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(Figs. 1-63; Tables 1-12)
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for 1957-°63.
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Fig. 3. Map showing the fishing ground (stippled) of the bottom drift-netting in the central region
of the Seto Inland Sea and the station of the experimental fishing (S).
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Fig. 4. Percentage of monthly landings of Sillago sihama in the commercial
catch by bottom drift-netting in 1964. A, Sillago sihama; B, Others.
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Fig. 5. Species composition of the catch by expreimental bottom drift-netting.
A, Sillago sihama; B, Saurida elongata; C, Argyrosomus argentatus; D
Decapterus maruadsi; E, Callionymus spp.; F, Others.
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species

Sillago sihama

Saurida elongata
Callionymus flagris

Arg yrosomus argentatus
Apogon lineatus
Harengula zunasi
Callionymus richardsoni
Decapterus maruadsi
Leiognathus nuchalis
Leiognathus rivulatus
Callionymus lunatus
Sphyraena pinguis
Callionymus beniteguri
Hexagrammos otakii
Upeneus bensasi
Lepidotrigla microptera
Callionymus ornatipinnis
Fugu niphobles

Cociella crocodila
Sphyraena japonica
Trichiurus lepturus
Chrysophrys major
Neopercis sexfasciata
Cilias pulchella
Cryptocentrus octafasciatus
Chaceturichthys hexanema
Glossogobius giuris brunneus
Hypodytes rubripinnis
Suggrundus meerdervoorti
Areliscus joynert

Squilla oratoria

Table 1. Species composition of the catch by th

Loligo kobiensis

Total number of specimens

Total weight of catch (g)

e experimental bottom drift-netting.

May June July August |September| Total
N w N W | N W | N W | N w
(%) (%)[(%)  (%)|(%) (%)|(%) (%)|(%) (%)|(%) (%)
60.4 66.7/70.7 57.3/67.1 52.8/60.2 62.0/60.0 69.6/66.8 58.2
23 6.2 49 17.712.0 23.7/3.9 14.1/ 8.6 10.8 5.7 17.2
14.7 6.5 50 1.7/ 1.3 0.424 14 4.8 1.8
3.1 4.5 4.6 10.6/ 2.8 4.1 1.6 0.9 1.4 16 3.5 7.1

0.2 0.0 0.6 0.211.7 39143 4727 0.7

4.9 4.0 2.5 2.2

9.5 4.5 2.3 1.1/0.8 0.309 0.6 2.5 1.2

0.8 3208 2157 93 1.4 3.2/1.5 3.4

1.0 0.3/08 0233 113 1.3 0.4

1.0 0.30.7 0.1 1.2 0.410.0 2.4/0.9 0.2

2.8 2.0 0.8 0.6/ 1.8 1.8 0.8 0.6

0.3 0.9/ 1.0 2.7 0.3 1.1

1.5 1.3]0.2 0.2 0.3 0.2

0.3 0303 0302 01 0.2 0.2

0.2 0.2 0.3 0.4 0.2 0.2

0.1 0.1 0.4 0.6 0.1 0.1

0.3 0.6/1.4 1701 0.1

0.3 0.20.1 0.0 0.1 0.0

0.1 0.4 0.1 0.2

1.4 5.6 0.0 0.1

0.2 0.3 0.0 0.1

0.1 0.1 0.0 0.0

1.4 1.20.0 0.0

0.1 0.1 0.0 0.0

0.1 0.0 0.0 0.0

0.1 0.1 0.0 0.0

0.1 0.1 0.0 0.0

0.3 0103 0.1 0.2 0.1

0.1 0.1 0.0 0.0

0.3 0.4 0.0 0.0

0.5 0.330 21/6.5 531L.5 1.9 4.8 3.8

2.6 3.5 0.4 0.4 0.5 0.6
389 1,854 617 669 70 3, 599

11, 320 62, 549 24,070 16, 736 1,976/ 116,651

N (%), Percentage in terms of the number of individuals;

W (%), Percentage in terms o

f weight.
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Fig. 6. Monthly changes in the amount of fishing effort (open circle), the catch
(solid circle) and C.P. U.E. (double circle) of Sillago sikama in the bottom
drift-netting at Mushima and Misaki region in 1964.
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Fig. 7. Frequency distributions of the daily catches of Sillago sihama by individual boat
of commercial bottom drift-netting by months.
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Fig. 8. Photograph of Sillago sihama captured in the Seto Inland Sea.
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Table 2. Mode and range of the number of scales, fin-rays and gill-rakers in Sillago sthama.

7 _p Number of fin-rays Number of
Number of ’ eralkers
scales in ! 9nd 8t tilfiy CLs
lateral line l?t -“.(” Anal Pectoral or 1,”?
dorsal dorsal gill-arch
Number of 221 200 200 200 11 200
specimens
Mode 73 XI [ 525 23 16 549
Range 70~75 X~XI |1,20~1,2310,21~101,24  15~17 44+8~5+10

R ARk B ICOWL T, 1kl 14~15cm O F 2 10J2ICDLT, #ilhE O LS{»*J. ) o—iTk
T mm QR THGE L7z, & LTHEc zhZholbZky, 1024zl LT Table 3
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Table 3. Mean values of various body proportions of Sillago sihama.

in the adult | Means

Body proportions

Standard length/head length 3
Standard length/maximum depth 5
Standard length/pre-Ist dorsal length 2
Standard length/pre-2nd dorsal length 1
Standard length/pre-anal length 1. 86
Standard length/maximum pectoral fin length 6. 49
Standard length/maximum ventral fin length 6.71
5
9
2
5
3

573
.20
.98
774

Standard length/maximum caudal fin length 523

Head length/eye diameter 2 33
Head length/snout length .45
Head length/inter-orbital distance ‘ 329!
Head length/caudal peduncle depth .62
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Fig. 12. A scale taken from body portion D (between the pectoral fin and the lateral
line) of a 2-year-old male of Sillago sihama (% 20). R, scale radius; r, and r,,
annulus radii.
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Fig. 13.  Relationship between scale radius and annulus radii in the scales taken from
various body portions of a 4-year-old male of Sillago sihama.
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Fig. 14. Body portions from which scales were taken.

Table 4. Numbers of normal and regenerated scales among the 20 scales taken from each
body portion shown in fig. 14.

Body portion ’ A B C D E F G
Number of normal scales " 11 6 7 14 3 8 9
Number of regenerated scales 9 14 13 6 12 12 11

\

Proportion of normal scales 0.55 0. 30 0.35 0.70 0. 40 0.40 0. 45
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Zhoofiiz (2+1) Tk o THHAL U TH 7 B/RBE Ol & BLRBESNIC Table 5 1TR3. o
K T U TRDAHEBRIRICOWNLT, T OJEBGEAZS KRG B 72510 WALFORD 04344 % Fig. 16
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Fig. 15. Relationship between standard length and scale radius in Sillago sthama.

Table 5. Standard annulus radii in each age group of Stllago sihama.

Age group Number of specimens _Mcan of star}dard annulus_radii in mm
Ty Ty ry Ty
1 410 1.70 — — —
2 1,206 1. 64 2.73 — —
3 622 1.73 2.68 3.47 —
4 12 1.71 2.62 3.43 3.94
Range of standard annulus radii 1.0~2.4 1.9~3.3 2.7~4. 1 3.4~4.7
Mean of standard annulus radii 1.70 2.70 3.46 3.94
Total number of specimens 984 1,431 642 12
s -
5 2
P 4
b
2z
Z,!
£
-2
' 3
% I 2_ 3 4 5 e
fn IN MM

Fig. 16. WALFORD’s growth transformation of standard annulus radius in Sillago sihama.
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Fig. 17. Monthly change in marginal growth index, (R —r,)/(r, —T,_y).
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Fig. 18. Frequency distributions of marginal growth index in May, June and July.
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Fig. 19. Monthly change in growth rate of Sillago sthama.
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(solid circle) in Sillago sihama.



16 oMo

N
o
-

|-yearoid 2-year-old 3-year-old

o

S

O

PERCENTAGE FREQUENCY

o

1.0 .5 20 25 30 35 40 4.5
STANDARD ANNULUS RADIUS IN MM

4 6 8 10 12 14 16 8
CALCULATED STANDARD LENGTH IN CM

Fig. 21.  Frequency distributions of standard annulus radius and calculated standard length
in each age group of Sillago sikama at the time of the annulus formation.
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Month Number of individuals Sex ratio
Female Male Total )
Jan. 64 65 129 1.02
Feb. 59 79 138 1. 34
Mar. 40 58 98 1.45
Apr. 73 98 171 1. 34
May 251 315 566 1. 26
June 762 630 1392 0.83
July 778 630 1408 0.81
Aug. 476 436 912 0.92
Sept. 198 193 391 0.97
Oct. 116 123 239 1. 06
Nov. 31 47 78 1.52
Dec. 93 118 211 1.27

1
Total 2941 2792 5733 0.95
b) HFEBRORK

#XTMW&%8m1uT®*&ﬁ@&%ﬁu*%ET%oT,ﬁmmeMM®Eﬂﬁmﬂbmﬁ

Table 6. Monthly change of sex ratio in Sillago sihama.
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Fig. 23. Monthly changes of the gonad index in Sillago sihama: by sexes and age groups.
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Fig. 24. Frequency distributions of egg diameter in the mature ovary
of a single Sillago sikama. Top, right and left ovaries. Middle
and bottom, different portions of the right ovary.
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Fig. 25. Frequency distributions of the diameter of ovarian eggs in five
ovaries of different developmental stages in Sillago sihama.
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Table 7. Some records concerning the specimens represented in fig. 25.

Date Standard ~ Body Ovary Gonad Stage of
length  weight weight index maturity
May 29, 1967 138mm  34.0g 806 mg 3.07 immature
June 30, 1967 169 53.7 2,921 6.05 premature
July 26, 1967 147 36.9 2,170 6.83 maturing
Aug. 25, 1967 173 62,2 4,720 9.12 mature
Sept. 5, 1967 133 30. 1 885 2.94 spent
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Fig. 26. Relationship between standard length
and ovary weight in Sillago sihama
captured on July 5, 1967.

Fig. 27. Relationship between standard length and
number of overian eggs in Sillago sihama,
Open circle, mature egg; solid circle, imma-
ture egg.
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Fig. 28. Relationship between body weight and the maximum weight
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Fig. 29. Relationship between standard length and stomach contents weight
index in Sillago sihama captured in June and July, 1967.
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Fig. 30. Monthly changes of the stomach contents weight index (solid circle) and the
percentage occurrence of empty stomach (open circle) in Sillago sihama.

Fig. 31. Relative importance of various food components in the diet of Sillago sihama
in active feeding season (Apr.~Sept.) and in other feeding season (Jan.~Mar.,
Oct.~Dec.). P, Polychaeta; M, Macrura; A, Amphipoda; An, Anomura; P. a,
Philine argentata; Os, Others.
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Fig. 32. Relative importance of various food components in the diet of adult and
immature of Sillago sihama. M, Macrura; P, polychaeta; A, Amphipoda; An,
Anomura; P. A., Philine argentata; Os, Others.
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Fig. 33. Monthly changes of dominant food components in the diet of adult and
immature Sillago sihama. Solid circle, Macrura; double circle, Polychaeta;
open circle, Amphipoda.
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Tig. 34¢. The arrangement of nets of five different mesh sizes, i. e., 3. 36, 3. 19, 3.
and 2. 58 cm in stretched measure.
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Fig. 35. Comparison among the catches made by the experimental nets of five differ-
ent mesh sizes. Open circle, relative number of animal individuals captured ;
solid circle, relative weight of catch; double circle, number of animal species

represented in the catch.

Fig. 36. Contributions of the nets of five different mesh sizes to the catch of the indicated species.
(Total catch of each species in the experimental fishing=100%). S. e., Saurida elongata; A.

a., Argyrosomus argentatus; S. s.,

nuchalis; A. 1., Apogon lineatus ;
cm; D, 2.82cm; E, 2. 58cm.

Sillago sihama; L. r., Leiognathus rivulatus; L. n., Leiognathus
C. spp., Callionymus spp.; A, 3. 36cm; B, 3.19cm; C, 3.00
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Fig. 37. Species composition of the catch made by the net of the stated mesh size (indicated in the
center of each circle) in the experimental fishing. S. s., Sillago sihama; S. e., Saurida elongata;

A. a., Argyrosomus argentatus;
Callionymus spp., Os, Others.
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Fig. 38. Length frequency of all the fishes
other than Sillago sihama captured by
the net of the stated mesh size in the
experimental fishing.
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Fig. 40. Relationship between the standard length

and the girth at the end of preopercle in
Sillago sihama.
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Fig. 41. Relationship between the standard length and the girth at the end
of opercle in Sillago sihama.
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Fig. 42. Length frequency of Sillago sihama captured by the nets of different mesh sizes
in the experimental fishing. Histograms have been prepared for each mesh size
of the net (i. e., 3. 36, 3. 19, 3. 00, 9.82 and 2. 58 cm in stretched measure).
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Table 8. Number of individuals of Sillago sihama captured by the
experimental bottom drift-nets of five mesh sizes.

Standard length (cm) Mesh size in stretched measure (cm)

3. 36 3.19 3.00 2.82 2.58

<10.9 1 3
11.0~11.4 1 3 18
11.5~11.9 1 6 33 35
12.0~12. 4 1 2 17 55 29
12.5~12.9 1 6 35 41 11
13.0~13.4 2 12 22 18 4
13.5~13.9 5 13 13 6 2
14.0~14. 4 7 11 6 2
14.5~14.9 7 6 2 1
15.0~15. 4 6 2 1
15.5< 6 2
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Fig. 43. Relationship between log N ang log (1/m) for each length class of Sillago sihama
captured in the experimental fishing. N, number of individuals; 1, standard length
of the fish. Marks represent different length classes.
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Fig. 44. Master curve for the relation between log N ang log (1/m). Marks represent
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Fig. 45. Selectivity curve plotted as the function of 1/m. Marks represent different
length classes.

]
)
4
>
o
[

a%%m%%&ﬁome,@mm@m%wmsw5%w%wemm¢5camfgm@,@ﬂ@&ﬁ&
@HT%Komf@ﬁ%%Mﬁﬁﬁénéf%éé.%cv$ﬁwxwfu,@ﬁM®m&0%ﬂﬁ¢
BFEERD B,

a) BRNER
Mﬁm;oTME%@@?%E%%%M@@6&k%%%ﬁﬂ%mF®46Kﬁ?.@Kﬁﬁ%vu
m%@ﬁﬁ%,v’mmmm;ofﬁﬁ?5%®ﬁ§%,Vumﬁ®MHE§&%bﬁ.36K%i%
&ﬁﬁ#é@%®%é%hd$¥@ﬁﬁ%cmﬁﬂmibﬁ%m@(ﬁ%Fu%bfcmﬁ@ﬁ@&ﬁ
m&mﬂfﬁ%ﬁu&?@*¢ﬁ%%“ﬂﬁhﬁ;b%¥ﬂ@<ﬁ&Fmcmﬁmﬁﬁ&ﬁ@twm?
ﬁ%ﬁzkﬁé.%mmowrm,%%@ﬁ@%dxmm&ééda2m@a¢m%2¢a¢5_

Fig. 46. Theoretical principle regarding the formation of tention in the bottom drift-net
while drifting on the sea bottom at a constant speed. F, force; v, current velocity ;
v, speed of the net; 6, angle; S, vertical length of the net; h, height of the net
from the sea bottom; R, resistance of sea bottom to the movement of the sinker;
W, weight of a sinker; C,, buoyancy of a cork.
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Fig. 48. Relationship between V and kLW for different values of e V=v—v’'; p,

coefficient of kinetic friction between sinkers and the bottom sand; W and k, V2
are as shown in fig. 46.
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Fig. 50. Theoretical assumption for obtaining the values of r, h and x.

Table 9. Comparison between theoretical and experimental values.

v v’ \% h X r

(cm/sec) (cm/sec) (cm/sec) (cm) (cm) (cm)
Theoretical values 50.0 38.2 11.8 43.0 55.7 60.9
Experimental values 50.0 39.5 10.5 54 45
Theoretical values 40.0 33.8 6.2 71.7 20. 5 195.9
Experimental values 40.0 31.3 8.7 65 35
Theoretical values 30.0 24. 4 5.6 72.9 16.3 236. 4
Experimental values 30.3 25.6 4.7 68 30
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Table 10. Results of the experimental bottom drift-netting to investigate the swimming
direction of Sillago sihama in relation to the current direction.

N“{nbef of Direction of fish relative to current
Date ;r;cai‘;\;igzgls Number of individuals Percentage
— + - +

June 2, 1965 320 251 69 78.4 21.6
June 15, 1965 367 263 104 71.7 28.3
July 16, 1965 184 130 54 70.7 29.3
Aug. 30, 1965 131 103 28 78.6 21.4

Total 1,002 747 255 74.6 25.4

+, Individuals swimming along the flow;
—, Individuals swimming against the flow.
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Table 11. Frequency distribution of Sillago sikama captured by the bottom drift-net: by the
gilled directions relative to the current and by the distances above the sinkers.

- ) ) B +
Date Distances from the sinkers (cm) Distances from the sinkers (cm)
0~10 10~20 20~30 30~40 40~50 | 0~10 10~20 20~-30 30~40 40~50

% % % % % % % % % %
June 2, 1965 70.6  15.7 7.3 4.0 2.4 44.4 33.3 12.5 2.8 7.0

June 15, 1965 70.7 18.6 7.6 2.3 0.8 50.0 29.8 13.5 5.8 0.9
July 16, 1965 64.9 24.6 7.0 0 3.5 56.3 25.0 12.5 6.2 0
Aug. 30, 1965 60.0 26.0 10.0 4.0 0 46.7 26.7 13.3 13.3 0

+, Individuals swimming along the flow ;
—, Individuals swimming against the flow.
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Fig. 51. Theoretical assumption for obtaining the values of s’ and h’. ¢,
distance from the sinkers; h’, height from the sea bottom.

Table 12. Relationship between the distance from the sinkers (s’)
and the height from the sea bottom (h’).

$ 0’ \ ¢ "
5cm 3.0cm ‘ 50 cm 39.7cm
10 6.4 ‘ 60 49.2
20 13.9 ‘ 70 59.0
30 22.0 ! 75 63.9
40 30.6 ‘
Net
(cm)
cesmscmem == 40. -..-..-.--.....-.--.-..-...._.._........--.
Current —»

10 o 10 20 30
PERSENTAGE FREQUENCY
Fig. 52. Frequency distributions of Sillago sihama captured by the experimental
fishing, plotted against the distance from the sea bottom.
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Fig. 53. Map showing the fishing grounds of “Masu-ami” (pound net), small
trawl, bottom drift-net and “Gochi-ami” (boat seine) to catch of Sillago
sthama in the central region of the Seto Inland Sea.
TTT “Masu-ami” (pound net);
ES small trawl ;

bottom drift-net;

“Gochi-ami” (boat seine).
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Fig. 54. Length frequency of Sillago sihama captured by “Funabiki-ami” (boat
seine) in Nov., 1966. N, number of individuals.
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Fig. 55. Length frequencies of l-year-old Sillago sihama captured by small trawl
by months. N, number of individuals.
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Fig. 56. Length frequencies and age composition of Sillago sihama captured by the stated
fishing gears. N, number of individuals.
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Fig. 57. Length frequencies and age composition of Sillago sihama captured by experi-
mental bottom drift-netting. Open histograms represent the catch by the net of
five different mesh sizes (3. 36, 3. 19, 3.00 2.82, 2. 58cm in stretched measure), and
hatched histograms represent the catch by the net of two mesh sizes (3. 00, 2.82
cm). N, number of individuals captured by the net consisting of five mesh sizes;
N’, half number of individuals captured by the net consisting of two mesh sizes.
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Fig. 58. Range, dominant range and modes of standard length of Sillego sikama captured by each

fishing gear, and the frequency distributions of calculated standard length of 1-, 2- and 3-
year-old fish.
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Fig. 59. Schematic diagram showing the relation among the fishing grounds of the stated
fishing gears. Numerals in circle represent age in years. Double, single and dot-
ted circles respectively denote dominant, common and rare age group.
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Fig. 60. Length frequencies fitted normal distributions of Sillago sikama captured
in the Seto Inland Sea in different seasons of the year.
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Fig. 62. Length frequencies of Sillago sihama captured by commercial bottom
drift-netting by months. N, number of individuals.
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Fig. 63. Length-frequency and age-composition of Sillago sihama captured by the bottom drift-net
of 2.50-3. 36 cm in mesh size.
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SUMMARY

The aim of this study has been to clarify various features of the population of Sillago sihama
(FORSKAL) in eastern Bingo-nada of the Seto Inland Sea as a fishing resource for the bottom drift-net
fishery. It was attempted to approach to this aim by analyzing the interaction between the ecological
characteristics of this fish and the catching ability of the bottom drift-net. In doing so, it was neces-
sary to secure information on the fishery biology of this species, on the species- and size-selectivity of the
bottom drift-net and on the configuration of the gear while operated underwater. The data upon
which this study is based comprise published records on the commercial catch of Sillago sihama, unpub-
lished operation records of individual bottom drift-netting boats, the biological data derived from
those sample fish which the author collected according to a special sampling program, the results of ex-
perimental operations of the bottom drift-net and the data obtained by surveying the commercial catch
made by other fishing methods.

Sillago sihama is a common demersal fish of commercial value in the Seto Inland Sea and its ad-
jacent sea regions (Fig. 8). In the central region of the Sea almost all the commercial catch of this
species is made with the bottom drift-net of stretched mesh size of 2.9 or 3.0 cm (Fig. 3). Ever since
the commercial bottom drift-netting for this species was begun around 1957 in this region, its annual
landing seems to have been fairly stable. While the fishing season of this fishery lasts from May until
October, landing is most abundant in May and gradually decreases thereafter with the increase in the
cumulative fishing effort (Fig. 6 and 7).

According to the data obtained by the experimental operations of the bottom drift-net, the number
of species captured by this gear amounts to 32, and throughout the fishing season Sillago sihama accounts
for about 67% of the captured individuals and 58% of the weight of the catch in the average (Table 1
and Fig. 5).

General conclusions obtained in this study are summarized as follows:

1) Much importance has been attached to the morphological characteristics of the scales of the
cheek in identifying the species belonging to Family Sillaginidae. In the species dealt with in this
study the scales of the cheek are exclusively ctenoid in 7 of the examined 61 individuals, and consist of
ctenoid scales mingled with small number of cycloid scales in the other 54 individuals.

In order to make clear the morphological characters of the adult stage of this species, scales on the
lateral line, fin rays, and gill-rakers on the first gill-arch were counted (Table 2), and the proportions

between various body parts were examined in the sampled individuals (Table 3).
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Total length can be converted to standard length by multiplying by 0. 86, the factor being derived
from the measurements on 321 individuals (Fig. 9). Fork length can be converted to standard length
by multiplying by 0.91 (Fig. 10). Weight can be computed from standard length by means of the
relationship: W=9.69x 10 * L*-%7 where W is estimated round weight in grams and L is standard
length in centimetres (Fig. 11).

2) Age and growth of the sampled individuals of Sillago sihama were determined with the aid of
the annuli on the scales taken between the pectoral fin and the lateral line. In this species an annulus
on a scale is definable as the zone which comprises irregularly arranged ridges in the anterior sector and
concurrently intercepts adjacent inner ridges in both lateral sectors (Fig. 12).

It is observed that in the scales from the same individual the relationship between the scale radius
(R, the distance from the focus to the anterior margin of a scale) and the radius of a definite annulus
(r, the distance from the focus to the anterior margin of the annulus) can be expressed by linear re-
gression (Fig. 13). The relationship between standard length of a fish (L) and the mean radius (R) of
the scales taken from the above-mentioned body part is linear, and can be expressed as R =0, 0248 L—
0.237 (Fig. 15). The scale radius computed from the standard length with the above empirical equation
was termed the “standard scale radius” (R). By multiplying this by the ratio of the measured annulus
radius (r) to the measured scale radius (R), the “standard annulus radius” (f) was calculated. The
mode and range of each standard annulus radius were calculated for different age group of the sample
fish (Table 5). The WALFORD’s graph drawn with the data shown in Table 5 proved to be linear; this
result indicates that the von BERTALANFFY’s model should yield reasonably good fit to these growth
data (Fig. 16).

The value of the marginal growth index, (R —r,)/(r,—r, ), changed monthly and attained the
minimum value in May (Fig. 17). A new annulus was found along the margin of scales in 35%, 499
and 7% of the fish caught in May, June and July, respectively (Fig. 18). The monthly growth rate in
standard length is estimated from the value of the marginal growth index of each month. The season
of rapid growth is from April to September, and the growth during this period accounts for 80% of the
annual growth (Fig. 19). Frequency distribution of the standard radius of each annulus and that of
the estimated standard length at the time of annulus formation are shown in Fig. 21. The growth of
this species can be described by PUTTER-vON BERTALANFFY’s equation, L,=21. 4 (1 —e~0.369-0.282y " apq
by BUcH-ANDRESSEN-FISCHR’s equation, W, =115 (1 —e~0-369-232)3,

3) The sex ratio in Sillago sihama is likely to be 1:1, but females are slightly more abundant than
males in the samples taken during the spawning season (Table 6).

By investigating the monthly trend of the gonad index, (gonad weight X 104)/(cube of standard
length), of the sampled individuals, it is inferred that the spawning season lasts from June until August
(Fig. 23). The frequency distribution of the diameter of ovarian eggs is shown in Fig. 25 for each in-
dividual representing different stages of gonadial maturity (Table 7). It may be seen in this figure
that the mode of the diameter shifts according to the gonadial maturity from the immature stage to the
spent. In the ovary of mature stage the egg diameter has two modes, namely, at 0. 3 and 0. 65 mm
(Fig. 25). This fact and the fact that remnant mature eggs occur together with the majority of eggs
approaching ripeness in a single ovary suggest that this species may spawn more than once in a spawn-
ing season. Eggs of the most advanced group (over 0.5 mm in diameter) are likely to be shed at a
single spawning; the estimated number of such eggs ranges from 3 to 20 thousand in the 25 females

with matured ovaries (Fig. 27). Based on the assumption that all the ovarian eggs over 0.2 mm in
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diameter be released in the spawning season of the respective year, the fecundity per female per spawn-
ing season is estimated 20-30 thousand eggs in the 2-year-old female, 30-50 thousand eggs in the 3-year-
old and 50-80 thousand eggs in the 4-year-old (Fig. 27).

All males and females over 2 years of age were observed to be sexually mature. In the 1-year-old
female, 8 specimens of the examined 98 were mature and the others were immature. The minimum
size of the female with matured ovary is about 10 cm in standard length.

4) Analysis of stomach contents of Sillago sihama reveals that this species is a benthos-feeder and
that shrimps and polychaetes form the most important items of the diet in the adult stage. There is
marked difference in the composition of stomach contents between the adult and the immature stage:
namely, the main items of diet are shrimps and polychaetes in adult fish, whereas they are amphipods
and polychaetes in immature fish (Fig. 32).

In this species the ratio of the maximum weight of stomach contents to the body weight declines as
the fish grows (Fig. 28). Judging from the monthly changes in the stomach contents weight index,
(weight of stomach contentsX 10%)/(maximum weight of stomach contents for the respective body
weight), and in the percentage occurrence of empty stomachs, this species seems to show intense feeding
activity during the period from April to September, and its feeding activity appears to take a declining
trend after August (Fig. 30). While the main items of the diet are essentially the same in the active
feeding season and in the other seasons, it appears that wider variety of food items is accepted in the
former season than in the latter (Fig. 31).

Definite seasonal changes were observed in the composition of the stomach contents of immature
fish. During May, June and July, amphipods form the dominant food, but after july they are re-
placed by polychaetes. In September relative frequencies that principal food items occur in the
stomach contents are considerably similar in the adult and the immature fish. (Fig. 33). Available data
suggest that in this month immature individuals immigrate into the regions which are inhabited by the
adult.

5) Although various species of demersal fishes are captured with the bottom drift-net as men-
tioned before, this gear shows considerably high ability to catch Sillago sihama. It is presumed that the
shape of this net underwater matches the swimming behaviour of this species and therefore results in a
high catching ability.

The mesh selectivity of the bottom drift-net for Sillago sihama was estimated by applying
KiTAHARA’S method to the data obtained by comparative fishing experiment. In this experiment 50
nets were used (i. e., 10 nets for each of the 5 different mesh sizes of 2. 58, 2. 82, 3.00, 3. 19 and 3. 36 cm
in stretched measure) (Fig. 34). Selectivity was analysed as a function of the variable, (Standard
length)/(stretched mesh size) (Fig. 43).

The determined selectivity curve has a fairly sharp peak and is slightly skewed to the right (Fig.
45). The bottom drift-net used in the central region of the Seto Inland Sea usually has the stretched
mesh size of 2.9 or 3.0cm; the above mentioned selectivity curve indicates that the standard length
corresponding to the peak efficiency of those mesh sizes are 12. 8 and 13.3 cm, respectively.

6) The bottom drift-net consists of a long narrow rectangular strip of single-layer netting. In
actual operation the net drifts over the sea bed with the tidal current.

Assuming that the various curves of a fishing net in working condition can be approximated by
circular arcs of different curvatures, 10 equilibrium equations are theoretically obtained regarding the

distributing tensions and the shape of the net.
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The shape of the net underwater depends on the difference between the current velocity and the
drifting speed of the net (i. e., function V) and can be computed if the current velocity, the drifting
speed of the net and the coefficient of kinetic friction between the sinkers and the sea bed are known.

The obtained result is shown in Fig. 49.

In order to check the validity of the above theory, the shape of the net was actually observed in
water at a river mouth where various current velocities were available. There was satisfactory agree-
ment between the experimental and the theoretical results (Table 9). ‘

7) The swimming behaviour of Sillago sihama in the fishing grounds was discussed by analysing
the portions and sides of the net in which the fish were entangled in relation to the direction of tidal
current. From the observations on the entangled individuals, it may generally be said that the majority
of the fish keep themselves against the flow while swimming (Table 10). In general, those individuals
swimming against the flow are situated farther above the sea bottom than those swimming along the
flow. Considering the configuration of the net underwater, it is concluded that 65% of the captured
fishes were swimming within 6 cm of the sea bed, 20% from 6 to 14cm above the sea bed, and 9% from
14 to 22cm above the sea bed (Fig. 52). It is presumed that the highest swimming level of this species
should usually be 40cm above the sea bed. Thus, Sillago sihama can be regarded as a demersal fish
from the view point of swimming behaviour.

8) In Bingo-nada, central part of the Seto Inland Sea, commercial catch of Sillago sihama is made
mainly with the bottom drift-net, although a minor portion of the catch is made with such commercial
gears as the “Kogata sokobiki-ami” (a small beam trawl), the “Masu-ami” (a pound net), the “Gochi-
ami” (a boat seine) and the “Ipponzuri” (the angling). Sillago sihama caught with the small beam trawl
from May through August are l-year-old; their standard length has a single mode at 7cm in May and
at 9.5cm in August (Fig. 55). The fish caught by the pound net range from 9.5 to 18.5cm in standard
length with the fish of 11 to 14cm being dominant (Fig. 56); they are 1 to 4 years of age, and most of
them are 2-year-old (Fig. 56). The fish caught by angling and the boat seining are bigger than those
captured with the other fishing gears mentioned above: their standard length ranges from 13 to 18cm
and the dominant lengths are between 14 and 16 cm (Fig. 56); while they are from 2 to 4 years of age,
the 3-year-old are dominant (Fig. 56). Though the fish occurring in the fishing ground of the bottom
drift-netting vary from 10 to 18cm in standard length (Fig. 57), the commercial catch by this fishing
method comprises the fish of 11-16cm in standard length, 70% of them measuring 12 to 14 cm (Fig.
57); while the catch comprises principally the 2-year-old fish during most part of the fishing season, it
comprises the 3-year-old fish at the beginning of the fishing season (May), and the l-year-old fish to-
ward the end of the fishing season (September and October).

In Fig. 58 the standard lengths of the commercial catch of this species are indicated for each fishing
method. At the bottom of this figure are shown the frequency curves of the standard length at the full
ages of 1, 2 and 3 years; these curves are based on the results of the scale study. In Fig. 59 are
schematically shown the location of fishing ground and the ages of the commercial catch, respectively
for each fishing method. The immigration of Sillago sihama from one region to another was discussed
by the aid of this figure.

9) An analysis of the operation records of the commercial bottom drift-net fishing indicates the
tendency that the catch per boat-day of Sillago sihama decreases gradually with the increase of cumula-
tive fishing effort (Fig. 61). This result suggests that DELURY’s model can be employed in studying

the abundance, immigration and emigration of this species in a local fishing ground. Assuming that
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immigration, emigration and change in the length composition are all neglegible in a local stock within
a relatively short period of time, DELuULY’s model was applied to those operation records of the com-
mercial bottom drift-netting in the eastern part of Bingo-nada which consisted in the daily total weight
of captured Sillago sihama and the daily number of operating boats during the 1964 fishing season. In
this figure the logarithm of the catch per boat-day as plotted against the cumulative fishing effort can
be regarded as decreasing fairly regularly; therefore, it does not seem unreasonable to fit a straight line
to a group of plots which represents a certain period of time. However, it is noted that the plots lie on
the four parallel straight lines (Fig. 61). We may interpret this as that the decrease of catch per boat-
day is due to the effect of exploitation and that the jumping up from one straight line to an upper one
reflects an increase in the abundance caused by immigration. And this interpretation is supported by
the length compositioﬁ of the commercial catch at the respective times in the fishing season and by the
migratory behaviour of the l-year-old fish as associated with the changes in their feeding habit.

On the basis of the information mentioned above, it may be said that the ratio (a) of the catch per
boat-day to the amount of the stock is almost constant over the period of the operation. Therefore, it
may be given as a conclusion that 3.8 104 is obtained as the numerical value of « evaluated from the
slope of the lines and that the percentage of the season’s total catch to the stock is estimated at 62% for
Sillago sihama in this region.

The conclusion as mentioned below on the bottom drift-net fishery has been obtained from the
analyses of the interaction between the ecological characteristics of Sillago sihama and the features of
the fishing gear, and moreover from the information of the fishing stock. The bottom drift-net has the
species- and size-selectivity, and Sillago sihama of 12-14cm in standard length is captured dominantly in
the central region of Seto Inland Sea. The catching ability of this gear is very efficient for the fish,
and the percentage of the catch to the stock amount is estimated fairly high for the fish. However, the
fishing intensity for large (more than 14cm in standard length) and small (less than 12cm) is not so
high as medium (12-14cm) in the population. Accordingly, it is recognized that the catch per unit
effort of the fish by the bottom drift-netting is fairly stable since from the introduction of the com-
mercial bottom drift-net fishery, and the decrement of the fishing stock of the fish is avoidable at a pre-
sent situation. The construction and operation of the bottom drift-net are simple and easy, and more
it has a high efficiency for catching the fish. Judging from the ecological character of Sillago sihama in
the central part of the Seto Inland Sea, the optimum mesh size of the fishing gear operating in this

region is 2.8-3.0cm in stretched measure.



