.0 26.0 32.0
1 9 6 0 18.5 27.0 31.5 19.2 25.5 31.0
(variance of miode) (2.39) (0.66) ' (1.56) (0.31) (0. 25)
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Table 11 Contirued "
(2} Age compjosition and total mortality by sex and sub-population

Sub-population Sex i-age 2-age 3-age Total mortality
) 482 21 0 0. 98
Eastern
o 295 48 2 0.87
3 41 32 4 0.88
Western .
Q 21 32 9 0.72

(6) LWHEDOMR

Ricker (1940) D4/ & HATET - MERT-ORE, WANBICECHE 2 ABICH 58 HEOR
BOHDLZE, BOVCRHMETERIICEADD L L2 FAVT, 2B 2 BRTEC ERERTCKA TS
R o7z, RickEr ORBEEOHMHILZOMMATHETH Y, BEREOHOEAE R EHE
LCUTHNZEDLDT, DEDL S ICHRERT L EAREORE T AAECHELTH S, T45b b,
a=m+n—m- - n7T, a:fEP, m JERC, »: BRETTHD,

2 T2 DDORBOESRRERDIZDBENERICONTTH 200, HRLCOPCRREICL 37%5
PE~OHRER D BB E LTEL D, HRECATTREETE DAL ETIUE, KB - MR I kDA
LMD, :

GES=ME+ NG —MERE oo (1
AEQ =ME+7Q —~MER P ~iereeererens (2) . X §
TZC ERURE - W ERML 35,
AWE=WMWAE NG —MWH G reemeener (3)
AW =MW B Q—MWH Qe 4)

Table 12 Population characteristics of eastern and western sub-population

(1) Table
P ME mw n3 nQ fe/fw
[ 0.90 0.82 0.62 —0.24 1.33
1.2 0.82 0.69 0.78 0.28 1.47
1.3 0.77 0. 59 0.82 0. 44 1.65
1.5 0.70 0.47 0.87 0. 57 1.89
1.6 0.68 0. 42 0. 88 0.61 2.09
1.7 0.66 0.39 0.88 0.62 2.18
1.8 0.63 0.35 0.89 0.65 S 2.3
(2) Characteristics by sub-population
Eastern sub-pop. Western sub-pop.
The ratio of fishing intensity S ho2 .00
The ratio of fishing mortality 1.53 1.00
(Fishing .mortality) (0.69) (0. 45)
Naturai mortality 3 0.87

(contains escapement to outer area) Q 0.59
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' Fig. 15 Population characteristics by sub-population of

S. undosquamis in the Inland Sea

Table 13 Analysis and comparison of total mortalities in 1951—1952 and 1959—1960,

in eastern ‘sub-population

(n Age combosition and total fnortality by sex in 1951—1952

1-age 2-age 3-age Total mortality
3 291 55 ’ 4 0.93
"9 - 229 78 12 0.64

. (2) TFishing mortality in 1951—1952 (from the equation: @ =m -+ n —mn)

l Total mortality(a )

Fishing mortality (m)

Natural mortality (#)

3 ' 0.93

Q. 0.64

0.67

(mean:0.57)
0. 46

0.79

0.34
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Table 13 Continued
(3) Ratio of Fishing mortality(m) in 1951—1952 and 1959—1950

__M1951..1952 40.81_] 40

M1958.1960 0.57

(4} Ratio of fishing effort (f) in 1951—1952 and 1959—1960

fros1m9s2__ log (1 —0.81)_ | gg-p
fioss.1060  log( 1 —0.57) _
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Table 15 Percentage weight composition of prey found in stomach contents

by size, fishing ground and group (cf. Fig. 17)

of S. undosquamis

Tosa Bay Kii Channel

mm mm mm mm mm
Size class ~200 ~300 ~400 ~200 ~300
No. of measured 291 244 34 275 58
No. of empty stcmach 71 51 2 72 11
Total stomach contents weizht 602.46 g 1,279.74 g 47.40g! 317.51g| 164.64¢g
A-tyre % % % % %
Trachurus japonicus — 2.4 17.0 2.0 —
Apogon semilineatus — 0.8 1.7 — —
Acropoma japonicum 2.3 13.1 16.4 — 10.3
Leiognathus — 1.8 0.4 — —_
Flounders and soles — 0.1 1.0 - —
Small squids 0.0 2.0 8.6 —_ —
(sub-total) (2.3) (20.4) (45.1) (2.0) (10.3)
B-type
Anchovy 45.0 40.0 47.4 8.8 62.7
Elrumeus micvopus — 1.8 —_ — 0.5
(sub-total) (45.0) (41.8) (47.4) (58.8) (63.2)
C-type
Apodes 0.4 0.1 — —_ —
Decapterus 31.4 21.2 2.2 31.8 25.0
Apogon kiensis 1.5 1.7 0.7 — —
Synagrops japonicus 7.3 7.9 1.9 — —
Champsodon snyderi 12.0 5.1 2.9 — —
Callionymus vir gis 0.0 — — — —
Gobiidae 0.0 — — 0.1 —
Bregmaceros japonicus — 0.1 — 5.8 0.5
Shrimps 0.3 0.0 — 1.3 0.9
(sub-total) (2.9 (37.0) (8.1) (39.0) (26.4)
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C-type

1 Calliurichthys doryssus
Callinrichthys Japonicus

Callionymus virgls

3
4 Calljonymusflagris
5 -Gallionymus gokonumeri
6 . Astroconger myriaster
. L 7 -Chaeturichthys hexanema
: 200 8 Rhinogobius pflaumi
i 9 _Parachaeturichthys polynema
i [Ke) \ 10 Cryptocentrus filifer
11 Chasturichthys seciistius
12~ Grathypops evermanni
2’% 13 Synagrops japonicus
3 14 Decapterus maruadsi
?_9 15 Trachurus japonicus
| B-type .
i 16 Ammodytes personatus
i 17 Champsodon spyderi
: 18 " Enggaulis japonicus
150 19 Etrumeus micpopus
A-type
20 Acropoma japonicum
21 Apogocichthys carinatus
22 ppogon lineatus
}7‘0 23 . Apogon kiensis
c-type 24 Apogon semilineatus
. 25° Leiognathus elongatus
26 Leiognathus rivulatus
27 Psettina ijimai
$Q 28 Samariscus japonicus
100 29 Asera ggodes kobensis
7% 29 Kseraggodes kobensis
i 30 Pleuronichthys cornutus
‘ 31 Samariscus latus
} ,,(Q 32 (Citharoides macrolepis
| 32 (Citharoides macrolepidotus
I i} 33. Tarphops oligolepis
© ” 420 34 Arnoglossus tenuis
T 3O, I~ 20 35 Engyprosopon grandisquama
1 3 8 ] © 36 Laeops lanceolata
o B-type 14 [o ) éJ 37 Engyprosopon ui
| S x| ik =8
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Fig. 17 Grouping of prey species by body form

‘Table 16 Percentage weight composition of -prey in stcmach contents by sex and sub-population

Year, Month 1958 July 1958 July
Sub-population. Eastern Western

Sex 3 @ 3 2
Weight investigated 8,,37% 7, O7g4 63,’1(5% 76,52?7
Numkber of individuals investigated 242 100 3.184 801
Empty 103 34 632 317
Total weight of stomach contents 152, 26 204.77 960. 99 1,979. 51
Numter of prey species 15 12 23 22
Variability of prey (@) 267. 3] 112.5 225.9 174.7
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Table 16 Continuved

% % % %
Anchovy 33.4 68.7 50.6 55.7
Lizard fishes — — 1.1 0.0
Sardine — — — 1.2
Trachurus jponicus — — 2.9 1.3
Other mackerel 3.5 — 0.4 2.9
Leiognathus rivulatus 5.8 2.9 3.2 2.8
Sillago — — 3.1 —
White croaker — — — —
Symagrops japonmicus 2.2 —] 3.3 3.3
| Apogon lineatus 3.7 5.4 0.5 0.5
A. “Fiensis — — " 1.0 0.0
Apogonichihys carunalus — — 0.3 1.0
Acropoma japonicum — — 8.7 10.2
Champsodon snyderi 4.2 1.3 0.6 4.0
Callionymus flagris — — — —
Other Callionymus — — 0.8 0.2
Rhinogobius pflaumi 14.8 0.3 1.3 0.1
Chaeturichthys sciistius 2.6 0.4 0.4 0.2
C. hexanema 6.8 — — —
Other Gobiidae 1.2 — 0.1 0.0
Fiounders and Soles — — 0.2 —
Ammodytes personatus — — — —
Platycephalidae — 4.9 — —
Bregmaceros japonicus 8.4 5.1 13.2 1.4
Other fishes 0.5 2.5 0.4 2.1
Squids 0.7 6.8 3.1 11.8
Shrimps 9.9 2.3 4.2 2.1
Di; estive matters 2.5 0.1 0.6 0.1
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Table 18 Indices of selectivity in predation
of S. undosquamis (July, 1958)

"~ Sub-pop.
T Eastern |Western| Total

Species of prey\\\

Anchovy 1,340.0| 1,800.0[ 1,620.0
Other sardines + + 4
Mackerels 0.4 35.5 8.7
Young lizard fishes - 4 0.0
Synagrvops japonicus 1.5 16.0 2.0
Apcgonidae 1.2 0.1 0.2
Acropoma japonicum 0.0 0.2 0.1
Champsodon snydevi 8.3 48.3 28.8
Callionymidae 0.0 5.7 0.1
Ammodytes personatus — — —
Gobiidae 17.5 4.5 2.3
Sillago — 3.3 0.0
Platycephalidae 3.5 0.0 0.0
Flounders 0.0 0.5 0.1
Soles 0.0 0.0 0.0
Bregmacevos japonicus + + +
Shrimps 0.4 1.2 0.1
Small squids 0.6 0.7 0.7
Leiognathus 0.4 0.2 0.3
Apodes — + +
Malakichlys wakiyai 0.8 — 0.0
Hairtail — —_— —
Croakers — — —
Brotulidae — — —
Argentinidae ‘ — -+ l 4

e & FRICHE S BEY O RE DR 2 %

AT OLEND S, 19684 T I o mRBMIEER RS O, KIRNCENEYHIMEE, BLLSCHE
L7l B h OEEY DS HEE 5k CIEI9RICT L7z,
BEMOTBEINETHE L, AETREWEARD 52, BARYHIHE S cn &\ LBk L
Tnd, DECRIANCRD &, SEEROPHETHORBERTICHE TR E L ICE bbb EAKHO
AL TR TINENETH D, T70b B, BREHEEMRKIC 5 » C HRBIEL Y ¥4iC, »

— 34 —



_ — - — — — — _ - — — — — — — — — 05 '0 SI9NEW PIO[[OS 1O PN
— — — — — — — — — — —_ — — — — — — 0€ "+ SIDIIEW SATISABI(
— — - — — — -~ — o) [0 (b0) 510 — — — — (1'0) joe0 aepIIqen
— — — — (90 5870 — — — — — — — — — — (Z'0o) g8 0 sn1ou0s4ad sa3€poumy
— — — — 01 ) vl (80 ool (1z) 82 F0) 5170 — — — — (L) Grs sdwriyg
— — — — (F'21) jeo-LL — — — — — — — — — — (G¢) EoLl wnowodol puodordyy
- — — — (G0 Lo (82) Isse {og ) 002 v61) J2Ls (9%1) |89°1 (¢ o0l) 090 O+v ) gesl snowodf S040pWS 4
— — — — — — — — — — — — (0-98) [gv9 — — €1) gro SnoUODL SnANYIDA T
(z'zz) |ov0 — — (0°08) |10"1+ (9°gg) gvoe ©1y) 6748 (6'¢g) |ogcl — — — — (6'62) 9Tkl S[OIRNOBIN
(824 |ov't (col)  [ge” (266 5L (6°24) |90°'t6 (8'08) 5970 (0°05) €88l (6'62) |ov'e — — (0°66) -|11°062 Laoyzuy
(%) "MES (%) v ‘MOD'S _ (%) 7 MO'S ? (%) A "M O'S _ (%) 7 MOS (%) i ‘MD'S ; (%) ; ‘MO°S A (%) 4 ‘MOD'S 7 (%) 7 ‘M DS v fIUQIUO0D YIBWIOS JO $9109dS
223 " 0°0 ¥'29 L1€ 6°LS 2729 885 00 - Qw:v wm%wpmwm@wwaww:nmtg
0 g 6 81 62 91 6 0 18 £3dws Jo JequinN
2 L 6t 68 011 s 61 4 cle FOIPNIS STBNPIATPUI JO. JoqUWinN
Glg 995 €8l e orl ‘v 129 ‘¢ 80€ ‘I gze G2 CEE ‘Gl ERIPNIS 1ySIom
0501 018 0SS ‘¥ 0019 co1 ‘s 0/9'2 c8¥ 0L 0€8 ‘22 (3 JYSrem Ut yse)H
092~ obg~ ‘ 0zz~ 002~ 081~ 091~ oI~ 0g 1~ Teio], (ww) ssep az1g
uorIBINOTED SIYY Ul SA09ds 6G61 ‘oun[ ur feuury) NI "q
— — — — — — — - - 7 — — — — — — — — — — — — — — — — — - - o0 SJIS11EW PIO[[0D IO PO
— - — — - - — e — - — — — — — - - — — — — — — — — — — — — 2y sIa1yewr 9ANSISIg
- — i - - | - i — — — — — — | — — (zo)doe o — = — — (00 Jce0 $137S19S S634214179DY D)
— — - — — — N — — | — — — — - — | (trodgeo  |— | — - — — (0o V_mm 0 13 130 SnwkU0L 1D
- — - = S R - M — — (oo)dpto = — Grodjeeo  |(or0 )1t (CANED] > A . — (o des sdwrigg
— — s - = S e - - = - -— | - = (970 o4 - = i — = — — (Lo es 1 snowuodnl sos2opm3osg
— — - = — - - - — = — |- = — |- (zodgo |— |- (00)dess | — |— - = — — (10 dleee DANUD12D DQUEIOYIUEY Y
— — — — — — — — — = — — — — — — 01 Doy v — — — — — — — — — — (20 oy v sponipw
— - — = — — l.r — — .4 — = - — — - (et dgr's |[— |— — = — | — — — — (30 gy s 1Spposnm SN ea3dpIacy
— — - = — | (€3 dgg's — | i N — - N (970 Jjgs "1 i — — — — — — (e0))18°9 $9[0G pUR SISPUNOL
— — - - i - — L —  |— - | Qg )lsL e ®rdess | — |— i — — - - — (g0 ke g1 sngp3uogs snypusorsT
— — — — — = = - - — |- (o12de06l  — I — - = i — = — — (8°0 )eo61 papuipunAty pIL5§opLIYD
— |- - - - = e) e |~ |- — - - — |- wgoorol |~ e — |- — = — |- (8°0 Jlz1 61 snipausguas uoody
- — - = — | (0ot |— = i - | (€1 dgoy (671 dloeg (L3099 |—  |— — | - = — — (6°0)|r'12 swyppnaze snyjpuso1a]
— — - |~ — - — = - — - - — - wsoelees — |- — — - - — - 01 )lg1 ez sndosoym snownilzy
— — — — — — — — (L2 V%.m — — — — (v )Ipe+rt |(670 )60+ (1 )ov e (v"1 di6Ls (871 Jjoge — — — — (1 djgs ve s1sua1y uosody
— - — — — — (eeldgo vy |— Rd — — (6 0)oo'st ({671 Jo1"L — — — — — — (todsto — - — — (672 Jee 0L sepinbs rewg
(cooDco9e  |—  |— (29 )ipE’s (g 0}ee vz lesDBg e [(0g106z [(1r9 dlsg s — | — — — - — = — |- — = — — (g i ve SMoLU0gDL SNANYIDAT,
— — i — | (g Ygoor  ((ee ddpy  ((5'9d09et (671 dGLT (0'g djoe 'z (6 v Jes6l  |(8'62GLez e esse |(66Vs0'22 (0°2w)BL'O |~ - (€79 Jlgo-egt 1 taplus uoposguny)
-— — — — — = 7 , (0¢ v%.m w2 )|rst (e )gzg (eg)lgssl  |(zgdigse [(96)giee |(1'glssoz |(badgete |— — (0 001)08"1 (69 )9 GGl snowuodvl sqosZpuls
— — (9°/8)88°8 C.,:L B g€ S.mcow L3 (c'8 vuﬂv 2t 9t Djos 2 (y2 629 (er1edjgs gt [(6g djoroe  |(€0 )69 0 wediglvl 1— — — — — - (0711099692 wnoodvl puodosdry
— — — — Y ol — — (67¢ Em G (r"0 J06°0 — — Gzlesie [(976Dve L9 Am.@vv_oo il (6 92)51 601 ((L'68)|iv 69 (2 SPIpE L — — (6°'81)(G6"£G¥ % STeJINzeN
— — (v .N@yom bl Ao._muuw.wv (Z2°6%)I89"€0! Q.va.,,,_._m (6°v2)19°961 [(9-eedgsoe |0 o)z 11l |(G e€)86 v¥1 |(9 .w.@_mf% (-eddergiz osdlps 1s [l 6L L — — (8 .Nﬁv@ '820°1 ?oﬁ_ﬁw
) |mos| @ |mos| &) [ Mos| | M08 |'wos| ¥ [mos| @) mos| ) mos| @ [ mos| e |mos oo | mos| e | mos| 0 | mos| ) [mos| ) [m0s| smeue mrmors jo seweds
0°0 9°/€ e} G'6e! 166 T G°/9 97191 0've! G'ZG! 0°%0! 19768 87601 1°89 00 — ur ﬁwmmowumwmowosmmmmﬁwtg
0 0 o} | ! 4 4 6 8! 0Z vE 1€ 9 0 901 £1dwrs o requinN
| Z I €l ol | [ 4! 25 €L 68 891 £01 Gl ! 256 PRIPTIS S[ENPIAIPUT JO IdguunN
Gze , 99 2162 €20 'y 693 ,,N 098 ‘c 1981 16% 19 29t ‘9 G/9'G 7261 96 ‘e YO ors 199 ‘8% Eo1pnis 1yStom
Gze 9v9 018 ove ' 000 .m 098 ‘¢ 0ge ‘2 0S€ ‘01 000 ‘0! 009 ‘8 00v ‘0l 96L'¢ vOb £z — (8) 1yBiaw ur yse)
N
00y~ 0oge~ 0ge~ OvE~ 8&.{ 00~ 082~ 09z~ ove~ 0%z~ 002~ 08l~ ‘ 091~ ori~ A 1e10], (wur) SSE[C 9715

sse[o 9zIs Aq () Sjuaquod yorwols ur punoy Loid jo AJIGRLIBA° (7 S[qRL

6G6T ‘oun[ ur Avg eSo], "®



RO FATY, AT FHRECEPR L, ERERIA,

F7m= Y OEEICENFYOBEEBOZER 2HRET
D70, == OERRHEDOD & dRECTERFOLEE
LHRBORFIREICONT, RENCERASYIHE(Q)
w3k, HEICE Lz, CICEBE, TRBEE HER
DL ~EEFHONWE L, BEREOVRABOSE & 25
HDEFALBRND, BEEEY VKT, BECERHD
HABHEZEAOGER L VM Ch Y, ThiEmRFICHK
BLTCn?,

DEW, <Y AHEE L EANRYTEEORR LRI T
B, FAMBEORTIL LCEMEIOREEREZED
CHEBRBYDHE L OBRL 19594 6 7 ORMESECD
TR ((1582) DS BN <= Y DIEEDEh -7
185 HBIC D= T & DR # S 18RITR Lz,

HRBEODHENTBICIERTNI R ENCDRTIH L
T Y, F AR CREERDSEIC L D AEIED B
WEED HOR A, BRECRCOERPIDLOND,

& DI L 5 BRI HED bR BE T S 720,
19584F 7 F ORBRIPHEE R OEEHOHHE LTRECE
# 2 bR DB IKIKIC DO THERE
OB NE A IE & R OBRIC f
TRz, ChicLbE, —RICHE
DREIEDHEL D /NS EFE B
bhd,

ORI MERED R LR 20
T U O3 % 720, AKIRBIICHE o
WOWEROLRE, HHEDH &
iR, 2 DODLROBIHRE oo ©

N
<
S

e® ©
o
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Table: 19 Variability of prey found
in stomach contents (&)
of S. undosquamis and in
catch (a'), by test fishing
in July, 1958

Sub- o in ) e

pop-Fishing |stoni'atch @ i

catch

ground | contents
1 160. 3 146.2
2 161.5 360.2
Western 3 123.9 187.8
4 78.7 93.7
5.6.7 103. 4 85.3
(sub-total) (204.9)|  (225.1)
8 124. 4 120.6
. 9 38.2 49.6
Eastern

10 125.2 86.3
i1 143.2 425.8
(sub-total) 1 (181.8)‘ (242. 4)

(O : eastern ; @ : western)

I9ICR Lze SO, D 5 &
WERSEON 2 FORB R LS cAToR
HMEOHEI G CE, WERNTH
CCHIUIMED T NE DR 1
LY EEHEES N D,

25
10 & 10 Kg

Fig. 18 Relation between catch weight and variability of prey
(a) found in stomach contents, by tow and sub-population
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Table 21 Catch weight of S. undosquamis and variability of prey species found in

stomach contents (&) by fishing ground and sex (July, 1958)

Serial number of fishing 5 a ° a
ground ) \ Catch weight Catch weight
i 30,670 ' 126.6 24,892 195.2
2 25,580 145.8 37,290 121.4
3 5,120 153.5 10,300 63.1
4 1,626 45.5 4,047 75.1
Sub-total of western (63,102) (225.9) ‘ (76.587) (174.7)
sub-population ’ ) ) )
8 6,052 169.7 4,302 . 44,6
9 298 49.2 479 16.3
10 1,684 165.9 1,722 64. 4
11 194 65. 1 571 92.7
Sub-total of eastern
sub. population (8,379) (267.3) ’ (7,074) (112.5)
2.0°
®
® e
ot
@
ﬁ/
(53
® ®
e ®
0.0 4
0.0 1.0 2.0 30
CATCI
(% %urcu)
Fig 19 Relation between sex ratio in catch and ratio of variability of prey found
in stomach contents
“Table 22 Relative population sizes and variability of prey found in s
stomach contents (&) by year and sub-population
Eastern Western
Year
Population size () Population size (a)
1958 16,100 (181.8) 2,719 (204.9)
V \Y A AN
1959 12, 544 (75.1) 11,469 (250. 4)
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Table 23 Total catch weight of prey species and of S. undosquamis by tow,

fishing ground and sub-population (June, 1959)

Catch weight
Sub-pop. Fishing ground | Tow number
(Prey) (S. undosquamis)

(g) (g)

Western i 1 22, 345 24, 600
2 29,345 4,513

4 90,819 230

5 24,349 2,283

6 58, 146 2,823

7 42, 857 7,147

8 27,704 14, 406

2 1 19, 822 11,300
2. 43,463 5,231

4 17, 801 5,310

6 5, 557 6,295

7 14,913 1,213

9 4,330 1,392

3 i 25, 550 2,107
2 62,975 3,740

3 12,864 13, 300

5 26,951 390

6 22,662 190

7 20, 631 1,461

8 13, 500 799

9 7,977 744

10 8,098 996

t 18,335 1,040

12 11,890 407

4 ! 18, 480 3
2 17,146 351

3 21,430 1,473

4 5,240 771

6 1,664 408

7 33, 693 2,000

5 2 1,991 —
6 1 20, 661 —
2 25,602 —

7 4 16,956 _
5 5,687 62

6 6,788 _

7 23,100 —
Total 831,342 115,013




Table 23 Continued

] Catch weight
Sub-pop. Fishing ground| Tow numb:r (Prey) (S. undosquamis)
- (g) (g)
Eastern 7 1 10, 063 —
‘ 2 27,048 —
‘ 3 9,533 —
8 - 5,925 150
2 2,725 39
3 2,543 54
4 4,678 19
| 5 38,310 100
6 4,902 25
7 9, 561 148
9 1 4, 829 2,667
2 181 33
3 2,543 256
4 3,454 78
10 i 8,892 3,044
2 6,455 3,040
3 12,935 1,944
4 12,611 1,726
5 4,528 2,316
7 7,866 1,083
9 9,280 3,917
1 4 6,365 164
5 3,917 148
6 5,955 23,470
7 10,225 17, 500
Total 215,324 61,921

Table 24 Relative population size in numter (N) and feeding rate (F) by age, year and

sub-population

Eastern sub-population ‘Western sub-population
1958 1959 1960 1958 1959 19690
Age _
(ND ,(F) (N) | (F)| (N) 1 (FY | (N) | (F)| (N) [(F)| (N) | (F)

1 777.2 2.1 276.5 5.7 473, Ol 6.9 61.5 6.3 665. 4 4.5 610.0 2.7
32.7 5.4 69. 4 4.8 50. O! 4.8 25.5 2.1 64.5 1.8 55.3 4,2
3 1.0 2.0 3.2 8.9 O.2| 0.2 6.5 1.2 4.5 4.4 9.7 0.5
Total ‘ 810. 9| 3. 4| 349. 1‘ 5.1 sp3. 2' 5. 2’ 9a. 5‘ 2. 5! 734.4) 3.0 675.0 3.0

Population size is calculated by catch per trip of small type commercial trawl boat in June,
July and September, 1958 to 1960.

Age composition is calculated by the results of two boat test fishing.

Feeding rate is referred to the results for the survey of commercial catch.
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POPULATION SIZE IN NUMBER

ig. 25 Relation between number of one age

group and its mode of total length
in Sep., by year and sub-population
O : Eastern @ : Western
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Table 26 Comparison of two sub-populations in population characteristics and

biological features

Popslation haracierisies | Basermoub | Westrmew | emure
Ratio of fishing intensity 1.9 1.0 (Table 4)
Ratio of population density 1.0 3.5 (Table 5)
Total mortality 3 0.96 0.88 (Table 11)
Q 0.87 0.72 ( 4 )

Sex ratio  (2/8+9) 0.46 0.35 - (Table 8, Fig. 10)
Age composition Younger >Older Younger<Older (Table 11)
Size composition of spawner Smaller>> Larger Smaller<Larger | (Fig. 12)
Variability of prey in catch (no difference) (Table 19)
Vaniaxlo 1é1t?;12£hp£2¥1t;fg¥ ¢ Small(181.8) Large(204. 9) ¢ n )
Abundance in prey srecies Small Large (Table 23)
Feeding rate 1-age Large Small (Table 24)

2-age Large Small

3-age Small Large
e e S b | (RSB

Tz, ABPUCHD L EEBEOFREME, EWFIREOBIRE TIRIF & 319584 £ 19594 [CDvC

R, FATERICT Lz,

TN OOEFEOEIIC L SEWFNFEORE, k& ERO A EEDBRIC O TOF Z/Cﬁ/\é

(3) EMFHBEEBROEYEE

C TR, MAROER- O, HRRELAYFHHRE FCERELRE HR

OBMRIC D CRE A IICE R 2 INA 5,

B HIECEAR)



Table 27 Population size and biological features of sub-population by year and

sub-population

Population siz_e angi Eastern sub-pop. Western sub-pop. Remirks
biological features 1958 1050 1958 1050
Relative values of : 16,100 12, 544 2 719 11,460 | (Table 25)
population size :
Size composition of (% of 1-age)> (% of 2,3-age)> (Fig. 12)
the spawner (%of 1-age) (% of 2,3-age) )
Variability of prey species 181.8 75.1 |1 204.9 250.4 | (Table 22)
found in stomach contents
Feeding rate (F) 3.4 5.1 2.5 3.0 (Table 24)
Total length in !-age 18. Ocm| 21.5cm 21 .Ocm} i8.0cm| (Table 7)
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Appendix Table 3 (p. 56~864) Monthly calculation table for group maturity(M), feeding rate (F),
group fecundity (K) and sex ratio (R) by size class, fishing ground and sub-population

Sugép. YearMonth gﬁﬂfdg Sclléis é\rt?l.ndi)ed 2BW. zxs '1%'—?]' Zx?OWJ "z(ing%(]; X(%)] x(lI(‘)‘—)l ><( 11({)—)2 ><(_1%—)2
Eastern| 1958 May | 11 | ~120 1 9.6 2 1 0.3 11| 22 699 26
~140 4 56 ol 14 54 o6 4 614 42
~160 13 | 266 109 9 254 4 43| 579 33
~180 9| 261 83 2 251 33| 568 36
~200 13 | 494 144 40 476 30, 534 54
~2200 3 | 160 5ol 14 153 3 551 47
~2400 5| 401 101 87 382 o3| 26 628 53
~260 1 % 6 10 99 1l 7| s76] | e0
~280 1| 118 24 9 115 o 21 584 100
~30 2 | 330 100, 27 316 o 35 648 75
Eastern| 1958 June | 7~11| ~1200 3| o7 _ 2 27 7l e79 6o
~140 9 123 27 6 120 5 23 609 35
~160| 16 | 351 119 18 337 5| 35 625 44
~180 4 | 123 16 121 of 13 68 33
~220 2 | 132 3 155 116 | 134 3 e26| 33
f ~240 1+ | 118 42 o4 104 90| 40 850 50
~260| 2 | 247 144 . 128 220 58 65 702] 100
Eastern| 195¢] July | 7~11] ~i20] 2 16 | 1 156 6 6 588 67
: ~t40| 18 | 278 43 31 271 1l 1e| 685 20
~160] 197 461 89| 123 439 o8 20| 685 28
~180] 20 | 762 219 285 712 40/ 30 725 74
~200] 9 | o34 03l 474 430 | 108 211 711 69

56 —.




- No ]

Sub- Fishing " . wr | =2S.CW.|2GW. (M) | (F) | (K)|(R
pop. | YearMonthic, i nd studied 2BW. | T 5610 W 1071 [ 1071 |x 1072 |< 102

(n) Wol™

Eastern| 1958 7~ 4 249 20, 274 220| 125 9 594 . 80
1 74 53 12 671 -1g8 79| 551 50
366 62| 452 315 143 20 672] 100
2 267 : 3] 348 229 152 14| 582 100
Eastern| 1958 8~~10) 1 .23 1 3 23] 10 4/ 685 9
' 13 490, 227|390 428! 91| 53| 670 44
20 958 277| 810 849 95 33 619 80
4 213 17 142 197 72 9 532/ . 100
i 84 1 66 77 8§ 1| 633 100
2 297 164 82 272 30 60| 692 100
Eastern| 1958 8~10 1 5 + + 5 4| +| 686 100
1 7 1 + 71 | 13 526 50
1 14 12 + 13+ 9 592 50
1 22 + 1 22 5 | 652 50
2 8l 6 18 79 23 8 804 13
12 559 161 280 515 54/ 31 626 44
15 992 572 623 873 71| 66 628 &8
5 414 81| - 275 378 73 21| 621 83
1 158 137 4 144 95 732 100
1 223 + 7 222 +| 745 100
Eastern| 1958 8~10| 3 40 8 + 39 4+ 21 5920 75
8 165 3 5 164 3 2l 607, 62
1 20 - + 200 4| -~ 407] 25
12 631 85 132 609 22| 14| 548 63
2 132 134 33 115 290 116/ 473 100
Eastern| 1959 8~10 3 21 1 1 21 5/ 5 526 75
5 60 5 3 59 5 8l 537 26
2 41 3 2 40 5 8 593 33
1 38 4 2 $37 s 11 783 17
296 90 18 285 6 32| 504 88
343 150) 28 325 o 46/ 585 55
Eastern| 1959 8~10 6 54 18 2 52 4 35 651 75
' 15 228 18 7 225 3 -8 683 71
14 262 33 15 257 13] 544 .61
14 444 101 71 427 17| 24| e21] 54
22 952) 58| . 289 fo17] 32 6 608 56
340 270| . 157 297| 53] 92| 641) 63
326 91 156 301) 52 300 618 100




T g s )
S [VeanomsEiibgSie ieq s, ZSGIREY - Sew G0, D9/
Eastern| 1959| June 10 ~140 2 43 109 33 o9 114| 376] 660| 17
~160 3 73 580 24 65 37| 89 642 10
~180] 20 750 872l 276 6351 43 158 646 31
~200] 20 | 1,119 1,167 562 946 50| 124] 690 41
~220 20 | 1,420 1,240 983 i,108] 82 104 647 56
~240] 20 | 1,767 1,214 1,710 1,475/ 116 © 83 606] 93
~260] 3 316 257] © 215 060 80 98] 574 75
~280 1 148 89 24 130 17| 50| 706 - 100
Eastern| 1959 June | 7~10] ~120] 1 8 - i g 10 —| o1l 25
~140 - 9 10 12 6 108 & 11 546 27
~160] 20 419 114 27 408 7| 28 600 27
~180 20 641 198 115 610, 19 321 621 46
~200/° 20 859 075 338 708 42 34| 582 62
~220 20 | 1,308 658| 701 1,170, 60| 56/ 632 68
~240 404 59 - 172 38| 45 - 15 626 56
~260 343 12 391 303 1290 4/ 646 100
~280 1 123 - 50 118 42 —| 600 100
Eastern| 1959 July | 9~10'~160] 2 56 27 12 sol 23 52| 7700 67
~180 8 263 36 49 254 19 14| 646 31
~2000 14 805 157 254 564/ 45 36 587 48
~220 18 | 1,168 543 772 1,037 74 - 53 622 58
~240 11 956 374 682 851| 80| 44/ 636 92
~260] 3 310 +| os8 281| 102 +| 599 100
~280 146 134 114 121] o4 111] 615 100
~320 1 231 249 ' 218 184 118 135 618 100
Eastern| 1959 Sept. 11] ~240 375 136 67 354 19| 38 582 36
~260 193 82 54 179) 30 46 573 33
~280] 2 257 63 55 245 22| - 28] 622] 100
Eastern| 1959 Sept. 10| ~220| 6 346 7 100 335 30 603 50
~240| 4 308 30 96 205 .33 10 eoal 50
Fastern| 1959 Oct. 1] ~240] 1 69 - 14 68 211 | 559
~260, 6 579 129 58 560 10, 23 597
~280 7 910 322 59 872l 7| 37 633
~300 4 570 40 69 559 12| 7] 573
Eastern| 1959 Oct. | 9~10| ~100 1 6 + + 6 .+ | 823
~180] 1 34 - 2 34§ —| 6o
~200 3 130 2 18 128 14 622
~2200 9 487 50 26 4790 5 10| 575
~240] 2 134 — 10 133 8 | 547
~260 1 ot 3 5 o ¢ 3 576
~280 1 135 1 8 134 6§ 4| s81
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e o No. - 3 2B W -
Su];op. YearMonth gﬁ?ﬂig S,fliss' St(“gi)ed 2B.W. zXS i((:)'—YV' zxc;bvx _(E,ZSGC‘%/VJF) § 11\6[)1 x(11(;—)1 ><( 1%)2 ><(11§—)2
Eastern| 1958| Nov. ~ 80{ 3 8 1 ! 7 1| 14 730 75
1959 ~100] 2 7 - - 71 —| =] 460 100
~120] 4 31 7 1 30 2| 23 562 44
~140/ 10 110 14 3 108 3 13 492 77
~160[ 6 108 5 2 107 2 5 530 75
~180 1 28 - - o8l | | 568 33
~220 -+ 1 68 83 1 60 o 138 648 100
Eastern| 1960| April 10| ~148) 7 98 33 4 94 4 35 611 70
’ ~160] 3 54 6 2 53 4 11) 523 43
~180) 1 22 - 0 22 of | 448 25
~200] 1 43 - 2 43 5 —| 627 100
Eastern| 1960| May | 8~10| ~160] 2 42| = 2 42 5 —| 622 25
~180[ 1 27 - 2 27 71 —| 550 14
~220 1 76 S22 12 73 .16 30| 788 20
~240 1 77 8 68 69| 99 12| 567, 50
Eastern| 1960| June| 8~10| ~140] 3 51 17, 5 490 10| 35| 743 57
~160 3 58 24 3 55| . 5| 44| 543 43
~180 1 27 5 2 Co2g 8 19 520 17
~200 7 316 183 © 46 203 16 62| 610, 78
~200|. 9 579 68 . 397 53| 75 13l 638 8i
~240| 2 155 24 81 144 56 17] 592 50
~300 1 183 71 190 163 117 4 668 100
Eastern| 1960| July | 8~10| ~160| 2 39 - 7 38| 18 | 563 29
~180 7 211 114 117 188 62| 61| 551 37
~200} 10 477 3200 320 412) 78] 80| €01] 63
~220/ 21 1,379 745/ 1,018 1,202 85 62/ 618 100
~240 8 695 380 617 5050 104| 64 611 80
~260 1 9 - 92 81| 114 —| 518 102
Rastern| 1969| Aug.| 8~10| ~200] 4 176 69| 132 1571 84 38 572] 21
‘ ~2200 5 289 i87] 191 251 78| 74/ 542 36
| ~240 3 295 6 165 208 79 3 570, 60
~260 1 83 9 32 790 41| 11l 508 100
~280 1 108 18 67 oo| :eg 18/ 503 100
Eastern| 1960 Sept.| 8~10| ~180 = 4 96 10 20 03 22| 11 473 24
‘ : ~200 9 405 86| 145 382l 38 22 618 29
~220 5 314 110 108 202! 37] 38 628 42
~240] 3 223 56, 81 2090 39| 27| 575 75
Eastern| 1960] Oct. | 8~10| ~160 1 21 - 1 21 5| —| 622 50
~200] 4 168 - 16 166 10 605] 33
~220 7 350 6 33 346, 10 534 78
~240 1 68 - 5 67 9 551) 100




. . No. 2B W.

Sugop. YearMonth| g;ikllllr?c% Slczleass stug.ied 2BW. Exs 1%—?] 2><G10v—vl _(ZES%Y\?\,I; x(ll\(/JI*)I x(1g21 ><( 1I({)—)2 ><(1%')2

Eastern| 1960| Feb. 10| ~ 80 1 3 - | =] eid 100
! ~100] 10 36 15 i 3 44 468 25
~120 20 137 24 5 4 18] 503 55

~140[ 20 228 32 2 o 14 508 42

; ~160] 7 132 12 1 8 o 554 30
! ~180 1 32 - 1 3 —| 651 33
~200, 1 37 5 + +| 14 524 50

‘ Eastern| 1960 Feb. 1| ~1200 5 35 1 ! 35 2 523 55
i ~140] 15 209 25 5 206 2 12 625 65
~160] 20 376 15 14 373 4 551 59

~180 20 526 15 22 523 4 532 53

~200] 20 764 21 25 750 3 553 71

~220 11 624 100 33 611 5| 16| 600 33

~240 17 | 1,361 9 61 1,354 4 1| 655 45

~260{ 19 | 1,858 il 11 0,846, 6 0 6220 53

~280] 20 | 2,505 280 158 2, 461 6 11] 625 71

~300 19 | 3,069 358 191 3,014 6 120 650 79

~3200 7 | 1,528 239 95 1,405 6 16 717] 64

~340] 1 190 — 16 188 8 —| 523 100

~360 1 220) - 13 2190 8 | 469 100

380 1 285 62 16 o771 6| 22 433 100

; Western 1958 June 2 ~120] 1 7 2 — 71 —| 29 s28] 20
~140 2 23 3 i 13 7 23 540 38
‘ ~160] 11 223 18 9 2200 4 g 593 40
~180] 8 200 41 25 213 12 19 542 35

~2000 3 18 10 7 116 6 9 564 33

~200 2 103 2 8 102 8 o 551 20

~240 2 180 2 17 178 10 1| 7311 32

~260 5 520 51 79 5071 15 10l 648 52

} ~280 3 420 111 53 404 13 o8 684 67
| ~3000 1 170 12 35 165 21 7] 677 54
~320 1 130 - 17 178 10, —| 597 66

~340 1 273 — 03 264 35 | 738 50

‘ ~360] 1 340 - 95 330 29| | e84 50
‘ | ~380 1 325 2 162 309 52 ] 100
; Western| 1958/ Tune | 3~7] ~200] 2 85 69 40) 74 54 93 539 67
~220) 1 58 — 2 58 -. 3 —| 6268 50

~o60| 1 17 19 " 114 100 17| 730] 100

Western| 1958 July | 3~5 ~1200 1 8 ~| o=z 8. 25 | e0t] 100

~140] 1 t2 11 12 8 8 546 17

~160] 2 3 1 5 300 7| 37 444] 22

~2000 4 172 71 102 155 66 48 565 50

~220] 2 139 79 115 1ol 97 66 642 67




. Py . No. ) 2B W. '
by Yoo FEbIngS e v [ESGTHICI L Se w0 B G0 0>
Western| 1958 July 3~5 ~240 4 381 98] 317 330] o4 29 697 a4
~260 6 761 53 776 678 115 8 720 86
~280 3 450) 85 451 396 114/ 200 671 75
~300 2 358 40/ 458 308 149 13 631 67
~320 3 664]: 95 801 574/ 140,  17): 642 100
Western| 1958| Aug. 3-4| ~180 1 42 56 22 34 65 165, 692 6
~200 8 375 108 303 334 91| 32 609 25
~220 7 379 65 345 338 102] 19 521 37
~240) 4 322 36| 243 294/ 83 12, 604 50
~260) 5 507 16 292 476, 61 3| 609 42
~280 6 825 88 928 723 128 12 612] 100
~300 1 210 370 153 158 97| 234 648 100
~320 1 165 1 57 159 36 11 534 100
L
Western| 1958 Sept. 3.4 ~180 1 29 20 2 27 7| 74 550 100
~220 1 71 88 64 56| 114] 156 695 100
~240 1 90 85 68 750 91| 113] 616 50
~280) i 126 12 67 118 57| 10> 600 100
Western| 1958 Oct. 36| ~220 2 120 1 6 119 5 1| 642 100
Western| 1950] April 36| ~140 20 13 2 18l nl 79l 410 22
~160 2 36 24 12 32 37] 75/ 475 67
~180 1 18 + 1 18 +| 386 50
~200) 1 44 79 — 36, +| 284 525 100
Western| 1959| June 3~~5 ~120 3 30 — 2 30 6l —| 751 19
~140/ 20 317 33 15 312 50 11| 7100 36
~169 20 425 92 19 414 s| 22| 613 40
~180 20 557 158 33 538 6 29| 548 39
~200, 20 925 245 65 894 7| o8] 652 44
~220, 17 1,074 387 95 1,026 9 38 652 56
~240) 6 497 4l 35 423 9 of 579 38
~260) 1 110 14 20 107 19 13 685 14
~28) 2 290 47 76 o78l 27| 17| 706, 50
~300, 1 215 140, 221 179| 123] 78| 734[ 100
Western| 1959 June 6| ~140/ 20 267 98 13 256 5 38 583 29
~160] 20 449 116 35 434 8 271 643 30
~180] 20 628 233 35 601 6/ 39 612 35
~200/ 20 852 . 417 74 803 9 52 585 30
~220 2 125 19 10 122 8 16] 659 27
~240) 400 286 145 357 41| 80| 734 25
~280 1 160; 51 155 33 13) 787 100




s, veschamlingSe Wtz w 55 zen BN oo n ol )
Western| 1959| July |  3-4] ~140 29 83 12 20| 60 415 455 40
~160 94 40 2 87, 30 46| 644 13
~180 20 625 461 210 580 36 78 600 43
~200 13 671 305 380 503 64 67 665 52
~220) 295 73 200 068 75 27| 579 38
~240 498 771 630 428 147| 18 586 66
~260 1 99 - 9 ool 100] | 576 100
~300 4 701 206 670 613 109| 34| 628/ 100
Western| 1959 Sept.|  3-4/ ~200| = 1 46 69 23 37| 62 186l 539 7
~220| 5 307 140 155 277 56| 50| 598 50
~240 4 288 37 19 o064 72] 14| 5420 80
~260 2 189 61 14 160] 83 36| 541 100
Western| 1959| Oct. 3.4 ~220 4 244 109 34 230, 15| 47| 6€21] 80
~240] 1 82 — 6 8l 7| —| ess 50
~260, 1 9% 12 94/ 13 10| 602 100
~280] 1 128 6 1270 5 2| 645 100
Western| 956! Nov. 3.4 ~160 2 44 27 411 5 66| 608 33
1999 ~240 1 72 19 60| 10| 28 568 100
Western| 1950 June |  3~6| ~200 136 53 13 1290 10l 41| 627] 38
~220 120 106 18 o8] 17| o8| 583 40
~280 121 6| 36 17 3 504/ 100
~300 1 159 ol 27 156\ 17 640 100
Western| 1960 July | 3~7| ~180, 2 - 39 33 65 51| 60 662 50
~200 2 85 — 80, 65 —| 583 100
~2200 1 . 24l 47 60| 78| 40| 648 100
Western| 1960| Sept. 3~6] ~180 1 42 + 69 35 197 +| 712 6
~200 5 235 60| 267 203 130 30| 592 31
~2200 5 302 78 32 262 123 30| 548 71
~240 1 67 - o7 56/ 191 —| 460 50
Westein| 1960| Oct. 3.4/ ~200 3 146 g s 140 36 6| 680 14
~2200 56 - 56 —| 605 14
~240 1 62 - 62| 6 —| 5100 50
~280 1 150 - 12 1490 8 —| 758 100
Western| 1958 June 1| ~140 20 | o0 5 10 458, 43
~160 123 13 4 1220 3 11| 516 48
~i80 29 1 2of 3 7] 590 38,
~200, 3 141 + 1400 4 4+ 680 30
~220 1 47 n 47, 6 4| 508 14.




_ c e . No. >2B.wW.. |
Sugop. YearMonth Ig?;i}::f SchlZss Stugied ZBW. ZXS i%'—YV' 2><(}1(;7Vﬂ —(ZZS%%VV-; < 11\(/)[—)1 x( FEIRS A x(%—)?
Western| 1958) June 1| ~240, 1 i OOi 80, 93 83 112 96| . 682 50
~260 2 211 20 95 199 48| 10| 637 50
~280)] 1 190 — 234 167| 140 —| 848 33
~300 3 585 168 527 515 102 33 704 100
~320 3 720 91 634 648 98 14/ 725 100
~340 3 935 69| 1,016 826| 123 8l 766| 100
~360 1 335 39 290 302 96 13] 647} 100
Western| 1958] July 1| ~140 5 65 28 4 62 5]‘ 45 564 27
| ~160 15 319 73 40 308 13 24| 608 15
~180 20 573 187 134 584 32 23 17
~200] 20 960 157 367 208 40 17| 661 33
~220 20 1,250 256 684 1,156 59 22| 623 41
~240) 17 1, 355 417 870 1,226 71 34| 593 33
~260 14 1,449 298 883 1,331 66| 22 668 23
~280 8 1,049 119 1,075 930 115 13 590 20
~300 12 2,311 1,413] 1,922 1,978 98 71 677 52
~320| 20 | 4,175 - 1,954 3,719 3608 104 54 603 9
~340 10 2,408 7811 2,030 2,125 94 37| 593 100
~360 2 588 280 470 513 o1 54| 550; 100
Western| 1959 June 1] ~160 1 30 — - 30 + —| 889 7
~180 20 714 301 249 659 38 46| 671 27
~200 20 1,024 508 460 927 50 53| 676 18
~220, 20 1,427 6141 1,080 1,258 86, 49) 679 42
~240 20 1,891 1,083 1,195 1,666, 72 63| 685 44
~260 20 | 2,671 1,784 1,880 2,305 82 77] 738 80
280 8 | 1,343 922 1,001 151 87 80 731| 67
~300 19 | 3,301] 1,952 2,967 2,800 106 69 606 95
~320 9 2,039 163 1,587 1,864 85 9 695 100
~340 12 3,703 2,341 3,257 3,143 104 75 729 93
~360 8 | 2,473 g72] 1,809 0204 82 40 100
~380 2 646 231 540 569 95| 41 100
~400 i 375 358 123 327 38 110] 551 100
Western] 1960 Jan. 1| ~160 1 29 55 1 23.4 4] 235 693 25
~180 3 126 95 116 3 82| 787 33
~200 4 175 103 14 163 9 631 594 23
~220 2 109 82 100 3 82| 540 20
~240 3 239 89 11 229 5 39] 627 33
~260 6 608 126 28 593 5 21| 633 86
~280 3 522, 437 34 475 7 92| 483 72
~300 2 330 — 19 328 6 —1 672 100
~320 2 480, 125 27| 465 6 27] 780, 100

— 83 —




s resnvonntiogsze Rl ssgrizent SN Jao oo o)
Western| 1960|Jan. o ~ 80 1 3 - + 3 4 - 100
C ~100 5 20 9 + otl 4| 43 576 o8
~1200 20 145 42 1 141 il 30l 539 25
~140 20 221 60 2 215 1l 28] 489 30
: ~160] 20 386 128 7 373 2 34 553 42
~180 20 610 403 15 568 o 71| 578 5
~200* 20 824 489 17 773 2 63 563 39
~220 9 561 208 12 5390 2 39| 647 26
~240 19 | 1,510 577 61 1,446 4 40| 626 63
~260 8 736 45 36 728/ 5 62 582 8o
~280 355 77 19 345) 5 22| s84 100
~~300 634 96 23 622 4 15 638 100
Western| 1960| Jan. 3 ~120 i 8 4 + 8 4| 50 571 100
btenl 18 - 26 1] 15 6 173 444 50
~180 1 26 - | Y A -
~260 1 87 - 5 86 6 —| 520

- 64 -



